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MASTER MAINTENANCE MANUAL 

TROUBLE SHOOTING 

preventive 

: ignition trouble or failure in the 
fuel system. 

Operators handling the same engine every day, 
soon develop a sense of impending trouble when 
abnormal operation occurs. Immediate attention 
to these danger signals can prevent major failures, 
insure dependable operation and increase the life 
of the engine. 

Operators should depend on their well-developed 
senses of feeling, hearing, and smelling and 
replace their sense of taste in this type of work - 
with a generous amount of “Common-Sense”. 

A good rule to follow in locating trouble is to 
never make more than one adjustment at a time - 
then locate the trouble by a process of elimination. 
Remember the cause is usually Simple- rather 
than mysterious and complicated. 

Following are listed some of the normal com- 
plaints encountered in routine operation of all gas- 
oline engines and the probable causes. 

A - STARTING MOTOR - WILL NOT CRANK 
ENGINE: 

1 - Weak or dead battery. 
2 - Poor ground connection. 
3 - Faulty starting switch or relay. 
4 - Defective starting motor. 

5 - Internal engine seizure -turn engine man- 
ually to determine cause. 

B- ENGINE CRANKS - BUT DOES NOT START: 

Disconnect one spark plug wire, turn ignition on 
with starter cranking engine and free end of wire 
l/ii” from cylinder head - note spark. 

1 - NO SPARK: 

(A) - If Ammeter Shows No Discharge - it 
indicates an open primary circuit due to : 

1 - Points not closing. 

2 - Open primary wires. 
3 - Defective ignition switch. 

4 - Faulty coil. 

OOTS152B 

(B) - Normal Ammeter Reading (2-5 Amps) 
- this indicates that primary circuit is OK - 
trouble may be in secondary circuit due to : 

.l - Broken or grounded high tension wire 
from coil to distributor. 

2 - Wet high tension wires. 

3 - Faulty distributor cap or rotor. 

.4 - Broken secondary winding of coil. 

(C) - Excessive Ammeter Reading (over 5 
Amps) -indicates a “short” in the primary 
winding which may be due to : 

1 - Shorted or grounded primary winding. 

2- Distributor or magneto points not 
opening. 

3 - Grounded breaker point arm. 

4 - Defective condenser. 

2 - WEAK SPA’LK - may be caused by : 

(A) Loose ignition wiring connections. 

(B) Burned or pitted distributor points. 

(C) Wet spark plug wires. 

(D) Defective condenser. 

(El Cracked distributor cap. 

W Weak ignition coil. 

3-GOOD SPARK AT EACH PLUG -indicates 
that ignition system is OK and trouble is in furl 
system - which may be due to : 

(A) No Gas in Carburetor-which may be 
due to : 

1 - No gas in tank. 

2 - Clogged filter or lines. 

3 - Faulty fuel pump. 

4 - Leaky fuel line from tank. 

5 - Plugged vent in fuel tank cap. 

(B) Gas in Carburetor- which may be 
flooded due to: 

1 - Too much choking - plugs are wet. 

2 -Wrong float level. 

3 - Choke not operating correctly. 

4 - Water in Gas. 

REV SEP 72 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER MAINTENANCE MANUAL 

c- ENGINE RUNS WITH CONTINUOUS MIS-FIR- 

ING: Due to : 

1 - Uneven compression. 

2 - Wet or deteriorated high tension wires. 

3 - Cracked distributor cap. 

4 - Faulty spark plugs-if spark plug por- 
celain is white when removed, use Colder 
plug - if light brown OK - if Black or oily 
use Hotter plug. 

D - ENGINE RUNS UNEVENLY 

1 - At Idling Speed-which may be due to : 

(A) Too wide spark plug gaps. 

(B) Poor Carburetor idle adjustment. 

(C) Wrong float level. 

(D) Carburetor or intake manifold air 
leaks. 

(E) Leaky cylinder head gasket. 

2 - At High Speed - which may be due to : 

(A) Wide breaker points. 

(B) Weak distributor breaker arm spring 

(C) Weak valve springs. 

(D) Spark plug of wrong type or incor- 
rect gap. 

E- ENGINE RUNS IMPROPERLY 

1 - Back-Firing into Manifold - indicates 
Too Rich a fuel mixture; into carburetor in- 
dicates Too Lean a mixture-may be due to : 

(A) Late Ignition Timing. 

(B) Clogged Air Cleaner. 

(0 Fuel line restrictions. 

(D) Clogged carburetor jets. 

(El Sticking Valves. 

09 Weak or broken valve springs. 

2 - Excessive Ping (Detonation)-Results 
in damaged pistons and bearings and is 
caused by pre-ignition or using inferior 
grade of gas. 

3 - Engine Idles Too Fast - indicates im7 
proper throttle adjustment or weak throttle 
return springs. 

4 -Engine Dies When Idling-which in- 
dicates incorrect speed or mixture adjust- 
ment; clogged idling circuit in carburetor 
or wrohg choke adjustment, or air leaks in 
intake manifold. 

5 - Engine “Stumbles” on Acceleration - 
which may be due to defective accelerator 
pump or air in fuel lines. 

ooTSl52C 

6 - Defective Spark Plugs. 

F - LACK OF POWER - which may be due to : 

1 - Poor Compression. 

2 - Wrong Timing. 

3 - Throttle control not opening fully. 

4 - Air leak in fuel system. 

5 - Restriction in air cleaner - should 
have vacuum less than 10” water. 

6 - Exhaust line obstructed - should have 
back pressure of not more than 20” water. 

7 - Poor fuel. 

8 - Piston rings sticking or worn. 

G - POOR COMPRESSION-check with compres- 
sion gauge - if irregular, seal the piston with 
a teaspoonful of engine oil poured through the 
spark plug hole, and take a second reading; if 
pressure does not increase this will indicate 
that poor seating of valves are at fault. 
Poor compression may be due to: 

1 - Valves holding open - no tappet 
clearance. 

2 - Leaky cylinder head gasket. 

3 - Broken or weak valve springs. 

4 - Burned or sticking valves. 

5 - Badly worn, broken or stuck piston 
rings. 

6 - Wrong valve timing. 

H - OVERHEATING 

1 - Lack of water in radiator. 

2 - Fan belts slipping. 

3 - Thermostat sticking or inoperative. 

4 - Radiator clogged or leaky. 

5 - Late ignition timing. 

6 - Back pressure in exhaust line. 

7 - Defective water pump. 

8 - Overloading of engine. 

I - LOW OIL PRESSURE 

1 - Low Oil level. 

2 - Oil pressure gauge or line faulty. 

3 - Oil too light - diluted. 

4 - Suction screen plugged. 

5 - Dirt in relief valve or broken spring. 

6 - Worn bearings. 

7 - Worn or damaged oil pump gears. 

8 -Worn Cam Bushings. 

REV SEP 72 
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MASTER MAINTEN,ANCE MANUAL 

J- HIGH OIL PRESSURE-should not exceed rec- 
ommended pressures except when engine is 
starting up cold. Abnormally high oil pressure 
is not desirable because it increases. oil con- 
sumption - possible causes of high oil pres- 
sures are : 

1 - Engine oil too heavy. 

2 - Stuck relief valve. 

3 - Obstruction in distributing line. 

4 - Faulty oil pressure gauge. 

K- HIGH OIL CONSUMPTION 

1 - Oil leaks. 

2 - Too high oil level. 

3 - Incorrect grade of oil used. 

4 - Clogged crankcase breather. 

5 -Oil pressure too high - stuck relief 
valve. 

6 -Piston rings not run-in, due to too 
smooth cylinder bore finish or glazed con- 
dition. 

7 - Worn, broken or stuck piston rings and 
clogged oil control rings. 

8 - Worn pistons and sleeves. 

9 - Worn bearings. 

10 - Worn valve guides. 

(Manifold may be removed for visual inspec- 
tion.) 

L- ENGINE KNOCKS AND OTHER NOISES 
1 - Operating Knocks - which may be due 
to: 

(A) Pre-Ignition - Most common cause 
is due to wrong type plugs which are too 
hot. 

(B) Carbon - noticeable when engine is 
accelerated while hot-clean head and 
pistons. 

(C) Timing-early timing causes knocks 
similar to carbon - but may tend to kick 
back when starting. 

(D) Fuel -detonation knock caused by 
poor gas. 

(E) Overloads - particularly at lower 
operating speeds. 

2 - Mechanical Knocks-result from wear, 
abuse or improper adjustments - which 
may be due to : 

(A) Crankshaft and Main Bearings : 
(1) Worn or burned-out Main Bearings 
- A heavy, dull knock when accelerat- 
ing under load. Locate by shorting out 
plugs on both sides of the bad bearing. 
(2) Crankshaft End-Play - excessive 
end-play is indicated by an intermittent 

OOTS 152D 

knock which will come and go when the 
load is released and engaged. 

(B) Connecting Rod Bearings 

(1) Worn or Burned-out Bearings - 
The worst condition, a light pound or 
metallic knock, is noted at idling and to 
about “/‘j maximum speed. Bad bear- 
ings can be determined by shorting out 
plugs. 

(C) Pistons and Wrist-Pins 

(1) Loose Wrist Pins - noise doubles 
when the correct plug is shorted out - 
most noticeable at idling speed. 

(2) Piston Loose in Cylinder - ‘fPis- 
ton-Slap” is noted by metallic knocking 
at low speed under load; but disappears 
at high speed - also most noticeable 
when starting cold -test by shorting 
out plugs. 

(D) Broken Piston Ring or Pin 
sharp clicking noise that won’t short out. 

(E) Valves 

(1) Burned Valves and Seats - engine 
misses, especially at low speeds, or ac- 
celeration under load. 

(2) Weak or Broken Valve Springs - 
missing at low or high speeds when un- 
der load. 

(3) Sticking Valves - loss of power 
and popping sound when bad. 

(4) Tappet noise - excessive clear- 
ances cause noise when cold - which 
diminishes at normal operating temper- 
ature. 

(F) Camshaft - Noise due to loose bear- 
ings or end play - usually occurs at half 
engine speed. 

(G) Timing Gear Noise - Loose or worn 
gears rattle or knock - tight gears hum. 

3 - Vibration Originating at Engine-The 
most common sources of vibration originat- 
ing in or on the engine, as distinguished 
from causes created outside the engine are 
as follows: 

(A) Misfiring 

(B) Misalignment of engine 

(C) Bent or off -center coupling 

(D) Engine loose on bed and type of 
mountings. 

(E) Out of balance condition of flywheel 
and clutch assembly. 

REV SEP 7.2 
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MASTER MAINTENANCE MANUAL 

More than conventional number of studs to 

prevent gasket failures, distortion of cylinder 

bores and valve seats 
\ 

Cylinder head gasket 

Full length water jackets 

Heavily ribbed alloy cast iron bl 

Full pressure lubrication to all main 

ing rod and cam bearings, as well a 
and timing gears 

Drop forged, counterweighted crankshaft 

Alloy steel heat treated connecting rod 

and main bearing bolts and nuts 

Float-o Screen - 

_/Valve guides 

-Valve springs 

Camshaft 

Main and connecting rod bearings 

Crankcase ventilation 

Submerged gear type oil pumn 

driven off camshaft 

Figure 1 -Cross Section of a 

Typical Continental “L” Head Fngine 
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MASTER MAINTENANCE MANUAL 

GENERAL INFORMATION 

L-Head engines have inherent design advan- 
tages which result in a more simple engine of lower 
height, weight and cost. All valves, cams, valve 
lifters and all other moving parts are a part of the 
cylinder block assembly. 

The cross-section of an L-Head engine resem- 
bles the letter “L” written upside down and en- 
gines with this type of combustion chamber are 
also called side-valve engines. 

Intake and exhaust valves are located in the side 
pocket and both are directly operated through tap- 
pets from a single camshaft. This provides a sim- 
ple and heavy duty valve gear, since there is no 
deflection. Figure 2 - L-head design 

CONTINENTAL L-HEAD ENGINES 

Continental has eight basic four-cylinder and 
ten six-cylinder L-Head type engines, ranging in 
size from 56 to 427 cubic inch displacement. 

The combustion chamber design has been tai- 
lored for the required turbulence, charge flow and 
burning characteristics to provide dependable and 
economical heavy duty service. 

Some of the principal design features are : 

1. Individual Porting - of the intake manifold 
whereby each cylinder is fed with the fuel-air 
mixture individually and not influenced by other 
cylinders of the engine. 

This is accomplished by casting the cylinder 
block with individual intake valve passages for 
each cylinder and connecting these passages to an 
intake manifold which also has individualized pas- 
sages for each cylinder. 

This equal distribution results in maximum 
power, smooth operation, easy starting and longer 
engine life. 

OOMl52B 

Figure 3 - individual Porting 
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MASTER MAINTENANCE MANUAL 

2. Directional Cooling - is accomplished by regu- 
lating the course of the cool water from the water 
pump so it first comes in contact with exhaust valve 
seats and then to other points as indicated by their 
relative temperatures. 

This feature promotes uniform cooling through- 
out the system, prevents hot-spots and prolongs 
valve life. 

This coupled with the by-pass and thermostat 
included in the engine assembly, insures rapid 
warm-up and even temperature distribution. 

figure 4 - Directional Cooling in Block 

3. Full Length Water Jackets - completely sur- 
round all cylinder bores the full length of the piston 
travel. 

This insures uniform cooling with minimum bore 
distortion -which results in lower oil consump- 
tion ; less blow-by and minimum tendency to sludge. 

4. Removable Tappets-The large, barrel shaped, 
pressure lubricated tappets are so designed that by 
removing the adjusting screw-the main body 
can be lifted out and replaced from above through 
the valve chamber. This eliminates the costly serv- 
ice operation of dropping the oil pan and pulling 
the camshaft. Locking of the adjustment is both 
simple and effective. 

Figure 5 -Full Length Water Jackets 

5. Choice of Fuels - Gasoline - LPG - Natural Gas 
- Fuel Oil - Continental L-Head engines have been 
tailored for heavy-duty operation using gasoline - 
LPG - natural gas - fuel oil fuels. 

Figure 6 - Removable Tappets 

OOMl52C REV SEP 72 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER NCE MANUAL 

ERINC PARTS 

When ordering parts, refer to the engine name plate attached to side of the cylinder block, which lists 
the model and serial number. In most cases a specification number is listed. This data is of vital impor- 
tance in obtaining the correct parts: aPways include this information on your parts order. 

NEW STYLE NAMEPLATE 

Serial No. 

Mod<_ No. \_ Specification No. , 

OLD STYLE NAMEPLATE 
Oi! Glade-Winter 

Oil Grade-Summer 

Figure 7 -- Nameplate (New Style and Old Style) 
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MASTER MAINTENANCE MANUAL 

ENGINE LUBRICATION SYSTEM 

Continental L-Head engines have full pressure 
lubrication to all main, connecting rod and cam- 

weather - the large end of the connecting rods 

shaft bearings as well as tappets and timing gears. 
have drilled spurt holes pointing toward the thrust 
side of the pistons. These line up with the oil hole 

To insure piston pin lubrication and prevent pis- in the crank pin so that once each revolution, oil is 
ton scuffing during the warm-up period in cold sprayed on the cylinder wall for lubrication.* 

Figure 8 - Oiling Diogrom 

* NOTE: On some recent models, the connecting rod spurt holes have been plugged or eliminated. 

This does not in any way effect the lubrication of the engine. 
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AINTENANCE MANUAL 

Figure 9 -Connecting Rod Spurt Hole 

(see note on page OOMl52E) 

OIL PUMP 
On all engines except the N-series, a large ca- 

pacity, submerged, gear type oil pump is driven 
off the camshaft and protected by a large screen 
inlet; on the N-series the oil pump is mounted on 
the rear end plate. 

An adjustable by-pass valve maintains suitable 
oil pressure from idle to maximum speed automat- 
ically. The normal oil pressure at fuli throttle is 
20-30 pounds for the N-F type engines and 40-50 
oounds for the B engines and should not fall 1 
ielow 7 pounds pressure at 400-600 R.P.M. idlin 
;peed.* (M and Y engines are 30-40 pounds.) 

CAUTION: If the oil presswe is erratic or 
falli’ below these limits, stop the engine IM- 
MEDIATELY end find the cause of the trouble. 
Refer to trouble shooting section for this in- 
formation. 

cz 

A by-pass type oil filter is normally provided to 
remove dirt and foreign elements from the oil, a 
percentage of which .is passed through the filter 
during the operating period. The removal of grit, 
sludge and foreign particles causes filter elements 
to clog and become ineffective unless they are 
normally replaced every 150 hours. 

OIL CHANGE FREQUENCY 
Engine oil does not “wear out”. However, the 

lubricating oil in internal-combustion engines be- 
comes contaminated from the by-products of com- 
bustion: dirt, water, unburned fuel entering the 
crankcase, and the detergents holding the carbon 
particles in suspension in the crankcase. 

figure 1 1 - Oil Filter 

The schedule for changing oil is directly de- 
pendent upon the operational environment: an 
extremely clean operation could go 150 hours while 
a dirty operation (foundry or cement factory) 
could be 50 hours or less. 

FOR LUBRICATION RECOMMENDATIONS 

REFER TO GROUP 01 

Figure IO - Oil Pump 

*Other pressures are available, based on customer 
specifications. 
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MASTER MAINTENANCE MANUAL 

DO NOT FLUSH CRANKCASE WITH KEROSENE 

Some operators unwisely put kerosene in the 
crankcase after draining the engine oil, then turn 
the engine over with the starter-in the belief 
they are doing a better job of cran!icase cleaning. 

In doing this, kerosene is circulated through the 
oil pump, the main oil header and the branches 
leading into the engine bearings - thereby wash- 
ing away the protective oil film. In addition, some 
of the kerosene will be trapped and remain to thin 
out the new oil, reducing its lubricating qualities. 

Do not put kerosene into the crankcase. The best 
method is to drain the oil when the engine is thor- 
oughly heated - which will carry off most of the 
sediment. 

AIR CLEANER 
All engines, when operating, consume several 

thousand cubic feet of air per hour. Since dusty 
air is full of abrasive matter, the engine will soon 
wear excessively if the air cleaner does not remove 
the dust before entering the cylinders. 

Two basic types of air cleaners are normally 
used - the oil bath type and the dry replaceable 

OUTLET 

Figure 12 - Secfional View of Oil Both Air Cleaner 

Operating conditions determine the air cleaner 
service periods. In extremely dusty operations, 
this may be once or twice daily. In dust protected 

OOM152G 

areas, the air cleaner should be serviced when 
changing oil. 

As the dirt is strained from the air flowing 
through the cleaner, it thickens the oil in the cup 
and raises the level. If the level is too high, agita- 
tion of the oil on the screen is affected and gritty 
oil is carried over into the air stream, through the 
carburetor and into the engine cylinders. This 
would actually introduce a grinding compound with 
resulting very rapid wear. 

Figure 13 - Dry Replaceable Elemenf Type 
Air Cleaner 

By actual measurement, the amount of dust 
shown below, when admitted in the volume shown 
every hour, will completely ruin an engine in an 
eight hour day. 

Figure 14 

Proper servicing means Cleaning Thoroughly 
and Refilling with New Engine Oil, and Maintain- 
ing Air-Tight Connections between the air cleaner 
and intake manifold so that AlI Air Entering The 
Engine Is Filtered. 

REV SEP 72 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



This section includes instructions for repairs and 
overhaul of the component units of Continental 
Red Seal L-Head engines. 

Provide a clean place to work and clean the en- 
gine exterior before you start disassembling - 
dirt causes engine failures. Many shop tools have 
been developed to save time and assure good work- 
manship; these should be included in your equip- 
ment. 

Use only genuine Red Seal parts in Continental 
engines since years of development and testing 
have gone into these specifications to assure max- 
imum life and performance. 

CYLINDER HEAD 
The cylinder head is an important part of the 

engine assembly since it contains the complete com- 
bustion chamber and cored passage for water flow. 
Remove the cylinder head in the following 
sequence : 

1. Drain water from engine and disconnect rad- 
iator or heat exchanger outlet hose. 

2. Loosen and remove the nuts holding the cylin- 
der head to the block. 

3. Lift the cylinder head off the engine and carry 
to a clean bench for further disassembly. 

4. Remove all carbon from combustion areas 
using a scraper and wire brush. 

Figure 15 - Cleaning carbon from 
combustion chamber 

OOMl52H 

5. Clean the cylinder head thoroughly with a 
solvent or degreasing solution and blow it off 
with air pressure. 

6. Make sure that gasket contact surfaces on 
the head and block are clean, smooth and flat. 

Figure 16 - Checking cylinder head flatness 
lengthwise. 

7. Check out-of-flatness with straight edge and 
feeler gauge: maximum permissible is .00075 
inches per inch of width or length. Thus, for a 
cylinder head 16” long, maximum permissible 
lengthwise out-of-flatness is .OlZ”. Out-of-flat- 
ness should vary gradually and uniformly from 
end to end and side to side. Localized depres- 
sions or high spots should not exceed .003. 

Figure 17 - Checking cylinder head flatness 
crosswise. 
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CYLINDER BLOCK VALVE GUIDES 

1. Clean the valve stem guides, removing lacquer 
or other deposits by running a valve guide cleaner 
or wire brush through the guides. 

2. Check guides for wear by using “Go and No- 
Go” plug gage or a telescope gage and 1” microm- 
eter. Replace all guides that are worn bell-mouthed 
and have increased .0015 in diameter. See Limits 
and Clearance Section for maximum diameter per- 
missible to determine actual amount the diameter 
has increased. Remove all valve guides when neces- 
sary by using an arbor press and pressing them out 
from the combustion chamber side with a driver 
slightly smaller than the O.D. of the valve guide. 

Figure 18 - Valve Removal 

1. With a valve spring lifter, compress the 
springs and remove the locks or pins from the valve 
stems which are in a closed position. Close the 
other valves by rotating the crankshaft and re- 
move the locks (or pins) from these valves in the 
same manner. Remove all valves and place in order 
in a rack, with holes numbered for both intake and 
exhaust valves so they will not be mixed in 
handling. 

Figure 20 - Removing valve guides 

3. Replace worn guides as required by using a 
suitable driver and an arbor press from the combus- 
tion side to the correct depth below the valve seat 
as given in the Limits and Clearance Chart. 

Figure 19 - Valves in rack 
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Engine 

N56, N62 

Y69, Y91, Y112 

F-4, F-6 

Series 

M271, M290 
M330, M363 

B371, B427 

Distance from Block Face to 
Top of Guide 

Intake Exhaust 

2%2 2%2 

% % 

l&h 14% 

1% l%S 

1% l5/16 

Figure 21 -Diagram and chat-f showing DIMENSIONS OF STANDARD INSERTS 
valve guide location AND COUNTERBORES 

CAUTION: When replacing guides that are 
ferrox coated do not ream since these are alI 
pre-reamed before being ferrox coated - any 
further reaming will remove the coating. 

OOMl52K 

VALVE SEAT INSERTS 

1. The exhaust valve seat insert is held in place 
by a shrink fit. 

Inspect all exhaust valve inserts in the block and 
replace any that are loose, cracked or otherwise 
damaged. Use puller for removing faulty insert as 
shown in illustration. 

Figwe 22 - Removing exhausf valve seat insert 

2. When required to replace with new insert, 
clean and counterbore for .OlO larger insert using 
counterbore tool with correct fitting pilot. 

When machining the counterbore, be sure ts go 
deep enough with the tool to clean up the bottom so‘ 
that the insert will have full contact to carry away 
the heat. 

Continental does not recommend installing new 
inserts having the same outside diameter as the 
one removed. The following chart shows the dimen- 
sions of Standard Inserts and counterbores : 

F140 F163 1 
F244 F245 11.3485-1.3475 1.3445-1.3435 .003-.005 

1.442-1.441 1.438-1.437 .003-.005 
- --. 

/ M-271 / I I 
M-290 M-330 1.692-1.691 1.688-1.687 .003-.005 

M-363 

g:gl 7 1.8785-1.8775 1.8755-1.8745 .003-.005 
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3. Grind the intake and exhaust valve seats in 
the block in accordance with instructions in the 
limits and clearance chart and before removing the 
arbor, indicate the seat. Total indicator reading 
of the run-out must not be more than .002”. Use a 
pilot having a solid stem with a long taper, as all 
valve seats must be ground concentric and square 
with either new or worn valve stem guide holes. 

Figure 23 -insert and counterbore 

When OVERSIZE inserts are used, dimensions 
of the insert and counterbore increase proportion- 
ately (.OlO, .020 - depending on the oversize). 

New insert installation should have a press fit. 
Chill insert in container with dry ice for 20 min- 
utes before assembling. 

Insert may then be installed in the counterbore 
using a piloted driver, tapping in place with very 
light hammer blows, without the possibility of 
shearing the side walls. This assures it being seated 
firmly on the bottom of the counterbore. 

Figure 24 - Installing valve seat insert 
with an arbor press 

OOM152L 

Figure 26 - Indicating Valve Seat 

VALVES 

1. Inspect valves for condition and replace any 
that are “necked”, cracked or burned, also any on 

which valve stems are bent or worn more than ,002 
over the maximum allowable limits. Reface or re- 
place all valves. 
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L 

ORIGINAL REFACED 

IF AREA “A” IS LESS THAN 50 % OF 
ORIGINAL, DISCARD VALVE 

Figure 27 -Allowable head thickness of 
refaced valves 

2. All valves having less than 50% margin thick- 
ness (outer edge of valve head) after refacing has 
been completed must be replaced. To check this 
dimension, compare the refaced valve with a new 
valve. 

Figure 28 -Checking valve face in “i” blocks 

3. Check all refaced or new valves in V-blocks 
with indicator to determine if the contact face is 
true with the stem within -002. If not, repeat the 
refacing operation. 

4. After the valves and seats have been refaced 
and reground, coat the seat lightly with Prussian 
blue and drop the valve into position, oscillating it 
slightly to transfer the blue pattern to the valve 
face. This should show a contact width of SC” to 
&” and should fall well within the width of the 
valve face, leaving at least l/6*” on either side where 

L 

Figure 29 -Method of narrowing valve seats 

OOMl52M 

the blue does not show. If the contact is over ya2” 
wide, the seat in the head may be narrowed by 
using a 15O stone to reduce the outside diameter or 
using a 60° or ‘75’ stone to increase the inside 
diameter. 

WRONG RIGHT 

Figure 30 - Valve position in block 

Never allow valves to set down inside the seat. 

After the narrowed-down seat is brought within 
specifications, the seat should be retouched lightly 
with the original stone to remove burrs or feath- 
ered edge. 

“A poor valve grinding job cannot be cor- 
rected by valve lapping.” 

5. Coat the valve stem with a light film of en- 
gine oil. 

VALVE SPRINGS 

1. Check all valve springs on a spring tester to 
make sure they meet specifications regarding 
weight and length. Springs, when compressed to 
the “valve open” or “valve closed” length, must fall 
within the specifications shown on the chart when 
new, and must not show more than 10% loss to 
re-use. 

Figure 3 J - Valve spring term 

2. Reassemble the valves and springs in the 
block with the retainer and retainer lock. 
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CHECKING BORE WEAR 

1. Clean the ring of carbon from around the top 
of the cylinder bore formed above the travel of 
the top ring. 

2. Determine the original diameter of the cylin- 
der barrel by checking this unworn area with a 
pair of inside micrometers at intervals of ap- 
proximately 45 O. 

Figure 32 - Measuring original bore diameter 
above ring travel 

3. Check in same manner the top of the ring 
travel area approximately I,&” below the 
shoulder. 

4. The maximum difference in the above checks, 
indicates the amount of cylinder bore wear. If 
less than .008, re-ringing will be suitable and if 
over .008 re-boring is recommended. 

OOMl52N 

PREPARING CYLINDER WALLS FOR RE-RINGING 
OR REBORING 

1. Ridge ream the cylinders to remove the un- 
worn area at the top so that the new rings when 
assembled will not bump and distort both them- 
selves and the piston lands. 

Figure 33 - Ridge reaming top of cylinder bore 

Several good makes of ridge reamers are svail- 
able which will ream the top of the bore in direct 
relation to the worn area so that should the worn 
area be off center slightly there will be no partial 
ridge remaining. 

2. Drain the crankcase and remove the oil pan. 

3. Remove the cap screws holding the connect- 
ing rod caps to the rod. Keep the cap and bolts 
in numerical order so that when the pistons and 
rods are removed from the engine, the cap can 
be reassembled and kept with its mating parf. 

4. Push the pistons and connecting rods up 
through the top of the cylinder, carrying with 
them all the carbon and metal chips left from 
the cleaning and ridge reaming operation. W’hPn 
doing this, crcy~/ prccalcfion mu.st bc tnkcn to 
prcrenf dnmngc to cylinder bores !HJ the sharp 
co?xcrs and vo?cgh cdg~s of the connecting yotls 
nnd bolts. 

5. To get the correct cross hatch pattern with 
a cylinder hone, use a top quality electric drill 
with a speed of 500 RPM or less. 
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It is important to remove ~3 g&e o2 the cyl- 
inder bores by using a :yiisler hone, with an ad- 
justable stone tensien, (see i!l~tretior)) in order 

. 7 to assure quxii seating of the ne‘s piston rings. 
If the cylinder glaze is not removed, yoga will have 
no assurance as to when the tings will begin to 

function properEy and controI the oil; this is 
especially true when chrome rings are used. 

The following step by step procedure is recom- 
mended : 

a. Cover the entire crankshaft with a c!ean, 
slightly oily cloth to prevent abrasives and dirt 
from getting on the crankshaft. 

Figure 34 - Honing cylinders 

b. Remove the excess carbon deposits from 
the top of the cylinder wali before beginning the 
glaze breaking operation. (This is to prevent 
loading the stones.) 

c. Insert hone in cyiinder and expand to cyl- 
inder wall with slight tension. Using a clean 
b,rush, wet cylinder wall and stones with kero- 
sene. Use a hand drill and s-rface hone cyl- 
inder with a rapid up and down mction to pro- 
duce a good cross hatch pattern. Apply kero- 
sene occasionally as needed and increase tension 
on hone adjustment nntil a good pattern and 
finish is obtained. A smooth finish of 10 to 15 
micro inches is desired. 

d. Clean the loose abrasives from the stones 
by using kerosene and a wire brush. 

Figure 35 - Desirable cross hat& pattern 
obtamed wrtb a cyiinoer hone 

30~4152~ 

IMPORTANT 
Stones must be used wet. Keep applying ker- 

osene during honing to prevent stones from 
drying out and causing an incorrect honing 
pattern. 

e. The most desirable cylinder finish is lo-15 
micro inches; with this finish the depressions 
in the surface tend to keep the supply of lubri- 
cation between the mating parts. This finish 
can be obtained by using 280 grit stones on the 
hone. 

f. Clean all bores thoroughly with a clean oiled 
rag to pick up all the small particles of dust that 
may be embedded in the walls. Follow this with 
a clean cloth to make certain the walls are 
CLEAN. 

PISTONS 

Check the pistons for excessive ring groove 
wear, and replace any that exceed the allowable 
limits in our limits and clearance data. 

The cylinder walls and pistons must be perfectly 
clean and dry when fitting pistons in the cylinder 
bores. Pistons should be fitted with the block and 
piston at room temperature (68’ - ‘70” F). 

PISTON FIT ON STANDARD PISTONS* 
(with 5 to 10# Pull) 

I N-Y Series I .002 I 

I F4, F6 Series 1 .003 I 

I M271 I .004 I 

I M330 I .005 I 

M363 .003 

B Series .005 

*This fit may vary on some special applications. 

Check the piston fit in the bore using a half-inch 
wide strip of feeler stock, of the thickness specified 
in the Limits and Clearance Chart, the feeler being 
attached to a small scale of approximately 15 lbs. 
capacity. 

Figure 36 -Checking Piston fit in bore 
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When the correct fit is obtained you must be able 
to withdraw the feeler with a pull of 5-10 pounds 
on the scale, with the feeler inserted between the 
piston and the cylinder midway between the piston 
pin bosses where the diameter of the piston is the 
greatest. Check the fit of the piston when it is ap- 
proximately 2” down in the cylinder bore in an in- 
verted position. 

PISTON PINS 
Check the bushing in the upper end of the con- 

necting rod for wear. If worn and you are using the 
original pistons with a service set of rings, an over- 
size piston pin may be obtained in .003 or .005” 
oversize. 

The piston pin hole in the piston and the bushing 
in the connecting rod may be honed to increase 

Figure 37 -Pressing in Piston Pin Bushing 

their diameter to obtain the desired fit as shown in 
your Limits and Clearance Chart. 

Note that while the chart specifies a 

CONNECTING ROD 
Replace the bushing in the connecting rod if new 

pistons and sleeves are used. Using an arbor press, 
press out the old bushing and press in the new one 
- after which the bushing must be honed to obtain 
the correct fit of the pin in the bushing as shown 
on Limits and Clearance Chart. 

If there is an excess of stock in the piston pin 
bushing, it may be reamed first, then honed. In any 
event, the final operation should be done with a 
hone to obtain the desired fit with better than ‘75% 
bearing area on the pin. 

OOMl52R 

PISTON AND CONNECTING 
ROD ASSEMBLY 

1. Assemble the pistons on the connecting rod 
by first heating them in some form of oven or in 
hot water to a minimum temperature of 160°F. 
When heated, the piston pin will enter the piston 
very easily and can be tapped through the connect- 
ing rod and into place without distorting the piston. 

The snap rings must be assembled in the grooves, 
making sure they are fully seated in place. 

2. The piston pin hole in the connecting rod must 
be parallel to and in plane with, the large bore in 
the bearing end of the connecting rod. 

Figure 38 - Checking connecting rod 
for twist and alignment 

This may be checked on a fixture with the piston 
pin assembled in the rod before assembling the pis- 
ton; but regardless of this preliminary check, the 
completed piston and rod assembly must be re- 
checked and there must not be more than .002” 
twist or out of squareness checked over a spread 
of approximately 4 inches. The connecting rod can 
be bent or twisted to meet this specification. 
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Pistons are cam and taper ground, and this must 
be taken into consideration when checking align- 
ment of the assembly, since the diameter in line 
with the piston pin would be less at the top of the 
skirt than at the bottom. 

Figure 39 - Checking connecfing rod assembly 
for olignmenf 

034152s 

PISTON RINGS 
Check the piston rings in the cylinders for gap. 
To do this, insert a piston in the cylinder bore 

in an inverted position and then insert each ring 
one at a time about 2” down in the bore and bring 
the bottom edge of the piston up against the ring 
to square it up in the cylinder bore. 

Check the gap between the ends of the ring with 
a feeler gauge in accordance with specifications 
shown in the Limits and Clearance chart. 

RECOMMENDED METHOD OF INSTALLING 
PISTON RINGS 

1. Grip the connecting rod in a vise with lead 
lined jaws to hold the piston firmly and roll each 
of the straight side rings in its groove to be sure 
there are no burrs or other interference with the 
free action of the ring in the groove. 

Figure 40 - Installing rings with 
ring expander tool 

a. Place stainless steel expander 

spacer in groove with ends butted. 

b. Install steel segment on top 

side of expander spacer with gap of 

segment approximately 90’ beyond 

gap of stainless steel expander spac- 

er, making certain that the expander 

spacer is still in a butted position. 

c. Install second segment on bot- 
tom side of the expander spacer with 

segment gap approximately 90’ 

from the expander gap in opposite 

direction from which the top segment 

has been installed. 

d. Recheck assembly - rings 

should be free to move in the 
groove, however, a slight drag will 

be evident because of the side scal- 

ing action of the ring assembly. BE 

SURE EXPANDER SPACER REMAINS 

IN BUTTED POSITION. 

e. When pistons are ready for 

installation in the cylinders, compress rings cclretully using a good 

ring compressor and Q light tap on the head of the piston will allow 

the assembly to go into the cylinder very easily. If any difficulty 

in tapping piston and ring assembly into the cylinder is encountered, 

the compressor should be removed and rings checked for correct 

installation in the groove. 

PIN MILLED APPLICATION 

Install gap of expander spacer 90’ from pin, with hump of expander 

over pin and ends butted. Instal: top segment, then bottom segment 

with gaps of segments over pin. 
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2. The 3 piece oil 
on the piston, from 
be scratched. 

ring should be installed first 
the top side so skirt will not 

figure 42 - Install Tapered Rings with “Top” 
Side Up 

3. To install the balance of the rings, use a ring 
tool with recess side up and place the ring in 
with the bottom side up. Start with the lowest 
ring first. 

Some piston rings are taper faced. These are 
clearly marked “TOP” on the side to be up when 
assembled on piston. 

4. Position ring in the tool so the expanding 
fingers will fully engage both ends. 

5. A,pply pressure on handles so ring is com- 
pletely expanded. Pass the expanded ring and tool 
recessed side down over the piston to the proper 
groove. 

CAUTION 

If piston is equipped with a steel groove insert, this must be 

installed on top of the number one ring. IThe steel groove 
insert is not part of the re-ring kit - this can be reared when 

replacing rings.) 

6. Check the ring side clearance at various posi- 
tions with a feeler in accordance with the toler- 
ances shown on the Limits and Clearance Chart. 

Figure 43 -Checking Ring Clearance in Groove 

OOMl52T 

CRANKSHAFT AND MAIN 
BEARINGS 

1. Using a puller, remove pulley from crank- 
shaft. 

2. Take out screws and remove gear cover. 

3. Drop the oil pump, by removing nut or cap 
screws holding pump to center main bearing cap. 

Figure 44 - Removing Crank Gear 

4. Remove each main bearing cap, one at a time, 
and inspect the bearing and crankshaft journals. 

If there is any indication of flaking out, scoring 
or actual wear, - they must be replaced. 

BEARINGS 

Some models use tri-metal bearings which when 
new are smooth and highly polished. However, a 
very few hours of operation will change their ap- 
pearance completely. The bearing surface becomes 
a leaden gray in color and develops minute craters, 
almost cellular in appearance as indicated in the 
photograph, which follow the pattern of the matrix. 
This appearance is a natural characteristic of this 
type bearing’ and in no way indicates failure. 

Figure 45 -Appearance of a Good Bearing 
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Figure 46 - Bearing Damage Due to Corrosion 

Figure 47 -Scored Bearing Due to Dirt or 
Lack of Oil 

5. If the visual inspection appears satisfactory, 
they should be removed and checked for thickness 
using a ball micrometer. 

Figure 48 - Removing Main Bearing 

OOMl52U 

To remove the upper half of the bearing shell 
use a special tool obtainable at most parts houses, 
which is a pin with an angular head. It may be in- 
serted in the oil hole of the crankshaft and as the 
crankshaft is turned in a clockwise direction, the 
head of this pin picks up the bearing shell and 
forces it out of the bore in the block. 

Figure 49 -Measuring Bearing Thickness 

The thickness of the bearing shells is given in 
the Limits and Clearance Chart, and if this thick- 
ness has been reduced more than .0005 beyond the 
maximum allowable tolerance the bearing shell 
must be replaced. 

6. If visual inspection of the crankshaft shows 
no indication of excessive wear or scoring, the 
clearance of the feeler should be checked. 

Figure 50 - Checking Bearing Clearance with 
Plastigauge 

‘7. Check each bearing, one at a time, by using 
a piece of Plastigage of a diameter specified to 
check certain clearances. 

By placing this Plastigage in the bearing and 
tightening it in place, the width of the Plastigage 
after crushing determines the bearing clearance as 
shown above. 

the crankshaft as that would destroy the 

REV SEP 72 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER MAINTENANCE MANUAL 

Figure 5 1 - Checking Bearing Clearance wifh 
feeler Stock 

An alternative method is to use a piece of r/l” 
feeler stock (the thickness of which should be 
equivalent to the maximum clearance permissible 
in the bearing) lengthwise, in the bearing shell, on 
a film of oil. Assemble the bearing cap and tighten 
the screws, torquing them to the specifications, - 
then try to turn the crankshaft by hand to de- 
termine whether or not you can feel a drag. 

If a definite drag is felt and the piece of feeler 
stock is equivalent to, but no more in thickness 
than the maximum clearance specified, you may be 
sure that neither the crankshaft nor bearing are 
worn ‘excessively as far as clearance is concerned. 

When using new bearings and the crankshaft is 
not worn, checking with a piece of feeler stock as 
outlined above should lock up the crankshaft, mak- 
ing it possible to turn only by use of a bar or 
wrench. 

If crankshaft is scored, or worn enough so that 
new bearings will not fit with the required clear- 
ance, it should be removed and reground. 

Standard crankshafts may be reground to de- 
crease the diameter a maximum of .040. 

Before shaft is reground, it must be checked for 
straightness and straightened if necessary to be 
within .002 indicator reading. When reground, the 
fillet radii must be within dimensional limits and 
must be perfectly blended into thrust and bearing 
surfaces. 

8. Connecting rod bearings and crank pins may 
be checked in the same manner with one exception ; 
instead of trying to turn the crankshaft when the 
connecting rod bearing is tightened on it with a 
piece of feeler gauge assembled, try to move the 
connecting rod from side to side. 

OOMl52V 

RIGHT WRONG WRONG 
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Figure 52 - Crankshaft Fillet Radii 

:!f$“” FL on all crankpins and mains 

,‘/i4” FL on all crankpins and front & center 
mains 

:&” It on rear main 

: j $ o ” * $g,” Et on all crankpins and mains 
except rear 

‘A ” t $b4” FL on rear main 

:;&” -t- ?i4” FL on all crankpins and mains 

Figure 53 - Replacing Bearing 

Figure 54 - Checking Rod Bearing with Feeler Stock 

\Yith new bearing shells and feeler stock equiva- 
lent to the specified clearance in thickness, if the 
crank pin is not wo1.n you uill quite probable have 
to use a hammer tap to move the rod from side to 
side, indicating that the clearance is well within 
the specification range. 
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TAPPETS 
CAMSHAFT 

1. Using a puller, remove the cam and crank 
gears. 

Figure 55 - Removing Cam Gear with Puller 

2. Remove the screws holding the camshaft 
thrust plate to the front of the cylinder block, 
which makes it possible to pull the camshaft for- 
ward out of the bearings. 

3. Unless engine is lying on its side, tappets 
must be removed or lifted before camshaft can be 
pulled; 

4. Remove tappet chamber covers. 

5. Tappets can then be lifted out and lined up 
in sequence, for installation in the same location 
unless inspection shows that they require re- 
placement. 

6. Before pulling the camshaft completely, check 
the clearance of the bearing journals in the bush- 
ing (or block in some models). To do this use strips 
of feeler stock IA” wide with edges dressed with 
a stone to eliminate any burrs or feathered edges. 

7. If clearance is equal to or greater than the 
amount indicated under wear limits, check the 
diameter of the camshaft journals to determine the 
next step. Excess wear at these positions require 
replacement of the shaft. 

If wear is found to be in the bushings instead, 
these must be replaced using precision service 
bushings, available for that purpose, which require 
no reaming, only care in assembly, to line up oil 
holes, and not to damage the bushings as they are 
being pressed in. 

OOMl52W 

Figure 56 - Valve Tappet Wear Comparison 

1. Inspect each tappet carefully. Two or more 
small pits on the contact face is acceptable; more 
than that calls for replacement of the tappet on 
the N, Y, F4, F6 Series. 

Oversize tappets are available as required. 

2. Check the outside diameter with microme: 
ters to determine if replacement is necessary be- 
cause of wear. 

3. On the M and B series, tappet guides or 
guide bushings may be checked for wear with a 
plug gauge or preferably with a telescopic gauge 
and micrometer. 

If guide bushings are used, they may be re- 
placed and std. tappets used. If bushings are not 
used, the tappet bore may be reamed oversize, and 
oversize tappets installed. 

TAPPETS 

ENGINE 
0. D. 

TAPPET 

BORE IN 
TOTAL 

BLOCK 
MAX. WEAR 

LIMITS 

.9995 

.9990 
1.0008 
1.0000 

Oversize 
.005 tappets 

available. 

Std. sleeve 
M-B 1.1242 1.1260 and Std. 

Series 1.1237 1.1250 .005 Tappets 
available 

Note: On the N, Y, F4, F6 engines, the tappets 
ride in a tappet bore in the block. On the 
M and B, guide bushings are used: the 
dimension shown is the I.D. after bushing 
is installed in block. 

I 

CAUTION - WHEN INSTALLING CAM- 
SHAFT USE SPECIAL CARE TO PRE- 
VENT CAMSHAFT BUMPING AND 
LOOSENING EXPANSION PLUG TO 
CAUSE AN OIL LEAK 
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TIMING GEARS 

1. Timing gears and timing gear fits must be 
checked carefully while the engine is being over- 
hauled. To check the fit, use a screw driver to force 
the mating teeth as far apart as possible and check 
this clearance with a feeler gauge. If this clearance 
is .OOZ” or greater, or if the gear teeth are badly 
scuffed and worn, the gear must be replaced. Tim- 
ing gears must be replaced in pairs. 

Figure 57 - Checking liming Gear Backlash 

Gears marked same as the original as far as 
sizes are concerned should be used as replacements. 

2. Examine the camshaft thrust plate carefully 
for scoring and wear and if any indication of either 
shows, a new thrust plate should be assembled 
without question. 

Figure 58 - Camshaft Thrust Plafe 

3. Assemble the cam gear to the camshaft by 
driving or pressing it on, at the same time holding 
the camshaft forward with a suitable bar through 
the fuel pump opening in the block so there is no 
possibility of the camshaft bumping the expansion. 
plug at the rear end and forcing it out of position, 
thus causing an oil leak. 

Check camshaft end play as shown in illustra- 
tion. Refer to limits and clearance section for the 
correct dimension. 

CAUTION: NEVER USE THE CAMSHAFT 

off cast iron camshafts and damage threads 

OOMl52X 

Figure 59 - Checking Camshaft End Play 

4. Inspect crankshaft thrust washers for wear 
and scoring. Replace if necessary before reassem- 
bling gear. 

5. Drive the crank gear on the shaft making 
sure that the marked teeth on the cam gear strad- 
dle the marked tooth on the crank gear, which as- 
sures you of the crankshaft and camshaft being 
in time. 

Figure 60 - Timing Gears Assembled According 
to liming Marks 

6. Check for clearance with the above gears as- 
sembled in place, since it may be possible that it is 
not within specifications. Repeat the operation 
previously outlined. Using a screwdriver pry the 
teeth as far apart as possible and check the clear- 
ance with a feeler gauge. If a .0015” feeler will not 
enter the gap the clearance is not excessive. 
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Figure 61 - Checking Gear Fif 

To be certain that there is enough clearance, hold 
your finger at the junction of the two gears and 
with a light hammer tap the rim of the cam gear 
and note if there is vibration felt at this point. 

If there is vibration and a .0015” feeler gauge 
will not enter the gap between the two gear teeth, 
the gear fit is within specifications. 

7. Crankshaft gears and camshaft gears are fur- 
nished in standard and under and over sizes. Gears 
marked “S” are standard ; if they are marked with 
figures “1” or “2” in a letter “U” this signifies un- 
dersize. If they are marked with figures in the 
letter “0” this signifies oversize. 

Figure 62 - Torquing Cam Gear Nut 

On F135 & F163 thrust is controlled by flanged 
center bearings, which require no shims. On the 
F227 and F245 models, thrust is controlled by 
flanged brgs. located at the rear main. If end play 
exceeds .006 (using a feeler gauge) replace the 
flanged bearings. End play should be between the 
.002 and .006 limits. 

CRANKSHAFT END PLAY 

1. Check the crankshaft end play before replac- 
ing the gear cover. A shim pack containing shims 
of .002” and .008” thickness is incorporated in the 
assembly between the front end of the main bear- 
ing journal and the crank gear and by removing or 
adding shims, this end play can be corrected to fall 
within the specifications. 

Figure 65 - Flanged Bearing Controls Cronkshaff 
End Ploy. 

OOMl52Y REV SEP 72 

Figure 63 - Checking End Play with lndicafor 

Crankshaft End Play 

At all times when checking end play, the crank 
gear must be tightened firmly against the shim 
pack, which can be done by using a sleeve or the 
regular pulley, slipping it over the crankshaft and 
using the standard assembly parts to tighten the 
pulley and gear in place. 
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ASSEMBLING OIL SEALS IN FILLER 
BLOCK AND OIL GUARD 

Continental L-head engines have 3 types of 
crankshaft and oil pan seals. 

The first type is jute packing which is used in 
sealing the filler block and oil guard in block to 
crankshaft. 

The second type is a neoprene seal which is used 
in sealing the oil pan to the filler block. 

The third type is a neoprene circular spring type 
which is currently used on the N-series engines. 

JUTE TYPE OIL SEALS 

First, remove the filler block and oil guard, 
the latter being the semi-circular die casting which 
fits in the cylinder block just to the rear of the rear 
bearing bore. Clean out the grooves thoroughly 
and clean the outer surface of this oil guard so as 
to remove all dried cement and grease. 

Jute packing for crankshaft seal as it is received 
is approximately one-third larger in diameter than 
the width of the groove. To fit the grooves in the 
filler block, this must be crushed in a vise or flat- 
tened with a hammer on a flat surface so the jute 
packing is narrow enough to fit into the grooves. 

Figure 66 - Top Half of Rear Seal 

Next, press it into the grooves of both the filler 
block and the oil guard. Then, using a piston pin, 
a smooth hammer handle or some other instrument 
with a rounded surface, iron this packing into the 
groove so that it is seated firmly and expanded so 
that it seizes the sides. 

OOMl52Z 

Figure 67 - Lower Half of Rear Seal 

In its present condition the packing zoill protrude 
from the grooves at either end in varying amounts. 
With a sharp knife, oi razor. blade, cut this off to 
project .020-.030 al?ove, making the cut parallel to the 
surface of the casting. Then $ip it into place, either 
around the crankshaft, if the engine is still assemblecl, 
or directly into the groove if the crankshaft is out. 

NEOPRENE OIL SEAL 

Figure 68 - Installing Neoprene Seal in Rear 
Filler Block 

1. To replace neoprene seal, thoroughly clean all 
cement, dirt, and oil from the contacting surface 
of the filler block. To hold seal in place for assem- 
bly, use only a small spot of non-hardening cement 
in the center of the contacting surface, before in- 
serting seal in groove. No other cement is required. 

Lubricate outside of neoprene seals before install- 
ing pan to prevent possible distortion of seals. 

REV SEP 72 
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Figure 69 - Insfalling Neoprene Seal in Front 
Filler Block 

2. Neoprene seal on front filler block is installed 
in the same manner. 

When replacing gear cover, cement gasket to 
gear cover with a quick drying gasket cement and 
reassemble to engine block. 

Figure 7 1 - “N” Series Circular Spring Type Seal 

Figure 70, -Neoprene Seals in Place 

In order to prevent possible oil leaks, it is impera- 
tive to use only genuine Continental replacement 
gaskets and seals-since these have been engi- 
neered and designed to do a superlative job. 

NEOPRENE CIRCULAR SPRING TYPE SEAL OIL SEAL RETAINER 
The “N” series of engines uses a circular spring 

type seal which is replaced as follows: 

1. Remove flywheel assembly. 
2. Remove cap screws from oil seal retainer as- 

sembly. 

GASKET 

3. Remove retainer from 2 dowel pins and slide 
off seal surface of crankshaft. 

4. Press oil seal from retainer with a driver 
slightly smaller than seal diameter. Thoroughly 
clean back of cylinder block and retainer in a 
solvent. 

5. On an arbor press, press in new seal with driver 
which fits oil seal to prevent damage to seal. 
If a driver of the correct :, meter is not avail- 

Figure 72 - Exploded View of Oil Seal 
Retainer and Seal 

OOMl52AA REV. SEP 72 

6. 

7; 

8. 

9; 

101 

11. 

able, use a piece of IA” sheet steel, 8” x 8” or 
larger, and press seal into retainer on an arbor 
press. Be sure the seal wiping edge and spring 
face is toward engine. 
Examine crank flange seal surface carefully. 
Any roughness or scratches should be polished 
off, otherwise they will damage new seal. 
Apply coat of fibre lubricant to seal as well as 
seal surface of crankshaft (A good wheel bear- 
ing type of lubricant should be used). 
Install a new gasket between retainer and cyl- 
inder block. 
Carefully slide seal assembly over crankshaft 
seal surface using a piece of shim stock to guide 
it in place. Align dowel holes of retainer with 
dowel pins in block and tap retainer gently in 
place. 
Replace retainer cap screws and torque evenly 
to 15 -20 ft. pounds so as not to distort the 
retainer. 
Replace flywheel. 
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SERVICE BULLETIN 72-216 

(COURTESY OF CONTINENTAL MOTORS) 

September 1972 72-216 

INSTRUCTIONS FOR INSTALLING OIL PUMP RELIEF VALVE SLEEVE 

1 i/!n \ 

1. 

2. 

3. 

/ 

OIL PUMP BODY 

, SLEEVE (P/N H260L00222) 

-----v-w- _-L h we -____ 

NOTE: 
HOLES MUST BE 
IN ALIGNMENT 

.6255 DIA. REAM 

.6245 AFTER ASSEMBLY 

Remove old sleeve from oil pump body. 

Press in new sleeve until it is flush with oil pump body face, making sure 
holes are in alignment. 

After assembling sleeve, ream to dimensions shown, 

OOM152AA SUPP OPT 72 
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OIL PUMPS 
The oil pump is assembled to the center main 

bearing, held in position vertically against a ma- 
chined pad by studs, (except the “N” series en- 
gines, which have the oil pump on the rear end 
plate, and driven off end of camshaft.) 

Figure 74 - Checking Oil Pump Gear Clearance 
in Body 

Engine oil pressure must be maintained to 
specification for satisfactory engine life. 

Figure 73 -Oil Pump Removal 

The extended portion of the body acts as a pilot, 
fitting closely in a reamed hole in the main bearing 
web, maintaining definite relationship between the 
camshaft and the oil pump drive shaft. 

A gear assembled to the upper end of this shaft 
is driven by a mating gear cut on the camshaft and 
drives the oil pump gear which is assembled to the 
lower end of the pump shaft. 

The pump shaft is carried in two bronze bush- 
ings assembled in the cast iron housing, which is 
also a part of the oil distributing system, trans- 
mitting oil to the drilled passages. 

The gear type pump has a capacity well in ex- 
cess of that required by the engine. 

When the pump is removed, examine the drive 
gear carefully for wear, inspecting the gear on the 
camshaft at the same time. If scored or worn badly, 
both the camshaft and the gear on the pump 
must be replaced. 

Examine the pick-up screen (which may be 
either the Float0 type or the stationary screen 
type) for clogging or damage. 

Remove -the cover, being careful not to damage 
the lead gasket which acts as a spacer as well as 
a gasket to seal the joint. 

Examine the gears and pump body for any sign 
of wear indicating lack of clearance. The gears 
should have from ,001 to .003 clearance in the 
chamber and should make no contact with the 
walls. 

Inspect the cover and face of the gears for exces- 
sive wear or scoring. LVith the gasket assembled 
to the body there should be .001.5 - ,006 clearance 
between the gears and the cover. 

Worn or scored gears can be replaced, as can a 
worn cover. If the body shows wear in the cham- 
ber, it can be replaced, but in a case like this a new 
pump would be the most economical. 

OOM152AB 

Figure 75 - Checking Oil Pump End Clearance 

Pressure relief is located externally on the right- 
hand side, near the oil pan flange at the center. 
(on the W series, it is located in the rear end plate). 
Pressure is controlled by a plunger and spring, 
the latter specifically for a certain range. The only 
adjustment variation is either to change springs 
or assemble or remove washers from behind the 
present spring. Up to four washers are permissible. 

Figure 76 - Oil Pressure Relief Valve 
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qw 2 

3 

CAUTION 

On several models of our L-Head engines, a 
l/s” flat spacer washer is used between the oil 
pump mounting lug and the center main bear- 
ing cap. When reassembling, be SURE that 
this washer is placed on the oil pump mount- 
ing stud before the oil pump is installed in 
place. Failure to do this will cause interfer- 
ence between oil pump and camshaft and will 
not allow the distributor drive to mesh cor- 
rectly. 

NOTE 

When replacing oil pump drive gear (Item 
23, Fig. 77 ) it is necessary to line up the 
hole in the gear with the hole in shaft and 
drill through the other half of the gear be- 
fore pinning in place. 

-0 9 

Figure 77 -Typical Oil Pump 

1. Stud 
2. Washer 
3. Nut 
4. Stud 
5. Gear - idler 
6. Snap ring 
7. Washer 
8. Screw 
9. Spacer 

10. Screen 
11. Screw 
12. Washer 

13. Frame -oil pump 
screen 

14. Gasket 
15. Cover-oil pump 
16. Gasket 
17. Gear - drivel 
18. Key 
19. Drive shaft 
20. Body assembly 
21. Bushing 
22. Pin 
2:s. Geal 
24. Bushing 

OOM152AC 

Figure 78 - “N” Series Oil Pump 

1. Screw 
2. Lockwashel 
3. Pin 
4. Stud 
5. ldler geal 
6. Gasket 
7. Cove1 

REV SEP 72 

8. Gasket 
9. Screen 

10. Tube assembly 
11. Shaft 
12. Gear 
13. Bushing 
14. Body 
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FLYWHEEL AND FLYWHEEL HOUSING 
The flywheel is machined and balanced so that 

the clutch face and locating counterbore will run 
true with its axis. 

To be sure that the crankshaft flange has not 
been sprung or otherwise damaged or that the 
counterbore in the flywheel, which locates it on the 
crankshaft, is not damaged, mount an indicator on 
the flywheel housing and check the flywheel for 
runout. Caution: When checking runnut remove 
spark plugs to allow engine to be turned over freely. 

Excessive runout of the flywheel, in either posi- 
tion, is probably caused by dirt in or damage to 
counterbore locating the flywheel on the crank- 
shaft flange. 

Re-locate the indicator to check the inside diam- 
eter of the counterbore. In both cases the maxi- 
mum indicator reading must not be more than .008. 

When assembled, mount the indicator on the fly- 
wheel so that it contacts the housing face and turn 
the crankshaft, at the same time holding against 
it to counteract end play. The maximum indicator 
reading must not exceed .008. 

Figure 79 -Checking Flywheel Run-Out 

The indicator should be set up so that it contacts 
the clutch face or the vertical surface of the clutch 
counterbore, then turn the flywheel at least one 
full revolution at the same time holding against the 
crankshaft to offset the possibility of end play. 

Figure 80 - Checking Flywheel Counterbore 

OOMl52AD 

Figure 81 - Checking Flywheel Housing Face 

Re-locate the indicator to contact the housing 
bore and check this in the same manner. The same 
runout limits prevail. 

Figure 82 - Checking Housing Bore 

If more than one engine is being rebuilt at a time, 
the housing should be identified with its original 
cylinder block and should be reassembled to that 
block in the rebuilding process. 

REV SEP 72 
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REASSEMBLING ENGINE 

In the foregoing, we have outlined procedures 
for checking, repairing or replacing the many 
wearing parts in the engine. 

In most cases, the instructions have covered the 
reassembly of parts or subassemblies made up of 
several parts. 

When reassembling pistons and connecting rods, 
use a good ring compressor and oil the bores thor- 
oughly. A hammer handle may be used to bump 
the pistons out of the ring compressor into the 
cylinder bore. 

Once more, we call attention to care demanded 
to prevent connecting rods damaging the cylinder 
bore finish and at the same time as they are assem- 
bled over the crank pin, locate them carefully in 
order to protect the bearing surfaces. 

Always lubricate the bearings with clean engine 
oil when assembling, and tighten them to the 
torque specified. Use lockwires, cotter pins or lock- 
washers as required to prevent nuts and screws 
from loosening. 

Clean cylinder head and block surfaces thor- 
oughly before installing gasket. Tighten all cylin- 
der heads or cap screws evenly and torque in fol- 
lowing sequence to the recommended torque. 

Before assembling the oil pan with new gaskets 
make certain that gasket surfaces are flat and 
clean. Tighten screws in accordance with limfts 
prescribed in torque chart - to avoid Iooseness or 
over-stressing. 

Torque Specifications for Cylinder Head 
Tightening Sequence in Foot Pounds 

Size - Diameter 
s/s ” %6” r/c ” Y/16” s/s” 

I Cylinder Heads 
35-40 70-75 I 100-110 I 130-140 I 145-1551 

Figure 83 -Cylinder Head Tightening Sequence - 
Four Cylinder 

Figure 84 - Cylinder Head Tightening Sequence - 
Six Cylinder 

OOMl52AE 

Figure 85 

When engine is completely assembled and filled 
with proper oil, (See Lubrication Sec.) set tappets 
according to the following chart: 

ps$qFpJ 

Please check your engine nameplate for the cor- 
rect setting. 

NOTE: Tappet settings for previous models are listed on 

Specification page OOS152A. 

Figure $6 - Setting Tappets 

REV SEP 72 
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SERVICE BULLETIN 72-217 

(COURTESY 0F CONTINENTAL MOTORS) 

September 1972 

IMPORTANT 

PRE-LUBRICATION 

72-217 
Supersedes and Deletes 
72-212 dated July 1972 

Prior to turning over and starting any new or rebuilt engine (including service assemblies 
or engines that have been in storage) prelubrication is recommended. 

Cylinder block should be completely assembled (with oil filter irrplace) except for the oil 
pan which should be left off until prelubrication is completed. 

Prelubrication is very important to the life of engine bearings. Many times the mechanic builds 
the engine, puts oil into the oil pan, and expects the oil pump to pick up oil and deliver it to 
the bearings “under pressure” shortly thereafter. The lag between running the engine and getting 
oil to the bearings oftentimes is the difference between short bearing life and long bearing life. 
Such a practice may even totally ruin the bearings, depending upon when oil is eventually de- 
livered. Prelubricating the engine completely before starting it eliminates this hazard. 

By prelubricating, using the recommended oil as indicated in installation instructions, prior to 
installing a new or rebuilt engine saves many,hours of extra labor. This also becomes a test of 
the lubrication system as a low pressure reading or rapid loss of pressure would indicate a need 
to check for cause. We would recommend using 25 p.s.i.’ pressure. Use approximately one 
quart of recommended oil for this operation. 

The illustration below shows a low cost pressure tank connected to a “R” assembly. The 
connection was made up by using a l/S” pipe nipple, l/B” pipe tee, and standard oil pressure 
gauge between the pressure tank valve and the oil pressure tapping at side of cylinder block. 
(Oil pump must be in position during test.) 

OOM152AF REV OCT 72 
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FOUR CYLINDER INDUSTRIAL L-HEAD ENGINES* 

MODEL 

No. of cylinders 

Bore and Stroke 

Oisplotement Cu. In. 

Compression Ratio 

Max. Oil Pressure” 

Min. Oil Pressure (Idling) 

Firing Order 

Main Erg. Frt. 

Main Erg. Center 

Main Brg. Rear 

Corm. Rod Erg. 

Dia. and Length 

Oil Capacity 

Crankcase 

Filter 

Totol 

Valve Clearance 

Intake 

Exhaust 

Water Capacity 

Engine 

Engine and Radiator 

Weight (Bore Engine) 

N-56 N-62 Y-69 Y-91 Y-112 F-l 24 F-135 F-140 F-l 62 F-163 

4 4 4 4 4 4 4 4 4 4 

2%x3% 2%x33% 2%x3% 2Xx33% 3% x 3% 3x4s 3% x4% 3% x 4% 3% 1: 4% 3% x 4% 

56 62 69 91 112 124 135 140 lb2 lb2 

6.12 6.46 6.66 6.46 6.07 6.20 7.2:1 6.00 6.01 7.4:1 

20.30 20-30 30.40 30.40 30.40 20.30 20.30 20-30 20.30 20-30 

7 7 7 7 7 7 7 7 7 7 

l-3-4-2 l-3-4-2 l-3-4-2 1.3-4-2 l-3-4-2 l-3-4-2 l-3-4-2 1-3-4-2 1-3-4-2 l-3-4-2 

2x1?& 2x1%2 1% x% 1%x1% 1% x 1% 2%x1% 2%x% 2%x1% 2%x1% 2%x% 

1%x1% 1%x% 1%x1?& 2%x1% 2%xX% 2%x1% 2%x1% 2~xl1’X 

2x1?& 2x1%* 1%x1% 1%x1% 1% x 1% 2%x1% 2%x1% 2%x1% 2%x1% 2%x1% 

1%X% 1%X% 1%x1 1%x1 1%x1 1%x1% 2&x1% l’X&X 1w 1’Xex 1% 2X6X1% 

3% 3% 3% 3% 3% 4 4 4 4 4 

% % % % % % % % % % 

4 4 4 4 4 4% 4% 4% 4% 4% 

,015 .012 ,012 .012 .012 .014 .012 ,014 ,014 .012 

,015 .012 .012 .020 .020 .OlbO ‘LO20 .OlbO .OlbO ,020 

(Given in quarts-add approximately 1 quart for hoses) 

2 2 3% 3% 3% 5 5 5 5 5 

11 11 14 15 1.5 14 14 14 15 15 

180 210 290 290 290 415 415 415 415 415 
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SIX CYLINDER L-HEAD ENGINES* 

9.226 

6 

3?i6 14% 

226 

6.02 

20.30 

7 

I-5.,-b2.4 

2%r1X 

1212% x I% 

2% Iv?? 

2Xx 1% 

I 

% 

5% 

.014 

.0160 
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1.427 

2%x1% 

,017 

,022 

16 

20 

16 

PI0 
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ENGINE STANDARD HARDWARE AND RELATED 

TORQUE VALUE DATA FOR 

TELEDYNE CONTINENTAL INDUSTRIAL ENGINES 

oosi52c AP%& 79 REV 
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LIMITS AND CLEARANCE DATA 

NOTE: DIMENSIONS SHOWN ARE FOR 
STANDARD ENGINES 

Y-69 
F-124 

N-56 F-140 F-l 86 
F-135 M-271 

Engine Model F.209 
F-l 63 M-290 B-371 

N-62 Y-9 1 F-227 M-330 B-427 
Y-112 

F-l 62 
F-244 F-226 F-245 M-363 

INTAKE INTAKE INTAKE INTAKE INTAKE 

VALVE GUIDE AND AND AND AND AND INT. EXH. INT. EXH. 

EXHAUST EXHAUST EXHAUST EXHAUST EXHAUST 

Length 1% 2% 2% 2%6 2%6 3x6 3.0 2% 3% 

Outride Dia. .5645/.5635 .5645/.5635 .6575/.6565 .6575/.6565 .6575/.6565 .752/.751 .814/.813 

Stem Hole Dia. .3169/.3159 .3167/.3157 .3432/.3422 .3432/.3422 .3432/.3422 .4067/.4057 .4370/.4360 

‘Weor Limits-Max. Dia. .3184 .3182 .3447 .3447 .3447 .4082 ,438s 

Dirtonce, Cyl. Block 

Contort Face to Guide 2% % 1% 1% 11x2 1% %6 1% I%6 

VALVES, INTAKE 

Stem Dia. .3149/.3141 .3149/.3141 .3414/.3406 .3414/.3406 .3414/.3406 .4037/.4026 .4340/.4329 

‘Wear Limits, Min. Dia. .3121 .3121 .3386 .3386 .3386 .4QQ6 .4309 

Seat Angle 30” 30” 30” 30” 30” 30” 30” 

Stem Clearance Limits .QOl/.QQQ6 ,001 /.QQQ6 .0026/.0008 .0026/.0008 .0026/.0008 .QQ36/.QDZ .DQ36/.002 

‘Weor Limits-Max. Cl. ,003 ,003 .QQ46 .QQ46 .QQ46 .QQ56 .QD56 

Desired Stem Clear. .QQQ8 .QQQ8 .QQ15 .QQlS .QQlS ,002 ,002 

IALVES, EXHAUST 

Stem Dia. .3132/.3124 .3132/.3124 .3385/.3377 .3385/.3357 .3385/.3377 .4014/.4007 .4315/.4305 

‘Weor Limits-Min. Qio. .3104 .3104 .3x7 .3357 .33SJ .3987 ,428s 

Seat Angle 45” 45” 45” 45” 45” 45” 45” 

Stem Cleoronte-limits .QQ47/.0043 .QQ47/.0043 .QQSS/.DQ37 .QQSS/.QQ37 .QQSS/.QQ37 .QQSS/.QQ43 .QQ6/.QQ45 

‘Weor Limits, Mox. Cl. .0063 .QQ63 ,007s .QO.75 ,007s .QQ75 ,008 

Desired Stem Cl. ,003s .QQ35 ,004s .qQ45 ,004s ,004s ,004s 

/ALVE SPRINGS 

Outride Dia. % 3% 3?$2 1.150/1.13Q 31/ 02 1.302/1.282 1% 

Length-Valve tlored 1% 14x4 14x4 l?$ la544 1% 1.617 

Load-Valve closed 18.22$ 47.53’ 47.53# 47.53 4 47.536 38.64= 6S!$.721$ 

‘Wear Limits-Min. Wgt. 16# 42= 421 42= 42# SZ-fi 598 

Length-Valve open 1% 1 ‘!& 1 ‘!a’a 1% 1 ‘!ad 1.521 1.316 

Load-Valve open 32-38 # 96.104# 96.lQ4= 103.110# 96.104# 115.123# 137.151d 

‘Weor Limilr-Min Wgt. 29s 86ii 8b-- 93# 86# lQ3# 123# 
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SERVICE BULLETIN 72-215 

(COURTESY OF CONT 1 NENTAL MOTORS) 

“F” Series includes: F135 - F163 - F227 - F245 

Y112 

Intake 

A Valve Seat Angle 3oa 

1.192 

B Diameter of Seat 1.182 

1.068 . . 8.80 1.380 1.092 

C Diameter of Chak? 1.058 .870 1.370 1.082 

D Distance Tap of Seat .875 

to Tapaf Guide 

I I E Length of Guide 
I 

2.281 

I .3167 

Inside Diameter Guide .3157 

I 1 J Thickness of Valve -__- 

Seat Insert 

I I K Angle of Valve 4048’30” 

Valve Seat Material 

, 
Form X-30148 

---- 

oosi 52~ SUPP 

Exhaust 

F-Series 

Intake Exhaust 

4za130’ 3o” 450: 30’ 

..994 1.505 1.178 

,984 1.495 1.168 

..; 875 1.812 1.812 

2.281 2.375 2.375 

..3167 .3432 .3432 

. ..3157 .3422 .3422 

.__m_ I 1.625 
I 

____ 

1.1295 1.3485 

1 .1285 ---- 1.3475 

:222 .203 
.217 m-w- .198 

4:O48’30” 
I 

1’53’36” 1’53’36” 

:sA;E J-610 ____ SAE J-610 
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MASTER MAINTENANCE MANUAL 

LIMITS AND CLEARANCE DATA 

Engine Model 
N-56 
N-62 

Y-69 F-124 
Y-91 F-140 

Y-112 F-l 62 

F-186 
F-209 

F-226 
F-244 

M-271 
M-290 
M-330 
M-363 

B-371 
0-427 

CAMSHAFT 

Brg. Journal Dia. # 1 1.7465/1.7455 1.8095/l ,808s 1.8725/1.8715 1.8725/1.8715 1.8725/1.8715 2.1850/2.1840 
#2 1.7465/1.7455 

2.2430/2.2420 
1.7465/1.7457 1.7465/1.7457 1.8095/1.8085 1.8095/1.8085 2.1225/2.1215 

#3 1.2465/1.2455 
2.2430/2.2420 

1.2475/T .2465 1.2475/1.2465 1.7465/1.7457 1.7465/1.7457 2.0600/2.0590 
#4 

2.2430/2.2420 
None None None 1.2475/1.2465 1.2475/1.2465 1.7475/1.7465 2.2430/2.2420 

*Wear limits-Min. Dio. (.OOl UNDER MINIMUM NEW SHAFT DIAMETER) 
Bushing-Inside Dia. # 1 1.750/l ,749 1.8125/1.8115 1.8755/1.8745 1.8755/1.8745 1.8755/1.8745 2.1870/2.1865 2.2450/2.2445 

#2 1.750/1.749 1.7502/1.7495 1.7502/1.7495 1.8125/1.8115 1.8125/1.8115 2.1245/2.1240 2.2450/2.2445 
#3 1.250/1.249 1.2505/1.2495 1.2505/1.2495 1.7502/1.7495 1.7502/1.7495 2.0620/2.0615 2.2450/2.2445 
#4 (No Bushings) None None 1.2505/1.2495 1.2505/1.2495 1.7495p.7490 2.2450/2.2445 

8urhing-Cleoronce limits .0045/.0025 .004/.002 .004/.002 .004/.002 .004/.002 .003/.0015 .003/.0015 
End Ploy .007/.003 .007/.003 .009/.005 .009/.005 .009/.005 .OOS/.OOS .009/.005 

CONNECTING RODS 

Bush. Hole Dia. .6067/.6057 .7632/.7622 .914/.913 .914/.913 .914/.913 1.313/1.312 1.500/1.499 

Erg. Hole Dio. 1.6240/1.6245 1.6245/1.6240 2.0620/2.0615 2.0620/2.0615 2.1070l2.1865 2.374Sf2.3740 2.6870/2.6865 

Brg. Thickness .06175/.06150 .0617/.0614 .0617/.0614 .0617/.0614 .0616/.0613 .0621/.0618 .0933/.0930 

‘Wear limits-Min. Thk. .0610 .0609 .0609 .0609 .0608 .0613 .0925 

Dia.--Crank Pin 1.500-1.499 1.500-1.499 1.9375/1.9365 1.93750.9365 2.0627/2.0619 2.248/2.249 2.498/2.499 

‘Weor limits-Min. Dia. 1.498 1.498 1.9355 1.9355 2.0609 2.247 2.497 

Clearance limits .0005/.0025 .0006/.0027 .0006/.0027 .0006/.0027 .0006/.0022 .0008/.0029 .0009/.0030 

Desired Cleoronte .0015 .0015 .0015 .0015 .0015 .0015 .0015 

‘Wear Limits-Max. Cl. .0035 .0037 .0037 .0037 .0032 .0039 ,004 

Side Play .010/.006 .0105/.006 .010/.006 .010/.006 .010/.006 .010/.006 .010/.006 

Desired Side Play ,006 .0065 ,006 ,006 ,006 .006 ,006 

MAIN BEARINGS 

Dia.ofBrg.8orein8lock 2.1710/2.1703 L8747/1.8740 2.4372f2.4365 2.4372/2.4365 2.5622/2.5615 2.8122/2.8115 3.0622/3.0615 

Brg. Thickness .08475/.08450 .0625/.0622 .0926/.0929 .0926/.0929 .0925/.0928 .0930/.0933 .0930/.0933 

*Wear limits-Min. Thk. .0840 .0617 .0921 .0921 .0920 .0925 .0925 

Dia. of Main Brg. Jr. 2.000/1.999 1.7483/1.7475 2.250/2.249 2.250/2.249 2.3752/2.3744 2.624/2.623 2.874/2.873 

‘Wear limits-Min. Dia. 1.998 1.7465 2,248 2.248 2.3734 2.622 2.872 

Clearonce limits .003/.0008 .0005/.0028 .0007/.0030 .0007/.0033 .0007/.0028 .0009/.0032 .0009/.0032 

Desired Clearance .0015 .0015 .0015 .0015 .OQ15 .0020 .0020 

C/S End Ploy. .003/.008 .003/.008 .003/.008 .003/.008 .003/.008 .003/.008 .003/.008 

‘ISTON PIN See Note 1 See Note 2 See Note 3 See Note 4 See Note 5 See Note 6 

length 1.925/1.920 2.066/2.056 2.504/2.489 2.504/2.489 2.815/2.805 3.190/3.175 3.365/3.355 
Diameter .5435/.5433 .7085/.7083 .8593/.8591 .8593/.8591 .8593/.8591 1.1093/1.1091 1.25DO/1.2498 

‘Wear limits-Min. Dia. .5430 .7080 .8588 .8588 .8588 .8588 1.2495 
Desired Fit light Push light Push light Push light Push light Push light Push light Push 
Bush. Hole Dia.-Fin. .5438/.5436 .7089/.7087 .8597/.8595 .8597/.8595 .8597/.8595 1.1097/1.1095 1.2504/1.2502 

‘Wear Limits-Max. Dia. .5448 .7099 .8607 .8607 .8607 1.1107 1.2514 
Pin Cl. in Bushing .0005/.0001 .OOOb/.OOO2 .OOOb/.OOO2 .OOOb/.OOO2 .OOOb/.OOO2 , .ODOb/.OOO2 .OOOb/.OOO2 
Desired Pin Fit .ODO3 .0004 .0004 .0004 .0004 1 ,0004 .0004 

NOTE 1 -Y-VI PISTON PIN LENGTH 2 441 /2.431 NOTE 3-F-209 PISTON PIN LENGTH 2 691 /2 676 NOTE 5 -M-271 PISTON PIN LENGTH 3 061/3 OS0 
Y-112 PISTON PIN LENGTH 2.7553/2.7543 

NOTE 4-F-244 PISTON PIN LENGTH 2.878 /2.868 
M-330 PISTON PIN LENGTH 3.440/3 421 

NOTE 2 -F-l40 PISTON PIN LENGTH 4.691 /2.676 M.363 PISTON PIN LENGTH 3 440/3 421 

F-162 PISTON PIN LENGTH 2.878 /2,d68 NOTE 6 - B-427 PISTON PIN LENGTH 3.630/3 620 
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MASTER MAINTENANCE MANUAL 

LIMITS AND CLEARANCE DATA 

ENGINE MODEL 
F. I 35"";" F.227kb'c 
F. 163"a'e F.245+& 

CAMSHAFT 

Brg Journal Dia. #I 

f; 

#4 
+bWear Limits - Min. Dia. 

Bushing - inside Dia. #I 

f: 

#4 
Bushing - Clearance Limits 

End Play 

1.8725/1.8715 1.8725b.8715 
1.7465/1.7455 1.8095/1.8085 
1.2475/1.2465 1.7465/1.7457 

NONE l-2475/1.2465 

(.OOl UNDER MINIMUM NEW SHAFT DIAMETER) 

1.8755/l-8745 1.8755b.8745 
1.75ou1.7495 l-8125/1.8115 
1.2505/l-2495 1.7502/1.7495 

NONE l-2505/1.2495 
.004/.002 .004/.002 
.009/.005 .009/.005 

CONNECTING RODS 

Bushing Hole Dia. 

Bearing Hole Dia. 

Bearin>g Thickness 

;vWear Limits - Min. Thk. 

Dia. - Crank Pin 

*Wear Limits - Min. Dia. 

Clearance Limits 

Desired Clearance 

;kWear Limits - Max. Cl. 

Side Play 

Desired Side Play 

.914/.913 -9lW.913 
2.1870/2.1865 2.1870/2.1865 
.0616/.0613 .0616/.0613 
-0608 -0608 

2.0627/2.o6lg 2.o627/2.o61g 
2.0609 2.0609 
.0006/.0022 .0006/.0022 
.0015 .0015 
.0032 .OU32 
.010/.006 .010/.006 
.006 .006 

MAIN BEARINGS 

Dia. of Brg. Bore in Block 

Bearing Thickness 

YcWear Limits - Min. Thk. 

Dia. of Main Brg. Journal 

+cWear Limits - Min. Dia. 

Clearance Limi'ts 

Desired Clearance 

C/S End Play 

2.5622/2.5615 2.5622/2.6515 

.og25/.og28 .og25/.0928 

.og20 .0920 

2.375212.3744 2.3752/2.3744 
2.3734 2.3734 
.0007/.0028 .0007/.0028 
-0015 .0015 
.002/.006 .002/.006 

PISTON PIN SEE NOTE 7 SEE NOTE 4 

Length 

Diameter 

:%/ear Limits - Min. Dia. 

Desired Fit 

Bushing Hole Dia. - Fin. 

JcWear Limits - Max. Dia. 

