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INTRODUCTION

Mark Industries provides this manual as a
guide for the operation and maintenance of

your Marklift Boom Unit.

This manual has been especially developed
to allow for quick reference information in
the event of operational problems or main-
tenance requirements. We are using a new
method for trouble shooting any operational
problem. You will find this in the Trouble
Shooting Guide, and we believe it will help

you to quickly isolate the problem.

We realize that special operating conditions
will exist with various users of the Marklift,
and Mark Industries' Factory Assistance is

always available.
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FIGURE 1 21S & 21RT SPECIFICATIONS 2

MODEL 21S & 21RT

DESCRIPTION

Lift Capacity
Platform Max Height

Machine Height with
Platform Lowered

Machine Width, 218
21RT

Length, Minimum
Wheel Base
Wheel Track
Turning Radius
Turret Rotation
Tall Swing

Engine, 21S, Dual Fuel
: 21RT, Gasoline Only

Travel Speed

Standard Controls:
Drive
Swing
Raise
Steer

Hydraulic System Pressure
Fuel Tank Capacity
Hydraulic Tank Capacity
Weight

Shipping Cube, 218
21RT

Basket Dimensions

Tires, 21S
21RT, Drive Wheels

Steering Wheels

ENGLISH METRIC
5004% 227 kg
21'-0 6.40 m
6'-3 1.90 m
5'-0 1.56 m
5'-8 1.75 m
19'-11 6.07 m
60" 152.4 cm
48.3" 122.68 cm
15'-6 4.72 m
360°

Within Frame Width

20 H.P. Air-Cooled
20 H.P. Air-Cooled

1.3 mph 2.1 kph

Proportional
Solenoid
Solenoid
Solenoid

1600 psi 107 atmos

11 Gallons 41.5 Liter
24 Gallons 90.5 Liter
7700 1b 3495 kg

622.4cu. ft. 17.63cu. m.
719.0cu. ft. 20.30cu. m.

59" Wide 149.9 cm
30" Deep 76.2 cm
42" High 106.7 cm

7:00 x 15 Lt, 8 ply (75psi)
29 x 12:00 -15, 