Pin Cl. in Bushing 

Desired Pin Fit 

2.878/2.868 
.8593/.8591 
.8588 
Light Push 

.8557/.8595 

.8607 

.oook/.ooo2 

.0004 

2.878/2.868 
.8593/.8591 
-8.588 
Light Push 

.8597/.8595 

.8607 

.0006/.0002 

.0004 

NOTE 4 - F244 and F245 Piston Pin Length 2.87812.868 NOTE 7 - F135 Piston Pin Length 2.96112.676 

“‘:;F2l+5 

Rear Flange Bearing 

Thickness............ .0926 - .09290 

$rWear Limits Min. Thk. .0921 

Clearance Limits..... .0005 - .0026 
Desired Clearance.... -0015 

;qc+227 
Camshaft Bearing Journal Dia. #3 1.7465 - 1.7455 
Rear Flange Bearing 

Thickness..................... .0926 - .09290 

?cWear Limits, Min. Thickness... .0921 

Clearance Limits.............. .0005 - .0026 

Desired Clearance....,........ .0015 

.-'-'-+-'~~~F135~and F163...Center Flange Brg. Thickness... .092,6 - .09290 

%/ear Limits, Min. Thk. .0921, Clearance Limits .0005 - .0026 Desired Clearance .0015 
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MASTER MAINTENANCE MANUAL 

EARANCE DATA 

I line Model ( N-56 / N-62 / Y-69 ) Y-91 / Y-112 1 F-124 F-135 F-140 F-162 F-l 63 

PISTON NO. 

F163AOO403 
PISTONS PISTON NO. 

F135AOO402 

l.1270/3.1251 

,008 

.8597/.8595 

.oa1 1.080 

,083 

.0965/.0955 

.0985 

.1a9 /.1aa 

,191 

.003 

5.lO# 

2.377 /2.37! 

,008 

.5436/.5434 

,096 /.095 

,098 

,096 I.095 

.1885/.1873 

,098 

.1905 

None 

- 

,002 

S-lO# 

.0935/.092! 

,090s 

.0935/.092! 

.1865/.186( 

,090s .0905 

.1840 .1840 

None None 

- - 

None None 

- - 

,013 /.oos :Dl7 /.007 

,017 /.007 

Ring Gap Clear.-#4 None None 

Ring Gap Clear.-#S None None 

Ring Side Clear.-# 1 .0035/.0015 .0035,.0015 

Ring Side Clear.-# 2 .0035/.0015 .0035/.0015 

#3 .0025/.001 .0025/.001 

Ring Side Clear.-#4 None None 

i : 

I 

i 

1 

I 

i 

L 

,090s 

,246s 

None 

,015 /.007 

82-.015/.00 

f 3-.013/.00. 

None 

None 

.003 /.OOl 

,003 /.OOl 

0025/.001 

None 

5 3 T ,002 /3.000 

,008 

.8594/.8592 

,127 /.126 

,129 

,127 /.126 

.1290 

251 /.25D 

253 

3.1895/3.187 

,008 

.8594/.8592 

.1265/.1255 

,128s 

,126 /.12S 

.1280 

.251 /.250 

,253 

5 : 1.4395/3.437! 

,008 

.8597/.8595 

.1285/.1275 

,130s 

.1285/.1275 

l.4395/3.437! 

.Do8 

J597l.8595 

,081 I.080 

,083 

.0965/.0955 

.13OS .0985 

253 /.252 .2515/.2505 

255 .2535 

.003 

5.lO# 

Cylinder Dia. 2.252 /2.2.50 

*Wear Limitr-Cyl. Bore .ooa 

Piston Pin Hole Dia. .5436/.5434 

Ring Groove Width-# 1 ,096 /.095 

“Max. Wear Limit Width ,098 

Ring Groove Width #2- ,096 /.095 

*Max. Wear 
#3- .1885/.1875 

Limit Width #2- ,098 

#3- ,190s 

Ring Groove Width #4 None 

“Max. Wear Limit Width - 

Piston Fit-Feeler Gouge ,002 

tbs. Pull s-lO# 

2.502 /2.500 

,008 

.7086/.7084 

.0955/.0945 

.0975 

.D955/.094 

251 /.zso 

,097s 

,253 

None 

- 

2.077 /2.875 

,008 

.7086/.7084 

.0955/.0945 

,097s 

.0955/.094 

,251 /.250 

.0975 

.253 

None 

- 

.002 

5.lO# 

,002 

5.lO# 

.0935/.0925 .0935/.0925 

.0905 ,090s 

.0935/.0925 .0935/.0925 

,249 /.2405 .249 /.248S 

,090s 

,246s 

None 

- - 

None None 

- - 

7 

5 

,015 /.007 

#2-.015/.00 

#3-.013/.00 

None 

None 

.0025/.001 

.0025/.001 

.0025/.001 

None 

Lla75/3.189 

.008 

.7086/.7084 

.09S5/.0945 

,097s 

.0955/.094 

.251 /.250 

,097s 

,253 

None 

T .079 I.077 

.075 

.0930/.0925 

PISTON RINGS 

Ring Width-# 1 

*Wear limits-Min. Widt 

Ring Width-#2 

#3 

or Limits- 

Min. Width #2 

#3 

Ring Width-#4 

Wear limits-Min. Widt 

Ring Width-#5 

Wear Limits~in. Widtl 

Ring Gap Clear.-#1 

Ring Gap Clear.-#2 a 

.0935/.0925 

,090s 

.0935/.0925 

.249 /.2485 

,090s 

.2465 

None 

- 

None 

- 

,013 /.ooa 

+2-.013/.001 

f3-.016/.001 

None 

None 

003 /.OOl 

003 /.OOl 

0025/.001 

None 

.124 /.123 

,121 

.124 /.123 

,249 /.2485 

2465 

None 

- 

013 /.ooa 

013 /.ooa 

017 /.007 

None 

104 /.002 

104 /.002 

)025/.001 

,078 I.077 

.075 

.094 /.093 

.091 

.1aa f.104 

.182 

None 

- 

,008 /.01a 

.ooa 1.018 

.015 1.055 

None 

,002 1.004 

.0015/.Oll35 

,000 1.005 

,124 /.123 

.121 

,124 /.123 

,121 

249 /.24aS 

2465 

None 

- 

017 /.007 

117 /.007 

016 /.008 

None 

3035/.0015 

to35/.0015 

1025/.001 

.124 /.I23 

,121 

.124 /.123 

,121 

,249 /.2485 

2465 

None 

- 

017 /.007 

.0905 

.240 1.244 

,242 

None 

,009 1.019 

017 /.007 .009 1.019 

017 /.007 .OlO /.030 

None None 

0055/.0035 .002 1.004 

0055/.0035 

1045/.003 

.0025/.004 

.0025/.0075 

.0935/.0925 

,090s 

.0935/.0925 

.1865/.1860 

,013 /.oos 

, 

_/ L .I 

CAMSHAFT BORE IN BLOCK -FINISH REAMED 
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MASTER MAINTENANCE MANUAL 

LIMITS ANV CLEARANCE DATA 

Engine Model ) F-l 86 F-209 F-226 
I I I 

PISTONS 

Cylinder Dia. 

*Wear Limits-Cyl. Bore 

Piston Pin Hole Dia. 

Ring Groove Width-#1 

*Max. Wear Limit Width 

Ring Groove Width--#2-3 

*Max. Wear Limit Width 

Ring Groove Width-#4 

*Max. Wear Limit Width 

Ring Groove Width-#5 

*Max. Wear Limit 

Piston Fit-Feeler Gauge 

Lbs. Pull 

PISTON RINGS 

Ring Width-# 1 

‘Wear limits-Min. Width 

Ring Width-#2 & 3 

*Weal Limits-Min. Width 

Ring Width-#4 

‘Wear Limits-Min. Width 

Ring Width-#5 

*Wear Limits-Min. Width 

Ring Gap Clearance-#1 

Ring Gap Ctearance-#2 & 3 

Ring Gap Cleamnce-#4 

Ring Gap Clearance-#5 

Ring Side Clearance-# 1 

Ring Side Clearance-#2 & 3 

Ring Side Clearance-#4 

Ring Side Clearance-#5 

3.002 /3.000 3.1895/3.1875 3.3145/3.3125 

.008 .OOB .008 

.8594/.8592 35971.8595 .8594/.8592 

.127 /.126 .1285/.1275 .1265/.1255 

.129 .1305 .1285 

,127 /.126 .1285/.1275 .126 /.125 

.1290 .1305 .1280 

.251 /.250 .253 /.252 .251 /.250 

.2530 .2550 .2530 

None None None 
- 

.003 

5-lO# 

- 

.003 

5-lO# 

- 

.003 

5-lO# 

.124 /.I23 .124 /.123 ,124 /.123 .078 I.077 .124 /.123 .078 1.077 

.121 .121 .121 .075 .121 .075 

.124 /.123 .124 /.123 .124 /.123 .0930/.0925 .124 /.123 .0930/.0925 

.121 .121 .121 .0905 .121 .0905 

.249 /.2485 .249 /.2485 .249 /.2485 .248 1.244 .249 /.2485 .248 1.244 

.2465 .2465 .2465 .242 .2465 .242 

None None None None None None 

- - 

.013 /.008 .017 /.007 

.013 /.008 .017 /.007 

.017 /.007 .017 /.007 

None None 

.004 /.002 .0055/.0035 

.004 /.002 .0055/.0035 

.0025/.001 .0045/.003 

None None 

- 

.020 /.OlO 

.020 /.OlO 

.016 /.008 

None 

.0035/.0015 

.003 /.OOl 

.0025/.001 

None 

- 

.008 /.018 

.008 /.018 

.oio /.03a 

None 

.002 /.004 

.0025/.004 

.0025/.0075 

None 

- 

.017 /.007 

.017 /.007 

,017 /.007 

None 

.005 /.0035 

.0055/.0035 

.0045/.003 

None 

.008 1.018 

.008 /.018 

.010 f.030 

None 

.002 /.004 

.0025/.004 

.0025/.0075 

None 

F-227 

PISTON NO. 
F227A00408 

3.314513.3125 3.4395/3.4375 3.439513.4375 

.008 .008 .008 

.8597/8595 .8597-.8595 .8591 I.8595 

.081 1.080 .1285/.1275 .081 1.080 

.083 .1305 .083 

.0965/.0955 .1285/.1275 .0965/.0955 

.0985 .1305 .0985 

.2515/2505 .253 /.252 .2515/2505 

.2535 .2550 .2535 

None None None 

- 

.003 

‘5.10# 

- 

.003 

5-lO# 

.003 

5-lO# 

F-244 F-245 

PISTON NO. 
F163A00403 

L 

M-271 

3.627/3.625 

.008 

1.1096/1.1094 

.1275/ .1265 

.1295 

.1265/ .1255 

.1285 

.1895/ .1880 

.1915 

.1895/ .1880 

.1915 

.004 

5:10# 

.124 /.123 

,121 

,124 /.123 

.121 

.1865/.1860 

.184 

.1865/.1855 

.1835 

.015 /.008 

.015 /.008 

.015 /.008 

.018 /.008 

.0045/.002 

.0035/.0015 

.0035/.0015 

.004 /.Lw5 
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MASTER MAINTENANCE MANUAL 

LIMITS AND CLEARANCE DATA 

Engine Model 
I 

M-290 I M-330 
I 

M-363 
I 

B-371 
I 

B-427 

PISTONS 
t 

Cylinder Dia. 3.752 /3.750 4.002 /4.000 4.000 /3.9995 4.127 /4.125 4.3145/4.3125 

*Wear Limits-Cyl. Bore .OOB .008 .008 .008 .008 

Piston Pin Hole Dia. 1.1096/1.1094 1.1096/1.j094 1.1097/1.1095 1.2503/l .2501 1.2503/1.2501 

Ring Groove Width-# 1 .1275/ .1265 .1275/ .1265 .0975/ .0965 .1275/ .1265 .0975/ .096S 

*Max. Weor Limits .1295 .1295 ,099s .1295 .0995 

Ring Groove Width--#-3 .1265/ .1255 .1265/ .1255 .0975/ .0965 .1265/ ,125s .0975/ .0965 

*Max. Wear Limit .12B5 .1285 .0995 .1285 ,099s 

Ring Groove Width-#4 .1895/ .1880 .1895/ .1880 .1885/ .1875 ,251 / ,250 ,251 / ,250 

*Max. Wear Limit .1915 .1915 .1915 .2530 .2530 

Ring Groove Width-# 5 .1895/ .1880 .1895/ .1880 .1895/ .1880 .1885/ .lB75 .1885/ .1875 

*Max. Wear Limit .1915 .1915 .1915 .1905 ,190s 

Piston Fit-Feeler Gauge .005 .005 .003 .005 ,005 
tbs. Pull 5-lO# s-lO# 5-lO# 5-lO# 5-lO# 

PISTON RINGS 

Ring Width-# 1 

*Wear Limits-Min. Width 

Ring Width-#2 8 3 

*Wear Limits-Min. Width 

Ring Width-#4 

*Wear Limits--Mm Width 

Ring Width-#5 

‘Wear Limits-Min. Width 

Ring Gap Clearance-# 1 
Ring Gap Clearance-#2 & 3 

Ring Gap Clearance-#4 

Ring Gap Clearance-#5 

Ring Side Clearance-# 1 

Ring Side Clearance-# 2 8 3 

Ring Side Clearance--#4 

Ring Side Clearance-# 5 

i 

I 
.124 /.123 ,124 /.123 .0935/.0930 

.121 .121 .0910 

,124 /.123 .124 /.123 .0935/.0930 

.121 ,121 .0910 

.1865/.1860 .1865/.1860 .1865/.1860 

.184 ,184 .1840 

.1865/.1855 .1865/.1855 .1865/.1860 

.1835 .lB35 .1840 

,013 /.008 ,013 /.OOB .025 /.013 

.018 /.008 .016 /.Oll .023 /.013 

,018 /.008 ,020 /.OlO .023 /.013 

1018 /.008 ,016 /.Oll .023 /.013 

.0045/.0025 .0045/.0025 .0045/.003 

.0935/.0930 

.0910 

.0935/.0930 

.0910 

,249 /.2485 

.2465 

.1865/.1855 

.I835 

.023 /.013 

,023 /.013 

.023 /.013 

,023 /.013 

.0045/.003 

.0035/.0015 

.0035/.0015 

.004 /.0015 

.0035/.0015 

.0035/.0015 

,004 /.a015 

.0045/.003 

.0025/.001 

.0035/.0015 

.124 /.123 

.121 

.124 /.123 

.121 

.249 /.2485 

.2465 

.1865/.1855 

,183s 

,016 /.Oll 

,016 /.Oll 

.017 /.007 

,017 /.007 

.0045/.0025 

# 2-.0045/.0025 
#3-.0035/.0015 

.0025/.001 

,003 /.OOl 

.0045/.003 

.ob25/.001 

.0025/.001 
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MASTER MAINTENANCE MANUAL 

ADJUST TAPPETS TO THE STATIC COLD SETTINGS LISTED --y-------------------- 
IN THE FOLLOWING CHART: 

Engine Model Intake Exhaust NOTE 

-----____-__---_- --------_---_--- --------_-------- I= --------------.~- 

Y-69 1 .014” 

~=============~============ 

I 
.014” 

I 
I 

I 
Static Cold 
Settings, 

Y-91 i .014” 
I 

.014” I Static Cold 

i 
I 

I 

I 

Settings o 

Y-l 12 I .014” 
I 

.014” Static Cold 

I 
! Settings. 

----------------- ~_______________-~________--____l-__-------- 

F-124 1 .016” i 

1 
.018” I Static Cold 

I 
I 

1 

Settings. 

F-140 
i 

.016” .018” ! 

I 

Static Cold 

I Settings. 

F-162 
I 

I 
.016” I .018” i Static Cold 

F-244 
I 

I I 
Settings. 

! 
.016” 1 .018” I Static Cold 

I 
I I 

Settings. 

---------------_- ~~~~~~~~~_~~~~_~_ 
3 

------------ 

F-186 
I 

.016” I 

+---------__-. 

.018” I Static Cold 

I 
I I 

Settings. 

F-209 
I 

,016” i .018” 
I 

Static Cold 

I 
Settings. 

F-226 I 
1 

I 

.016” 
I 

.018” 
! 

Static Cold 

I I 
Settings. 

--------_-------- ~------------_---_-_-. 3 _______-_-_-_ _-_---------. -I 

F-135 1 .012” I .020” I 

I I I 

Static Cold 
Settings o 

F-163 I .012” I .020” I Static Cold 

I I 

! 

1 
Settings. 

F-227 .012” I .020” 1 Static Cold 

I I I 
Settings 0 

F-245 I .012” I .020” 
I 

Static Cold 

I ! i 
Settings. 

----------_-_I-- L J ---------------T ----------m-w -I -m----------w 

NOTE: Engine Nameplate Tappet Settings is for Hot Id I e only. 

FOR--VEHICLES EQUIPPED WITH CONTINENTAL ENGINES,, 
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INDUSTRIAL TRUCK DIVISION 

02.122F -@ @- 02.122F 

02.118 

ASSEMBLY COMPLETE - 02.100 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

, .:. 
;::,.1;‘.; ., 

?’ 
..” 

‘. 
‘:. 

:( . _. 

r 

102 

- 02.109 

\ L R 

NOTE: 
NON SERVICEABLE 

ITEMS MARKED “N” 

CARBURETOR 

R 
CI2.105 

32 

“L. I,O---- 

0022” 
E: 
02. 

02. 

L% 
02. 
02. 

02. 
02. 

:;: 
02. 

100 CARBURETOR ASSEMBLY 
101 REPAIR KIT, CARBURETOR 
102 GASKET KIT, CARBURETOR 
103 SCREW, IDLE ADJUST 
104 SPRING, IDLE ADJUST SCREW 

105 FASTENER, BRACKET CLAMPING 

1% 
FASTENER, BRACKET ATTACHING 
SCREW, CHOKE LEVER SWIVEL 

109 FLOAT ASSEMBLY 
110 PLUG-PIPE, BOWL DRAIN 

111 JET, MAIN DISCHARGE 
113 WASHER, MAIN DISCHARGE JET (FIBER) 
115 
116 

FASTENER, BOWL 

118 
GASKET, CARBURETOR MOUNTING 
SCREW, THROTTLE STOP 

02.119 SPRING, AIR SHUTTER RETURN 
02.122 FASTENER, CARBURETOR 
02.131 PLUG, MAIN JET LOWER 
02.132 PLUG ASSEMBLY, CARBURETOR DRIP 

02.155 
02.157 

x6" 
02:187 

ADJUSTOR, MAIN JET 
SWIVEL, CHOKE LEVER 
FASTENER, CHOKE LEVER SWIVEL 
JET, IDLE 
VENT, WELL 

02.188 FASTENER, THROTTLE PLATE 
02.509 
26 tt 

JET, MAIN 
PLATE, THROTTLE 

27 tt 
28 tt 

SHAFT, THROTTLE 
TAPER PIN, LEVER LOCATOR 

29 tt LEVER ASSEMBLY, THROTTLE STOP 
30 tt PLUG, CHOKE SHAFT HOLE 
31 tt PLATE, AIR SHUTTER 
32 tt 
33 tt 

BRACKET ASSEMBLY, CHOKE CONTROL CABLE 
SHAFT, AIR SHUTTER 

;:N tt 

36N 
37N 

LEVER, AIR SHUTTER 
VENTURI USE 02.100 
HOUSING, FUEL BOWL USE 02.100 
BODY, THROTTLE USE 02.100 

tt SOLD ONLY BY SPECIAL ARRANGEMENT 

02-155 REV APR 75 
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MASTER MAINTENANCE MANUAL 

ZENITH 67 AND 267~SERIES CARBURETORS 
DESCRIPTION AND OPERATION 

DESCRIPTION 

The 67-Series and 267-Series Carburetors 
are of the single barrel updraft design, with a 
single venturi, twin floats and a semi-concen- 
tric fuel bowl to permit operation at quite ex- 
treme angles without flooding or starving the 
engine. They are of the “balanced” and “sealed” 
type since all air for fuel bowl ventilation and 
idle operation must enter through’the -air clean- 
er. The fuel supply system is made LIP of the 
threaded fuel inlet, fuel valve (needle and seat), 
float assembly and float chamber. The idle 
system in the 67-Series consists of the idle dis- 

Fig. 1. External View 

charge port, idle air passage, idle adjusting 
needle, idle jet and idle fuel passage. In the 
267-Series, the idle system consists of two 
idle discharge holes, idle air passage, idle air 
bleed, idle adjusting needle, idle jet and fuel 
passage. 

The high speed (main metering) system con- 
sists of the venturi, main jet calibration, well 
vent and discharge jet. In the 67-Series car- 
buretor, the economizer system consists of a 
metered slot in the throttle shaft, a vacuum 
passage connecting the throttle bore with the 
slot in the throttle shaft and a vacuum passage 
from the slot in the throttle shaft to the bowl 
vent channel, see Figure 5. 

OPERATION 

Fig. 2. Fuel Supply System 

FUEL SUPPLY SYSTEM 

Fuel under pressure is supplied through the 
fuel inlet, fuel valve (needle and seat) to the 
float chamber. The float in the float chamber 
automatically regulates the opening through the 
fuel valve (needle and seat) to maintain the 
proper level of fuel in the fuel bowl and meet 
the demands of the engine according to speed 
and load. 

In the 267-Series carburetor, the economizer 
system consists of a drilled hole from the throttle 
bore into a channel communicating with the air 
space in the fuel bowl, and a restriction in the 
channel venting the fuel bowl to the air intake, 
see Figure 5a. The choke system is of the semi- 
automatic type and consists of a choke plate 
with a spring loaded poppet valve mounted on a 
shaft located within the air intake and operated 
externally byalever attached to the choke shaft. 

Fig. 3. Idle System (67-Series) 

IDLE SYSTEM -- 67 SERIES CARBURETORS 

At idle speed, the throttle plate is slightly 
advanced from the completely closed position 
to expose about one-half of the idle discharge 

‘?G 
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MASTER MAINTENANCE MANUAL 

port to engine manifold vacuum (suction), see 
Figure 3. This suction is transmitted to the 
idle jet through a passage connecting the idle 
discharge port (priming plug) with the idle jet. 
Fuel for idle operation is supplied through the 
main jet to a well directly below the main dis- 
charge jet. The fuel for idle flows from this 
well through a restricted drilling at the bottom 
of the idle fuel pick-up passage. From here it 
is metered through the idle jet calibration be- 
fore entering the vacuum passage leading to the 
idle discharge port. As it leaves the idle jet 
the fuel is mixed with a variable amount of air 
admitted from behind the venturi. This fuel-air 
mixture then passes through the idle vacuum 
passage and is discharged into the air stream 
through the idle discharge port. Turning the 
idle adjusting needle IN (clockwise) increases 
the suction on the idle jet and reduces the amount 
of idle air resulting in a richer mixture. Turn- 
ing the idle needle OUT (counter-clockwise) re- 
duces the suction on the idle jet and increases 
the amount of air admitted for idle, resulting 
in a leaner mixture. 

Fig. 3x1. Idle System (267-Series) 

IDLE SYSTEM - 267 SERIES CARBURETORS 

At idle speed, the throttle plate is advanced 
slightly to expose the upper idle discharge hole 
to engine manifold vacuum (suction), see Figure 
3a. This suction is transmitted to the idle jet 
through a passage connecting the idle discharge 
holes with the idle jet. Fuel for idle is supplied 
through the main jet to a well directly below 
the main discharge jet. The fuel for idle flows 

from this well through a restricted drilling at 
the bottom of the idle fuel pick-up passage. 
From here it is metered through the idle jet 
calibration before entering the vacuum passage 
leading to the idle discharge holes. As the fuel 
leaves the idle jet, it is mixed with air admitted 
through an air bleed which originates back of 
(or from behind) the venturi. The idle air bleed 
controls the air to be mixed with fuel for the 
idle fuel-air mixture. This system is referred 
to as a two hole idle system since the fuel-air 
mixture is discharged into the air stream 
through one or both of the two calibrated holes 
located in the throttle body bore. The idle 
adjusting needle, located in the throttle body 
at the upper idle discharge hole, controls the 
amount of idle fuel-air mixture discharged 
into Lhe a-r stream. Turning the idle adjusting 
needle IN (clockwise) results in a leaner 
mixture since less of the fuel-air mixture 
is discharged into the air stream through the 
idle discharge hole. Turning the idle adjusting 
needle OUT (counter-clockwise) results in a 
richer idle fuel-air mixture since more of the 
fuel-air mixture is discharged into the air 
stream through the idle discharge hole. Note 
that in this type of idle system, the idle adjust- 
ing needle controls the amount of the idle fuel- 
air mixture discharged into the air stream. 

Fig. 4. High Speed System 

HIGH SPEED (MAIN METERING) SYSTEM 

As the throttle is opened slightly above the 
idle range, the suction on the idle discharge 
port or holes diminishes whileat the same time 
the increased volume of air entering the engine 
increases the suction in the venturi to start 
drawing fuel from the high speed system through 
the main discharge jet, see Figure 4. The 
main jet or main jet calibration controls the fuel 
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MASTER MAINTENANCE MANUAL 

delivery during the cruising range of operation 
(from about one-quarter to three-quarter throttle 
opening). To assure a proper mixture ratio, a 
small amount of air is admitted through the well 
vent into the discharge jet through air bleed 
holes in the discharge jet at a point below the 
level of fuel in the metering well. Fuel for high 
speed system operation flows from the fuel 
chamber through the main jet calibration and 
into the discharge jet where it is mixed with air 
admitted by the wellvent before being discharged 
into the air stream of the carburetor. 

RESTRICTION 

NT 

Fig. 5. Bock Suction Economizer (67-Series) 

ECONOMIZER SYSTEM 

67-SERIES CARBURETORS 

During part throttle range of operation, “back 
suction” (manifold vacuum) is applied to the fuel 
in the fuel bowl through the vacuum channels 
connecting the throttle body bore with the fuel 
bowl and by the economizer restriction, see 
Figure 5. The “back suction” lowers the pres- 
sure on the fuel in the fuel bowl to reduce the 
flow of fuel through the metering systems, 
which results in the carburetor being operated 
on leaner mixture ratios during part throttle 
operation. As the throttle is advanced to wide 
open position, the slot in the throttle shaft ro- 
tates closing off the vacuum passage and per- 
mitting the pressure in the fuel bowl to return 
to air intake pressure. The main jet then 
flows to full capacity to supply the richer mix- 
ture ratio required for power operation. 

ECONOMIZER SYSTEM 

267 SERIES CARBURETORS 

During part throttle range of operation, the 
fuel bowl is subjected to manifold vacuum ‘back 

G2MIOOCN 

Fig. 5a. Bock Suction Economizer (267-Series) 

suction” through the drilled hoie in the throttle 
bore, which lowers the pressure on the fuel in 
the fuel bowl and retards the flow of fuel through 
the metering systems, see Figure 5a. Thisre- 
sults in the carburetor being operated on leaner 
mixture ratios during part throttle operation. 
As the throttle is advanced to wide open posi- 
tion, the “back suction” applied to the fuel in 
the fuel bowl diminishes, permitting the pres- 
sure in the fuel bowl to return to air intake 
pressure. The main jet then flows to full 
capacity supplying the richer mixture required 
for full power operation. This system provides 
economical fuel-air mixture ratios during part 
throttle range of operation while stillpermitting 
the richer mixture ratios required for full load 
and power operation. 

Fig. 6. Choke System 

CHOKE SYSTEM 

Closing the choke plate when starting a cold 
engine restricts the entrance of air to the car- 
buretor and creates an increase in suction at 
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the jets. This increase in suction causes more 
fuel to be drawn into the engine to provide the 
richer mixture needed for starting the cold 
engine. As soon as the engine begins to oper- 
ate, the spring-loaded poppet valve opens to 
prevent over-choking or flooding of the engine. 
As the engine warms, the choke must be gradu- 
ally opened manually to the wide open position. 

SERVICE PROCEDURE 

IDENTIFY CARBURETOR - See page 2 for illustra- 
tion and procedure to follow. 

DISASSEMBLY 

REMOVAL OF THROTTLE BODY ASSEMBLY 

1. Remove hex head plug or filter screen (6) 
from side of throttle body (33), using 
7/ 16” wrench. 

2. Remove four bowl to body screw and lock- 
washer assemblies (5) which attach throttle 
body to bowl, using a screwdriver. 

3. Raise throttle body slightly and separate 
bowl to body gasket from fuel bowl and then 
remove throttle body assembly being care- 
ful not to damage floats. 

DISASSEMBLY OF THROTTLE BODY 

1. Invert throttle body assembly and remove 
float axle (10) from slotted end of hinge 
bracket, using screwdriver to force axle 
through slotted end of hinge bracket. Com- 
plete removal of axle from opposite side, 
then remove float assembly (9) and fuel 
valve needle (part of 8). 

2. Remove bowl to body gasket (30) from ma- 
chined surface of throttle body, and remove 
venturi (29). 

3. Remove fuel valve seat (8) and fiber wash- 
er (7) from throttle body, using C161-82 
wrench for 67-Series and C161-85 for 267- 
Series carburetors. 

4. Remove idle jet (31) from passage in ma- 
chined surface of throttle body near fuel 
valve seat, using small screwdriver. 

5. Remove idle adjusting needle(4) and fric- 
tion spring (3) from side of throttle body. 

02MIOOCP 

6. 

7. 

8. 

9. 

10. 

Back out throttle stop screw (37) until 
threaded end is flush with throttle lever. 
Close throttle and mark across throttle 
body and throttle lever as a guide to cor- 
rect re-assembly of parts. 

File off riveted or peened end of throttle 

plate screws flush with throttle shaft, being 
careful not to damage throttle plate or 
throttle body bore. 

Remove throttle plate screws (41) and 
throttle plate (40). 

Remove throttle shaft and stop lever assem- 
bly (36) from throttle body and drive out 
shaft hole plug (2), using a 6” length of 
l/4” rod inserted through opposite shaft hole. 

To remove shaft hole packing (1) and retain- 
er (34), screw a 5/ 16” fine thread taper 
tap into packing retainer until firmly seated, 
then insert longpunch or rod through oppo- 
site shaft hole and drive punch against end 
of tap until retainer is free of throttle body. 

DISASSEMBLY OF FUEL BOWL BODY 

1. Remove main passage plug (18) or main jet 
adjustment assembly (18) and fiber washer 
(17) from bottom of fuel bowl, using a 
l/2” wrench. 

2. Remove drain plug (19) from outside bot- 
tom of fuel bowl, using a 7/ 16” wrench. 

3. Remove discharge jet (16) and fiber wash- 
er (15), using C161-182 jet wrench. 

4. On 267-Series carburetors, remove main 
jet and fiber washer from bottom of fuel 
bowl, using screwdriver. 

5. Remove well vent jet (28) from center of 
large opening in machined surface of the 
fuel bowl, using a screwdriver. 

6. Close choke and scribe across choke lever, 
choke bracket (if used) and across air in- 
take adjacent to lever as a guide to cor- 
rect re-assembly. 

7. On 267-Series carburetors remove choke 
lever spring (not shown). 

8. Remove choke plate screw and lockwasher 
assemblies (27), choke plate (261, choke 
shaft and lever assembly (25). 
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42 

Fig. 7. Exploded View 
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MASTER MAINTENANCE MANUAL 

NOTE: In some cases it may be necessary to 
bend bowl vent tube up slightly to give choke 
clearance, using small screwdriver inserted 

in tube. 

9. Remove ratchet pin (24) and spring (23) 
from choke shaft boss on 67-Series only. 
Remove choke bracket screws, lockwash- 
ers and choke bracket (parts not shown) 
from 267-Series carburetors. 

10 

11 

Drive out shaft hole plug (ll), using a 6” 
length of l/4” rod inserted through opposite 
shaft hole. 

To remove choke shaft packing (13) and re- 
tainer (12), screw a 5/ 16” fine thread tap 
into packing retainer until firmly seated, 
then insert long punch or rod through oppo- 
site shaft hole and drive punch against end 
of tap until retainer is free of air intake 

body. Remove retainer and packing from 
tap and repeat at opposite shaft hole. 

CLEANING 

Thoroughly clean all metal parts in Bendix 
Metalclene or Speedclene and rinse in solvent. 
Blow out all passages and channels in the cast- 
ings with compressed air. Reverse the air 

flow through each passage to insure the removal 
of all dirt particles. NEVER USE A WIRE OR 
DRILL TO CLEAN OUT THE JETS. 

INSPECTION 

Inspect all parts and replace any that are 
damaged or worn. Always use a Zenith Repair 

Kit. For correct Repair Kit, refer to Zenith 
Parts Catalog Specification Page. If inspection 
reveals that the fit of the throttle shaft is 
sloppy in the throttle body bushings, it will be 
necessary to install new throttle shaft bushings. 
The following procedure should be followed 
when installing throttle shaft bushings in the 
throttle body. 

REMOVAL AND REPLACEMENT OF THROTTLE SHAFT 
BUSHINGS 

NOTE: To rebush the throttle body, it isneces- 
sary to have available the following Zenith 
Tools as well as the new bushings and oversize 
plug: 

C161-73-l Counter-bore Reamer 
C161-71-l Line Reamer 
C161-72-1 Bushing Driver 
Throttle Shaft Bushings CR9-13 
Oversize Plug CR137-10 

02MIOOCS 23 AUG 66 

1. 

2‘ 

3. 

4. 

5. 

6. 

7. 

8. 

Place a suitable center in drill press bed. 
With one throttle shaft hole on this center, 

bring spindle down until counter-bore 
reamer contacts opposite shaft hole; then 
set stop on drill press to length of bushing. 

Counter-bore hole to accommodate bushing, 
using C161-73-l Counter-bore Reamer. 

Drive throttle shaft bushing into place, 
using C161-72-l Bushing Driver. 

Ream this bushing, using C161-71-l Line 

Reamer. The opposite shaft hole is used 
as a “pilot” to align reamer in bushing. 

Turn throttle body castingover and prepare 
opposite hole to take bushing. It will be 
necessary to reset stop on spindle again as 
described above. Counter bore hole, using 
C161-73-l Counter-bore Reamer. 

Drive second throttle shaft bushing into 

place, using C161-72-1 Bushing Driver. 

Line ream this bushing as the final 
machining operation, using C161-71-1 Line 
Reamer. 

After the new throttle shaft bushings are in 
place it will be necessary to redrill the 
economizer restriction located in cover 
section and the channel from the throttle 
body bore into the throttle shaft hole. 

To obtain the correct drill sizes for this 
operation refer to the specification card or 
bulletin covering the particular carburetor in 
question. To drill the channel from the throttle 
body bore into the throttle shaft hole it will be 
necessary to remove the brass channel plug in 
the throttle body. This can be drilled out, 

using a 3132” drill. A new “oversize” plug 

(No. CR137-10) should be installed after the 
drilling operation is completed. 

RE-ASSEMBLY 

ASSEMBLY OF FUEL BOWL BODY 

1. Install packing (13) in open side of retainer 

(12) and place completed assembly on 
C161-72-1 bushing driver with packing 
facing small end of driver. Insert small 
end of driver into choke shaft hole; start 

retainer into counter-bore of body and 
lightly drive retainer into body until flush 
with machined surface. 
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2. 

3. 

3a. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Install shaft hole plug (11); using light 
hammer. 

267-SERIES ONLY - Refer to match marks 
made at time of disassembly and install 
choke bracket, bracket attaching screws 
and lockwashers (parts not shown). 

67-SERIES ONLY - Place ratchet pin (24) 
and spring (23) in position in boss. 

Install choke shaft and lever assembly (25) 
and rotate shaft so that cut out section 
faces out. 

Start choke plate (26) into place (poppet 
valve stem and spring facing into air intake). 
Press choke lever against shaft boss to 
compress ratchet pin spring; center choke 
plate in closed position and start choke 
plate screws (27) into place. When plate 
is properly centered, tighten screws 
securely. 

267-SERIES ONLY - Install choke lever spring 
(not shown) to return choke to wide open 
position. 

Install main jet (not sh,own) and fiber wash- 
er in threaded hole at bottom of fuel bowl. 

ALL MODELS - Install well vent jet (28) in 
fuel bowl and tighten, using small screw- 
driver. 

Install discharge jet (16) and fiber washer 
(15) in large threaded passage below fuel 
bowl, using C161-182 jet wrench. 

Install drain plug (19) in threaded passage 
at bottom of fuel bowl, using 7/16” 
end wrench. 

Install main passage plug (18) with fiber 
washer (17), using a 112” wrench. If main 
jet adjustment is used, back out adjusting 
screw two or three turns before installing 
main jet adjustment and fiber washer. 

ASSEMBLY OF THROTTLE BODY 

Insert throttle shaft packing (1) in open end 
of retainer (34) andplace completed assem- 
bly on bushing driver C161-72-1 with pack- 
ing facing small end of driver. 

tf 

A 

L ’ 

.__ 
Fig. 8. Float Setting 

Insert small end of driver into throttle shaft 11.. To insure correct fuel level in the float 
hole; start retainer into counter-bore of chamber, check distance “A” from top of 
throttle body and lightly drive retainer into floats to machined surface of throttle body 
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3. 

4. 

5. 

6. 

7. 

3. 

9. 

10. 

body until flush with machined surface or 
slightly below surface to avoid interference 
with throttle lever. 

Insert throttle lever and stop assembly(36) 
in throttle body. Rotate throttle shaft to 
wide open position and insert throttle plate 
(40) into shaft. Then rotate to closedposi- 
:ion and hold plate closed with fingers. 

Start throttle plate screws (41) and leave 
screws loose. Center throttle plate in 
throttle bore and tighten throttle plate 
screws. 

Install throttle shaft hole plug (2) in side 
opposite throttle lever, using a light ham- 
mer to drive plug in flush with face of boss. 

Install idle adjusting needle (4) and friction 
spring (3) in threaded passage at side of 
throttle body. Turn idle needle in lightly 
against seat, then back out needle l-1/4 
turns as a preliminary setting. 

Installidle jet (31) in counter-bored passage 
of machined surface. 

Install fuel valve seat (8) and fiber washer 
(71, using C161-82 or C161-85 wrench. 

Place new throttle body to bowl gasket (30) 
on machined surface of throttle body. Then 
installfuelvalve needle (8) in seat and posi- 
tion float assembly (9) in hinge bracket. 

Insert float axle (10) through hinge bracket 
at side opposite slot and guide axle through 
float bushing. Press axle through slotted 
end of bracket, using handle of screwdriver. 
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(no gasket) with throttle body inverted, see 
Figure 8. This dimension should be l-5/ 32” 
plus or minus l/32”. To increase or de- 
crease distance from top of float bodies to 
machined surface, use long nose pliers and 
bend lever close to float body. 

NOTE: Do not bend, twist or apply pressure 
on the float bodies. The float bodies when 
viewed from the free end of the float bodies 
must be centered and at right angles to the 
machined surface and must move freely on the 
float axle. 

12. Insert venturi (29) in throttle body bore, 
large opening first, and position so that 
flat side will be toward well vent jet when 
carburetor is assembled. 

ASSEMBLY OF THROTTLE AND FUEL BOWL BODY 
ASSEMBLIES 

1. Carefully place fuel bowl assembly on 
throttle body assembly, being careful not 
to damage floats. Align screw holes in 
fuel bowl with holes in gasket and throttle 
body. 

NCE MANUAL 

Start all four bowl to body screw and lock- 
washer assemblies (5) and then tighten 
screws uniformly and securely. 

Replace hex plug or filter screen (6) in 
side of throttle body (if removed), using 
7/ 16” wrench. 

Hold throttle lever in closed position and 
turn throttle stop screw (37) in until it just 
contacts the stop pin; then turn screw IN 
l-l/ 2 additional turns as a preliminary 
idle speed adjustment. 

Assembly is now completed. 

SPECIAL TOOLS REQUIRED 

C161-71-l Shaft Line Reamer 
C161-72-1 Bushing Driver 
C161-73-l Counter-bore Reamer 
C161-82 Valve Seat Wrench 
Cl6 l-85 Valve Seat Wrench 
C161-182 Jet Wrench 
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LP TROUBLE SHOOTING CHART-Continued 

TYPE “C“ FINAL REGULATOR 

TYPE 

ALL 

ALL 

ALL 

ALL 

ALL 

TROUBLE 

Leaking valve. 

Poor acceleration due 
to diaphragm leak. 

Excessive oil in 
Regulator. 

No fuel delivery from 
Regulator. 

Hard starting, erratic 
operation. 

CAUSED BY 

Dirt or damaged 
valve. 

Improper valve 
adjustment. 

Clean and replace parts as neces- 
sary. Test and adjust as outlined 
in Service Procedure. 

Test and adjust as outlined in .Ser- 
vice Procedure. 

Loose diaphragm as- Remove, check for leak and replace, 
sembly or leaking di- properly tighten diaphragm assem- 
aphragm. bly. 

Oil in fuel. 

Loose or missing leaf 
spring retainer 
screws. 

Bent valve push rod 
due to improper 
assembly or tinker- 
ing. 

CORRECTION 

Check with fuel dealer regarding 
fuel contamination. Clean and ad- 
just “C” Regulator. 

Remove regulator and follow stand- 
ard service procedure as outlined 
in manual. 

Replace valve spring and block 
assembly and readjust regulator. 
Follow procedure outlined in man- 
ual. 

SOLENOID LOCKOFF VALVES 

TYPE TROUBLE 
I 

ALL Lockoff will not open. 

ALL Erratic operation of 
lockoff. 

t 

ALL Lockoff winding 
burns up. 

ALL Lockoff will not close 
when ignition is turner 
off. 

1 : 

CAUSED BY 

Open circuit in sole- 
noid winding. 

Faulty Ground. 

No voltage to insulat- 
ed terminal. 

Connecting to coil 
side of a by-pass 
ignition resistor. 

g-volt lockoff con- 
nected to a l2-volt 
source. 

Wrong direction of 
fuel flow through 
lockoff. 

CORRECTION 

Replace lockoff. 

Install lead from lower (ground) 
terminal onlockoff to a good ground 
on engine, such as the ground screw 
on generator shell. 

DISCONNECT LEAD FROM IN- 
SULATED TERMINAL OF LOCK- 
OFF. Connect a jumpe; lead from 
insulated terminal of lock off to a 
source of battery voltage and listen 
for click. If no click is heard, re- 
place lockoff. If click is heard, re- 
place oilpressure switch or vacuum 
switch. 

Reconnect to battery side of resist- 
or or off terminal of ignition switch. 

Use a lockoff designed for the sys- 
tem’s voltage. 

Observe “IN” and “OUT” markings 
on lockoff when connecting. 
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LP TROUBLE SHOOTING CHART-Continued 

OIL PRESSURE SWITCH 

TYPE 

ALL 

. . 

. 
. 

TYPE 

Vapor Withdrawal 
System. 

Liquid Withdrawal 
System 

Liquid Withdraw:‘,‘ 
System. 1 _;. : . - 

TROUBLE 

Lockoff will not open 
unless connected 
directly to battery. 

CAUSED BY 

(a) Damaged oil pres- 
sure switch. 

(b) Switch not con- 
nected into oil 
supply passage or 
outlet. 

TROUBLE 

Frost on vapor with- 
drawal tank. 

Tank discharges 
vaporized fuel only. 

FUEL TANKS 

Loss of power and 
lean mixture after 
engine reaches op- 
erating temperature. 

CAUSED BY 

Fuel demand exceeds 
tank’s capacity to 
vaporize fuel. 

(a) Vapor service 
valve not fully 
closed. 

(b) Vapor service 
valve leaking. 

(c) Broken or leaking 
tube. 

Tank discharging 
vaporized instead of 
liquid fuel. 

CORRECTION 

(a) Oil pressure switch is not sub- 
ject to repair. The most re- 
liable test is to substitute 
another switch. Oil pressure 
switch can be damaged by im- 
proper connections or shorting 
terminals. 

(b) Install switch at a point where 
oil pressure is supplied to 
switch. 

CORRECTION 

Use a larger tank. 

(a) Cl ose vapor service valve. 

(b) Have valve serviced or replaced 
by fuel dealer. 

(c) Replace tank. Nobody but a tank 
manufacturer should attempt to 
repair a tank. 

Install tank so that end of dip stick 
is at bottom. Replace tank with 
tank known to have dip stick sealed. 
NOTE: Tanks must be serviced 
only by manufacturers authorized to 
make repairs. 

FUEL FILTERS 

TYPE 

GF-483 ONLY 

ALL 

TROUBLE 

Does not filter dirt. 

Does not filter dirt. 

CAUSED BY CORRECTION 

Improper filter Install filter element with disc end 
element installation. in first. 

Foreign matter dis- Filter cannot separate anything that 
solved in liquid fuel is in solution. Check with fuel 
and settling out after dealer regarding contaminated fuel. 
vaporization. 
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LP TROUBLE SHOOTING CHART-Continued 

FUEL HOSES 

TYPE TROUBLE 

ALL Fuel hose obstructed 
by scraps of rubber. 

ALL Fuel hose too taut. 

ALL External hose damage. 

CAUSED BY 

Installing hose ends 
without using a 
mandril. 

CORRECTION 

Replace hose and use a mandril 
when installing hose ends. 

Straight runs. Allow enough for flexing, replace 
with longer hose. 

Chafing. Replace hose, reroute as necessary, 
use clips to prevent chafing. 

QUICK CONNECT FITTINGS 

TYPE TROUBLE CAUSED BY CORRECTION 

ALL Quick connect fitting Faulty seals. Have unit repaired by fuel dealer. 
leaking. 
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INDUSTRIAL TRUCK DIVISION 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

NOTE: 

NON SERVICEABLE 

ITEMS MARKED “N” 

CARBURETOR 

02.100 
02.103 
02.104 
02.105 
02.107 

z:: 
02:11f3 
02.119 
02.122 

CARBURETOR ASSEMBLY 
SCREW, CARBURETOR IDLE ADJUSTING 
SPRING, CARBURETOR IDLE ADJUSTING SCREW 
FASTENER, CARBURETOR CHOKE CONTROL CABLE BRACKET 
CAPSCREW, CARBURETOR CHOKE CONTROL CABLE BRACKET 

SCREW, CARBURETOR CHOKE CONTROL CABLE SWIVEL 
GASKET. CARBURETOR MOUNTING 
SCREW,'CARB~RETOR THROTTLE STOP 
SPRING, CARBURETOR AIR SHUTTER LEVER RETURN 
FASTENER, CARBURETOR 

02.133 
02.134 

FASTENER, CARBURETOR AIR SHUTTER LEVER 
FASTENER, CARBURETOR 

Pii7'7 
FITTING, CARBURETOR INLET 
BODY, CARBURETOR USE 02.100 

15 tt FASTENER, CARBURETOR THROTTLE PLATE 

PLATE, CARBURETOR THROTTLE 
VENTURI, CARBURETOR 

PLUG, CARBURETOR THROTTLE SHAFT HOLE 
PLUG, CARBURETOR A5.R SHUTTER$SHAFT HOLE 
SEAL, CARBURETOR'AIR SHUTTER SHAFT HOLE PLUG 
FASTENER, CARBURETOR AIR SHUTTER PLATE 
PLATE, CARBURETOR AIR SHUTTER 

SEAL, CARBURETOR THROTTLE SHAFT 
RETAINER, CARBURETOR THROTTLE SHAFT SEAL 
NUT, CARBURETOR MAIN ADJUSTING SCREW LOCK 
SCREW, CARBURETOR MAIN ADJUSTING 
FASTENER, CARBURETOR VENTURI 

SHAFT, CARBURETOR THROTTLE 
LEVER, CARBURETOR THROTTLE 
PIN, CARBURETOR THROTTLE LEVER 
SHAFT, CARBURETOR AIR SHUTTER 
BRACKET, CARBURETOR CHOKE CONTROL CABLE 

PLUG, CARBURETOR AIR INLET PORT 
LEVER, CARBURETOR AIR SHUTTER 

it SOLD ONLY BY SPECIAL ARRANGEMENT 

02-157 REV JUN 76 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER MAINTENANCE MANUAL 

LP-70 AND LP-71 CARBURETORS 

SERVICE PROCEDURE 

DESCRIPTION AND OPERATION 
The Zenith LP-70 and LP-71 Series Carburet- 
ors, Fig. 1, are of the single barrel updraft 
type which may also be installed in a horizon- 
tal or downdraft position. They incorporate 
both a main and an idle adjustment and are 
available with variable size interchangeable 
venturi. The LP-70 series is a l-3/16” throt- 
tle bore carburetor and is available for ‘7/8” 
and 1” SAE manifold flange mounting. The air 
intake outside diameter is l-5/8”. 

The LP-71 series is a l-l/16” throttle bore 
carburetor and is available for 7/8” and 1” 
SAE manifold flange mounting. The air intake 
outside diameter is l-1/2”. 

FIG. 1. External View of LP-70 Series Carburetor 
SERVICE PROCEDURE 

DISASSEMBLY 
1. Mark throttle plate (3) and main body (6) 2. If carburetor is equipped with thrust col- 

for correct reassembly of throttle plate, lar (39), drive out taper pin (40). Remove 
see Fig. 2. Remove throttle plate screws thrust collar and then remove throttle shaft 
(2) and throttle plate. and lever assembly (13). 

FIG. 2. Exploded View of LP-70 and LP-71 Carburetors 
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3. 

4. 

5. 

6. 

7. 

8. 

9. 

Remove shaft seals (10) and seal retainers 
(11) from both sides of the main body. On 
carburetor with drive plug at one side of 
the main body, remove drive plug before 
removing seal and retainer. 

Remove venturi retaining screw (9) and then 
remove venturi (4) from main body. 

Remove *idle needle valve (8) and idle 
needle valve spring (7) from main body. 

Invert carburetor, loosen adjusting nut (34) 
and remove main adjusting screw (33) with 
adjusting nut. 

Remove fuel hose elbow or hose nipple (if 
used). Remove screw plug (35). 

IvIark choke plate (36) and air intake for 
correct reassembly of choke plate. Re- 
move choke spring (if used). Remove choke 
plate screws (37) and choke plate. Then 
remove choke shaft nut (23), lockwasher 
(22), choke lever (21) and choke shaft 
assembly (38). 

Mark location of choke tube bracket (31). 
Remove choke bracket screw (30) and choke 
bracket (if used). When choke return spring 
is used, remove choke spring, then remove 
choke spring bracket screw and bracket. 

CLEANING AND INSPECTION 
Thoroughly clean all metal parts in Bendix 
Metalclene or Speedclene parts cleaner and 
rinse parts in cleaning solvent. Never use a 
wire or drill to clean out jets. Blow out all 
passages in throttle body with compressed air. 
Be sure all carbon deposits have been removed 
from throttle bore and discharge holes. Inspect 
throttle shaft for wear or damage. Inspect 
choke shaft for wear or damage. Replace if 
damaged or worn excessively. Inspect needle 
valve, replace if grooved or damaged. Verify 
correctness of venturi by number and size 
stamped on part. Verify specifications of other 
variable items. 

REASSEMBLY 
1. Attach choke tube bracket (31) to main body 

(6) with bracket screw (30) (if used). Posi- 
tion as marked at time of disassembly and 
securely tighten screw. When choke spring 
bracket is used, attach spring bracket with 
screw. 

2. Insert choke shaft and lever assembly (38) 
and attach choke plate (36) to choke shaft 

3. 

4. 

5. 

B 

6. 

7. 

8. 

9. 

10. 

with choke screws (37). Position choke 
plate as marked at time of disassembly. 
Leave screws loose. Close choke and align 
for best closing, then securely tighten 
screw. 

Attach choke shaft lever (21) to choke shaft 
with lockwasher (22) and nut (23). Positi& 
lever as marked at time of disassembly 
and securely tighten nut. If choke return 
spring is used, attach choke return spring 
to choke lever and bracket. 

With carburetor inverted, replace l/8” pipe 
plug (35), adjustment screw locknut (34) and 
adjustment screw (33). Turn adjustment 
screw in against seat, then back out screw 
two turns. Install fuel inlet hose elbow or 
hose nipple in fuel inlet (if used). 

With flange of carburetor up, assemble 
venturi (4) in throttle bore with side hole 
in line with screw hole in main body and 
secure venturi with retaining screw (9). 

Place throttle shaft seals (10) in seal re- 
tainers (11) and assemble seals with retain- 
ers in counterbore of main body assembly 
from opposite sides. 

Insert throttlershaft and lever (13) through 
seals so that throttle stop screw (20) is in 
contact with stop pin when throttle plate is 
in closed position. Attach throttle plate 
(3) to shaft with screws (2). Align throttle 
plate to match marks. Leave screws loose, 
close throttle and align for best closing, 
then tighten screws. 

Assemble thrust collar (39) on the throttle 
shaft to remove side play without causing 
bind in throttle shaft and replace taper pin 
(40). When single end throttle shaft is used, 
replace shaft hole plug. 

Place spring (7) on idle needle valve (8) and 
install idle needle and spring. Turn needle 
valve in lightly against its seat, then back 
out needle valve l-1/4 turns. 

If carburetor includes universal type throt- 
tle lever (17) and throttle lever was re- 
moved, assemble key side of reta. ler 
washers (16) in slot of lever and attach 
lever loosely to throttle shaft with lock- 
washer (18) and nut (19). Position lever on 
shaft in same position as before disassem- 
bly and securely tighten nut. 

ASSEMBLY IS NOW COMPLETED 
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SPECIFICATIONS 

ALL THREADED CONNECTIONS OF LPG. SYSTEMS MUST 

BE SEALED WITH APPROVED SEALING COMPOUND. 

it is recommended that the below listed sealing 

compounds be used. s e Q 

JOHN CRANE PLASTIC LEAD SEAL NO. 2. 

LOCTITE LPG. THREAD SEALANT. 

PERMATEX PIPE JOINT COMPOUND NO. 5lD - F - H. 

AFTER CONNECTIONS HAVE BEEN SEALED AND TIGHTENED 

SECURELY, TEST ALL CONNECTIONS FOR LEAKS WITH 
A SOAP SOLUTION. IF LEAKAGE IS DETECTED, THE 

CONNECTION OR CONNECTIONS MUST BE DISASSEMBLED, 
RE-SEALED WITH APPROVED SEALING COMPOUND, 
RE-CONNECTED AND TESTED. 
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Industrial Truck 
Division 

NOTE: 

NON SERVICEABLE 

ITEMS MARKED "N" 

CARBURETOR 02167 

02.100 CARBURETOR ASSEMBLY 
02.101 REPAIR KIT, CARBURETOR 

02.105 FASTENER, BRACKET CLAMPING 
02.107 FASTENER, BRACKET ATTACHING 
02.108 FASTENER, CHOKE LEVER SWIVEL 
02.116 GASKET, CARBURETOR MOUNTING 

02.118 SCREW, THROTTLE STOP 
02.119 SPRING. AIR SHUTTER RETURN 
02.122 FASTENER, CARBURETOR 

02.131 PLUG, MAIN JET LOWER 
02.133 FASTENER, AIR SHUTTER LEVER 
02.134 FASTENER, CARBURETOR 

02.138 ORIFICE ASSEMBLY, CARBURETOR INLET 

02.139 SPRING, FUEL INLET VALVE 
02.140 COVER, CARBURETOR REGULATOR DIAPHRAGM 

02.141 FASTENER, REGULATOR DIAPHRAGM COVER 
02.142 SPACER, CARBURETOR REGULATOR DIAPHRAGM 
02.143 PLUG, DIAPHRAGM LEVER PIVOT 

02.144 JET, CARBURETOR COMPENSATOR 
02.145 PLUG, INLET ORIFICE RETAINER 

** NOT SOLD, USE ITEM NUMBER LISTED 

02-167 

02.146 
02.147 
02.155 
02.169 
02.717 
03.089 
5N tt 
26N * 
28N tt 
29N tt 
33N tt 
34N tt 
36N tt 
441~ tt 
46~ 
47N tt 
48N tt 
SON tt 
51N tt 

LEVER, D I APHRAGM 

JET, CARBURETOR MAIN 

ADJUSTING ASSEMBLY, MAIN JET 
SEAL, CHOKE SHAFT HOLE PLUG 
FITTING, CARBURETOR INLET 
SHAFT, THROTTLE 

PLATE, THROTTLE 

LEVER, THROTTLE SHAFT 
FASTENER, THROTTLE STOP LEVER 
FASTENER, VENTURI 

SHAFT, AIR SHUTTER 

BRACKET ASSEMBLY, CHOKE CONTROL CABLE 
LEVER, AIR SHUTTER 

VALVE, CARBURETOR FUEL INLET 

BODY, CARBURETOR **02.100 
FASTENER, AIR SHUTTER PLATE 

PLATE, AIR SHUTTER 

PLUG, CHOKE SHAFT HOLE 
VENTURI 

tt SOLD ONLY BY SPECIAL ARRANGEMENT 
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PC1 PRESSURE CARBURETOR 
(CFR-Carburetor, Final Regulator) 

SERVICE PROCEDURE 

DESCRIPTION 
The Zenith PC1 Unit is designed as an updraft 
carburetor but works equally as well in a down 
draft position. The final stage regulator is 
built into the carburetor assembly. Fuel is 
metered to the carburetor jets at a pressure 
higher than atmosphere. The PC1 carburetor 
incorporates a built in “back-suction” type of 
economizer to assure maximum economy with 
no loss of power. The carburetors are of the 
balanced type so that a restricted air filter will 
not affect the economy. As a further guard 
against dirt entering the carburetor,the throttle 
shaft bearings are provided with rubber seals. 

OPERATION 
Refer first to Fig. 1. The fuel pressure at the 
Fuel Inlet (1) is controlled by the primary reg- 
ulator in the fuel system and should be set at 
10 pounds per square inch pressure (psi). The 
pressure should never be set above 12 psi, 
which has been approved by Underwriters’ 
Laboratories, Inc. The Fuel Valve Seat (2) is 
adjustable so that the relationship of the Lever 
(9) Fig. 2, to the mounting flange for the Dia- 
phragm (10) Fig. 2, may be varied to meet the 
specifications for the particular engine applica- 
tion. The Fuel Valve Seat is locked in position 
by means of a Lockscrew (3) which tightens the 
Lockplug (4) against the side of the fuel valve 
seat. An “0” ring (5) prevents the leakage of 
fuel around the seat so that the Synthetic Rubber 

Disc (6) assembled to the Fuel Valve (7) shuts 
off all incoming fuel when the fuel valve closes 
on the seat. 

Refer now to Fig. 2. The force exerted by the 
Fuel Valve Spring (8) on the Fuel Valve Assem- 
bly (‘7) is such that fuel inlet pressure of 20 
psi would be necessary to push the valve off its 
seat. 

The travel of the Fuel Valve Assembly (7) is 
actuated by the Lever (9) which is controlled by 
the movement of Diaphragms (10) and (ll), both 
of which are responsive to pressure variations 
at key points in the carburetor structure. It is 
essential to have a specific starting position 
for the diaphragm lever for a particular engine. 
For this reason, we have provided the adjust- 
able fuel valve seat to be able to get the correct 
position in each case, without having an assort- 
ment of diaphragm levers. This adjustable fuel 
valve seat, when once set, is locked in position 
and after the carburetor is assembled it is not 
accessible to tinkerers. 

NOTE: On the first production, the adjustable 
Fuel Valve Seat was not incorporated. In such 
case, it was necessary to bend the Lever Arm 
(9) to the exact position called for in the spec- 
ification. 

The Diaphragm Chamber (12) receives its ven- 
tilation through the Orifice (13) and Channel (14) 
from the Air Intake (15) of the carburetor. The 
Diaphragm Chamber (16) communicates directly 

FIG. 1 FIG. 2 

0214 i60A 4 JUN 64 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER MAINTENANCE MANUAL 

16 

FIG.3 

to two pressure areas in the throttle body of 
the carburetor. Through Channel (l?‘), Orifice 
(18) and the Annulus (19), it reaches the throat 
of the Venturi (20). Through Channel (1’7) and 
the adjustable idling Orifice (21), it connects 
into the area beyond the Throttle Plate (22). 
The pressure transmitted to the Diaphragm 
Chamber (16) will vary with the position of the 
throttle plate. Thus, whichever of the two 
areas (above the throttle plate or at the throat 
of the venturi) produces the lower pressure will 
be most influential in the movement of the Dia- 
phragms (10) and (11). The position of these 
diaphragms controls the pressure in Fuel 
Chamber (23). 

If the Idling Adjusting Needle (25) were seated, 
the pressure across the Diaphragm (11) would 
be the same as the pressure difference between 
the air intake and the throat of the venturi. At 
idle, this pressure difference would be insuffi- 
cient to cause the diaphragms to open the Fuel 
Inlet Valve against the force of its spring. 
However, by opening the Idling Adjusting 
Needle, the low pressure prevailing above the 
nearly closed throttle plate can communicate 
through Channel (1’7) to the Diaphragm Chamber 
(16) creating the ne’cessary pressure difference 
across the Diaphragm (11) to establish fuel 
flow. The size of the Main Jet (24) regulates 
the maximum flow of fuel. 

To assist in obtaining good fuel economy at 
part throttle operation, without upsetting full 

power when needed and without affecting a good _ 
idling mixture, the “back-suction” type of econ- 
omizer is used. Reduced fuel flow is accom- 
plished in the part throttle range by letting the 
low pressure beyond the throttle plate com- 
municate through the Back-Suction Orifice (26) 
into the Channel (14). The relationship of the 
area of the orifice to the area of the ventilating 
channel determines the extent of pressure 
change. The relationship of the location of the 
orifice to the position of the throttle plate de- 
termines the operating range in which the fuel 
flow is reduced. 

SERVICE PROCEDURE 

DISASSEMBLY 

TOOLS REQUIRED: 

1. 

2. 

3. 

C166-52 ALIGNING STUDS. 
C161-193 MAIN JET WRENCH. 
C161-194 FUEL VALVE LEVER GAUGE. 

Turn throttle stop screw to left until throt- 
tle plate is fully closed. Fig. 4. 

Remove throttle plate screws (12) and 
throttle plate (11). Fig. 3. 

If carburetor is equipped with a double 
ended shaft, drive out taper pin and remove 
thrust collar to permit removal of throttle 
shaft. Fig. 5. 
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STOP SCREW 

FIG. 4 

FIG. 5 

4. Remove throttle shaft seal retainers and 
seals. Fig. 6. 

5. Take out venturi retainer screw and re- 
move venturi. Fig. ‘7. 

6. Remove choke plate screws (l), choke plate 
(2) and choke shaft (35). Fig. 3. 

‘7. Remove idle adjusting needle and spring. 
Fig. ‘7. 

8. Remove diaphragm cover assembly screws 
and complete diaphragm assembly. Fig. 8. 

9. Separate diaphragm assembly components. 
(15-19) Fig. 3. 

10. Remove axle retainer, fuel valve axle and 
fuel valve lever. Fig. 8. 

IDENTIFICATION 
DISC 

THROTTLE SHAFT 

SEAL RETAINER 

THRUST COLLAR 

THROTTLE SHAFT & LEVER 

FIG. 6 

DUST SEAL IDLE ADJUSTING 

\ 
a ,NEEDLE 

RETAINER SCRE 

MilN JET ADJUSTMENT 

FIG. 7 

IDLE ADJUSTING FUEL VALVE AXl.E 

UEL VALVE LEVER 
DIAPHRAGM 

LE RETAINER ASSEMBLY 

FUEL VALVE SPRING 

I VENT 
CHANNEL 

DIAP;TRAGM 
INLET ORIFICE SET SCREW ASS’LY SCREWS 

FIG. 8 

11. Remove inlet orifice. Orifice is secured 
in position with 8-32 Allen Set Screw. 
Loosen this set screw before attempting to 
remove inlet orifice. Fig. 9. 
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INLET ORIFICE SET SCREW MAIN JET FUEL VALVE 

FUEL VALVE SE 

FIG. 9 

AIN JET WRENCH 

OL NO. C161-193 

MAIN JET 

VALVE 

FIG. 10 

NOTE: Early production did not have 
set screw. 

12. Remove inlet fuel valve stem and spring. 
Fig. 9. 

13. Remove adjusting needle from main jet 
adjustment. Figs. 7 and 10. 

14. Use a 5/8” socket wrench to remove main 
jet adjustment body. Figs. 7 and 10. 

15. Use main jet wrench C161-193 to remove 
main jet. Fig. 10. 

NOTE: Many PC-l Carburetors are 
equipped with a compensator jet, see 
Fig. 10-A. Compensator Jets and main 
jets are identical except for size of 
metering orifice. In general, when a 
compensator jet is used, it will have a 
smaller calibration than the main jet. 
If in doubt, check specifications. 

THIS COMPLETES DISASSEMBLY. 

1. 

2. 

3. 

CLEANING AND INSPECTION 
Discard old diaphragms, gaskets, O-rings 
and throttle shaft seals. 

Clean remaining parts in Bendix Metalclene 
or Speedclene parts cleaner and examine 
for evidence of wear or damage. Replace 
all parts contained in the repair kit and any 
damaged parts. 

Repair Kit C994-4 contains all common 
items to be replaced. 

MAIN JET 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

FIG. 10A 

REASSEMBLY 
Install main jet and compensator jet (when 
used) with Tool C161-193, Figs. 10 and 10A. 

Place a new fibre washer on main jet 
adjustment body. Install and tighten with a 
5/8” socket wrench. Fig. 10. 

Place a new O-ring on main jet adjusting 
needle. Seat adjusting needle, then back it 
out 2 to 3 turns. Fig. 10. 

Place a new rubber seat on fuel valve 
stem. Fig. 11. 

Place fuel valve spring (43) on fuel valve 
(42) and insert valve, spring end first into 
casting. Fig. 3. 

EARLY PRODUCTION CARBURETORS 
DO NOT REQUIRE ADJUSTMENT OF 
FUEL VALVE LEVER 

Place new O-ring on inlet orifice and turn 
part way into casting. Fig. 8. 

NOTE: On early production, orifice 
should be seated. Early production 
does not have set screw to secure 
orifice. 

Insert tip of fuel valve lever into slot in 
valve stem. Install axle and axle retainer. 
%ig. 11. 
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CORRESPONDING OPENINGS ARE IN 
RIGHT POSITION. 

FUEL VALVE AXLE 

FUEL VALVE & 

FUEL VALVE SEAT 

FIG. 11 

,,, 

FUEL VALVE 
LE 

FUEL VALVE 

LEVER 
LEVER GAUGE 

TOOL NO. C161-194 

FIG. 12 

8. Place gauge, C161-194, on machined sur- 
face of casting. Adjust fuel valve lever to 
specified (Refer to Service Parts Catalog) 
step on gauge by turning inlet orifice in or 
out, Fig. 12. Secure in position by tighten- 
ing 8-32 Allen set screw. Fig. 13. 

NOTE: Fuel valve lever is not adjust- 
able on early type. 

9. Install three (3) aligning studs, Tool C166- 
52, in casting. Fig. 14. 

10. Refer to Fig. 14. Install diaphragm assem- 
bly components as follows: 

NOTE LOCATION OF VACUUM PORT 
AND VENT CHANNEL PORT AND IN- 
STALL COMPONENTS SO THAT 

(1) Gasket. 
(2) Inner diaphragm, spacer cup out. 
(3) Diaphragm spacer, recessed side 

out. 
(4) Outer diaphragm, diaphragm plate 

(5) &tphragm cover. 

I ALLEN 8-3-Z 
SET SCREW WRENCH 

11. 

12. 

FIG. 13 

Install three diaphragm assembly screws, 
then remove aligning studs and install re- 
maining screws. Fig. 15. 

Install venturi and secure with venturi 
screw. Fig. 7. 

ALIGNING 
STUDS 

TOOL NO. C166-52 
DIAPHRAGM COVER 

NEL 

SPACER INNER DIAPHRAGM 

13. 

14. 

15. 

FIG. 14 

Install throttle shaft seals (25) and seal re- 
tainers (26). Secure retainers by staking. 
Fig. 3. 

Install throttle plate (11). Fig. 3. 

If double ended throttle shaft is used, place 
thrust collar on shaft and secure with taper 
pin. Fig. 5. 

02M160E 4 JUN 64 
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ALIGNING STUDS 

TOOL NO. Cl6632 

FIG. 15 

1.7. 

m. 

19. 

Install idle adjusting screw and spring, 
seat, then adjust needle to l-1/2 to 2 turns 
open. 

Replace choke spring (34). Fig. 3. 

Install choke shaft (35) and choke plate (2) 
with relief spring out. Fig. 3. 

Turn throttle stop screw to right to open 
throttle far enough for a fast idle. Fig. 4. 

02M160F 4 JUN 64 
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MASTER MAINTENANCE MANUAL _. 
AIRTEX FUEL PUMP 

ROCKER ARM 

ROCKER ARM LINK 
DIAPHRAGM RETURN SPRING 

ROCKER ARM SPRING 

ROCKER ARM PIN 
SPRING RETAINER 

-DIAPHRAGM ASSEMBLY 

COVER GASKET - 

a 

PUMP COVER @3 

VALVE AND CAGE RETAINER 

VALVE AND CAGE ASSEMBLY 

VALVE AND CAGE GASKET 

PUMP COVER AND VALVE ASSEMBLY 

BOTTOM COVER FASTENER 

-FUEL PUMP 

DISASSEMBLY: 

STEP 1. Remove Body Bottom Retainer, Bottom 

Cover and Pump Cover Gasket. 

STEP 2. Remove the fuel pump cover to body 

fasteners and separate cover assembly from 

body assembly. 

STEP 3. Remove valve and cage retainer 

fastener and retainer. 

STEP 4. Remove valve and cage assemblies and 

gaskets 

STEP 5. 'Rem&e the rocker arm pin by using a 

punch slightly smaller than the diameter of the 
arm pin and drive pin out of the fuel pump 

body. 

STEP 6. Remove pump rocker arm and rocker arm 

spring. 

STEP 7. With the palm of the hand press down 
on the diaphragm assembly and remove the 

rocker arm link. 

STEP 8. After the arm link has been removed, 

release the diaphragm assembly and remove 

diaphragm, return spring and spring retainer. 

REASSEMBLY: 

STEP 1. Clean all parts in a Stoddard type 
cleaning solvent. 

STEP 2. Use all parts supplied in the repair 
kit. 

STEP 3. Install valve and cage gaskets and 

valve assemblies in the pump cover assembly. 

02M256A JAN 69 
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REASSEMBLY CONTINUED: 

STEP 4. Install valve and cage retainer and 

fastener, making sure that the hump of the 

retainer is up. 

STEP 5. Install the diaphragm return spring, 

spring retainer, and diaphragm assembly into 

the fuel pump body. 

STEP 6. Install pump cover assembly to the 

fuel pump body. 

STEP 7. Install rocker arm link into fuel 

pump body making sure the link is hooked through 

the diaphragm rod slot. 

STEP 8. Install rocker arm spring, pump rocker 

arm and rocker arm pin. 

STEP 9. After rocker arm pin has been instaTTed 

pein the end OF the pin with a ball pein hammer 

or rounded punch. 

02M256B JAN 6q 
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INDUSTRIAL TRUCU DIVISION 

- 02.080 

02.074 

02.072 

2N - I)’ /HT- -A/- 02*07’ 

'- 02.078 NOTE : 

NON SERVICEABLE 

l- 02.079 ITEMS MARKED “N” 

L.P. GAS VAPOR REGULATOR 

76 

02.070 REGULATOR ASSEMBLY, LP GAS VAPOR 
02.071 DIAPHRAGM 6 COVER, LP GAS VAPOR REGULATOR 
02.072 SEAL, DIAPHRAGM 6 COVER TO BODY 
02.073 SCREW, LPG REGULATOR PRESSURE ADJ 
02.074 SEAL, PRESSURE ADJUSTING SCREW 

02.075 SCREW, LPG REGULATOR SPRING LOCK 
02.076 SCREEN, LPG REG DIAPHRAGM BREATHER 
02.077 BLOCK, VALVE & SPRING ASSEM, LPG REGULATOR 
02.078 SEAT, LPG REGULATOR VALVE 
02.079 PLUG, LPG REGULATOR BODY END 

02.080 FITTING, LP'; REGULATOR OUTLET . 

02.081 NUT, LPG REGULATOR OUTLET FITTING 
2N BODY, LP GAS VAPOR REGULATOR **02.070 

** NOT SOLD, USE ITEM NUMBER LISTED 

02-451 REV FEB 73 
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MASTER MAINTENANCE MANUAL 

TYPE B FINAL REGULATOR 

SERVICE PROCEDURE 

DESCRIPTION 
The Type B Final Regulator, see Fig. 1, is a 
compact double diaphragm single valve type 
regulator for use with LP gas vapor systems to 
reduce the vapor inlet pressure of approxi- 
mately 10 psi to slightly above atmospheric 
pressure at the outlet or carburetor delivery 
side and deliver fuel in exact response to en- 
gine demands. The vaporized fuel is supplied 
to the regulator through the inlet orifice and 
leaves the regulator through the outlet opening. 
The fuel outlet is connected directly to the 
carburetor inlet. 

r ADJUSTMENT 

FIG. 1. External View of Final Regulator (Type “B”) 

OPERATION 
The suction in the carburetor venturi serves to 
draw fuel into the carburetor where it is mixed 
with air in much the same way as gasoline is 
sprayed into the carburetor venturi and mixed 
with air. The lowered pressure (suction) in the 
carburetor is transmitted to the regulator 
through the outlet opening and to the chamber 
or area between the diaphragms. The dia- 
phragms are then pushed inward by the higher 
pressure (atmosphere) admitted through the 
vent holes in the regulator covers. An arm 
connected to the diaphragms, moves with the 
‘diaphragm to push against the two leaf springs 
to bend the springs. As the springs bend, the 
valve assembly is drawn away from the inlet 
orifice to admit fuel to the regulator through 
the inlet orifice. One end of the spring is 
attached to a stationary boss with the opposite 
end of the springs attached to the inlet valve 

02M.560A 

block. A rod extends from the inlet valve block 
into the adjustment cap boss. The end of the 
rod rests against a disc which is backed up by 
a spring. The force against the end of the valve 
rod can be increased or decreased’ by the turn- 
ing of the adjustment cap which regulates the 
pressure on the inlet valve seat. This con- 
struction provides adjustment and permits the 
valve to open and supply fuel to the engine with 
a minimum change in vacuum. 

DIAPHRAGM SUPPORT BRACKET DIAPHRAGM COVER 

DIAPHRAGM- , VENT HOLES 

OUTLET 

ADJUSTMENT 

SPRING 

,t ADJUSTMENT 

INLET VALVE -I \ VENT HOLES 
FLAT LEAF SPRINGS 

D1APHRAGhh-I 

FIG. 2. Cutaway View of Final Regulator (Type “B”) 

SERVICE PROCEDURE 

TYPE B REGULATOR 

DISASSEMBLY 
Refer to Fig. 3 and proceed as follows: 

1. 

2. 

3. 

4. 

Remove diaphragm attaching nuts (13) and 
bolts (12) and then remove front and rear 
diaphragm covers (10) and (23) cover gaskets 
(7) from regulator housing (6). 

Remove fitting (24) with check nut (25) (if 
used) and then remove inlet orifice (20) inlet 
valve seat (19) and retainer (18) from hous- 
ing. 

Remove ratchet spring screws (5) ratchet 
spring (4) adjusting cap (1) adjustment spring 
(2) and disc (3) from housing. 

Remove retainer clamp screws (16) retainer 
clamps (14) and (15) and then remove inlet 
block and spring assembly (1’7) from regu- 
lator housing. 

26 AUG 66 
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FIG. 3. Exploded View of Regulotor (Type “B”) 

CLEANING AND INSPECTION shown. If correction is needed, carefully 
Thoroughly clean all metal parts in Bendix bend the bracket. Also check bracket aligns- 
Metalclene or Speedclene Parts Cleaner and ment. The bracket must be directly iu lim 

rinse metal parts in cleaning solvent. Discard with two opposite screw holes in the dia.- 
diaphragm, gaskets and inlet valve seat. phragm. See Fig. 4. 

1. 

2. 

3. 

4. 

5. 

6. 

ASSEMBLY 
Assemble retainer clamps (14) and (15) to 
support with screws (16) leaving screws 
loose. 

Insert inlet block and spring assembly (17) 
into regulator body through inlet port and 
guide leaf spring ends into spaces between 
the stationary support and the retainer 
clamps. 

With valve seat (19) and retainer (18) in 
place on inlet orifice (20), assemble inlet 
orifice finger tight. Mark across one corner 
of the inlet orifice hex .and across the inlet 
orifice boss in line with the corner of the 
hex. Then back out inlet orifice l/12 of a 
turn or half way to the next hex. I _ _.__ .__ .- _ 

Reach inside regulator body and lightly 
press valve block against inlet orifice. Hold 
valve block in this position and tighten re- 
tainer clamp screws (16). 

FIG. 4. Aligning Bracket and Diaphragm 
(Type “B” Regulator) 

Tighten inlet orifice with wrench. 

Check brackets attached to diaphragms. 
Vertical part of bracket “A” should be at 
right angles (90°) to the diaphragm disc and 
both arms of bracket should be parallel as 

7. Install cork gaskets (7) then assemble dia- 
phragms (8) with arms of bracket attached 
to diaphragms over round valve rod and 
against the opposite leaf spring. Brat ket 
arms to be entered from opposite side ol’ 
round valve rod. Then assemble vellum 
gaskets (9), front and rear covers (i0) and 
(23). See Fig. 3. 

02M560B 26 AUG 66 
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8. After parts are in place insert two guide 
rods made from heavy wire. Carefully in- 
sert assembly screws (12) through hole in 
covers, diaphragms, gaskets and housing and 
start but do not tighten nuts (13). When all 
screws are in place, tighten nuts uniformly. 

9. Place shoulder side of valve rod disc (3) in 
end of coil spring (2) and insert disc and 
spring in adjustment end of regulator hous- 
ing. Assemble adjustment cap (1) and as- 
semble ratchet spring attaching screws (5) 
without the spring. Securely tighten screws 
to prevent an air leak. 

NOTE: During adjustment the ratchet 
spring should be removed. 

1. 

2. 

2. 

4. 

BENCH ADJUSTMENT 
To obtain an approximate setting on the Type 
B Regulator, connect the inlet orifice to a 
source of air or gas at 12 to 14 psi. 

Cover the fuel outlet with a soap film and 
adjust regulator to leak just enough to slowly 
expand soap film into a bubble. 

Then turn adjustment cap clockwise just 
enough to stop the bubble. 

Remove ratchet screws (5), attach ratchet 
(adjustment lock) spring with screws. Se- 
curely tighten screws. 

02M560C 26 AUG 66 
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SPECIFICATIONS 

ALL THREADED CONNECTIONS OF LPG. SYSTEMS MUST 
BE SEALED WITH APPROVED SEALING COMPOUND. 

It is recommended that the below 1 isted seal ing 
compounds be used. o. a 

JOHN CRANE PLASTIC LEAD SEAL NO. 2. 

LOCTITE LPG. THREAD SEALANT. 

PERMATEX PIPE JOINT COMPOUND NO. 51D - F - H. 

AFTER CONNECTIONS HAVE BEEN SEALED AND TIGHTENED 
SECURELY, TEST ALL CONNECTIONS FOR LEAKS WITH 
A SOAP SOLUTION. IF LEAKAGE IS DETECTED, THE 
CONNECTION OR CONNECTIONS MUST BE DISASSEMBLED, 
RE-SEALED WITH APPROVED SEALING COMPOUND, 
RE-CONNECTED AND TESTED. 

02S560A JAN 70 
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~. 

ELsRn industrial Truck 
Division 

02,605 

Oz.600 

NOTE: 

NON SERVICEABLE 

ITEMS MARKED “N” 

VAPORIZER AND WATER JACKET 

02.600 WATER JACKET & VAPORIZER ASSEMBLY, LP GAS 02.622 WATER JACKET, VAPORIZER 

02.601 VAPORIZER ASSEMBLY, LP GAS 02.623 REPAIR KIT, LPG VAPORIZER 

02.604 COVER, VAPORIZER DIAPHRAGM 02.624 DAMPENER, VAPORIZER VIBRATION 

02.605 FASTENER, DIAPHRAGM COVER 02.625 CAP, VAPORIZER FUEL VALVE 

02.606 PLATE, VAPORIZER BAFFLE 02.626 SEAT & SEAL, VAPORIZER VALVE 

02.617 PLUG, LP GAS PRESSURE TEST 02.627 COIL & MOUNTING PLATE, VAPORIZER 

02.618 FASTENER, VAPORIZER TO WATER JACKET 02.628 FASTENER, COIL sr MOUNTING PLATE 

02.619 GASKET, VAPORIZER FASTENER 02.629 PLUG, WATER JACKET BY-PASS 

02.620 PLUG, WATER JACKET DRAIN 29N ++ BODY, VAPORIZER 

++ SOLD ONLY BY SPECIAL ARRANGEMENT 

02-553 REV AUG 71 
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lND,USTRlAl TRUCK DIVISION 

TORQUE CONVERTER 

05.000 CONVERTER ASSEMBLY, TORQUE 

05.001 DRIVE PLATE, TORQUE CONVERTER 

05.002 FASTENER, CONVERTER DRIVE PLATE TO FLYWHEEL 

is.003 PLATE, CONVERTER DRIVE & REINFORCING 

05.004 FASTENER, CONVERTER OR & REINFORCING PLATE 

05.005 PLUG, TORQUE CONVERTER DRAIN 

05-003 REV MAR 72 
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THE COMPONENTS OF THIS CONVERTER CHARGING 

PUMP ARE NOT SERVICEABLE, REPLACE WITH A 

NEW PUMP, 

CONVERTER PUMP 

29.300 CONVERTER CHARGING PUMP ASSEMBLY 

05-059 MAR 78 
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06.200- ASSEMIILY COMPLETE 

HYDRATORK TRANSMISSION 

06.200 
05.000 
05.033 
05.034 
05.057 

05.069 

::*,":8" 
g:;g; 

. 

05.086 

i:*%; 
05:089 
05.090 

TRANSMISSION ASSEMBLY (CONTINUED) 05.094 SEAL, CONVERTOR PUMP COVER (LC~~ER) 
CONVERTOR, TORQUE 05.095 PLUG, CONVERTOR HOUSING OIL PASSAGE 
STATOR SUPPORT, TRANSMI SS I ON 05.100 VALVE ASSEMBLY, CONVERTOR REGULATING 
FASTENER, TRANSMI SS ION STATOR SUPPORT 05.101 RETAINER, CONVERTOR REGULATING VALVE STOP 
GEAR, CONVERTOR PUMP DRIVE 05402 STOP, CONVERTOR REGULATING VALVE 

PLUNGER, RELIEF VALVE 
SPRING, RELIEF VALVE PLUNGER 
FASTENER, CONVERTOR HOUS I NG 
PLUG, RELIEF VALVE 
SEAL, RELIEF VALVE PLUG 

COVER, CONVERTOR PUMP GEAR 
PLUG, CONVERTOR PUMP GEAR COVER 
GASKET CONVERTOR PUMP GEAR COVER 
SEAL, EONVERTOR PUMP GEAR COVER 
FASTENER, CONVERTOR PUMP GEAR COVER (SHORT) 

FASTENER, CONVERTOR PUMP GEAR COVER (LONG) 
RETAINER, CONVERTOR tiUtlP 
FASTENER, CONVERTOR PUMP 
FAST’ENER, CONVERTOR PUMP RETA I NER 
GEAR, CONVERTOR PUMP DRIVEN 

KEY, CONVERTOR PUMP DRIVEN GEAR 
FASTENER, CONVERTOR PUMP DRIVEN GEAR 
SEAL, CONVERTOR PUMP GEAR COVER (UPPER) 

06-009 RFS’ FEB 81 

05.104 

::*1:: 
05:112 

SPRING, CONVERTOR REGULATING VALVE 
PLUG, CONVERTOR REGULATING VALVE BODY 
WASHER, CONVERTOR REGULATING VALVE BODY PLUG 
WASHER, CONVERTOR REGULATING VALVE BODY 

05.113 SEAL, CONVERTOR REGULATING VALVE BODY 

06.231 
06.232 

SEAL, INPUT SHAFT 6 GEAR 
SHIM KIT, INPUT SHAFT 
SHAFT, TRANSMISSION INPUT 
BEARING, INPUT SHAFT 
LOCATER, INPUT SHAFT BEARING 

06.471 HOUS I NG, TRANSM I SS I ON TORQUE CONVERTOR 
SEAL, CONVERTOR HOUSING ATTACHING 
SEAL, CONVERTOR HOUSING ATTACHING 
SEAL, CONVERTOR HOUSING OIL PASSAGE 
SEAL & GASKET KIT, TRANSMISSION 

PUMP, CONVERTOR 
PISTON, CONVERTOR REGULATING VALVE USE 05.100 
BODY, CONVERTOR RRGULATING VALVE USE 05.100 
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INDUSTRIAL TRUCK ~DIVISION 

06.424 

0 
/ 06.27 

06.361 J 
06.359K--i / 06.504J l\I(,JL/ ,\ 

06.360KJ 

08.1 

r 06.285 ,-06.528 

r 08.226 6.526 

I- nQ 1” 
06.525 

/%?:28 

3oK; m> 

06.202 
- @‘b - 08.210 08.231 

06.204K 

Q-J3 
288 

06.203 

TRANSMISSION 06.302 
- 06.200 

HYDRATORK TRANSMISSION 

061282 
06.283 
06.285 

06.291 

z;; 
06: 298 
06.302 
06.358 
06.359 

Z?::: 

%Z . 

TRANSMISSION ASSEMBLY (CONTINUED) 
STRAINER, TRANSMISSION SUHP 
COVER, TRANSM I SS I ON CASE BOVOM 
GASKET, TRANSMISSION CASE BOlTOM COVER 
FASTENER, TRANSMISSION CASE BOTTOM COVER 
PLUG, TRANSMISSION DRAIN 
SPACER. OUTPUT SHAFT 

&ZiXt, OUTPUT SHAFT (AXLE END) 
FASTENER. OUTPUT SHAFT 
GEAR, OUTPUT StiAFi HIGH 
HUB, OUTPUT SHAFT HIGH & LOW SHIFT 
GEAR, OUTPUT SHAFT LOW 
BEARING, OUTPUT SHAFT (ENGINE END) 
SHIM KIT, OUTPUT SHAFT BEARING (ENGINE END) 
SEAL, OUTPUT SHAFT FRONT BEARING 
FORK, OUTPUT SHAFT HIGH & LOW SHIFT 
BALL, SHIFT FORK MESH LOCK 
SPRING, SHIFT FORK MESH LOCK BALL 
CLUTCH PACK, FORWARD 
CLUTCH PACK, REVERSE . 
GASKET, CLUTCH BEARING CAP 
OIL SEAL. CLUTCH BEARING CAP 
CAP, CLUTCH BEARING 
FASTENER, CLUTCH BEARING CAP 
CONTROL COVER ASSEMBLY 

06.710 
06.725 
08.023 
08.037 
08.130 

z* ‘2% 
08:231 

23.345 

SEAL, CONTROL COVER OIL PASSAGE 
GASKET, CONTROL COVER 
FASTENER, CONTROL COVER 

I 
SHORT) 

FASTENER, CONTROL COVER LONG) 
PLUG, CLUTCH BEARING CAP 
SPACER, OUTPUT SHAFT FRONT BEARING 
RING, OUTPUT SHAFT REAR BEARING LOCATI 
RING, OUTPUT SHAFT FRONT BEARING LOCAl 
SLEEVE, OUTPUT SHAFT SHIFT HUB 
BEARING. OUTPUT SHAFT GEAR 
KEY, OtiPUT SHAFT GEAR~BEARING 
VALVE, PRESSURE RELIEF 
WASHER, OUTPUT SHAFT GEAR THRUST 
GASKET, SHIFT BAR HOUSING 
CASE, TRANSMI SSI ON 
SEAL, SHIFT IFVFR ARM 

FASTENI 

; 
F 

_ _ _ . _ . . . 
ER, SHIFT BAR HOUSING 

{OD. SHI FT LEVER ARM 
tOUSING, SHIFT BAR 
:ASTENER, SHIFT LEVER ROD 

ARM_ SHIFT LEVER _.... --.-.. 
KEY, SHIFT LEVER 
DRUM, PARKING BRAKE 
OIL SEAL, PARKING BRAKE DRUM 
KEY, PARKING BRAKE DRUM 

ING 
‘ING 

06-008 RFS’ FEB 81 
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INDUSTRIAL TRUCK DIVISION 

HYDRATORK TRANSMISSION 

06.200 TRANSMISSION ASSEMBLY 
06.202 
06.203 

SCREEN & FRAME ASSEMBLY, OIL 

06.204 
COVER, TRANSMISSION CASE - BOTTOM 

06.205 
GASKET, BOTTOM COVER 
FASTENER, BOTTOM COVER 

PLUG, DRAIN 
SPACER, OUTPUT SHAFT GEAR 
BEARING, OUTPUT SHAFT REAR 
FASTENER, OUTPUT SHAFT 
GEAR, OUTPUT SHAFT 

06.287 
06.288 
06.291 
06.302 
06.303 

BEARING, OUTPUT SHAFT FRONT 
SHIM KIT, OUTPUT SHAFT FRONT BEARING 
SEAL, OUTPUT SHAFT FRONT BEARING 
CLUTCH PACK, FORWARD 
GASKET, FORWARD CLUTCH BEARING CAP 

06.304 

%$8Z 
06:358 
06.359 

OIL SEAL, FORWARD CLUTCH BEARING CAP 
CAP, FORWARD CLUTCH BEARING 
FASTENER, FORWARD CLUTCH BEARING CAP 
CLUTCH PACK, REVERSE 
GASKET, REVERSE CLUTCH BEARING CAP 

06.360 
06.361 
06.362 

8%; . 

06.408 
06.424 

GASKET, CONTROL COVER ATTACHING 

06.490 
FASTENER, CONTROL COVER 

06.501 
FASTENER, CONTROL COVER-THICK FLANGE 

06.502 
PLUG, FORWARD CLUTCH BEARING CAP 
PLUG, REVERSE CLUTCH BEARING CAP 

06.503 

ii%*;% 
06:522 
06.710 

OIL SEAL, REVERSE CLUTCH BEARING CAP 
CAP, REVERSE CLUTCH BEARING 
FASTENER, REVERSE CLUTCH BEARING CAP 
CONTROL COVER & VALVE ASSEMBLY 
SEAL, CONTROL COVER OIL PASSAGE 

SPACER, OUTPUT SHAFT FRONT BEARING 
RING, OUTPUT SHAFT REAR BRG LOCATING 
RING, OUTPUT SHAFT FRONT BRG LOCATING 
SEAL & GASKET KIT, TRANSMISSION 
VALVE, PRESSURE RELIEF 

06.725 
08.037 

WASHER, OUTPUT SHAFT GEAR THRUST 
CASE, TRANSMISSION 
DRUM, PARKING BRAKE 
OIL SEAL, PARKING BRAKE DRUM 
KEY, PARKING BRAKE DRUM 

06-042 REV FF.B 81 
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INDUSTRIAL TRUCK DIVISION 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

HYDRATORK TRANSMISSION 

TRANSMI ss ION ASSEMBLY (CONTINUED) 
CONVERTER ASSEMBLY, TORQUE 
STATOR SUPPORT ASSEMBLY, TRANSMISSION 
FASTENER, STATOR SUPPORT 
GEAR, CONVERTER PUMP DRIVE 
PLUNGER, RELIEF VALVE 
SPRING, RELIEF VALVE 
FASTENER, COVERTER TO FLYWHEEL HOUSING 
PLUG, RELIEF VALVE 
SEAL, RELIEF VALVE PLUG 
COVER, PLATE CONVERTER PUMP GEAR 
PLUG, CONVERTER PUMP GEAR COVER PLATE 
GASKET, COVERTER PUMP GEAR COVER PLATE 
SEAL, COVERTER PUMP COVER PLATE 
FASTENER, COVER PLATE-THIN FLANGE 
FASTENER, COVER PLATE-THICK FLANGE 

05.088 
05.089 

PLATE, CONVERTER PUMP RETAINER 
FASTENER, RETAINER PLATE TO PUMP 
FASTENER, RETAINER PLATE ATTACHING 
GEAR, CONVERTER PUMP DRIVEN 
KEY, CONVERTER PUMP GEAR 
FASTENER, CONVERTER PUMP DRIVEN GEAR 
SEAL, CONVERTER PUMP GEAR COVER PLATE UPPER 

05.094 
05.095 
05.100 
05.101 
05.102 
05.104 

05.113 
06.231 
06.232 
06.233 
06.235 

SEAL, CONVERTER PUMP GEAR 
PLUG, CONVERTER HOUSING 01 
VALVE ASSEMBLY, CONVERTER 
PIN. VALVE STOP RETAINING 
STOP, VALVE 
SPRING, REGULATING VALVE 
PLUG, VALVE BODY 
WASHER, VALVE BODY PLUG 
WASHER, VALVE BODY 
SEAL, VALVE BODY 
SEAL, INPUT SHAFT & GEAR 
SHIM KIT. INPUT SHAFT 

COVER PLATE 
L PASSAGE 
REGULATING 

LOWER 

SHAFT, ikPlrr 
BEARING, INPUT SHAFT 
RING, INPUT SHAFT BEARING LOCATING 
HOUSING, TORQUE CONVERTER 
SEAL, CONVERTER HOUSING TO CASE-OUTER 
OIL SEAL, CONVERTER HSG TO CASE OIL PASSAGE 
SEAL, CONVERTER HOUSING OIL 
SEAL 6 GASKET KIT, TRANSMISSION 
PUMP ASSEMBLY, CONVERTER 
PISTON, REGULATING VALVE USE 05.100 
BODY, REGULATING VALVE USE 05.100 

06-043 REV F’EB 81 
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INDUSTRIAL TRUCK DIVISION 

~ 23.371 

- 23.369 

r 23.268A r 23.364~ 
r 23.365A 23.367 -, 

- 23.370 

23.366A 

*i/-y. 23.265 

Y/ -_ 

- TRANSMISSION BRAKE AND LINKAGE 

L23.3?4 

06.200 TRANSMISSION, CONTINUED 

23.264 PARKING BRAKE ASSEMBLY, TRANSMISSION 

23.265 FASTENER, PARKING BRAKE 

23.268 SHOE 6 LINING, PARKING BRAKE 

23i352 LEVER, PARKING BRAKE CAM 

23.364 HOUSING, BRAKE SHOE 

23.365 SPRING, PARKING BRAKE LEVER CLIP 

23.366 PIN, PARKING BRAKE LEVER PIVOT 

23.367 SPRING, CAM LEVER RELEASE 

23.368 FASTENER, SPRING ANCHOR 

23.369 SLEEVE, PARKING BRAKE DRAW ROD LOCK 

23.370 FASTENER, DRAW ROD SLEEVE 

23.371 ROD, PARKING BRAKE DRAW 

23.372 FASTENER, PARKING BRAKE DRAW ROD 

23.373 ARM & SHAFT ASSEMBLY, PARKING BRKT OPER 

23.374 FASTENER, OPERATING ARM 6 SHAFT 

06-049 RFV APR 76 
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INDUSTRIAL TRUCK DIVISION 

NOTE: 

NON SERVICEABLE 

ITEMS MARKED “N” 

RING GEAR 
~20.248 

PINION SET 

Q 

I 20.427 

ITEMS MARKED “K” INCLUDED 
IN SEAL AND GASKET KIT 

I (KEY #06.522) 
NOTE: CLUTCH PACK SEAL 

i20.257 

.258 

1 RINGS NOT INCLUDED I NOTE: 

PINION GEAR 20.283 MUST BE 

SERVICED IN SETS OF 4 

AXLE ADAPTOR AND DIFFERENTIAL 

06.200 
08.000 
08.017 
08.086 
08.260 

08.261 
20.201 
20.211 
20.244 
20.245 

20.248 
20.254 

%* ‘2’5: 
20: 258 

20.264 

TRANSMISSION ASSEMBLY, CONTINUED 
TRANSMISSION ASSEMBLY, CONTINUED I 
PLUG, TRANSMISSION OIL FILLER 
PLUG, TRANSMISSION OIL LEVEL 
TUBE, TRANS OIL LEVEL DIPSTICK SUPPORT 

DIPSTICK, TRANSMISSION OIL LEVEL 
SHIM KIT, DIFFERENTIAL BEARING CARRIER 
VENT ASSEMBLY, DIFFERENTIAL HOUSING AIR 
SEAL, DIFFERENTIAL OIL LEVEL DIPSTICK SUP 
COVER, DIFFERENTIAL ACCESS HOLE 

RING GEAR & PINION SET, DIFFERENTIAL 
SEAL, DIFFERENTIAL BEARING CARRIER 
SEAL, DIFFERENTIAL BEARING CARRIER 
BEARING CARRIER, DIFFERENTIAL 
FASTENER, DIFF BRG CARRIER TO HOUSING 

CONE, DIFFERENTIAL BEARING 

20.265 CUP, DIFFERENTIAL BEARING 
20.273 
20.274 

FASTENER, DIFFERENTIAL CASE 
SHIM KIT, DIFFERENTIAL HOUSING 

20.275 SEAL, TRANSMISSION TO HOUSING 
20.279 FASTENER, DIFFERENTIAL CASE TO RING GEAR 

20.282 
20.283 

SPIDER, DIFFERENTIAL SIDE PINION 

ii- ii: 

GEAR, DIFFERENTIAL SIDE PINION 
WASHER, DIFF SIDE PINION GEAR THRUST 
GEAR, DIFFERENTIAL SIDE 

20: 286 WASHER, DIFFERENTIAL SIDE GEAR THRUST 

20.287 CASE 6 GEAR ASSEMBLY, DIFFERENTIAL 
20.375 COVER, DIFFERENTIAL HOUSING INSPECTION 

HOUSING, DIFFERENTIAL 
PLUG, DIFFERENTIAL HOUSING 
DOWEL, DIFFERENTIAL HOUSING 

j-f SOLD ONLY BY SPECIAL ARRANGEMENT 

20-111 REV NOV 77 
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INWSFRlAL TRUCK DWSION 

CUSTOMER SERVICES GROUP 

CONVERTER 

FORWARD SELECTOR PACK 

PINION SHAFT GEAR 

4443-MX-SI- .56 

Fig. 4443 

MAIN DRIVE GEAR 

Always rotates 
clockwise, in con- 
rtant mesh with for- 
ward and reverse 
drive gears. \ 

FORWARD 
SELECTER 

DRIVE GEAR 

_^,,“_ FORWARD Always roktes 
ter-clockwise, iI 
_&^..L “....L. . . ..+k 

C”“l 

7 con- SELECTER 

,,,r a,, . . ,,,< drive DRUM AND GEAR 
I TI --- -- -- ‘-~ ,rn, “72 CUYII- 

and 
free of forward selec- 

*or rlriim nnrl “P ,_, _-,,, _.._ .-a un- 

I 
Alwovs rotates clock- 

wise, ‘in constant mesh- 
I with drive gear. Turns 

FK&:e wheels “IhS 

energized. In con- 
stand mesh with re- 

REVERSE SELECTER 
DRIVE GEAR 

pending on dire 

REVERSE-SELECTER 
DRUM AND GEAR 

Free wheels unless 
energized. In co”sia”+ 
mesh with forward gear. 
The gear changes direc- 
tionrdepending ondirec- 
tion of travel 

/ 
PINION SHAFT GEAR 

I” constant mesh wit 
forword “direct’ ” ion’gear. 
Turns in eirher direction 
depending on ~rwel. 
Locked on and turns with 
pinion drive shaft. 

ction of 

REVERSE DIRECTION - VIEWED FRONT OF MACHINE 4455-MX81-59 

Section 3, Page 2 

Fig. 4455 
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CLARK GROUP 
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MAIN DRIVE GEAR FORWARD 

Always rotates 
clockwise, in con- 
stant mesh with for- 
ward and reverse 
drive gears. 

SELECTER 
DRIVE GEAR 

Always rotates coun- FORWARD 

ter-clockwise, in con- SELECT% 

stant mesh with drive DRUM AND GEAR 

Turns on coun- 

free of forward setec- 
ter drum and gear un- 

REVERSE SELECTER 
DRIVE GEAR 

Always rotates clock- 

with drive gear. 

and free of reverse 
selector drum and gear 
unless energized. 

Free wheels unless 
energized. In constant 
mesh with forward gear. 
The gear changes direc- 
tions depending on direc- 
tion of travel. 

In constant mesh with 
forward “direction” gear. 
Turns in either direction 
depending . on travel. 
Locked on and turns with 
pinion drive shaft. 

FORWARD DIRECTION - VIEWED FRONT OF MACHlNE 

Code: OH-381, SEP 79 

Fig. 4456 
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CUSTOMER SERVICES GROUP 

Section 3, Page 4 

Plate 8910. Hydratork Oi 1 System (Typical II lustration) 
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. 

PRESSURE REGULATOR 

RADIATOR CORE 

TO CONTROL COVER 

HIGH PRESSURE 

FROM CONK 

FRONT VIEW 

Plate 8909. Hydratork Oil System Viewed From Converter End (Typical Illustration) 

Code: OH-381, SEP 79 Section 3, Page 5 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



INDUSTRJAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

INSTALL PRESSURE TEST GAGE 
HERE AT CONVERTER INLET 
PRESSURE TO READ 75 LBS. MAX. 
AT 2000 R.P.H. , 

LUBRICATE SEALING RINGS AND 
DIRECTION SELECTOR PLATES WITH 
AN APPROVED CLARK TRANSMISSION 
FLUID BEFORE ASSEMBLY (BOTH SIDES) 

INSTALL PRESSURE GAGES HERE. 
PRESSURE TO REAO 110 POUNDS 
MIN. AT 1300 R.P.M. - 125 
POUNDS /MAX. AT 2000 R.P.M. WITH 
VALVE ENGAGED. ZERO WITH VALVE 
IN NEUTRAL. , 

TIGHTEN SCREWS 35 
TO 45 LB. FT. 

CRANE SEALER ON ALL PIPE PLUG THREADS. 

TEST WITH TRANSMISSION FILLED TO LEVEL 
INDICATED ON DIP STICK. USE AN APPROVED 
CLARK TRANSMISSION FLUID 175’F. TO 255OF 

BRUSH AN APPROVED CLARK TRANSMISSION 
FLUID ON ALL TAPER BEARINGS 6 BORES OF 
ALL BUSHINGS. 

114~ rr” 2 PERMATEX ON ALL CAP SCREWS ” __ _ . - -. 
AND STUDS WITH THRU HOLES. 

TIGHTEN ALL CAP SCREWS 20 TO 25 LB. FT. 
TORQUE UNLESS OTHERWISE SPECIFIED. 

ADJUST ALL TAPER BEARINGS TO REQUIRE 8 TO 
10 POUND INCHES TO ROTATE EACH SHAFT. 

0,L FLC&d THR” CONVERTER TO COOLER TO 
BE 2 GALLONS PER MINUTE AT 1300 R.P.M., 
3 GALLONS PER HINUTE AT 2000 R.P.H. 

TIGHTEN CONTROL COVER StREWS WHEN ROTATED COUNTER-CLOCKWISE 
35 TO 45 LB. FT. PRESSURE AT “A” (; “B” CHECKED 

INDIVIDUALLY SHOULD DROP TO ZERO 
WITH NAXIMUM ALLOWANCE OF 5 LBS. 

SHELLAC GASKET TO 
CONTROL COVER. 

USE 16724 T THIS LOCATION 

ONLY. 

AN APPROVED CLARK TRANS 
SEALING RING GROOVES. 

APPLY THIN LAYER OF NUMBER 2 

TIGHTEN STUDS B NUTS 
40 TO 60 LB. FT. 

TIGHTEN D.S. SHAFT 
45 TO 65 LB. FT. 

PERMATEX ON O.D. OF SEAL 
BEFORE PWSSING IN PLACE. 

TIGHTEN PINION SHAFT NUT 
150 TO 200 LB. FT. 

COAT 0 IL PUMP GEAR COVER / 

/ 

-- 

PLATE WITH NUHBER 3 PERHATEX. 
v 

\ 

TIGHTEN STUDS 6 NUTS 
COAT FLANGE SURFACES WITH 20 TO 25 LB. FT. 

COAT BOTH SIDES OF SCREEN NUMBER 3 PERMATEX. 
PLATE WITH NUHBER 3 PERHATEX. 

NUT 

Section 3, Page 6 Code: OH-381, SEP 79 
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Model 

GENERAL SPECIFICATIONS 

CORRECT GOVERNED SPEEDS 

RPM 
--- without load 

RPM 
with load (Hyd Bypass) 

c-20, 30, 40, 50 2350 2200 

CY-20, 30, 40, 50 2350 2200 

HUT-60, 70, 80, 100 1950 1800 

c300 30, 40, 50 2350 2200 

C500-235 (Y112) 2350 2150 (Lot 2202 thru 2836) 

C500-235 (Y112) 2600 2450 (Lot 3120 G Above) 

C500-Y235 (F163) 2500 2350 

STALL TEST SPEEDS 

Enqine Model 

Y112 

Y112 (gasoline) 

Stall RPM 

1050-1100 (in Fwd. or Rev.) (Lot 2202 thru 3855) 

1400-1500 (in Fwd. or Rev.) (Lot 3856 G Above) 

~162 E ~163 (gasoline) 1350-1500 (in For. or Rev.) 

PRESSURE READINGS 

Component 

Pump 

Pressure 

120-140 PSI 

Gear RPM 

Neutral 1400 

Reverse Selector Pack 

Reverse Selector Pack 

0 PSI Neutral 1400 

Not more than 8 PSI Reverse 1400 
below pump pressure, 

Forward Selector Pack 

Forward Selector Pack 

0 PSI Neutral 1400 

Not more than 8 PSI Forward 1400 
below pump pressure. 

Converter 60-75 PSI Neutral 1400 

Code: OH-381, SEP 79 Section 3, Page 7 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

HYDRAULIC DRIVE TROUBLE SHOOTING GUIDE 

DIFFICULTY CAUSE REMEDY 

A. Machine will not move 1. 

in either direction. 
Parking Brake not 
released. 

Control Linkage not 

properly adjusted. 
High and Low Range 

Linkage not properly 

1. Release brake. 

2. Readjust 1 inkage. 

3. Readjust 1 inkage. 

n 
L. 

3. 

4. 
adjusted. 

Oil level low. 

B. Machine will move one 1. 

direction only. 

2. 

5. No oi 1 pressure. 

3. 

Control Linkage 

adjusted. 

No oil pressure 

Selector Pack. 

4. Determine cause and 

correct o Fill to proper 

level with type “A” 

Transmission Oi 1 - AQ. 

5. a. Defective Inching 
valve operation. 

b. Check Pump and 

associated parts. 

not 

to 

1. Adjust linkage. 

2. Check Seals and “0” Rings 

in selector packs, and in 

control cover. 

Selector Pack Discs 

not releasing. 

3. Defective Selector Pack 
Discs (replace disc and 

correct cause). Rel ief 

hole in D. S. Drum 

c 1 ogged . 

C. Machine moves slowly 1. Oil level low. 

in both directions at 

wide open throttle. 
2. Low oil pressure. 

3. 

1. Fill to correct level and 

determine cause for loss A” 

of oil, g 

2. a. Check Inching Valve. 
73 

b. Relief Valve sticking z 

in open position. 
Replace valve or free 

valve in valve body. 

Remove all nicks and 
burrs with fine stone. 

c. Check Pump and 

associated parts. 

Clogged Sump Screen. 3. Clean Screen. 

;ect ion 3, Page 8 .- 
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DIFFICULTY 

D . Transmi ss ion over- 

heating. 

CAUSE 

1. Low oil. 

2. Low Selector Pack 

pressure (check 

with gauge). 

3. Clogged Sump Screen 

4. Not sufficient oil 

to Torque Converter 

and Cooler. 

5. Cooler clogged 

internally stopping 

flow of oil. 

6. Bushing in Torque 

Converter Impeller 

Hub worn, allowing 

oil to leak out. 

7. Slipping Stator. 

REMEDY 

1. Check and fi 11 to correct 

level o 
2. Find cause and correct. 

a. Inching Valve not 

functioning properly. 
b. Seals in Selector Pack 

bad. 
c. Regulating Valve 

sticking open. 
3. Clean Screen. 

4. Check volume output. If 

low, check “by-pass 

spring,” if weak or 
broken - replace. 

5. Clean Cooler. 

6, Replace Converter. 

(Clearance between Bush- 

ings and Stator Support 

not to exceed .004”). 

7. Check Converter Stall. 

Secure Drive Wheels either by 

the Parking Brake or a load on 

the forks and with load against 

a stationary object. Place 

machine in Forward Direction 

using “electric tachometer” 

Distributor, accelerate math 

to maximum and take RPM read 

CAUTION 

DO NOT HOLD IN STALL 

POSITION FOR MORE THAN 
30 SECONDS AT A TIME, 

, 
in 
ine 

ing. 

Converter should stall 1350 to 

1500. If stall is below 900, 

the stator in the converter is 

slipping. 

Code: OH-381, SEP 79 Section 3, Page 9 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

DIFFICULTY CAUSE REMEDY 

E. Machine has full power 1. Overloading machine. 1. Check Capacity Loads. 

and overheats. Never over 1 oad . 
2. Radiator core clogged 2. Clean core. 

externally. 
3. Pressure Regu 1 ator 3. Replace Regulator Valve, 

Valve sticking, giv- 
ing low pressure. 

TOOLS REQU I RED 

1. Torque wrench - up to 100 

2. Torque wrench - up to 200 

3. Torque wrench - up to 600 

4. 1 inch socket set 

5. 2 pressure gages 0 to 150 

6. Electric Tachometer 

7. Snap ring pliers 

inch pounds 

foot pounds 

foot pounds 

PS I 

8. Hydraulic brake pressure bleeder 

9. Dial runout indicator 

10. Standard hand tools 

Section 3, Page 10 > 
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THE HYDRATORK TRANSMISSION: 

The Hydratork drive consists of three units -- 
torque converter, transmission and. drive axle. 
Since the drive axle is a subject in itself, 
we will cover only torque converter and 
transmission. 

The torque converter, a fluid driven device, 
replaces the conventional friction clutch. On 
earlier Hydratorks , a strap-mounted converter 
was used. A disc-mounted converter -- an 
immensely superior design -- is now used with 
all Hydratorks. 

If a converter has a broken disc, the trouble 
may be caused by . . . 

A. A cracked flywheel housing. 

B* A cracked converter housing, 

c. Excessive flywheel runout. 

D. Excessive crankshaft end thrust. 

Always check for such conditions, and correct 
them if necessary. If the disc on the 
converter is damaged, replace only the disc, 
not the entire converter. If the converter 
itself is damaged, or malfunctioning, replace 
the converter. 

The main drive shaft has one end splined to the 
converter, and has the main drive gear on its 
opposite end. The main drive gear always turns 
clockwise -- as viewed from fan- end of engine. 
It is in constant mesh with the forward and 
reverse selector gears. 

Fig. 19798 

Fig. 19799 

ORK SAFELY 

Fig. 19800 

Code: OH-381, SEP 79 Section 3, Page 11 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

The forward and reverse selector gears drive 
the hydraul ical ly operated forward and reverse 
selector packs. The drums, which house the 
packs, are in constant mesh with each other. 
The forward selector drum is in constant mesh 
with the pinion shaft drive gear. 

Each selector pack has a drum with an external 

gear, a hydraulically operated piston, and 
bronze and steel discs. The bronze discs, with 
teeth on their inside diameter, spline to the- 
drive gear assembly. The steel discs, with 
teeth on their outer diameter, spline to the 
drum. 

When the transmission is in neutral,, the 
selector drive gears turn free since neither 
selector pack is applied. Thus, no power is 
transmitted to the pinion shaft gear. 

dhen the unit is in forward, oil is directed to 
the forward selector piston, which locks the 
selector discs together. Thus the selector 
pack turns as a unit. 

Fig. 19801 

Fig. 49802 

Fig. 19803 

Fig. 19804 

jecfion 3, Page 12 Code: 014-381, SEP 79 
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When the select0 
selector drum is 
the pinion gear. 
pack is not appl 
idles. 

r pack turns as a unit, the 
driven. In turn, it drives 

Since the reverse selector 
ied, the reverse drum simply 

When the unit’ is in reverse, oil is directed 
to the reverse selector piston, which locks 
the selector discs together. The reverse 
selector now turns as a unit, and in turn 
drives the pinion gear. Now let’s examine the 
hydrau 1 ic system. 

The hydraulic system of the Hydratork consists 
of the sump, oil pump, control valve, relief 
valve, inching valve, pressure regulator valve, 
the selectors, torque converter, oil filter, 
and cooler. The oil pump, driven by the 
converter, supplies oil whenever the engine is 
running. 

The control valve, mounted on the top of the 
transmission, is actuated by linkage from the 
manually controlled directional lever on the 
steering. column. 

Fig. 19805 

Fig. 19806 

Fig. 19807 

Fig. 19808 

Code: 01-l-381, SEP 79 Section 3, Page 13 
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CUSTOMER SERVICES GROUP 

With the engine running, oil is drawn up from 
the sump by the pump, which delivers the oil 
under pressure to the directional control valve 
in the control cover. 

When the control lever is moved to either 
forward or reverse, oil under pressure is 
delivered to the proper selector pack piston 
which is then applied to lock up the selector 
pack. Any oil not required to operate the 
piston is then . . . 

. . . by-passed Chrough the pressure regulator 
valve to the converter and then to the cooler. 
After oil is cooled, it is sent through the 
filter, runs over selector pack discs to cool 
them, and finally returns to the sump. 

Excess oil not used by the converter is by- 
passed through the relief valve to the selector 
pack discs and finally to the sump. 

Fig. 19809 

Fig. 19810 

Fig. 19817 

Fig. 19812 

section 3, Page 1Ll Code: OH-381, SEP 79 
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When the control lever is in neutral, no oil 
is directed to the selector packs, but is by- 
passed into the converter and oil cooler and 
then back over the packs and into the sump. 

The inching valve, actuated by initial brake 
pedal operation, reduces pressure to the 
selector packs. This allows controlled 
slippage of the selector pack discs, and 
permits the truck to inch -- even when engine 
is delivering full power. 

INITIAL CHECKS: 

First clean the truck and Hydratork. This is 
a MUST DO operation. The Hydratork cannot be 
serviced efficiently and properly without a 
thorough preliminary clean-up, which includes .., 

A. Complete cleaning with steam. 

B. Making sure radiator and its tubes 
are clean externally and internally. 

C. Having a clean work area. 
D. Wearing clean clothes. 

This is vital since clearances are so close that 
even the minutest particles of dirt can cause 
trouble. 

Second, always check the engine to make sure 
it is operating up to specifications. If it 
is malfunctioning, or it is not tuned properly 
. . . it may make it seem that the hydratork is 
faulty. 

Fig. 19813 

Fig. 19814 

WORK SAFELY 

Fig. 19815 

Code: OH-381, SEP 79 Section 3, Page 15 
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CUSTOMER SERVICES GROUP 

IN CHECKING THE ENGINE: 

A. Warm up the engine, hook up a tachometer 
and check to make sure it operates at 
governed speeds. Adjust governor if speeds 
are over or under specs. Use the high RPM 
scale. 

B, Check engine speeds manually and with 
accelerator pedal . This will indicate 
whether accelerator linkage needs 
adjustment. 

C‘ With ignition off and accelerator floor- 
boarded, make sure clearance between 
throttle arm and stop pin at full throttle: 
is not more than 3/32 inch. If clearance 
exceeds this, full engine torque will not 
be de1 ivered, and performance will be 
affected, especially when operating on 
grades. 

Next, check the Hydratork oil level. If it is 
low, or too high, it may cause faulty 
operation. Check oil level by first having 
machine on a level floor, then tilting upright’ 
fu. 11 forward. Now apply parking brake or block 
driv.e wheels. Make sure transmission is 
thoroughly warmed up. Check oil level with 
engine idling @ 500 RPM and transmission in 
neutral. Fill to the full mark. 

Fourth, check for yis ible leaks, and check the: 
condition of linkages to control and inching 
valves . 

Fig. 19817 

;ection 3, Page 16 Code: OH-381, SE? 79 
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With a hydraulically controlled inching valve, 
brake pedal free play must be l/l6 to l/8 inch. 
I f necessary, adjust brake linkage at the 
master cylinder clevis to get correct free 

play. 

When initial checks and adjustments have been 
completed, begin stall tests to determine 
whether selector packs are slipping or whether 
the converter is damaged. To do this, back the 
truck against a solid object or wall and set 
the parking brake. Place a sufficient, load on 
the forks to prevent the drive wheels from 
slipping during the stall test. 

Place direction lever in reverse and open the 
throttle. 

NOTE 

To prevent shock, place truck in 
gear and feed power slowly. Perform 

the test manually and with the pedal. 
If you get two different readings, 
the linkage needs adjusting. 

The stall test tachometer readings shou 
within 1400-1500 RPM for trucks with Yi 
engines., or . . e 

Id be 
12 

Fig. 19818 

Fig. 19815 

Fig. 19819 

I\ 
Fig. 19790 

Code: 011-381, SEP 79 Section 3, Page 17 
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. . . 1350-1500 RPM for trucks with F4163 engines. 

If engine speeds, in either forward or 
are higher than recommended stall RPM, 
could be that the selector packs are s 
oi 1 pressure is low, or converter fins 
torn loose. 

reverse 
it 

1 ipping, 
are 

If engine speed drops well below the 
recommended stall RPM -- to 700-800 RPM 
a truck with a Y112 engine, or . . . 

for 

Fig. 19791 

Fig, 19792 

Fig. 19793 

. . . to 750-1000 RPM for a truck with a F4163 
engine -- the indication is that the converter 
is slipping and that the converter must be 
rep 1 aced. 

Fig. 19794 

Tect ion 3,. Page 18 
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If the tachometer reading is in the interim 
range -- that is between 550 to 1000 RPM with 
the Y112 engine, or between 1000 to 1350 RPM 
with the F4163 engine -- then loss of engine 
power is indicated. 

After stall testing, make pressure checks, 
starting with checking pump pressure. To do 
this, remove the pump pipe plug, and install 
the pressure gage -- tightening the adaptor 
securely. Then, run the engine in neutral, 

The pump pressure should be 120 to 140 lbs. at 
1400 RPM, If the reading exceeds this, it 
indicates that the pressure regulator is not 
working, or that the by pass valve is not 
functioning. 

If pump pressure, is low, it indicates a low oil 

supply 9 an airleak in the suction line caused 
by faulty seals, a bad pump, or a plugged 
screen. Leave the gage hooked up. 

Fig. 6685 

Fig. 19808 

Fig. 19795 

Fig. 19796 

Code: OH-381, SEP 79 Section 3, Page 19 
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Next pressure test the reverse selector pack. 
With the truck still blocked, remove the 
reverse selector pipe plug from the control 
cover , and securely install another pressure 

gage. Then run the engine . . . 

Fig. 19821 

. . . in both neutral and reverse. In neutral, 
the selector pressure should be zero. In 
reverse, at 1400 RPM, the selector pressure 
should not drop more than 8 pounds under pump 
pressure (120 to 140 lbs .) . Remove the gage 
from the control cover and install the pipe 

plug l 

Fig. 19797 

Next, remove the forward selector pipe plug and 
install the pressure gauge. 

A” 
g 

Fig. 19808 -O 

Then, run the engine in neutral and forward. In 
neutral the selector pressure should be zero. 
In forward, at 1400 RPM, it should not drop more 
than 8 pounds under pump pressure (120 to 140 
lbs.) o 

Fig. 19797 
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If pressure readings for either reverse or ,: 
forward selector packs are low, selector pack 
piston ring or adaptor end enclosure ring may be. 
broken; there may be a leak between control cover 
and inching valve; there may be a leak between 
bearing caps and case; or there may be a leak in 
control valve cover or valve body. With these 
conditions, full pressure cannot be exerted on 
the packs. Thus, we have uncontrol led and 
continuous slippage of discs which can cause 
overheating, glazing of discs, oil contamination 
and other failures. Slippage of grooved discs 
can cause overheating, disc-warpage and 
destruct ion of discs. 

To determine whether trouble is in control valve 
cover or transmission, loosen cover. Then insert 
shim stock, .OOl to .002;inch thick and l-1/2 
inches wide, between cover and oil hole in the 
transmission case. Tighten cover, blocking all 
oil going to selector pack. Start the engine. 
If correct selector pressure is indicated, the 
trouble is in transmission, indicating need for 
transmission disassembly. If pressure remains 
low, it indicates trouble in control cover -- or 
between transmission housing and control valve 
cover. Remove shim and gages and install pipe 

plug. 

Next, remove the converter oil line pipe plug 
and install a pressure gauge. 

Then, accelerate engine in neutral. At 1400 RPM, 
reading should be 60 to 75 lbs. If pressure is 
above 90 lbs., converter damage may be caused. 
Replace, or decrease tension of converter 
pressure regulating valve spring to correct. If 
pressure is below 60 lbs., it may cause engine 
and transmission overheating, To correct, 
replace or increase tensi,on of converter pressure 
regulating valve spring. If this does not 
correct the low pressure condition, internal 
leaks, bad seals, or worn pump are indicated, and 
transmission internal repair is required. . 

For other trouble shooting, refer to the trouble 
shooting guide at the beginning of this section. 

: 
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D I SASSEMBLY : 

Remove converter, converter hous ing , 
transmission, and drive axle assembly from 
engine. 

NOTE 

Keep converter with transmission to 
prevent damage to bushing. After 
the transmission is separated from 
the engine, slide the converter off 
the transmission shaft _ 

As first step in total disassembly, remove the 
bolts and nuts which secure the axle ends to 
the axle adaptor housing. 

Then, remove the axle ends. Remove the brake 
line running from the control valve cover to 
the tee on the drive axle adaptor. 

‘Then remove the capscrews which hold the 
transmission and axle adaptor housing 
together o 

Fig. 19798 

Fig. 19798 

Fig. 19824 -O 
0 

Fig. 19825 
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Next separate transmission and adaptor 
housings by installing and evenly drawing down 
three of the removed capscrews in the tapped 
holes provided for the purpose, 

NOTE 

Replace all gaskets, “0” rings, seals 
and snap rings. Inspect bearings and 
replace if necessary. Thinly coat 
gaskets with #3 Permatex. “0” rings 
and seals should be dipped in type “A” 
transmission fluid. Inching valve 
components should be dipped in brake 
fluid. 

Then, remove axle adaptor housing from 
transmission. 

Next, to remove parking brake, pull the cotter 
pin that secures the pinion shaft nut. Lock 
the brake linkage with a prybar and remove the 
pinion shaft nut. 

NOTE 

If brake does not hold, remove the 
control valve cover and wedge a 
soft metal rod between the selector 
pack gears. 

Remove the parking brake housing capscrews. 

Fig. 19826 

Fig. 19827 

Fig. 19828 

Fig. 19829 
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Now unhook the 1) parking brake linkage and 
2) the return spring. 

Fig, 19830 

Remove the entire brake housing and drum 
assembly from the shaft using prybars. The 
brake unit must be removed as a complete 
assembly. - 

Remove the converter to housing capscrews. 

Fig. 1983 1 

Fig. 19832 G 

Then install three capscrews in the tapped holes 
provided and progressively turn them until . . . 

Fig. 19833 
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. . . the converter housing and transmissidn 
case are fully separated. 

Fig. 19834 

With the converter housing and transmission 
$n.ous i ng separated, the selector packs and 
shaft drive gear pinion are exposed for 
removal . 

Fig. 19835 

Now, pull the pinion shaft from the case. 

Fig. 19836 

This allows these components to be removed from 
the opposite end of the pinion shaft. 

.’ 

Fig. 1983’ 

* > Code: OH-381, SEP 79 Section 3, Page 25 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



‘INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

xt, remove the capscrews which secure the 
selector pack end enclosures, and remove the 
end enclosures. 

Lock the selector packs with a brass or copper 
rod. 

Fig. 19838 

Fig. 19839 

.en, loosen both selector pack nuts -- which 
are removed in a later step. 

Fig. 19840 ’ 
0 

Next, remove the control valve cover bolts 
and . . . 

Fig. 19841 
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. . . carefully remove control valve cover. 

,” 

,_ ,, 

Fig, 19842 

Next, remove the selector pack nuts. Tap the 
selector pack shafts with a soft hammer, and 
carefully remove the selector pack from the 
transmission. Do not drop the pack as you may 
damage the selector gear. 

Fig. 19843 

Remove the sump cover. Inspect and clean the 
cover and screen. Replace if damaged. 

Fig. 19844 

Next, disassemble the selector packs. To do 
th,is first remove the snap ring from the end of 
the shaft. 

. 

Fig. 19845 
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Th.en, remove the spacer from end of shaft. 

Fig. 19846 

Now the selector pack shaft -- with its 
bearing and thrust washer -- can be pressed 
from the drum. 

.Pull the selector pack shaft from the drum. 

Fig. 19847 

,, ,, 

Then, remove the selector pack shaft gear and 
bushing assembly. 

Fig. 19848 v 
z 

**,:, ,, 
,, 

Fig. 19849 
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Remove the large retaining ring from the inner 
diameter of the drum. 

Remove the selector pack disc end plate. a 

Remove the discs and release springs from the 
drum. If the bronze discs are worn, glazed, 
scored or warped, replace them. As a matter of 
common sense, compare them with new ones. If 
their thickness and general condition compare 
favorably with new ones, then they needn’t be 
rep 1 aced i 

on 
the 

Then, wh i le rotat ing the piston and 
it at the same time, remove the p 
drum. 

pulling up 
iston from 

CAUTION 

DON’T FORCE PISTON. 

Fig. 19850 

Fig. 19851 

Fig. 19852 

Fig. 19853 
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Now . . . inspect the drum for damage, Make 
sure any carbon is removed from the drum 
serrat ions o To clean the set-rations, use a 
wire brush. Make sure the serrations are not 
worn down and that there are no burrs. 

Be sure that the pressure inlet holes are open 
and . . . 

. . . that the bleed off hole is unclogged. 

Inspect the steel sealing ring on the drum 
gu i de -- making certain the ring hooks are 
intact . If the ring is damaged in any way, 
replace it. 

Fig. 198% 
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Inspect the steel seal on the piston, making 
certain the ring hooks are intact. .- __ Renlace the 
ring if it is damaged or worn. Also -check the 
internal guide surface of the piston for wear, 
scoring or burrs. 

. 

Fig. 19855 

. Inspect 
-= 2) clean 

1) the selector pack shaft bearing and 

- damaged. 
suitable 

. -moisture 

the.oi 1 holes. Replace bearing if 
Al,l parts must be cleaned with a 

.cleaning solution and dried with 
free compressed air. Inspect thrust 

‘washer for wear, and replace if necessary. 

. . 
. . . Fig. 19856 

To assemble a pack first, place the drum on 
a bench with its open end up, and coat its 

* : ‘,‘inner surfaces with type “A” oil. . . 

. 
: . . 

. 
s 

Fig. 19854 

Then, install the piston in the drum -- 
,\/ 

;, ’ 

-rotating and pressing it lightly downward until \ *’ 

it. is properly seated. 
_‘, ‘_ 

4 
.’ 

-CAUTION 
/_ 

NEVER ‘TAP OR FORCE THE PISTON o 

Fig. 19853 
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Next, install the discs, starting with a steel 
disc. This can be installed in any of the 
slots. Then, install- a bronze disc followin-g 
with a steel disc. Four bronze and four st.eel 
discs are used. The steel discs are dished 
.016 to .O28, and the bronze discs are spiral 
grooved. 

IMPORTANT 

NEVER ADD DISCS TO, OR SUBTRACT DISCS 
FROM, THE ORIGINAL NUMBER USED, 

The second steel disc must be rotated one tooth 
either to the right or to the left of the first. 
one, which allows seats for the release spr-i’n-gs 
to bottom on. 

Fig. 19852 

Fig. 19857 

Alternate bronze and steel discs, with 
remaining steel discs in same position as the. 
second steel disc. Insert the release sprine 
as shown. This picture shows the pack as it 
should be when instal led in the drum. 

Fig. 19857 

After the discs are installed, install the 
selector pack end disc plate. 

^“,” ‘_, 
_, ; ,‘_ 

_,‘_,‘, 

,, ” 

Fig. 19851 
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Secure the selector pack end disc plate by 
installing the large retaining ring. 

Next, coat the bronze thrust washer with type 
“A” fluid, and insert it into the drum with 
bronze face out, followed by the selector pack 
gear and bushing. 

NOTE 

Make certain selector pack gear 
bushing seat completely. 

Then, prepare to install the selector pack shaft 

into the drum by making certain the o il ho les 

and 

in the drum and shaft are in alignment. 

Next, press the shaft, with its bearing and 
thrust washer, into the drum. If the oil holes 

are not aligned, the transmis,sion will not 
function. 

Fig. 19850 

Fig. 19849 

Fig. 19858 

Fig. 19847 
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Install spacer on selector pack shaft. 

Install the snap ring. 

Fig. 19846 

Fig. 19845 

Finally, air check the pack. If the selector 

pack gear locks to the selector pack, the unit 
is assembled correctly. 

-5 

Fig. 19859 5 
0 
m 

Remove capscrew holding the oil pump to the 
converter housing and . . . 

Fig. 19860 
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.0. remove the oil pump. 

GROUP 
06 

Fig. 19861 

Now, loosen the regulator valve cover plug. 

Remove the oil pump cover capscrews and *.. 

Fig. 19862 

Fig. 19863 

. . . remove the cover. 
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Remove 1) the regu lator valve and 2) the 
converter pressure rel ief valve, Clean and 
inspect the components, and replace components 
if necessary. 

Fig. 19865 

Remove the oi 1 pump drive gear. 

Fig. 19866 

Remove the stator support capscrews and . . . 

Fig. 19867 k 

. . . remove the stator support. Check stator 
support for any damage. If damaged, replace. 

Fig. 19868 
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Remove.the shims, and the snap ring, from the 
main shaft. 

Fig. 19869 

Use a soft hammer, and drive the main shaft out 
of the bearing and housing. 

Fig. 19870 

With the main shaft out of the housing, inspect 

the shaft holes to be sure they are open, and 
then check the sealing rings for wear or 

‘damage. 

“’ ,’ 
,, 

Fig. 19871 

Replace bearings’ and seals. 

. . . 

. : 

Fig. 19872 1 
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These are the main shaft components. I nstal 1 
the main shaft in the housing. Install the 
snap ring and shims. 

IMPORTANT 

THE BEARING LOCATING RING MUST BE 
FLUSH AGAINST THE HOUSING IN ORDER 
FOR YOU TO I NSTALL THE S-NAP RING . 

Install the stator support. 

Install a new neoprene seal in the oil pump 
cover. Careful ly apply a thin coat of #3 
Permatex on the outer diameter of the seal 
before install ing it, Install regulator valve 
and pressure relief valve. 

Install the pump drive gear, then install the 
pump drive gear cover, using a new gasket with 
a thin coat of #3 ?ermatex. 

Fig. 19873 

Fig. 19867 

Fig. 19865 G 
0 

Fig, 19864 
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Now, check mainshaft end play, which should be 
.OOl to .002 thousandths of an inch. If end 
play is incorrect, remove the mainshaft and 
re-install it, using a shim of proper 
thickness. 

NOTE 

Shims of variable thickness are 
avai lable. 

Next, install the pinion shaft. Then install 
the pinion shaft components. 

. 

Without instal 
reassemble the 
converter hous 

. 
ling the “0” ring and sea-i , 
transmission case to the 

ing. 

. 

: Then, install the brake drum and install the 
pinion shaft nut on the shaft. Torque the 
pinion shaft nut 150 to 200 pounds. 

. 
NOTE 

It’s necessary to install the drum, 
since it’s needed as a spacer for 
the pinion shaft nut. 

Fig. 19874 

Fig. 19836 ’ 

Fig. 19834 

Fig. 19875 

_’ . 
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Then, check preload of the pinion sha-ft 
bearings. This is absolutely vital to p.rovide: 
long bearing life. 

NOTE 

Pre-load will not be correct if the 
selector packs are in the case., 

By rotating torque wrench slowly, preloading.“on 
the bearings must be 8 to 13‘ inch pounds. I F- 
preloading is not correct, adjustment by 
shimming between the bearing and spacer will be 
requ i red. Remove shims if preload is low. Add. 
shims if it is high. 

NOTE 

Shims of varying thickness are 
avai lable. 

R&move the pinion shaft nut and brake assembly,; 
and separate the transmission case from the 
converter hous i ng. 

Now, install the selector packs . . . 

Fig. 19876 

Fig. 19877 

Fig. 19834 
0 

Fig. 19878 
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. . . and install the selector pack and ., 
enclosures. 

NOTE 

It may first be necessary to install 
end enclosures’so selector packs can 
be driven into bearings. Then, 
remove end enclosures, install the 
selector pack nuts and reinstall end 
enclosures . 

Now, install a new .“O” ring and sealing ring 
on the converter housing. Lubricate both rings 
with a light film of transmission fluid. 
Assemble the converter housing to transmission 
case o Caution. should be exercised when sliding 
the converter housing into the transmission to 
prevent damage to the “0” ring and seal i ng 
ring. 

: 

Then, install,the brake assembly into the . . . 

Fig. 19838 

Fig. 19834 

Fig. 19879 

l . 0. l converter hous i ng . Also install a new rlOl’ _;,\_- 
,, ’ ,, /, 

ring on the pinion shaft. 

._ . . Fig. 19880 . . 
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Now, begin overhaul of the inching valve 
cover. 

A blocking nut is installed to make disassembly 
of the valve assembly ea.sier. Pry the inchin.g 
valve arm away from the housing and set the nut 
in place. Tension of the arm wi 11 hold the nut 

n position. 

This block ing nut is used to prevent 
the spring tension of the inching 
valve from forcing the rubber cup on 
the contra 1 piston past the port in 
the cover. If the rubber cup does 
pass the port, its 1 ip may be cut or 
torn. 

NOTE 

The bottom view of the control valve cover i-S 

shown here o To begin disassembly, first remove 
the allen plug to permit later removal of the 
poppet spring and ball. 

NOTE 

Removal of the plug is done at this 
point , because the cover can be used 
as a holding device to make the removal 
of plug easier. 

Then remove the cotter pin from the clevis. 

Fig, 19881 

Fig. 19882 

Fig. 19883 % 

Fig. 19884 
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Remove the capscrews that secure the valve body 
to the cover. 

Then twist the valve body counterclockwise and 
lift it off the cover. 

Remove the directional selector spool, and the 
poppet spring and ball will fall out. Inspect 
components for wear. 

Now, carefully remove the inching valve roll pin 
to prevent burring the inside surfaces of the 
valve- body -- using a straight shaft punch so 
that the bore wi 11 not be burred. 

Fig. 19885 

Fig. 19886 

,, 

_’ * : ,, j ,^,‘_ /_ ‘,, 
j_ ,_ “,_ ,,,, ,\ 

,_‘,,‘, ,_,, _’ ‘_ 

Fig. 19887 

,’ j ,’ 

Fig. 19888 
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Then, remove inching valve components.. Inspect 
components for wear. 

NOTE 

There i s one valve component remasiln-, 
ing in the valve body. Never remove 
the pin (arrowed end) which holds 
the valve in place,. as it i:s precisely 
instal led at the fsctory, and the 
slightest variation i’n its original 
position will cause malfunction, 

Install the ball, poppet spring, spool and 
inching valve components in the valve body. 

W’i‘th a cant inui ty tester, check the neutral 
starting switch. If it is not functioning 

properly, check the action of the actuating 
pl,ate which actuates the switch. if the switcti 
i‘s: i noperat ive, it may be necessary to replace 
it.. 

Remove the cotter pin which holds the inching 
va.l,ve spool to the valve arm. 

/ 
,,, 

‘, 

Fig. 19889 

Fig. 19887 

Fig. 19890 G 
0 

Fig. 19891 
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Then, remove the inching valve arm. 

GROUP 
06 

Fig. 19892 

Remove the inching shaft lock ring, washer, and 
shaft. Inspect shaft and bushing for wear, and 
replace if necessary. When installing the 
shaft,,be sure to install a new seal in the 
shaft hole. 

‘: 

Now remove the inching valve plug and inching 
valve components. Inspect all components, and 
always install a new rubber cup. Now, install 
inching valve components, see Fig. 19894. 

Attach plunger to the actuating arm. Lubricate 
the new rubber cup with brake fluid and install 
it in the bore -- carefully sliding it past the 
port and seating it firmly against the plunger. 
Don’t use a sharp device to install cup, since 
it can be cut or damaged. Next, install the 
metal cup and inching cup return spring, 
sealing ring and fitting. 

Remove 1) the relief valve and 2) the check 
valve. Clean and inspect components, and 
rep 1 ace i f necessary. 

Fig. 198% 

,, : ,,‘, 

Fig; 19894 

Fig. l-9895 
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To assemble the control valve cover, reverse 
disassembly steps. 

Then, install the cover on the case. The 
capscrew (see arrow) in the picture is shorter 
than the other capscrews. It must be installed 
in the hole shown, and must have a shake-proof 
washer. This capscrew is shorter than the 
others to allow removal of the inching valve 
cover without removing the steering gear housing 
when transmission is in the truck, 

Now, check the flywheel runout which should not 
exceed .005 inch total indicator reading. Also 
check crankshaft end thrust which should not 
exceed .006 inch o Excessive end thrust can 
cause failure of converter discs. 

Next, check the flywheel housing runout which 
shou Id not exceed .006 inch . 

Fig. 19881 

Fig. 19896 

Fig. 19897 -O 

Fig. 19898 

,- 
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If the disc on a disc mounted converter is 
damaged, replace it. To install the new disc, 
place it on converter with reinforcing plate 
on outer face of disc. Secure the d i SC and 
plate with capscrews. Torque screws -- 35 to 
40 foot pounds. Install the converter on the 
transmission shaft. Install the transmission 
on the flywheel housing, securing it with 
converter-housing-to-flywheel-housing cap- 
screws. Finally, install the disc-to-flywheel 
capscrews, and tighten them progressively -- 
using proper washers to prevent scoring of disc 
and premature fai lure. Torque capscrews 20 to 
25 foot pounds. 

Now, install the axle adaptor and the axle 
ends. Make certain that all shims are replaced, 
to insure proper clearance between pinion and 
ring gear -- which should be .008 to .Oi3 inch. 

Then install the power train in the truck. 

GROUP’ 
06 

Fig. 19799 

Fig. 19824 
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r- 04.000 

ASSEMBLY COMPLETE 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

FACING KIT 

USED ON RIVETED 

CLUTC ii ASSEMBLY 

LO4.002 

04.003F 

D4.000 CLUTCH ASSEMBLY, COMPLETE 

04.001 DISC, CLUTCH 

04.002 PLATE & COVER, CLUTCH 

04.003 FASTENER, CLUTCH COVER 

04.004 FACING KIT, CLUTCH DISC 

04-001 REV AUG 76 
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08.306 

08.305 -/ _/Z?.&\ 

08.309 / 

r 04.301 
nR.727 - \ 

08.307 08.332 

I- 
08.321 

322 

!-$08.336 
08.308 -q&&q== 

08.325 >k&oB. 

08.328 _ 
08.324 \ _ h ' 

08.334 

- 

l,,,/c 08.307 \a- 08.339 

08.338 J %@'08.333 

CLUTCH HOUSING 

z*;z; 
081306 
08.307 
08.308 

::*;:: _. 

TRANSMISSION ASSEMBLY (CONTINUED) 
BEARING, PILOT (IN FLYWHEEL) 
PAD, BEARING CARRIER WEAR 
SPRING, CLUTCH BEARING CARRIER RETURN 
SHAFT, CLUTCH STUB 
KEY, CLUTCH RELEASE YOKE 
COVER, CLUTCH HOUSING 
FASTENER, CLUTCH HOUSING COVER 
HOUSING,CLUTCH 
LUB-FITTING, CLUTCH RELEASE YOKE SHAFT 
BUSHING, CLUTCH RELEASE SHAFT 
SHAFT, CLUTCH RELEASE 

CUP, BEARING CARRIER GREASE 
SHAFT, CLUTCH PILOT 
RETAINER, CLUTCH PILOT SHAFT 
LOCK, CLUTCH PILOT SHAFT 
BRACKET & RAIL ASSEMBLY, CLUTCH 
FASTENER, CLUTCH RELEASE BRACKE 
SHAFT. CLUTCH 

RELEASE 
T 6 RAIL 

FASTENER, CLUTCH SHAFT 
LINE, GREASE CUP TO CLUTCH HOUSING 
FITTING, GREASE LINE TO CLUTCH HOUSING 
FITTING, GREASE LINE TO BRACKET 
FASTENER, CLUTCH HOUSING TO FLYWHEEL HSG-LOWER 

08.311 BEARING & CARRIER ASSEMBLY, CLUTCH RELEASE 

::*;1'; 
:8"*;;; 

FASTENER, CLUTCH HOUSING TO TRANS CASE-UPPER 
FASTENER, CLUTCH RELEASE YOKE CLIP, CLUTCH RELEASE SPRING 

08:317 
YOKE, CLUTCH RELEASE ;;:;;7" FASTENER, CLUTCH HOUSING UPPER TO LWR HALF 
BEARING, CLUTCH RELEASE 

08.318 
FASTENER, CLUTCH STUB SHAFT 

08.319 
FASTENER, CLUTCH HOUSING TO FLYWHEEL HSG 08: 338 FASTENER, CLUTCH HSG TO TRANSMISSION CASE-LOWER 

08.320 
FITTING, BEARING CARRIER GREASE LINE CLIP, BEARING CARRIER TO CASE GREASE LINE 

08.321 
LINE, BEARING CARRIER GREASE 
FITTING, BEARING CARRIER GREASE CUP 

FASTENER, CLUTCH HOUSING TO FLWL HSG Ai-rACH CLIP 
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INDUSTRIAL TRUCK DIVISION 

CLUTCH HOUSING 

TRANSMISSION ASSEMBLY (CONTINUED) 
BEARING, PILOT (IN FLYWHEEL) 
PAD, BEARING CARRIER WEAR 
SPRING, CLUTCH BEARING CARRIER RETURN 
SHAFT, CLUTCH STUB 
KEY, CLUTCH RELEASE YOKE 
COVER, CLUTCH HOUSING 

CUP, BEARING CARRIER GREASE 
SHAFT, CLUTCH PILOT 
RETAINER, CLUTCH PILOT SHAFT 
LOCK, CLUTCH PILOT SHAFT 
BRACKET 6 RAIL ASSEMBLY, CLUTCH 
FASTENER, CLUTCH RELEASE BRACKE 
SHAFT, CLUTCH 

RELEASE 
T 8 RAIL 

FASTENER, CLUTCH HOUSING COVER 
HOUSING,CLUTCH 
LUB-FITTING, CLUTCH RELEASE YOKE SHAFT 
BUSH I NG, CLUTCH RELEASE SHAFT 
SHAFT, CLUTCH RELEASE 

FASTENER, CLUTCH SHAFT 
LINE, GREASE CUP TO CLUTCH HOUSING 
FITTING, GREASE LINE TO CLUTCH HOUSING 
FITTING, GREASE LINE TO BRACKET 

BEARING 6 CARRIER ASSEMBLY, CLUTCH RELEASE 
FASTENER, CLUTCH HOUSING TO FLYWHEEL HSG-LOWER 

08.314 
08:334 

08.315 
FASTENER, CLUTCH RELEASE YOKE 08.335 

FASTENER, CLUTCH HOUSING TO TRANS CASE-UPPER 

YOKE, CLUTCH RELEASE 08.336 
CLIP, CLUTCH RELEASE SPRING 
FASTENER. CLUTCH HOUSING UPPER TO LWR HALF 

%;1; 
o8:319 
08.320 
08.321 

BEAR i NG, CLUTCH RELEASE 
FASTENER, CLUTCH HOUSING TO FLYWHEEL HSG 
FITTING, BEARING CARRIER GREASE LINE 
LINE, BEARING CARRIER GREASE 
FITTING, BEARING CARRIER GREASE CUP 

FASTENER; CLUTCH STUB SHAFT 
FASTENER, CLUTCH HSG TO TRANSMISSION CASE-LOWER 
CLIP, BEARING CARRIER TO CASE GREASE LINE 
FASTENER, CLUTCH HOUSING TO FLWL HSG ATTACH CLIP 
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INDUSTRIAL TRUCK DIVISION 

55 54 57 
56 I ’ 1 

TRANSMISSION 
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!NDUSTRIAP TRUCK DIVISION 

1 

2 

3 

4 

5 

6 

7 

a 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

TRANSMISSION ASSEMBLY 

MA INSHAFT 

LEVER, FORkIARD & REVERSE 

KNOB, GEAR SHAFT LEVER 

LEVER, GEAR SHIFT 

COVER, SHIFT LEVER DUST 

RING - RETAINING, SHiFT LEVER 

WASHER, SHIFT LEVER SUPPORT 

PIN, SHIFT LEVER PIVOT 

ROD, SHIFT FORK SUPPORT 

FASTENER, SHIFT FORK ROD 

BALL, MESH LOCK 

SHAFT, REVERSE IDLER 

BEARING, REVERSE IDLER SHAFT 

GEAR, REVERSE IDLER 

FASTENER, TRANS CASE TO CLUTCH HSG 

FASTENER, REVERSE IDLER SHAFT 

BALL, HI F, LOW MESH LOCK 

SPRING, HI & LOW MESH LOCK 

FORK, HI & LOW SHIFT 

FASTENER, TRANS SIDE COVER 

C3VER, TRAtlSMlSSlON - SIDE 

GASKET, TRANSMISSION - SIDE COVER 

FORK, FORWARD & REVERSE SHIFT 

BEARING, MC INSHAFT REAR 

STOP, SHIFT FORK 

CUP, MALNSHAFT REAR BEARING OIL 

RING - RETAINING, MAINSHAFT REAR BRG 

LOCATOR, MA I NSHAFT REAR BEAR I NG 

GEAR, FDkWARD & REVERSE 

GEAR, HI & LOW 

BEARING, MAINSHAFT PILOT 

GEAR, MAIN DRIVE 

BEARING, MAIN DRIVE GEAR - FRONT 

KEY, MAIN DRIVE FLANGE 

GASKET, DRIVE GEAR FRONT BRG CAP 

OB.DOD 37 

08.013 38 

06.101 39 

08.201 40 

08.200 41 

OB.iO% 42 

08.240 44 

08.207 46 

08.203 47 

08.241 48 

08.24% 49 

08.123 50 

08.111 51 

08.11% 52 

08.113 53 

08.148 54 

08.149 55 

08.243 56 

08.244 57 

08.245 58 

08.052 59 

08.053 60 

08.054 61 

08.256 62 

08.024 65 

08.257 66 

08.258 67 

08.083 69 

08.092 70 

08.057 71 

08.058 73 

08.001 74 

OB.Ob9 75 

08.067 76 

08.064 77 

08.093 78 

PLUG, TRANSMISSION DRAIN 08.036 

CAP, DRIVE GEAR FRONT BEARING 08.094 

FASTENER, DRIVE GEAR FRONT BRG CAP-UPR 08.095 

FASTENER, DR GEAR FRONT BRG CAP-LOWER C;B.Ogh 

SEAL, MAIN DRIVE FLANGE 

FLANGE, MAIN DRIVE 

FASTENER, MAIN DRIVE FLANGE 

CAP, OUTPUT SHAFT FRONT BEARING 

FASTENER, OUTPUT SHAFT FRT BEARING 

GASKET, OUTPUT SHAFT FRONT BRG CAP 

CONE, OUTPUT SHAFT FRONT BEARING 

RING - RETAINING, OUTPUT SHAFT FRT 

SPACER, OUTPUT SHAFT FRONT BEARING 

GEAR, OUTPUT SHAFT HI & LOW 

BEARING, OUTPUT SHAFT HI & LOW GEAR-RR 08.157 

SPACER, OUTPUT SHAFT HI & LOW GEAR OB.iSB 

GEAR, OUTPUT SHAFT FORWARD & REVERSE 08.159 

SPACER, OUTPUT SHAFT FWD & REV GEAR 08.160 

WASHER,OUTPUT SHAFT HIGH & LOW GEAR-RR 08.161 

BEARING,OUTPUT SHAFT HI & LOW GEAR-FRT 08.162 

WASHER, OUTPUT SHAFT HI & LOW GEAR-FRT 08.163 

SHIM KIT, OUTPUT SHAFT FRONT BEARING OB. 164 

CUP, OUTPUT SHAFT FRONT BEARING 08. lb5 

NUT, OUTPUT SHAFT 08.166 

GASKET, TRANS - CASE TO ADAPTOR PLATE 08.!69 

ADAPTOR- PLATE, TRANS CASE DI FF HOUS I NG 08.170 

LOCATOR, OUTPUT SHAFT REAR BEARING 08.171 

BEARING, OUTPUT SHAFT REAR 08.17% 

SPRING, FORkIARD & REVERSE MESH LOCK 08.173 

CASE, TRANSMI SS I DN 08.037 

DRUM, PARK I NG BRAKE 23 357 

SEAL, PARKING BRAKE DRUM 23.343 

SEAL, PARKING BRAKE DRUM 23.344 

KEY, PARKING BRAKE DRUM 23.345 

BRAKE ASS EtlBLY, PARK I NC 23_ 20u 

FASTENER, PARKING BRAKE 23.265 

08-005 REV 3 FEB 64 

08.097 

08.09a 

08.099 

08.150 

CAP 08.151 

08.15% 

oa.153 

BRG 08.154 

08.155 

08.156 
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INDUSTRIAL TRUCK DIVISION 

08.017 -6.3 

, NOTE: 

j NON SERVICEABLE 

ITEMS MARKED-N” 
‘-20.274 

RING GEAR 
-20.248 

PINION SET 

RINGS NOT INCLUDED NOTE: 

PINION GEAR M.283 MUST BE 

SERVICED IN SETS OF 4 

AXLE ADAPTOR AND DIFFERENTIAL 

06.200 
08.000 

%X 
081260 

08.261 
20.201 
20.211 
20.244 
20.245 

20.248 
20.254 

z::: 
20: 258 

TRANSMISSION ASSEMBLY, CONTINUED 

I TRANSMISSION ASSEMBLY, CONTINUED 
PLUG, TRANSMISSION OIL FILLER 
PLUG, TRANSMISSION OIL LEVEL 
TUBE, TRANS OIL LEVEL DIPSTICK SUPPORT 

DIPSTICK, TRANSMISSION OIL LEVEL 
SHIM KIT, DIFFERENTIAL BEARING CARRIER 
VENT ASSEMBLY, DIFFERENTIAL HOUSING AIR 
SEAL, DIFFERENTIAL OIL LEVEL DIPSTICK SUP 
COVER, DIFFERENTIAL ACCESS HOLE 

20.265 CUP, DIFFERENTIAL BEARING 
20.273 
20.274 

FASTENER, DIFFERENTIAL CASE 
SHIM KIT, DIFFERENTIAL HOUSING 

20.275 SEAL, TRANSMISSION TO HOUSING 
20.279 FASTENER, DIFFERENTIAL CASE TO RING GEAR 

20.282 SPIDER, DIFFERENTIAL SIDE PINION 
20.283 
20.284 

GEAR, DIFFERENTIAL SIDE PINION 
WASHER, DIFF SIDE PINION GEAR THRUST 

20.285 GEAR, DIFFERENTIAL SIDE 
20.286 WASHER, DIFFERENTIAL SIDE GEAR THRUST 

RING GEAR 6 PINION SET, DIFFERENTIAL 
SEAL, DIFFERENTIAL BEARING CARRIER 
SEAL, DIFFERENTIAL BEARING CARRIER 
BEARING CARRIER, DIFFERENTIAL 
FASTENER, DIFF BRG CARRIER TO HOUSING 

20.287 CASE & GEAR ASSEMBLY, DIFFERENTIAL 
20.375 COVER, DIFFERENTIAL HOUSING INSPECTION 

HOUSING, DIFFERENTIAL 
PLUG, DIFFERENTIAL HOUSING 
DOWEL, DIFFERENTIAL HOUSING 

20.264 CONE, DIFFERENTIAL BEARING 

tt SOLD ONLY BY SPECIAL ARRANGEMENT 

20-111 REV NOV 77 
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MASTER MAINT,ENANCE MANUAL 

TRANSMISSION 2-SPEED ._ 

TRANSMISSION TROUBLE SHOOTING GUIDE 

Because the Transmission and Drive.Axle are in direct con- 

tact, the trouble you are lookingfor maybe in either or both, or may- 

be due to some other closely associated units such as the clutch. 

Make sure of the trouble before a major disassembly is undertaken 

Your trouble may be a simple one. 

EXCESSIVE NOISE 6. Shift fork bent or loose on shaft or shaft rail. 

1. 

2. 

3. 

4. 

5. 

Improper or insufficient lubricant. 

Misalignment of transmission bel I housing and engine 

flywheel housing. 

Clutch release linkage improperly adjusted. 

EXCESSIVE BACKLASH IN AXLE 

Worn or damaged parts (ring gear, pinion gear, and 

etc). 

Tire wear uneven. 

1. Axle housing to transmission screws loose. 

2. Worn splines on axle shaft or side gears. 

3. Worn ring gear, drive pinion. 
(Replace as a set only) 

DIFFICULT TO SHIFT GEARS LUBRICANT LEAKS 

1. 

2. 

3. 

4. 

5. 

Binding in gear shift control parts. 

Incorrect driving practices. 

Excessive end play. 

Too heavy I ubricant . 

Broken snap or locating rings. 

1. 

2. 

3. 

4. 

5. 

6. 

Lubricant level too high. 

Worn oil seals. 

Main drive gear bearing retainer screws loose. 

Cover plates not secure or damaged gaskets. 

Front, center or rear case cracked or broken. 

Drain plugs loose. 

08TS 004 1 APR 63 
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MASTER MAINTENANCE MANUAL 
m 

Plate 11584 

80DS TRANSMISSION ASSEMBLY 

Plate 11585 

STEP 1. Plate 11585. Remove pinion shaft carrier 

housing to transmission retainers and separate 

assemblies. 

STEP 2. Plate 11586.Remove parking brake retain- 

ers and pull assembly from clutch housing. 

STEP 3. Plate 11587. Disconnect carrier return 

springs from bearing carrier and remove springs. 

Plate 11586 Plate 11587 

08M107A JAN 72 
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MASTER MAINTENANCE MANUAL 

Plate 11588 

STEP 4. Plate 11588.Pull bearing and bearing 

carrier from clutch shaft. 

Plate 11589 

STEP 5. Plate 11589.Remove upper clutch housing 

retainers and remove housing from transmission. 

STEP 6. Plate 11590.Remove bearing carrier 

bracket and rail assembly. 

STEP 7. Plate 11591.Remove the clutch shaft 

retainers and clutch shaft assembly. 

CLU-rCH SHAFT 
\ 

Plate 11590 

08M107B 

Plate 11591 

JAN 72 
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SET SCREW 

CLUTCH SXAFT 

Plate 11592 

PBLOT SHAFT 

STEP 8. Plate 11592.Loosen pilot shaft set- STEP 9. Plate 11593.Remove the brake drum nut 
screw and slide shaft out of clutch shaft. and brake drum. 

STEP 70. Plate 11594.Remove outputshaft bearing 

cap. 

Plate 11593 

MASTER MAINTENANCE MANUAL 

STEP 11. Plate 11595. Remove mainshaft bearing 
retainer ring on axle end of transmission. 

Plate 11594 Plate 11595 

08M107C JAN 72 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



MASTER MAINTENANCE MANUAL 

Plate 11596 

STEP 12. Plate 11341.Remove inputshaft drive 

flange and bearing cap. Pull mainshaft pilot 

bearing out of flange. 

Plate 11597 

STEP 13. Plate 11342.Pull mainshaft partially 

out of transmission case and remove HI and LO 

sliding gear. 

STEP 14. Plate 11598.Remove forward and reverse 
sliding gear and pull mainshaft from transmission 
case. 

STEP 15. Plate 11599.Remove output shaft front 

bearing. 

Plate 11598 

08M107D 

Plate 11599 

JAN 72 
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MASTER MAINTENANCE MANUAL 

Plate 11600 

STEP 16. Plate 11600.Remove output shaft wave 
washer. 

STEP 18. Plate 11602.Remove output cluster gear. 

Plate 11602 

Plate 11601 

STEP 17. Plate 11601.Pull output shaft toward 
axle end of transmission and remove front output 
cluster gear washer. 

STEP 19. Plate 11603.Remove output cluster gear 
bearings, 

Plate 11603 

08M107E JAN 72 
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MASTER MAINTENANCE MANUAL 

Plate 11604 Plate 11605 

STEP 20. Plate 11604.Remove rear output gear STEP 21. Plate 11605.Remove output forward 

cluster washer. gear spacer. 

STEP 22. Plate 11606.Remove output forward gear. 

Plate 11606 

STEP 23. Plate 11607.Remove output reverse 
gear and pull shaft from transmission case. 

Plate 11607 

08M107F JAN 72 
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MASTER MAINTENANCE MANUAL 

STEP 24. Idler shaft and cluster gear removal 

A. Remove idler shaft retainer. 

B. Drive shaft from transmission case using 

drift pin. 

C. Remove cluster gear from transmission. 

D. Remove bearings and spacer from cluster 

gear. 

STEP 1. Plate 11609. Install bearings and bear- 

ing spacer into idler gear cluster and install 

into transmission. Install idler shaft and 

shaft lock. w 

DRI 

MAIN DRIVE GEAR 

BEARING 7 1 
BEARING CUP 

FLANGE SEAL 

LFLANGE NUT 

Plate 11608 

STEP 25. Plate 11608.Disassemble drive flange 

assembly only if bearing, seal and or drive 

gear must be replaced. 

STEP 2. Plate 116lO.With output shaft rear 

bearing installed, insert shaft into transmiss- 

ion and install spacer. 

Plate 11609 Plate 11610 

08M107G JAN 72 
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MASTER MAINTENANCE MANUAL 

Plate 11607 

STEP 3. Plate 11611.1nstall output reverse gear 
on shaft with chamfer side of teeth toward front 
of transmission. 

STEP 5. Plate 11605.lnstall output forward 
gear spacer. 

Plate 11606 

STEP 4. Plate 11606.lnstall output forward 
gear on shaft. 

STEP 6. Plate 11604.tnstall rear output gear 
cluster washer,with oil serations toward front 
of transmission. 

Plate 11605 

08M107H JAN 72 

Plate 11604 
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MASTER MAINTENANCE MANUAL 

CLUSTER GEAR 

LONG BEARING ~_ SHORT BEARf NG 

Plate 11603 

STEP 7. Plate 11603.1nstall cluster gear bear- 
ings into gear. Short bearing on large gear end, 
long bearing on small gear end. 

Plate 11602 

STEP 8. Plate 11602.lnstall cluster gear into 
transmission with large gear toward front of 
transmission. 

STEP 9. Plate 11601 .lnstall front cluster gear 
washer with oil serations toward gear, and press 
shaft in until rear bearing is seated in bearing 

CUP. 

STEP 10. Plate 11600. Install output shaft wave 
washer. 

Plate 11600 

08M107J JAN 72 
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MASTER MAINTENANCE MANUAL 

Plate 11599 

STEP 11. Plate 11599.lnstall output shaft 

front bearing. 

Plate 11611 

STEP 12. Plate llbll.With mainshaft rear bear- 

ing installed on shaft, insert through rear of 

transmission. 

STEP 13. Plate 11598.lnstall forward and 

reverse sliding gear with fork flange toward 

rear of transmission. 

STEP 14. Plate 11597.lnstall Hi and Lo sliding 

gear on shaft with fork flange toward rear of 

transmission. 

Plate 11598 

08M107K JAN 72 

Plate 11597 
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MASTER MAINTENANCE MANUAL 

Plate 11596 

STEP 15. Plate 11596.Place new gasket on input 
shaft drive flange and install mainshaft pilot 
bearing. 

STEP 17. Plate 11595.lnstall mainshaft bearing 
retainer. Ring must be well seated. 

Plate 11612 

STEP 16. Plate 116t2.InstaIl input shaft drive 
flange. 

STEP 18. Plate 11613.Coat outside contact area 
of new seal with Permatex #2 and instal I into 
bearing cap. 

SEAL 
\ 

BEAR I NG CAP / 

Plate 11595 

08M107L 

Plate 11613 

JAN 72 
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MASSE AINTENANCE MANUAL 

Plate 11594 

STEP 19. Plate 11594.Using new gasket, install 

output shaft bearing cap. 

Plate 11614 

STEP 20. Plate 11614.lnstall brake drum seal 

on output shaft. 

STEP 21. Plate 11593.Insert lock key in output 

shaft and install parking brake. 

STEP 22. Plate 11592.Assemble clutch shaft 

and tighten set screw into locking hole holding 

pilot shaft into position. 

Plate 11593 

08M107M JAN 72 

Plate 11592 
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MASTER MAINTENANCE MANUAL 

Plate 11591 

STEP 23. Plate 11591.Assemble clutch shaft to 
input shaft drive flange. 

Plate 11590 

STEP 24. Plate 11590.lnstall bearing carrier 
bracket and rail assembly and lower clutch 
housing. 

STEP 2.5. Plate 11589.Assemble upper clutch STEP 26. Plate 11588.lnstall bearing carrier 
housing to lower clutch housing and install on bracket and rail assembly. 
retainers. 

L 

Plate 11589 Plate 11588 

08M107N JAN 72 
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STER AINTENANCE MANUAL 

Plate 11587 

STEP 27. Plate 11587.Install and connect bear- 
ing carrier return springs. 

STEP 29. Plate 11585. Assemble ax1 e adaptor 
assembly to transmission assembly and install 
retainers. 

Plate 11585 

Plate 11586 

ST& 28. Plate 11586. Install parking brake 

assembly. 

08M107P JPlN 72 
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MASTER MAINTENANCE MANUAL 

TRANSMISSION 2-SPEED 

DESCRIPTION TRANSMISSION REMOVAL 
The transmission assembly is connected di- 

rectly to the drive axle, no propeller shaft is 
required. Power is transmitted directly from the 
transmission to the axle, as one is an integral 

part of the other. Pinion gear on end of trans- 
mission pinion shaft engages the differential 
ring gear, transmitting power to the differential 

splined side gears. These in turn revolve the 
axle shafts. 

Remove the drive axle assembly and the 
clutch. Refer to the respective sections for re- 
moval. . 

Make certain blocking is under the flywheel 
housing to hold the forward section of the en- 
gine. 

The differential assembly is of the con- 
ventional bevel gear full floating construction 
carried by tapered roller bearings on the differ- 

ential carrier and has two pinion gears with two 
side pinion gears. 

Remove the four cap screws that hold the 
transmission to the lower half of the clutch bell 
housing and two screws from transmission case 
to bell housing. Make certain the transmission 
is supported as the cap screws are removed. 

Maneuver the transmission out of the frame., 

NOTE: Do not drop or hit the trnnsmission cuse. 

The case is cast iron and breaks very easily. 

REVERSE 
XXER GEAR 

MAlN SHAFT FORWARD 
AND REVERSE GEAR 

~~~~0~ SH’AFT FORWARD 
AND REVERSE GEAR I 

PINIONSHAFT HlGH 
AND LOW GEAR 

Fig. 1. Transmission Gear Train 

08MOObA 1 APR 63 
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MASTER MAINTENANCE MANUAL 

MAIN SHAFT 

The m ainshaft is supported at the front of 

transmission case by a straight roller bearing 

mounted inside of the main drive gear and at the 

rear of transmission case by a, single row ball 

bearing. 

MAIN DRIVE GEAR 

The main drive gear is an integral part of 

the clutch shaft. It is supported at clutch end 

by clutch pilot bushing and at, transmission end 

by single row ball bearing which is held against 

shoulder on shaft by snap ring and retained in 

transmission by bearing cap. This bearing cap 

serves as a support for the clutch release bear- 

ing. 

MAIN SHAFT GEARS 

Constant mesh gears are used in this model. 

Main drive gear, main shaft low gear, main shaft 

forward gear and main shaft reverse gear are all 

straight cut type and are in constant mesh with 

pinion shaft and reverse idler gears. Spur gear 

teeth of these gears mesh with spur teeth on 

high and low shift gears to effect the power con- 

nection between gears and pinion shaft. 

REVERSE IDLER GEAR 

The reverse idler shaft is held in position 

by a lock at the rear of transmission case. The 

idler gear turns on two roller bearings and is in 

constant mesh with pinion shaft reverse gear 

and main shaft reverse gear and is always in 

motion when the transmissionis used. It becomes 

operative for reverse motion when forward and 

reverse shift gear is engaged with main shaft 

reverse gear. 

TRANSMISSION INSPECTION 
AND MAINTENANCE 

Soak Bearings in a suitable cleaning solvent to loosen 
all hardened grease and foreign materol. Strike Bearings 
flat against block of wood several times and wash again 
in “clean” cleaning solvent turning races slowly. Repeat 
operation until Bearings are absolutely clean and then 
blow them dry with compressed air. 

CAUTION 

Never use air on Bearings in a direction which will spin 
the Races. 

After cleaning Bearings, apply engine oil and turn 
themslowlytotest forworn spots, pitted Balls and Races. 
If the Bearings are satisfactcry, cover them to protect 
against dust and other foreign matter until they are ready 
for use. 

o8~0048 

Clean Transmission Gears, Shift Rails and other parts. 
Clean all parts of the Transmission thoroughly, using a 
suitablecleaningsolvent toremoveall grease and foreign 
matter. 

Inspect Gear Teeth. Gears which are damaged by 
clashing or which have galled surfaces on the faces of 
the Gear Teeth, should be replaced. 

Inspect Splines on Shafts and in Gears,. Examine the 
Mainshaft for twisting or scoring. Install Drive Gear, 
Forward and Reverse, High and Low gears on the Main- 
shaft and check for clearance. If Spline clearance ex- 
ceeds .005 inch maximum it will be necessary to replace 
parts. 

TRANSMISSION 

Figure 2. Transmission Assembly 

Examine Gear Rollers. Individual Bearing Rollers 
which are worn excessively or which shown signs of 
scoring or.galling should be replaced to insure satisfac- 
tory operation of the transmission. 

All Gears which show signs of the Gear Teeth being 
chipped, or having burrs, broken edges on teefh and 
pulling on the face of the teeth should be replaced. 

NOTE 

Small burrs can be removed with a fine stone - removing 
only the raised edge of the burr. Galling of the Gear 
Teeth is caused by lack of lubricate or imporper clear- 
ance. If any gears show signs of galling, find and cor- 
rect the trouble before reassembly. Replace any parts 
that show wear or are badly damaged. 

Oil Seals and Gasketsshould be replaced any time the 
Transmission is disassembled. It is more economical to 
replaceGaskets and Oil Seals when unit is disassembled 
than to replace them at a premature overhaul. Further, 
loss of lubricant through a worn seal may result in fail- 
ure of other parts. Handie sealscarefully, particularly 
when seals are being installed. Cutting, scratching or 
curling under of a seal lip seriously impairs or el imin- 
afes efficiency. 
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MASTER MAINTENANCE MANUAL 

Inspect Shift Forks, Lugs and Rails. Check all Forks 
and Lugs for excessive wear or damage. Check Rails for 
excessive wear at Poppet Notches, Interlocking Notches 
and replace if necessary. 

Checkthe Transmission Case for cracks, broken places 
or dents and burrs where the Bearings seat. Replace the 
case if necessary. 

Before reassembly, oil all parts of the transmission 
a light coating of SAE 90 gear oil. (Bearings, Washers, 
Spacers, Bearing Cones, Shaft Splines and Gear Splines 
etc., must be lubricated). 

Be sure that dust, dirt or foreign matter is prevented 
from getting in the transmission case or on the parts as 
the transmission is reassembled. 

NOTE: If either the bevel ring gear or pinion 

needs replacement make certain they are re- 

placed as a set. 

NOTE: It is very important tbut the cages, shims 

and caps are replaced on the side from which 

they were removed. The shims adjust the back- 

lash between the bevel ring gear and pinion and 

should be correct at all times. 

BACKLASH ADJUSTMENT 

The ring gear and pinion are hand fitted at 

the factory for proper mesh and contact between 

gear teeth. Since both the ring gear and pinion 

are mounted to a single position with no end 
play, the only adjustment is to adjust for back- 

lash between ring gear and pinion. The adjust- 

ment is made by moving the ring gear in relation 

to the pinion by removing and replacing shims 

under differential drive pinion bearing caps. 

This will move ring gear closer to pinion de- 

creasing backlash or away from the pinion in- 

creasing backlash. 

Always check the backlash adjustment any 

time the transmission has been disassembled or 

when a new ring gear and pinion has been in- 

stalled. 

Procedure for adjustment is as follows: 

1. Clamp transmission in a vise or solidly 

block transmission on a bench so that there will 

be no movement of the transmission case. 

2. Hold the pinion gear stationary and take 

up all the backlash by rotating the ring gear 

slightly so that the teeth of the gears are hitting 

against one side. 

3. Mount a dial indicator in such a manner 

that the measuring end is parallel to pinion gear 

shaft and touching an upper tooth of the ring 

gear, Fig. 1. 

4. Rock ring gear by hand watching the dial 

indicator for movement. The rocking action should 

be from where the teeth make contact on one 

side to contact on the opposite face. The back- 

lash between the gears should be .008” to .012’. 

5. If backlash is greater than .012”, remove 

a shim from under the left bearing cap and place 

a shim of the same thickness under the right 

bearing cap. 

6. If backlash is less than .008”, remove a 

shim from under the right bearing cap and place 

a shim of the same thickness under the left bear- 
ing cap. 

7. After changing the shim, recheck the back- 

lash. Be sure the bearing caps are tight when 

the check is made. 

Fig. 3 Backlash Adjustment 
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S!dE!J_AC GASKEI COAT FLANGE S@?FACES 
TO COVEF! PLATE , WETI-I 

TEC 
T 

/ 
\ TlGMTEN CAPSCREWS 

TBGHTEN SfUDS 8, MJTS COAT PIPE PLUG 43 PO 60 FT., tBS. 

3‘0 86 ET., LBS. THREADS WTH “DRY TM? EAD ” 

“DRY THREAD” 
SEALER 
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TIGHTEN CAPSCREWS TO TtGHTEN CAPSCREWS 
68 FT., ts*, TOtiQUE TO 18 FT., FBS. 

‘“rhw TWREAD” “DRY THREAD” 

4OTO6;3 FT., LBS, 
“DRY THREAD” 

E SVRFACES WiTH 
ER 3 PERMATEX 

TIGHTEN STUDS & NL.iT 
20 TO 25 FT., LBS. 

“DRY TMR EAD” 
USE NUMBER 2 PERMATEX ON 

@?!JSW TYPE “A” OIL ON ALL 
TAPER BEARlNGS & BORES 

OF ALL BUSHINGS 

CAPSCREWS AND STUDS 
WITH THRef HOLES 
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CL9RK industrial Truck 
Division 

NOTE: 
NON SER’ilCEABLE 

n-EMS MARKED “N” 

DISTRIBUTOR 

11.300 DISTRIBUTOR ASSEMBLY 
11.301 GEAR, DISTRIBUTOR 
11.302 PIN, DISTRIBUTOR GEAR 
11.303 SHIM, DISTRIBUTOR GEAR 
11.304 WASHER, DISTRIBUTOR GEAR 

11.311 PLATE, DlSTRlBUTOR BREAKER 
11.312 CONDENSER, DISTRIBUTOR 
11.313 FASTENER, DISTRIBUTOR CONDENSER 
11.314 POINT SET, DISTRIBUTOR BREAKER 
11.315 SCREW, DISTRIBUTOR POINT ADJUSTOR 

11.317 
11.3lB 

COVER-GASKET-SEAL, DISTRIBUTOR HOUSING 
ROTOR, DISTRIBUTOR 

11.319 CAP, DISTRIBUTOR 
11.320 WICK, DISTRIBUTOR CAM 
11.321 SPACER, DISTRIBUTOR WEIGHT PLATE 

11.322 CLAMP, OISTRIBUTOR MOUNTING 
11.323 
11.324 

FASTENER, DISTRIBUTOR CLAMPING ARM 
DIAL, DISTRIBUTOR CLAMPING ARM 

11.325 FASTENER, DISTRIBUTOR MOUNTING CLAMP 

tt SOLD ONLY BY SPECIAL ARRANGEMENT 

11.326 
11.327 
11.328 
11.329 
11.339 

BRACKET, DISTRIBUTOR ATTACHING 
FASTENER, DISTRIBUTOR ATTACHING BRACKET 
SEAL, DISTRIBUTOR HOUSING 
FITTING-LUB, DISTRIBUTOR HOUSING 
SCREW, DISTRIBUTOR CAP ATTACHING n LARGE 

11.340 SCREW, DISTRIBUTOR CAP ATTACHING - SMALL 
11.341 scREw, BREAKER PLATE HOLD 0owN 
11.342 GROMMET, DISTRIBUTOR PRIMARY LEAD 
11.3B5 LUBRICATOR, DISTRIBUTOR BREAKER POINT 
Il.306 SUPPORT, DISTRIBUTOR BREAKER POINT LUB 

ll.3BB 
14.027 

i:N :; 
23N it 

KIT, DISTRIBUTOR TUNE-UP 
LEAD, DISTRIBUTOR PRIMARY 
HOUSING, DISTRIBUTOR 
FASTENER, WEIGHT HOLD DOWN 
SPRING, DISTRIBUTOR WEIGHT 

25N tt PLATE, WEIGHT HOLD DOWN 
2714 it CAM, DISTRIBUTOR BREAKER 
MN it WEIGHT, DISTRIBUTOR 
29N it MAINSHAFT C WEIGHT PLATE 
3W tt BUSHING, DISTRIBUTOR HOUSING 
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DELCO-REMY _ 

INTERNAL ADJUSTMENT 

IGNITION DI 
The best assurance of obtaining maximum service 
with minimum trouble from ignition systems is 
to follow a regular inspection and maintenance pro- 
cedure. Periodic lubrication where required, in- 
spection of the distributor contact points, centrif- 
ugal_ and vacuum advance mechanisms (Fig. l), 
connections and cables, distributor cap and rotor 
are essentials in the inspection procedure. In addi- 
tion, the distributor may be placed in a distributor 
tester at periodic intervals so the action of the ad- 
vance mechanisms can be checked. The ignition coil 
and condenser should be checked periodically on 
testers specifically designed for the purpose. As a 
final step, the contact point opening or cam angle 
should be checked and adjusted, and the dis- 
tributor reinstalled on the engine and timed. 

Figure l-Testing vacuum advance mechanism. 

IGNITION DISTRIBUTOR MAINTENANCE 

LUBRICATION 
The distributor requires lubrication of the shaft 
advance mechanism, breaker cam! breaker plate 
assembly (rotating types), and breaker lever pivot. 
The shaft is lubricated by a variety of methods, and 
lubrication recommendations are as follows: Hinge 
cap oilers should be filled with SAE 20 oil at each 
vehicle lubrication period. Grease cups should be 
turned down one turn every 5,000 miles and re- 
filled with No. 2% grease as required. High pres- 
sure grease fittings, on distributors so equipped, 
should be supplied with grease every 5,000 miles. 

llM601A 

STRIBUTORS 
Continue to force lubricant into grease fittings until 
it comes out relief hole in a steady stream. Use 
Delco-Remy Ball Bearing Lubricant on distribu- 
tors equipped with ball bearings and No. 2% 
grease on others. Repack sealed tachometer or 
governor drive gear chambers with No. 2% grease 
every 25,000 miles. Gear chambers equipped with 
grease cups require the addition of one full cup of 
No. 2% grease every 5,000 m.iles. 

Distributors with built-in lubrication (Fig. 16 and 
Fig. 17) are assembled with a supply of oil in the 
reservoir. Under normal operating conditions, the 
reservoir should be refilled every 10,000 miles 01: 
200 hours of operation. (More frequent refilling 
is required when unusual heat or other operating 
conditions are experienced.) To refill reservoir 
remove the oil plug and add Grade 20 W oil. When 
replacing plug, seal with a compound that will hold 
against oil. 

A trace of Delco-Remy Cam Lubricant should be 
placed on the breaker cam every 5,000 miles, ex- 
cept on distributors having cam lubricators. On 
these, grease the cam every 10,000 miles. Install 
new cam lubricator if felt appears worn. Every 
5,000 miles put 1 to 2 drops of light engine oil 
(10 W) on the breaker lever pivot and 3 to 4 drops 
on the felt wick under the rotor. Distributors not 
having a felt wick in the cam under the rotor will 
require no additional lubrication at this point until 
the distributor is disassembled or overhauled. On 
these models a small space is provided between the 
main shaft and the inside of the cam forming a 
reser.voir which is filled with lubricant at the time 
of manufacture. At overhaul periods Delco-Remy 
No. 1 Lubricant or other suitable all-temperature 
grease may be used to replace the original lubri- 
cant. On ball-supported breaker plates, place 
a small amount of Delco-Remy Ball Bearing Lu- 
bricant on each ball every 5,000 miles; on center- . 
bearing breaker plates, add 3 to 4 drops of light 
engine oil (10 W) to the felt wick between the 
plates every 5,000 miles. Apply oil slowly at the 
oil hole or at the edge of the plate allowing’time for 
absorption. Wipe off any overflow of oil from the 
plate. 

Avoid excessive lubrication. If too much oil is used, 
the excess is apt to get on the contact points and 
cause them to burn. 

COURTESY OF: DELCO-REMY 
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MASTER MAINTENANCE MANUAL 

Figure 2-Testing centrifugal advance mechanism. 

INSPECTION 

At periodic intervals the components of the ignition 
system should be inspected and serviced as ex- 
plained in the following paragraphs. 

As a first step in the inspection procedure, check 
the condition of the battery and battery cables 
(Bulletin 7D-100). Then check the vacuum ad- 
vance mechanism to make sure it operates freely. 
On the type which rotates the complete distributor, 
turn the distributor in its mounting by hand 
(Fig. 1) and then release it. The vacuum advance 
spring should return it to its original position 
without sticking. On the type which rotates the 
breaker plate only, turn the plate by hand (Fig. 1). 
The breaker plate should return to its original 
position when released. 

CENTRIFUGAL ADVANCE MECHANISM 
The centrifugal advance mechanism can also be 
checked for freeness by turning the breaker cam 
in the direction of rotation (Fig. 2) and then re- 
leasing it. The advance springs should return the 
cam to its original position without sticking. 

These checks provide information on the condition 
of the advance mechanisms, but do not, of course, 
supply data on the manner in which they actually 
operate. To obtain that data, the distributor must 
be removed from the engine and checked on a dis- 
tributor tester. If the mechanisms do not function 
normally, the distributor will require servicing. 

CAP 

Wipe out the distributor cap with a clean cloth 
and inspect it and the rotor for chips, cracks and 
carbonized paths which would allow high-tension 

Figure S--Wiping distributor cap with clean cloth. 

leakage to ground. Such defects require replace- 
ment of the part. 

CONTACT POINTS 
The point opening of new points can be checked 
with a feeler gauge, but the use of a feeler gauge 
on older, rough points is not recommended, since 
accurate gauging cannot be done on such points 
(Fig. 4). The gauge measures between high spots 
on, the points instead of the true point opening. 
Point opening of used points can be checked with 
a .&al indicator (Fig. 5). To adjust the point open- 
ing, loosen the lock screw and turn the eccentric 
(Fig. 6). Tighten the lock screw well after adjust- 
ment is complete. 

/. 
/ 

I 

- 
Figure 4-Reason why feeler gauge cannot be used on rough 
contact points. Note that gauge measures the distance from 
high spot to high spot on points and not the actual opening. 

A cam angle meter can be used to check the cam 
or contact angle. This angle is the number of de- 
grees that the breaker cam rotates from the time 
the points close until they open again (Fig. 7). 
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Figure S-Using dial indicator to check contact point opening. 

The cam angle increases as the point opening is 
decreased and it is reduced as the point opening is 
increased. 

The contact point pressure should be checked with 
a spring gauge (Fig. 8). The scale should be hooked 
to the breaker lever and the pull exerted at an 
angle of 90” with the point surface. Reading should 
be taken just as points separate. The pressure can 
be adjusted by bending the breaker .lever spring. 
If the pressure is excessive, it can be decreased 
by pinching the spring carefully. To increase, the 
lever must be removed from the distributor so 
the spring can be bent away from the lever. Avoid 
excessive spring distortion. New breaker lever 
springs may be stronger than required in service; 
be sure to check the spring tension of all new levers 
when installed. Remember that excessive pressure 

Figure GAdjust point opening by loosening lock screw 
and turning eccentric screw. 

1 lM601C 

Figure ‘I-Cam angle is the number of degrees of breaker cam 
rotation from time points close until they open again. 

causes rapid rubbing block, cam, and contact point 
wear while insufficient pressure will permit high- 
speed point bounce which will, in turn, cause 
arcing and burning of the points and missing of 
the engine. 

CLEANING CONTACT POINTS 
Clean the points, if necessary, with a few strokes 
of a clean, fine-cut contact file. Do not attempt to 
remove all roughness nor dress the point surfaces 
down smooth; merely remove scale or dirt. Never 
use emery cloth or sandpaper to clean points since 
particles will embed and cause arcing and rapid 
burning of the points. 

WHEN TO REPLACE CONTACT SET 
Under most normal operating conditions, dis- 
tributor contact points will provide many thou- 
sands of miles of service. Points which have under- 
gone several thousand miles of operation will have 

19-23 ozs. 17-21 ozs. 19-23 ozs. 

-8” 

+a 
@ 

Figure S-Spring tensions for three types of breaker levers. 

a rough surface or slight transfer of material, but 
this should not be interpreted as meaning that 
points are worn out. 

Rough contacts which are “greyish” in color have 
a greater area of contact than new contacts, and 
will provide satisfactory service until most of the 
tungsten is worn off. 

Pitted or transferred contacts is a normal condi- 
tion and should not necessarily be replaced un- 
less the transfer has exceeded .020 of an inch 
(Fig. 9). 
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.’ 

REPLACE CONTACP SET 

WHEN TRANSFER HAS 
EXCEEDED ,020” 

Figure 9-Allowable contact material transfer. 

BURNING OF POINTS 
Contact point burning will result from high voltage, 
presence of oil or other foreign material, defective 
condenser and improper point adjustment. 

High voltage causes an excessively high current 
flow through the contact points which burns them 
rapidly. High voltage can result from an im- 
properly adjusted or inoperative voltage regulator 
Oil or crankcase vapors which work up into the 
distributor and deposit on the point surfaces will 
cause them to burn rapidly. This is easy to detect 
since the oil produces a smudgy line under the 
contact points (Fig. 10). Clogged engine breather 
pipes permit crankcase pressure which will force 
oil or vapors up into the distributor. Overoiling the 
distributor will also produce the condition. 

Figure IO-A smudgy line under the contact points indicates 
that oil or crankcase vapor is getting between the points, 

causing rapid burning of the points. 

If the contact point opening is too small (cam 
angle too large), the points will be closed too long 
a part of the total operating time. Average current 
flow through the points will be too high so the 
points will burn rapidly and arcing will occur be- 

llM601D 

tween the points resulting in low secondary voltage 
and engine miss. 

High series resistance in the condenser circuit will 
cause the contact points to burn rapidly. This 
resistance may be caused by a loose condenser 
mounting or lead connection, or by poor connec- 
tions inside the condenser. 

A condenser tester is required to detect excessive 
resistance. Other checks to which the condenser 
should be submitted include break-down, low- 
insulation resistance, and capacity. 

CABLES 

The low- and high-tension cables should be ex- 
amined carefully for brittle or cracked insulation 
and broken strands. Defective insulation will per- 
mit missing or cross firing of the engine. Connec- 
tions should be clean and tight. 

SPARK PLUGS 

Spark plugs should be inspected and serviced 
every 3000-4000 miles or 150 hours of operation. 
Cracked, broken, or worn insulators will require 
replacing the plug. Spark plugs having an oily 
deposit must be degreased and dried thoroughly 
before sand-blast cleaning to prevent gumming 
and packing of the cleaning compound. Refer to 
the plug manufacturer’s service instructions for 
details of spark plug service. 

The center electrode should be filed to a flat sur- 
face with a sharp edge. When readjusting the 
spark gap, bend the outer electrode only. Bending 
the center electrode may cause the porcelain to 
crack. 

TIMING AND SYNCHRONIZATION 

Set advance adjustment arm or selector to zero 
and tighten arm hold-down bolt before attempting 
to time the distributor to the engine. Motor ve- 
hicles have flywheel markings to facilitate timing. 
Refer to the engine manufacturer’s service instruc- 
tions for details of timing. All ignition distributors 
with manually controlled spark should be timed in 
the full manual advanced position to eliminate 
variations in the manual control linkage. Some 
distributors having vacuum controlled spark have 
a l/s inch hole in the advance arm and clamp 
arm. On these units it is necessary to align the 
holes with a l/s inch pin before timing. To correct 
timing, loosen the distributor clamp bolt or bolts 
and rotate the distributor in its mounting. Tighten 
bolt or bolts after timing is completed. 

On some engines it is not possible to synchronize 
double breaker lever distributors on the engine 
without special synchronizing tools. This is par- 
ticularly true on twelve and sixteen cylinder 
engines. 
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The disassembly procedure varies somewhat ac- 
cording to the type of distributor, but normally 
little difficulty will be experienced. In the type unit 
shown in Figure 11, disassemble by unsnapping 
cap springs, taking off cap and rotor. Then dis- 
assemble terminal, take off breaker plate attaching 
screws, and lift out breaker plate. Remove coup- 
ling or gear by grinding or filing off the peened- 
over head of pin and then driving out pin. Shaft 
and advance mechanism can then be lifted out. 
Advance mechanism is disassembled by taking off 
nuts fastening hold-down plate in place. 

NOTlG When disassembling a distributor with 
a flexible drive gear, discard old driving 
blocks, cushions, retainers and pin. These parts, 
if used a second time, will probably provide 
too loose a fit for proper vibration-absorbing 
action. 

The distributor illustrated in Figure 12 includes a 
dust seal, grease cup lubrication, and an accessory 
drive for an engine governor or tachometer. Dis- 
assembly is basically the same as for the unit shown 
in Figure 11. However, the thrust plug must be un- 
screwed and the accessory drive shaft taken out 
of the housing before the shaft and advance mecha- 
nism assembly can be removed. After reassembling 
the distributor, check the clearance between the 
accessory drive shaft and the thrust plug. Add or 
remove shims as necessary to obtain .005” to .OlO” 
end play. Also check main shaft end play, which 
should be from .002-.OlO, add or remove shims as 
is necessary to provide proper end play. 

Figure 11-Cross-sectional and top 
typical distributor. 

view of a 

llM601E 

WEIGHT BASE 

BEAklblG ACCEiSORY 
DREVE SHAFT 0 

C 

CO&MPLING 

Figure lZ-Wloded view of a dlstrlbutor which has arrange- 
ment to drive an engine governor or tachometer. 

The distributor illustrated in Figure 13 is of a 
special construction, incorporating a two-part 
housing and ball bearings. To disassemble, remove 
cap and rotor, take out cam locking screw and 
lift off breaker cam. Remove washers above ball 
bearing, disconnect lead from primary terminal 
or disassemble terminal, take out upper housing 
retainer screws and lift off upper housing. Re- 
move the coupling or gear by pressing out the pin. 

The lower bearing races are locked by nuts, and 
these nuts must be unscrewed from the shaft and 
housing before the lower bearing can be taken out. 
The shaft can be removed without taking out the 
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Figure B--Se 

M LOCKING SCREW 

BALL BEARING BREAKER LEVER 

BREAKER CAM 

WEIGHT BASE STABLE BREAKER PLATE 

xtional view of a heavy-duty, double contact point ignition distributor with a two. 

beajring by unscrewing the nut that locks the 
inner race of the bearing to the shaft. 

Figure 14 illustrates a special type of heavy-duty 
distributor for use on a 12-cylinder engine. It will 
be noted that the construction of this unit is similar 
in many respects to that of the distributor shown in 
Figure 12. Disassembly procedure thus is essen- 
tially the same as for that unit (except for the ac- 
cessory drive). Note, however, that the distributor 
shown in Figure 14 features built-in lubrication of 
the shaft through a porous bushing. IT? case the 
bushing becomes worn it can be replaced by a new 
bushing available as a service part. (See BUSH- 
ING REPLACEMENT.) 

-piece 

CLEANING, INSPECTION AND TEST 
OF PARTS 

Clean and examine all parts of the distributor 
after disassembly. Do not clean cap, rotor, con- 
denser, insulators or housing (on units with built- 
in lubrication) in any degreasing compound, since 
this may damage the part. Examine the centrifugal 
advance parts, weights, springs and plate, for signs 
of wear and replace parts that look worn or other- 
wise damaged. On units with a dust seal, replace 
the sealing washer if it is hard, worn or dirty. Re- 
place contact points that are worn or pitted, or if 
the breaker lever rubbing block or bushing is ex- 

Figure 14-Sectional view of a heavy-duty, double contact point ignition distributor with built-in lubrication. 
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cessively worn. Wn units with a cam lubricator, 
replace the lubricator if the lubricating felt wick is 
worn, hard or dirty. 

CENTER-BEARING BREAKER PLATE 

Breaker plates will normally require very little 
service other than lubrication and an occasional 
adjustment of spring tension. To measure the 
spring tension hold the breaker plate right side up 
in a horizontal position. Apply a spring scale 
(either push type or a pull type with a “C” hook) 
at the stabilizing spring post, and note the force 
required t.o start vertical movement of the post. 
The force required for the should be not less than 
32 ounces or more than 56 ounces. It is also neces- 
sary to check the friction between the plates. This 
check can be made as shown in Figure 15. Return 
the movable plate to the fully retarded position 
before making this check. Pull required to start 
movement of the plate should be not more than 20 
ounces. Excessive friction can be caused by insuf- 
ficient lubrication, tight bearing, burrs on retainer 
or bearing, cupped or distorted upper or lower 
plate, or dirt between the plates. 

Figure E-Testing spring tension of center-bearing breaker 
plate assembly. 

Whenever a complete breaker plate assembly is 
reinstalled in the distributor, care must be taken 
when attaching the vacuum control linkage. The 
linkage must be fitted to the connector bearing on 
the breaker plate so that there is no upward or 
downward thrust on the plate when the vacuum 
control operates. Also check clearance of linkage 
through full travel to be sure it does not touch 
the condenser can. By loosening the condenser 
bracket attaching screw the condenser may be 
shifted in the bracket to allow clearance, if 
necessary. 

The vacuum control linkage must be fitted to the 
connector bearing on the breaker plate so that 
there is no upward or downward thrust on the plate 
when the vacuum control operates, since this will 
interfere with timing. 

BUSHING REPLACEMENT 

Bushings or bearings can be replaced on many ap- 
plications, including units which have built-in 
lubrication (see Fig. 16 and Fig. 17). Porous bush- 
ings are available as service replacement parts, but 
the actual installation requires great care, as well 
as the use of a special arbor, in order to prevent 
damage to the bearing surface. Proper lubrication 
with a porous bushing depends upon a uniform 
predictable seepage of oil through the structure 
of the bushing. The amount of oil which seeps 
through a porous bushing may be seriously af- 
fected by scratches or scuffed areas on the bearing 
or transmitting surfaces. Porous bushings are man- 

,... . 

-. 

Figure 16Sectional view of distributor showing details of 
oil reservoir construction. Shaft is lubricated by seepage of 
oil through porous bushing. Reservoir should be refilled with 
Grade 20 W oil. Use of other lubricants will cause bearing 

failure. 
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ufactured to an exact size and should not be 
reamed, scraped, or filed. It is very important to use 
only the grade of oil specified for the oil reservoir 
since other grades will allow either excessive or 
inadequate lubrication depending upon viscosity. 
Under no circumstances must grease be used in the 
oil reservoir. 

REASSEMBLY, TESTING, 
REINSTALLATION 

Reassembly is the reverse of disassembly. 

After reassembly the contact point opening and 
cam angle should be checked and adjusted as al- 
ready explained. Breaker lever spring tension 
should also be checked and adjusted, if necessary. 
Then the distributor should be carefully tested on 
a distributor tester that will check not only the 
centrifugal advance mechanism, but also the vac- 
uum advance mechanism, where present on the 
unit. 

REINSTALLATION 

When installing a distributor, observe the follow- 
ing cautions: 

Be sure the distributor mounting is clean so 
there will be a good ground connection for the 
distributor. 

Check engine breather pipes, since clogged pipes 
cause crankcase pressure which will force oil 
up into the distributor. 

If the advance mechanism of the old distributor 
was found to be worn, check the engine for worn 
timing gears or oil pump, since these cause 
backlash -which produces torsional vibration; 
such vibration causes rapid advance mechanism 
wear. 

4. Be sure to install the new distributor all the 
way down in its mounting well. If the dis- 
tributor is not pushed all the way down, the 

5. 

6. 

distributor shaft is apt to freeze in the distributor 
housing and cause complete ruination of the 
distributor. 

Be sure that the vacuum line to the distributor, 
where used, is open. 

Refer to the section on timing. 

Figure 1743ectional view of battery ignition unit for farm 
tractors showing details of construction and lubrication. Dis- 
tributor shaft and drive shaft are lubricated by seepage of 
Grade 20 W oil from reservoirs through porous bushings. Gear 
chamber is packed with No. 2% grease. Normally, additional 

lubrication will be required only at 500-hour intervals. 
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CLARK ROT POINT CAM 
PART VIEWING OPENING ANGLE 

NUMBER CAP END (in.) 0 

326860 

334903 
351538 
602329 
604380 

25-34 300 
31-34 300 

39 375 
25-34 400 

25-34 450 

604446 
609916 
610096 
61 1245 
61 1516 

51 410 1 

25-34 400 o-2 
25-34 400 o-2 

31-37 375 o-2 
25-34 400 o-2 

61 1701 
62652 1 
636452 

635361 
6391 ?_o 

31-37 
31-37 
31-37 
31-37 
31-37 

648734 

691730 
695112 

695113 
707097 

31-37 375 o-2 
31-37 375 o-2 

39 460 1 

39 350 1 

31-37 375 o-2 

710432 

710597 
710875 
710935 
737295 

36 

iP 

47 
31-37 

751698 
752894 
790843 
796683 
798887 

% cc 
% cc 
% cc 
% cc 
% cc 

% cc 
% c 
% cc 
% cc 
% cc 

% CC 
% CC 
% C 
% CC 
% cc 

% cc 
% c 
% c 
% c 
% c 

% cc - 
% c 
% cc 
% cc 
8 c 

% cc 
% cc 
%' cc 
9 cc 
4 cc 

4 c 
3 cc 
9 c 
3 c 
9 c 

3 c 
9 c 
3 cc 
3 cc 
9 cc 

9 c 
9 c 
4 c 
f c 
9 c 

.022 

.020 

.022 

.022 

.020 

.022 
,022 
.022 
.022 

.022 

.022 

.022 

.022 

.022 

.022 

.022 

.020 

.020 

.022 

.020 

.020 

.020 

.020 

.022 

.022 

.022 

.022 
,022 
,022 

,020 
.020 
.020 
.022 
.022 

.022 
,022 
.022 
.022 
.022 

.020 

.022 
,022 
.022 
.022 

57-65 400 o-2 

25-34 400 o-2 
25-34 400 o-2 

31-37 300 .5-2 ..5 

31-37 375 o-2 

36719% 
370083 
371485 
374502 

37473 l 

374930 
3753 19 
376981 
380585 
384989 

385885 
392829 
340019 
34022% 

34033 1 

;: 

3:?37 
31-37 

31-37 
31-37 
31-37 
31-37 
31-37 

3:p37 
31-37 
31-37 
31-37 

MASTER MAINTENANCE MANUAL 

T 

! Sl 
B RPM 

RT 
DEG A 

.5-2.5 

.5-2.5 
1 

o-2 
o-2 

T UGAL ADVANCE 

i- INTERMEDIATE I MAXIMUM 
0 RPM 

400 
400 

DEG BRPM DEG 8 RPM DEG 

3-5 800 5.5-7.5 1000 

3-5 800 5.5-7.5 1100 

1375 1475 
700 /!6 1200 

700 2-4 1000 

1290 9 1400 10 
600 2-4 900 5-7 
950 4-6 1250 6-8 

575 3-5 800 6.5-8.5 

700 4-6 1200 IO-12 

375 
300 
375 
375 
375 

o-2 
o-2 
o-2 
o-2 
o-2 

400 

500 

575 3-5 800 
2-4 850 6-8 1200 
2-4 800 3-5 1300 

575 3-5 800 

575 3-5 800 

500 
575 3-5 800 

2-4 800 3-5 1300 

1390 1500 

7oo Z’ 775 
1000 5-7 1500 

325 1 

500 1 

325 1 

375 1 

375 o-2 

400 3 1275 IO 1400 
1150 7 1250 

650 14 675 
910 

1000 5i7 

1000 
I500 

400 

950 4-6 1250 

7oo 4-6 1200 

950 4-6 1250 

3-5 800 5.5-7.5 1100 

575 3-5 800 

440 
410 

450 
275 
450 

1 
1 
1 

o-2 
o-2 

800 

800 
400 

1175 
880 

I300 
800 

9oo 

400 

225 
300 
300 
375 

5 8 1300 

5 1000 

5:7 9911 
1425 
1300 

g-11 1375 

6-8 I 600 
8-10 12-14 1150 

3-5 5.5-7.5 1100 
2-4 6-8 1350 
1-3 3-5 1050 

5 1425 
7-10 8910 1500 

4-6 850 
8-10 12-14 1150 

5-7 g-1 1 1300 

and tachometer A! 400 engine RPM or below to the above 

o-2 
o-2 

.5-2.5 
o-2 
o-2 

400 
400 
400 
400 

I050 

900 
800 

950 
725 

450 
300 
200 

225 
275 

1 

o-3.5 
o-2 
o-2 
o-2 

800 

500 

400 
400 

I300 

525 
500 
900 
800 

SPECIFICATIONS 

CENTRI 

% . ..Time engine with timing ligh 
specifications. 
(a) Initial advance RPM Ranqe - 430 to 580. 
(bj N 0 T E.. .(Distributor advance at 600 RPM %hould be 1' to 5’.) 

(c) Engine RPM is double distributor RPM. 
C . ..Clockwise Rotation as Viewed from the Cap End. 
CC..Counterclockwise Rotation as viewed from the Cap End. 

7.5-9.5 
7.5-9.5 

12 
IO-12 

4-6 

6.5-8.5 
g-11 

5-7 
6.5-8.5 
6.5-8.5 

6.5-8.5 

5-7 
10 

6 
g-1 1 

1 1 
8 

15 
8 

g-1 1 

6-8 
10-12 

6-8 

7.5-9.5 
6.5-8.5 

z 
10 

14-16 
12-14 

11.5-13.5 
14-16 

7.5-9.5 
g-11 

5-7 

%YO 
g-11 

14-16 
14-16 

l The above specified RPM 

is Distributor RPM 
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MASTER MAINTENANCE MANUAL 

SPECIFICATIONS 

CLARK 
PART 

NUMBER 

ROT POINT DWELL 
VIEWING OPENING ANGLE 
:AP END (in.) 0 ( 

c 

' RPM 

940814 @ c .022 31-37 275 
941996 @ cc ,022 31-37 400 
956093 $ c .020 47 35G 
956104 $ c .020 36 680 
957801 $ c .020 39 375 

957802 

9,::::: 
634611 
634840 

636495 
697597 
1810413 

@ c 

$ c 

$ cc 

$ cc 

@ c 

@ cc 

8 c 

.020 

,020 

.021 

.022 

.021 

,025 

;; 
31-34 
31-34 
22-26 
31-34 
22-26 

37-42 

400 
370 
300 
300 
300 
350 
300 
600 

UGAL 

I NTEF 
D RPM 

850 
1050 
610 

1225 

775 

1000 
1600 
800 
800 
800 
550 
800 
1200 

ADVANCE 

(rEDlATE DEG 

CENTP 
.MEDIATE 

CLARK ROTATION 

PART VIEWING 

NUMBER CAP END 

334903 
334903 
334903 
334903 

161677 
161677 
161677 
161677 

163461 
163461 
163461 
163461 

@ cc 

@ cc 

$ cc 

@ cc 

@ cc 

@ cc 

9 cc 

@ cc 

@ cc 

@ cc 

$ cc 

@ cc 

MI IMUM 

B RPM DEG 

1300 
1600 
700 
1400 
875 

13-15 
11.5-13.5 

: 
6 

1140 

1750 
1000 

1100 

1100 

1225 

1100 

1500 

6 

12 

y-11 

7.5-9.5 

'iZt5 
7.5-9.5 
7-8 l/4 

4RT 

DEG A 

o-2 

o-2 

1 

1 

1 

I 

1 

.5-2.5 

.5-2.5 

.3-2.3 

.;-:.3 
O-I 

INTER 

0 RPM 

400 

400 
400 
400 
400 
350 
400 
900 

y-11 
6-8 

:: 
5 

5 

5.F7.5 
5.5-7.5 
5.5-7.5 
6.5-8.5 
5.5-7.5 

s-7 l/4 

DEG 

5-7 

315 
3-5 

;:; 

3-5 
4-5 l/l 

I POINT ( DWELL 

0 1PENlNG 1 ANGLE 

I CENTRIFUGAL AI: )VANCE 

iDlATE 

DEG. 

tlet 

5.5-7.5 
5.5-7.5 
5.5-7.5 
5.5-7.5 
utlet 

5.5-7.5 
5.5-7.5 
5.5-7.5 
5.5-7.5 
Outlet 

5.5-7.5 

5.5-7.5 

5.5-7.5 

5.5-7.5 

- 
MAX 

RPM 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

1100 

lb IUM 
DEG. 

7.5-9.5 
7.5-9.5 
7.5-9.5 
7.5-9.5 

7.5-9.5 
7.5-9.5 
7.5-9.5 
7.5-9.5 

7.5-9.5 
7.5-9.5 
7.5-9.5 
7.5-9.5 

th e Cap End. 

START INTEf 

RPM DEG. RPM 

linder Enqine, Distri 

300 .5-2.5 400 
.021w 22-26 
. 020" 

I 
31-34 

.021k': 22-26 

300 1.5-2.5 1 400 

-022" %9- 

ylinddr Engind, Distr 

300 1.5-2.5 1 400 
.021” 

.022" 

.021+* 

! 
. 022" 
.021++< 

.022" 

. 0 2 1 +;;I; 

31-34 
31-34 
31-34 
)ur (4) 
31-34 
31-34 
31-34 
31-34 300 .3-2.3 400 

"...Four or Six Cylinder STANDARD Points C . ..Clockwise Rotation as Viewed from 

*c..Four or Six Cylinder HEAVY DUTY Points l @... SEE FOLLOWING PAGE 

N 0 T E... Heavy Duty Points are identified by the hole in the center of the points (all 6-cylinder 

Heavy Duty Point applications - set Dwell angle at 22'-26' . . . . . ..Heavy Duty Points used on all 

4-cylinder applications, set Dwell angle at 31°-34'). 

HEAVY DUTY POINTS: When connecting leads, terminals must be back to back (flat sides together). 

Push into slot between insulator and spring. DO NOT push lever spring. Then push other terminal 
in place between first terminal and insulator. (See illustration on following page.) 
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MASTER MAINTENANCE MANUAL 

DELCO-REMY 

LIGHTWEIGHT- HIGH PERFORMANCE 

IGNITION DISTRIBUTORS 
(BOWL TYPE) 

The lightweight-high performance type distribu- 
tor shown in Figure 1 and Figure 2 is constructed 
with a diecast aluminum housing that provides a 
unit of light over-all weight. The distributor is 
designed to operate with the highest efficiency in 
order that reliable performance may be obtained. 

The circuit breaker plate assembly is mounted onto 
the main housing with two attaching screws. The 
movable plate is pivoted on the base plate and 
rides on three nylon bearings. The vacuum control 
unit is mounted onto the side of the distributor 
housing. It consists of an enclosed, calibrated, 
spring loaded diaphragm and is linked mechanic- 
ally to the moveable plate. The centrifugal advance 
mechanism is located under the breaker plate as- 
sembly, and is a part of the shaft assembly. It con- 
sists of an automatic cam actuated by two centrifu- 
gal weights controlled by springs. A typical model 
without vacuum advance is shown in Figure 3. 

Maintenance and service procedures are simplified 
by the design features of these types of distributors. 
These procedures are covered in the following 
sections. 

DISTRIBUTOR MAINTENANCE 

Lubrication 

No periodic lubrication to the main shaft is re- 
quired, since the bushings are lubricated by engine 
crankcase oil. The crankcase oil reaches the upper 
bushing through channels cut in the housing next 
to the shaft, and normal splash lubricates the lower 
bushing. On some models, the upper bushing lubri- 
cation is supplemented by oil filled waste located 
in a cavity next to the bushing. Also, some models 
do not have a lower bushing, in which case the 
lower part of the shaft is positioned in a bearing in 
the engine. 

When replacing the contact set assembly, a trace 
of Delco-Remy Cam Lubricant Part No. 1948792 
should be placed on the cam. Also, at the same time, 
lift off the rotor, and place a few drops of SAE $20 
oil on the top of the shaft to provide lubrication be- 
tween the cam and shaft. On models having a cam 
lubricator, the lubricator should be replaced when 
its oil supply has been depleted. 

Inspection 

In addition to lubrication, the distributor requires 
periodic inspection of the cap and rotor, wiring, 
timing, breaker points, and condenser. 

Cap and Rotor 

The cap and rotor should be checked for chips or 
cracks and carbonized paths which would allow 
high tension leakage to ground. The rotor spring 
should be checked to insure that it has good posi- 
tive contact against the cap button. 

\ 
GEAR 

.. 

Figure l-Typical distributor. 

COURTESY OF: DELCO-REMY 
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MASTER MAINTENANCE MANUAL 

CXQR 

-GEAR 

Figure L-Cross-sectional view of typical distributor. 

Wing 

The low and high tension cables should be ex- 
amined carefully for brittle or cracked insulation 
and broken strands. Defective insulation will per- 
mit missing or cross firing of the engine. Connec- 
tions should be clean and tight to reduce resistance. 
Poor or high resistance connections in the primary 
wiring can reduce the available voltage for firing 
the spark plugs. All leads located in either the coil 
tower or distributor cap should be checked to make 
sure they are pressed all the way down in their 
inserts. If rubber boots are used at these connec- 
tions, they too should be tightly in place over the 
connections. 

Timing 

Periodically the timing of the engine should be 

checked against vehicle manufacturer’s specifica- 
tions. This insures the most efficient engine per- 
formance. 

Contact Set or Breaker Points 

Under most normal operating conditions, distrib- 
utor contact points will provide many thousands of 
miles of service. Points which have undergone 
several thousand miles of operation will have a 
rough surface or slight transfer of material, but 
this should not be interpreted as meaning that 
points are worn out. 

Rough contacts which are “greyish” in color have 
a greater area of contact than new contacts, and 
will provide satisfactory service until most of the 
tungsten is worn off. 

Pitted or transferred contacts is a normal con- 
dition and should not necessarily be replaced un- 
less the transfer has exceeded .020 of an inch (Fig. 
4). 

Condensers 

Under most normal operating conditions, the con- 
denser will provide many thousands of miles of 
service. Before installing a new condenser the ex- 
isting distributor condenser should be checked to 
determine if it is still serviceable. 

PRIMARY 

LEAD CONDENSER 

Figure S-Distributor without vacuum advance (cap and 
rotor removed). 
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MASTER MAINTENANCE MANUAL 

REPLACE CONTACT SET 
WHEN TRANSFER HAS 
EXCEEDED ,020” 

Figure 4-Allowable contact material transfer. 

Check the condenser on a reliable make of con- 
denser tester. The condenser should be checked for 
the 

(1) 

(2) 

(3) 

following properties: 

Insulation Resistance (or Leakage) and Break- 
down Test. 

Series Resistance 

Capacity (MFD) 

CHECKS AND ADJUSTMENTS 

OF DISTRIBUTOR ON THE VEHICLE 

Replacing Contact Set 

The contact set is replaced as a complete assembly. 
To remove the contact set, merely lift the condenser 
lead clip and primary lead clip from between the 
breaker lever spring and insulator, and then re- 
move the contact set attaching screw (Fig. 5). The 
service replacement contact set has the breaker 
lever spring and the point alignment preadjusted 
at the factory. Only the dwell angle requires ad- 
justing after replacement. 

Adjusting Dwell Angle 

With the engine running at idle, the dwell angle 
or cam angle can be measured by a Dwell Angle 
Meter. IMPORTANT: When checking and adjust- 
ing the dwell angle, the vacuum advance unit must 
be in the full retard, or “no vacuum advance” posi- 
tion since the dwell angle may vary with vacuum 
advance on these types of distributors. To insure 
that this is the case, disconnect the vacuum line to 
the distributor during this check. To adjust the 
dwell angle, loosen the contact set attaching screw, 
place a screwdriver in the adjusting slot (Fig. 5), 
and turn until the desired dwell angle is obtained. 

Tighten the attaching screw, and then recheck the 
dwell angle reading. 

The point opening of the contact points may also be 
checked with the distributor mounted on the 
engine. To do this, crank the engine if necessary to 
locate a lobe on the cam directly under the breaker 
lever rubbing block. Then use a clean oil-free 
feeler gauge to measure the point opening. Adjust- 
ment procedure is the same as for the dwell angle 
check. 

It is important to remember that adequate point 
opening and cam angle are both required for good 
ignition. The maximum cam angle is required only 
for top engine speeds, but a reasonable point open- 
ing is required at all speeds. Therefore, contact 
points should always separate according to specifi- 
cations and dwell or cam angle should be within 
specified limits. Due to difficulty in accurately 
measuring the point opening of used points, it is 
recommended that when the dwell or cam angle is 
measured or set that the point opening should 
visually be checked to ascertain that it is reason- 
ably close to specifications. 

Figure CTop view of distributor (cap and rotor removed). 
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MASTER MAINTENANCE MANUAL 

CHECKS AND ADJUSTMENTS OF 
DISTRIBUTOR REMOVED FROM VEHICLE 

The distributor may be placed in a distributor test- 
ing machine or synchroscope to check for variation 
of spark and centrifugal and vacuum advance. 
IMPORTANT: On models having only one shaft 
bushing, it is necessary to provide some means of 
properly positioning the lower part of the shaft 
during the testing procedures. Many synchroscope 
manufacturers provide an adapter for this purpose. 
When checking the dwell angle, the vacuum ad- 
vance must be in the full retard or “no vacuum ad- 
vance” position, since the dwell angle may vary 
with vacuum advance on these types of distrib- 
utors. 

After testing on a synchroscope, it is recommended 
that the dwell angle be checked again after the 

distributor has been mounted on the engine. This 
will insure that the dwell angle is correct on those 
models which require special provisions for posi- 
tioning the lower part of the shaft on the synchro- 
scope. 

The procedure for replacing the contact set and 
adjusting the dwell angle and point opening is 
covered in the previous section entitled “Checks 
and Adjustments of Distributor on the Vehicle.” 

DISASSEMBLY AND REASSEMBLY 

Disassembling of the distributor for minor servic- 
ing has been covered previously throughout this 
bulletin. For complete disassembly, it is necessary 
to first remove the drive mechanism and then re- 
move the breaker plate and shaft assemblies. 
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MASTER MAINTENANCE MANUAL 

,; ,, REPLACE CONTACT SET 
” 

WHEN TRANSFER HAS 

EXCEEDED .020” 

” ,’ j’\ 

Figure PAllowable contact material transfer. 

Check the condenser on a reliable make of con- 
denser tester. The condenser should be checked for 
the 

(1) 

(2) 

(3) 

following properties: 

Insulation Resistance (or Leakage) and Break- 
down Test. 

Series Resistance 

Capacity (MFD) 

CHECKS AND ADJUSTMENTS 
OF DISTRIBUTOR ON THE VEHICLE 

Replacing Contact Set 

The contact set is replaced as a complete assembly. 
To remove the contact set, merely lift the condenser 
lead clip and primary lead clip from between the 
breaker lever spring and insulator, and then re- 
move the contact set attaching screw (Fig. 5). The 
service replacement contact set has the breaker 
lever spring and the point alignment preadjusted 
at the factory. Only the dwell angle requires ad- 
justing after replacement. 

Adjusting Dwell Angle 

With the engine running at idle, the dwell angle 
or cam angle can be measured by a Dwell Angle 
Meter. IMPORTANT: When checking and adjust- 
ing the dwell angle, the vacuum advance unit must 
be in the full retard, or “no vacuum advance” posi- 
tion since the dwell angle may vary with vacuum 
advance on these types of distributors. To insure 
that this is the case, disconnect the vacuum line to 
the distributor during this check. To adjust the 
dwell angle, loosen the contact set attaching screw, 
place a screwdriver in the adjusting slot (Fig. 5)) 
and turn until the desired dwell angle is obtained. 

Tighten the attaching screw, and then recheck the 
dwell angle reading. 

The point opening of the contact points may also be 
checked with the distributor mounted on the 
engine. To do this, crank the engine if necessary to 
locate a lobe on the cam directly under the breaker 
lever rubbing block. Then use a clean oil-free 
feeler gauge to measure the point opening. Adjust- 
ment procedure is the same as for the dwell angle 
check. 

It is important to remember that adequate point 
opening and cam angle are both required for good 
ignition. The maximum cam angle is required only 
for top engine speeds, but a reasonable point open- 
ing is required at all speeds. Therefore, contact 
points should always separate according to specifi- 
cations and dwell or cam angle should be within 
specified limits. Due to difficulty in accurately 
measuring the point opening of used points, it is 
recommended that when the dwell or cam angle is 
measured or set that the point opening should 
visually be checked to ascertain that it is reason- 
ably close to specifications. 

Figure ~-TOP view of distributor (cap and rotor removed). 
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MASTER MAINTENANCE MANUAL 

CHECKS AND ADJUSTMENTS OF 
DISTRIBUTOR REMOVED FROM VEHICLE 

The distributor may be placed in a distributor test- 
ing machine or synchroscope to check for variation 
of spark and centrifugal and vacuum advance. 
IMPORTANT: On models having only one shaft 
bushing, it is necessary to provide some means of 
properly positioning the lower part of the shaft 
during the testing procedures. Many synchroscope 
manufacturers provide an adapter for this purpose. 
When checking the dwell angle, the vacuum ad- 
vance must be in the full retard or “no vacuum ad- 
vance” position, since the dwell angle may vary 
with vacuum advance on these types of distrib- 
utors. 

After testing on a synchroscope, it is recommended 
that the dwell angle be checked again after the 

distributor has been mounted on the engine. This 
will insure that the dwell angle is correct on those 
models which require special provisions for posi- 
tioning the lower part of the shaft on the synchro- 
scope. 

The procedure for replacing the contact set and 
adjusting the dwell angle and point opening is 
covered in the previous section entitled “Checks 
and Adjustments of Distributor on the Vehicle.” 

DISASSEMBLY AND REASSEMBLY 

Disassembling of the distributor for minor servic- 
ing has been covered previously throughout this 
bulletin. For complete disassembly, it is necessary 
to first remove the drive mechanism and then re- 
move the breaker plate and shaft assemblies. 
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CL~Rl4 GROUP 
11 

The starting system includes the 
battery, neutral safety switch, 
ignition switch, solenoid, starter 

motor and all cables and wires to 
complete the circuit. 

The battery must be in good condition 
and fully charged so the starter will 
work correctly. 

NOTE 

Before removing any assembly 
from the starting circuit the 
following checks should be made. 

BATTERY 

1. 

2. 

3. 

4. 

Check the specific gravity of the 
battery with a hydrometer. It 
must be 1,260 or more before any 
other test can be made. If the 
specific gravity is low, charge 
or replace the battery. 

Check the amperage capacity by 
using a battery starting system 
testing instrument, for example, 
a Sun VAT 40. Follow the 
manufacturers instructions for 
connection and operating procedures. 

Put an amperage load on the battery 
that is 3 x battery hourly amperage 
rate, or the rate that is specified 
by the testing instrument manufac- 

turer. If these rates are not avail- 
able use the following chart. 

4 and 6 cylinder engines - 170 amps 
8 cyl. up to 300 cu. inches - 200 amps 
8 cyl. over 300 cu. inches - 240 amps 

Put the amperage rate to the specified 
amp draw by turning the adjusting 
knob. 

5. 

6. 

Check the voltmeter at the end of 
the 15 second test time. 

Voltmeter Test Results 

Good over 9.6 volts 
Fair 9- 9.6 volts 
Failed below 9 volts 

Temperature also effects battery 
voltage. A cold battery can be 
good and not give a reading of 
9.6 volts. Check ambient 
temperature and use the chart 
below for correct voltage output. 

MINIMUM VOLTAGE 

[21.2'C] or 70°F [15.6'C] or 60'F 
9.6 9.5 

[lO'C] or 50°F [4.4“C] or 40°F 
9.4 9.3 

[-l“C] or 30°F [-6.7'C] or 20°F 

9.1 8.9 

[-12.2'C] or 10°F [-17.8'C] or 0°F 
8.7 8.5 

7. If the battery reading is less than 
9.6 volts (adjusted with tempera- 
ture chart) it should be replaced. 

STARTER AMPERAGE LOAD TEST: 

1. Use an automotive starting 
system testing instrument and 
follow the manufacturer's instruc- 
tions for proper connection and 
operating procedure. 

NOTE 

Ground the large coil terminal 
wire before doing the test. 
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WIRK 

2. Engage the starter and check both 
meters. Do not engage the starter 
for more than 30 seconds during a 
test. 

4 and 6 cylinder - 200 amps max. 
8 cyl under 300 cid - 220 amps max. 
8 cyl over 300 cid - 250 amps max. 

Ammeter Test Results 
(while starter is engaged) 

3. Ammeter - high reading 
Voltmeter - low reading 
Check problems below before removing 
starter. If problem is corrected, 
check starter amperage pull for 
different results. 

1. a discharged battery 
2. a defective battery 
3. not correct ignition timing 
4. electrical connection problems, 

see GROUP 12, Section 5 
5. engine mechanical problems 
6. starter motor defect 

a. m&anical 
worn armature bushings 
loose pole shoes 

b. electrical 
short circuits 
open circuits 
grounded circuits 

STARTER INSPECTION: 

1. With starter removed from the 
engine check the armature for free 
rotation. The armature shaft will 
not rotate freely with tight or 
excessively worn bearings, a bent 
armature shaft or loose pole shoe 
screws. Disassemble starter to 
repair. 

DISASSEMBLY: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Make a scratch on the starter 
housing for correct alignment 
when assembling starter. 

Disconnect field coil connector 
from solenoid terminal. 

Remove solenoid. 

Remove mounting bolts and 
commutator end cap. 

Remove field frame from the lever 
housing. On some models you must 
remove field frame to lever housing 
bolts. 

If your starter has a 2 piece nose 
housing remove nose housing 
mounting bolts and nose housing 
from lever housing. 

Slide a metal cylinder on armature 
shaft and hit with a hammer to 
force retainer off snap ring. 

Fig. 20652 
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8. Remove snap ring from shaft groove. 
Replace snap ring during assembly 
if it is badly distorted. 

9. Remove clutch drive assembly and 
armature from lever housing. On 
some models the armature will 
already be removed from the lever 
housing. 

CLEANING: 

1. Clean all parts except the clutch 
drive with mineral spirits. 

2. Clean the clutch drive with a shop 
cloth. 

BRUSH INSPECTION: 

1. 

2. 

3. 

4. 

5. 

Inspect brushes for excessive wear. 
Replace if about l/2 the length or 
'less that of new brushes. 

Make sure brush holders are clean 
and that brushes do not bind in 
the holders. 

When brushes are replaced make sure 
the wide side of the brush compared 
to off-set mounting hole is toward 
riser bars. See Fig. 20656. 

Make sure the springs apply the 
correct pressure to the brushes. 

Replace springs if they are distored, 
discolored or weak. 

ARMATURE INSPECTION: 

1. Check commutator for wear. 

2. Burrs, dirt and small wear marks 
must be corrected by using No. 00 
sandpaper. 

3. A commutator with too much wear, 
out of round, or high insulation 
requires replacement with a new 
starter. 

ARMATURE GROUNDS: 

1. Grounds can be found by using a 
continuity tester. 

2. Hold positive lead on armature 
shaft and slowly rotate negative 
lead around commutator. 

3. If the test lamp illuminates the 
armature is grounded and requires 
starter replacement. 

Fig. 7222 

ARMATURE SHORTS: 

1. 

2. 

3. 

4. 

Shorts are located by using a 
growler and a hacksaw blade. 

Turn growler on and rotate 
armature. 

The blade will vibrate above the 
area of the armature core where 

the short is located. 

If the short is caused by dirt 
between the commutator bars it can 
be corrected by cleaning out the 
slots. 

Code: OH-389, REV MAR 81 P.S.L. Section 4, Page 5 
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5. If the short is still there after 
cleaning between commutator bars, 
you must replace the starter. 

AR*'ATURE OPENS: 

1. Opens may be checked with a 
continuity tester. 

2. Put the positive and negative 
leads on the commutator bars 180" 
apart. 

3. If the test lamp does not illuminate 
this indicates an open circuit and 
you must replace the starter. 

-HOUSINGS : 

1. Inspect all housing for dents, 
cracks, etc.,. that may cause 
failure of starter after Qeing 
repaired. 

2. Inspect bearings or bushings for 
excessive wear, pitting, and 
scratches. Replace if necessary. 

FIELD INSPECTION: 

1. The field coils are checked for 
ground and opens by using a 
continuity tester. 

2. If the motor has one or more coils 
that are normally connected to 
ground disconnect them before 
making the ground test. 

Fig. 6996 

3. Put the negative lead on the 
field frame and the positive lead 
to the field connector terminal. 

4, If the test lamp illuminates there 
is at least one field coil that is 

grounded. 

5. Put the negative and positive 
leads on the ends of each field 
coil. 

6. If the test lamp does not 
illuminate, the field coil is open. 

7.. Grounded or open field coils 
require replacement of fields or 
starter. 

Fig. 7223 

LWRICATION: 

I.. Lubricate all bearings, wicks, and 
oil reservoirs with SAE 20w oil. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

ASSEMBLY STARTER COMPONENTS: 

On 2 piece lever housing install 
the armature in the bearing area of 
the lever housing. 

Install clutch drive assembly on 
armature. 

Put snap ring retainer on arma- 
ture shaft with beveled side up. 

Install snap ring on shaft as 
shown, and slide down into ring 
groove. 

Put a washer on armature shaft. 

Install the retainer over the snap 
ring with pliers. 

If your starter has a 2 piece nose 
housing, install nose housing to 
lever housing in its original 
position. 

If your starter has a single piece 
nose housing install armature in 
housing. 

Install field frame to lever housing. 

Hold the starter up on the nose 
housing and place brushes over the 
commutator edge. 

Slide .the field frame into.position 
against lever housing. 

If brushes were replaced make sure 
wide side of brush compared to off- 
set mounting hole is toward riser 
bars. 

On some models fasten the field frame 
to the lever housing with the 
mounting bolts. 

Install the commutator end cup 
and mounting bolts. 

Code: OH-389, REV MAR 81 P.S.L. 
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15. Install solenoid on starter. 

16. On models that have a removable 
plug in lever housing, remove plug 
to make sure the solenoid is 
properly connected to the shift 
lever. 

17. Connect field coil connector to 
solenoid terminal. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Disconnect all lines from the solenoid. 

Connect jumper wires to the solenoid so 
the clutch drive will shift into the 
start position. 

Push the clutch drive towards the 
commutator end to take up end 
movement. 

Measure the distance between clutch 
drive and shaft snap ring retainer. 

On models that have a removable plug 
in lever housing, remove plug and 
adjust the distance to [8.4 - lOmm] 
or 21/64 - 25164 inches. 

On models with no plug the pinion 
clearance must be within specification 
shown. 

Fig. 20655 

If they do not meet specifications the 
clutch drive assembly or the starter 
must be replaced. 

n 
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MASTER MAINTENANCE MANUAL 

DELCO-REMY 

ADJUSTMENTS, TESTS AND MAINTENANCE OF 

D.C. GENERATORS 

kigure I-Typical D.C. Generator. 

INTRODUCTION 

Delco-Remy d.c. generators are manufactured in 
a wide range of sizes and types, but the basic de- 
sign of each generator is the same. Regardless of 
size, each generator has an armature mounted at 
both ends on bearings. The armature rotates be- 
tween pole shoes over which are wound field coils. 
The voltage and current developed in the arma- 
ture windings is supplied through brushes riding 
on a commutator to the generator terminals, and 
then to the battery and other electrical accessories 
in the circuit. Since all d.c. generators adhere to 
the same basic design, the maintenance and test- 
ing procedures for all sizes are similar. A typical 
generator is shown in Figure 1. 

This bulletin covers the different types and designs 
of d.c. generators along with recommended service 
procedures for each. The subject of Operating 
Principles is covered in Delco-Remy Training 
Chart Manual DR-5133E. 

12M199A 

TYPES AND DESIGNS 

The following cross sectional views illustrate the 
various types of generators manufactured by 
Delco-Remy. 

The extruded frame two-brush two-pole type of 
generator shown in Figure 2 has a frame diameter 
size of 45/s inches. Each end frame has hinge cap 
oilers for periodic lubrication, and the commu- 
tator end frame features a bronze bushing and an 
oil reservoir. Continuous lubrication to the bush- 
ing and shaft is provided by a wick which extends 
through a hole in the bushing to contact the shaft. 
A special version in the 4% inch frame diameter 
size is the generator shown in Figure 3. This as- 
sembly features a blast tube for forced air cooling, 
and sealed ball bearings in each end frame which 
are lubricated for the life of the bearing. 

The generator shown in Figure 4 has a frame di- 
ameter size of 593 inches. It features ball bearings 

COURTESY OF: DELCO-REMY 
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MASTER MAINTENANCE MANUAL 

Figure 2-Cross sectional view of typical 45/,” frame diameter 
generator. 

Figure S-Cutaway ~1 w of typical 4%” frame diameter gen- .k 
erator with provision for forced air cooling. 

and hinge cap oilers in each end frame, and a 
cover band which can be removed for easy inspec- 
tion of the brushes and commutator. This genera- 
tor is of the two-brush two-pole type. 

In Figure 5 is illustrated a two-brush two-pole 
generator which is similar in construction but 
larger in size than the assembly shown in Figure 
4. This generator has a frame diameter of 5% or 

5% inches and a cover band that can be removed 
to permit easy inspection of the brushes and com- 
mutator . 

The generator illustrated in Figure 6 has two 
b&es, two poles, and a frame diameter size of 
5% or 5% inches. This type generator features 
grease reservoirs providing permanent-type lubri- 

BRUSW ASSEMBl 

Figure PCross sectional view of typkal3l/s” frame diameter generator. 
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COMMUTATOR 

COMMUTAlrOR 
END FRAME FRAME 

Figure 5-Cross sectional view of typical generator having frame diameter 
of 5%” or 5374”. 

cation, and extra long brushes with special con- 
stant-tension brush springs. These design features 

The assembly shown in Figure 7 has a frame di- 

eliminate the need for periodic lubrication and 
ameter size of 6x5 inches. The ball bearings in each 

brush replacement between engine overhaul 
end frame in this generator are sealed for life, 

periods. Cover plates which are mounted over 
and no periodic generator lubrication is required. 

windows in the field frame can be easily removed 
Generators in this frame size have four poles, and 
some models have two brushes whereas others 

for inspection of the brushes and commutator. have four brushes. 

Figure 6-Cross sectional view of 5%” or 5%” frame diameter generator with special 
brushes and permanent bearing lubrication. 
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Figure ‘I-Cross sectional view of typical 6&” frame diameter generator. 

The generator illustrated in Figure 8 is a four- 
brush four-pole unit having a frame diameter of 
6& inches. On this type generator, a roller bear- 
ing is used in the drive end frame, and a ball bear- 
ing in the commutator end frame. The inner race 
of the ball bearing is secured to the shaft with a 
nut threaded over the shaft at the commutator 
end. Grease cups are used on each end frame for 
periodic lubrication. 

The assembly in Figure 9 has four brushes and 
four poles and a frame diameter of 8,s inches. 
On some models the four field coils are connected 
in series, and in other models a split field arrange- 
ment is used as shown in Figure 17. Provision is 
made on the commutator end frame for attach- 
ment of a filter screen to remove dust, dirt, and 
other foreign material from the cooling air drawn 

GREASE 
COVER BAN5 

/ 
GREASE CUP 

PC&E SHOE 

I.“,“,,.,“, n.3 I “I\ 

Et.45 FRAME ARMATURE FRAME 

Figure 8-Cross sectional view of ty@al SF,” frame diameter generator. 
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Figure 9-Cross sectional view of typical S&” frame diameter generator with 
split fields. 

through the generator by the fan. Ball bearings 
are used in each end frame, and lubrication is 
provided by grease cups. 

The generator shown in Figure 10 is also of the 
8T’9 inch frame diameter type, but the frame length 
is shorter as compared to the assembly pictured 

in Figure 9. This type generator also has grease 
cups and a filter cover, but uses a roller bearing 
in the drive end frame with a ball bearing in the 
commutator end frame. This type assembly fea- 
tures six brushes and six poles, along with three 
interpoles connected in series with each other. 
(See Figure 15.) 

Figure N-Cross sectional view of typical S&” frame diameter generator having 
six poles. 
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MAINTENANCE 

Maintenance procedures may be divided into two 
sections-Lubrication and Inspection. 

Lubrication 

It is very important that proper lubrication pro- 
cedures be followed in order to obtain maximum 
life from the generator. 

All bearings used in generators use grease to re- 
tain the oil which bleeds to the bearing surfaces to 
provide proper lubrication. On some generator 
models hinge cap oilers are used so that the oil 
supply in the grease can be replenished. Other 
models feature grease cups which permit direct 
application of additional grease to the bearing as 
the original supply becomes exhausted. Some gen- 
erators contain a built-in reserve supply of grease 
in a reservoir located in the generator end frame, 
and others use bearings which are sealed on both 
sides to retain the original grease supply. 

On generators having hinge cap oilers, a few drops 
of SAE No. 20 oil should be added at vehicle or 
engine lubrication periods. Generators with grease 
cups should have the grease cups turned down 
one full turn at vehicle or engine lubrication per- 
iods. Generators having sealed bearings, and those 
with grease reservoirs in the end frames, require 
no periodic lubrication, and are designed to oper- 
ate between engine or generator overhaul periods 
without lubrication attention. 

There are two types of grease recommended for 
bearings in d.c. generators. For generators of the 
type shown in Figures 2 and 4, any high grade 
grease of reputable manufacture is satisfactory. 
On these types of generators, the bearing should 
be refilled only one-quarter full, so that the balls 
are completely covered but the separator remains 
exposed. Also grease reservoirs should be only 
haZj filled with grease so that when the generator 
is reassembled, the reservoir will be only half- 
filled. 

CAUTION: Overfilling will cause the bearing to 
overheat, resulting in premature failure. Keep lu- 
bricants perfectly clean, as the smallest amount of 
dirt or other foreign matter in a bearing will cause 
premature failure. 

For other d.c. generators such as those shown in 
Figures 5, 6, 8, 9 and 10, Delco-Remy lubricant 
No. 1948791 is recommended. On these types of 
generators, the bearing may be reused if the ser- 
vice mileage is low and if a reasonable amount of 
the grease supply in the bearing remains, and if 
the bearing is otherwise not defective. However, if 
the grease supply in the bearing is nearly or com- 
pletely exhausted, it should be replaced with a 
new bearing. CAUTION: Do not add grease to a 
bearing used on these types of generators. Always 

12MlYYF 

replace with a new bearing instead of adding 
grease to the old bearing. On these generators, 
No. 1948791 grease may be added to the grease 
cups and to the reservoirs in the end frames as 
required. 

CAUTION: Add only enough grease to the reser- 
voirs so that when the generator is reassembled, 
the reservoir will be only half-filled. Overfilling 
will cause the bearing to overheat, resulting in 
premature failure. Keep lubricants perfectly clean, 
as the smallest amount of dirt or other foreign 
matter in a bearing will cause premature failure. 

The generators shown in Figures 3 and 7 have 
sealed bearings. On this type of assembly, no per- 
iodic lubrication is required, and the bearings 
should be replaced at engine overhaul periods. 

Inspection 

Inspection procedures are limited mostly to visual 
checks for loose mounting bolts, a loose drive belt, 
damaged wiring, and worn commutator brushes. 

All mounting bolts should be kept tight, and the 
belt tension should be adjusted to conform with 
engine or vehicle manufacturer’s recommenda- 
tions. 

Wiring with frayed insulation should be replaced, 
and all connections should be checked for tight- 
ness and cleanliness. 

If the commutator is dirty, it may be cleaned with 
No. 00 sandpaper, or with a brush seating stone, 
with the generator in operation. Blow away all 
dust after the cleaning operation. If the commu- 
tator is rough, out of round, or has high mica, the 
armature must be removed so the commutator can 
be turned down in a lathe and the insulation be- 
tween bars undercut. Remove only enough ma- 
terial to make the commutator smooth and round, 
and undercut the insulation l/32 inch deep and 

-- 

Figure 11-Measuring brush spring tension on generators of 
the type shown in Figure 1. 
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Figure 12 Figure 13 

FIELD COIL POLE SHOE 

Figure 14 

.033 inch wide. Finish with No. 00 sandpaper, and 
blow away all dust, particularly between bars. 

If the brushes are worn down to less than half 
their original length, they should be replaced. 
New brushes can be seated to make good contact 
with the commutator by holding a brush seating 
stone on the commutator with the generator in 
operation or by applying brush seating compound 
to the commutator. Blow away all dust after the 
seating operation. 

A visual inspection will often reveal the condi- 
tion of the brush springs. If the springs are cor- 
roded, or if they are blued and discolored from 
excessive heat, they should be replaced. If the 
brush arms move freely, and if the brush moves 
freely in the holder, with no spring corrosion or 
discoloration, the springs most likely are satis- 
factory. If an additional check is desired, use a 
spring tension scale to measure the brush spring 
tension, and compare with specifications given in 
Bulletins lG-180, lG-185 and lG-186. The method 
of checking the spring tension on generators of the 
type shown in Figure 1 is illustrated in Figure 11. 
The spring gauge should be hooked under the 
brush arm where it contacts the brush, and the 
reading taken when the brush arm first starts to 
move off the brush. 

GENERATOR CIRCUITS 

The main types of generator circuits are shown in 
Figures 12 through 17. 

The third-brush generator circuit is shown 
in Figure 12. This type of circuit arrange- 
ment provides automatic control of the gen- 
erator output, thereby eliminating in most 
cases the need for a vohage regulator con- 
trol. However, this type of generator is 
limited to applications requiring lower cur- 
rent outputs. 

The shunt type generator circuit shown in 
Figure 13 requires a voltage and current 

regulator for output control, and this gener- 
ator is used in a wide variety of applications 
having low to moderate current output re- 
quirements. 

The insulated generator circuit (Fig. 14) 
has both brushes connected to terminals on 
the generator frame. This type generator is 
used with a wire return from the battery 
and other accessories, in place of using the 
vehicle frame and engine block as the re- 
turn circuit. 

The generator circuit shown in Figure 15 has inter- 
pole windings which minimize distortion of the 
magnetic fields at different generator outputs. 
While distortion of the magnetic fields is normal, 
this type of generator supplies such high current 
outputs that the distortion would be excessive, 
causing poor commutation and short brush life. 
The interpole windings reduce distortion and 
assure good brush life. 

The generator circuit shown in Figure 16 has a 
bucking field coil which is connected across the 
generator armature. The magnetism produced by 
the bucking field coil opposes the magnetism 
created by the main field coil. On generators of 
this type, only a small amount of magnetism is 
needed at high generator speeds for the generator 
to produce specified voltage. Since the main field 
magnetism and bucking field magnetism oppose 
each other, the current through both of these wind- 
ings remains at a normal level at high speeds, but 
the opposing effect results in the small magnetic 
field needed at these speeds. With the normal 
amount of current in the main field windings at 
high speeds, the regulator is able to retain voltage 
control. Without the bucking field, the main field 
current would have to decrease to an abnormally 
low value at high speeds. At such a low value, the 
regulator would not be able to control the voltage. 

The split field generator circuit (Fig. 17) consists 
of two separate sets of field coils. Each set is indi- 
vidually controlled by separate voltage and cur- 

INTERdOlE COIL 

Figure 15 

BUilUNG FIELD COIL 

Figure 16 Figure 17 
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Figure 18-“A” circuit 
generator. 

CONTACf POINTS REWANCt OUTPUT CHECKS 

Figure 19-“B” circuit 
generator. 

rent regulators. On this type of generator, high 
current outputs are obtained at engine idle speed. 

“A” Circuit and “B” Circuit-The generator cir- 
cuits shown in Figures 12 through 17 can be classi- 
fied as either “A” circuit or “B” circuit. An “A” 
circuit generator is shown in Figure 18. In this 
type circuit, the field winding is connected to the 
insulated brush inside the generator and is con- 
nected to ground through the contact points in the 
regulator. In the “B” circuit generator (Fig. 19)) 
the field winding is grounded inside the generator, 
and is connected to the armature circuit inside the 
regulator. 

The insulated generator circuit shown in Figure 
14 may be used either as an “A” circuit or “13” 
circuit generator. If the “Al” terminal is connected 
to the regulator, and the “A2” terminal is grounded 
or connected to the battery return circuit, the gen- 
erator becomes an “A” circuit type. If the “A2” 
terminal is connected to the regulator, and the 
“Al” terminal is grounded or connected to the 
battery return circuit, the generator becomes a 
“B” circuit type. 

The type of circuit for each generator model is 
listed in the Test Specification 

To check the generator for electrical output, con- 
nect an ammeter in series with a battery to the 
generator output terminal. Also connect a volt- 
meter from the generator output terminal to 
ground, and a load rheostat across the battery. 
Refer to the above pages to determine 
if the generator is “A” circuit or “B” circuit. Then 
connect a jumper lead to the generator field ter- 
minal as shown in Figure 20 for “A” circuits, and 
as shown in Figure 21 for “B” circuits. Operate 
the generator at specified speed, and adjust the 
load rheostat as required to obtain the specified 
output. 

If the generator does not perform according to 
specifications, it should be disassembled for 
further testing. 

DISASSEMBLY 

Generator disassembly can be accomplished first 
by removing the thru-bolts, or end frame attaching 
bolts, and then separating the two end frame as- 
semblies from the field frame. On some models, it 
is necessary to detach leads from the brush holders 
before the commutator end frame can be removed. 
Also, on generators of the type shown in Figure 8, 
the commutator end frame retainer plate, and the 
cotter pin and nut on the shaft, must be removed 
before the end frame can be separated from the 
fieId frame. 

When removing bearings from the armature shaft 
or end frame, care should be taken to avoid dam- 
age to the balls and raceways. If the bearing is a 
press fit over the shaft, use bearing pullers against 
the inner race only. If the inner race is inacces- 
sible, and it is necessary to pull against the outer 
race, the balls will be loaded and may be damaged. 
Similarly, when removing a bearing whose outer 

Ace is a p&s fit into the 
end frame, use an arbor 
press against the outer 
race to avoid loading the 
balls. 

GENERATOR 
“A” CIRCUIT 

Figure ZO-Connections for checking output on “A” circuit genemtors. 
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After bearing removal, 
wash in a clean solvent, 
and carefully inspect for 
worn surfaces, looseness, 
broken separators, a 
cracked ring or race, and 
a rough or catchy feeling. 
Always replace any bear- 
ing if its condition is 
doubtful. 
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JUMPER 
LEAD 

FAA 

LOAD m 
RHEOST, 

GENERATOR 
“B” CIRCUIT 

Figure 21-Connections for checking output on “B” circuit generators. 

IMPORTANT-Refer to the section entitled 
“MAIiVTENANCE” for proper lubrication proce- 
dures. 

When remounting bearings, use an arbor press 
and press firmly and evenly against the proper 
race to avoid loading the balls. If the mounting 
surfaces are clean, and the bearing is started 
properly and is not cocked or mis-aligned, it can 
be mounted without undue pressure. 

Grease and oil seals should be replaced after ap- 
preciable mileage, or if the seal is worn or dam- 
aged in any way. 

ELECTRICAL TESTS 

After the generator has been disassembled, tests 
can be made of the armature and field coils to 
determine any electrical defects. 

The armature should be checked for shorts, 
grounds, and opens. To check for shorts, place the 
armature in a growler, and slowly rotate with a 
metal blade held on the armature. If the metal 
blade vibrates, the windings are shorted. 

To check the armature for grounds, touch one 
prod of a 110 volt test lamp to the commutator, 
and the other test lamp prod to the shaft or lami- 
nations. If the lamp lights, the windings are 
grounded. 

To check the armature for opens, visually inspect 
the wiring connections to the commutator bars, 
and inspect the commutator for a burned or dis- 
colored commutator bar. An open circuit will 
cause one of the bars to burn and become dis- 
colored. Also, the armature may be checked for 
opens on a growler meter. If the meter reads low, 
the winding connected to the commutator bars 
to which the prods are connected is open. 

frame. If the lamp 

The generator field wind- 
ings should be checked for 
shorts, grounds and opens. 
To check for shorts, con- 
nect an ammeter and bat- 
tery in series with the 
field windings, and refer 
to Service Bulletins 
lG-180, lG-185, and lG- 
186 for specifications. If 
the current reading is 
higher than specified, the 
windings are shorted. 

To check the field wind- 
ings for grounds, connect 
one prod of a 110 volt 
test lamp to the field 
terminal, and the other 
prod to the generator 

lights, the windings are 
grounded. On “B” circuit generators, the ground 
lead must be detached from the frame when check- 
ing for grounded fields. 

To check the field windings for opens, connect the 
110 volt test lamp prods across the windings. If 
the lamp fails to light, the windings are open. 

A shorted, grounded, or open field will result in 
abnormal generator output. A shorted field wind- 
ing will cause excessive burning of the voltage 
regulator contact points, resulting in reduced gen- 
erator output. An open field winding will result 
in no generator output. A grounded field can 
cause excessive generator output on “A” circuit 
generators, if the ground is near the “F” terminal. 
If the ground is near the end of the winding con- 
nected to the insulated brush, reduced generator 
output will be obtained. On “B” circuit generators, 
a grounded field will cause excessive pitting and 
burning of the voltage regulator contact points, 
resulting in reduced generator output.. 

On “bucking field” generators (Fig. 7)) a shorted, 
grounded, or open bucking field winding can cause 
excessive generator voltage at high speeds. 

REASSEMBLY 

Reassembly is the reverse of disassembly. Care 
should be taken to avoid damage to grease seals 
and oil seals during reassembly, and the brushes 
should be checked after reassembly to make sure 
they are free in their holders and the brush arms 
move freely. 

THIRD BRUSH ADJUSTMENT 

On some generators, the third brush location can 
be adjusted by loosening the third brush ring 
clamping screws, and then moving the third brush 
in the direction of rotation or in the opposite direc- 
tion. Moving the brush in the direction of rotation 
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MASTER MAINTENANCE MANUAL 

will increase generator output, and in the opposite 
direction will decrease generator output. If the 
battery remains consistently undercharged or 
overcharged, relocating the third brush may cor- 
rect the condition. 

CHECKING AND ADJUSTING 

NEUTRAL POINT 

Many of the higher output shunt generators have 
adjustable brush plates which can be shifted to 
obtain the proper brush locations with respect to 
the neutral point. Proper adjustment is necessary 
in order to obtain best commutation and therefore 
maximum brush and commutator life. The neutral 
point refers to a particular relationship between 
the poles, armature windings and brushes. When 
the relationship of these parts is correct, minimum 
arcing and best commutation will be obtained. 
Whenever new brushes, armature, or poles are 
installed, or whenever a generator has been dis- 
assembled, the brush position must be checked 
and adjusted as follows: 

With the generator assembled and the brush ring 
attaching screws just tight enough to hold the 
brush ring in place in the commutator end frame, 
connect a battery between the generator “A” ter- 
minal and ground (or between the “Al” and “A2” 
terminals on insulated units) and note the ten- 
dency for the armature to rotate. The generator 
should be on a test bench with the armature free 
to rotate and without any connection to the gen- 
erator field terminal. The voltage to use in making 
this check is the minimum amount of voltage which 
will cause the armature to rotate when it is free 
to turn. This voltage may be obtained by connect- 
ing a variable resistance into the circuit from the 
battery. The neutral point is found by shifting the 
brushes into the position at which there is no ten- 
dency for the armature to rotate in either direc- 
tion. If the generator has interpoles the brush 

setting must be exactly on the .neutral point. Gen- 
erators without interpoles must have the brushes 
shifted ahead r/4 commutator bar width in the 
direction of armature rotation so that the arma- 
ture will tend to rotate very slowly in the direc- 
tion of the generator’s normal driven rotation. 
After the brush position is found, the brush plate 
locking or attaching screws should be tightened 
securely. 

POLARIZING GENERATOR 

After a generator has been tested and repaired, 
and installed on the engine or vehicle, it must be 
polarized so it will have the correct polarity with 
respect to the battery polarity. Failure to polarize 
the generator may result in burned or stuck cut- 
out relay contacts in the regulator, along with 
damage to the wiring and generator windings. 

“A” Circuit Generator-To polarize an “A” circuit 
generator, momentarily connect a jumper lead be- 
tween the regulator BATTERY and ARMATURE 
terminals after all leads have been connected, but 
before the engine is started. If the generator is a 
24 or 32 volt unit, temporarily insulate the ground 
brush or brushes from the commutator to avoid 
excessive current through the armature. The 
brushes can be temporarily insulated from the 
commutator with a piece of cardboard or other 
suitable insulating material. 

“B” Circuit Generator-To polarize a “B” circuit 
generator, disconnect the lead from the regulator 
FIELD terminal, and momentarily touch the lead 
to the regulator BATTERY terminal. This should 
be done after all other leads have been connected 
and before the engine is started. 

Polarizing the generator allows a surge of current 
to flow through the field windings, which insures 
that the polarity of the generator will match the 
polarity of the battery. 
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GENERATOR SPECIFICATIONS - DELCO-REMY 

CLARK 
PART 
NUMBER 

315854 

326859 

553176 

602331 

613948 

618974 

619050 

626155 

628993 

629452 

640955 

643509 

648380 

663545 

664858 

677511 

693383 

694990 

697355 

707099 

725845 

728351 

735699 

736885 

759386 

768386 

792129 

797540 

798779 

861986 

GRD. 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

A 

A 

A 

A 

A 

A 

A 

ROTATING 
VIEWING 
D.E. 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

C 

C 

C 

C 

C 

C 

C 

C 

C 

1 BRUSH 
SPRING 
TENSION 

0 

28 

28 

16 

16 

20 

28 

28 

28 

24 

28 

28 

28 

25 

28 

28 

28 

20 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

25 

FIELD CURRENT 
80 DEG. F. 

AMPS VOLTS 

1.87-2.0 6 

1.69-1.79 12 

2.0-2.14 12 

3.5-4.5 6 

1.70-1.95 6 

1.87-2.0 6 

1.87-2.0 6 

1.77-1.93 6 

3.5-4.5 6 

1.87-2.0 6 

1.87-2.0 6 

1.87-2.0 6 

1.47-1.69 12 

1.87-2.0 6 

2.66-2.86 12 

1.69-1.79 12 

1.37-1.50 12 

1.77-1.93 6 

1.87-2.0 6 

1.75-1.95 6 

1.54-la67 12 

1.75-1.95 6 

1.37-1.50 12 

1.87-2.0 6 

1.69-1.79 12 

1.87-2.0 6 

1.69-1.79 12 

1.69-1.79 12 

1.69-1.79 12 

1.47-1.69 12 

;PECIFIEC 
'OLTS 

7.0 

14.0 

14.0 

7.5-7.8 

7.5 

8.0 

8.0 

7.0 

8.0-8.2 

8.0 

8.0 

7.0 

15.0 

8.0 

14.0 

14.0 

13.0 

7.0 

8.0 

810 

14.0 

8.0 

13.0 

8.0 

14.0 

7.0 

14.0 

14.0 

14.0 

15.0 

AMPS 

18 

25 

11-13 

11-13 

55 

45 

25 

50 

15-17 

40 

40 

18 

20 

40 

14 

30 

40 

40 

45 

30 

24 

30 

25 

4s 

14 

18 

25 

25 

14 

*O I 

J 

12S199A REV JAN 70 

I- 

.OLD OU 
APPROX 
RPM 

1600 

1970 

2300 

1800 

1570 

2350 

1440 

2100 

2000 

2150 

2150 

1600 

1560 

2150 

1680 

2240 

1480 

1700 

2450 

2050 

1760 

2050 

940 

2450 

1680 

1600 

1970 

1970 

1490 

1560 

YT 

AMPS 
APPROX. 
RPM. 

RATED 
HOT 
OUTPUT 
(AMPS) 

g-11 

5.5r8.5 

10-13 
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CLARK 
PART 
NUMBER 

872175 

874362 

876603 

878110 

880594 

887488 

892882 

940133 

940241 

940318 

940319 

940589 

940685 

941982 

1615292 

1632514 

1734994 

GRD. 

A 

B 

A 

B 

A 

B 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

MASTER MAINTENANCE MANUAL 

GENERATOR SPECIFICATIONS - DELCO-REMY 

ROTATING 
VIEWING 
D.E. 

C 

C 

C 

C 

C 

C 

cc 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

BRUSH 
SPRING 
TENSION 

0 

28 

28 

28 

28 

25 

28 

28 

28 

28 

28 

28 

28 

28 

16 

28 

28 

28 

FIELD CURRENT 
80 DEG. F. 

AMPS VOLTS 

1.22-1.32 12 

.85-.89 24 

1.54-1.67 12 

.85-.89 24 

1.47-1.69 12 

.85-.89 24 

1.87-2 6 

1.69-1.79 12 

1.69-1.79 12 

1.69-1.79 12 

1.69-1.79 12 

.94-1.02 23 

1.69-1.79 12 

3.5-4.5 6 

1.69-1.79 $12 

1.69-1.79 12 

1.69-1.79 12 

r 
;PECIFIED 
'OLTS 

15.0 

28.5 

14.0 

26.0 

15.0 

28.5 

8 

14.0 

14.0 

14.0 

14.0 

26.0 

14.0 

7.7-7.9 

14 

14 

14,o 

"A-GROUNDED" Cl RCUITS ARE GROUNDED THROUGH THE REGULATOR. 

I I I I 
"B-GROU DED" CIRCUITS ARE GROUNDED THROUGH THE GENERATOR. 

I I 

AMPS 

26 

25 

20 

40 

20 

2s 

30 

30 

30 

30 

30 

18 

30 

13-15 

!5 

!5 

15 

:OLD OUTI 
APPROX. 
RPM 

1500 

1600 

1380 

1800 

1560 

1600 

1600 

2240 

2240 

2240 

2240 

1900 

2240 

1600 

1970 

1970 

2630 

L 

AMPS 
-APPROX. 
RPM. 

RATED 
HOT 
OUTPUT 
(AMPS) 
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BULLETIN 

Yi;i;;_, L!:! 
SERVICE BULLETIN 

kRELAYS AND 
REGULATORS 
Superseder Bulletin 

IR-118 Dated 11-l-55 

D-R STANDARD THREE-UNIT WATERPROOF 

REGULATORS 
(CIRCUIT “A’‘-MODEL 1119000 TO 1119299 SERIES-MODEL 1118825 TO 1119299 SERIES 

WITH LETTER “8” OR “C” 

Figure 1-Delco-Remy standard three-unit waterproof regu- 
lator with cover removed. 

This bulletin covers Delco-Remy standard three- 
unit waterproof generator regulators in the series 
beginning with Model 1119000, and also includes 
models in the 1118825 to 1119299 Series which have 
a suffix letter “B” or “C” following the model num- 
ben These regulators are designed for use with gen- 
erators which have the field circuit insulated in the 

CUTOUT CURRENT 
BATTERY RELAY REGULATOR 

BLUE 

AFTER MODEL NUMBER.) 

generator but grounded in the regulator. A field 
connection of this type is designated as CIRCUIT 
“A.” 

Regulators covered in this bulletin except for air- 
craft and 24-volt units do not include an accelerator 
or series winding on the voltage regulator unit as 
do the regulators discussed in Bulletins lR-115 
and lR-116. This difference makes necessary a 
different method of checking and adjusting the vol- 
tage setting. See “Voltage Settig” in section 
REGULATOR CHECKS AND ADJUSTMENTS. 

Aircraft and 24-volt regulators of these series of 
models have an accelerator or series winding on 
the voltage regulator unit and the voltage setting 
should be adjusted in accordance with Bulletin lR- 
116. 

The regulator shown in Figure 1 consists of a cutout 
relay, a voltage regulator, and a current regulator 
unit. The cutout relay closes the generator-to-bat- 
tery circuit when the generator voltage is sufficient 
to charge the battery, and it opens the circuit when 
the generator. slows down or stops. The voltage 
regulator unit is a voltage-limiting device that 
prevents the system voltage from exceeding a 
specified maximum and thus protects the battery 
and other voltage-sensitive equipment. The cur- 
rent regulator unit is a current-limiting device 
VOLTAGE 

REGULATOR 

SHUNT WINDING 7 

BAT. GEN\yt& J 
‘RESISTANCES 1 

,-+LUE 

GENERATOR . 

RED - 
BLUE - 

AMMETER 
Figure Z-Wiring circuit of Delco-Remy standard three-unit waterproof regulator. The series windings in the cutout relay 

and current regulator are shown in solid red. The shunt windings in the cutout relay and voltage regulator are shown in 
dashed red. The field circuit and resistors are shown in blue. 

WDS (L PS. 1.2. GO. 131 PRINTED IN U.S.A. 
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BULLETIN lR-118 D-R STANDARD WATERPROOF THREE-UNIT 
(Circuit “A’‘-Model 1119000 Series) 

10 Pages, Page 2 REGULATORS 

S E R V I C E B U 1 1 E T I N 

that limits the generator output so as not to exceed 
its rated maximum. Figure 2 is a wiring diagram 
of this regulator. 

CUTOUT RELAY 

The cutout relay (Fig. 2) has two windings, a 
series winding of a few turns of heavy wire (shown 
in solid red) and a shunt winding of many turns of 
fine wire (shown in dashed red). The shunt wind- 
ing is connected across the generator so that 
generator voltage is impressed upon it at all times. 
The series winding is connected in series with.the 
charging circuit so that all generator output passes 
through it. The relay core and windings are as- 
sembled into a frame. A flat steel armature is at- 
tached to the frame by a flexible hinge so that it 
is centered just above the end of the core. The 
armature contact points are located just above the 
stationary contact points. When the generator is 
not operating, the armature contact points are held 
away from the stationary points by the tension of 
a flat spring riveted on the side of the armature. 

CUTOUT RELAY ACTION-When the generator 
voltage builds up a value great enough to charge 
the battery, the magnetism induced by the relay 
windings is sufficient to pull the armature toward 
the core so that the contact points close. This com- 
pletes the circuit between the generator and bat- 
tery. The current which flows from the generator 
to the battery passes through the series winding 
in a direction to add to the magnetism holding the 
armature down and the contact points closed. 

When the generator slows down or stops, current 
begins to flow from the battery to the generator. 
This reverse flow of current through the series 
winding causes a reversal of the series winding 
magnetic field. The magnetic field of the shunt 
winding does not reverse. Therefore, instead of 
helping each other, the two windings now mag- 
netically oppose so that the resultant magnetic 
field becomes insufficient to hold the armature 
down. The flat spring pulls the armature away 
from the core so that the points separate; this 
opens the circuit between the generator and 
battery. 

VOLTAGE REGULATOR 

The voltage regulator unit has a shunt winding 
consisting of many turns of fine wire (shown in 
dashed red) which is connected across the genera- 
tor. The winding and core are assembled into a 
frame. A flat steel armature is attached to the 
frame by a flexible hinge so that it is just above 
the end of the core. The armature contains a con- 
tact point which is just beneath a stationary con- 
tact point. When the voltage regulator unit is not 
operating, the tension of a spiral spring holds the 
armature away from the core so that the points 

are in contact and the generator field circuit is 
completed to ground through them. 

VOLTAGE REGULATOR ACTION-When the 
generator voltage reaches the value for which the 
voltage regulator unit is adjusted, the magnetic 
field produced by the winding overcomes the ar- 
mature spring tension, pulls the armature down, 
and the contact points separate. This inserts resis- 
tance into the generator field circuit. The genera- 
tor field current and voltage are reduced. Reduc- 
tion of the generator voltage reduces the magnetic 
field of the regulator shunt winding. The result 
is that the magnetic field is weakened enough to 
allow the spiral spring to pull the armature away 
from the core, and the contact points again close. 
This directly grounds the generator field circuit, 
causing generator voltage and output to increase. 
The above cycle of action again takes place, and 
the cycle continues at a rate of many times a 
second, regulating the voltage to a predetermined 
value. 

CURRENT REGULATOR 

The current regulator has a series winding of a 
few turns of heavy wire (shown in red) which 
carries all generator output. The winding and core 
are assembled into a frame. A flat steel armature 
is attached to the frame by a flexible hinge so 
that it is just above the core. The armature has a 
contact point which is just below a stationary con- 
tact point. When the current regulator is not 
operating, the tension of a spiral spring holds the 
armature away from the core so that the points are 
in contact. In this position the generator field 
circuit is completed to ground through the current 
regulator contact points in series with the voltage 
regulator contact points. 

CURRENT REGULATOR ACTION-When the 
generator output reaches the value for which the 
current regulator is set, the magnetic pull of the 
winding overcomes armature spring tension, pulls 
the armature down and opens the contact points. 
This inserts a resistance into the generator field 
circuit. The generator output and field current are 
reduced. Reduction of the current output reduces 
the magnetic field of the current regulator winding. 
The result is that the magnetic field is weakened 
enough to allow the spiral spring to pull the ar- 
mature up and the contact points close again. This 
directly grounds the generator field circuit, causing 
the generator output to again increase. This cycle 
is repeated many times a second, limiting the 
generator output so as not to exceed its rated 
maximum. 

RESISTANCES 

The current and voltage regulator unit circuits 
use two common resistors (Fig. 2). One is inserted 
in the field circuit when either the current or vol- 
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D-R STANDARD WATERPROOF THREE-UNIT 
(Circuit “A”--Model 1119000 Series) 

REGULATORS 

BULLETIN lR-118 
10 Pages, Page 3 

S E R V I C E B U 1 1 E T I N 

tage regulator unit operates. The second resistor 
(Fig. 2) is connected between the regulator FIELD 
terminal and the cutout relay frame, which places 
it in parallel electrically with the generator field 
coils. The sudden reduction in field current oc- 
curring when either the current or voltage regu- 
lator contact points open, is accompanied by a 
surge of induced voltage in the field coils as the 
strength of the magnetic field changes. These 
surges are partially dissipated by the two resistors, 
thus preventing excessive arcing at the contact 
points. 

TEMPERATURE COMPENSATION 

Voltage regulators are compensated for tempera- 
ture bv means of a bimetal thermostatic hinge on 
the armature. This causes the regulator to regu- 
late at a higher voltage when cold which partly 

REGULATOR 

GENERAL INSTRUCTIONS 

Mechanical checks and adjustments (air gaps, 
point opening) must be made with battery 
discormected and regulator preferably off the 
vehicle. 

CAUTION: The cutout relay contact points 
must never be closed by hand with the bat- 
tery connected to the regulator. This would 
cause a high current to flow through the units 
which would seriously damage them. 

Electrical checks and adjustments may be made 
either on or off the vehicle. The regulator 
must always be operated with the type gen- 
erator for which it is designed. 

The regulator must be mounted in the operating 
position when electrical settings are checked 
and adjusted and it ,must be at operating tem- 
perature. * 

*Operating temperature for voltage regulator 
checking and adjusting is reached after 15 min- 
utes of continuous operation of the voltage 
regulator unit, with $4 ohm resistance in series 
with the battery, and with regulator cover in 
place. It is not necessary to measure the amount 
of current flowing during warm-up or testing 
of the voltage unit; however, it is important 
that no electrical load other than ignition be 
turned on during the test. (If a variable resistor 
is used in series with the battery, set to l-10 am- 
peres for warm-up period.) Operating temper- 
ature for temperature-compensated current reg- 
ulators is reached after 15 minutes of operation 
with current regulator operating and cover in 
place. (Non-compensated current regulators 

compensates for the fact that a higher voltage is 
required to charge a cold battery. Many current 
regulators also have a bimetal thermostatic hinge 
on the armature. This permits a somewhat higher 
generator output when the unit is cold, but causes 
the output to drop off as temperature increases. 

REGULATOR POLARITY 

Some regulators are designed for use with nega- 
tive grounded systems, while other regulators are 
designed for use with positive grounded systems. 
Using the wrong polarity regulator on an instal- 
lation will cause the regulator contact points to 
pit badly and give short life. As a safeguard against 
installation of the wrong polarity regulator, all 
regulators of this type have the model number 
and the polarity clearly stamped on the end of the 
regulator base. 

MAINTENANCE 

operate the same, hot or cold. Operating tem- 
perature, therefore, may be disregarded.) 

Specified generator speeds for testing and ad- 
justing. 

a. Voltage Regulator 

(1) 

(2) 

(3) 

For passenger cars and trucks, 3,500 gen- 
erator r.p.m. 

Operating speed for constant speed en- 
gines (light aircraft engines included in 
this classification). 

Governed speed for governed engines. 

b. Current Regulator 

(1) All generators must be operated at a 
speed sufficient to produce current in 
excess of specified setting. 

(2) Voltage of the generator must be kept 
high enough to insure sufficient current 
output, but below the operating voltage 
of the voltage regulator unit. 

After any tests or adjustments the generator 
on the vehicle must be polarized after leads are 
connected, but before the engine is started, as 
follows: 

POLARIZING GENERATOR 

After reconnecting leads, momentarily connect a 
jumper lead between the “GEN” and “BAT” 
terminals of the regulator. This allows a momentary 
surge of current to flow through the generator 
which correctly polarizes it. Failure to do this may 
result in severe damage to the equipment since 
reversed polarity causes vibration, arcing, and 
burning of the relay contact points. 
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D-R STANDARD WATERPROOF THREE-UNIT 
(Circuit “A”-Model 1119000 Series) 

REGULATORS 
S E R V I C E B U 1 L E T I N 

QUICK CHECKS OF GENERATOR 

AND REGULATOR 

In analyzing complaints of generator-regulator op- 
eration, any of several basic conditions may be 
found. 

LOW 
CHARGING RATE 

FULLY CHARGED 

(1) Fully Charged Battery and Low Charging 
Rate-This indicates normal generator-regu- 
lator operation. 

CHARGING RATE 

FULLY CHARGED 
pJ 

(2) Fully Charged Battery and a High Charging 
Rate-This usually indicates that the voltage 
regulator unit either is not limiting the gen- 
erator voltage as it should or is set too high. A 
high charging rate to a fully charged battery 
will damage the battery and the accompanying 
high voltage is very injurious to all electrical 
units. 

This operating condition may result from: 

(4 

(b) 

(cl 

Cd) 

Improper voltage regulator setting. 

Defective voltage regulator unit. 

Grounded generator field circuit (in 
either generator, regulator, or wiring). 

High temperature which reduces the 
resistance of the battery to charge so 
that it will accept a high charging rate 
even though the voltage regulator set- 
ting is normal. 

If the trouble is not due to high temperature, 
determine the cause of trouble by disconnect- 
ing the lead from the regulator “F” terminal 
with the generator operating at medium speed. 

If the output remains high, the generator field 
is grounded either in the generator (see 
Service Bulletin lG-150) or in the wiring 
harness. 

If the output drops off, the regulator is a fault, 
and it should be checked for a high voltage 
setting or grounds. 

+-= 
HIGH 

CHARGING RATE 

DISCHARGED 

(3) Low Battery and High Charging Rate-This is 
normal generator-regulator action. Regulator 
setting may be checked as outlined in the fol- 
lowing section. 

+m= 

LQW OR NO 
CHARGING RATE 

DlSCHARGED lJN$ERCHbRGlNG 

(4) 

(5) 

Low Battery and Low or No Charging Rate- 

This condition could be due to: 

(4 Loose connections, frayed or damaged 
external wiring. 

lb) Defective battery. 

(cl High circuit resistance. 

Cd) Low regulator setting. 

(e) Oxidized regulator contact points. 

(f) Defects within the generator. 

(Et> Cutout relay not closing. 

(h) Open series circuit within regulator. 

(i) Generator not properly polarized. 

If the condition is not caused by loose con- 
nections, frayed or damaged wires, proceed as 
follows to locate cause of trouble. 

To determine whether the generator or regu- 
lator is at fault, momentarily ground the “F” 
terminal of the regulator and increase gener- 
ator speed. If output does not increase, the 
generator is probably at fault and it should be 
checked as outlined in Bulletin lG-150. Other 
causes for the output not increasing may be 
the relay not closing or an open series winding 
in the regulator. If the generator output in- 
creases, the trouble is due to: 

(a) A low voltage (or current) regulator 
setting. 

(b) Oxidized regulator contact points which 
insert excessive resistance into the gen- 
erator field circuit so that output re- 
mains low. 

(c) Generator field circuit open within the 
regulator at the connections. 

Burned Resistances, Windings, or Contacts- 
These result from open circuit operation, open 
resistance units, or loose or intermittent con- 
nections in the charging circuit. Where burned 
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resistances, windings, or contacts are found, 
always check car wiring before installing a 
new regulator. Otherwise, the new regulator 
may also fail in the same way. 

Burned Relay Contact Points-This may be 
due to reversed generator polarity. Generator 
polarity must be corrected after any checks of 
the regulator or generator, or after discon- 
necting and reconnecting leads. 

CLEANING CONTACT POINTS 

The contact points of a regulator will not operate 
indefinitely without some attention. It has been 
found that a great majority of all regula 3r trouble 
can be eliminated by a simple cleaning of the cur- 
rent and voltage regulator contact points, plus some 
possible readjustment. 

The large flat point that should be cleaned with a 
spoon or riffler file is located on the armature of the 
voltage regulator, and is located on the upper con- 
tact support of the current regulator for negative 

Figure 3-Ihstrating use of spoon or riffler file to clean 
flat contact points in regulator. 

grounded regulator units. This contact point will 
usually require the most attention. It is not neces- 
sary to have a flat surface on this contact point 
but all oxides should be removed with a riffler file 
so that pure metal is exposed and should be fol- 
lowed by a thorough wash with clear carbon tetra- 
chloride. On regulators which have the flat con- 
tact point on the armature, loosen the upper con- 
tact bracket mounting screws so that the bracket 
can be tilted to one side (Fig. 3). On regulators 
which have the flat contact on the upper contact 
bracket, the bracket must be removed for clean- 
ing t.he points. 

The small soft-alloy contact point, located on the 
upper contact support bracket of the voltage regu- 

lator and on the armature of the current regulator 
fot negative grounded regulators, does not oxidize. 
This contact point may be cleaned with crocus cloth 
or other fine abrasive material followed by a thor- 
ough wash with clear carbon tetrachloride to re- 
move any foreign material remaining on the con- 
tact surface. 

Remove all oxides from the contact points but note 
that it is not necessary to remove any cavity that 
may have developed. 

CAUTION-NEVER USE EMERY CLOTH OR 
SANDPAPER TO CLEAN THE CONTACT 
POINTS. 

ADAPTING VOLTAGE REGULATOR 

SETTING FOR UNUSUAL CONDITIONS 

The voltage regulator setting often must be “tail- 
bored” to adapt it to the battery and type of service. 
The ideal setting is that which will keep the bat- 
tery at or near full charge with the minimum use 
of water. The “normal” setting (value shown in test 
specifications) usually will be satisfactory for aver- 
age SE, vice. However, if service is above or below 
average, the setting must be tailored ::o fit the job. 
Either of two conditions which may exist wi;l re- 
quire tailoring: (1) battery is being overcharged 
(using too much water), (2) battery remains 
undercharged ( 3/4 ‘charge or less). Corrections ma: 
be made as follows: 

(1) If battery uses too much water at normal set- 
ting, reduce voltage setting 0.1 or 0.2 of a volt 
and check for improved condition over a rea- 
sonable service period. Repeat until battery re- 
mains charged with a minimum use of water. 
It rarely will be necessary to go below 13.8 
volts on a 12-volt system or 6.9 volts on a g-volt 
system. 

CAUTION: Whenever the voltage setting is re- 
duced, the cutout relay must also be checked and 
reduced if necessary. It must be at least 0.5 of a 
volt less than voltage regulator setting. 

(2) If battery is consistently undercharged at 
normal setting, increase the voltage setiing 
0.1 of a volt and check for improved condition 
over a reasonable service period. Repeat until 
the battery remains charged with a minimum 
use of water. It rarely will be necessary to in- 
crease the voltage above 14.8 on a 12-volt sys- 
tem or 7.5 volts on a 6-volt system. 

CAUTION: When increasing voltage avoid settings 
high enough to damage lights or other voltage- 
sensitive equipment during cold weather oprration. 
Before tailoring the voltage setting for unusual con- 
&ions be sure the battery is normal-not sulfated, 
not permanently damaged due to having been over- 
heated, not operating in too hot a location, and 
not poorly ventilated. 

, 
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‘REGULATOR CHECKS AND ADJUSTMENTS 

(See Delco-Remy Service Bulletins lR-MD and lR-185 for Specifications.) 

Procedure: For best results the following steps 
should be taken in the sequence given. 

(1) Bring voltage regulator to operating tempera- 
ture: (2) Check voltage regulator, (3) Check 
cutout relay, (4) Bring current regulator to operat- 
ing temperature, (5) Check current regulator. 

VOLTAGE REGULATOR 

Two checks and adjustments are required on the 
voltage regulator: air gap and voltage setting. 

Air Gap-Push down on armature until contact 
points are just touching. Measure air gap between 
armature and winding core (Fig. 4). Adjust by 
loosening contact mounting screws and raising or 
lowering contact mounting bracket as required. Be 
sure the contact points are aligned and screws 
securely tightened after adjustment. 

Figure 4-Voltage regulator air gap check and adjustment. 

Voltage Setting (6- or l&volt system) 

Fixed Yd Ohm Resistance Method 

1. 

2. 

3. 

Connect a y4 ohm fixed resistor (not less than 
25 watts) into the charging circuit at “BAT” 
terminal of regulator (in series with buttery) as 
in Figure 5. 

Connect a voltmeter from regulator “BAT” 
terminal to ground (Fig. 5). 

Operate generator at specified speed for 15 min- 
utes. Regulator cover must be in place. (Regu- 

REGULATOR 
14 OHM FIXED RESISTANCE 

VOLTMETER GENERATOR 

Figure 5-Fixed resistance and voltmeter connections to 
check voltage regulator settings. Fixed resistance leads shown 

ii red-and voltmete< leads shown in blue. 

lator may now be considered to be at operating 
temperature, see paragraphs 3 and 4 in General 
Instructions.) 

NOTE: IT IS NOT NECESSARY TO MEAS- 
URE THE AMOUNT OF CURRENT FLOW- 
ING DURING TESTING AND ADJUSTING. 
HOWEVER, IT IS IMPORTANT THAT NO 
ELECTRICAL LOAD OTHER THAN IGNI- 
TION BE TURNED ON DURING TEST. 

Cycle the generator: 

Method A-Move voltmeter lead from. “BAT” 
to “GEN” terminal of regulator. Retard gen- 
erator speed until generator voltage is reduced 
to 2 volts on a 6-volt system or 4 volts on a 
1Zvolt system. Move voltmeter lead back to 
“BAT” terminal of regulator. Bring generator 
back to specified speed, and note voltage setting. 

Method B-Connect a variable resistance into 
the field circuit, as in Figure 10. Turn out all 
resistance. Operate generator at specified speed. 
Slowly increase (turn in) resistance until gen- 
erator voltage is reduced to 2 volts on a g-volt 
system, or 4 volts on a I&volt system. Turn out 
all resistance again, and note voltage setting 
(with voltmeter connected as in Figure 5). 
Regulator cover must he in place. 

To adjust voltage setting turn adjusting screw 
(Fig. 6). Turn clockwise to increase setting and 
counterwise to decrease voltage setting. 
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Figure 6-Adjusting voltage regulator setting. 

CAUTION: If adjusting screw is turned down 
(clockwise) beyond range, spring support may 
not return when screw is backed off. In such 
case, turn screw counterclockwise until there 
is ample clearance between screw head and 
spring support. Then bend spring support up 
carefully until it touches the screw head. Final 
setting of the unit should always be made by 
increasing spring tension, never by reducing it. 
If setting is too high adjust unit below required 
value and then raise to exact setting by in- 
creasing spring tension. After each adjustment 
and before taking reading replace the regu- 
lator cover and cycle the generator. 

Variable Resistance Method 

Connect a variable resistance (not less than 25 
watts) and an ammeter into the charging circuit 
(in series with battery) at “BAT” terminal of 

regulator as in Figure 7. 

I. Connect a voltmeter from regulator “BAT” 
terminal to ground (Fig. 7). 

Start generator and adjust variable resistance to 
obtain a current flow of not more than 10 
amperes. Operate the generator at specified 
speed for 15 minutes. Regulator cover must be 
in place. (Regulator may now be considered to 
be at operating temperature; see paragraphs 3 
and 4 in general instructions.) 

Cycle the generator as explained in step 4 under 
“Fixed 1/4 Ohm Resistance Method.” 

Adjust voltage setting as necessary, as explained 
in step 5 under “Fixed 1/4 Ohm Resistance 
Method.” 

REGULATOR CONNECT TO 

RESISTANCE AMMETER VOLTMETER GENERATOR 

Figure ‘I-Variable resistance method meter connections for 
checking voltage regulator settings. 

Correction for Ambient Temperature 

Regulator specifications are given as a normal 
range in Test Specification Bulletin lR-185 and are 
based on checks made at an ambient temperature 
of 125” F. Ambient temperature is the temperature 
of the air surrounding the regulator approximately 
Y4 of an inch from, the regulator cover. 

Voltage Correction Factor Rule-A correction of 
.15 volts for 12-volt regulators is made for every 10 
degrees variation. If the ambient temperature is 
above 125” F, the correction is added to the volt- 
meter reading; if below 125” F, the correction is 
subtracted. Corrected readings should be checked 
against the normal range of settings. (Note: On 6- 
volt regulators a correction of .O75 volts is made for 
every 10 degrees variation.) 

For voltage regulator settings above or below nor- 
mal, see section “ Adapting Voltage Settings for 
Unusual Conditions.” Extreme or abnormal oper- 
ating conditions may require tailoring the voltage 
regulator setting. 

CUTOUT RELAY CHECKS AND 
ADJUSTMENTS 

The cutout relay requires three checks and adjust- 
ments: air gap, point opening and closing voltage. 
Air gap and point opening must be made with the 
battery lead disconnected from the regulator. 
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Figure S-Cutout relay air gap check and adjustment. Battery 
must be disconnected when this check is made. 

Air GapPlace fmgers on armature directly above 
contacts, move armature down until points just 
close. Measure air gap between armature and cen- 
ter of core (Fig. 8). On multiple contact point re- 
lays make sure that all pcints close simultaneously. 
Adjust air gap by adjusting two screws in back of 
relay and raise or lower armature as required. 
Tighten screws after adjustment. 

VARIABLE RESISTANCE 

VOLTMETER GENERATOR 

Figure M-Voltmeter connections to check cutout relay closing 
voltage. Variable resistance may be connected as shown for 

cycling generator. 

Point Opening-Check point opening and adjust 
by bending the upper armature stop (Fig. 9). 

Closing Voltage- 

1. Connect regulator to proper generator and bat- 
tery. Connect voltmeter between the regulator 
“GEN” terminal and ground. (Fig. 10). 
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3. 

watt resistor for 6-volt systems, or 25 ohm-25 
watt resistor for 12-volt systems. Operate gener- 
ator at medium speed with variable resistance 
turned all in. Slowly decrease (turn out) the re- 
sistance until cutout relay points close. Note 
closing voltage. Slowly increase (turn in) re- 
sistance to make sure points open. 

Adjust closing voltage (either method) by turn- 
ing adjusting screw (Fig. 11). Turn screw clock- 
wise to increase setting and counterclockwise 
to decrease setting. 

CURRENTREGULATOR 

Two checks and adjustments are required on the 
current regulator: air gap and current setting. 

Air Gap-Check and adjust in. .exactly the same 
manner as for the voltage regulator. 

TO BATTERjJ AMMETER VOLTMETER GENERATOR 

Figure 12-Connections for checking current regulator by 
load method. 

2. Method A-Slowly increase generator speed and 
note relay closing voltage. Decrease generator 
speed and make sure the cutout relay points 
open. 

JUMPER LEAD BRIDGING VOLTAGE 

REGULATOR CONTACT POINTS 

?rr.rrrrrrrr,,r* 

7 BAT. 

,AMMETER GENERATOR 

Figure l&Ammeter and jumper lead connections for checking 
current regulator setting by jumper lead method. Ammeter 
leads and jumper leads shown in red. (Only for current 

regulators without temperature compensation.) 

Method B-Make connections as in Step 1, but 
in addition add a variable resistor connected 
into the field circuit (Fig. 10). Use a 15 ohm-25 

Current Setting-Current regulator setting on cur- 
rent regulators having temperature compensation 
should be checked by the following method: 

LOAD MFXHOD- 

1. 

2. 

3. 

4. 

5. 

Connect ammeter into charging circuit, as in 
Figure 12. 

Turn on all accessory load (lights, radio, etc.) 
and connect an additional load across the bat- 
tery (such as a carbon pile or bank of lights) so 
as to drop the system voltage approximately one 
volt below the voltage regulator setting. 

Operate generator at specified speed for 15 min- 
utes with cover in plnce. (This establishes oper- 
ating temperature; see paragraphs 3 and 4 in 
General Instructions.) If current regulator is 
not temperature-compensated, disregard 15-min- 
ute warm-up period. 

Cycle generator and note current setting. 

Adjust in same manner as described for the 
voltage regulator (Fig. 6). 

Jumper Lead Method- (Use only for current 
regulators without temperature compensation.) 

Connect ammeter into charging circuit, as in 
Figure 13. 

Connect jumper lead across voltage regulator 
points, as in Figure 13. 

Turn on all lights and accessories or load battery 
as in “2” under Load Method. 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



BULLETIN lR-118 

10 Pages, Page 10 

D-R STANDARD WATERPROOF THREE-UNIT 
(Circuit “A”-Model 1119000 Series) 

REGULATORS 
S E R V I C E B U 1 1 E T I N 

4. Operate generator at specified speed and note 
current setting. INSULATORS 

5. Adjust in same manner as described for the 
voltage regulator (Fig. 6). 

CAUTION-Do not use the Quick Check Method 
as previously outlined in Bulletin lR-117 for check- 
ing current regulator on these series of regulators. 
Using the screw driver method will short both the 
voltage and current regulators which causes an un- 
controlled output of the generator. 

REPAIR SECTION 

REGULATOR SPRING REPLACEMENT 

If it becomes necessary to replace the spiral spring 
on either the current or voltage regulator unit, 
the new spring should first he hooked on the lower 
spring support and then stretched up until it can 
be hooked at the upper end. Stretch the spring only 
by means of a screwdriver blade inserted between 
the turns (or in a similar manner)-do not pry the 
spring into place, as this is likely to bend the spring 
supports. After installing a new spring, readjust the 
unit setting as already described. 

UPPER CONTACT SUPPORTS 1”: ‘-;~~.L.__~:::...” 

Figure 14-Relationship of insulators, connector strap and 
upper contact support brackets. 

tage and current regulator unit contact mounting 
screws. 

RADIO BY-PASS CONDENSERS 

REPLACING CONTACT SUPPORT BRACKETS 

Voltage or current regulator unit contact support 
brackets can be replaced by following the relation- 
ship illustrated in Figure 14. Note particularly that 
the connector strap is insulated from both the vol- 

The installation of radio by-pass condensers on 
the field terminal of the regulator or generator 
will cause the regulator contact points to burn and 
oxidize so that generator output will be reduced 
and a rundown battery will result. If a condenser 
is found connected to either of these terminals, 
disconnect the condenser and clean the regulator 
contact points as previously explained. 

,_,, :.;:; . CURRENT . . . . 

VOLTAGE 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

1. 

2. 

3. 

4. 

Battery Load Test 
Ground ignition coil with a jumper wire. 
(Engine must not start during tests) 

Turn meter function switch to 50 volt scale. 

Connect volt meter as shown below. 

Crank engine for 15 seconds - observe 
minimum voltage. 

RESULTS 

A. 9.6 volts or higher...battery is good 

B. Less than 9.6 volts.. -watch meter after cranking: 

(a) Slow return to 12 volts.. .battery bad or discharged. (b) Quick return to 12 volts...starting system problem 
. 

_ ,. 3n 5, Page 2 Code: OH-369, JUL 79 
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Positive Post Volt Drop Test 
Turn meter function switch to 2.5 volt scale. 

Connect meter as shown. Positive lead to post 
negative lead to cable end. 

Crank engine for 15 seconds - observe meter. 

RESULTS 

A. Voltage reading 0 . ..connection good. 

B. Voltage reading above 0 . . . indicates poor connection. 
Clean post and cable end to correct the condition. 

Code: OH-369, JUL 79 Section 5, Page 3 
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- Y Turn meter 

Post Volt Drop Test 

function switch to 2.5 volt scale. 

2, Connect meter as shown. 
Negative lead to post, 

positive lead to cable end. 

3" Crank engine for 15 seconds - observe meter. 

RESULTS 

A. Voltage reading O...connection good. 

B. Voltage reading above O... 
indicates poor connection. 

Clean post and cable end to correct the condition. 

Jn5, Page4 
Code OH-369, JUL 79 
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Positive Cable Volt Drop Test 

Turn meter function switch to 2.5 volt scale. 

Connect the meter leads as shown. Positive leac 
to battery cable end, 
cable end. 

negative lead to solenoid 

Crank engine for 15 seconds - observe meter. 

RESULTS 

A. Voltage reading up to .4 volts . ..cable is good. 
*. , 

B. Voltage reading above .4 volts . . . indicates bad cable or 
cable connection. 

Code: OH-369, JUL 79 
Sect ion 5, Page 5 
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Negative Cable Volt Drop 
1. Turn meter function switch to 2.5 

Test 
volt scale. 

2. Connect meter leads as shown. Negative lead 
to battery cable end, positive lead to ground 
cable end. 

I 

3. Crank engine for 15 seconds - observe meter. 
.+DC 

RESULTS 

A. Voltage reading up to .4 volts . ..cable is good. 

B. Voltage reading above .4 volts . . . indicates bad cable 
or cable connection. 

_, .- ‘.)n 5, Page 5 Code: W-369, JUL 79 
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Starter Ground Test 
1. Turn meter function switch to 2.5 volt scale. 

2. Connect meter leads as shown below. 

3. Crank engine for 15 seconds - observe meter. 

+DC - 

FSSUL?p'S 

A. Voltage 

B. Voltage 

reading up to .2 volts -.-starter ground is good. 

reading above .2 volts . ..' indicates poor starter ground. Clean mounting bolts to correct this condition. 

Code: OH-369, JUL 69 
Section 5, Page 7 
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Solenoid Disc Contact Volt Drop Test 
1. Turn meter function switch to 50 volt scale. 

2. Connect meter leads as shown. Positive lead to 
solenoid battery terminal post, negative lead to 
solenoid motor terminal post. 

3. Crank engine for 15 seconds. 
While cranking, turn function switch to 2.5 volt 
scale and read voltage. 

4. Return meter setting to 50 volt scale, stop cranking. 

RESULTS 

A. Voltage 

B. Voltage 
contact. 

reading up to .2 volts . ..solenoid disc contact is good. 

reading above .2 volts . ..indicates bad solenoid disc 

___. : *N-I 5, Page 8 Code: 01-i-369, JAN 80 REV 
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Solenoid Circuit Volt Drop Test 
1. Turn meter function switch to 50 volt scale. 

c; 

2. Connect meter leads as shown. Positive lead to 
solenoid battery terminal post, negative lead to 
solenoid lIS" terminal post. 

3. Crank engine for 15 seconds. 
While cranking, turn function switch to 2.5 volt 
scale and read voltage. 

4. Return meter setting to 50 volt scale, stop cranking. 

RESULTS 

A. Voltage reading up to 1.00 volts . . . solenoid circuit is good. 

B. Voltage reading above 1.00 volts . ..indicates bad solenoid 
circuit. See machine schematic to locate components in the 
solenoid circuit. 

Code: OH-369, JUL 79 Sect ion 5, Page 9‘ 
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AXLE END OVERHAUL 

TABLE OF CONTENTS: 

Exploded View 2 

Disassembly of Drive Axle 3-4 

Cleaning & Inspection 4-5 

Reassembly of Drive Axle 5-8 

Specifications g-10 
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c 

6 
L91.085 

20.618 - 

20.571 

1Y0.384 
23.256 

1 

L 
23.614, 

20.551 23.244(RH) 1 
23.245(LH) 

-614 

- - \ 

---- 
I I 

23_668_, e r23.666CRH) 1 
'\t- 

23.667(LH) 

T@ A&B I 
1 

I 

L 23.222 

_-A @ 

AXLE END ASSEMBLY 

20.500 
20.501 

20.542 
20.543 
20.544 

20.547 STUD, DRIVE AXLE END FASTENER 
20.548 SLEEVE, DRIVE AXLE SHAFT 
20.551 CAP, DRIVE AXLE HUB 
20.552 VENT, AXLE END 
20.570 STUD, DRIVE WHEEL MOUNTING 

20.571 
20,575 

AXLE END ASSEMBLY, DRIVE RH 20.612 CUP, DRIVE AXLE HUB INNER BEARING 
AXLE END ASSEMBLY, DRIVE LH 20.615 SPINDLE, DRIVE AXLE END 
SUPPORT, DRIVE AXLE SPINDLE RH 20.618 CAP SCREW, DRIVE AXLE SPINDLE 
SUPPORT, DRIVE AXLE SPINDLE LH 23.222 SCREW, BRAKE CYLINDER BLEEDER 
SEAL, DRIVE AXLE SPINDLE SUPPORT 23.244 BRAKE ASSEMBLY, DRIVE WHEEL RH 

BEARING, DRIVE AXLE SHAFT 
CAPSCREW, DRIVE AXLE SHAFT BEARING :;*:z 
SEAL, DRIVE AXLE SHAFT 23:256 
NUT, DRIVE AXLE HUB BEAR!NG 23,61k 
BOLT, DRIVE AXLE END FASTENER 23.666 

23.667 
23.668 

;“o*;;; 
90: 384 

CONE, DRIVE AXLE HUB OUTER BEARING 
CUP, DRIVE AXLE HUB OUTER BEARING 

;o. ‘03; 
!. 

HUB & CUP ASSEMBLY, DRIVE AXLE 
SHAFT ASSEMBLY, DRIVE AXLE ;; -::: . 
CONE, DRIVE AXLE HUB INNER BEARING 

Fig. 20-152 

BRAKE ASSEMBLY, DRIVE WHEEL LH 
CAPSCREW, BRAKE ATTACHING 
DRUM, BRAKE 
SNAP RING, BRAKE DRUM 
LINE, BRAKE CYLINDER BLEEDER RH 

LINE, BRAKE CYLINDER BLEEDER LH 
FITTING, BRAKE BLEEDER SCREW MOUNTING 
WASHER, DRIVE AXLE END FASTENER 
WASHER, DRIVE AXLE HUB BEARING FASTENER 
COTTER, DRIVE AXLE HUB BEARING FASTENER 

WASHER, DRIVE AXLE SPINDLE FASTENER 
WASHER, DRIVE AXLE SPINDLE FASTENER 
NUT, DRIVE AXLE END FASTENER 
WASHER, DRIVE AXLE END FASTENER 

Section 5, Page 2 Code: OH-369, AUG 75 
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CUSTOMER’SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

DISASSEMBLY OF 
AXLE END: 

Remove brake drum. 
Two snap rings are 
located on each side 
of drum. 

Fig. 17235 

Fig. 17237 

Fig. 17239 

Remove brake 
assembly 6 bo 
Refer to Sect 

Its. 
ion 

1Y 23 for disassemb 
and assembly 
instructions. 

Remove axle hub 
cup. 

Remove axle hub 
bearing retain- 
ing nut washer 

and cotter. 

Remove drive axl’e 
hub outer bear- 
ing. 

Remove drive axle 
hub assembly by 
pulling assembly 

straight out. 

Remove drive axle 
hub inner bear- 
ing, 

Fig. 17236 

Fig. 17238 

Fig. 17240 

Fig. 17241 Fig. 17242 

Code: OH-369, AUG 75 Section 5, Page 3 
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CUSTOMER SERVICES ENGINEERIN DEPARTMENT, BATTLE CREEK 

Remove drive axle spindle. 

NOTE 

It is not necessary to remove spindle 
on some models if there is no apparent 
damage. 

Remove drive axle shaft bearing retaining bolts 
and washer. 

Remove drive axle shaft assembly by striking 
splined end with a soft mallet. 

Fig. 17243 

Fig. 17244 

Fig. 17245 ” 
0” 

CLEANING AND INSPECTION: 

1. Clean all parts in Stoddard type solution and blow dry. 

2. Carefully clean and inspect all bearings and bearing surfaces for excessive 
wear, pits and bearing failure. Replace with new parts when necessary. 

3. Check all parts for distortion and wear , replacing any gears with pitting, 
chipping, nicking or cracking beginning to appear around the teeth. 

Section 5, Page 4 Code: OH-369, AUG 75 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

Check vent to see if plugged. Replace if 
necessary o 

REASSEMBLY OF AXLE END: 

Replace all seals and gasket. 

Pack all bearings prior to final assembly. 

Cav ity between bearing cups in hub 
fil led one-half full with grease. 

should be 

Install bearing, sleeve and seal on axle shaft. 
Make sure bearing is well seated on shaft. 

Fig. 17250 

REFER 

TO 

GROUP 40 

SECTION 4 

FOR 

LUBRICATION 

SPECIFICATIONS 

Code: OH-369, AUG 75 Section 5, Page 5 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES ENGINEERING OtMRTMENT. BATTLE CREEK 

Insert drive axle assembly into position in 
housing, using a soft hammer. Make sure bearing 
is well seated. 

Fig. 17246 

Install two bearing retaining bolts and washer. 
Tighten to 23 to 25 lb. ft. torque. 

If spindle was removed, install and tighten 
bolts to 115 to 127 lb. ft. torque. 

Pack spaces between teeth of axle shaft and 
internal gear level full for entire circumference 
(use approximately l-l/4 lbs.). 

Fig. 17248 _ 
0” 

Fig. 17249 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

- 
of seal then install in housing. 

Before installing seal, fill cavity between 
sealinq lips with qrease for entire circumference 

Install inner bearing on drive spindle, making 
sure bearing is well seated. 

Carefully install drive hub assembly on axle 
spindle, making sure inner bearing is seated on 
bearing race and drive axle is in mesh with 
inner ring gearDin hub assembly. 

Install outer bearing on spindle. 

.I : 
. 

_. 

Fig. 17251 

Fig, 17242 

Fig. 17240 

Code: OH-369, RJG 75 Section 5, Page 7 
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INDUSTRIAL TRUCK DIVISI 

CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

Install bearing retaining washer an d nut. 
Adjust by tighiening bea; ing adjust ing nut until 
bearings bind slightly in rotating. Back off 
about l/8 turn and instal 1 cotter p in. 

Install hub cap. 

Fig. 17239 

Fig. 17238 

Install brake assembly and tighten bolts to 52 
to 57 lb. ft. torque. 

g I 
z 

Fig. 17252 -0 ,:' 
N 
0 

Install brake drum. 

Fig. 17236 

Section 5, Page 8 

Fig. 17235 

1 
Code: OH-369, AUG 75 . 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

SPECIFICATIONS FOR DRIVE AXLE 

NUMBER OF TEETH LB. FT. LB. FT. LB. FT. LB. FT. 
RIGHT (Ref. Only) TORQUE TORQUE TORQUE TORQUE 

CLARK OR AXLE TO TIGHTEN TO TIGHTEN TO TIGHTEN TO TIGHTEN 
PART LEFT TOTAL GEAR SHAFT RING BRAKE MTG. SPINDLE. AXLE SHAFT RING GEAR 
NUMBER HAND REDUCTION GEAR GEAR BOLTS BOLTS BOLTS BOLTS 

108776 
lo8777 
108778 
108779 
108780 
108781 
108782 
108783 
108784 
108785 
108786 
108787 
lo9516 
109517 
109972 
110008 
11000g 
110010 
110011 
110012 
110013 
110014 
110142 
110149 
110227 
112006 
112701 
112716 
113145 
114357 
114389 
114590 
116649 
116659 
116662 
119554 
119555 
119875 
119876 
119877 
119878 
15879 
19880 
19881 
19882 
19883 
19884 
2095 1 
20952 
120953 
120954 
120955 
120956 
122705 
122706 
122707 

RH 3.889 to 1 
LH 3.889 to 1 
RH 3.889 to 1 
LH 3.889 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 3.889 to 1 
LH 3.889 to 1 

BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 4.4 to 1 
BOTH 4.4 to 1 
BOTH 4.4 to 1 
BOTH 4.4 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 4.4 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 
RH 4.4 to 1 
LH 4.4 to 1 

BOTH 3.889 to 1 
BOTH 3.889 to 1 
BOTH 3.889 to 1 

Code: OH-369, AN 75 

z 
; 
10 
10 
10 
10 
10 
10 
10 
10 

z 

; 
9 
10 
10 
10 
10 

; 

; 

99 
9 
10 

; 

; 

; 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
9 
9 
9 

52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 
52-57 

115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 

1 

5-127 
5-127 
5-127 
5-127 
5-127 
5-127 
5-127 

115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
11.5-127 
115-127 
115-127 
11.5-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
1.5-127 
15-127 
1.5-127 

1 15-127 
15-127 
15-127 
15-127 
15-127 

115-127 
115-127 
115-127 
115-127 
115-127 
115-127 
115-127 

23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
NA 
NA 

23-25 
23-25 
NA 

23-25 
23-25 
23-25 
NA 
NA 

23-25 
23-25 
NA 
NA 

23-25 
23-25 
23-25 
23-25 
23-25 
23-25 
NA 
NA 
NA 
NA 
NA 
NA 

23-25 
23-25 
NA 

70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
~70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

SPECIFICATIONS FOR DRIVE AXLE 

NUMBER OF TEETH LB. FT. LB. FT. LB. FT. LB. FT. 
RIGHT (Ref. Only) TORQUE TORQUE TORQUE TORQUE 

CLARK OR AXLE TO TIGHTEN TO TIGHTEN TO TIGHTEN TO TIGHTEN 
PART LEFT TOTAL GEAR SHAFT RING BRAKE MTG. SPINDLE AXLE SHAFT RING GEAR 
NUMBER HAND REDUCTION GEAR GEAR BOLTS BOLTS BOLTS BOLTS 

122708 BOTH 
122709 BOTH 
122710 BOTH 
122871 RH 
122872 LH 
123353 BOTH 
124393 BOTH 
124394 BOTH 
126420 RH 
126424 LH 
126425 RH 
126426 LH 
126427 RH 
126428 LH 
127088 RH 
127089 LH 
127090 RH 
127091 LH 
127582 RH 
127583 LH 

Section 5, Page 10 Code: OH-369, AUG 75 

3.889 to 1 9 
3.889 to 1 
3.889 to 1 ; 
4.4 to 1 10 
4.4 to 1 10 

3.889 to 1 3.889 to 1 ; 
3.889 to 1 
4.4 to 1 190 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 
4.4 to 1 10 

52-57 115-127 NA 
52-57 115-127 NA 
52-57 115-127 NA 

52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 NA 
52-57 115-127 23- 25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 23-25 
52-57 115-127 NA 
52-57 115-127 NA 
52-57 115-127 NA 
52-57 115-127 NA 

52-57 115-127 NA 

52-57 115-127 NA 

70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
70-77 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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14 

BRAKE MASTER CYLINDER OVERHAUL 
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PROBLEM CAUSE CORRECTION 

1. Locked pedal or A. Broken piston stop plate A. 
hard pedal. lock wire. 

B. Twisted or tight piston. B. 

C. The pedal cross shaft, C. 
or the linkage, is tight. 

D. Restriction in the D. 
cylinder vent port. 

Replace the lock wire. 

Overhaul or replace the 
master cylinder. 
Clean and lubricate the 
linkage. 
Overhaul the master 
cylinder. 

2. Pedal falls away A. Leakage past the primary A. Overhaul the master 

under pressure. cup. cylinder. 
B. Primary cup failure. B. Overhaul the master 

cylinder. 
C. Leakage at brake line C. Tighten the brake line 

fittings. fittings. Fill the master 
cylinder. 

D. Restriction in the D. Overhaul the master 
cylinder vent port. cylinder. Flush the dirty 

fluid from the system. 

3. Low pedal or A. 
soft pedal B. 
under pressure. 

C. 

D. 

Brake lining is worn. 
Too much pedal free 
travel. 

A. Adjust the brake shoes. 
B. Adjust pedal free travel. 

Restriction in the filler 
cap vent makes a vacuum, 
which causes air to enter 
the system. 

C. Clean the cap vent and 
remove air from the brake 

system. 

Secondary seal failure D. Overhaul the master 

permits air to enter the cylinder. Remove air 
system. from the brake system. 

4. Pedal rises 
(decrease of 
travel). 

A. Restriction in the 
cylinder vent port. 

A. Adjust the pedal, clean the 
cylinder, or replace seals. 

5. All brakes A. 
overheat, lock, 
or do not fully B. 
release. 

C. 

D. 

E. 

F. 

Too much pedal free 
travel. 
The pedal cross shaft, 
or linkage, is tight. 
Weak or broken pedal 
return spring. 
Restriction in the 
cylinder vent port. 
Primary cup failure. 

A. Adjust pedal free travel. 

B. Clean and lubricate the 
linkage. 

C. Replace the pedal return 
spring. 

D. Overhaul the master cylin- 
der. Flush the system. 

E. Overhaul the master 
cylinder. 

Corrosion or dirt in the F. Overhaul the master 
master cylinder. cylinder. Flush the 

system. 

Section 14, Page 2 Code: OH-367, REV OCT 81 P.S.L. 
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Code: OH-367, REV OCT 81 P.S.L. Section 14, Page 3 

Fig. 23305 

1. Filler plug 7. Dust boot clamps 

2. Filler plug gasket 8. Stop plate 

3. Return spring 9. Dust boot 

4. Body 10. Push rod 

5. Primary cup 11. Lockwire 

6. Piston secondary seal 12. Piston 
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23 

DISASSEMBLY: 

1. Remove the dust boot clamp(s), and pull the 
push rod, with the dust bo'ot, from the cyl- 
inder assembly. 

Remove the dust boot from the push rod and 
discard the dust boot. 

Fig. 16967 

2. Use a screwdriver to remove the lockwire, 
or snap ring, from the groove in the cyl- 
inder bore. 

Fig. 16975 

3. Remove piston and stop plate. 

Fig. 16980 

7. “yy’, U.._L r--Y’--- \---- -- _____ -_ L-_. ____~ 
30 PSI) at (A) to remove the primary cup. 
Put your finger over the vent hole in the 
filler plug while doing this. Remove the 
return spring. 

Fig. 16970 

Section 14, Page 4 Code: OH-367, REV OCT 81 P.S.L. 
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CLEAN AND INSPECT: 

1. Clean all parts in denatured alco- 
hol or hydraulic brake fluid. Do 
not use mineral base solvents as it 
will damage rubber parts. 

2. Make sure there is no dirt, metal 
filings, etc. when the cylinder is 
ready to be assembled. 

3. Use a lint free cloth for cleaning, 
as particles of lint may cause a 
restriction in the vent port when 
it is put into operation. 

4. Hold the cylinder body toward a 
strong light and look through the 
bore for pressure marks, scratches, 
etc. 

5. Pressure marks and scratches may be 
polished with crocus cloth. 

NOTE 

Do not use emery cloth or 
sandpaper. 

6. Deep scratches must be honed to 9. Clean the cylinder in hydraulic 
put a new surface on the cylinder brake fluid before assembling the 
wall. cylinder. 

NOTE 

Honing specifications for these cylin- 
ders are: 

Cylinder Size Actual I.D. 
mm inches mm inches 

19,05 0.7500- 19,05-19,23 0.7500-0.7570 
25,40 1.0000 25,40-25,58 1.0000-1.0070 

26,98 1.0625 26,96-27,16 1.0615-1.0695 

28,62 1.1250 28,62-28,75 1.1250-1.1320 
31,75 1.2500 31,75-31,93 1.2500-1.2570 
38,lO 1.5000 38,10-38,28 1.5000-1.5070 
44,45 1.7500 44,45-44,63 1.7500-1.7570 
50,80 2.0000 50,80-50,97 2.0000-2.0070 

7. Use a "Go-No-Go" plug gauge to 
check the size of the cylinder 
bore. 

8. Honing a cylinder bore causes rough 
edges to appear in the cylinder 
vent port opening. The rough 
edges will damage the primary cup 
unless they are removed. These 
rough edges can be removed with 
special pliers (Wagner tool 
#FL-134). 

10. Inspect all parts. Replace if 
necessary. 

Do not hone cylinder bodies made 
of aluminum. 

ASSEMBLY: 

IMPORTANT 

ANY MASTER CYLINDER THAT IS 
HONED TOO MUCH MUST BE DIS- 
CARDED AND REPLACED. 

1. Put the cylinder body in a vise 
that has soft jaws. The push rod 

end of the cylinder must be up. Do 
not tighten the jaws of the vise 
too much, or distortion of the 
cylinder bore may occur. 

2. Install the piston return spring 
into the cylinder bore. 

3. Install the primary cup. 

Code: OH-367, REV OCT 81 P.S.L. Section 14, Page 5 
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GROUP 
23 

4. Lubricate the piston assembly, and 

install it into the cylinder bore. 

5. Put the piston stop plate on the 

piston, and install the lockwire. 
Make sure the lockwire is in the 
groove in the cylinder bore. 

6. Put the dust boot over the push 
rod, and install the small clamp 
ring. 

7. Install the large clamp ring over 
the large end of the boot. 

8. Install the push rod into the end 
of the piston. 

9. Pull the large end of the dust boot 
over the cylinder body opening and 
install the clamp. 

10. Replace the filler plug gasket and 
install the filler plug. 

Section 14, Page 6 Code: OH-367, REV OCT 81 P.S.L. 
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SAGINAW MANUAL STEERING GEAR 
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T 

-25.025 
-25.026 

I!!I 

-25.026 -25.030 

~25.034F 25.021-G 
25.016F- 

25. 

r- 25.001 

ASSEMI 3lY COMPLETE 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

I I 
NOTE: 

MnM SERVICEABLE ..-., 
ITEMS 1 MARKED “N” 

25.094 - 

25.023 -%_ 

25.022 

STEERING GEAR 
25-053 

25.001 
25.002 
25.003 
25.004 
25.005 
25.006 
25.007 
25.008 
25.009 
25.011 
25.012 
25.013 
25.014 
25.015 
25.016 
25.020 
25.021 
25.022 
25.023 
25.025 
25.026 
25.027 

)ED) GEAR ASSEMBLY, STEERING (GREAS 
HORN BUTTON KIT 
NUT, HANDWHEEL 
HANDWHEEL, STEERING GEAR 
SPRING, UPPER BEARING 
SEAT, UPPER BEARING SPRING 
BEARING ASSEMBLY, UPPER 
WASHER, UPPER BEARING RETAINER 
ADAPTOR, UPPER BEARING 
FASTENER, STEERING COLUMN 
CUSHION, STEERING COLUMN 
CONNECTOR ASSEMBLY, HORN 
FASTENER, HORN CONNECTOR 
COVER, HORN CABLE CONNECTOR 
FASTENER, CONNECTOR COVER 
NUT, BEARING ADJUSTOR LOCK 
CUP, WORM THRUST BEARING UPPER 
BEARING, WORM THRUST UPPER 
BEARING, WORM THRUST LOWER 
TERMINAL, HORN CABLE 
CABLE 8 CONTACT, HORN 
FERRULE, INSULATING 

25.028 
25.029 
25.030 
25.031 
25.032 
25.033 

25.041 
25.042 
25.043 
25.0'+'+ 

25.097 
25.098 
10N 

SPRING, CONTACT 
WASHER, CONTACT 
SHAFT ASSEMBLY, BALL NUT AND HORN CONTACT 
FASTENER, PITMAN ARM 
SEAL, PITMAN SHAFT 
BUSHING, PITMAN SHAFT 
FASTENER, STEERING GEAR ATTACHING 
PLUG. FILLER 
SHAFT 8 GEAR, PITMAN 
GASKET, SIDE COVER 
COVER d BUSHING. HOUSING SIDE 
FASTENER, SIDE COVER 
ADJUSTOR, LASH 
SHIM KIT, LASH ADJUSTOR 
NUT, LASH ADJUSTOR 
ADJUSTOR, THRUST BEARING 
COVER, END 
GASKET, END COVER 
FASTENER, END COVER 
HOUSING JACKET & BUSHING 
JACKET, STEERING COLUMN 

ASSEMBLY 

Section 5, Page 2 Code: OH-367, REV OCT 83 PSL 
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ClclRK GR205UP 
TROUBLE SHOOTING 

TROUBLE POSSIBLE CAUSE PROBABLE REMEDY 

Steering loose 1. 

2. 

3. 

4. 

5. 

Not enough lubrication in 
linkage and king pins. 

Steering gear needs 
adjustment of preloads. 

Tires worn or not enough 
air in them. 

Steering components worn, 
loose, or not adjusted 
correctly. 

Steering system not 
adjusted correctly. 

1. 

2. 

3. 

4. 

Lubricate the linkage. 
Loosen any components 
which will not move and 
will not take lubrica- 
tion. 

Adjust the steering gear 
preloads. 

Install new tires or put 
air in tires. 

Replace or adjust loose or 
worn parts, as necessary. 

5. Adjust steering and 
spring components for 

wear or damage. 

Noise in steering 
column or wheel 

1. Steering gear not adjusted 1. Adjust steering gear. 
correctly. 

2. Steering gear loose at 
the frame. 

2. Tighten mounting bracket. 

3. Worn steering linkage 
components. 

3. Adjust, repair or replace. 

Steering pulls to 
left or right 

1. 

2. 

3. 

One solid tire worn or 1. Replace, repair or put 
damaged, or one pneumatic air in tires. 
tire needs air. (Steering 
will pull to low side.) 

Left or right drive unit 2. Check both motors and 
damaged or not working drive units. 
correctly. (Electric trucks) 

SCR control panel or 
contactor panel not 
working correctly. 
(Electric trucks) 

3. Inspect and test both 
drive motor circuits. 

Code: OH-367, REV OCT 83 PSL Section 5, Page 3 
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EMRK 

TROUBLE SHOOTING 

TROUBLE POSSIBLE CAUSE PROBABLE REMEDY 

Hard steering 1. Pneumatic tire pressure 
too low, or foreign 
material attached to 
solid tires. 

1. 

2. Steering gear adjusted 
too tight or clearances 
too small. 

2. 

3. Not enough lubrication. 3. 

Put air in the pneumatic 
tires to the correct 
pressure. Check for 
leaks and repair as 
needed. Clean, repair or 
replace damaged solid 
tires. 

Adjust steering gear and 
check the mounting 
clamps. 

Lubricate and loosen 
linkages. 

Vibration or 
looseness 

1. Loose steering linkage 
components. 

1. Adjust, tighten and 
repair linkage as 
necessary. 

2. Wheel loose on hub. 2. Inspect wheel bolt holes 
for damage, and tighten 
as needed. 

Section 5, Page 4 Code: OH-367, REV OCT 83 PSL 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



ELqRK GROUP 
25 

DISASSEMBLY: 

1. Keep the parts of the steering gear free 
of dirt. Put clean heavy paper on the 
workbench before starting disassembly of 
the steering gear. Clean the unit with a 
UL approved solvent. 

2. Put the steering gear in a vise as shown. 
The steering gear worm shaft should be kept 
in a horizontal position. 

Fig. 18483 

Fig. 18484 

3. Loosen the locknut on the preload adjuster 
and loosen the adjuster in a counterclock- 
wise direction. 

_, ,a \ ,: ,_“, 

Fig. 18502 

4. Loosen the locknut and turn the adjusting 
plug out several turns. This will remove 
the pressure from the worm shaft bearings. 

Fig. 18488 
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5. Remove the side cover bolts and hit the 
end of the pitman shaft with a rubber 
hammer. Then pull the side cover and 
pitman shaft assembly from the gear housing. 

6. If the sector does not come out of the 
opening in the housing easily, turn the 
steering gear worm shaft by hand until the 
sector will move through the opening in 
the housing. 

7. Remove the end cover, adjusting plug and 
1ocknA. Then remove lower worm bearing 
from end of worm shaft. 

8. Remove the seat, spring and adaptor. Put 
tape on the serrations to protect them when 
the shaft is drawn out of the tube and 
housing. 

Fig. 18486 

Fig. 18479 

Fig. 18481 

Fig. 18495 

Section 5, Page 6 Code: OH-367, REV OCT 83 PSL 
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9. Remove the steering gear ball nut and worm 
shaft from the housing together with the 
thrust worm bearing. 

IMPORTANT 

BE CAREFUL THAT THE BALL NUT DOES NOT 

RUN DOWN TO EITHER END OF THE WORM 

SHAFT. KEEP THE SHAFT HORIZONTAL. 

HOLD ONTO THE BALL NUT TO KEEP FROM 

DAMAGING THE ENDS OF THE BALL GUIDES. 

BALL NUT SERVICING: 

1. Remove the screws and clamp that 
hold the ball guides in the nut. 
Remove the guides from the ball 
nut. 

2. Turn the nut upside down and rotate 
the steering gear worm shaft back- 
wards and forwards until all the 
balls come out. With all the balls 
removed, the ball nut can be pulled 
off the worm gear shaft. 

3. After cleaning, inspection and 
replacement of parts that are 
damaged, put the worm shaft down on 
the bench and put the ball nut over 
the end with the ball guide holes 
up and the shallow end of the rack 
teeth to the left (from the steering 
wheel position). Align grooves in 
the worm and ball nut by looking 
through the ball guide holes. 

fig. 18487 
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5. 

6. 

7. 

8. 

9. 

25 

Where the balls are stopped by the end of 
the worm, hold down those balls that are 
already in the ball nut with a clean rod 
or punch and turn the worm shaft backwards 
while continuing to fill the circuit. 

NOTE 

It may be necessary to work the 
worm backwards and forwards holding 
the balls down, first in one hole, 
then in the other, to close up the 
spaces between the balls and fill 
the circuit completely. 

Put half of the ball guide, groove up, on 
the bench and put half the balls in it. 
There should be enough balls remaining in 
the pan to fill the other circuit. Put the 
other half of ball guide, groove down, over 
the first half. Hold the halves together 
and close the ends with clean grease to 
keep the balls from coming out while in- 
stalling the guide. 

Push the guide into the guide holes of the 
ball nut. This completes one circuit of 
balls. If the guide does not push all the 
way down easily, hit it softly into place 
with a rubber hammer. 

Fill the second circuit in the same manner 
as described for the first ball circuit. 

Assemble the ball guide clamp to the nut. 
Be sure to use lockwashers under the clamp 
screws, then tighten the screws securely. 

Fig. 13932 

Fig. 11875 

Fig. 13933 

IMPORTANT 

DO NOT ROTATE THE BALL NUT TO THE END OF THE WORM THREADS. 

THIS CAN DAMAGE THE ENDS OF THE BALL GUIDES. ANY FRICTION 

IN THE MOTION OF THE BALL NUT INDICATES SOME D 

ENDS OF THE BALL GUIDES THAT WAS NOT SEEN BEFORE. 

Section 5, Page 8 Code: OH-367, REV OCT 83 PSL 
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INSPECTION OF MANUAL STEERING GEAR: IMPORTANT 

1. Clean all parts in a UL approved cleaning DO NOT TRY TO SALVAGE STEER- 
solvent. Dry them completely with air. 
Use a magnifying glass to inspect bearings ING GEAR PARTS BY WELDING OR 
and bearing cups for damage. Check for 
chips, cracks, or scratches of the surface. STRAIGHTENING. ANY PARTS THAT 
Any parts that are damaged must be re- 
placed. ARE DAMAGED SHOULD BE REPLACED. 

2. 

3. 

Inspect all seals. Any seal that is worn 
or has been removed must be replaced. 

Inspect the pitman shaft for wear. Check 
the steering gear worm shaft for straight- 
ness or damage. Check for grooves and 
scratches on the worm thread or bearing 
cones of the worm thrust bearings. Check 
the ball nut for scratches or cracks. 

Fig. 13934 

4. Check the clearance of the pitman shaft in ,, ” ,_* 
,, ,, 

the housing and side cover bushing, or 
bearing. The housing bushings can be 
replaced. If the side cover bushing 
indicates a need for replacement, the side 
cover assembly must be replaced. 

Fig. 18490 

5. If the pitman shaft seal is to be replaced, 
remove the old seal with a screwdriver. Be 
careful not to damage the bearings or 

- 

bushings. Install a new seal by pressing 
on the outer diameter of the seal with a 

,, 

socket. 

Fig. 18485 

Code: OH-367, REV OCT 83 PSL Section 5, Page 9 
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25 

6. If the pitman shaft lash adjuster has shims, 
put the parts in the slotted end of the 
pitman shaft. Check the clearance with a 
feeler gauge at point 2 to make sure it is 
not greater than [,0508 mm] or 0.002 inch. 
If it is, a steering gear lash adjuster 
shim unit, containing several shims of 
various thicknesses, is available. 

21: ST;!08 mm] or 0.002" Feeler Gauge 

Fig. 13938 

ASSEMBLY OF MANUAL STEERING GEAR: 

1. After any overhaul (where all 
the grease has been cleaned off 
all the parts) lubricate the 
threads of the worm shaft, lash ad- 
justor, bearing cup, thrust adjust- 
or and cover bolts with a non- 
drying, oil resistant sealing com- 
pound to prevent leakage of grease 
from the steering gear assembly. 

2. The compound must not be applied to 
female threads. Be careful when 
applying this compound to the bear- 
ing adjustor. The compound must be 
kept away from the bearing race. 
Apply clean lithium grease to the 
bearings, bushings and ball nut 
teeth. 

3. Put the steering gear housing in a vise so 
that the worm shaft will be kept horizontal. 
Install the pitman shaft seals, pitman 
shaft bushings and worm shaft bearing cups. 
With the upper thrust bearing and ball nut 
installed on the worm shaft, install the 
shaft into the housing and tube. 

4. With the ball nut and worm shaft inside the 
housing, fasten the end plate to the housing 
to a torque of [34-40 N'm] or X-30 LBS. FT. 

Fig. 18487 

Fig. 18494 
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5. Install the lower worm shaft bearing on the 
end of the shaft. 

Fig. 18504 

6. Install the cup and adjuster plug into the 
housing until nearly all clearance is 
removed from the steering gear worm shaft. 

Fig. 18503 

7. Rotate the steering gear worm shaft by 
hand until the ball nut is about in the 
center of travel. This is to make sure 
that the ball nut and sector gear will 
engage correctly with the center tooth of 
the sector entering the center tooth space 
of the ball nut. 

Fig. 18482 

8. Put clean lithium grease into the gear F‘~“',~ ‘^., ;"* 

housing. Then, using a screwdriver through 
the hole in the side cover, turn the lash 

:::,': ';\:,::;: 
" ), 

adjuster counterclockwise to pull the pitman i 
‘_; 

shaft into the side cover bushing as far as ;_',~ :’ ,*,\ *.i 
it will go. A$ 

Fig. 18491 

Code: OH-367, REV OCT 83 PSL Section 5, Page 11 
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9. 

10. 

11. 

12. 

13. 

14. 

After making sure there is some lash 
between the ball nut and sector teeth, 
assemble and tighten the side cover bolts 
to a torque of [28-34 N'm] or 20-25 lb. ft. 

With the lash adjuster loosened, turn the 
adjuster plug clockwise until all clearance 
has been removed, then tighten the lock nut. 

Measure the amount of torque needed to 
keep the shaft moving. Adjust the bearing 
cup and adjuster plug until the correct 
preload of [1,8 N'm] or 16 lb. in. is reached. 
Tighten the cup and adjuster plug lock nut 
to [68-135 N'm] or 50 to 100 lb. ft. torque. 

Check the worm thrust bearing preload ad- 
justment after the locknut is tightened. 

Return the steering gear to the 
center position. Turn the lash ad- 
juster screw clockwise to remove 
all lash between the ball nut and 
sector teeth. Tighten the lock nut. 

While using a 12-point socket on 
the splined end of the shaft and a 
pound inch torque wrench, check 
highest reading while the gear is 
turned through the center position. 
Adjust the lash adjuster to get a 
preload adjustment of [1,7 N'm] or 
10 lb. in., in excess of worm 

Fig. 18476 

Fig. 18493 

Fig. 18498 

thrust bearing preload, but 
not to exceed [5,3 N-m] or 
30 lb. in. 

Tighten the lash locknut to 
[28-34 N'm] or 20-25 lb. ft. 
torque. 

Section 5, Page 12 Code: OH-367_ REV OCT 83 PSI. 
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WORM BEARING ADJUSTMENT CHECK: 
(DRAG LINK DISCONNECTED) 

1. Loosen the locknut and turn the preload 
adjuster counterclockwise to release the 
over center preload adjustment and to make 
a clearance between the sector gear and 
worm ball nut. 

2. Turn the steering wheel in one direction to 
the end of travel, then back one full turn. 

IMPORTANT 

DO NOT TURN THE STEERING WHEEL HARD 

AGAINST THE "STOPS" WHEN THE LINKAGE 

IS DISCONNECTED FROM THE PITMAN ARM. 

DAMAGE TO THE BALL GUIDES MAY RESULT. 

3. Attach a spring tension gage at the rim of 
the wheel as shown. Pull on the scale in 
a line at right angle to the wheel spoke 
and measure the amount of pull needed to 
keep the wheel moving. If the worm bearings 
are correctly adjusted and the steering 
column bearings are free, the reading on 
the spring scale should be between [0,7 
and 0,9 Kg] or l-1/2 and 2 pounds. 

GROUP 
25 

,,’ 
‘// ,, 

,’ ,’ 

Fig. 18493 

,, ,, ,, a,*, ,, ,, ,, 

Fig. 18255 
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SPECIFICATIONS FOR MANUAL STEERING GEAR (WORM & BALL NUT TYPE) 

CLARK 
RECOMMENDED TORQUES 

PART SIDE COVER TO END COVER TO LASH ADJUSTER WORM BEARING 
NUMBER HOUSING BOLTS HOUSING BOLTS SCREW NUT ADJUSTER PLUG NUT 

Lb Ft N'm Lb Ft N'm Lb Ft N'm Lb Ft N'm 
320177 20 - 25 28734 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

333441 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 9.5 - 135 

626764 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

626917 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

664877 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

671480 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

689974 17 - 23 24 - 31 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

695928 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

732673 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

733206 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

751630 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

765800 17 - 23 24 - 31 15 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

767248 20 - 25 28 - 34 15 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

776781 17 - 23 24 - 31 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

785877 17 - 23 24 - 31 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

1610719 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

1614420 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

1618298 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

1618299 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

1618783 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

1671054 17 - 23 24 - 31 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

1705197 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 50 - 100 68 - 135 

1727528 20 - 25 28 - 34 25 - 30 34 - 40 20 - 30 28 - 34 70 - 100 95 - 135 

Section 5, Page 14 Code: OH-367, REV OCT 83 PSL 
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INDUSTRIAL TRUCK DIVISION 

25.030 

r 25.001 

STEE RING GEAR 

25.001 
25.002 
25.003 
25.004 
25.005 
25.006 
25.007 
25.008 

;;-% 
25:OlZ 
25.013 
25.014 
25.015 
25.016 
25.020 
25.021 
25.022 
25.023 
25.025 
25.026 
25.027 

GEAR ASSEMBLY, STEERING (GREASED) 
HORN BUTTON KIT 
NUT, HANDWHEEL 
HANDWHEEL, STEERING GEAR 
SPRING, UPPER BEARING 
SEAT, UPPER BEARING SPRING 
BEARING ASSEMBLY, UPPER 
WASHER, UPPER BEARING RETAINER 
ADAPTOR, UPPER BEARING 
FASTENER, STEERING COLUMN 
CUSHION, STEERING COLUMN 
CONNECTOR ASSEMBLY, HORN 
FASTENER, HORN CONNECTOR 
COVER, HORN CABLE CONNECTOR 
FASTENER, CONNECTOR COVER 
NUT, BEARING ADJUSTOR LOCK 
CUP, WORM THRUST BEARING UPPER 
BEARING, WORM THRUST UPPER 
BEARING, WORM THRUST LOWER 
TERMINAL, HORN CABLE 
CABLE & CONTACT, HORN 
FERRULE, INSULATING 

25.028 
25.029 
25.030 
25.031 
25.032 
25.033 
25.034 

SPRING, CONTACT 
WASHER, CONTACT 
SHAFT ASSEMBLY, BALL NUT AND HORN CONTACT 
FASTENER. PITMAN ARM 
SEAL, PliMAN SHAFT 
BUSHING, PITMAN SHAFT 
FASTENER, STEERING GEAR AT 
PLUG, FILLER 
SHAFT 6 GEAR, PITMAN 
GASKET, SIDE COVER 
COVER 6 BUSHING, HOUSING S 
FASTENER, SIDE COVER 
ADJUSTOR, LASH 
SHIM KIT, LASH ADJUSTOR 
NUT, LASH ADJUSTOR 
ADJUSTOR, THRUST BEARING 
COVER. END 

TACHING 

IDE 

GASKEi, END COVER 
FASTENER, END COVER 
HOUSING JACKET 6 BUSHING ASSEMBLY 
JACKET, STEERING COLUMN USE 25.098 
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INDUSTRIAL TRUCK DIVISION 

25.054 

7 rm25.056 

'L 25.062 

L 26.052 

STEERING LINKAGE 

25.049 

25.051 

25.054 

25.055 

25.056 

25.062 

25.063 

25.064 

25.065 

25.071 

25.072 

25.073 

NUT, BALL STUD TO DRAG LINK 

DRAG LINK ASSEMBLY, STEER AXLE 

FITTING-LUB, STEER AXLE BALL SOCKET 

COTTER, STEER AXLE BALL SOCKET 

BALL SOCKET ASSEMBLY, STEER AXLE DRAG LINK 

DRAG LINK, PITMAN ARM 

ROD END, PITMAN ARM DRAG LINK 

NUT, PITMAN ARM DRAG LINK ROD END LOCK 

FITTING-LUB, PITMAN ARM BALL SOCKET 

ARM, PITMAN 

SEAL, PITMAN ARM BALL SOCKET DUST 

SHIELD, PITMAN ARM BALL SOCKET DUST 

25.074 BALL SOCKET ASSEMBLY, PITMAN ARM DRAG LINK 

25.077 COTTER, PITMAN ARM BALL SOCKET PLUG 

25.079 NUT, PITMAN ARM BALL SOCKET LOCK 

25.087 NUT, STEER AXLE BALL SOCKET 

25.090 DUST COVER, STEER AXLE BALL SOCKET 

25.122.. DRAG LINK ASSEMBLY, PITMAN ARM 

25.169 DRAG LINK, STEER AXLE 

26.050 WASHER, STEERING CYLINDER ROD ANCHOR 

26.051 CUSHION, STEERING CYLINDER ROD ANCHOR 

26.052 NUT, STEERING CYLINDER ROD 

91.861 COTTER, BALL STUD TO DRAG LINK 

25-l 03 REV APR 78 
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INDUSTRIAL TRUCK DIVISION 

r 26.142 

KNUCKLE PIN KIT ,‘T 

26.138 -, 

L 26.122K 

%- 
IIG%F-- 

26.124K 
26.180 

L 
L26.140 L26.136 L 26.121 

26.143 
26.144 

STEERING AXLE 

26.100 
26.114 

AXLE ASSEMBLY, STEERING 
RETAINER, STEER AXLE TIE ROD END 

26.121 
26.122 

STOP, STEER AXLE KNUCKLE 

26.123 
KEY, STEER AXLE KNUCKLE 
BEARING, STEER AXLE KNUCKLE THRUST 

26.124 
26.132 
26.133 

26.136 
26.138 

:i*;i: 
26:141 

SHIM, STEER AXLE KNUCKLE 
KNUCKLE, STEER AXLE RH 
SEAL, STEER AXLE HUB 
CONE, STEER AXLE HUB INNER BEARING 
CUP, STEER AXLE HUB INNER BEARING 

HUB ASSEMBLY, STEER AXLE 
CUP, STEER AXLE HUB OUTER BEARING 
CONE, STEER AXLE HUB OUTER BEARING 
WASHER, STEER AXLE HUB BEARING TijRUST 
FASTENER, STEER AXLE HUB BEARING KNUCKLE' 

PIN KIT, STEER AXLE KNUCKLE 
CAP, STEER AXLE HUB 
FASTENER, STEER AXLE HUB CAP 
KNUCKLE, STEER AXLE LH 
WASHER, STEER AXLE KNUCKLE THRUST 
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INDUSTRIAL TRUCK DIVISION 

26.125K- 

26.17OK- 

26.13OC 

26.133 

26*‘341 -I_.& 

L-26.144 

STEERING AXLE 

122K 

‘D . 

26.100 

26.121 

26.122 

26.123 

26’1124 

26.125 

26.129 

26.130 

AXLE ASSEMBLY, STEERING 

STOP, STEER AXLE KNUCKLE 

KEY, STEER AXLE KNUCKLE 

BEARING, STEER AXLE KNUCKLE THRUST 

SHIM, STEER AXLE KNUCKLE 

PIN, STEER AXLE KNUCKLE 

FITTING-LUB, STEER AXLE KNUCKLE 

BEARING, STEER AXLE KNUCKLE PIN - UPPER 

26.135 CUP, STEERING AXLE HUB INNER BEARING 

26.136 HUB 8 CUP, STEER AXLE 

26.138 CLIP, STEER AXLE HUB BEARING - OUTER 

26.139 CONE, STEER AXLE HUB BEARING - OUTER 

26.140 WASHER, STEER AXLE HUB BEARING OUTER THRUST 

26.141 FASTENER, STEER AXLE HUB 

26.142 PIN KIT, STEER AXLE KNUCKLE 

26.143 CAP, STEER AXLE HUB 

26.131 BEARING, STEER AXLE KNUCKLE PIN - LOWER 

26.132 KNUCKLE, STEER AXLE RH 

26.144 FASTENER, STEER AXLE HUB CAP 

26.148 KNUCKLE, STEER AXLE LH 

26.133 SEAL, STEER AXLE HUB 26.170 PLUG-EXTENSION, STEER AXLE KNUCKLE PIN 

26.134 CONE, STEER AXLE HUB INNER BEARING 

26-018 REV NOV 75 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



GROUP 

26 

GROUP 
26 

SECTION 

8 

STEERING PUMP 

OH 442 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



industrial Truck 
Division 

/- 
/- 

/- 
/- 

-- 

I 29.2181 

I 
I 

L- 

r29.219 r2g’236 r-G 

I-. I r 29.216 

L 
L 29.206 

G 

-1 

POWER STEERING PUMP 

29.200 PUMP ASSEMBLY, STEER 

29.206 BEARING, PUMP SHAFT OUTER 

29.208 BOLT, STEER PUMP COVER 

29.211 PLUG, STEER PUMP RELIEF VALVE 

29.215 SHAFT, STEER PUMP 

29.216 BEARING, PUMP SHAFT INNER 

29.217 PIN, STEER PUMP RING LOCATING 

29.218 VANE KIT, STEER PUMP 

29.219 PRESSURE PLATE, STEER PUMP 

29.220 SPRING, STEER PUMP PRESSURE PLATE 

29.221 GASKET & SEAL KIT, STEER PUMP 

29.222 

29.228 

29.229 

29.231 

29.233 

29.234 

29.235 

29.236 

2N 

16N 

CA‘RTRIDGE KIT, STEER PUMP 

VALVE SUB-ASSEMBLY, STEER PUMP RELIEF 

SPRING,STEER PUMP RELIEF VALVE 

BOLT, STEER PUMP 

RESERVOIR, STEER PUMP 

FILLER CAP, STEER PUMP RESERVOIR 

RETAINER, STEER PUMP RELIEF VALVE PLUG 

ADAPTOR, STEER PUMP RESERVOIR 

BODY, STEER PUMP USE 29.200 

COVER, STEER PUMP USE 29.200 
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MASTER MAINTENANCE MANUAL 

TROUBLE SHOOTING 

VANE TYPE HYDRAULIC PUMPS 

TROUBLE 

PUMP NOT DELIVERING FLUID. 

INSUFFICIENT PRESSURE 

BUILD-UP 

PROBABLE CAUSE 

Driven in the wrong direction 

of rotation. 

Coupling or shaft sheared 

or disengaged. 

Fluid intake pipe in 

reservoir restricted. 

Fluid viscosity too heavy 

to pick up prime. 

Air leaks at the intake. 

Pump not priming. 

Relief valve stuck open. 

(Models with integral 

relief valve only) 

Vane(s) stuck in the 

rotor slot(s). 

System relief valve set 

too low. 

Worn parts causing internal 

leakage of pump delivery. 

REMEDY 

The drive direction must be 

changed immediately to pre- 

vent. seizure. 

Disassemble the pump and 

check the shaft and cartridge 

for damage. Replace the 

necessary parts. 

Check all strainers and 

filters for dirt and sludge. 

Clean if necessary. 

Completely drain the system. 

Add new filtered fluid of the 

proper viscosity. 

Check the inlet connections 

to determine where air is 

being drawn in. Tighten any 

loose connections. See that 

the fluid in the reservoir is 

above the intake pipe opening. 

Check the minimum drive speed 

which may be too slow to 

prime the pump. 

Disassemble the pump and 

wash the valve in clean sol- 

vent. Return the valve to 

its bore and check for any 

stickiness. A gritty feeling 

on the valve periphery can be 
polished with crocus cloth. 

Do not remove excess material, 

round off the edges of the 

lands or attempt to polish 

the bore. Wash all parts and 

reassemble the pump. 

Disassemble the pump. Check 

for dirt or metal chips. 

Clean the parts thoroughly 

and replace any damaged 

pieces. If necessary flush 

the system and refill it 

with clean fluid. 

Use a pressure gauge to 

correctly adjust the relief 

valve. 

Replace pump cartridge. 

29TS 004A 19 AUG 65 
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MASTER MA.JNTENANCE MANUAL 

TROUBLE SHOOTING 

VANE TYPE HYDRAULIC PUMPS (continued) 

TROUBLE PROBABLE CAUSE 

PUMP MAKING NOISE Pump intake partially 

blocked. 

Air leaks at the intake 

or shaft seal. (Oil in 

reservoir would probably 

be foamy) 

Pump drive speed too 

slow or too fast 

Coupling Misalignment. 

REMEDY 

Service the intake strainers. 

Check the fluid condition 

and, if necessary, drain and 

flush the system. Refill 

with clean fluid. 

Check the inlet connections 

and seal to determine where 

air is being drawn in. 

Tighten any loose connections 

and replace the seal if 

necessary. See that the 

fluid in the reservoir is 

above the intake pipe 

opening. 

Operate the pump at the 

recommended speed. 

Check if the shaft seal bear- 

ing or other parts have been 

damaged. Replace any 

damaged parts. Realign the 

coupled shafts. 

29TS 0048 19 AUG 65 
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INDUSTRIAL TRUCK DIVISION 
VANE TYPE HYDRAULIC PUMPS (POWER STEERING) 

$$y 

yq RESERVQIR 

/ RELIEF VALVE 

\ 

NEE-DLE 
BEARINGS 

RING 

COVER / \ 
ROTOR 

Figure 1. External Reservoir Pump 

The VTM series power steering pumps are 
identical in basic operation and performance 
characteristics, but have certain major differ- 
ences involving reservoirs, pump volumes, 
mountings and drive shaft configurations. The 
VTM27,VTM28, VTM42 pumps (Figure 1) have 
externally mounted reservoirs or can be adapted 
to manifolds for remote reservoir location. 
The VTM40 and VTM41 units are designed with 
integral reservoirs (Figure 2). 

Principal components consist of the 
reservoir, body, cover, ring, rotor, vanes, 
pressure plate, relief valve and drive shaft 

assembly. The VTM27, -41, -42 series pumps 
are designed for external mounting and indirect 

drives; the VTM28, -40 series are designed for 
direct mounting with most of the bearing load 
carried by the external mounting. 

OVERHAUL 

Disassembly 

(1) On tank enclosed units, remove the 
discharge fitting, backup washer and “0” ring 

and free the reservoir from pump. 

On externally mounted reservoirs, 

clamp pump mounting flange in a vise, being 
certain to use protective jaws. Remove wing 

nut, washer, cover and gasket. Remove cotter 

pin from reservoir stud. Lift flat washer, 

retainer spring, filter retainer, and filter 

26M 301A 

RING 
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.\ 
i ,* 

COVER 
& 

VANE 

I B7DY 

/ I \ \ 
RELIEF VALVE 

ROTOR 

ASSEMBLY 

I 
PRESSURE PLATE 

RESERVOIR 

.FT 

. 
_’ 

Figure 2. Integral Reservoir Pump 

element from stud. Remove reservoir stud and 

nut assembly. Remove the ,two cap screws, lock- 
washers and baffle. Separate reservoir from 

pump and remove the “0” rings from their seats 
in the cover. 

Un i ts equipped with manifolds, 
remove the capscrews, copper washer, manifold 
and “0” rings from the pump cover. 

(2) Clamp pump mounting flange in a 
machinists vise, being certiain to use protective 

jaws. Remove cover mounting cap screws. 
Separate the cover from the pump body. Remove 

pressure plate spring and pressure plate. 
Remove adapter plate and “0” rings (VTM40 and 
VTM41 units only). Remove pump ring, locating 

pins, rotor and vanes, and the two “0” rings. 

Mount the cover in a vise. Drive out 

retaining pin with pin punch. Protect the relief 
valve plug and subassembly against falling from 

bore. Work the plug, control valve and spring 

from the bore. 

(3) VTM27 and VTM41: Support the shaft 
end of the pump body in a two inch straight 
pipe coupling and, using an arbor press, remove 
the shaft thrust spacers, outer needle bearing 

and shaft seal. The shaft assembly should 
drop through a slot in the press table so the 
shaft will not be damaged. The outer needle 

bearing and shaft seal are a press-fit to the 

body. Use a pin punch and hammer to tap the 
inner bearing from the body. 
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MANIFOLD MODELS 

CAP 
BY-PASS SCREW 

GASKET \ 

---- 
rVTM%! SHAFTEND 

THRUST SPACERS 

NEEDLE BEARING 

CAP SCREW 

(25-30 ft. lb% torque) 

--- ---- 

PUMP RING 7---- 
/ VTM42 SHAFT END 

1 

L_BODY--____J 

f----------1 

!--- ----1 
I 

VTMIO SHAFT END I 
VTM41 SHAFT END I 

I 

RESERVOIR 

CAP SCREW 
(25-30 ft. lbs. torque) 

Figure 3. Hydraulic Pump Exploded View 
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VTM28 and VTM40: Remove the shaft and 

seal from the pump body. The shaft bushing is 

included in the body subassembly and can not be 

serviced separately. 

VTM42: Remove the large snap ring 

that retains the outer ball bearing in the body. 

Press the shaft and outer ball bearing from the 

body. Remove the inner, small snap ring that 

retains the outer ball bearing and remove bearing 

from shaft. The inner needle bearing and shaft 

seal are a press fit to the body. Use a pin 

punch and hammer to tap them from the body. 

Inspection, Repair, Replacement 

(1) Wash all parts, except seals, in clear 

Stoddard type solvent and lay them aside for 

inspection. Replace all old seals and “0” rings 

at reassembly. 

(2) Inspect the surfaces of all parts which 

are subject to wear. Light scoring may be re- 

moved from the faces of the body or wear plate 

with crocus cloth (by placing the cloth on a 

flat surface), medium India stone or by lapping. 

Check the edges of vanes for wear. Vanes must 

not have excessive play in slots or burrs on 

edges _ Replace if necessary. Check each rotor 

slot for sticky vanes or wear. Vanes should 

drop in rotor slots by their own weight when 

both slot and vane are dry. 

(3) Insert relief valve in its bore in 

pump cover. There should be no binding. Check 

valve and bore for excessive wear and scoring. 

Rep1 ace if necessary. 

(4) Wash bearing and shaft assembly 

thoroughly. Bearings must be replaced (VTM27, 

VTM41 and VTM42 only) if they are removed for 

any reason. The shaft bushing cannot be 

serviced on VTM28 and VTM40 pumps. If the 

bushing becomes worn, replacement of the body 

subassembly is necessary. 

(5) Replace the shaft seal at each over- 

haul to prevent oil leakage. Check the drive 

shaft oil seal diameter for wear and scoring. 

Do not install a new seal on a shaft which is 

worn or damaged at the oil seal diameter. 

Replace the shaft if worn. Stone and polish 

sharp edges on the shaft to prevent damage to 

the seal. 

(6) Szone all mating surfaces of the body 

and cover with a medium India stone to remove 

all burrs and sharp edges. Rewash all parts 

after stoning. 

Reassembly 

NOTE 

Immerse all parts in clean hydraulic 

fluid to facilitate reassembly. 

(1) VTM27 and VTM41 pumps: Press inner 

needle bearing in the body, using an arbor press. 

Assemble the split-ring thrust spacer 

on the shouldered portion of the shaft and 

install shaft in the pump body. 

Press outer needle bearing onto shaft. 

The edge of the bearing must be l/64 inch below 

the shaft seal shoulder when assembled. This 

provides for shaft end play of approximately 

.OlO to .015 inch. 

NOTE 

Tools for installing bearings can be 

made from round stock the outside 

diameter of which is slightly smaller 

than the outside diameter of the 

bearing and the inside diameter 

slightly larger than the shaft diam- 

eter. Do not score or otherwise 

damage the shaft during this operation. 

Position the seal on the shaft end of 

the body, being careful not to damage seal. 

Using special tool (see above note) press seal 

in until it engages the shoulder in the body. 

This shoulder acts as a positive stop for the 

seal. Do not overpress as damage to the seal 

will result. 

VTM28 and VTM40: Carefully install 

shaft to prevent damage to shaft bushing and 

seal surfaces. 

VTM42 pumps: Press inner needle 

bearing into the body with an arbor press. 

Install shaft seal in the body in the same 

manner _ Press outer ball bearing on shaft and 

assemble small snap ring onto shaft. Install 

shaft assembly in the body. Insert large snap 

ring in body to retain ball bearing. 

(2) Install locating pins in body. Install 

ring over pins in correct direction of rotation. 

Install rotor with chamfered edge of 

splined hole “in” or toward pump body. The 

chamfer facilitates assembly. 

Install vanes with their radius edge 

toward the inner ring contour. 

14 SEP 65 
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Install the adapter plate and “0” rings 

(VTM28 and VTM40 on1 y) . 

Oil the cartridge with clean hydraulic 

fluid and install pressure plate. 

Install “0” rings. Install pressure 

plate spring and cover. Tighten cover screws 

to 25 - 30 lb ft torque. 

install pressure compensating spring 

in relief valve bore. Insert valve assembly 

with the hex toward the spring. Install plug 

with “0” ring in bore and hold it in position 

while driving a new retaining pin. 

(3) VTM27, VTM28, VTM42 reservoir: Install 

“0” rings on reservoir mounting pad on cover. 

Position reservoir on pad, being careful not to 

unseat “0” rings. Install cap screws, washers 

and reservoir stud and lock nut. Install filter 

element. Be certain it is Located over reservoir 

return tube orifice. Install filter retainer 

spring, flat washer, and cotter pin. Install 

reservoir cover, gasket, washer, and thumb 

screw. Replace dipstick assembly. Rotate 

pump shaft by hand to check for free operation. 

VTM27, VTM28, VTM42 manifold: lnstal I 

“0” rings in pump cover and secure manifold to 

pump body with screws. Copper washer is used 
on screw where tapped hole enters oil passage. 

VTM40 and VTM41 reservoir: lnstal I 
the two pump mounting bolts in the body flange 

on VTM40 models. Install a new “0” ring on 

adapter plate. Install reservoir so the hole 

is aligned with the cover discharge port. 

Install a new “0” ring on the discharge fitting 

and install fitting to secure reservoir. Be 

careful that the “0” ring is not damaged as 

it is forced through the hole in the reservoir. 

26~ 301D 14 SEP 65 
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MASTER MAINTENANCE MANUAL 

SPECIFICATIONS 
VTM Series Pumps 

CLARK VICKERS SHAFT CAPACITY CONTROLLED RELIEF VALVE 
NUMBER SERIES ROT (GPM) FLOW (GPM) SETTING (PSI) 

329244 VTM28 RH 
331956 VTM27 LH 
335091 VTM40 RH 
392089 VTM27 RH 

771819 VTM27 RH 
773015 VTM28 LH 
773514 VTM28 LH 
794364 VTM28 LH 
797545 VTM40 RH 

893130 VTM27 RH 4 2.5 1250 

1628833 
1631977 
1650907 
1655430 
1658592 

1::8855;; 

VTM41 RH 
VTM27 RH 
VTM27 RH 
VTMbl RH 
VTM40 RH 
VTM27 LH 
VTM40 RH 

2.5 1500 
2.5 1500 
2 1250 
2 1250 
2 1500 
1 3/4 1250 
2 1250 ' 

: 
2 

2.5 

2.5 1500 
7.5 600 

2 1250 

300 
300 
1500 
1250 

26s 301A REV MAY 68 
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POWER STEERING CYLINDER OVERHAUL 
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GR206UP 
TROUBLESHOOTING: 

TROUBLE PROBABLE CAUSE REMEDY 

Changing pressure Relief valve not Flush and fill system. If the 
or loss of pressure. working correctly. condition still exists, repair 

Rust, chips, foreign the valve assembly. 
material that is 
between the relief 
valve and the seat or 
by a damaged spring 
or worn valve. 

Low pressure at Check the pump procedures on troubleshooting in the 
the pump. pump overhaul section. 

Low pressure at 
the power steering 
gear. 

Check the troubleshooting in the 
power steering gear overhaul section. 

Low pressure at 
steering cylinder. 

Seals worn at 
piston rod end of 
steer cylinder. 

Replace the seals. 

Seal at the piston 
on the piston rod 
worn out. 

Replace the steering cylinder. 

NOTE: STARTING WITH STEER CYLINDERS EQUIPPED WITH 
CONTROL VALVE AND BALL STUD ASSEMBLY. 

Rough steering. Steer valve not 
working correctly 
because of wear or 
adjustment not 
correct. 

Adjust the steering valve and/or 
install new valve parts, or new 
valve assembly is needed. Check 
ball stud adjustment as outlined 
in this section. 

Cylinder piston rod Linkage has restric- With hydraulic flow shut off from 
binding or sticking. tion. the unit and the rod end dis- 

connected the rod should slide 
freely in or out by hand. If 
there is restriction, replace 
the unit. 

Steering has noise. Loose mountings or Make sure all the ball stud 
linkage. mounting and the other linkage 

is tight. 

Section 9, Page 2 Code: OH-372, REV OCT 83 PSL 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



GROUP 
26 

TROUBLESHOOTING: 

TROUBLE PROBABLE CAUSE REMEDY 

Steering has noise. Relief valve set Check the pitman arm stops (if 
(Cont.) too low. so installed) to be sure the 

arm hits the stops before the 
steer knuckles touch the stops 
on the axle. 

Pump flow too low. Set the relief valve to speci- 
fications. Check the pump 
overhaul section or the truck 
service manual. 

Steering in either 
direction not 
working correctly. 

Air in system. Too Check for air in the system. 
much wear in steering Too much noise or foam in the 
cylinder. System fluid indicates air in the 
pressure not right. system. Check to be sure air is 
Worn pump. not entering the system through 

bad threads, hoses, pump seals 
O-rings, gaskets and loose 
connections. Worn cylinders 
result in leaks past the piston. 
Correct by replacing the cylinder. 
Set relief valve to specifications 
found in the pump overhaul 
section. Repair or replace the 
pump. 

Code: OH-372, REV OCT 83 PSL Section 9, Page 3 
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DISASSEMBLY OF POWER STEERING CYLINDER: 

1. Clean the cylinder with a UL approved 
solvent and dry with compressed air. 
Drain the fluid into a container. Clean 
the workbench and put heavy paper down to 
prevent any foreign material from entering 
the system. 

2. With internal snap ring pliers, remove the 
snap ring (1) from the end of the guide 
assembly. Carefully push in the piston 
and rod assembly and start to draw it out 
of the cylinder while working out the wiper 
ring (2), retainer assembly (3) and seal 
(4). 

NOTE 

The piston will not come out past the 
guide assembly, which is welded to the 
cylinder end and tube assembly. The 
wiper ring and retainer and seat may be 
easier to work out as the rod is with- 
drawn past them a few times. 

3. Clean out the recess in the guide assembly. 
Keep the piston and rod assembly fully 
extended to make sure no foreign material 
is pulled into the tube while you are 
cleaning it. 

4. Separate the valve body and ball stud 
assembly. Remove the dust cover. Loosen 
and remove the cap screws. Separate the 
assemblies. 

,,, ,,, ,, 

.’ ,, 

Fig. 18185 

Fig. 18182 

Fig. 18183 

Fig. 18164 

Section 9, Page 4 Code: OH-372, REV OCT 83 PSL 
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BALL STUD HOUSING DISASSEMBLY: 

1. Remove the housing plug lock. Turn out the 
ball stud housing plug far enough to permit 
the ball stud to be lifted out of sleeve. 

Fig. 18187 

2. Remove the ball stud housing plug (l), ball .::. “, 
stud seats (Z), and belleville washer (3). 

,\ ,, 

Fig. 18196 

3. Remove the cotter pin and nut from the 
valve spool thru bolt. 

Fig. 18197 

4. Separate the ball stud assembly from the 
valve spool. 

‘, _, 
,_ ‘,, 

,_ 

: ,, 

,’ 
,j 

Fig. 18161 

Code: OH-372, REV OCT 83 PSL Section 9, Page 5 
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GR206UP WIRK 

5. Remove the washers, spring and spacer from 
the bolt. 

6. The bolt can now be removed from the ball 
stud sleeve. 

7. Inspect all parts of the steer cylinder for 
dents, bends or distortion. Replace the 
entire cylinder if necessary. 

8. Check all the parts of ball stud assembly 
for worn, cracked or broken parts. 

Fig.18201 

: ‘, ,‘_ 

‘_ 
,,‘_ _, ‘_ 

: 
,, ,“’ 

_, ,, ., 

,’ 
,‘, ,‘,, \ 

,\ 
,‘, 

,’ 

,,, ,, 

Fig. 18199 

\ 
‘,, 

‘\ 

Fig. 18186 

Fig. 18191 
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9. Remove the cylinder check valve and check 
ball. _‘~_ %, _, 

,’ ,, 

Fig. 18162 

Fig. 18176 

CLEANING AND INSPECTION: 

Clean all parts in a UL approved cleaning 
solvent. Assembly must be free of all dirt 
and foreign material. Carefully inspect 
parts to insure serviceability. Special 
attention must be given to the valve spool 
and spool area of the valve body. The 
parts must be free of nicks, scratches 
and high spots. 

Code: OH-372, REV OCT 83 PSL Section 9, Page 7 
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ASSEMBLY: 

1. Install a new seal on the check valve. 
Install a check valve ball into the check 
valve orifice of the control valve body. 
Install the check valve into the control 
valve body. 

2. Install the cylinder valve spool into the 
cylinder valve body. 

3. Insert the "C" cup type seal into the large 
end of the outer sleeve (1). The open face 
of the seal (2) is toward the small end of 
the tool (3). 

4. Install the inner sleeve (3) into the outer 
sleeve. Press the seal (2) into position. 

Fig. 18162 

Fig. 18159 

Fig. 11226 

Fig. 11227 
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5. Carefully start the seal over the valve 
spool. Push the outer sleeve up even 
with the valve body. Press on the inner 
sleeve. Slide the sleeve forward until 
the seal is in position in the valve body. 

6. This is a view of the inner tool when the 
seal is in position. 

7. This is the position of the seal when 
correctly installed in the cylinder end 
of the valve housing. 

8. On the ball stud end of the valve body, 
the seal surface of the valve spool must 
extend from the face of the valve body 
enough to allow the seal to be started on 
the spool. 

Fig. 18172 

'__",' ,:., 

Fig. 18175 

Fig. 18202 

Fig. 18174 

Code: OH-372, REV OCT 83 PSL Section 9, Page 9 
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9. Carefully start the seal over the valve 
spool. Push the outer sleeve up even with 
the valve body. Press on the inner sleeve. 
Move the sleeve forward until the seal is 
in position in the valve body. 

10. This is a view of the inner tool when the 
seal is in position. 

11. This is the position of the seal correctly 
installed in the ball stud end of housing. 

12. Put both of the seal retainers on the 
valve spool. 

Section 9, Page 10 

Fig. 18165 

Fig. 18173 

Fig. 18232 

Fig. 18195 
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13. Install the spool bolt through the ball 
stud sleeve. 

14. Put the washer, spacer, spring and washer 
on the spool bolt. 

,j ,’ 
‘,,, ,‘_ 

,’ 

,’ 
‘, 

,,,/.; 
\’ 

_’ 
,, ,’ ,’ 

‘,^ 

Fig. 18199 

,__ _", _ j \ / 
)' ;' ,,, 

Fig. 18201 

15. Put your finger into the sleeve against the 
bolt head to hold the bolt in position while 
putting it through the spool. Some pressure 
is needed on the bolt to close the spring 
enough so the bolt will extend through the 
spool far enough to get the retaining nut 
started. 

< 

” 

16. Tighten the bolt down, then back off about 
60 degrees so that the spool and inner 
sleeve have some movement to the side but 
no movement on the end. 

Fig. 18189 

Fig. 18197 
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17. Check the valve spool for correct adjust- 
ment. The spool and inner sleeve must have 
movement to the side, none on the end. If 
the adjustment is correct, fasten the bolt 
with a cotter pin. 

18. Install new "0" ring seals in the oil 
passages on the face of the valve body. 

19. Install the ball stud and valve body assembly 
to the cylinder assembly. Install the 
housing and valve to the cylinder bolts. 

20. Install the belleville washer (1) (hollow 
side toward spool head). Install the ball 
stud seat (2) (flat side of seat toward 
washer). 

CMRK 

Fig. 18198 

Fig. 18249 

Fig. 18254 

Fig. 18250 
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21. Install the ball stud. 

GROUP 
26 

22. Install the ball stud seat, (cup side 
toward ball stud). Install the ball stud 
housing nut. 

Fig. 18252 

” ,, 

‘,__ 

X1,',, ” ,, 

Fig. 18251 

23. Tighten the housing plug tight enough to : ‘,‘, ,’ ,._ 
/‘_’ 

flatten the belleville washer, then back 
off the plug to a minimum of 45 degrees. 

,, 
,, 

,, ,\ ” 
\, 

Fig. 18253 

24. Put the dust cover over the ball stud. 

,, ,,I, ,, . / 
/_ __’ ,, 

Fig. 18193 
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HOUS I NG PLUG LOCK INSTALLAT ION: 

1. Align the slots of the housing plug 
(1) with the index marks (2) which 
show the location of the retaining 
ring lock holes (3). 

2. Install the lock ring (4). The tips 
of the lock ring must go into the 
holes of the ball stud sleeve. 

Fig. 11268 
SPECIFICATIONS: 

CYLINDER ROD END FASTENER 
SCREW TORQUE (GRADE 5): 

[33 to 41 N'm] or 
24 to 30 LB.FT. 

CYLINDER ROD END FASTENER 
CAP SCREW TORQUE (GRADE 8): 

[54 to 61 N'm] or 
40 to 45 LB.FT. 

HOUSING TO CYLINDER 
BOLT TORQUE: 

[41 to 54 N'm] or 
30 to 40 LB.FT. 

VALVE BODY MANUFACTURING 
PLUG TORQUE: 

[lo to 17 N'm] or 
7.5 to 12.5 LB. FT. 

CYLINDER SECONDARY 
PORT PLUG TORQUE: 

[49 to 65 N'm] or 
36 to 48 LB. FT. 

(GRADE 5) Fig. 23218 

(GRADE 8) Fig. 23219 

Section 9, Page 14 Code: OH-372, REV OCT 83 PSL 
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CUSTOMER SERYfCES ENGINEERING DEPARTMENT, BATTLE CREEK 

PRESSURE \ 

F 

01 
P 

BODY BEARINGS 

PORT 

Fig. 16808 

PURPOSE 

This manual section has been prepared to assist 
users of vane type single hydraulic pumps in 
properly maintaining, repairing and overhauling 

these units. This section describes vane type 

single pumps in detail, covers the principles of 
operation of these pumps and provides step by 
step procedures for disassembly, repair and 
reassembly of these units. 

All pumps in this series have been designed so 
that direction of rotation, pumping capacity 
and relative port positions can be readily 
changed as various applications require. 

GENERAL INFORMATION 

The cutaway illustration (Fig. 16808) is 
representative of all vane type single pumps in 
this series. Each pump assembly consists mainly 
of a ported body and cover, a drive shaft which 
is supported by one or two ball bearings, a 
pumping cartridge and a pressure plate. 

Pumps of this type are used to develope 
hydraulic fluid flow for the operation of lift 
truck hydrau 1 ic systems. The positive 

displacement cartridges are of the rotary vane 
type with shaft side loading hydraulically 
balanced. Fluid flow rate depends on the size 
of the pump and the speed (RPM) at which it is 
driven. 

The components of the pumping cartridge are an 
elliptical ring, a slotted rotor splined to the 
pump shaft and twelve vanes fitted to the rotor 
siots. As the rotor is driven by the pump 
shaft, the vanes generate fluid flow by carrying 
the fluid around the elliptical ring contour. 
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Fluid enters the cartridge through the inlet 
port in the pump body and is discharged through 
the pressure plate to the outlet port in the 
cover. 

PRINCIPLES OF OPERATION 

Fluid flow is developed in the pumping cartridge 
which acts as shown in Fig. 16809 below. The 
rotor is driven within the pump ring by a pump 
shaft coupled to a power source. As the rotor 
turns, centrifugal force is applied to the 
vanes. 

This centrifugal force causes the vanes to move 
outward and to follow the elliptical inner 
surface of the pump ring which results in 
changes in the size of the chamber between 
vanes. This chamber size increases as the vanes 
pass the inlet ports and decreases as the vanes 
app&ach, and pass, the outlet ports (see 
Fig. 16809). 

increasing the size of this chamber as it passes 
’ the inlet port creates a low pressure condition 

which allows atmospheric pressure to force fluid 
into each chamber as it is rotated past the 

..i n 1,et ports. Fluid is thus trapped in the 
’ chambe,rs between the vanes and carried past the 

large diameter, or “Dwell” section of the ring. 
As each fluid filled chamber approaches the 
outlet port, the decreasing diameter of the ring 
reduces-the size of the chamber and forces the 
fluid through the outlet port and into the truck 
hydraulic system. System pressure is internally 

<’ fed back under each of the rotating vanes to 
assure their sealing against the inside diameter 
of the pump ring during normal operation. 

Note (Fig. 16809) that the pump ring is shaped, 
internal ly, so that two directly opposed pumping 
chambers are formed at the same time. This 
creates two directly opposed hydraulic forces 
which, working against each other, cancel out 
side loads imposed on the pump shaft. 

BACK-PRESSURE 

EFFECTIVE HERE 

Fig. 16810 

The pump pressure plate is used to seal the 
pumping chamber. A light spring (Fig. 16810) 
holds the pressure plate against the pump 
cartridge until pressure builds up in the 
system. System pressure is applied to the area 
at the back of the pressure plate and this area 
is larger than the area of the plate exposed to 
the pumping cartriage. 

DRIVE SHAFT / 
INLET 
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This difference in areas creates an unbalance of 

INDUSTRIAL TRUCK 
CUSTOMER SERVICES EN6lNEERlN6 DEPARTMEN T, BATTLE CREEK 

If sys 
forces that holds the pressure plate against the 

pumping cartridge, sealing the cartridge and 
providing proper running clearance for the rotor 
and vanes. 

,tem pressure builds up to the relief valve 
settinq, the pilot poppet will be forced off its 

DIVISION 

Many hydraulic pumps of this series are equipped 
with flow control capability and/or relief 
valves to determine maximum pump delivery and 
maximum system pressure. These features are 
illustrated in Fig. 16811 below. An orifice in 
the pump cover is used to limit maximum flow and 
a pilot operated relief valve diverts excess 
fluid to the tank to limit system pressure to a 
pre-determined maximum. 

Fig. 16811 (4A). shows the condition when total 
pump delivery can be passed through the orifice. 
This condition usually occurs only at low drive 
speeds. The large spring chamber is connected 
to the pressure port through an orifice. 
Pressure in this chamber equalizes pressure at 
the other end of the relief valve spool and the 
light spring holds the spool closed. Pump 
delivery is blocked from the tank port by the 
spool land. 

When pump delivery increases to a point in 
excess of the flow rate determined by the 
orifice plug, a pressure build-up forces the 
relief valve spool open against the light spring. 
Excess fluid is then throttled past the spool to 
the tank port as shown in Fig. 16811 (46). 

seat (Fig. 16811 (4C)). Fluid in the large 
spring chamber then flows through the spool and 
out to the tank. This flow causes a pressure 
differential on the spool which shifts it 
against the light spring and all pump delivery 
is permitted to flow to the tank. 

DISASSEMBLY OF BASIC PUMP 

If your pump is equipped with a mounting flange 
or a foot bracket it should be removed prior to 
attempting to dismantle the pump assembly. 

Relative port position and the relationship 
between pump components is extremely important. 
We recommend that you carefully scribe a line 
across the pump body, the ring and the cover 
before beginning disassembly of the pump. This 
scribed line will assist you in reassembly of 
the pump. 

LIGHT SPRING 
HOLDS RELIEF PILOT 

VALVE CLOSED POPPET 

SPOOLBLOCKS 

TANK PIORT OFF 
WHEN PRESSURE / RELIEF VALVE r_ 1 
IS EQUAL ON I 
BOT,, ENDS 

EXCESS FLUID PRESSURE IN 
THROTTLED SPRING CHAMBER 
PAST VALVE LOWER THAN 
TO TeNK SYSTEM DUE TO .I .I” 

~,~.~:.~,-.~.~.~.~.~.~.~.~.~ 
SYSTEM PRESSURE L _____, ,, 

SPRING CHAMBER 
THROUGH ORIFICE 

SENSED IN rixts>uRE 
_^__ 
P”K I 

AA 

ORiFlCE 
DETERMINES 
r, ,711, n*TC 

~_- 
LOW DRIVE SPEED - ALL PUMP 

DELIVERY TO SYSTEM 

PRESSURE 
PORT 

RELIEF VALVE 
SETTING IS 

REACHED 

46 
NORMAL OPERATION 

PRESSURE 
PORT 

4C 
EXCESSIVE PRESSURE BUILD-UP 

IN SYSTEM 

Fig, 16811 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Clamp the pump body in a vise (not too tightly), 
with the cover end up, and remove the four bolts 
holding the cover and the ring to the body (see 
Fig. 16812). 

Lift off the cover and the O-ring. 

Remove the pressure plate spring and the 
pressure plate. 

Lift off the ring and remove the locating pins. 

Carefully (they may be worn and have very sharp 
edges) separate the vanes from the rotor and 
remove the rotor from the splined shaft. 

*Now .loosen the vise, turn the pump body over 
(shaft end up), remove the shaft key and the 
snap ring which retains the outer shaft bearing 
in the pump body. Now tap the splined end of 
the pump shaft with a soft hammer to force the 
pump shaft out of the pump body. The outer pump 
shaft bearing will come out of the body along 
with the pump shaft. 

Support the bearing inner race and press the 
pump shaft out of the bearing. The bearing will 
come off the key end of the shaft only (not the 
sp’l ined end) . 

Now, using a suitable hooked tool, remove the 
shaft seal from the pump body. Do not be 
concerned about damaging this seal as it should 
be replaced each time the pump shaft is removed 
from the body. 

Some of the hydraul ic pumps of this type have 
two (2) shaft bearings. Look into the shaft 
seal end of the pump body. If your pump is one 
of those having an inner shaft bearing you must 
now press this bearing out of the pump body. 
This inner bearing will come out the same end of 
the pump body as the outer bearing previously 
removed. 

If your pump assembly is one of those equipped 
with a flow control and/or a relief valve 
assembly (see Fig. 16813) you should proceed as 
follows. 

1 FLOW CONTROL VALVE 

RELIEF VALVE 

SUB-ASSY. 

PLUG’ 

Fig. 16813 

FOOT BRACKET 

SNAP RING \ 

. _ 

BODY 

\@-+- / m /FLANGE 

67- 

\ 

\’ \ RING FLOW CONTROL RELIEF VALVE 

“0” RING 
VALVE 

PRESSURE PLATE 

LOCKWASHER (NOT USED 
ON ALL MODELS) 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

Remove the small plug at the end of the cover 
and check the bore to determine if your pump is 
equipped with the small screen shown in 
Fig. 16813. If your pump has this screen it 
should be carefully removed at this point. Do 
not remove the orifice plug unless it is -- 
absolutely necessary. 

Check to determine if there is a plug at each 
end of the relief valve bore in your pump cover 
as illustrated in Fig. 16813. If your pump 
cover has two (2) relief valve bore plugs, as 
i 1 lustrated, remove only the one plug to release 
the spring and relief valve. Do not remove the --- 
other pl~ug and snap ring unless you are certain 
that the snap ring is broken. 

If the relief valve bore in your pump cover is. 
“blind” (has only one plug) remove the plug and 
the snap ring to release the spring and the 
relief valve assembly. 

INSPECTION AND REPAIR 

Your pump assembly is now completely dis- 

assembled. You should discard the shaft seal 
and the O-rings as replacement of these sealing 
components is recommended each time the pump 
assembly is torn apart. 

We also recommend that a new pump cartridge kit 

(ring, rotor and vanes) be installed at each 
pump overhau 1. 

If you choose to follow our recommendations you 
may now discard the removed rotor and al 1 of the 
vanes. Do not throw away the old ring as yet 
because you will need it to insure proper 
positioning of the new ring at reassembly. 

Wash the remaining parts in a Stoddard type 
solvent and blow each part dry with filtered 
compressed air. Once washed and dried the parts 
should be placed on a clean work surface for 
inspection. 

Carefully inspect the wearing surfaces of the 
pump body, and pressure plate (the rotor and the 
ring, if you are not replacing them as 
recommended) for scoring and excessive wear. 
Light score marks may be removed from the 
wearing surfaces of these components by 
“lapping” them. Components which are heavily 
scored or badly worn should be discarded and 
rep 1 aced. 

Re-installation of old pump vanes is not 
recommended, however, if you choose to reuse 
them they should be inspected carefully for 
burrs, wear or excessive play when placed in the 
slots of the rotor. Always replace all of the 
vanes and the rotor if either is worn. 

Check the pump shaft bearing(s) (two on some 
pumps) for wear and looseness. Apply hand 
pressure to the bearing and rotate while 
checking for cracked or pitted races. Rep 1 ace 
the bearing(s) as required. 

Carefully check the oil sea? mating surface on 
the pump shaft. If seal marks on the shaft 
cannot be removed by light polishing or if the 
shaft is otherwise damaged or worn it should be 
rep1 aced. 

Place the relief valve subassembly in its bore 
in the pump cover. Check the relief valve for 
freedom of movement within its bore. Burrs may 
be removed from the relief valve by light 
polishing but you must use extreme caution to 
avoid “breaking” (rounding off) the corners of 
the relief valve lands. Do not try to rework -- 
the relief valve bore in the cover, if this bore 
is damaged or worn, you must replace the cover. 

ASSEMBLY OF THE BASIC PUMP 

IMPORTANT 

During handling and shipping of the 
precision machined cartridge parts, 
it is possible to raise burrs on 
sharp edges. All sharp edges of new 
parts should be carefully inspected 
and stoned to remove burrs prior to 
assembly. It must also be noted that 
new parts are protected against rust 
during stocking and shipping and 
these parts should be washed and 
blown dry prior to assembly. 

Coat all parts, both old and new, with clean 
hydraulic fluid to facilitate assembly and to 
provide initial lubrication. Use small amounts z 
of petroleum jelly to hold O-rings in place g 
during assembly. -P 

Is: 
If your pump cover has a through bore for the 
relief valve (see Fig. 16813) you should in;;:; 
the valve into the bore small land first. 
install the spring and ‘chepip~u~’ TI ghten 
the plug. On those pumps having covers with 
‘lb1 ind” relief valve bores you should first 
install the spring, then the valve (hex head end 
first). Follow this with the snap ring (making 
certain it is seated in the groove in the bore) 
and the pipe plug. Tighten the plug. 

If your pump is one of those with an orifice 
passage plug and screen, make certain the screen 
is clean, drop it into the passage, install the 
plug and tighten it. 
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” INDUSTRIAL WJCK DIVISION 
CUSTOMER SERVICES EN6INEERIN6 DEPARTMENT. BATTLE CREEK 

Begin assembly of the basic pump by pressing the 
pump shaft into the front bearing (see Fig. 
16814) while supporting the bearing inner race. 
If your pump is one of those with a second, or 
inner, pump shaft bearing you should next press 
this bearing into the pump body using a driver 
which contacts only the outer race of the 
bearing. Make certain that the bear?ng(s) is 
properly seated. 

PRESSURE 
HOLES 

DOUBLE LIP SEAL SINGLE LIP SEAL 
(Assemble with spring toward (Assemble with pressure holes 

cover end of pump) toward shaft end of pump) 

Fig. 16815 

Before assembling the shaft seal, determine the 
correct position of the sealing lip. 
Fig. 16815). 

(Refer to 
Double lip seals are assembled 

with the spring toward the pumping cartridge. 
Single lip seals have two pressure holes which 
are assembled toward the shaft end of the pump. 

Press the seal firmly into the pump body. 
Lubricate the seal lip with petroleum jelly. 
Slide the drive shaft through the seal and into 
the pump body until the outer bearing is seated 
in the pump housing. It may be necessary to 
tap the shaft end with a soft hanmer. Install 
the snap ring, making certain that it seats 
firmly in its groove in the pump body. 

Place the newly assembled pump body in a vise 
(shaft end down) and clamp lightly. 

Install new O-rings in the pump body and in the 
pump cover. insert the ring locating pins in 
the pump body and assemble the ring so that the 
arrow on its perimeter points in the direction 
of rotation (this can be verified by referring 
to Fig. 16816, or by using the scribe mdrk on 
the old ring for reference). 

VIEW FROM COVER END 

/ 
RIGHT HAND ROTATION LEFT HAND ROTATION 

Fig. 16816 

Install the rotor on the shaft and insert the 
vanes in the rotor slots. Make certain that the 
radius edges of the vanes are toward the cam 
ring. 

Place the pressure plate on the locating pins 
and push down flat against the ring. Use a 
small amount of petroleum jelly to stick the 
pressure plate spring in the recess at the 
center of the pressure plate. 

Locate mark scribed on the pump cover prior to 
disassembly, line it up with the mark on the 
pump body and carefully install the pump cover. 

Insert the cover cap screws and tighten per 
torque values given on the specification pages 
of this section. 

Remove assembled pump from vise and turn the 
pump shaft through a couple of revolutions to 
insure that there is no internal binding. 

Place shaft key in the slot on the pump shaft 
end and, if the pump is to be stored, wrap it 
with tape to reduce chances of key loss. 

If t-he repaired pump is to be stored for any 
length of time, fill it with hydraulic fluid 
and plug the ports before placing it in 
storage. 
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tNDUSTRIA1 TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

TROUBLE PROBABLE CAUSE REMEDY 

PUMP NOT DELIVERING 
FLUID 

DRIVEN IN THE WRONG DIRECTION The drive direction must be changed 
OF ROTAT I ON immediately to prevent seizure. Fig. 

16816 shows the correct ring position 
for each direction of rotation. 

COUPLING OR SHAFT SHEARED OR 
D I SENGAGED 

Disassemble the pump and check the shaft 
and cartridge for damage. (See Page 6.) 
Replace the necessary parts. 

FLUID INTAKE PIPE IN 
RESERVOIR RESTRICTED 

FLUID VISCOSITY TOO HEAVY TO 
PICK UP PRIME 

AIR’LEAKS AT THE INTAKE. 
PUMP NOT PRIMING 

Check all strainers and filters for dirt 
and sludge. Clean if necessary. 

Completely drain the system. Add new 
filtered fluid of the proper viscosity. 

Check inlet connections to determine 
where air is being drawn in. Tighten 
any loose connections. See that fluid 
in reservoir is abwe intake pipe open- 
ing. Check minimum drive speed which 
may be too slow to prime the pump. 

RELIEF VALVE STUCK OPEN. 
(MODELS WITH INTEGRAL RELIEF 
VALVE ONLY) 

Disassemble pump and wash the valve in 
clean solvent. Return valve to its bore 
and check for any stickiness. A gritty 
feeling on valve periphery can be 
polished with crocus cloth. Do not 
remove excess material, round off edges 
of lands or attempt to polish the bore. 
Wash all parts and reassemble pump. 

VANE(S) STUCK IN THE ROTOR 
SLOT(S) 

Disassemble the pump. Check for dirt or 
metal chips. Clean parts thoroughly and 
replace any damaged pieces. If 
necessary flush the system and refill it 
with clean fluid. 

INSUFFICIENT PRESSURE 
BU I LD-UP 

SYSTEM RELIEF VALVE SET TOO 
LOW 

WORN PARTS CAUSING INTERNAL 
LEAKAGE OF PUMP DELIVERY 

Use a pressure gauge to correctly adjust 
the relief valve. 

Replace pump cartridge. 

PUMP MAKING NOISE PUMP INTAKE PARTIALLY BLOCKED Service the intake strainers. Check the 
fluid condition and, if necessary, drain 
and flush the system. Refill with clean 
fluid. 

AIR LEAKS AT THE INTAKE OR 
SHAFT SEAL. (OIL IN 
RESERVOIR WOULD PROBABLY BE 
FOAMY) 

Check the inlet connections and seal to 
determine where air is being drawn in. 
Tighten any loose connections and replace 
the seal if necessary. See that the 
fluid in the reservoir is above intake 
pipe opening. 

PUMP DRIVE SPEED TOO SL(XJ OR 
TOO FAST 

Operate the pump at recommended speed. 

COUPLING MISALIGNMENT Check if the shaft seal bearing or other 
parts have been damaged. Replace any 
damaged parts. Realign coupled shafts. 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES ENGINEERING DEPARTMENT, RATTLE CREEK 

' ROTATION COVER PORT 1 I- 

VIEWED POSITION RELIEF FLOW COVER 
PUMP FROM VIEWED VALVE CONTROL BOLT 
PART PUMP SHAFT FROM COVER GPM AT SETTING SElTING TORQUE SPECIAL 
NUMBER SERIES END END 1200 RPM (PSI) (GPM) (LB.FT.) FEATURES 

300259 VlOO LH 90 deg CW 2.5 _a_ m-w 223 s-w 

307717 v200 RH 0 deg 2.5 --- _..- 70+_5 w-w 

308212 VllO RH 0 deg 2.5 mm_ M-m 25+_3 s-w 

316075 v200 LH 90 deg CW 11 2000 4 7*5 --- 

318740 v200 RH 0 deg 11 m-M ___ 7015 s-w 

325818 v300 RH 90 deg CW 20 __- -_w lo*10 w-s 

329254 v200 RH 90 deg CCW 8 1500 6 7%5 ___ 

329255 v200 RH 90 deg CCW 6 1500 4 7025 m-w 

350790 v33o RH 90 deg CCW 15 B-s B-B lo*10 v-w 

352040 v33o RH 0 deg 24 ___ m-m lOo*_lO mm_ 

352133 v33o RH 90 deg CCW 24 mm- -_- lo*10 --- 

369513 v33o RH 90 deg CCW 15 m-m -mm lo*10 w-s 

427119 v210 LH 0 deg 11 1000 7 70+5 m-w 

430041 v200 LH 90 deg CW ‘6 1250 4 7*5 SW_ 

430145 v200 LH 90 deg CW 6 w-m m-w 7(w5 w-w 

442399 V2OP RH 90 deg CW 9 1500 2 Se5 _-- 

617901 V235 RH 180 deg 5 --a m-m 7o++ --- 

617902 V235 RH 180 deg 8 s-m -__ 7*5 _-_ 

617903 'I235 RH 180 deg 11 ___ w_- 7015 --- 40 

618031 
s 

v210 RH 0 deg 11 _-- -__ 7(w5 -mm -0 

618032 
M 

v210 RH 180 deg 8 m-- m-m 7025 m-w 

621051 v33o RH 180 deg 24 B-B w-w 10%10 -mm 

624456 v33o RH 180 deb 19 em- -s- lOo+_lO m-w 

625062 v210 RH 0 deg 11 W-M -mm 7025 --- 

625063 V235 RH 180 deg 5 -mm m-s 7*5 s-s 

625064 V235 RH 180 deg ? m-w w-w 7025 -mm 

625065 V235 RH 180 deg 11 m-w m-m 7025 W-B 

625066 v210 RH 0 deg 2 s-m -mm 7o++ --- 

625443 

I v210 I 

RH 

I 

180 deg w-m ___ --- 

626762 v210 RH 0 deg I 

8 74t5 

5 I 
w-w m-m 

I 70s I 
w-w 

I 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

ROTATION COVER PORT 
VIEWED POSITION RELIEF FL(xJ COVER 

PUMP FROM VIEWED VALVE CONTROL BOLT 
PART PUMP SHAFT FROM COVER GPM AT SETTING SElTlNG TORQUE SPECIAL 
IUMBER SERIES END END 1200 RPM (PSI) (GPM) (LB.FT.) FEATURES 

627004 V330 RH 180 deg 19 -_- --_ lOqtl0 -__ 

627946 v330 RH 180 deg 24 s-s --_ 100&10 ___ 

629403 v210 RH 90 deg CW 5 -__ ___ 7%5 MS_ 

631070 v210 RH 90 deg CW 8 ___ -__ 7%5 -mm 

633304 v430 RH 90 deg CW 36 B-m -_- 15klO s-w 

637510 v210 RH 180 deg 11 w-m s-w 70+5 --- 

640085 VllO LH 180 deg 2.5 __- _-_ 2523 B-m 

649119 v210 RH 180 deg 2 ___ __m 7k5 w-B 

653716 v430 RH 90 deg CW 36 B-s w-s 150&10 -_- 

653853 v210 RH 90 deg CW 11 __a ___ 7e5 s-m 

653940 v300 RH 180 deg 24 s-m --_ lO(k_lO B-s 

655181 v200 RH 180 deg 2.5 -mm _-- 7025 s-s 

655182 v200 RH 90 deg CW 5.6 m-m -mm 7qt5 m-w 

656589 v200 RH 180 deg 5.6 __- -_- 7% m-s 

659181 vzoo RH 90 deg CCW 8.1 ___ ___ 7025 B__ 

659182 v200 RH 90 deg CCW 11.4 _-- ___ 7%5 --- 

659751 v200 RH 90 deg CW 5.6 _-- -_- 70+_5 --- 

660489 v200 RH 90 deg CW 8.1 ___ ___ 7w m-w 

661255 v200 RH 90 deg CW 11.4 --- --- 7a_5 w-m 

661347 v200 RH 180 deg 8.1 __a m-w 7*5 --- 

661537 v210 RH 0 deg 8 *-_ s-m 7025 w-w 

666520 - v200 RH 0 deg 8 ___ ___ 79e5 B-m 

666620 v300 RH 0 deg 24 m-m m-B lOo+_lO s-m 

667523 v200 RH 0 deg 5 S-B B-v 70&5 --- 

676595 v300 RH 0 deg 15 m-m m-w lOo+_lO w-B 

677460 v200 RH 180 deg 11.4 __- ___ 7e5 s-s 

686824 v300 RH 90 deg CW 15 ___ mm_ lOo+_lO -__ 

589332 v430 RH 90 deg CW 28 ___ ___ 150+10 m-w 

696852 v300 RH 90 deg CW 24 s-m ___ lOo+_lO s-s 

707108 v430 RH 90 deg CCW 36 m-m --- 150210 s-m 
t 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES EN6lNEERlN6 OEPARTMENT, BATTLE CREEK 

ROTATION COVER PORT 
VIEWED POSITION RELIEF FLOW COVER 

PUMP FROM VIEWED VALVE CONTROL BOLT 
PART PUMP SHAFT FROM COVER GPM AT SETTING SETTING TORQUE 

WMBER SERIES END END 1200 RPM (PSI) @PM) (LB.FT.) 

707109 v210 LH 0 deg 11 ___ -mm 7025 

711057 v214 LH 0 deg 8 --- --- 7025 

777377 v200 RH 90 deg CW 11 -mm --- 7025 

779745 v200 LH 0 deg 5 --- --- 7055 

789342 v210 RH 90 deg CW 8 --- --_ 7025 

793245 v440 RH 180 deg 28 --- -_- 150~10 

___ 

___ 

m-m 

-mm 

-me 

-mm 

___ 

___ 

___ 

___ 

__- 

___ 

___ 

-__ 

SPECIAL 
FEATURES 

-mm 

_-- 

--- 

--- 

--- 

-mm 

--_ 

--- 

--- 

-_- 

--_ 

--- 

--- 

--- 

m-v 

--- 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

767982 

7695oo 

ROTATION COVER PORT 
VIEWED POSITION RELIEF 
FROM VIEWED VALVE 

PUMP SHAFT FROM COVER GPM AT SETI'ING 
SERIES END END 1200 RPM (PSI) 

-v33o RH 180 deg 24 w-m 

v210 RH 90 deg CCW 11 s-m 

v210 LH 0 deg 5 m-m 

v210 LH 0 deg 5 m-m 

v200 RH 0 deg 11 w-m 

v200 LH 90 deg CCW 11 2000 

v20 RH 90 deg CCW 7 __" 

v300 RH 0 deg 19 w-m 

v200 RH 90 deg CW 3.4 --- 

v20 LH 0 deg 13 w-m 

VZOP RH 90 deg CCW 11 1250 

VZOP RH 90 deg CW 11 1500 

v210 LH 0 deg 3 m-m 

v20 RH ~ 0 deg 12 mm- 

VZOF. RH 90 deg CCW 6 2500 

v20 RH 90 deg CCW 11 -_- 

v20 RH 90 deg CCW 8 B-m 

VZOP RH 90 deg CW 9 1500 

v210 LH 0 deg 5 1500 

v20 RH 90 deg CCW 9 --- 

VZOP LH 90 deg CCW 9 2000 

VZOP 

v20 

LH 

RH 

90 deg CCW 13 

90 deg CCW 13 

2000 

w-m 

v20 RH 

v20 RH 

90 deg CCW 13 --a 

90 deg CCW 10 --- 

VZOP RH 90 deg CW 11 1250 

VZOP RH 90 deg CW 8 1250 

VZOP RH 90 deg CW 13 1500 

VZOP LH 90 deg CCW 11 2000 

VZOP RH 90 deg CCW 13 1500 
, 

FLOW 
CONTROL 
SEll I NG 

(GPM) 

--w 

s-m 

B-w 

COVER 
BOLT 

TORQUE SPECIAL 
(LB.FT.) FEATURES 

100&10 WINTERIZED 

7o+J --- 

7a5 --- 

m-- 70+,5 --- 

B-w 7o$i --- 

4 7o&5 --- 

S-B 8k5 HD BEARINGS 

mm_ 8O+5 --- 

2 8O+5 --- 

4 8O+5 --- 

m-m 7025 --- 

B-w 8O++ --- 

4 8025 ,--- 

1’ Zz I*D BI;RINGS J : 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES ENGINEERING DEPARTMENT, BATTLE CREEK 

I 

ROTATION COVER PORT 
VIEWED POSITION REL,lEF FLOW COVER 

PUMP FROM VIEWED VALVE CONTROL BOLT 
PART PUMP SHAFT FROM COVER GPM AT SESTING SETTING TORQUE SPECIAL 

NUMBER SERIES END END 1200 RPM (PSI) (GPM) (LB.FT.) FEATURES 

1773138 v20 RH 90 deg CCW 8 ___ ___ 8055 HD BEARINGS : 

1774956 v30 RH 90 deg CCW 21 mm- --_ 
7055 

_’ ___ 

1777545 HD,'BEARINGS V2OP RH 90 deg CCW 9 850 2 80~5 

1777546 v20 RH 0 deg 7 --- -mm 8055 HD E~EARI"~GS 

1777547 v20 RH 0 deg 9 --- -mm 8055 HD BEAR[NGS 

1777885 v20 RH 0 deg 13 -mm -_- 8025 + 

1778133 V2OP RH 90 deg CCW 11 850 2 8025 HD BEARlNGS 

1779512 V2OP LH 90 deg CCW 11 1500 1 8025 ___ 

1782134 v20 RH 90 deg CCW 6 m-w m-m 8025 HD BEARINGS 

1790449 V2OF RH 90 deg CCW 6 2000 4 8025 -mm 

1794238 V2OP RH 90 deg CCW 11 1000 2 8025 HD BEARINGS 

1794239 V2OP RH 90 deg CCW 8 1000 2 8025 HD BEARINGS 

1795456 v30 RH 90 deg CCW 17 _. --- m-s 
7055 

__; 

2310172 V2OP RH 0 deg 13 1500 2 8055 HD BEARINGS 

2312283 v20 RH 90 deg CCW 10 --- m-m 80&S HD BEARINGS 

2318313 V2OP RH 0 deg 13 1500 2 8055 _-- 

2331572 v20 RH 90 deg CCW 9 -_- a-- 8055 --_ 

2331573 v20 RH 90 deg CCW 11 m-m --- 80ti _-- 

2333643 v20 RH 0 deg 8 mm- _-_ 8025 HD BEARINGS !zJ 

2333644 g V2OP RH 90 deg CCW 10 850 2 
8025 

HD BEARINGS 
5 

2343966 V2OP LH 90 deg CCW 13 1500 2 8025 m-w \9" 

2344325 v20 RH 90 deg CW 9 --- _-- 8025 --- 

2344431 V2OP LH 90 deg CCW 11 1500 2 8055 mm- 

2346490 V2OP RH 90 deg CW 8 1500 3 8025 mm- 

3306067 v200 RH 90 deg CCW 9 -mm --- 7025 _-- 

3405289 v20 LH 180 deg 8 m-m --_ 8025 --- 

3405290 v20 LH 180 deg 6 -mm --- 8025 -_- 

3405634 v20 LH 180 deg 6 m-m _-- 8025 m-w 

3406557 v20 LH 0 deg 13 _-- mm- 802s HD BEARINGS 

3409540 V2OP. RH 90 deg CCW 7 850 2 8025 mm- 

J 1 I 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

ROTATION COVER PORT * 
VIEWED POSITION RELIEF FLOW COVER 

PUMP FROM VIEWED VALVE CONTROL BOLT 
PART PUMP SHAFT FROM COVER GPM AT SETTING SElTlNG TORQUE SPECIAL 

NUMBER SERIES END END 1200 RPM (PSI) (GPM) (LB.FT.) FEATURES 

3414539 v20 LH 180 deg 8 B-w -mm 8025 B-B 

3675360 v120 RH 0 deg 13 s-w -mm 2523 S-B 

3675368 v20 RH 90 deg CCW 8 -_- --a 8055 mm- 

3675372 v20 RH 90 deg CCW 8 --- --a 8025 m-s 

3675377 v20 RH 90 deg CCW 8 mm_ __- 8025 -mm 

3675378 v20 RH 0 deg 13 --- --- 8025 --_ 

3675379 v20 RH 90 deg CCW 7 --- -mm 8025 m-m 

3675380 V20 RH 90 deg CCW 13 mm_ - ___ 8055 w-m 

3675382 v20 RH 90 deg CCW 9 --- -mm '8055 B-m 
. 

3705913 v210 RH 90 deg CCW 8 mm- _-_ 7025 mm- 

3705928 v210 LH 90 deg CCW 11 _-- SW_ " 7*5 _-- 

3706049 v200 RH 90 deg CW 9 m-w e-m 7055 -mm 

3706199 v200 RH 180 deg 11 ___ ___ 7025 -mm 

3707072 v210 RH 0 deg 8 m-m m-m 7025 B-s 

3707077 v210 RH 90 deg CW 11 ___ ___ 7025 -mm 

3721208 v210 RH 180 deg 8 m-v s-m 7055 -mm 

3721211 v210 RH 90 deg CCW 11 -_- ___ 7025 mm- 

3734326 v20 RH 90 deg CCW 9 --_ ___ 8055 -mm 

3734572 V2OP RH 90 deg CCW 8 1000 2 8025 m-v 

3739043 v210 RH 0 deg 8 -w_ w-m 709 --- 

3739393 v210 RH 0 deg 3 mm_ mm- 7025 --- 

3754135 v200 LH 0 deg 9 B-m m-w 7025 -a.- 

1754136 v200 LH '0 deg 6 mm- ___ 7025 w-s 

3757022 v210 RH 0 deg 3 W-B mm_ 7025 m-m 

3757200 v200 RH 180 deg 9 s-w m-B 7025 --- , 
'. 

5203878 v210 RH 180 deg 9 w-s B-m 7025 mm_ 

5204067 v20 RH 0 deg 13 mm- _-- 8025 -mm 

;204972 v400 RH 0 deg 36 __- m-m 150+10 m-m 

i2o4g76 v400 LH 0 deg 36 s-s --- 150210 m-- 

i205110 v430 LH 90 deg CW 28 -mm __- 150+10 -mm 

\ J 

Code: OH-369, JUL 75 Section 7, Page 15 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES EN6lNEERlN6 OEPARTMENT, BATTLE CREEK 

t 
ROTATION COVER PORT 

7 

VIEWED POSITION RELIEF FLOW COVER 

PUMP FROM VIEWED VALVE CONTROL BOLT 

PART PUMP SHAFT FROM COVER GPM AT SETTING SETTING TORQUE SPECIAL 

IUMBER SERIES END END 1200 RPM (PSI) (GPM) (LB.FT,) FEATURES 

8205254 v430 RH 0 deg 28 mm_ ___ 15o+_lO mm_ 

8205313 ~230 LH 180 deg 8 mm- -_- 7ouJ mm- 

'205792 v20 RH 0 deg 9 ___ m-m 8025 _-- 

8205832 V33 RH 0 deg 17 -mm _-- 7025 -mm 

205839 v20 LH 0 deg 13 --- --- 80~5 --- 

8206841 v20 LH 0 deg 9 ___ ___ 80+_5 --- 

206842 v20 RH 180 deg 6 ___ m-m 8055 -__ 

207071 V2OP LH 180 deg 13 1250 3.5 8025 -m- 

209142 ~230 LH 180 deg 9 -mm --- 7025 m-m 

m4g8g v210 RH 0 deg 11 _-_ __- 7025 --- 

Ioo4ggo v210 LH 0 deg 11 mm- --- 7525 --- 

100499 1 v210 LH 0 deg 11 m-m ___ 75+5 m-m 

1004992 v210 RH 90 deg CW 11 m-m ___ 7525 Mm- 

'004993 ~230 RH 0 deg 11 mm_ ___ 7525 -mm 

1004994 ~230 LH 0 deg 11 --_ -mm 7525 mm- 

8005320 .v210 RH 0 deg 11 --_ ___ 7555 -_- 

1012487 v20 RH 0 deg 12 ___ ___ 7525 --- 

Section 7, page 16 Code: OH-369, JUL 75 
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INDUSTRIAL TRUCK DIVISION 

NOTE: 

NON SERVICEABLE 

GASKET SEAL KIT ITEMS MARKED “W” 
INCLUDES ITEMS 

MARKED ‘0” 
- 29.146 

INSTALL CARTRIDGE KIT 

CARTRIDGE KIT WITH ARROW POINTING 

INCLUDES ITEMS 
IN DIRECTION OF 
ACTUAL ROTATION. 

BODY PORT AT 12 O’CLOCK 
WEW FROM COVER END. 

HYDRAULIC PUMP 

29.100 

29.112 

PUMP ASSEMBLY, HYDRAULIC 

BEARING, PUMP SHAFT OUTER 

29.114 FASTENER, PUMP DRIVE GEAR 

29.119 FASTENER, PUMP HOUSING 

29.125 PRESSURE PLATE, HYDRAULIC PUMP 

29.126 SPRING, PUMP CONTROL VALVE 

29.127 VALVE SUB-ASSEMBLY, PUMP CONTROL 

29.129 PLUG, PUMP CONTROL VALVE 

29.132 PIN, PUMP RING LOCATING 

29.133 SPR I NG, PRESSURE PLATE 

29.136 RETAINER, PUMP SHAFT OUTER BEARING 

29.138 

29.139 

29.140 

29.146 

29.147 

29.153 

29.155 

29.162 

29.335 

9N tt 

18N tt 

BEARING, PUMP SHAFT INNER 

SHAFT, PUMP 

KEY, PUMP SHAFT 

GASKET 6 SEAL KIT, HYDRAULIC PUMP 

CARTRIDGE KIT, PUMP 

PORT POSITION CHART (PICT 29-009) 

RING-RETAINING, CONTROL VALVE LOCATING 

RING, PUMP SHAFT BEARING LOCATING 

KIT, FLOW CONTROL VALVE 

BODY, PUMP 

COVER, HYDRAULIC PUMP 

tt SOLD ONLY BY SPECIAL ARRANGEMENT 

29-509 REV DEC 71 
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INDUSTRIAL TRUCK DIVISION 

GASKET SEAL KI 

II INCLUDES .lTEtvlS 

t- 

20 

WITH”G” SUFFIX 

I NCLUPES ITEMS 
WITH ’ K”SU FF IX 

2 

18 17 

I I 14K 

ISKG 

16 

4 
I9 

6 

1 BODY PORT AT I2 OkLOCK 1 I I I 
VIEW FROM COVER END. 

6 

I I KG 

HYDRAULIC PUMP 

1 

: 
4 

z 
7 

; 
10 
11 
12 

PUMP ASSEMBLY, HYDRAULIC 
FASTENER, PUMP DRIVE GEAR 
RETAINER, PUMP SHAFT OUTER 
BEARING, PUMP SHAFT OUTER 
KEY, PUMP SHAFT 
SHAFT, PUMP 
SEAL, PUMP SHAFT 
BEARING, PUMP SHAFT INNER 
BODY, PUMP 
PIN, PUMP RING LOCATING 
SEAL, PUMP RING 
ROTOR, PUMP 

29.100 
29.114 

BEARING 29.13b 

:;* ;:i 
29: 139 
** 20 
29.138 
tt 
29.132 

**20/21 
* 21 

19 
20 

:: 
23 

VANE KIT, PUMP 
RING, PUMP - 
SEAL; PUMP PRESSURE PLATE 
PRESSURE PLATE. HYDRAULIC PUMP 
SPRING, PRESSLIkE PLATE 
COVER, HYDRAULIC PUMP 
FASTENER, PUMP HOUSING 
GASKET 5 SEAL KIT, HYDRAULIC PUMP 
CARTRIDGE KIT, PUMP 
PORT POSITION CHART 
SPACER, SHAFT SEAL 

29,144 ;' 
** 21 ;.. 

**20.21 !. 
29.125 ii. 
29.133 b 

:J.l19 
29.146 
29.lC7 
29.153 
29,152 

NOT SOLO, USE ITEM NUMBER tt SOLD ONLY BY SPECIAL ARRANGEMENT 

29-007 7 MAY 62 
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CMRIS GROUP 
30 

329746 330819 330962 330987 398835 
330800 330820 330963 330988 398840 
330801 330821 330964 330993 398841 
330802 330822 330965 330994 399063 
330803 330823 330966 330995 888477 
330804 330824 330967 330996 888478 
330805 330825 330968 331483 888479 
330806 330826 330969 331484 888551 
330807 330827 330970 335301 888552 
330808 330951 330971 337413 888553 
330809 330952 330972 337414 888637 
330810 330953 330973 337497 888638 
330811 330954 330974 390268 888720 
330812 330955 330975 390490 888721 
330813 330956 330976 391636 888722 
330814 330957 330977 392182 888755 
330815 330958 330983 398295 888796 
330816 330959 330984 398422 888982 
330817 330960 330985 398423 889036 
330818 330961 330986 398424 894686 

GROUP 
30 

SECTION 

1 

OVERHAUL OF VICKERS 

MULTIPLE UNIT VALVES 

CM11 SERIES - 21 DESIGN 

(COURTESY OF: VICKERS INCORP.) 

The Following Clark Part Numbers are Covered 
in this Overhaul Supplement. 

896816 1673622 2314725 
896817 1700772 2317847 
899068 1702826 2325545 
899501 1705492 2325546 
899502 1725262 2325547 
990126 1737783 2332919 
990850 1742448 2333421 
990852 1748301 2333422 
1610624 1750910 2335216 
1615446 1751165 2336999 
1617387 1752045 2338502 
1619235 1780555 2339279 
1625336 1780556 2342198 
1654979 1794207 2343689 
1655762 1794208 2343902 
1655763 1795643 2346496 
1655764 2304751 2357993 
1663000 2311088 2357994 
1663001 2311328 2361009 
1663002 2314021 2361010 
1663003 2314022 4921003 

Code: OH-321, SEP 80 RF4V Section 1, Page 1 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

SECTION II - DESCRIPTION 

A. GENERAL 

Vickers CM11 - 21 Series Valves are made up of 
directional control valve sections mounted in banks 
and connected internally to common pressure and 
tank return passages. A valve bank usually consists 
of an inlet and operating (R*, K* or F*), a number of 
operating sections (*) and an operating and outlet 
section (*L or *E). Each operating section contains 
a sliding spool (for example A, B, C, T, D or W 
spool). In valve banks where only one operating 
section is ‘required, an R* section is used with an L 
or E tank plate section. 

B. ASSEMBLY AND CONSTRUCTION 

between the sections seal the connecting passages. 
Sections are held together by studs and nuts. 

C. OPTIONAL FEATURES 

1. Micro-switch attachment - CMll*S models 
are equipped with a switch mounting bracket and a 
cam extension on the spool to actuate a micro-switch 
when the spool is shifted (see SectionIV, paragraph F). 

2. Spool detents - A spool detent assembly 
consists of a special end cap with a spring loaded 
plunger and a spool extension. The plunger engages 
in grooves in the spool extension to hold the spool in 
the desired position. 

D. MOUNTING 

Figure 1 is a cross-sectional view showing the 
construction and assembly of a three-section valve. 
Each section contains a sliding spool with centering 
springs and a check valve. The inlet section also 
contains a relief valve assembly. 

Passages between the bodies connect each sec- 
tion to the common inlet and tank ports. Seal rings 

CM11 Series -21 design valves are mounted with 
lugs cast into the inlet and outlet sections. 

E. APPLICATION 

Vickers Mobile Hydraulics Division application 
engineers should be consulted for valve ratings and 
applications. 

CENTERBODY 

RELIEF 
I VALVE 

CENT 

D SWITCH4 u) 
BRACKET 

L 

t- 
CAM 

.: 
Figure 1 
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CMRH 

SECTION III - PRINCIPLES OF OPERATION 

GROUP 
30 

A. GENERAL 

Figure 2 is a schematic illustration of a three 
section valve, showing the inlet and outlet ports and 
the by-pass, pressure and tank passages. The pres- 
sure passage is used to carry fluid to the cylinder 
ports when the spools are shifted. The by-pass 
passage permits flow directly to the outlet when the 
spools are not being operated. The tank passage also 
carries fluid to the outlet; either return flow from 
the cylinder ports or fluid diverted past the flow 
control and relief valve. 

CONTROL VALVE BY- PASS 
SENSING ORIFICE FLOW CONTROL PRESSURE 
\ ORIFICE PASSAGE 

The spools are shown in the centered or neutral 
position. Under these conditions, fluid in the pres- 
sure passage is blocked from the cylinder ports by 
the spool lands. Flow through the valve is through 
the by-pass and tank passages to the outlet. 

VALVE I 
TANK CY&‘DER BY’- PASS 
PASSAGE PORTS PASSAGE 

B. OPERATING SECTIONS 

Figure 2 

1. Inlet Sections - The CMll-21 Series valve 
bank may be obtained with operating, .R*, F*, or K*, 
inlet sections. These sections are available with the 
spools listed in Table I. 

(c) K* Section - The K* section is essen- 
tially the same as the R* section except it has a full 
by-pass feature. 

These sections are individually described 
below. 

2. Outlet Sections 

(a) R* Section - The R* section is equipped 
with an integral relief valve for overload protection. 
It is built to accept a check valve to prevent return 
flow through the valve. 

(a) *L Section - When two or more spools 
are required in a valve bank, the last section will be 
an *L section. The I’*” denotes the spool type. This 
section contains the exhaust oil port and also is built 
to accept a check valve to prevent back flow when 
this feature is required. 

The integral relief valve, with an ori- 
fice plug, also acts as a partial flow control valve. 
This feature lowers the pressure drop between the 
inlet and outlet ports. (See paragraph 4 for relief 
valve and flow control operation. ) 

The relief valve cracking pressure is 
pre-set at the factory. The pre-set cracking pres- 
sures range up to 2500 psi maximum. (See Table I 
Model Code for pressure settings. ) 

(b) *E Section - This section is used for 
tandem operation by providing an outlet connection 
through which the by-pass feature for pump unloading 
is extended on to a subsequent valve bank. It is used 
in conjunction with an “F*” type inlet section in the 
next valve bank. Like the *L section it contains an 
operating spool and is built to accept a check valve to 
prevent back flow when this feature is required. 

3. Spool Operation 

(b) F* Section - The F* section has two 
pressure connections. One connection is made to the 
pump source and the second connection is made with 
a preceding valve assembly to accept the by-pass 
flow for tandem operation. 

Six standard spool designs are available 
(A, B, C, D, T and W). Any combination of spools 
may be used with a valve bank to perform a variety 
of operations. All operating spools are equipped with 
centering springs which return the spools to neutral. 

The F* section like the R* section is 
built to accept a check valve to prevent return flow For convenience A. S. A. symbols (Y32. lo- 
when this feature is required. However, F* sections 1958) are also shown with the following descriptions 
do not employ relief valve or partial flow by-pass. of each spool. 

Code: OH-321, REV MAY 79 Sect ion 1 , Page 3 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

TANK RETURN 

PRESSURE TO “B” “A” & “B” BLOCKED PRESSURE TO “A” 
“A” TO TANK BY-PASS OPEN ‘3” TO TANK 
BY-PASS BLOCKED BY-PASS BLOCKED 

Figure 3 9” DOUBLB ACTING SPOOL 

PRESSURE 

PRESSURE TO “B” “A” & “B” BLOCKED PRESSURE TO “A” 

“A” TO TANK BY-PASS OPEN “B” TO TANK 

BY-PASS BLOCKED BY-PASS BLOCKED 

Figure 4 “A” DOUBLE ACTING SPOOL 

PRESSURE TO “B” “A” & “B” TO TANK PRESSURE TO “A” 
“A” TO TANK BY-PASS OPEN “B” TO TANK 
BY-PASS BLOCKED BY-PASS BLOCKED 

n*_.__ c .m.r rrrrmrrm -r\l rgure i) ‘.D’. 1VlUIUJs 0Jruul.l 

Sect ion 1 , Page 4 

(a) “D” Double Acting Spool - “D” 
spools are used for applications where 
pump flow must be directed to either end 
of a cylinder, depending on the direction 
of movement required. The end of the 
cylinder not under pressure has its re- 
turn flow directed to reservoir via inter- 
nal coring of the valve sections. See 
Figure 3 for spool position versus flow. 

(b) “A” Double-Acting Spool - 
The “A” spool is a double-acting spool with 
variable orifices. An intern& -spool is 
used to provide this variable restriction. 
So long as there is a positive inlet pres- 
sure, the orifice is large, permitting 
unrestricted return flow. Decreased inlet 
pressure permits the spool to shift, de- 
creasing the orifice size. 

(c) “A3?’ and”A4” Spools - These 
are double-acting spools with fixed ori- 
fices to restrict flow to the reservoir 
from either cylinder port (see Figure 4). 
This prevents losing control of the load. 
Operation is otherwise the same as the “D” 
spool. See sub-paragraph (a) above. 

1 P 

MAN MANI 

(d) “B”-Motor Spool - “B” spools 
are used when flow is directed to the op- 
eration of a hydraulic motor instead of a 
cylinder. These spools are double acting 
in character so that the motor may be 
rotated in either direction. The cylinder 
ports are left partially open in the neutral 
position to allow free flow of oil between 
the motor and reservoir. Check valves 
are not used in “B” spools. See Figure 5 
for spoolpositionvs. flow characteristics. 

Code: OH-321, REV MAY 79 
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(e) “C” Float Spool - “C” spools 
are double acting with an additional float 
position. The spool is retained in the 
float position by a detent, and it is spring 
centered to neutral from the Y.rY’ and 
“out” positions. Both ,cylinder ports are 
open to the reservoir in the float position 
to permit free flow of oil in either direc- 
tion. See Figure 6 for spool position 
versus flow. 

MAN 

A’ 6 

(f) “T” Single Acting Spool - “T” 
spools direct flow to one end of an oper- 
ating cylinder only as in the example of 
the lift mechanism on a fork-type truck. 
Return flow is from the same end of op- 
erating cylinder and relies on gravity or 
mechanical means. See Figure 7 for 
spool position versus flow. 

MAN MAN 

AI B 

(g) ‘W” Single Acting Spool - The 
‘W” spool is a single-acting spool which 
operates the reverse of the “T” spool 
explained above. Flow is controlled to 
and from port A, and port B is plugged. 

TTTlT ? T 
1 

A B 

PRESSURE 

w 

I4 

FLOAT=- = 
- 

TANK RETURN 
IN- 

PRESSURE TO “B”’ “A” TO’ TANd PRESS&E TO “A” 
“A” TO TANK “B” BLOCKED ‘9” TO TANK 
BY-PASS BLOCKED BY-PASSOPEN BY-PASSBLOCKED 

Figure 6 “C” FLOAT SPOOL 

PRESSURE 

TANKRETURN 

PRESSURE TO"B" "A" & '9' BLOCKED "B" TO TANK 
"A"BLOCKED BY-PASSOPEN "A" BLOCKED 
BY-PASSBLOCKED BY-PASS BLOCKED 

Figure 7 “T” SINGLE ACTING SPOOL 

--- -#, 

PRESSURE 

TANKRETURN 

"A"TOTANK "A"& "B" BLQCKED PRESSURE TO"A" 
'2" BLOCKED BY-PASSOPEN 'WBLOCKED 
BY-PASSBLQCKED BY-PASS BLOCKED 

Figure 8 ‘W” SINGLE ACTING SPOOL 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

4. Flow Control and Relief Valve 

Earlier design valves were equipped with 
simple relief valves in the inlet sections. The partial 
flow by-pass system in the CMll-.21 valve makes use 
of a compound type flow control and relief valve 
arrangement. 

By sensing the pressure drop across an 
orifice at the entrance to the by-pass, the valve acts 
as a flow control to limit flow through the by-pass to 
approximately seven gallons per minute. The balance 
of the pump delivery is diverted through the reser- 
voir passage. This arrangement greatly reduces 
pressure drop through the valve in the neutral posi- 
tion. 

When a spool is shifted to operate a portion 
of a machine, the flow control is inoperative and full 
pump volume is available to the system. The control 
valve then functions as an overload relief valve. 
System pressure is limited to a prescribed maximum 
by the action of this valve. Inlet body type “F” 
(Table I), is not equipped with a relief valve. Full 
pump volume is available to the system at all times. 

(a) Flow Control - Figure 2 shows the valve 
operation in neutral with flow in excess of seven gpm. 
Flow across the by-pass orifice results in a pressure 
drop. The decreased pressure is sensed at the 
spring end of the valve sub-assembly through a sens- 
ing orifice. The slightly higher pressure at the other 
end of the valve permits it to shift down, diverting 
excess flow to the reservoir passage. With flow less 
than seven gpm, there would be negligible pressure 
drop across the by-pass orifice. Then the control 
valve would be held closed by the large spring and all 
flow would be through the by-pass passage. 

(b) Relief Valve - Operation of the relief 
valve feature is shown in Figure9. Here an operating 
spool would be shifted, porting fluid to the system 
and blocking the by-pass. 

Figure 9A shows operation at less than 
the relief valve setting. There is no flow over the 
by-pass orifice, so full system pressure is sensed at 
the spring end of the control valve, as well as the 
opposite end. The valve is thus hydraulically bal- 
anced and the large spring holds it closed. 

Maximum pressure is determined by 
the setting of the small spring inside the control 
valve assembly. When system pressure is high 
enough to overcome this heavy spring, the poppet is 
forced off its seat. (See Figure 9B.) Fluid imme- 
diately flows past the poppet to the reservoir passage. 
This flow creates’s pressure drop across the sensing 
orifice and the control valve is no longer hydraulic- 
ally balanced. When this pressure differential is 
great enough to overcome the large spring, the valve 
shifts, permitting flow to the reservoir passage. 

5. Check Valves - Timing of the valve spools 
is such that one cylinder port opens to pressure and 
the other port opens to reservoir before the by-pass 
passage is completely blocked. To prevent return 

BY- PASS FLOW 
CONTROL ORIFICE 

SPOOL 

\ 

POPPET 

SPRING INLET / / INLET 

‘+-----\dJ ‘------I 
&W CONTROL 
1ND RELIEF \ 

SENSING 
ORIFICE 

I 
CONTROL VALVE 

VALVE SPRING SENSING ORIFICE 

A B 
PRESSURE B-1 

TANKRETURN -3 

PRESSUREDROP @@j@jj 

Figure 9 

flow from a cylinder port from passing into the pres- 
sure passage and escaping through the partially 
closed by-pass, check valves are provided in each 
operating section except sections with “B” spool. 
The load is thus prevented from dropping. 

6. Detent - The .spool detent consists of a 
special end cap with a spring loaded plunger. The 
plunger engages in a groove in the spool extension 
and holds the spool in the desired position. 

g 

c” 
V 

w 
7. Tandem Operation - Tandem operation per- o 

mits operation of two banks of valves from the same 
pumping source. An internal plug in the outlet sec- 
tion of the first bank (Figure 10) separates the 
by-pass passage from the reservoir passage. Cylin- 
der exhaust oil is returned to tank via the alternate 
discharge port, and by-pass oil is directed out the 
primary discharge port to the by-pass port of the 
bank. 

In Figure 10, either bank can be operated 
separately or both simultaneously. This is possible 
because of the tandem by-pass connection from the 
inlet connection of the first bank to the F inlet con- 
nection of the second bank. If neither bank is oper- 
ating, part of the fluid flows through both by-pass 
passages directly to reservoir. The balance is 
diverted through the reservoir passage of the first 
section as shown in Figure 2. 
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ALTERNATE 
DISCHARGE 

CONNECTED 

TANK 
DISCHARGE 

Figure 10 

ANGLE BETWEEN : DOUBLE ACTING SINGLE ACTING SINGLE ACTING 
MILLED GROOVE IN D, 8, A3, A4 SPOOLS D, A3, A4 SPOOLS D, A3, A4 SPOOLS 
CAM AND FLATS ON SIMULATES “T” SIMULATES ‘W” 
SPOOL END PORT A IS PLUGGED PORT B IS PLUGGED 

SWITCH IS ACTUATED WHEN SPOOL IS SHIFTED IN DIRECTION INDICATED BY ARROWS 

Figure 11 

In some cases, it is desirable to have tan- 
dem valves connected in series where the second 
bank is dependent upon the operation of the firstbank. 
The first bank has control priority because the 
tandem by-pass connection is not used. The cylinder 
by-pass oil of the first bank is directed out of pri- 
mary discharge port to the inlet port of the second 
bank. Use a “K” inlet section in the first bank if full 
flow is desired to the second bank. Otherwise re- 
duced flow will be encountered. 

8. Electric Switch Section - Provision is made 
to actuate a switch to start the hydraulic power 
source on electric powered machines only when it is 
needed. For “T” spool operation, the “A” port must 
be plugged. “w” spool operation requires that port 
“B” be plugged. 

All D, 2 or W electric limit switch models 
are supplied with “D” spools only. “T” or “W” spool 
operation is accomplished by mounting the switch or 
rotating the spool extension as shown in Figure 11. 

Code: OH-321, REV MAY 79 Sect ion 1, Page 7 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES GROUP 

9. Narrow By-Pass Sections - Narrow by-pass 
sections have narrower by-pass grooves in the 
spools. These provide better metering for low vol- 
ume applications. 

C. NON-OPERATING SECTIONS 

The CMll-21 valve non-operating sections are 
the “E” and “L” outlet sections. These sections do 
not have operating spools. The functions of these 
sections are as follows: 

1. “E” Outlet Section - The “E” type section 
provides an outlet section by which the by-pass fea- _ _ 
ture for pump unloading is extended to a subsequent 
valve bank (tandem operation). It is generally used 

in conjunction with the “F” type inlet section on the 
subsequent valve bank assembly. This “E” type 
section is only used with one-spool banks. 

2. “L” Outlet Section - The “L” type section is 
basicallv the same section as the “E” section extent 
it provides only one connection for exhaust oil and is 
used as the last section on a single-spool bank where 
tandem operation is not required. 

NOTE 

It should be noted that the pressure drop 
across the valve, when used in series opera- 
tion, will be the sum of the pressure drops 
for each section. 

SECTION IV - INSTALLATION AND OPERATING 

A. INSTALLATION DRAWINGS 

Installation drawing M-246821 should be consulted 
for installation dimensions. 

B. MOUNTING 

These valves can be mounted in any position. 
Enough clearance must be left to provide access to 
the port connections and to permit actuating the con- 
trol mechanism. The valves should be securely 
bolted to the mounting surface. 

NOTE 

Valves should be mounted on a relatively flat 
surface to prevent possible distortion of the 
valve bodies. 

C. PORT CONNECTIONS 

Except for the alternate discharge port, all con- 
nections are compatible with standard SAE fittings 
and “0” ring seals. It is only necessary to tighten 
fittings so that there is a firm metal-to-metal con- 
tact. 

D. RELIEF VALVE 

Relief valve sub-assemblies in the inlet section 
are preset and tested by Vickers for given pressure 
settings. Selection of the relief valve setting is 
based on the work requirements of the system. If a 
different relief valve setting is required, the ‘valve 
sub-assembly should be replaced. 

E. TANDEM INSTALLATION 

1. Port connections for tandem series opera- 
tion are shown in Figure 10. 

2. The outlet section of the first bank must be 
an “E” section which is equipped with a plug (see 
Figure 10) to block the primary discharge port from 
the reservoir. The alternate discharge port must be 
connected to the reservoir. 

F. MICRO-SWITCH AND CAM INSTALLATION 

Slight leakage past the internal plug is per- 

INSTRUCTIONS 

NOTE 

missible. The plug should not be tightened 
excessively, as there is the danger of dis- 
torting the body and causing the spool to bind. 

1.’ Figure 11 illustrates the correct mounting 
positions for the micro-switch, bracket and cam. 

2. To convert a standard sectionto an electric 
switch section, the end cap screws must be removed 
to attach the bracket. The cam must be pressed into 
the spool at the correct angle with the flats on the 
spool end as shown in Figure 11. Secure cam in 
spool with a good grade of epoxy adhesive. 

CAUTION 

Use caution while inserting cam into spool to 
avoid damaging nylon cam. 

G. HYDRAULIC TUBlNG 

1. The number of bends in tubing must be kept 
to a minimum to prevent .excessive turbulence and 
friction of oil. flow. 

2. Tubing must not be bent too sharply. The 
minimum radius for bends is three times the inside 
diameter of the tube. 

3. To minimize flow resistance and the possi- 
bility of leakage, only as many fittings and connec- 
tions as are necessary for proper installation should 
be used. 

4 All tubing must be thoroughly cleaned before 
installation to remove dirt, rust and scale. Recom- 
mended methods of cleaning are sand blasting, wire 
brushing and pickling. 
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NOTE 

oR300up 

For instructions on pickling, refer to Vickers 
Instruction Sheet M-9600. 

H. HYDRAULIC FLUID HECOMMENDATIONS 

1. General 

The oil in a hydraulic system serves as the 
power transmission medium. It is also the system’s 
lubricant and coolant. Selection of the proper oil is 
a requirement for satisfactory system performance 
and life. Oil must be selected with care and with the 
assistance of a reputable supplier. Two important 
factors in selecting a fluid are: 

(a) Antiwear Additives - The oil selected 
must contain the necessary additives to insure high 
antiwear characteristics. 

(b) Viscosity - The oil selected must have 
proper viscosity to maintain adequate lubricating film 
at system operating temperature. 

HYDRAULIC 

FLUID 

NORMAL 

\PPLICATIOt’ 

HYDRAULIC FLUID 

FOR . . . MAIN HYDRAULIC SYSTEMS 
EXCEPT WHEN SPECIFIED 
DIFFERENTLY ON THE LUBRI- 
CATION CHART(S). 

SPECIFICATIONS Use only high 
quality hydraulic fluid with Zinc 
or equivalent Anti-Wear additive 
which meets the requirements of 
ASTM D-2882 pump wear test with 
50 mg,total weight loss maximum 
per CLARK Specification MS-@. 

Co&e: OH-321, REV 'MAY 79 Sect ion 1 , Page 9 
‘ 

,r*. $1 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



INDUSTRIAL FRbCK DIVISION 
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SECTION V - SERVICE, INSPECTION AND MAINTENANCE 
A. SERVICE TOOLS B. INSPECTION 

No special tools are required to service Vickers Periodic inspection of spool operation, oil con- 
CMll-21 series, multiple unit valves. dition and pressure connections saves time-consum- 

TABLE III - TROUBLE, CAUSE AND REMEDY CHART 

TROUBLE PROBABLE CAUSE REMEDY 

Oil leaks at either end of spool. Defective “0” rings in valve body. Replace “0” rings. 

Spring-centered 
turn to neutral. 

spools do not re- Broken springs. Replace springs. 

Bent spool. Replace with new section of same 
size and type. 

Foreign particles. Clean system and valve. 

Misalignment of operating linkage. Check linkage for binding condition. 

Valve bank improperly torqued. Retorque nuts to specified ratings. 

Detent type spools will not stay in Worn detent barrel. Replace detent barrel. 
detent position. Weak or broken detent spring. Replace detent spring. 

No motion, slow or jerky, action of Relief valve not properly set, or Repair, clean and readjust. 
hydraulic system. stuck in base and/or worn. 

Dirt or foreign particles lodged Disassemble, clean and reassem- 
between relief valve control pop- ble. 
pet and seat. 

Valve body cracked inside. Replace valve section. 

Spool not moved to full stroke. Check travel. 

No relief valve action (high pres- Small particle of dirt plugging Remove relief valve and checkhole. 
sure). orifice in relief valve sub-assem- If blocked, clear hole. 

bly. 

Relief valve sub-assembly installed Install properly. 
backwards. 

Load will not hold. Oil bypassing between spool and Replace valve. 
body. 

Oil bypassing piston in cylinder. Repair or replace cylinder. 

Spool not centered. Refer to above spool remedies. 

Load drops when spool is moved Dirt or foreign particles lodged Disassemble, clean and reassem- 
from neutral to a power position. between check valve ball and seat. ble. 

Scored or sticking check valve. Replace poppet. 
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30 

ing breakdowns and unnecessary parts replacement. 

1. All Hydraulic connections must be tight. 
Loose connections not only allow leakage, but also 
permit air to be drawninto the system, resulting in 
noisy and erratic operation. 

2. Spools should return to neutralautomatically 
when the control is released. The standard centering 
spring force is approximately 28 pounds with the 
spool in the neutral position, and approximately 56 
pounds with the spool in the shifted position. If more 
force is necessary, the spool may be binding or 
cqntrol linkage may be faulty. 

3. System filters and reservoir should be 
checked periodically for foreign particles. If exces- 
sive contamination is found, the system should be 
drained. The reservoir must be cleaned thoroughly 
before refilling. 

C. ADDING FLUID TO THE SYSTEM 

When hydraulic fluid -is added to the system, it 
should be pumped through a 25 micron filter. If such 

+a filter is not available, or practical to use in the 
field, a funnel with a fine wire screen (200 mesh or 
better) can be used. 

A. GENERAL 

During disassembly, particular attention should 
be given to identification of parts for reassembly. 
Spools are selectively fitted to valve bodies and must 
be returned to the same bodies from which they were 
removed. Valve sections must be reassembled in 
the same order. 

and remove the spring and piston. Remove the “0” 
ring from the cap. 

Figure 12 is an exploded view showing the 
proper relationship for reassembly. Reference is 
made to these figures in the procedures which 
follow. 

4. Operating Spool - Slide the spool out of its 
bore and remove the “0” rings Gorn the groove in 
the spool and from the valve bodyparound the spool 
bore. Do not remove the centering spring, retainers 
or the spool extension unless it is necessary to 
replace them. 

w B. DISASSEMBLY 

5. Check Valve - Grip the stem of the check 
valve plug with pliers and pull it out of the valve 
body. Remove the “0” ring and back-up ring. Re- 
move the spring and ball from the valve body. 

SECTION VI - OVERHAUL 

I 1. 

1. Controls - Be sure the unit is not subjected 
to pressure. Disconnect and cap all lines and dis- 
connect linkage to the spool. If hand levers are 
used, remove the “ET’ washers which retain the 
fulcrum rod and remove the rod, levers and pivot 
pins. 

6. Relief Valve Sub-Assy - Screw out the plug 
which retains the relief valve and remove the “0” 
ring from the plug. Remove the spring and the relief 
valve sub-assembly. In F* sections, remove the 
solid plug. 

2. Attaching Parts - Remove the four tie studs 
and nuts and separate the valve sections. Be careful 
not to destroy or lose spacers. _-- 

.-.. 

3. End Caps - On CMll-21 models remove 
the micro-switch from the bracket. Remove the 

7. Valve Body - Remove the plug and “0” ring 
from the blocked cylinder port on models with a 
single acting spool. If the alternate discharge port 
is plugged, it is not necessary to remove the plug 
unless the body is to be replaced. On F* bodies, 
remove the fitting, “0” rings and back-up ring. 

two screws which secure the spool end cap and re- 
move the cap (and switch bracket, if used). If the 
cap has a detent assembly, screw out the detent plug 

C. CLEANING, INSPECTION AND REPAIR 

1. Discard all old seals. Wash all parts in a 

Code: OH-321, REV MAY 79 

s ; 

It is important that oil be clean and free of all 
substance which will cause improper operation and 
excessive wear of the pump or other hydraulic units 
in the system. Be sure to purge all air from the 
system. 

D. LUBRICATION 

Internal lubrication is provided by system oil. 

E. REPLACEMENT PARTS Q 
‘i 

Only genuine parts manufactured or’ sold by 
Vickers should be used as replacement parts for 
these valves. Only Vickers knows the true quality 
level required of each part. These are listed in the 
applicable parts catalogs, copies of which are avail- 
able on request. 

F. TROUBLESHOOTING 

Table III lists the difficulties which may be ex- 
perienced with the unit and hydraulic system. It 
indicates the cause::I%urd remedy for each of the 
troubles listed. It should always be remembered 
that pressure and delivery are factors which are 
usually dependent upon each @her. Adequate pres- 
sure gage equipment and a thorou@&understanding of 
the operation of the complete hydraulic system are 
essential to diagnose improper operation. 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

clean mineral oil solvent and place them on a clean 
surface for inspection. 

2. Carefully remove burrs by light stoning or 
lapping. Be certain there is no paint or burring on 
mating surfaces of valve bodies. 

3. Inspect the valve spools and bores for burrs 
and scoring. If scoring is not deep enough to cause 
objectionable leakage, the surfaces can be stoned or 
polished with crocus cloth. If scoring is excessive, 
the valve body and spool must be replaced. Check 
the valve spool for freedom of movement in the bore. 

4. Check the relief valve for smooth movement 
in its bore. The valve should move from its own 
weight. 

D. ASSEMBLY (Figure 12) 

NOTE 

Coat ali parts with clean hydraulic oil to 
facilitate assembly and provide initial lubri- 
cation. Petroleum jelly can be used to hold 
seal rings in place on assembly. 

1. Valve Body - On models with single-acting 
spool, install the “0” ring on the port plug and plug 
the appropriate cylinder port. Tighten the plug 
securely, but DO NOT over tighten. On F* models, 
install the back-up ring and then the “0” rings on the 
fitting. Tighten the fitting securely, but DO NOT 
over tighten. 

2. Relief Valve - Install the “0” ring on the 
relief valve nlua. Place the relief valve assemblv 
in its bore, hex nut end up. Install the spring and 
plug and tighten the plug securely but DO NOT over 
tighten. 

3. CheckValve - Install a new back-up ring and 

“0” ring on the check valve plug with the “0” ring 
toward the spring and ball. Place the ball and spring 
in the body and install the plug. Be sure the hole in 
the plug lines up with the stud hole in the body. 
Check valves are not used in “B” spool sections. 

4. Operating Spool - If the centering spring 
was removed. install the snrins and retainers on the 
spool. Place the “0” ring h tie groove around the 
spool bore and install the “0” ring on the spool. 
Install the spool in the bore. On electric switch 
models, be certain the cam extension is in the cor- 
rect position. 

5. End Cap - Install the “0” ring in the end cap 
groove and11 the cap, switch bracket (if used) 
and attaching screws. Torque the screws securely. 
On models with detents, grease all the detent parts. 
Install the end cap and check for proper spool exten- 
sion alignment. Install the piston, spring and plug. 
Be sure to screw the plug in all the way. 

6. Assembly of Unit 

CAUTION 

Make sure all mating surfaces of valve bodies 
are free of burrs and paint. 

Install seal rings and the seal ring retainer 
in the grooves in the body of each inlet and center 
section. Use petroleum jelly to hold the seals in 
place. Carefully place the sections together in the 
same order in which they were removed.. Coat the 
stud threads with “Loctite” or similar sealant and 
install the studs. Tighten the nuts to 15 foot pounds 
torque. If levers are used, install pins in each spool 
and assemble the levers, fulcrum rod and “E” 
washers. 

SECTION VII - TESTING 

Vickers Mobile Division applications engineering If test equipment is available, valves should be 
personnel should be consulted for recommendations tested at the recommended flow and pressure shown 
on test stand circuit requirements and construction. on installation drawing M-246821. 
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“L” OUTLET 

SECTION 

EXTENSION 

DUST COVER 

BACK- UP RING 
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INDUSTRIAL TRUCK DIVISION 

WliEN USED 

30. 

1 

& 3oh 90.576F 

iI- 30.114 

b-A 

NOTE: ITEMS MARXED X USED 

ONLY ON ELECTRIC TRUCKS 

OUTLET SECT10 N 
HYDRAULIC VALVE 

30.000 

30.033 

30.039 

30.040 

30.061 

30.064 

30.107 

30.108 

30.109 

30.110 

30.111 

30.112 

30.113 

30.114 

30.115 

30.116 

90.575 

90.576 

29N 

3ON 

VALVE ASSEMBLY, MAIN HYDRAULIC 

BOLT, HYDRAULIC VALVE MOUNTING 

COVER, SPOOL CENTERING SPRING 

FASTENER, SPRING COVER 

PLUG, HIGH PRESSURE CARRYOVER 

(CONTINUED) 

PLUG, OUTLET SECTION PRESSURE PORT 

FASTENER, VALVE TH;wJ 

OUTLET SECTION, HYDRAULIC VALVE 

RETAINER, SPOOL CENTERING SPRING 

SPRING, VALVE SPOOL CENTERING 

BRACKET, SWITCH 

EXTENSION & CAM, VALVE SPOOL 

BALL, VALVE OUTLET SECTION CHECK VALVE 

SPRING, VALVE OUTLET SECTION CHECK VALVE 

PLUG, HIGH PRESSURE CARRYOVER 

SEAL KIT, HYDRAULIC VALVF SECTION 

LOCKWASHER, HYDRAULIC VALVE MOUNTING FASTENER 

NUT, HYDRAULIC VALVE MOUNTING FASTENER 

BODY, HYD VALVE OUTLET SECTION USE 30.108 

SPOOL, HYD VALVE OUTLET SECTlON USE 30.108 

30-007 REV JAN 76 
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CLSRK industrial Truck 
Division 

A 

WHEN USED 

M 
30.238 -wD] 5 

SON 0 -30.222 
30.064 - 

30.235 7 @ -7f.l 972 

p 30.202 

I] 

L30.116 
30.218 

- 30.237X 

I 1 
Q-30.113 

r30.108 

.8N - @-30.114 OUTLET SECTION 

ITEMS MARKED-N” 

NOTE: ITEMS MARKED X USED 

ONLY ON ELECTRIC TRUCKS 

i II ASSEMBLY 

COMPLETE I 

MARKED “0” 

L 30.239 

r 30.000 
ASSEMBLY COMPLETE 

HYDRAULIC VALVE ~ 

VALVE ASSEMBLY, HYDRAUL I c (CONT’ D) 
FASTENER, HYDRAULIC VALVE MOUNTING 
COVER, SPOOL CENTERING SPRING 
FASTENER, SPRING COVER 
PLUG, HIGH PRESSURE CARRYOVER 

30.202 
30.215 
30.218 

VALVE SECTION, 1ST AUXILIARY 
SPR I NG, VALVE SPOOL CENTER I NG 
COVER, SPOOL CENTERING SPRING 
FASTENER, SPRING COVER 
BALL 1ST AUXILIARY SECTION CHECK VALVE 

PLUG, OUTLET SECTION PRESSURE PORT 
SPACER, HYD VALVE SECTION 
FASTENER, VALVE THRU 
OUTLET SECTION, VALVE THRU 

30.223 
30.225 

SPRING, 1ST AUXILIARY SECTION CHECK VAL 
PLUG, 1ST AUXILIARY SECTION CHECK VALVE 
RETAINER, SPOOL CENTERING SPRING 
BRACKET, SWITCH 

RETAINER, SPOOL CENTERING SPRING EXTENSION b CAM, VALVE SPOOL 

30.110 SPRING, VALVE SPOOL CENTERING 
30.111 BRACKET, SWITCH 
30.112 EXTENSION & CAM, VALVE SPOOL 
30.113 
30.114 

BALL, VALVE OUTLET SECTION CHECK VALVE 
SPRING, VALVE OUTLET SECTION CHECK VALVE 

30.238 
30.239 
30.251 

fiN” 

PLUG, 1ST AUXILIARY SECTION PRESSURE PORT 
SEAL KIT, HYDRAULIC VALVE SECTION 
SPACER, (BETWEEN IST AUX E OUTLET SECT) 
OUTLET SECTI ON, HYDRAUL I C VALVE M30.108 
SPOOL, HYDRAULIC VAL OUTLET SECTION e30.108 

PLUG, OUTLET SECTI ON CHECK VALVE l 

SEAL KIT, HYDRAULIC VALVE SECTION 
BODY, 1ST AUXILIARY VAL SECTION M30.202 
SPOOL, 1ST AUXILIARY VAL SECTION M30.202 

* NOT SOLD, USE ITEM NUMBER LISTED 

3.0-009 REV AUG 74 
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Division 

K- 

3N 
c-30. 

NOTE: 

M 

30.223 
NON SERVICEABLE 
ITC..C ..LDYCn “LI” 

L 30.032 NOTE: 

ONLY 

(WHEN USED 

r30.000 

ASSEMBLY 

L 

COMPLETE 

INCLUDES ITEMS 

ITEMS MARKED X USED 

ON ELECTRIC TRUCKS -30.237X 

HYDRAULIC VALVE 

;Kz INLET SECTION, HYDRAULIC VALVE 

301102 
RETAINER, SPOOL CENTERING SPRING 
BRACKET, SWITCH 

30.103 EXTENSION & CAM, VALVE SPOOL 
30.104 BALL, VALVE INLET SECTION CHECK VALVE 

30.105 SPRING, VALVE INLET SECTION CHECK VALVE 
30,106 PLUG, INLET SECTION CHECK VALVE 

;:-;:g 
VALVE SECTION, 1ST AUXILIARY 

301218 
SPRING, VALVE SPOOL CENTERING 
COVER, SPOOL CENTERING SPRING 

30.219 FASTENER, SPRING COVER 
30.222 BALL, 1ST AUX SECTION CHECK VALVE 

30.223 SPRING, 1ST AUX SECTION CHECK VALVE 
30.225 PLUG, 1ST AUX SECTION CHECK VALVE 
30.235 RETAINER, SPOOL CENTERING SPRING 
30.236 BRACKET, SWITCH 
30.237 EXTENSION & CAM, VALVE SPOOL 

;K;; PLUG, 1ST AUX SECTION PRESSURE PORT 

30:251 
SEAL KIT, HYDRAULIC VALVE SECTION 
SPACER, (BETWEEN AUX SECTIONS) 

ii 
BODY, HYD VALVE INLET SECTION USE 30.100 
SPOOL, HYD VALVE INLET SECTION USE 30.100 

49N 
5ON 

BODY, 1ST AUXILIARY SECTION 
SPOOL, 1ST AUXILIARY SECTION 

USE 30.202 
USE 30.202 

30-010 REV AUG 74 
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RIGHT CENTER 

SECTION ASWMRLY 

30.245x 

r 

L 30.116 

r]OTE: [TEMS MARKED X US ED 

ONLY ON ELECTRIC TRUCKS -30.112x 

HYDRAULIC VALVE 

::c 
30:112 
30.113 
30.114 

30.115 PLUG, VALVE OUTLET SECTION CHECK VALVE 
30.116 SEAL KIT, HYDRAULIC VALVE SECTI ON 

HYDRAULI c VALVE (CONT’D) 
FASTENER, HYDRAULIC VALVE MOUNTING 
COVER, SPOOL CENTERING SPRING 
FASTENER, SPRING COVER 
PLUG, HIGH PRESSURE CARRYOVER 

PLUG, OUTLET SECTION PRESSURE PORT 
SPACER, HYDRAULIC VALVE SECTI ON 
FASTENER, VALVE THRU 
OUTLET SECTION, HYDRAULIC VALVE 
RETAINER, SPOOL CENTERING SPRING 

SPR I NG, VALVE SPOOL CENTER I NG 
BRACKET, SWITCH 
EXTENSION & CAM, VALVE SPOOL 
BALL, VALVE OUTLET SECTION CHECK VAL 
SPRING, VALVE OUTLET SECTI ON CHECK VAL 

30.203 
30.240 
30.241 

30.247 
30.248 

30.249 

:%250 
28N 
72N 

73N 

VALVE SECTION, 2ND AUXILIARY 
RETAINER, SPOOL CENTERING SPRING 
SPRING, VALVE SPOOL CENTERING 
COVER, SPOOL CENTERING SPRING 
BRACKET, SWITCH 

FASTENER, SPRING COVER 
EXTENSION 6 CAM, VALVE SPOOL 
BALL, 2ND AUX SECTION CHECK VALVE 
SPRING, 2ND AUX SECTION CHECK VALVE 
PLUG, 2ND AUX SECTION CHECK VALVE 

PLUG, 2ND AUX SECTION PRESSURE PORT 
SEAL KIT, HYDRAULIC VALVE SECTI ON 
BODY, HYD VALVE OUTLET SECTI ON ~30.108 
SPOOL, HYD VAL OUTLET SECTION w30.108 
BODY, 2ND AUXILIARY SECTION Jwr30.203 

SPOOL, 2ND AUXILIARY SECTION e30.203 

kft NOT SOLD, USE ITEM NUMBER LISTED 
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INDUSTRIAL TRUCK DIVISION 

NOTE: 

NON SERVICEABLE 

ITEMS MARKED “N” 

-- 

I I 

TILT LOCK VA‘LVE 

VALVE ASSEMLY, TILT LOCK 
CAP, TILT LOCK VALVE 

' SEAL, TILT LOCK VALVE CAP 
SPRING TILT LOCK SPOOL 
SPOOL ASSEMBLY, TILT LOCK VALVE 

31.506 PLUG, TILT LOCK VALVE 
BRACKET TILT LOCK VALVE 
FASTENER, TILT LOCK VALVE 
FASTENER, TILT LOCK BRACKET 
STOP, TILT LOCK VALVE SPOOL 

Iti 
15N 

BODY, TILT LOCK VALVE 
SPOOL, TILT LOCK VALVE 
BALL, TILT LOCK VALVE SPOOL 
SPRING TILT LOCK VALVE SPOOL 
PLUG, flLT LOCK VALVE SPOOL 

USE 31.500 
USE 31.505 
USE 31.505 
USE 31.505 
USE 31.505 

I 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 31 
T I LT LOCK VALVE OVERHAUL 

SECTION 2 

CLARK PART NUMBERS 

137897 
233471 

Refer to your Machine Record Card to Verify Applications 

TABLE OF CONTENTS: 

Trouble Shooting 2 

Exploded View 2 

Disassembly 3 

Inspection 3 

Reassembly 4 

Assembled View 4 

Specifications 4 
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INIDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

TROUBLE SHOOTING 

TROUBLE PROBABLE CAUSE POSSIBLE REMEDY 

1 External leakage through 1 
valve cap vent hole. 

2 Failure to tilt forward. 2 

Ruptured "0" ring or porous 1 
casting. 
Spool stuck in spool cap 2 
direction. 

Replace "0" ring or complete 
valve assembly. 
(A) Replace spool assembly. 
(B) inspect orifice for 

obstruction; clean out 

3 Chatter during forward tilt. 
orifice or replace body. 

3 Oversize orifice. 3 Replace entire assembly. 

SPOOL CAP & O-RING 

SPOOL ASSEMBLY 
(see Fig. 13545) 

SPOOL RETURN SPRING 

8 

STROKE STOP 

PLUG & O-RING 

VALVE BODY 

Fig. 13342 

SEP 73 Section 2, Page 2 Code: OH-224 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

D I SASSEMBLY AND I NSPECT I ON 

WARN I NG ------- 

THE TILT LOCK VALVE SERVES AS A SAFETY 

DEVICE ON THE MACHINE. ANY TAMPERING 

WITH THE VALVE BY UNQUALIFIED PERSONNEL 

COULD LEAD TO A SERIOUS ACCIDENT. 

NOTE 

The spool assembly is available as an 
assembly only, not as individual parts. 

STEP 1. 

STEP 2. 

STEP 3. 

STEP 4. 

STEP 5. 

Avoid disassembly of tilt lock valve 
plugs unless visible leakage or 
malfunction makes overhaul necessary. 
Remove spool cap and discard seal q 

Remove spool assembly, spool return 
spring and stroke stop from valve body. 

Inspect threads of cap and body for any 
scratches or nicks which could leak; 
use proper light source to check inside 

body cavity. Check spool major diameter 
for distortion or damage. 

Check spool return spring and stroke 
stop against specifications, and inspect 
for distortion or unusual wear. Replace 
as necessary. 

If trouble seems to be in the spool, 
remove inner snap ring (Fig. 1354.5) and 
disassemble and inspect plug spring and 
ball, as well as the inside cavity of 

the spool 0 

NOTE 

If any part of the spool is damaged, 
replace entire spool assembly as a unit. 

STEP 6. Clean all parts with Stoddard type 

SNAP 
RING 

PLUG 

SPRING 

BALL 

SPOOL - 
BODY 

\MAJOR 

DIAMETER 

Fig. 13545 

CAUTION 

USE GREAT CARE DURING DISASSEMBLY 

NOT TO SCRATCH OR DAMAGE SURFACES 

I NS I DE VALVE, 

solvent, replace any seals removed with 

new seals and carefully reassemble the 
stroke stop, spool return spring, and 
preassembled spool assembly. Tighten 

cap properly. 

Code: OH-224 SEP 73 Section 2, Page 3 
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INDUSTR-IAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

REASSEMBLY: CAUTION 

STEP 1. Install spool check ball, spring, plug 
and internal snap ring. It may be 
necessary to press or drive plug into 
position so the snap ring seats in 
recess. 

STEP 2. Install stroke stop, spool return spring 
and spool assembly (preassembled in 
Step 1) into valve body (as shown in 
Fig. 13343). install new O-ring and 

USE GREAT CARE DURING ASSEMBLY NOT TO 

SCRATCH OR DAMAGE SURFACES INSIDE VALVE. 

STEP 3. Install new O-rings and reinstall plugs 
in valve body. If tilt lock valve is 
not to be installed on truck 
immediately, insert shipping plugs in 
all uncovered openings in valve body to 
prevent dirt or particles from entering 

install valve cap, tightening properly. valve. 

SHIPPING 
PLUG 

VALVE BODY 
SIDE 

j /PLUG 

/ SPRING / 
STROKE STOP (SPOOL RETURN) 

I 
SPOOL ASSEMBLY: BALL, SPRING, PLUG, 

SNAP RING, SPOOL BODY 

Fig. 13343 

SPECIFICATIONS FOR TILT LOCK VALVE: 
BODY SPOOL ASSEMBLY SPOOL RETURN SPRING SPECIFICATIONS STROKE STOP 

CLARK PART NUMBER TYPE (DISCARD E REPLACE COMPRESSED FREE MAX. MIN. DIMENSIONS 
AS COMPLETE UNIT) HEIGHT HEIGHT I.D. O.D. LGTH ROD O.D. 

137897 

233471 

NOTES: 

MACHINED yes 

CASTING yes 

.968” @ 1.94q+_.0291' Note 1 Note 2 1.029 0438 
100-120 lbs (MIN) (MAX) 

368” @ 1.940+_.0291J Note 1 Note 2 1.029 0438 
100-120 lbs (MEN) (MAX) 

1 Spring must work over .438 inch rod (test with the stroke 
2 Spring must move freely inside hole .750 inch minimum. 

stop). 

SEP 73 Section 2, Page 4 Code: OH-224 
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Industrial Truck 
Division 

31 SO1 

,- 1ON 

.508 

NOTE: 

NON SERVICEABLE 

ITEMS MAR KE D “N” 

31.508 

TILT LOCK VALVE _ 

31.500 VALVE ASSEMBLY, TILT LOCK 31.509 

31.501 CAP, TILT LOCK VALVE 31.512 

31.5oj SEAL, TILT LOCK VALVE CAP 2N 

31.504 SPRING, TILT LOCK SPOOL 7N 

31.505 SPOOL ASSEMBLY, TILT LOCK VALVE BN 

FASTENER, TILT LOCK BRACKET 
_. 

STOP, TILT LOCK VALVE SPOOL 

BODY, TILT LOCK VALVE 

SPOOL, TILT LOCK VALVE 

BALL, TILT LOCK VALVE SPOOL 

**3 I 

**3 

**3 

.500 

.505 

.505 

31.507 BRACKET, TILT LOCK VALVE YN SPRING, TILT LOCK VALVE SPOOL **31.505 

31.508 FASTENER, TILT LOCK VALVE ION PLUG, TILT LOCK VALVE SPOOL **31.505 

** NOT SOLD, USE ITEM NUMBER LISTED 

31-107 REV DEC 71 
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MASTER MAINTENANCE MANUAL 

TILT LOCK VALVE 

TROUBLE SHOOTING 

TROUBLt 

External leak through 
vent hole in valve 
spring cap 

Pallure to tilt forward 

Chatter forward tilt 

Chatter rear tilt 

Visually inspect valve spool large seal. 
If excessive scratches exist on spool, 
replace with new. 

Visually inspect valve spool small seal. 
Check for short stroke stop. 
Check pipe plug orifice for obstruction. 
I f required, replace seal and replace plug 
and stroke stop assembly. 

Check pipe plug orifice for obstruction. 

Exercise al 1 general recommendations. 
Replace valve if condition is chronic and 
presists. 

I 30TS301A 8 SEP 67 
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MASTER MAINT’ENANCE MANUAL 

1 

: 
5 
6 

; 
9 
10 
11 
12 

13 

VALVE ASSEMBLY 
CAP 
STOP 
SPRING 
SPOOL & SEALS 
BODY 
PLUG 
BRACKET 
FASTENER 
NOT & LOCKWASHER 
LARGE SEAL 
SMALL SEAL 

Plate 9405. TILT LOCK VALVE (CLARK) 

The spool plug and spool are swaged together 

by a process of heating one and cooling the 

other. This is the anti-cavitation device and 

for no reason should be repaired, replace {f 

necessary . 

Check spool for excessive scratches and replace 
if needed. If leaks are present check “0” rings 
and replace if needed. 

Maintenance for all tilt lock valves is 

fundamentally the same. 
The only parts that should be serviced are 

the “0” rings, springs and spool (as an assembly). 

30M301A 8 SEP 67 
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MASTER MAINTENANCE MANUAL 

; 
9 
10 
11 
12 

13 
14 
16 
17 
18 

ANTI-CAV PUG RETAINER 
ANTI-CAVITATION PLUG 
ANTI-CAV PLUG SEAL 
ANTI-CAV SPOOL SPRING 
ANTI-CAV SPOOL ASEM 
PLUG RETAINER 
SPRING CAP 
CAP SEAL 
SPOOL SPRING 
SPOOL ASSEMBLY 
FILTER PLUG 
BODY 
PLUG 
BOLT & LOCKWASHER 
BRACKET 
BRACKET FASTENER 

0 
‘\ 

7 0 
8 \ 0 \ 

Plate 9403. TILT LOCK VALVE (UICKERS) 

4 

V I 

! 1 
IO 

SPRING CAP 
SPRING CAP SEAL WASHER 
SPRING CAP SEAL 
SPOOL SPRING 
SPOOL ASSEMBLY 
BODY 
PLUG 
BRACKET 
FASTENER 
NUT & LOCKWASHER 

Plate 9404. TILT LOCK VALVE (vIcKERS) 

30M301B 8 SEP 67 
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GROUP 
32 

SECTION 

6 

TILT CYLINDER OVERHAUL 

Code: OH-334, REV NOV 81 P.S.L. 

GR302UP 

Section 6, Page 1 
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CLSRK 

1 m 
Ezl 

- 

I : 
A 

4 

-- 

I A 

A. Old type cylinder B. New type cylinder 

Section 6, Page 2 
Code: OH-334, REX NOV 81 P.S.L. 
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CLSRl4 

IDENTIFICATION OF PICTURE ON OPPOSITE PAGE: 

GR3iYP 

1. Tilt cylinder assembly, cylinder mounted 
2. Tilt cylinder assembly, with mounting pad 
3. Welded cylinder assembly 
4. Rod & Piston assembly 
5. Spacer, tilt cylinder rear piston 
6. u-cup, tilt cylinder piston 
7. Retainer, tilt cylinder gland bushing 
8. Cap screw, tilt cylinder gland securing 
9. Ring, tilt cylinder piston wear 
10. Ring, tilt cylinder gland positioning 
11. Cover, tilt cylinder gland 
12. Washer, tilt cylinder packing -wave washer 
13. Spring (Wave washer) tilt cylinder packing 
14. Spacer, tilt cylinder piston rod 
15. Seal, tilt cylinder gland 
16. O-Ring, tilt cylinder gland O-Ring, back-up 
17. Gland, tilt cylinder 
18. Bushing, tilt cylinder gland 
19. Packing set, tilt cylinder gland 
20. Shim, tilt cylinder gland 
21, Retainer, tilt cylinder gland shim 
22. Cap screw & lockwasher, tilt cylinder gland shim retainer 
23. Wiper, tilt cylinder rod 
24. Retainer, tilt cylinder rod wiper 
25. Bushing (Phenolic) tilt cylinder gland 
26. Spring, tilt cylinder gland compression 
27. Lock Plate, tilt cylinder to frame pin 
28. Cap screw & Lockwasher, tilt cylinder -pin 
29. Bearing, tilt cylinder to frame 
30. Pin, tilt cylinder to frame 
31. Snap Ring & washer, tilt cylinder -frame 

The parts illustrated with a "K" suffix are new parts. The cylinders now being 
assembled contain these parts, with repair kits consisting of same. 

NEW PARTS INCLUDE: 18k, 19k; ALSO - BUSHING (25) and SPRING (26). 

Code: OH-334, REV NOV 81 P.S.L. Section 6, Page 3 
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GROUP 
32 

REMOVAL FROM TRUCK: 

If an upright cannot be held at a given 
angle of tilt, it will be necessary to 
remove and disassemble one or both cyl- 
inders to find the cause. 

1. Tilt the upright to the full for- 
ward position. 

.’ 
IF BGTK-CPLINDERS ARE TO BE REMOVED, 
HOLD THE UPRIGHT WITH A CHAIN TO 
PREVENT THE UPRIGHT FROM FALLING 
DOWN. INJURY OR DEATH CAN OCCUR IF 
YOU DO NOT FOLLOW THIS WARNING. 

2. Disconnect the hydraulic lines from 
the front and rear of the cylinder. 

3. Remove the tilt cylinder pivot pins 
at the base and at the rod end. 

4. Remove the tilt cylinder from the 
truck. 

DISASSEMBLY: 

1. Remove the retainer bolts that hold 
the gland cover, wiper retainer, 
bushing retainer, and shims._Remove 
these components, and the piston 
rod assembly, from the end of the 
cylinder. 

2. Loosen the gland bolts. Use a 
screwdriver to rotate each gland 
bolt out until the head of the bolt 
is against the gland assembly. 
(Fig. 6194). 

3. Use a soft mallet to carefully hit 
the gland assembly into the barrel. 
Be careful not to damage the piston 
rod. 

4. Remove the segment rings (item G, 
Fig. 6194). This permits the gland 
assembly to be pulled from the bar- 
rel and slid up toward the end of 

Fig. 6194 

Fig. 6192 

the rod. 

5. See Fig. 6194 and 5902. If it is 
necessary to remove and replace the 
packing set (H) or rod wiper kit 
(C), make sure that the components 
are correctly assembled again in 
relation to one another. The rod 
wiper must be in the correct posi- 
tion in the wiper retainer (D) and 
the flat side of the rubber ring 
must be put outward so the beveled 
sides of the ring can be correctly 
assembled with both bronze wiper 
rings. 

Section 6, Page 4 Code: OH-334, REV NOV 81 P.S.L. 
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GROUP 
32 

6. 

7. 

8. 

9. 

10. 

When a new packing set (H, in Fig. 
5902) is installed, make sure the 
flat side of the adaptor on the 
piston side is flat against the 
gland bushing (I), with all open 
sides of the packings toward the 
piston, and the flat side of the 
adaptor on the other end of the 
packing set toward the rod end 
gland bushing (J). 

The rear gland bushing (I) is held 
by snap ring (K). See Fig. 6193. 

The gland assembly has one O-Ring (L) 
and one back-up ring (M). These 
components must be assembled as in 
Fig. 6192. The back-up ring is al- 
ways on the side opposite the hy- 
draulic pressure. 

Pull the piston rod from the barrel. 

Check the U-cups (N) on each side 
of the wear ring (0). Check the 
wear ring for damage or indications 
of wear. Replace with new parts if 
necessary. (Fig. 5902). 

CLEANING AND INSPECTION: 

1. Discard all O-Rings, back-up ring, 
and snap ring. Replace with new 
parts. 

2. Clean all metal parts in an approv- 
ed solvent. Blow dry with compres- 
sed air, not to exceed [207 kPa] 
30 PSI. 

3. Check all parts for rough spots, or 
other indications of wear. Replace 
if necessary. Crocus cloth may be 
used to clean the polished surface 
of the piston rod. Be careful not 
to wear off the chrome plating. 

Fig. 5902 

Fig. 6 

IMPORTANT 

USE CROCUS CLOTH ONLY. DO NOT USE 
EMERY CLOTH OR SANDPAPER. LUBRICATE 
INTERNAL PARTS WITH HYDRAULIC FLUID 
BEFORE ASSEMBLING. 

ASSEMBLE THE TILT CYLINDER: 

1. Make sure the wear ring and U-cups 
are in the correct position on the 
piston, with the lips of the U-cups 
away from the wear ring. 

Code: OH-334, REV NOV 81 P.S.L. Section 6, Page 5 
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CLqRK 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Install the spacer before the pis- 
ton is installed into the barrel. 

Make sure the snap ring is in its 
correct position before the gland 
assembly is installed. Hold the 
gland in position with the seg- 
mented ring. 

Make sure the packing set, whether 
it is the black and white, or the 
U-cup type, is in the correct posi- 
tion with the cup (or lip) side 
toward the hydraulic pressure. 

Install the tilt cylinder gland 
cover over the gland and barrel 
assembly. 

If a bronze bushing with springs is 
used, the springs must be installed 
and held in position by the flat 
side of the bronze adaptor. 

Install the gland bushing after the 
heads of the gland bolts have been 
turned in against the barrel. 

Align the hole in the gland cover 
with the threaded hole in the gland 
made for the installation of a 
hydraulic fitting. Align the shims 
with the retainer bolt holes. 

NOTE 

The same number of shims should be 
installed as were removed during 
disassembly. If, after the tilt 
cylinder has been in service, 
leakage occurs past the packings, 
increase the pressure on the 
packings by removing one or more 
shims. Tighten the retainer bolts 
to [19 N'm] 14 LB. FT. lubricated 
thread, [25,8 N'm] 19 LB. FT. dry 
thread. 

Install the rod wiper(s). Make 
sure the rod wiper(s) are in the 
correct position in the retainer 

before the wiper retainer, retainer 
bolts, and lockwashers are -install- 
ed. The torque to tighten the re- 
tainer bolts is [22,9 N'm] 203 LB. 
IN. dry thread or [16,9 N'm] 150 
LB. IN. lubricated threads. 

INSTALLATION OF ROD END ON PISTON ROD: 

1. Install the rod end onto the piston 
rod with approximately [38,1 mm] 
1.50 inches of threads engaged. 

2. Check the dimension between the 
.base center to the rod end center 
of your cylinder (as in Fig. 16108) 
against the specifications given 
for your assembly number. 

3. Rotate the rod end on the end of 
the piston rod until the dimension 
is correct. 

4. Put the keeper into the slot in the 
threads. 

5. Install the bolt, lockwasher and 
nut on the rod end. 

6. Tighten the bolt on the rod end to 
a torque value, according to the 
size of the bolt. See Rod End Bolt 
Specifications. 

Section 6, Page ,6 Code: OH-334, REV NOV 81 P.S.L. 
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Fig. 22667 

1. Base center to rod end 11. Retainer 22. Segment ring 
center 12. Wiper retainer *23. Packing set 

2. Rear spacer 
3. u-cup 
4. Piston wear ring 
5. u-cup 
6. Front spacer 
7. Spring (6 needed) 
8. Bushing 
9. Gland bushing 
10. Shims (4 needed-minimum) 

13. Rod wiper 
14. Rod end 
15. Base 
16. Piston 
17. Piston rod 
18. Gland 
19. Snap ring 
20. O-Ring 
21. Back-up ring 

24. Gland bolt (3 needed) 
25. Gland cover 
26. Retainer bolt 6 

lockwasher 
27. Keeper (key) 
28. Bolt, lockwasher & 

nut 

*Grooves in the packing set must be toward the piston. 
The correct order of assembly, from the piston end, is: 

Brass 
Black 
Black 
White 
Black 
White 
Black 

Code: OH-334, REV NOV 81 P.S.L. Section 6, Page 7 
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SPECIFICATIONS FOR TILT CYLINDERS 

DIMENSION, BASE DIMENSION, BASE 

CLARK 

P/N 

CENTER . TO ROD 
END CENTER 

mm inches 
REAR FRONT 
SPACER SPACER 

1665688 549,3 21.625 yes 
1665689 616,O 24.250 yes 
1665690 616,O 24.250 yes 
1665694 562,0 22.125 yes 
1665695 531,8 20.937 no 
1665696 531,8 20.937 no 
1665697 558,8 22.000 yes 
1665698 470,7 18.531 no 
1665699 470,7 18.531 no 
1665700 371,5 14.625 no 
1665701 371,5 14.625 no 
1665702 371,5 14.625 no 
1665703 371,5 14.625 no 
1665704 371,5 14.625 no 
1665705 371,5 14.625 no 
1665706 371,5 14.625 no 
1677977 395,3 15.562 n.0 
1677978 423,8 16.687 yes 
1677979 423,8 16.687 yes 
1677980 487,3 19.187 no 
1677981 515,9 20.312 yes 
1677982 515,9 20.312 yes 
1677984 403,2 15.875 no 
1677985 435,0 17.125 yes 
1700179 501,7 19.750 no 
1700180 534,2 21.031 yes 
1700181 534,2 21.031 yes 
1700182 585,8 23.062 no 
1700183 652,4 25.687 yes 
1700184 652,4 25.687 yes 
1700185 566,7 22.312 no 
1700186 501,7 19.750 no 
1700187 518,3 20.406 no 
1700188 550,o 21.656 yes 
1700189 550,o 21.656 yes 
1700191 403,2 15.875 no 
1700192 435,0 17.125 yes 
1702306 568,3 22.375 yes 
1702647 534,2 21.031 yes 
1702703 534,2 21.031 yes 
1704450 515,l 20.281 yes 
1705300 489,7 19.281 no 
1706535 616,O 24.250 yes 

Section 6, Page 8 

yes 1706598 534,2 21.031 

yes 1706844 501,7 19.750 

yes 1709114 540,5 21.281 
no 1709185 501,7 19.750 

yes 1709667 521,5 20.531 

yes 1712045 527,8 20.781 

yes 1712046 527,8 20.781 

yes 1712047 521,5 20.531 

yes 1712048 521,5 20.531 
no 1712050 521,5 20.531 

yes 1712051 515,l 20.281 

yes 1712052 515,l 20.281 
yes 1712055 489,7 19.281 
yes 1712088 489,7 19.281 
yes 1712089 489,7 19.281 
yes 1712091 489,7 19.281 
yes 1712092 489,7 19.281 

yes 1712093 605,6 23.843 
ye's 1712094 605,6 23.843 
yes 1712095 549,3 21.625 
yes 1720020 501,7 19.750 
yes 1720437 549,3 21.625 

yes 1720438 566,0 22.281 

yes 1720439 559,6 22.031 
yes 1720440 553,2 21.781 

yes 1720444 546,9 21.531 

yes 1720445 546,9 21.531 

yes 1720446 546,9 21.531 

yes 1720447 521,5 20.531 

yes 1720448 546,9 21.531 

yes 1720449 553,2 21.781 

yes 1720451 515,l 20.281 

yes 1720452 568,3 22.375 
yes 1720453 597,7 23.531 

yes 1720454 534,2 21.031 

yes 1720458 633,4 24.937 
yes 1720461 515,l 20.281 

yes 1720462 527,8 20.781 

yes 1720463 508,8 20.031 
yes 1720464 546,9 21.531 

yes 1720465 527,8 20.781 
yes 1720466 568,3 22.375 
yes 1721465 518;3 20.406 

CLARK 
P/N 

CENTER TO ROD 
END t ZENTER 

mm inches 
REAR FRONT 
SPACER SPACER 

yes 
no 

yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 
no 
no 

yes 
yes 
no 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
no 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 

Code: OH-334. REV NOV 81 P.S.L. 

yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
yes 
no 

yes 
no 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
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SPECIFICATIONS FOR TILT CYLINDERS 

CLARK 

P/N 

1721466 550,o 21.656 yes 
1721837 501,7 19.750 no 
1721862 540,5 21.281 Yes 
1721864 549,2 21.625 Yes 
1721865 501,7 19.750 no 
1722151 521,5 20.531 Yes 
1722744 546,9 21.531 Yes 
1722745 521,5 20.531 no 
1723915 542,l 21.343 Yes 
1724256 515,9 20.312 Yes 
1725093 501,7 19.750 no 
1725094 489,7 19.281 Yes 
1725255 487,3 19.187 no 
1728691 534,2 21.031 Yes 
1731252 534,2 21.031 Yes 
1731309 540,5 21.281 Yes 
1732621 504,o 19.843 Yes 
1733340 501,,7 19.750 no 
1733341 395,3 15.562 no 
1733344 371,5 14.625 no 
1733345 501,7 19.750 no 
1734502 534,2 21.031 Yes 
1734806 515,l 20.281 Yes 
1734992 398,4 15.687 Yes 
1735135 398,4 15.687 Yes 
1735136 371,5 14.625 Yes 
1735137 398,4 15.687 Yes 
1735138 398,8 15.687 Yes 
1735770 423,8 16.687 Yes 
1735771 423,8 16.687 Yes 
1735777 487,3 19.187 no 
1735778 515,9 20.312 Yes 
1735779 515,9 20.312 Yes 
1735921 533,4 21.000 no 
1736568 549,3 21.625 Yes 
1736589 585,8 23.062 no 
1736590 652,4 25.687 Yes 
1736591 652,4 26.687 Yes 
1736639 489,7 19.281 no 
1737075 501,7 19.750 no 
1737307 534,2 21.031 Yes 
1743782 430,2 16.937 Yes 
1743783 435,0 17.125 Yes 

DIMENSION, BASE 
CENTER TO ROD 
END CENTER REAR FRONT 

mm inches SPACER SPACER 

yes 1743784 430,2 16.937 
yes 1743785 535,8 21.093 
yes 1743786 515,9 20.312 
yes 1743787 500,O 19.687 
yes 1744505 498,5 19.625 
no 1744506 501,7 19.750 
Yes 1.744507 517,5 20.375 
Yes 1744508 492,l 19.375 
Yes 1744509 517,5 20.375 
Yes 1744510 473,l 18.625 
Yes 1744511 528,6 20.812 
Yes 1744512 555,6 21.875 
Yes 1744513 592,l 23.312 
no 1744514 517,5 20.375 
Yes 1744515 508,8 20.031 
Yes 1744516 614,3 24.187 

Yes 1744828 371,5 14.625 

Yes 1744846 540,5 21.281 
no 1744869 515,9 20.312 
no 1744870 401,6 15.812 

Yes 1744871 389,7 15.343 
Yes 1744872 371,5 14.625 

Yes 1744873 479,4 18.875 

Yes 1744874 395,3 15.562 
no 1745365 521,5 20.531 

Yes 1745366 600,l 23.625 
no 1747869 614,3 24.187 
Yes 1750892 518,3 20.406 

Yes 1750893 550,l 21.656 
Yes 1750964 403,2 15.875 
Yes 1751145 679,5 26.750 
Yes 1751602 562,0 22.125 

Yes 1751603 517,5 20.375 
no 1751604 536,6 21.125 
Yes 1751605 542,9 21.375 
Yes 1751606 542,9 21.375 
Yes 1751607 542,9 21.375 
Yes 1751608 544,5 21.437 

Yes 1751609 565,9 22.281 
Yes 1751610 654,0 25.750 

Yes 1751611 585,8 23.062 

Yes 1751612 596,9 23.500 
Yes 1751613 644,5 25.375 

CLARK 
P/N 

DIMENSION, BASE 
CENTER TO ROD 
END CENTER REAR FRONT 

mm inches SPACER SPACER 

yes 
yes 
yes 
no 
Yes 
Yes 
Yes 
no 
.no 
no 
no 
no 
no 
no 
no 
no 
no 

Yes 
Yes 
no 
no 
no 
no 
no 

Yes 
Yes 
Yes 
no 
Yes 
no 

Yes 
no 
no 
no 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 

Yes 
no 

yes 
yes 
yes 
yes 
no 

Yes 
Yes 
Yes 
no 
Yes 
Yes 
Yes 
Yes 
no 

Yes 
no 
no 

Yes 
no 
Yes 
no 
no 
no 
no 
no 
Yes 
Yes 
no 
Yes 
Yes 
Yes 
Yes 
no 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
no 
Yes 
Yes 
no 
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GROUP 
32 

SPECIFICATIONS FOR TILT CYLINDERS 

CLARK 

P/N 

DIMENSION, BASE 
CENTER TO ROD 
END CENTER 

Imn inches 

1751625 562,0 22.125 
1751641 511,2 20.125 
1751642 522;3 20.562 
1751643 498,5 19.625 
1751644 498,5 19.625 
1751767 477,0 18.781 
1752277 518,3 20.406 
1752512 498,5 19.625 
1752771 403,2 15.875 
1752772 371,5 14.625 
1752773 431,0 16.968 
1752774 371,5 14.625 
1752775 517,5 20.375 
1752776 477,0 18.781 
1752777 477,0 18.781 
1752778 403,2 15.875 
1753224 531,O 20.906 
1753225 585,5 23.062 
1753231 550,O 21.656 
1754491 408,O 16.062 
1756866 550,O 21.656 
1757626 644,5 25.375 
1758932 371,5 14.625 
1759043 527,0 20.750 
1759417 543,7 21.406 
1766212 524,7 20.656 
1769093 403,2 15.875 
1769582 401,6 15.812 
1770057 401,6 15.812 
1770058 401,6 15.812 
1770059 401,6 15.812 
1772063 603,3 23.750 
1772066 483,4 19.031 
1777772 531,O 20.906 
1778253 550,O 21.656 
1778417 415,9 16.375 
1778734 503,2 19.812 
1779229 510,4 20.093 
1779811 543,7 21.406 
1780615 537,4 21.156 
1718060 515,9 20.3.12 
1781620 550,O 21.656 
1783556 531,O 20.906 

DIMENSION, BASE 

REAR FRONT 
SPACER SPACER 

no 
IlO 

yes 

yes 

yes 
no 
IlO 

no 
no 
no 

yes 
no 
yes 
no 
no 
no 

. yes 
no 
yes 
yes 
yes 
no 

yes 
yes 
yes 
yes 
no 
no 
yes 
no 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 

yes 
no 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 

CLARK 
P/N 

CENTER TO ROD 
END I ZENTER 

mm inches 
REAR FRONT 
SPACER SPACER 

1791124 674,7 26.562 yes 
1791918 604,8 23.812 yes 
1794172 575,5 22.656 3-s 
1794786 518,3 20.406 no 
1795543 562,8 22.156 yes 
1799375 524,7 20.656 yes 
18.30430 489,7 19.281 no 
2302144 561,2 22.093 yes 
2304802 562,8 22.156 yes 
2304809 550,o 21.656 yes 
2306438 550,o 21.656 yes 
2306572 518,3 20.406 no 
2306965 537,4 21.156 yes 
2308677 603,3 23.750 yes 
2308807 630,2 24.812 yes 
2309616 569,l 22.406 yes 
2310688 417,5 16.437 yes 
2311820 518,4 20.410 yes 
2312976 383,0 15.080 no 
2312977 410,8 16.173 yes 
2312978 410,8 16.173 yes 
2313989 515,9 20.312 yes 
2313990 398,4 15.687 yes 
2316071 403,2 15.875 no 
2316072 435,o 17.125 yes 
2316073 487,3 19.187 no 
2316074 515,9 20.312 yes 
2316075 515,9 20.312 yes 
2316437 569,l 22.406 yes 
2316692 423,8 16.687 yes 
2316693 423,8 16.687 yes 
2316694 395,3 15.562 no 
2317842 603.3 23.750 yes 
2318276 585,5 23.062 no 
2321352 527,0 20.750 yes 
2322677 405,4 15.960 yes 
2324397 652,4 25.687 yes 
2324422 562,8 22.156 yes 
2324578 531,o 20.906 yes 
2325434 518,3 20.406 l-i0 

2326995 652,4 25.687 yes 
2326996 435,0 17.125 yes 
2329204 562,8 22.156 yes 

yes 
yes 
no 
yes 
yes 
no 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
no 
no 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
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GROUP 
32 

CLARK 
P/N 

DIMENSION, BASE 
CENTER TO ROD 
END CENTER REAR FRONT 

mm inches SPACER SPACER 

2330288 556,4 21.906 yes yes 
2330404 462,0 18.190 no no 
2331835 506,4 19.937 yes yes 
2334039 399,7 15.736 no no 
2334675 383,0 15.080 no yes 
2334676 410,8 16.173 yes yes 
2334677 410,8 16.173 Yes Yes 
2336137 562,8 22.156 yes no 
2336298 495,3 19.500 no no 
2336814 550,O 21.656 yes yes 
3471600 652,4 25.687 yes yes 

SPECIFICATIONS FOR TILT CYLINDERS 

ROD END KEEPER BOLT-TORQUE SPECIFICATIONS 

Bolt Diameter Dry Thread Torque Lubricated Thread Torque 

[12,7 mm] .5 inch [122 N'm] 90 LB. FT. [88 N'm] 65 LB. FT. 

[l5,875'mm] .625 inch [224 N'm] 180 LB. FT. [176 N'm] 130 LB. FT. 

Code: OH-334, REV NOV 81 P.S.L. Section 6, Page 11 
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INDUSTR’IAL TRUCK DIVIS.lON 

F 
32.000RH 
32.001LH 

I 

ASSEMMY COMPLETE 

DOES NOT INCLUDE 
ITEMS MARKED “F” 

INCLUDES ITEMS 

MARKED “K” 

.014 

TILT CYLINDER 

32.000 
32.001 

CYLINDER ASSEMBLY, TILT RH PIN TILT CYLINDER TO FRAME 

32.002 
CYLINDER ASSEMBLY, TILT LH 
BARREL TILT CYLINDER 

FASfENER, TILT CYLINDER TO FRAME PIN 

:::::j 
PACKIN& TILT CYLINDER PISTON 

LUG FITTING, TILT CYLINDER TO FRAME PIN 

WEAR RING, TILT CYLINDER PISTON 
ROD 6 PISTON ASSEMBLY, TILT CYLINDER 
SPACER, TILT CYLINDER REAR 

32.014 SPACER TILT CYLINDER FRONT 
SEAL, fILT CYLINDER GLAND 

32.038 

BACK-UP RING, TILT CYLINDER GLAND O-RING 
32.0 9 

?I 

RETAINER, TILT CYLINDER GLAND BUSHING 

GLAND ASSEMBLY TILT CYLINDER 
BUSHING, TILT CYLINDER GLAND 

%4? 

FASTENER, TILT CYLINDER GLAND 
RING TILT CYLINDER GLAND POSITIONING 

32.042 
COVER, TILT CYLINDER GLAND 
RETAINE&, TILT CYLINDER ROD WIPER 

32.019 PACKING, TILT CYLINDER GLAND 
SHIM TILT CYLINDER GLAND 

32 04 
32:&! 

BEARING; TILT CYLINDER FRAME MOUNTING 

RETAfNER, TILT CYLINDER GLAND SHIM ’ 
FASTENER TILT CYLINDER GLAND SHIM RETAINER 

32.048 
ADAPTOR TILT CYLINDER PACKING MALE 
RETAINER TILT CYLINDER PACKING SPRING 

WIPER, TILT CYLINDER ROD 
SPRING fILT CYLINDER PACKING 
PACKlNFj KIT, TILT CYLINDER 

32-027 REV NOV 78 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 34 
UPRIGHT L I FT CYLINDER OVERHAUL 

SECTION 1 

Refer to your Product information Card to verify applications. 

TABLE OF CONTENTS: 

Trouble Shooting 2 

Standard Type Lift Cylinders 3 

Assembled Section Views (Standard) 4 

Assembled Section Views (Hi-Lo) 5 

Cylinder Base and Cap Preparation 6, 7 

Lift Cylinder Bleeding 8 

Compound Lift Cylinder 9 

Disassembly 11 - 12 

Assembled Section Views 23 - 27 

Cleaning and Inspection 28 

Reassembly 29 - 48 

Replacing llVJ’ Packing With U-Cups 

49 - 51 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

TROUBLE SHOOTING 
(Upright Lift Cylinders) 

To locate cause of downdrift in STANDARD LIFT 
CYLINDER: 

STEP 1. Raise carriage to maximum height. 
This is to purge the system by forcing 
oil out of the top of the lift cylinder 
piston. 

STEP 2. Lower carriage and pick up maximum load. 

STEP 3. Keep load in raised position for five 
minutes to see if load drifts down. If 
there is downdrift: 

STEP 4. Remove load and disconnect vent line, 

(Fig. 13959) 0 After placing suitable 
container under vent line to catch any 
oil which may be purged out of the line, 
raise carriage to maximum height. 

A. If oil rushes out of vent line, the 
problem is in the lift cylinder 
(for example, scoring around piston 
may permit seepage of oi 1 past 
piston). 

B. If no oil comes out of vent line, 
the problem is in the control valve. 
If it is not a simple matter of a 
bad O-ring seal, the spool and 
valve housing assembly will require 
replacement as a unit. Replacing 
the spool alone would not help if 
the real cause is a worn housing. 

To locate cause of downdrift in COMPOUND 
CYLINDER: 

STEP 1. Raise carriage with maximum load. 

A. If cylinder drifts down in excess 
of an inch per minute, check for 
leaks around seals, (Fig. 13960) o 
If there is detectable drift, there 

will be evident leakage if the 
problem is in the cylinder. 

B. If there is downdrift in excess of 
an inch per minute with no evident 
leakage around seals, the trouble 
is in the control valve. If spool 
valve leaks, and the U-ring seals 
are all right, replace entire valve 
assembly (not just the spool) if 
housing is worn beyond tolerance, 

LIFT CYLINDERS (STANDARD TYPE): 

There is very little maintenance to perform on 
the lift cylinder other than a periodic check on 
security of mounting and leaks at the hydraulic 
connections. 

_ . . - -- 

STANDARD 
LIFT 
CYLINDER 

VENT LINE HOSE 
TO SUMP 

Fig. 13959 

PRIMARY _ 
CYLINDER 

STATlONARY.- 
SHAFT 

Fig. 13960 

NOTE 

When installing O-rings and back-up 
rings, lubricate O-ring grooves with 
hydraulic oil to facilitate assembly 
and to prevent damage to the seals 
(cutting, scratching etc.) 

Section 1, Page 2 Code: OH-336, MAR 74 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

When lift cylinder is removed from upright, 
place the lift cylinder on a clean surface and 
remove piston head from cylinder cap (machines 
so equipped) 0 Note the position of the hydraulic 
connection on the cap in relation to the position 
of the cylinder base so this position may be 
duplicated at time of reassembly. 

CAUTION 

CLEANLINESS CANNOT BE OVEREMPHAS 1 ZED, 

THE SMALLEST OF PARTICLES [LINT, DIRT, 

DUST, WATER, SEALING COMPOUND ETC .> 

ARE HARMFUL TO THE HYDRAULIC SYSTEM. 

Clean the cylinder tube with a Stoddard Type 
cleaning solvent before disassembly. 

Remove cap from cylinder tube. This will very 
likely be tight, and tapping with a soft mallet 
on the cap flange will release cap. Rotate cap 
until free, then remove. 

NOTE 

Caps equipped with a set screw, loosen 
screw before removing cap from tube. 

There is a bronze bushing located inside the 
cylinder cap which will not have to be removed 
except for replacement if damaged or worn. 

Upon removal of the internal threaded cap, 
remove back-up ring and/or O-ring from inside 
portion of the cap. The cap will contain one or 
both of the mentioned items. Also, on some 
models, there is a smaller inner O-ring - remove 
- and discard. Note position and location of 
each item so that this may be duplicated at 
reassembly. 

The seal wiper (or rod wiper) need not be 
removed except in the event of replacement. 
Models equipped with a seal guard kit need to 
be disassembled for replacement of worn or 
damaged parts only. When reassembling seal 
guard kit, the beveled sides of these components 
should mate or properly seat in each other. The 
flat side of the rubber retainer ring should fit 
flat against the inner portion of the cap lip 
(located on the top-side of the cap). Refer to 
cylinder diagrams in this section. 

Effective on Cylinders with Removable Base Only 

Remove lift cylinder base from tube by tapping 
on base flange with a soft mallet to loosen base. 

Code : 

NOTE 

Loosen base set screw before removing 
base. Then, rotate base from tube 
unti 1 free. 

OH-336, MAR 74 

Effective on Cylinders with Welded Non-removable 
Base 

Remove piston from top-end of cylinder tube. 
Be careful not to damage, scratch etc., cylinder 
wall. 

Effective on ALL CYLINDERS 

From the bottom-end of piston rod, remove 
retainer ring (or snap ring) releasing piston 
follower or followers (if there are two), filler 
ring, U-cup and piston. 

NOTE 

On some models the piston is equipped 
with a back-up ring and/or O-ring. 
Both of these items are located on/in 
the piston rod groove inside the 
piston. If used, the back-up ring 
must be positioned on top of O-ring: 
or on far side of O-ring, backing up 
O-ring against pressure and fluid 
when properly assembled. 

Remove spacer if so equipped, take special note 
of position and location of these items so they 
may be replaced correctly at reassembly. The 
filler ring is partially positioned in the U-cup 
and the U-cup is faced downward toward rod-end 
(or base end) of the piston rod. The piston 
follower fits flat against the filler ring and 
u-cup o The retainer ring holds these components 
in position (in a compressed state). 

NOTE 

Early model cylinders contain a cushion 
valve positioned in the bottom-end of 
the piston rod and held in place with 
a retainer ring. Check and replace 
worn parts. 

Reassemble Lift Cylinders (Standard) 

NOTE 

Upon reassembly of the lift cylinders 
take care not to damage O-rings. 
Check cylinder, making sure the 
sealing areas are free from nicks, 
burrs or sharp edges that might 
damage O-rings. Clean all parts in 
a Stoddard Type cleaning solvent. 
Clean O-rings in hydraulic fluid 
w. 

Section 1, Page 3 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 5973. Lift Cylinder --- Standard Upright 

Cylinder Cap 
Back-up Ring, Cylinder 
O-ring, Cylinder Cap 
Bronze Bushing (will need to be 
removed in the event of replacement) 
Piston Rod Wiper 
Cylinder Grease Fitting (Grease at 
time of assembly with grease per 
Clark Specifications MS-g) 
Setscrew, Cylinder Cap 
Plug, Cylinder Cap Setscrew 
Piston Rod 
Cylinder Tube 
Spacer (when used) 
Plug, Cylinder Base Setscrew 
Setscrew, Cylinder Base 
Back-up Ring, Cylinder Base 
O-ring, Cylinder Base 
Snap Ring, Piston Rod 
Cylinder Base 
Piston Follower 
Filler Ring 
u-cup 
B-ring, Piston Rod 
Piston 

Fig. 5972. Lift Cylinder --- Standard Upright 

Plug, Cylinder Cap Setscrew 
Setscrew, Cylinder Cap 
Cylinder Cap 
O-ring, Cylinder Cap 
Back-up Ring, Cylinder Cap 
(when used) 
O-ring, Piston Rod 
Seal Guard Kit 
Bronze Bushing (will need to be 
removed in the event of replace- 
ment only) 
Cylinder Tube 
Spacer (when used) 
Piston (split rings) 
Piston Followers 
Retainer Ring, Piston Rod 
Snap Ring, Flow Regulator Assy 
Snap Ring, Flow Regulator Assy 
O-Rings, Flow Regulator Assy 

Filler Ring 

u-cup 
Piston Rod 
Flow Regulator Assy 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 5970. Lift Cylinder (Hi-Lo) 

(1) Cap O-ring 
(2) Cap Back-up Ring 
(3) Bronze Bushing (Need not be removed 

except in case of replacement for 
wear or damage) 

(4) Cylinder Cap 
(5) Piston Rod Wiper 
(6) Cylinder Grease Fitting (Grease at 

time of assembly with Grease 
Clark Specifications MS-g) 

(7) Piston Rod 
(8) Cylinder Tube 
(9) Spacer (when used) 
(10) Piston 
(11) Back-up Ring, Piston Rod 
(12) O-ring, Piston Rod 
(13) Cylinder Base 
(14) Back-up Ring, Cylinder Base 
(15) O-ring, Cylinder Base 
(16) Snap Ring, Piston Rod 
(17) Piston Follower 
(18) Filler Ring 

(19) u-cup 
(20) Setscrew, Cylinder Base 
(21) Plug, Cylinder Base Setscrew 

Fig. 5971. Lift Cylinder (Hi-Lo) 

(1) Cylinder Tube 
(2) O-ring, Cylinder Cap 
(3) Back-up Ring, Cylinder Cap 
(4) Bronze Bushing (need not be 

removed except in case of replace- 
ment for wear or damage) 

(5) O-ring "inner", Cylinder Cap 
(6) Seal Guard Kit 
(7) Cylinder Cap 
(8) Piston Rod 
(9) Spacer (when used) 
(10) Back-up Ring, Piston Rod 
(11) O-ring, Piston Rod 
(12) Snap Ring, Piston Rod 
(13) O-ring, Flow Regulator Assy 
(14) Snap Ring, Flow Regulator Assy 
(15) Flow Regulator Assy 
(16) Cylinder Base (welded assy) 
(17) Piston Follower 
1;;; lill;r Ring 

'CU 
(20) Piston 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Effective on Cylinders with Removable Base Only 

When installing O-rings and back-up rings in 
cylinder base, first lubricate groove with 
hydraulic oil then insert O-rings. 

Effective on ALL CYLINDERS 

Install piston and piston follower (if SO 

equipped) on the bottom-end or base-end of 
pi ston rod. Next, U-cup and filler ring on rod 
followed by a piston follower. Be sure that the 
filler ring is facing downward towards end of 
rod. Viewed in another way, the U-cup will be 
on the top-side of the filler ring. 

Install retainer ring on rod as far as possible 
by hand. With the use of a SPECIAL TOOL 
(described in the following paragraph), place 
tool against the retainer ring. Using a mallet, 
tap against tool until the ring is in its 
correct location on the piston rod. 

SPECIAL TOOL (Refer to Fig. 5966) 

A special tool should be made from tubular 
stock (3” x 31’ or larger if necessary). Bore a 
hole (dimension A) slightly larger than the 
outside diameter of the piston rod in one end 
3/8 of an inch deep. 

Next place piston rod into cylinder tube. 

NOTE 

Piston rod installation in lift 
cylinders with a welded non-removable 
base is accomplished by inserting the 
base-end of the piston rod thru top- 
end of cylinder tube. Install spacer 
on rod if so equipped. Caution should 
be exercised to not damage the filler 
ring and U-cup upon reassembly. 

Piston rod installation in lift cylinder with a 
removable base should be accomplished as follows: 

CAUTION 

WHEN INSTALLING PISTON ROD INTO CYLINDER 

TUBE (FROM BOTTOM END), EXTREME CARE 

SHOULD BE TAKEN NOT TO SCORE, SCRATCH 

OR DAMAGE THE INSIDE DIAMETER OF THE 

CYLINDER TUBE. THIS MAY BE ACCOMPLISHED 

BY WRAPPING A CLEAN, LINT FREE, HYDRAULIC 

FLU ID SOAKED CLOTH AROUND THE P ISTON 

ROD-END AND THEN SLIDING ROD THRU 

CYLINDER TUBE INTO POSITION. 

Section I, Page 6 

Fig. 5966. Special Tool (Typical) 

Effective on Cylinders with Removable Base Only 

Lubricate O-ring groove (in the cylinder base) 
with hydraulic oil and install O-rings, then 
install the back-up ring on top-side of O-ring. 
Models equipped with cylinder hold-down bolt - 
bolt should be installed in base before 
installing base to tube. Reference should be 
made to the cylinder diagrams in this section. 

Install cylinder base to cylinder and tighten 
until base bottoms with tube (metal to metal). 
Do not tighten setscrew until cylinder is 
completely assembled and the hydraulic 
connections of the cap and base are in proper 
alignment as previously explained. 

Effective on ALL CYLINDERS 

Reassemble cap. Be sure that all components 
are thoroughly cleaned. Press seal wiper into 

cap. Caution should be exercised not to damage 
seal wiper upon installation. Models equipped 
with a seal guard kit must be assembled so the 
beveled sides of the components mate or 
properly seat with each other, Also, the flat 
side of the rubber retainer ring should fit 
flat against the inside portion of the cap lip, 
located on the top-side of the cylinder cap. 
These components are installed thru the top- 
side of the cylinder cap only. 

Code: OH-336, MAR 74 
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INDUSTRIAL- TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Place O-ring and back-up ring in cap being sure 
the back-up ring is installed correctly (see 
cylinder diagrams for correct location of 
components). Before placing O-ring and back-up 
ring in cap, lubricate O-ring groove with 
hydraulic oil. Then install components. If 
used, replace the smaller inner O-ring to 
correct location in cap. 

Effective on Cylinders with Removable Base Only 

Tighten cap to top-end of cylinder tube until it 
bottoms (metal to metal). Secure cap in 
position with setscrew and a new plug inserted 
underneath setscrew. 

Now position cylinder base so that the hydraulic 
connections of the cap and base are in their 
original position as previously noted in the 
disassembly procedure. Cylinder connections 
must be in proper alignment so that the vent 
pipe will not be damaged. Lock base in this 
position with cylinder base setscrew if so 
equipped. 

Effective on Cylinders with Welded Non-Removable 
Base 

Tighten cylinder cap until it bottoms (metal to 
metal). This is important as the cap must be 
tightened as close as possible to the tube. 
However, if the cap is not in proper alignment 
with the piston head, back it off until it is. 
When the cap is in proper alignment with the 
piston head, lock in position with setscrew and 

plug. Cylinder connections must be in proper 
alignment with each other so that the vent pipe 
is not damaged upon reassembly. 

NOTE 

Cylinders equipped with a grease 
fitting located at top portion of 
cylinder cap, grease at time of 
assembly with grease per Lubrication 
Specifications and Recommendations, 
GROUP 40. 

Now, place lift cylinder in base support of 
upright and install piston head to upright 
slide guides (if so equipped). Or, install 
piston rod thru welded support and secure with 
snap ring (if so equipped). Install cylinder 
hold down bolt (if so equipped). 

Code: OH-336, MAR 74 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

LIFT CYLINDER BLEEDING: 

STEP 1. Raise carriage about 4 feet or until 
bleeder screw is accessible. 

NOTE 

Check for proper oil level in sump 
before and after bleeding. 

STEP 2. Loosen side bleeder screw using allen 

wrench, (Fig. 9661). The piston wi 11 
drop a few inches as the air comes out. 
When air stops and oil starts to flow, 
tighten bleeder screw. 

STEP 3. Loosen top bleeder screw (Fig. 96621, 
using allen wrench. The piston will 
drop a few inches as the air tomes out. 
When air stops and oil starts to flow, 
tighten bleeder screw. 

STEP 4. Check oi 1 in sump and add if needed. 

Sect ion I, Page 8 

USE 

Fig. 9661 Side Bleeder Screw 

USE ALLEN WRENCH 

Fig. 9662 Top Bleeder Screw 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

OIL FILL.-J 
TUBE ROD I/ 

SECONDARY 
PISTON 
ASSEMBLY 

GLAND NUTS 

BARREL 
ASSEMBLY 

STATIONARY 
PISTON 
ASSEMBLY 

GLAND 
NUTS 

Fig. 9472 

Code: OH-336, MAR 74 Section 1, Page 9 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



INDUSTRIAL TRUCK DIVISION 

SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

-/ f\ \ A-- E 
I 

/ 

GLAND NUTS 
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GLAND NUTS 
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Fig, 9473 
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Fig, 9536. Gland Removal 

DISASSEMBLY: 

STEP 1. Remove all glands. Place something 
under cylinder to catch oil. 

(V-PACKB%GS SWWN ipI 

Fig. 1396 

THEP, PHOTOS.) 

Fig. 9537. lQI" Packing Removal 

STEP 2. Remove all "V" packings. If o.. 

Fig. 9538. "V" Packing Removal 

. . . "V" packings do not come out with 
piston . . . 
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Fig. 9539. llV’l Packing Removal 

STEP 2. Continued 

Fig. 9540. “V” Packing Remova 1 

STEP 2. Cont i nued . 

Fig, 9541. NtVfN Packing Remova 1 

STEP 2. . . . then remove “V” packing by hand, 
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STATIONARY 
PISTON 
ASSEMBLY 

Code: OH-336, MAR 74 

Fig. 9474 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9.545 Stationary Piston 

STEP 3. Remove stationary piston 
from barrel assembly, by removing 
the piston end cap. 

Fig. 9546 Stationary Piston End Cap 

STEP 4, Remove both al len head set 

screws. 
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Code: OH-336, MAR 74 

Fig. 9547 Stationary Piston End Cap 

STEP 5. Remove stationary piston cap 
from stationary piston by 
pulling secondary piston out 
until drill rod will go 
through oil flow hole in 
stationary piston and use 
spanner wrench as shown. 
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SECONDARY 
PISTON 
ASSEMBLY 

Section I, Page 16 

Fig. 9478 
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SERVICE ENGINEERLNG DEPARTMENT, BATTLE CREEK 

Fig. 9550 Secondary Piston 

STEP 6. Remove secondary piston 
assembly from stationary 
piston. The brass stop ring 
shown on the stationary 
piston can be removed at 
this time if necessary. 
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OIL FILL 
TUBE ROD 

Sect ion I, Page 18 

Fig. 9479 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 7. Remove end cap from secondary piston 
assembly by placing drill rod through 
oil flow hole in piston and use spanner 
wrench as shown. 

Fig. 9551 Secondary Piston End Cap 

Fig. 

STEP 8. 

9552 Oil Fill Tube Rod 

Remove fill tube from 
secondary piston o 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9553 Dri 11 Rod Placement 

STEP 9. Remove flow tube guide bushing, if 
necessary, by placing tool in slots of 
bushing and turning it out. It will 
be necessary to place a piece of drill 
rod through oil flow hole at opposite 
end of the secondary piston, in the 
same manner as to remove end cap. 

Sect ion 1, Page 20 

Fig. 9554 Bushing Removal 

Fig. 9485 Bushing 
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PRIMARY 

PISTON 
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Fig. 9486 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9487 Primary Piston 

STEP 10. Remove primary piston from 
barrel O 

STEP 11. Remove al 1 “V’* packings that did not 
come out with movement of piston. 

Section 1, Page 22 

Fig. 9541 “V” Pack i ng Remova 1 
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34.518- 

34.521 - 

y$p#$iq--34.515 

34.502 

34.498 

34.523 

34.525 

34.526 

34.466 

LIFT CYLINDER 

34.400 

34.401 

34.466 

34.475 

34.490 

34.491 

34.493 

34.498 

34.501 

34.502 

34.515 

34.516 

34.517 

34.518 

34.521 

34.523 

34.525 

34.526 

34.533 

34.534 

34.536 

CYLINDER ASSEMBLY, LIFT 

CYLINDER WELDED ASSEMBLY, LIFT 

SPACER, INNER PISTON ROD 

ROD, LIFT CYLINDER PISTON INNER 

WEAR RING, LIFT CYLINDER PRIMARY ROD 

ROD, LIFT CYLINDER PRIMARY PISTON 

BLEEDER, LIFT CYLINDER 

PACKING, LIFT CYLINDER PRIMARY ROD 

NUT, LIFT CYLINDER PRIMARY ROD GLAND 

WIPER, PRIMARY PISTON ROD 

TUBE, LIFT CYLINDER STATIONARY 

NUT, STAT I ONARY TUBE PACK I NG GLAND 

WIPER, STATIONARY TUBE GLAND 

PACKING, STATIONARY TUBE 

BEARING, STATIONARY TUBE 

PELLET, GLAND CAP THREAD LOCKING 

SPACER, SECONDARY PISTON ROD 

ROD, LIFT CYLINDER SECONDARY PISTON 

CAP, CYLINDER SECONDARY ROD END 

PELLET, SECONDARY ROD END CAP LOCKING 

BEARING, SECONDARY ROD END CAP 

Fig. 13963 
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35_ 

m 
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c 

-24 r 

48 A-- _I0 
20 H====Y n 

ii&----46 /IL &+--= 

.m -28 

a-27 

TELESCOPIC LIFT CYLINDER 

Fig. 19364 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

CYLINDER ASSEMBLY, LIFT 34.400 

WIPER, LIFT CYLINDER INNER PISTON ROD 34.479 

NUT, LIFT CYLINDER INNER ROD GLAND 34.496 

PACKING, LIFT CYLINDER INNER ROD 34.477 

NUT, SECONDARY PISTON ROD GLAND 34.527 

WIPER. SECONDARY PISTON ROD 34.528 

ADAPTOR, INNER ROD MALE PACKING 34.495 

SPRING, INNER PISTON ROD PACKING" 34.511 

RING - BACKUP, GLANO CAP SEAL OUTER 34.514 

SEAL, GLAND CAP (OUTER) 34.497 

SEAT, INNER PISTON ROD PACKING SPRING"'34.476 

PACKING, SECONDARY PISTON ROD 34.529 

ADAPTOR, SECONDARY ROD MALE PACKING 34.530 

SPRING, SECONDARY ROD PACKING -'- 34.531 

SEAT, SECONDARY ROD PACKING SPRING"; 34.532 

SPACER, PRIMARY PISTON ROD 34.492 

SPACER, INNER PISTON ROD 34.466 

SPACER, SECONDARY PISTON ROO 34.525 

CAP, LIFT CYLINDER GLANO 34.470 

FASTENER,LIFT CYLINOER STATIONARY TUBE 34.513 

21 ROD, LIFT CYLINDER PISTON INNER 34.475 

22 ROD. LIFT CYLINDER SECONDARY PISTON 34.526 

23 TUBE, LIFT CYLINDER STATIONARY 34.515 

24 ROD, LIFT CYLINDER PRIMARY PISTON 34.491 

25 CYLINDER WELDED ASSEMBLY, LIFT 34.401 

26 

27 

28 

29 

30 

31 

3i 

33 

34 

35 

36 

37 

30 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

BLEEDER, LIFT CYLINDER 34.493 

ADAPTOR, PRIMARY ROD PACKING MALE 34.499 

PACKING, LIFT CYLINDER PRIMARY ROD 34.498 

NUT, LIFT CYLINDER PRIMARY ROD GLAND 34.501 

BEARING, STATIONARY TUBE -'- 34.521 

SPRING, STATIONARY TUBE PACKING -'- 34.520 

WIPER, PRIMARY PISTON ROD 34.502 

ADAPTOR, STATIONARY TUBE PACKING MALE 34.519 

RING, SHEAVE CARRIER LOCATING 34.512 

PACKING, STATIONARY TUBE 34.518 

NUT, STATIONARY TUBE PACKING GLAND 34.516 

WIPER, STATIONARY TUBE GLAND 34.517 

VALVE ASSEMBLY, LIFT CYL FLOW CONTROL 34.444 

RING-RETAINING, CYLINDER FLOW VALVE 34.489 

CAP, CYLINDER SECONDARY ROD END 34.533 

PELLET, SECONDARY ROD END CAP LOCKING 34.534 

SEAL, CYLINDER FLOW VALVE 34.456 

SEAL, CYLINDER FLOW VALVE (SPRING END) 34.488 

FITTING, LlFT CYLINDER PORT 31.035 

FITTING, LINE TO LIFT CYLINDER 31.034 

PELLET, GLAND CAP THREAD LOCKING 34.523 

FASTENER, LIFT CYLINDER GLAND CAP 34.522 

BEARING, SECONDARY ROD END CAP 34.536 

BEARING, INNER PISTON ROD 34.537 

WEAR RING. LIFT CYL PRIMARY ROD 34.490 

-'-Notes, Fig. 19364 Callouts 

Brass\pings (items 11, 15 G 30) no 
longer furnished with holes for springs; 
new design is solid. 

Springs (items 8, 14 c 31) no longer 
furnished. 
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34.516 

34.502, 

34.501 Jv / 

34.525 

- 34.466 

34.4901 - / 

LIFT CYLINDER 

34.400 

34.40 I 

34.466 

34.415 

34.490 

34.49 1 

34.493 

34.498 

34.501 

34.502 

34.505 

34.515 

34.516 

34.517 

34.518 

34.519 

34.523 

34.~25 

34.526 

34.533 

34.534 

34.536 

34.835 

CYLINDER ASSEMBLY, LIFT 

BARREL ASSEMBLY, LIFT CYL INOER 

SPACER, LIFT CYLINDER FEED TUBE 

TUBE, LIFT CYLINDER FEED 

WEAR RING, LIFT CYL PRIMARY ROD 

ROD, LIFT CYLINDEf? PRIMARY PISTON 

BLEEDER, LIFT CYLINDER 

PACKING, LIFT CYLINDER PRIMARY ROD 

NUT, LIFT CYLINDER PRIMARY ROD GLAND 

WIPER, PRIMARY PISTON ROD 

BUSHING, PRIMARY ROD GLAND NUT 

TUBE, LIFT CYLINDER STATIONARY 

NUT, STATIONARY TUBE PACKING GLAND 

WIPER, STATIONARY TUBE GALND 

PACKING, STATIONARY TUBE 

ADAPTOR, STATIONARY TUBE PACKING 

PELLET, GLAND CAP 

SPACER, SECONDARY PISTON ROD 

ROD, LIFT CYLINDER SECONDARY PISTON 

CAP, CYLINDER SECONDARY ROD END 

PELLET, SECONDARY ROD END CAP LOCKING 

BEARING, SECONDARY ROD END CAP 

BUSHING, LIFT CYL PRIMARY ROD 

Fig. 19365, Upper Portion 
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34.49JD 

34.514 

34.276 a 

34.529 

34.530 s 

34.537 1 

34.477--Ez 

34.4g5qj / 

LIFT CYLINDER 

34.400 

34.276 

34.477 

34.470 

34.479 

34.492 

34.495 

34.496 

34.497 

34.505 

34.514 

34.522 

34.527 

34.528 

34.529 

34.530 

34.537 

LIFT CYLINDER ASSEMBLY (CONT’D) 

RETAINER, PRIMARY PISTON ROD SPACER 

PACKING, LIFT CYLINDER FEED TUBE 

CAP, LIFT CYLINDER GLAND 

WIPER, LIFT CYLINDER FEED TUBE 

SPACER, PRIMARY PISTON ROD 

ADAPTOR, FEED TUBE PACKING 

NUT, LIFT CYLINDER FEED TUBE GLAND 

SEAL, GLAND CAP 

BUSHING. LIFT CYLINDER GLAND CAP 

BACK-UP RING, GLAND CAP SEAL 

FASTENER, LIFT CYLINDER GLAND CAP 

NUT, SECONDARY PISTON ROD GLAND 

WIPER, SECONDARY PISTON ROD 

PACKING, SECONDARY PISTON ROD 

ADAPTOR, SECONDARY ROD PACKING 

BEARING, LIFT CYLINDER FEED TUBE 

Fig. 19366, Lower Portion 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

CLEANING AND INSPECTION: 

STEP 1. 

STEP 2. 

STEP 3. 

STEP 4. 

STEP 5. 

STEP 6. 

STEP 7. 

Clean all parts in Stoddard type 
solvent and blow dry. Remove all chips 
or foreign objects, including any weld 
spatter not previously filed down. 

Examine cylinder tubes for distortion 
or scoring. 

Inspect threaded parts for signs of 
leakage or damage. Chase or replace. 

Replace all damaged or unserviceable 
parts. 

Examine cylinder barrel for scoring or 
internal damage by using a bright light 
and a mirror. 

Reseal cylinder during overhaul and 
replace locking pellets and wear 
bearings and bushings. 

Where “V1’ packings are being replaced 

by U-cups, omit male and female 
adapters at ends of packings, as we1 1 
as the “VL’ packings. Omit all springs 
and invert brass rings if new solid 
brass rings are not available. 

NOTE 

Where r’VL’ packings are being replaced 
by U-cups, be sure to screw down gland 
nut tight against barrel during 
reassembly of lift cylinder. 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

REASSEMBLY: 

STATIONARY PISTON 

Fig. 9488 Cylinder And Barrel Relationship 

STEP 1. Dip all packings and rings in oil before reassembly. 

OLD DESIGN: 

: 
f 
: 
CI NEW DESIGN: 

Place packings on clean surface and put them in order, which is as follows: Start 
with brass ring then alternate the rubber and plastic, always starting with rubber 
and ending with plastic. If there is any rubber left over, place it between the 
brass ring and the first rubber packing. 

Start with brass ring, then U-cup packing, nut and wiper. 
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PRIMARY 
PISTON 

Sect ion 1, Page 30 

Fig. 9516 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9487 Primary Piston 

STEP 2. Install primary piston in barrel by compressing primary piston ring with screw drivers and 

pushing on piston with hands. Oil piston ring before installing. 

Code: OH-336, MAR 74 

Fig. 9532 Primary Piston Installation 
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OIL FILL 

TUBE ROD 

Fig. 9517 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 3. Replace fill tube guide bushing. Put 
rod through oil flow hole in opposite 
end of secondary piston to support 
shaft. 

Fig. 9485 Bushing 

Fig. 9553 Drill Rod Placement 

Code: OH-336, MAR 74 

Fig. 9555 Bushing Installation 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9552 Fill Tube 

STEP 4 (a). Install fill tube into secondary piston. 

(b). Line up feed end of fill tube by placing a piece of drill rod (use same rod used to 

support shaft in STEP 4,) in oil flow hole and lifting up (as shown in drawing). This 

will allow fill tube end to clear stops and bushing. 

FILL TUBE STOPS 

FILL TUBE BUSHING 

STATIONARY TUBE 

Fig, 9521 Guiding Fill Tube 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 5. Install primary piston assembly end, 
using spanner wrench and drill rod as 
shown . 

Code: 01-1-336, MAR 74 

Fig. 9551 Secondary Piston End Cap 
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- 
- 

- 

! 
STATIONARY 
PISTON 
ASSEMBLY 

Fig. 9519 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9522 Secondary Piston Installation 

STEP 6. install secondary piston assembly into stationary piston by compressing ring with hand and 

push secondary piston assembly into place. Oil piston ring before installing. 
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SECONDARY 

PISTON 

ASSEMBLY 

Section 1, Page 38 

Fig. 9518 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 8. Replace O-ring and backup ring on 
stationary piston end cap. Place 
backup ring on opposite side of oil 
pressure. 

Oil O-ring and backup ring before 
install ing. 

Fig. 9534 O-Ring And Backup Ring 

THE STAIkONARY PISTON EM@ CAP MUST BE 
Y'JRQLrED OM SIATEONARY PlSTOW Vl2X-i A 
r?lMkWH OF 300 L8. FT. OF SORQX, 

Fig. 9547 Stationary Piston End Cap 

STEP 9. Install brass stop ring over stationary piston, if removed. 

Install stationary piston end cap on stationary piston assembly. 
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Fig. 9546 Stationary Piston End Cap 

STEP lo. Install BOTH set screw and set screw lock screw back in place. 

Section 1, Page 40 
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SERVICE ENGlNEERiNG DEPARTMENT, BATTLE CREEK 

Fig. 9545 Stationary Piston 

STEP 11, Install stationary piston assembly into barrel assembly *.. 

Fig. 9524 Supporting Stationary Piston 

00. support opposite end and center stationary piston assembly within barrel assembly (as shown) to 
prevent cross threading. 
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OEC FILL TUBE ROD 

Fig, 9525 8’V1’ Packing lnstal lation 

STEP 12. Replace spring seat, IIV” packings and gland nut on fi 11 tube. Oi I packings before 
installing ..O 

ALTERNATIVE CONSTRUCTION: 

Where rtVL1 packings have been replaced by U-cup, omit male and female adapter(s), as well as “V” 
packings and eliminate springs from spring seat. Spring seat may be either inverted or replaced 
with solid brass ring. 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

.*. Use tool for IrV” packings. DO NOT secure 
gland nut. 

ALTERNATIVE CONSTRUCTION: 

Use appropriate driver for U-cup packing _ 

Fig. 9529 Using “V” Packing Tool 

Fig. 9526 “VJ’ Packing lnstal lation 

STEP 13. Replace spring seat, “V” packings and gland nut on secondary piston. DO NOT secure gland 
nut. Oil packings before installing. Use tool for IIVJJ packings as shown above in 
Fig. 9529. 
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Fig. 9527 rJV1l Packing lnstal lation 

STEP 14. Replace fln.I1l packings and gland nut on primary piston. Oil packings before installing. 
DO NOT secure gland nut OO. 

ALTERNATIVE CONSTRUCTION: 

Where ‘Y packings have been replaced by U-cup 
packing, omit male and female adapter(s), as 
well as l’V1’ packings. Use appropriate driver 
for U-cup installation. 

O.O. use tool for “V” packings. 

Fig. 9529 Using f’VjJ Packing Tool 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9528 “VJJ Packing lnstal lation 

STEP 15. Replace “VJ’ packings and gland nut on stationary piston. Oil packings before installing. 

Fig. 9529 Using I’V” Packing Tool 

Code: OH-336, MAR 74 

ALTERNATIVE CONSTRUCTION: 

Where B’V1i packings have been replaced by U-cup, 
omit male and female adapter(s), as well as 
“VI’ packings , and eliminate springs from spring 
seat. Spring seat maybe either inverted or 
replaced with solid brass ring. 

Use tool for “V” packings. 

ALTERNATIVE CONSTRUCTION: 

Use appropriate driver for U-cup packing. 
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i 

GLAND NUTS 

> 

GLAND NUTS 

Fig. 9530 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 9531 Securing All Glands 

STEP 16. Secure all gland nuts with a spanner 
wrench. 

CAUTION 

DO NOT USE A PUNCH AND HAMMER OR YOU 

WILL DISTORT PACKING GLAND. 

(U-CUP: TIGHTEN DOWN GLAND NUTS SECURELY) 

NOTE 

TEFLbW O-F%’ PA&I(BNGS TYPECAL OF ALL 
CURREMT PRCIDirCTiON EXCEPT WI-LO. 

FLUSH 

+ IN.= 

b 
EXTERNAL 

NUT 

“V” PACKINGS ONLY 
(U-CUP, TIGHTEN DOWN GLAND NUTS) 

Fig. IO469 

"V" PACKINGS ONLY: 

WARNING ------- 

IT IS EXTREMELY IMPORTANT THAT THE 

GLAND NUT(S) BE ADJUSTED TO MEET THE 

SPECIFICATIONS IN THE ABOVE 

ILLUSTRATION (FIG. 10469). GLAND 

NUT(S) THAT ARE BACKED OFF ABOVE 

SPECIFICATIONS WILL CREATE AN OPERATING 

HAZARD o 

(U-CUP, TIGHTEN DOWN GLAND NUTS) 

Fig. 13961 
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Fig. 13967 Fill Tube Bushing Tool 

Section 1, Page 48 Code: OH-336, MAR 74 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

FOR REPLACEMENT OF THE ABOVE “V” PACKING PART NUMBERS PLEASE REFER TO THE 

D IRECTI ONS BELOW AND ON PAGES 2 & 3. 

SELECT IN COLUMN “A” YOUR OLD “‘I” 

CORRESPOND1 NG I’U” CUP PART NUMBER 

PACKING PART NUMBER AND ORDER THE 

LISTED IN COLUMN “B” . 

NOTE 

CORRECT INSTALLATION OF THE “U” CUP STYLE PACKING IS EXTREMELY IMPORTANT 

SO PLEASE SELECT THE CATEGORY WHICH YOUR CYLINDER PACKING FALLS I NT0 AND 

FOLLOW ITS INSTALLATION INSTRUCTIONS. 

COLUMN “A” 
“‘V” PACKING 

COLUMN “B” 
“U” CUP 

1623076 1780412 

1623077 1780364 

1626372 1780411 

1626373 1780361 

1639695 1780396 

1639696 1780413 

1771244 1780364 

1771245 1780411 

Code: OH-336, MAR 74 Section 1, Page 49 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STYLE 1 
IF YOUR CYLINDER FALLS INTO THIS CATEGORY YOU MUST INSTALL YOUR REPLACEMENT U-CUP AS ILLUSTRATED IN 

STYLE 5. 

STYLE 2 
IF YOUR CYLINDER FALLS INTO THIS CATEGORY AND YOU ARE REPLACING PACKING DESIGNATED “X” YOU MUST 

DISCARD THE SPRINGS (item 2) AND REVERSE THE THRUST WASHER (item 1) THEN INSTALL THE U-CUP AND THRUST 
WASHER AS ILLUSTRATED IN STYLE b(a). 

IF YOU ARE REPLACING PACKING DESIGNATED “Z’J YOU MUST DISCARD THE SPRINGS (item 4) AND REVERSE THE 
BUSHING (item 3), THEN INSTALL THE U-CUP AND BUSHING AS ILLUSTRATED IN STYLE 4(b). 

STYLE 3 
IF YOUR CYLINDER FALLS INTO THIS CATEGORY AND YOU ARE REPLACING PACKING DESIGNATED “X” 
RETAIN THE BUSHING (item 1) THEN INSTALL THE U-CUP AS ILLUSTRATED IN STYLE 5. 

YOU MUST 

IF YOU ARE REPLACING PACKING DESIGNATED rlZ4J YOU MUST DISCARD THE SPRINGS (item 3) AND REVERSE THE 
BUSH I NG (item 2) THEN INSTALL THE U-CUP AND BUSH I NG AS ILLUSTRATED IN STYLE 4(b) o 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

APPROPRIATE INSTALLATION OF “U” CUP 
PACKING WITH REVERSED BUSHINGS AND 
SPRINGS REMOVED 

STYLE 4 

APPROPRIATE INSTALLATION OF ‘II” CUP 
PACKING 

Code: OH-336, MAR 74 

STYLE 5 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

/, USE 20 GAUGE 

7 

1.Y 

Fig. 14292 “VI’ Packing lnstal I ing Tool 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 34 

SECTION 2 

UPRIGHT ROLLER CHECK AND ADJUSTMENT PROCEDURES 

(STANDARD i% HI-LO SERIES CSOO) 

Code: PMA-321, REV DEC 74 Section 2, Page 1 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

UPRIGHT ROLLER ADJUSTMENT 
STANDARD AND HILO SERIES 500 

STEP 1. Remove carriage. Refer to Carriage 
Remova 1 . 

STEP 2. Before checking roller clearance, 
position inner rail about 5 inches above full 
down position. 

Check both sides for roller clearance at (top 
and bottom) of inner rail. Use tool to record 
this number on the rail. Record number of shims 
to be used, on outer rail (for top rollers 

only). Record number of shims to be used on 
inner rail (for bottom rollers only). 

There is to be some clearance but it is not to 
exceed l/32”. 

Code: PMA-321, REV DEC 74 

Fig. 8804. 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 3. Raise inner rail to l/2 of its full up 
position, With tool and bar, check the roller 

clearance in the same manner as before. 

Record number of shims to be used, on outer 

rai 1 (for top rollers only). 

Record number of shims to be used, on inner 

rail (for bottom rollers only), 

Section 2, Page 4 

._ 

c 

J - 

Fig. 9805. 
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SERVICE ENGINEERING DEPARTMENT, RATTLE CREEK 

STEP 4. Raise inner rail to full up position 
and with tool and bar, check for roller clear- 
ance in the manner as before. 

Record number of shims to be used, on outer 
rail (for top rollers only). 

Record number of shims to be used, on inner 
rail (for bottom rollers only). 

Code: PMA-321, REV DEC 74 

Fig. 9806. 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 5. Raise inner rail about 5 inches and 
remove stop block. 

-_ ._ . . -. 

Fig. 9808 

Fig. 9809. 

STEP 6. Lower inner rail until upper and lower rollers are clear for removal. 

Section 2, Paqe 6 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 7. Adjusting upright rollers: 

(A). Outer rail rollers 

1. Count the number of shims at the 

right and left hand rollers. 

2. Look at the three (3) numbers you 

recorded on the outer rail in STEPS 

2-3 & 4. The smallest of these num- 

bers is the total number of shims to 

be added. An "0" means DO NOT add 

shims. 

3. Your target for adjustment is to 

have the same number of shims at each 

upper roller. If you end up with an 

extra shim DO NOT remove it. Mark 

the side having an extra shim. 

(B) . Lnner rail rollers. 

1. Count the number of shims at the righ 

and left hand rollers. 

2. Look at the three (3) numbers you re- 

corded on the inner rail in STEP 2-3 & 4. 

Go through the same steps you followed in 

adjusting the upper rollers. 

3. If you end up with an extra shim here 

too, be sure it is on the same side as 

the extra upper shim. 

Fig. 9810. 

r 

Fig. 9812. 

Code: PMA-321, REV DEC 74 Section 2, Page 7 
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INDUSTRIAL TRUCK DIVISION 
CUSTOMER SERVICES ENGINEERING OEPARTMENT. BATTLE CREEK 

STEP 8. Raise inner rail about 5 inches above 
upper tie bar (of the outer rail) and install 
stop block and pad assembly. 

STEP 9. Remove carriage support chain and 
wheel blocks. 

STEP 10. Raise and lower the carriage to 
full positions checking all phases of 
operation. 

Fig. 9808. 

Fig. 9811. 
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INDUSTRIAL TRUCK DIVISION 

CUSTOMER SERVICES GROUP 

LIFT CHAINS: 

The lift chains are mounted to the chain 
anchors on the lift carriage and at the 
chain anchor rods near the lift cylinder 
piston head. 

If it becomes necessary to adjust the 
lift chains . . . proceed as follows: 

WARNING ------- 

KEEP CLEAR OF LOAD AND CARRIAGE WHEN 
MAKING ANY ADJUSTMENTS OR ADJUSTMENT 
CHECKS . . . TO AVOID INJURY IF ANY 
MALFUNCTION SHOULD OCCUR AND CAUSE 
LOAD OR CARRIAGE TO FALL. 

1. Elevate carriage to about four (4) 
feet. 

2. Smear grease on the innerslide 
channel as shown in Fig. 8862. 

Fiq. 6634 

Fig. 8622 
3. Pick up a capacity load. 

NOTE 

It is important that the chain adjust- 
ment be made with a capacity load. In 
this manner . . . you will allow for 
chain stretch. 

4. Making sure upright is either 
vertical or aft of vertical . . . 
lower load to the down position. 

5. Remove capacity load. 

6. Raise carriage and measure the 
distance from where the center of 
the BOTTOM CARRIAGE ROLLER stopped 
. . . to the edge of the inner slide. 
Distance must not be less than l/2 
inch. 

7. Be certain to wipe grrase from the 
rail. 

Section 3, Paoe 2 Code: PMA-9q1. TTJL 80 RRV 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 34 

SECTION 5 

BLEEDING COMPOUND LIFT CYLINDERS 

USE ALLEN WRENCH 

Code: PMA-321, REV DEC 74 Section 5, Page 1 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

STEP 1. Raise carriage about 4 feet or until 
bleeder screw is accessible. 

NOTE 

Check for proper oil level in sump 
before and after bleeding. 

STEP 2. Loosen side bleeder screw using allen 
wrench. The piston will drop a few 
inches as the air comes out. When air 

stops and oil starts to flow, tighten 
bleeder screw. 

STEP 3. Loosen top bleeder screw using alien 
wrench. The piston will drop a few 
inches as the air comes out. When air 

stops and oil starts to flow, tighten 
bleeder screw. 

STEP 4. Check oil in sump and add if needed. 

USE 

Fig. 9661 Side Bleeder Screw 

USE ALLEN WRENCH 

Fig. 9662 Top Bleeder Screw 

Section 5, Page 2 Code: PMA-321, REV DEC 74 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 34 

SECTION 6 

UPRIGHT DOWNDRIFT TEST 

Code: PMA-336, REV APR 75 

Fig. 16016 

ALWAYS WEAR SAFETY GLASSES 

Sect ion 6, Page 1 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

UPRIGHT DOWN DRIFT TESTS: 

To check for drift, a TEST LOAD should be made and the TEST 
LOAD should be equally distributed on a 48” by 48” pallet. 
The TEST LOAD should be a full rated capacity load . e o refer 
to the Serial Number Plate on your truck for capacity rating. 

The TEST LOAD must be secure on the pallet. The material 
used to make up the TEST LOAD must be arranged (stacked) to 
provide load stability and the TEST LOAD must not extend 
beyond the pallet. 

First, make a TEST LOAD as stated above, then position the 
load on forks. 

1. Adjust fork width to maximum which will accomodate TEST 

LOAD .*a space forks as wide as possible to provide most 
even distribution of weight. 

2. Keep forks level during pick up . . . don’t drag them on 
the floor. 

3. Enter pallet and TEST LOAD as far as possible . . . inch 
forward until forks completely engage the TEST LOAD .** 
TEST LOAD and/or pallet should be in contact with load 

back rest. 

Fig. 14887 

DOWN DRIFT TEST: 

Elevate carriage and TEST LOAD 
approximately 12 to 15 inches off 
the floor ..O tilting upright 
slightly backward (approximately 
1 degree from vertical) at the 
same time. 

Next, standing to one side of the 
upright, clear of the load, mark 
all upright rails with a pencil 
and perform a drift test. DRIFT 
SHOULD NOT EXCEED ONE INCH PER 
MINUTES o 

Section 6, Page 2 Code: PMA-336, MAR 74 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

GROUP 34 

SECTION 10 

FULL FREE LIFT TRIPLE STAGE UPRIGHTS EQUIPPED 

WITH 6-ROLLER CARRIAGES USED ON TRUCKS 

RATED FROM 2,000 THROUGH 12,OOOLBS CAPACITY 

UPRIGHTS BEGINNING WITH ‘M’ DECK NUMBERS 

Operational Checks & Adjustments,... Page 2 
Latch Operation ~~~“.~~~0000.0..~~.0O Page 3 
intermediate Rail Chains *..0*..0.*.* Page 4 
Carriage Chains .000.0~.0~.~~~00...0~ Page 7 
Checking Carriage Roll Patterns..... Page 8 
Hydraulic Cylinder Seals ..00.0.*0*.. Page 9 
Upright Racking..................... Page 10 
Load Testing 0~.0.~0~.~~~.0.0.~.~~.~~ Page 11 
Cylinder Drift Test 00*00.0.*0.*00000 Page 14 G 15 
Carriage Remove & Replace ..0.0.0000. Page 16 & 35 
Adjusting Carriage Rollers **..00000* Page 22 

Code: PMA-345, JAN 75 Section 10, Page 1 
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INDUSTRIAL TRUCK 
SERVICE ENGINEERING DEPARTMENT, 

DIVISION 
BATTLE CREEK 

The following procedures cover FULL FREE LIFT TRIPLE STAGE 

UPRIGHTS equipped with six-roller carriages used on trucks 

rated from 2,000 through 12,000 pounds capacity. 

The service procedure applies to all uprights with M-SERIAL 

NUMBER designation. 

These numbers, called DECK NUMBERS, are located in front of 

the outer rails in the area indicated by the arrows. 

OPERATIONAL CHECKS & ADJUSTMENTS 

The triple stage upright should be load tested to determine 

if adjustments are needed. First .__ 

..a the upright is a very heavy assembly with many moving 

parts. 

FULL FREE LIFT 

TRIPLE STAGE UPRIGHTS 

2,000 THROUGH 12,000 LBS. 

CAPACITY 

Fig. 16155 

OPERATIONAL 

CHECKS & ADJUSTMENTS. 

LOAD TESTING. 

CARRIAGE ADJUSTMENTS. 

Fig, 16156 

Section 10, Page 2 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Maintenance procedures should be followed carefully. 

WORK SAFELY K eep hands and feet out from between moving 

parts unless parts are secured to prevent movement. Don It 

allow others to disrupt your work . . . and especially keep 

all persons away from truck controls when you’re making 

measurements or adjustments. Before beginning any service 

on the triple stage upright . . . 

. . . the following operational checks should be made to 

determine if the upright is operating properly. 

Any adjustments should be made prior to load testing, because 

equipment in unsatisfactory condition could fail under load 

and cause injury to personnel or damage to the truck. 

LATCH OPERATION 
A two-piece latch, located on the top inner rail tie bar, is 

designed to prevent the inner rails from raising before the 

carriage i s fu I I y extended o 

Fig. 16157 

WORK SAFELY 

OPERATIONAL 

CHECKS & ADJUSTMENTS 

Fig. 16158 

Code: PMA-345, JAN 75 Section 10, Page 3 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Here the carriage has just passed maximum full free-lift 
position. Notice that at this point the top carriage rollers 
are visible. When the carriage reaches this position . . . 

Fig. 16159 

. . . the latch is tripped by a finger that protrudes slightly 
from the piston head. The latch should be checked immediately 
after it’s tripped to see that it works freely. 

Fig. 16160 

Check the latch from behind the upright with the key off. 
The latch should move up and down about l/Z-inch with slight 
finger pressure. 

INTERMEDIATE RAILS 

The intermediate rail chains extend downward from their 
anchor points on the lift cylinder _.. 

,o 
Fig. 16161 

m 
w 
z- 

Fig. 16162 

Section 10, Page 4 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

..D pass around shives on the intermediate rail tie bar . . . 

Fig. 16163 

..D and anchor near the top of the outer rails. Inspect 
chains for wear and for equal tension. Refer to the Index 

for complete coverage of “Upright Lift Chain Check and 

Adjustment Procedures”. 

Two checks of intermediate rail chain length must be made. 

Fig. 16164 

First, the stop block on the intermediate rail tie bar 

SHOULD NOT contact the outer rail tie bar. 

Second, the lift cylinder base should move slightly out of 

its socket . . . 

Fig, 16165 

Fig. 16166 

Code: PMA-345, JAN 75 Section 10, Page 5 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

when the upright is fully extended .~. 

Fig. 16167 

. . . like this . . . 

Fig. 16168 
;; 
G 

. . . but not so much that it jams against its retaining bolts. 
Either lack of free movement of the lift cylinder base when 
the upright is fully extended or the stop block resting on 
the tie bar, indicates that the intermediate rail chains are 
too long. 

Fig. 16169 

Section 10, Page 6 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

They should be shortened by means of their adjusting nuts on 
the anchor plate that’s attached to the lift cylinder. 

Fig. 16170 

If these nuts are removed, be sure the nuts with conical seats 
are inserted first, so that the self-aligning design can work 
properly. 

Fig, 16171 

CARRIAGE CHAINS 

The carriage chains are attached to the bottom of the 
carriage . . . 

.o. travel upward around rollers on the piston head . . . 

Fig. 16172 

Fig. 16173 

Code: PMA-345, JAN 75 Section 10, Page 7 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

. . . and anchor to the same plate as the intermediate rail 
chains, but enter the anchor plate from above. 

Fig. 16174 

Carriage chains should be adjusted so that forks are l/Z-inch 
above the ground with the upright vertical. 

Fig. 16175 

As with the intermediate rail chains, conical ends on anchor 
nuts should seat in the anchor plate. inspect the carriage 
chains for wear. 

(D 
-a 

Fig. 16176 ,o 
-0 

CHECKING ROLL PATTERNS 

Impressions made by rollers on upright rails are called roll 
patterns. Roll patterns can give an indication of upright 
adjustment. Excessive metal socring or gouging of the roller 
paths may indicate excessive pressure caused by damaged or 
misadjusted rollers. Roll patterns can be checked by . . . 

Fig. 16177 

Section 10, Page 8 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

. . . applying a light coat of spray paint or a thin layer of 
grease to the roller contact area and then operating the 
upright several times with a load. 

Fig. 16178 

Roll patterns of carriage rollers, including thrust rollers 

. . s and main upright rollers, can be checked in this way. 

HYDRAULIC CYLINDER AND SEALS 

Cylinder rod seals should be checked for leakage 
the primary piston rod . . . 

Fig. 16179 

Fig. 16180 

Seals of 

Fig. 16181 

Code: PMA-345, JAN 75 Section 10, Page 9 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

0.. secondary piston rod . . . 

Fig. 16182 

. . . and feed tube assembly should be checked. Cylinder rods 
should be free of grit, chemical residues, paint and nicks on 
ground or pol ished surfaces. 

UPRIGHT RACKING 

Upright racking occurs when tilt cylinder strokes are unequal. 
Tilt cylinders should be checked to determine if cylinder 
strokes .*. 

. . . are equal. To check for racking, start the/truck and 
raise the carriage about six inches off the ground. Operate 
the tilt circuit to full forward tilt and backward tilt 
several times. Observe to see if cylinder strokes are equal 
. . . movement of both cylinders should start and stop at the 
same time. If not, the yokes at the piston rods shou Id be 
adjusted. 

Fig. 16183 

Fig. 16184 

For adjustment procedures 

covering your particular model 

,... refer to the INDEX for 

‘Tilt Cylinder Rod Adjustment’. 

Section 10, Page 10 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

If you observe no racking, check to see that keys are in 
place and locking bolts are tight, 

Fig. 16185 

This completes the operational checks of the upright. Before 
conducting the load tests . . . 

Fig. 16186 

. . . operate the upright without a load and look for unusual 
operation. If the upright operates normally after the opera- 
tional checks have been completed . . . 

Fig. 16187 

LOAD TESTING 

. . s the load tests should be performed. Begin the load test- 

ing by . . . 

LOAD TESTING 

Code: PMA-345, JAN 75 Section 10, Page 11 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

. .* placing a capacity load on the forks and securing it to 
the carriage. Tilt the upright back slightly. 

Fig. 16188 

Raise the upright to maximum extension several times. Smooth- 
ness of operation, carriage play and play between rails should 
be noted ~ If operation is satisfactory, the load should then 
be placed . . . 

. . . four inches off center. In this case, to your left . . . 

.., and raised to maximum extension. 

Fig. 16189 

Fig. 16190 
ro 
Tl 
w 
F- 

Fig. 16191 

Section 10, Page 12 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Then four inches off center in the other direction . . . 

Fig. 16192 

..e and again raised to full extension. The offset has been 
exaggerated here for clarity purposes. In your tests, offset 
loading must not exceed 4 inches. 

Experienced fork truck mechanics know that both too much 
clearance and *.. 

0s. too little clearance can be the cause of binding and un- 
even operation. 

The design of the interlocking rails requires some lateral 
movement of the carriage within the inner rails. 

Adequate clearance between rollers and rails is necessary to 
insure smooth operation and minimum wear. 

Fig. 16193 

Fig, 16195 

Code: PMA-345, JAN 75 Section 10, Page 13 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Downdrift will appear like this. 

Refer to the INDEX for DOWNDRIFT CHECK & ADJUSTMENT PROCEDURES 
covering maximum allowable drift for the model truck that you 
are working on. 

Fig. 16198 

TILT CYLINDER DRIFT TEST 

Tilt cylinders are checked for drift in the following way. 
The parking brake should be set and wheels chocked. 

Raise a capacity load a few feet off the ground. Tilt the 
upright back all the way and shut off the truck. 

Fig. 16200 

Code: PMA-345, JAN 75 Section 10, Page 15 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Make a reference mark near the tilt cylinder anchor point. 
Wait the time specified for the mode1 you’re servicing and 

. . . check the movement of the reference mark. 

Refer to the INDEX for TILT CYLINDER CHECK & ADJUSTMENT 
PROCEDURES covering maximum allowable drift for the model 
truck you are working on. 

When performing tests and service on a truck . . . never walk 
under raised forks . . . with or without a load . . . and don’t 
allow others to. If binding or excess carriage play is 
suspected, the following carriage adjustment procedure should 
be carried out. 

REMOVE THE CARRIAGE 

If the truck you are servicing is internal combustion 

powered, the carriage should be removed in a well ventilated 
location where you will want to do your work. With the 
truck positioned, turn off the key . . . 

Fig. 16201 

Fig. 16202 

CAUTION 

NEVER WALK UNDER 

RAISED FORKS 

Fig. 16203 

Section 10, Page 16 Code: PMA-345, JAN 75 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

.*. set the parking brake and O.O 

Fig. 16204 

. . . block the steer wheels to prevent the truck from moving 
forward or backward. With the transmission in neutral, start 
the truck and . . . 

Fig. 16205 

.L. raise the upright until the carriages is at a comfortable 
working distance above the ground. Place a 4 x 4 post 
squarely beneath the carriage lower fork bar, below the 
carriage chain anchor bracket as shown here. Then . . . 

. . . standing clear of the upright, lower the carriage until 
it contacts the post. Lower the lift cylinder an inch or so 
further so the carriage chains become slack. Check to see 
that the chains are loose and the 4 x 4 post squarely in 
place. Then turn the key off. 

Fig. 16206 

Fig. 16207 

Code: PMA-345, JAN 75 Section 10, Page 17 
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INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Working from behind the upright, remove the cotter keys 
from the carriage anchor pins. 

Fig. 16208 

Then one at a time, hold the carriage chains with one hand 
and remove the anchor pins with the other. The chains must 
be held so they don’t flip up over the shives. 

Replace them with machine bolts off the same length but of 
slightly smaller diameter. 

Fig. 16209 

to 
7 

Fig, 16210 e 
T 

Here the anchor pin at the right has been replaced by a bolt. 

Fig. 16211 

Section 10, Page 18 Code: PMA-345, JAN 75 
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When both carriage anchor pins have been replaced with bolts, 
stand away from the carriage, start the truck, and raise the 
lift cylinder until the carriage is clear of the post. 

Fig. 16212 

Remove the post . . . 

Fig. 16213 

. . . and place it beneath the forks just in front of the fork 
heels. Slide a pallet about three-fourths of the way onto the 
forks. Then lower the lift cylinder all the way and turn off 
the key. The carriage chains will be slack. 

Fig. 16214 

Remove the bolts from both carriage anchor points. 

Fig. 16215 
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Push the carriage chains up around their shives on the piston 
head so that they will be out of the way of the carriage. 
Remove chocks from the steer tires. 

Fig. 16216 

Start the truck and raise the lift cylinder until the carriage 
rollers are clear of the inner rails. 

Fig. 16217 

Release parking brake, place 
back away from the carriage. 

the truck in r everse, and sl lowly 

Fig. 16218 
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Lower the lift cylinder until the upright rails are down . . . 

Fig. 16219 

0.. but not enough to lower the piston head. Shut off the 
truck and set parking brake. 

Fig. 16220 

Tie the carriage chains front to back, just below the piston 
head. 

Make sure the removed carriage is stable . . . it Is very heavy. 

Fig. 16221 

CAUTION 

MAKE SURE THE 

CARRIAGE IS STABLE 
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ADJUSTING CARRIAGE ROLLERS 

These are special calipers designed for making carriage 
adjustments. The top caliper is an inside caliper . . . the 
lower one, an outside caliper. 

Fig. 16222 

The first step in adjusting carriage rollers is to span the 
inner rails with the inside caliper. Loosen the thumb screws 
on the caliper and place it squarely across inside surfaces on 
the inner rails so it contacts both sides. Tighten the thumb 
screws. 

Fig. I 6223 

Move the caliper down and up the inner rails . . . 

. . D several times until the narrowest point is found. Now, 
at the narrowest point . . . 

* 
-I 

Fig. 16224 e 
-c 

Fig. 16225 
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. ..add a 1/32nd inch thick shim ..~ 

Fig. 16226 

. . . between the contact point of the caliper and the inner 
rai I. Then re-tighten the caliper and re-check the inside 
caliper setting. The shim will provide operating clearance 
for the carriage rollers within the inner rails. 

Fig. 16227 

Now place the outside calipers so they contact the extreme 
points on the inside calipers. Adjust the outside caliper 
and tighten thumb screws when it’s square . . . 

. . . and in contact with the inside calipers. 

Fig. 16228 

Fig. 16229 
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Now move to the back side of the carriage. 

Fig. 16230 

Inspect the side thrust rollers on the back side of the 
upper fork bar. 

Check the rollers for damage to contact surfaces, seals 
and excessive play. These rollers are important when making 
measurements, because their positions are located and 
fixture drilled during carriage manufacture. 

They are removed by loosening a socket head screw in their 
centers. 

Fig. 16231 

Fig. 16232 

Fig. 16233 
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If the thrust rollers are in good condition, place the out- 
side caliper across the second set of carriage rollers. 
Place the caliper on the side of the rollers near the back 
of the carriage fork bar. 

Fig. 16234 

Remember that the carriage rollers are canted. 

Fig. 16235 

The caliper must be placed so that the maximum distance 
across the set of rollers is measured. 

Fig. 16236 

Holding the caliper carefully, insert shims between the 
roller side and caliper contact point until all clearance 
eliminated. Shims are 1/32nd inch thick, so in this case 
three shims or 3/32nds of an inch clearance is indicated. 
We need to increase the distance between rollers by 
3/32nds of an inch. We’ll do this by adding three shims 
behind the rol lers. 

is 

Fig. I6237 
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But before adding any shims, we must center this set of car- 
riage rollers with the side thrust rollers. Using a steel 
rule, carefully measure the distance between the face of the 
side thrust roller and the side of the carriage roller. 

Fig. 16238 

Do this on both sides of the carriage. To obtain equal dis- 
tance between side thrust and main carriage rollers on both 
sides, we find that two shims need to be added to the right 
roller and one to the left roller. 

Remove rollers by working them off with pry bars or tapping 
them loose with a soft faced hammer. 

Add the two shims to the right side . . . 

Fig. 16239 

Fig. 16240 
e 
-c 

Fig. 16241 
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. . . inspect the roller for damage or excessive wear . . . replace 

it if necessary . . . and . . . 

Fig. 16242 

. . . re-install by tapping it on with a heavy plastic or a 

leather ma1 let. 

Add the one shim to the left side, inspect the roller 

and replace it. 

We Ire in good shape now. The caliper indicates a zero 

clearance. 

Fig. 16243 

Fig. 16244 

Fig. 16245 
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.0. a re-check with the rule shows that both thrust rollers . . . 

Fig. 16246 

. . . are the same distance from the carriagerollers. 

Fig. 16247 

With the same caliper position, span the bottom carriage 
rollers. Here we find two shims are needed to eliminate 
clearance of the caliper. 

Fig. 16248 

Note that these rollers are canted in the opposite 
direction . . . 

Fig. 16249 
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0.. the calipers need to be placed on the side of the 
roller closest to you. 

Fig. 16250 

The bottom rollers must be directly below the center carriage 
rol lers. 

Fig. 16251 

To get lower rollers directly beneath the center rollers, 
place a carpenter’s square between the back edge of the 
bottom roller and the front edge of the middle carriage 
roller .,. 

. . . like this. 

Fig. 16252 

Fig. 16253 
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Use your steel rule to get one leg of the carpenter’s square 
parallel to the upper fork bar. 

Fig. 16254 

Move the rule back and forth across the upper fork bar while 
checking the position of the lower roller with the center 
rol ler, 

Fig. 16255 

In this way the number of shims that need to be added . . . or 
subtracted . . . is determined. We’ve determined that two shims 
must be added to the right lower roller. 

Fig. 16256 
I! 
7J 

The roller is removed . . . 

Fig. 16257 
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. . . and shims added. 

Fig. 16258 

A check with the square on the opposite side indicates no 
shims are needed. 

Fig. 16259 

A re-check with the caliper shows zero clearance between the 
caliper’s contact points and the bottom roller set. Remember 

that the carpenter’s square must be used to position bottom 
rollers directly below the center rollers. 

The top carriage rollers are checked last. Notice that the 
top carriage rollers extend out of the inner rails when 
the carriage is fully extended. To make re-entry of these 

rollers into the inner rails easier, additional clearance is 
provided for this top set of rollers. 

Fig. 16260 

Fig. 16261 
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Place a square directly through the centers of the lower 
and center rol let-s. 

The top rollers must be adjusted so that a 1/32nd inch inset 
is obtained . . . like so: 

Top rollers are removed by removing a socket head cap screw. 

Add shims as indicated by your measurement . . . 

Fig. 16262 

Fig. 16263 

co 
7 

Fig. 16264 e 
-G 

Fig. 16265 
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. . . and re-check for the 1/32nd inch inset. 

Fig. 16266 

The inset should be achieved on both sides. 

Fig. 16267 

The last step in adjusting the carriage rollers is to 
adjust the carriage side thrust rollers that operate on the 
inside of the inner rails. 

Fig. 16268 

With the carpenter’s square placed across the diameters of the 
lower and center carriage rollers . . . 

Fig. 162.69 
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.0. the face of the thrust roller should overlap the edge of 
the rule by 1/64th of an inch on both thrust rollers. 

Fig. 16270 

The side thrust rollers should also be checked with the 
lower fork bar for squareness. 

U-shaped shims, at the left, should be added as needed 
beneath . . o 

.0. either or both of the socket head mounting bolts used 

on thrust roller mounts. 

Fig. 16271 

Fig. 16272 e 
T) 
W 
-F 

Fig. 16.273 
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After both thrust rollers have been adjusted, their grease 
fitting should be lubricated. 

Fig. 16274 

This completes the procedure for adjusting the six-roller 
carriage used on the triple stage upright. If upright 
rails are also going to be adjusted, the carriage would 
not be re-installed at this time. Upright adjustment pro- 
cedure is given in Section 11, of this Manual. Whether 
installed at this point or after rail adjustment, here’s 
how it’s done. 

INSTALLING THE CARRIAGE 

Fig. 16275 

Drive the truck up to the carriage. 

Move the truck up slowly and raise the lift cylinder 
to position the carriage rollers directly below the inner 
rails and lower the lift cylinder completely. Turn off 
the truck, set the parking brake, and block the steer tires. 

Fig. 16276 

Untie the carriage chains. 

Fig. 16277 
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Then prop the lift cylinder control . . . 

CONTROLS VARY WITH DIFFERENT TRUCK MODELS. 

REFER TO THE OPERATORS INSTRUCTION MANUAL 

COVERING THE PARTICULAR MODEL TRUCK YOU ARE 

WORKING ON. 

Fig. 16278 

. . . in the lower position with a block, or tie it forward with 
a wire. 

Fig. 16279 

This will permit you to pull on the carriage chains to lower 
the piston head. You’ll have to lift the chains over the 
load back-rest extension on the carriage. 

Fig. 16280 ctl 

When the carriage chains are all the way down, insert the 
machine bolts. 

Fig. 16281 
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Then start the truck . . . 

Fig. 16282 

. . . and raise the lift cylinder until the pallet and the 
4 x 4 can be removed. 

Fig. 16283 

Continue to raise the carriage until the 4 x 4 can be in- 
serted beneath the carriage and . . . 

Fig. 16284 

.s. lower the lift cylinder until the carriage is supported 
on the post. 

Fig. 16285 
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Turn off the truck. Exchange the machine bolts ~.D 

Fig. 16286 

. . . for the carriage anchor pins. 

Use new cotter keys to secure the anchor pins. 

Then start the truck. Raise the lift cylinder and remove 
the 4 x 4 . . . 

Fig. 16287 

Lo 
7 

0 

Fig. 16288 

Fig. 16289 
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..* then lower the carriage. Remove the safety blocks at 

the steer wheels. 

Fig. 16290 

Operate the upright several times to be sure it is operating 

properly. 

Make operational checks and load test before placing the 

truck in service, 

This -concludes tne service procedure for making operational 

checks, the load testing, and carriage adjustments on the 

tr iple stage upright with six-roller carriage. The 

following section list the procedures for making rail 

adjustments on the triple stage upright. 

Fig. 16291 

REFER TO SECTION 11 FOR 

TRIPLE STAGE UPRIGHT 

RAIL ADJUSTMENTS 
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Fig. 13010. INSIDE SPANNING TOOL 

Section 10, Page 40 

Fig. 13011. OUTSIDE SPANNING TOOL 
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HEX SOCKET SET SCREW [1x1/4-20): Part Number 156-416 ‘OR’ BOLT (1x1/-20]: Part Number 19C-416 GRADE #2 

\ 

WING NUT 1%.201 Part Number 16D-04 

p SCRIBE [OR) PENCIL 

DRILL A ‘,&INCH HOLE STRAIGHT THRU BLOCK. 

,- DRILL & TAP x4-20 COURSE THREAD HOLE. 

SIDE 

UPRIGHT ‘MARKING BLOCK’. Material: WOOD OR PLASTIC - YIUARED’. 
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GROUP 34 

SECTION 11 

FULL FREE LIFT TRIPLE STAGE UPRIGHTS EQUIPPED 

WITH 6-ROLLER CARRIAGES USED ON TRUCKS 

RATED FROM 2,000 THROUGH 12,OOOLBS CAPACITY 

UPRIGHTS BEGINNING WITH ‘M’ DECK NUMBERS 

Upright Rai Is and Rollers *000..00*000.0*. Page 2 
Measuring Rail-To-Roller Clearance-Part 1 Page 5 
Tools ~~..O~~ODOO.O.~~.DO~~~~~~~~~~~~~~.~~ Page 8 
Measuring Rail-To-Roller Clearance-Part 2 Page 10 
Adjusting Rai I-To-Roller Clearance 0Q.00.0 Page 20 
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The following procedures cover Full Free Lift Triple Stage 
Uprights equipped with six-roller carriages used on trucks 
rated from 2,000 through 12,000 pounds capacity. 

The service procedure applies to all uprights with M serial 
number designation. 

These numbers, remember, are cal led DECK NUMBERS, and are 
located on the front of the outer rails. 

UPRIGHT RAILS TO ROLLERS 

The following procedure explains how to: 

Ist-Measure rail-to-roller clearance. 

2nd-Adjust rai I-to-roller clearance. 

The triple stage upright, as the name implies . . . 

a.. has three sets of upright rails. The rails are 
identified as . . . 

Fig. 16155 

,o 
Fig. 162.91 -o 

W 
c 

Fig. 162% 

Section 11, Page 2 Code: PMA-345, JAN 75 

 

Copyrighted Material 
Intended for CLARK dealers only 

Do not sell or distribute 

 



SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

.0. outer rails ,.. 

Fig. 16294 

. . . intermediate rails .D. 

Fig. 16295 

. . . and inner rails. 

Fig. 16296 

When the lift cylinder is raised, the fork carriage extends 
through what is called the “free lift” portion of cylinder 
travel. Just beyond the maximum free lift position, the 
rollers on the top of the carriage are visible as they 
extend out from the top of the inner rails. 

Fig. 16297 
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As the max 
cylinder p 
inter-media 
left the p 
the piston 

imum free lift position is reached, the primary 
iston head trips a latch that permits the inner and 
te rails to rise to maximum fork height. At the 
iston head approaches the latch . . . on the right 
head trips the latch .., 

. . . permitting the rails to extend. 

The upright is equipped with 8 rollers. These diagrams 
show the positions of the rollers within the triple stage 
upright. 

There are four rollers that work between the outer rails 
and intermediate rails . . . 

Fig. 16298 

Fig. 16259 

Fig. 16300 
e 
71 

Fig. 16301 
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. s D and four rollers that work between the intermediate rails 
and inner rails. 

Sharp fork truck mechanics know that with age and wear, the 
..D 

Fig. 16302 

. . . clearance between upright rails can increase and cause 
excessive loosenes- between rails. Upright rollers become 
worn, rai I surfa.: wear, and stress relieving due to 
hand1 ing of heavy ;ads over a period of time may cause 
slight dimensional chances between upright rails. 

Fig. 16303 

MEASURING RAIL-TO-ROLLER CEARANCE 

The method for measuring rail-to-roller clearance is 
quite easy. 

We’ll use this graphic example that shows the upright 
rails without flanges, to show how it’s done. The 
triple stage upright has four sets of rollers. 

One set at the top of the outer rails . . . 

Fig. 16304 

Fig. 16305 
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. . . a second set at the bottom of the intermediate rails .*. 

Fig. 16306 

. . . a third set at the top inside of the intermediate rails, 
and ..O 

. . . a fourth set at the bottom of the inner rai 1s. 

Fig. 16307 

Fig. 16308 

The white arrows show clearance between the inner rails 
and the top roller set of the intermediate rails. 

Fig. I6309 
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By prying the rails to the right, we move all clearance to 
the left side .*. 

. . . by prying rai 
In this way rail- 
easily measured 

Fig. 16311 

But obtaining the value for rail-to-roller clearance at only 
one point is not always satisfactory, since rails cannot be 
made or welded perfectly parallel. 

Fig. 16312 

So, for a more reliable measurement . . . rail-to-roller clearance is checked at more than one 
place for each roller set. Clearance is checked with: 

-- upright lowered, 
__ at one-half extension and, 
-- at full extension 

-- for EACH ROLLER SET. 

Actually, rails are welded in a slight “A” configuration . . . to make clearance minimal at 
maximum upright extension. 
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TOOLS 

TO check and adjust rail-to-roller clearance, you will need 
the following materials in addition to common hand tools. 

Fig. 16313 

About four or five 4 x 4 hardwood posts in lengths from 
about 12” to 4 feet . 

Fig. 16314 

A ten foot chain with screw type clevices OF fockiw hOCk8. 

Fig. 16315 
z 
-o 

A steel mechanics rule graduated in 32nds of an in& .,. 

Fig. 16316 
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.f. and a marking block equipped with a steel scriber or a 
sharply pointed pencil. 

Fig. 16317 

The block needs to have smooth square edges, and a locking 
bolt to hold the pencil or scribe firmly. 

Pry bars like these lady slippers are also needed. 

Fig. 16318 

Fig. 16319 

To begin, drive the truck onto short pieces of 2 x 6 or wider 
boards. Remember that we’ve already removed the carriage. 

Fig. 16320 
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Set the parking brake . . . 

. . . and block the steer wheels to prevent the truck from 
moving forward or backward. 

Fig. 16321 

Fig. I6322 

If the truck is gasoline, diesel, or LP powered, the work area should be well ventilated. 
You’ll have to operate the truck at certain times during the measurement procedure, but 
it should always be turned off when measurements or adjustments are made. 

Work Safely . . . don’t pl!t your hands or feet between moving parts unless they’re secured 
to prevent movement, and keep personnel away from truck controls during the service proce- 
dure. 

WORK SAFELY 

MEASURING RAIL-TO-ROLLER CLEARANCE 

With the rule, a pencil or marking pen, a marking block, and 
pry bars, you Ire ready to make measurements. 

Fig. I6323 
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Begin by measuring the clearance between the top roller set of 
the outer rails and the intermediate rails. 

Fig. 16324 

With the upright down, insert the pry bar between the outer 
and intermediate rail on the left and pry with moderate 
pressure to the riqht . 

Fig. 16325 

Hold the block flush with the flange of the intermediate 
rail and scribe a short line on the outer rail. 

Fig. 16326 

Then place the pry bar between the outer and intermediate 
rail on the right side and pry gently to the left, and then 
opposite the first scribe mark, make a second mark. 

Fig. 16327 
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Then measure the distance between the two marks. 

Fig. 16328 

With pencil or a marking pen, record this below the scribe 

marks. In this case it is 7/32nds of an inch. 

This means that 7/32nds of an inch is the total clearance 
between this roller set and the intermediate rails when 
they’re down completely. 

Then raise the upright so that it is one-half extended and 
shut off the truck. Repeat the same process. Pry the 

intermediate and inner rails right, make a mark . . . 

Fig. 163.29 

CCI 
-i 
0 

Fig. 16330 6 
w 
c- 

Fig. 16331 
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..D and then pry the intermediate and inner rails left, and 
make a parallel mark. 

Fig. 16332 

Measure the distance between the marks with a rule and record 
the distance directly under the scribe marks. 

Fig. 16333 

Then raise the upright to full extension and shut off the 
truck. Pry left, make a mark -- pry right, make a second 
mark, and record the distance between them. 

In this example the clearance of the top of the outer rails 
with roller set at the top of the intermediate rails is 
7/32nds of an inch, 5/32nds of an inch, and 4/32nds of 
an inch, when measured with the upright down, at one half 
extension and fully extended. 

Fig. 16334 

Here we’ve re-written the values to make them more readable. 
Remember that clearance is always written on the rail that 
the rollers are attached to. These rollers are on the top 
of the outer rails . . . so we’ve written clearance values 
on the top of an outer rail. We shim to the smallest value, 
which is 4/32nds of an inch. 

Fig. 16335 
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Four shims will be added to the pair of rollers at the top 
of the outer rails. 

Fig. 16336 

Next, determine clearance between the roller set at the 
bottom of the intermediate rails. 

Fig. 16337 

With the upright rails raised slightly, and truck shut off, 
pry the intermediate rail to the left, then right, and record 
the clearance. 

UII 

Fig. 16338 2 
,’ 

Repeat with the upright at one-half extension . . . pry 
right... 

Fig. 16339 
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. . . then left and record the clearance. 

Repeat the same operation at full upright extension with the 
key off. Pry to the right, make a mark . . . 

. . . pry to the left, make a mark; measure the distance 
between marks and record it. 

The clearance between the roller set at the bottom of the 
intermediate rails is 4/32nds, 6/32nds, and 8/32nds of an 
inch. Shimming to the smallest value requires that four shims 
be added to the roller set at the bottom of the inter- 
mediate rai 1s. 

)IVISION 
‘LE CREEK 

Fig. 16340 

Fig. 16341 

Fig. 16342 

Fig. 16343 
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Now we will measure clearance between the rollers set at 
the top of the intermediate rails with the inner rails. 

Fig. 16344 

With upright fully down, pry the inner rails to the right and 
make a mark on the intermediate rail. 

Fig. 16345 

Note that the marking block is now placed on the flange of the 
inner rail. 

Pry the inner rail to the left, and make a parallel mark. 
Measure the distance between them and record it. 

Section 11, Page 16 

* 
7 

Fig. 16346 ,o 
71 

Fig. 16347 
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Repeat the same procedures at one-half and . . . 

Fig. 16348 

. . . at full upright extension. The key should be off 
when making each measurement. 

Fig. 16349 

Notice that you must work quite high off the ground . . . use 
ladders and maintenance stands that meet applicable 
OSHA standards. 

Fig. 16350 

Clearance between the top intermediate roller set and inner 
rails at full down, one-half extension and full extension, 
is 2/32nds, 4/32nds and 6/32nds of an inch. We will 
shim to 2/32nds of an inch, so two shims must be added 
to the roller set at the top of the intermediate rails. 

Fig. 16351 
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The last set of rollers that we must determine clearance for 
are those at the bottom of the inner rails. 

Fig. 16352 

With the key off and rails slightly extended, pry right . . . 

. . . pry left . . . 

. . . and record the clearance. 

Fig. 16353 

Fig. 16354 
ro 

-o 

Fig. 16355 
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Fig. 16356 

Fig. 16358 

Here, clearance between the roller set at inner rails and 
intermediate rails is found to be 3/32nds of an inch, 
5/32nds of an inch, and 7/32nds of an inch. We must add 
three 1/32nds inch shims to this roller set. This means 
that two shims will be added to one roller and one to 
the other. 

Having recorded the number of shims to be added to each 
set of upright rollers, we are now ready to make these 
adjustments o 

Fig. 16357 

Fig. 16359 

Fig. 16360 

Fig. 16361 
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ADJUSTING RAIL-TO -ROLLER CLEARANCE 

Remember, the parking brake is set . . . 

Fig. 16362 

. . . drive wheels are on 2” thick boards, and steer 
tires chocked. 

Fig. 16363 

The piston head should be up and carriage chains tied 

back o 

All rails have been marked with roller clearance. 

Fig. 16364 
,o 
-0 
w 
-c 

Fig. 16365 
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We Ire ready to disassemble the upright. 

INDUSTRIAL TRUCK DIVISION 
SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 16366 

. ,. .1 > 1 . I 
Always block the Inner and Intermealate ral IS wnen working on 
the upright. Don’t put your hands or feet between parts that 
move unless they are secured to prevent movement. Keep all 
personnel away from truck controls during the service proce- 
dure. The key should be off at all times except when truck 
operation is indicated in the procedure. 

CAUTION 

BLOCK INNER AND INTERMEDIATE 

RAILS WHEN WORKING ON THE 

UPRIGHT. 

Start the truck and raise the lift cylinder until 4 x 4 
posts can be placed under the inner and intermediate 
rai 1s. A longer post is placed beneath the inner rail, 
since it extends higher than the intermediate rail. 

Lower the lift cylinder until the rails make solid 
contact with the posts, and the intermediate rail chains 

become slack. Turn off the truck, 

WORK SAFELY 

Fig. 16367 

Fig. 16368 
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Remove the two-piece latch from the back of the inner 
rail tie bar. 

Fig. 16369 

This is done by removing an allen head set screw and 
pulling the two pieces of the latch apart. 

Fig. 16370 

On older uprights, the latch is disassembled by re- 
moving a cotter pin . . . 

0.. driving out a roll pin . . . 

Fig, 16371 w 
c- 

Fig. 16372 
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. . . and then separating the halves of the latch. 

Fig. 16373 

Then remove the lifting bracket or “moose horn” from the 
intermediate rail lower tie bar. This is done by re- 
moving 8 bolts. Note the position of any shims behind 
the lifting bracket and save them for replacement during 
re-assembly later. 

Fig. 16374 

Push the bracket down until it’s clear of the tie bar . . . 

. . . turn it 1800... 

i 

Fig. 16375 

Fig. 16376 
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. . . and then push it down. 

CAUTION 

PUSH THE LIFTING BRACKET DOWN ALL THE 
WAY . . . IF IT ISN'T ALL THE WAY, HY- 
DRAULIC PRESSURE WILL PUSH IT DOWN 
FORCEFULLY WHEN THE CYLINDER IS 
OPERATED. 

Now place a couple of sturdy wood blocks about 6” thick 
on the outer-rai 1 upper tie bar. The blocks should be 
placed directly below the intermediate rail stop block. 

Then stand away from the upright, start the truck, and 
slowly raise the lift cylinder until the inner and inter- 
mediate rails are clear of the 4 x 4 oosts. Remove the 
posts and . . . 

. . . lower the lift cylinder until the intermediate rail stop 
block is seated firmly on the blocks. 

Fig. 16377 

Fig. 16378 

Fig. 16379 

Fig. 16380 
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Continue to lower the lift cylinder until the lift cylinder 
is completely down. The inner rails will not lower further. 
Turn off the truck. 

Fig. 16381 

Rollers at the top of the intermediate rails, and at the 
bottom of the inner rails, are now exposed. 

Fig. 16382 

Remove the rollers one at a time at the bottom of the inner 
rai Is. Since we found the clearance between the inner rail 
bottom rollers and the intermediate rail to be 4/32nds of 
an inch, we will add two shims to each roller. 

Fig, 16383 
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Here on your right we’re adding two shims . . . 

Fig. 16384 

. . . and removing the left roller for another two. 

It’s important to keep track of the number of existing 
shims found on each roller. The total number of shims 
on each roller in the set should be the same. 

If there is an odd shim, it should be kept to one side; say 
the left side. 

Moving now to the top set of rollers in the inner inter- 
mediate rail set . . . 

Fig. 16385 

Fig. 16386 
e 
73 

Fig. 16387 
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. . . our measurements indicated a minimum clearance of 2/32nds 
of an inch. In removing the top intermediate rail rollers, we 
find two shims on the left and one on the right . In adding 

two shims, we’ll . . . 

Fig. 16388 

. . . have a total of 5 shims. Keeping the odd shim on the 
left gives three shims on the left and . . 

. . . two on the right. This is consistent with the proce- 
dure to keep the “extra” or odd shim on the left. 

Having added the shims, inspect and replace the rollers. 

Fig. 16389 

Fig. I6390 

Fig. 16391 
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This completes the rail-to-roller adjustment of the inner 
rail/intermediate rail set. 

Fig, 16392 

We will now adjust the four rollers that work between outer 
and intermediate rails. Here’s the procedure for gaining 
access to the rollers between the outer and intermediate 
rai 1s. 

Fig. 16393 

Start the truck and raise the lift cylinder until you’re able 
to remove the blocks from beneath the intermediate rail stop 
block. 

Fig. 16394 

Continue to raise the lift cylinder until 4 x 4’s can be 
placed beneath the inner and intermediate rails. Longer 
posts are needed here. The rails should be blocked like this. 
Note that the inner rail is about one foot above the 
intermediate rai 1 e There must be some slack in the inter- 
mediate rail chains. Turn off the truck. 

Fig. 16395 
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SERVICE 

Fig. 16396 

IAL TRUCK DIVISION 
ENGINEERING DEPARTMENT, BATTLE CREEK 

Fig. 16397 

Then drape a service chain between the inner rail tie bar and 
the intermediate rat1 tie bar so that two separate loops 

are formed. 

Fig. 16398 

Pass the chain through the bend area of the intermediate rail 

tie bar. Use a chain with sufficient capacity to support 
the inner rails . . . but not so large that it won’t pass 
between the tie bars. 

CAUTION 

USE A SERVICE CHAIN WITH ENDS THAT 
CLOSE SECURELY. EITHER SNAP HOOKS 
OR SCREW CLEVICES WILL WORK FINE. 

Fig. 163% 

Now the intermediate rail chains can be removed. Be sure 
the chains are slack. Remove both chain retainers by 
removing the bolts at the center of the chain shives. 

Fig. 16400 
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Then remove the chains at 
their anchor points on the 
outer rai Is. 

Fig, 16401 Fig. 16402 

Some uprights have their anchor plates welded onto the outer 
rai Is. To remove the chains on these models, cotter pins 
are removed from the first link on the chains. 

Drape the chains over the drive tires and coil them on the 
floor where they’ll be out of your way and away from dirt. 

Then stand away from the upright, start the truck, and 
raise the _.. 

Fig. 16403 

Fig. I6404 

Fig. 16405 
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. 0 . lift cylinder until the posts can be removed. 

Lower the lift cylinder until the intermediate rails rest 
on the floor. Then place a 4 x 4 beneath the inner rail and 
lower the inner rail onto the post. Turn off the truck. 
This is the condition of the upright. 

Intermediate rail chains are dropped neatly over the drive 
tires. We’ve used the inner rails to lower the intermediate 
rails to the floor. 

The roller sets at the bottom of the intermediate rails, 
and . . . 

Fig. 16406 

Fig, 16407 

Fig. 16408 

Fig. 16409 
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. . . at the top of the outer rails, are not exposed for 

shimming. 

Remove the top rollers on the outer rails first. We find 

two shims behind each roller. 

Fig. 16410 

Fig. 164! 1 

Since the total clearance was 4/32nds, we will add two shims, 

for a total of four, to each roller of the set . . . right _.. 

Fig. 16412 

. . . and left. Inspect 

and re-install rollers. 

Fig. 16413 Fig. 16414 
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Moving to the lower set of rollers, we find no shims on the 
left side and one on the right side. Since our clearance was 
3/32nds, we want to add three shims. We’ll have a total 
of four shims. 

Fig. 16415 

Splitting the difference gives two shims per side. Right . . . 

Fig. 16416 

. . . and left. Inspect and replace the rollers by tapping 
them on with a soft faced hammer. 

Fig. 16417 

This completes the adjustment of all rollers on the triple 
stage upright . We’re ready for re-assembly. To do this, the 
truck is started and the . . . 

Fig. 16418 
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. . . lift cylinder is raised until the block beneath the 
inner rail can be removed. 

Fig. 16419 

The longer blocks that were used earlier are placed again 
beneath the inner and intermediate rails . . . 

. . . so the upright looks like this. The truck is shut off. 

The intermediate rail chains are re-installed at their 
anchor points on both sides of the outer rails . . . 

Fig. 16420 

co 
-5 

Fig. 16421 e 
-b 

Y 

Fig. 16422 
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SERVICE ENGINEERING DEPARTMENT, BATTLE CREEK 

. . . and then the chain retainers are replaced. 

Fig. 16423 

The service chain is removed. 

Fig. 16424 

The intermediate rail stop block is replaced . . . 

Fig. 16425 

. . . and the latch on the inner rail is replaced. Here the 
set screw on the current design is being tightened. 

Fig. 16426 
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And the halves of the older style latch are being 
assembled. 

Fig. 16427 

With the long blocks still in place, we’ll re-position the 
lifting bracket. 

Fig. 16428 

To do this we must hold the lift cylinder valve open. The 
engine is off. 

Here is how we ‘ve propped the valve open. 

CONTROLS VARY WITH DIFFERENT TRUCK MODELS. 

REFER TO THE OPERATORS INSTRUCTION MANUAL 

COVERING THE PARTICULAR MODEL TRUCK YOU ARE 
WORKING ON. 

Lo 
-l 

Fig. 16429 e 
Iz 

Fig. 16430 
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We can now pry the bracket up . . . 

Fig. 16431 

. . . and turn it around. 

Fig. 16432 

A short block is placed between the bracket and the cylinder 

base. Then standing away from the upright . . . 

Fig. 16433 

. . . start the truck and raise the lift cylinder. Remove 

the long blocks and . . . 

Fig. 16434 
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. . . position shorter blocks beneath the inner and intermediate 
rails. 

Fig. 16435 

Lower the cylinder until the bolt holes for the bracket are 
in line. Shut off the truck . . . 

. . . and replace the 8 bolts of the lifting bracket . . . 

Fig. 16436 

IO 
-L 

a 
-0 

Fig. 16437 w 
c 

. . . replacing any shims that were found during disassembly. 

Tighten the bolts to the torque requirements listed in speci- 
fications found in GROUP 40 of this manual. 

Fig. 16438 
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Start the truck and raise the cylinder and remove the posts 

beneath the rails . . . 

Fig. 16439 

. . . and the lifting bracket. 

Fig. 16440 

Lower the lift cylinder completely. 

Fig. 16441 

Remove blocks from steer wheels and drive the truck off the 

boards beneath the drive tires. 

Fig. 16442 
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Replace the carriage by the procedure given in Section 10 
in this manual. 

Fig. 16443 

When the carriage has been replaced, operate the upright and 
note unusual operation. 

Make operational checks and load test the upright before 
placing the truck in service. 

This completes the procedure for measuring rail-to-roller 
clearance and the adjustment of rail-to-roller clearance, 

Work safely. 

Be sure to keep rails blocked during upright disassembly and 
re-assembly. 

Fig. 16444 
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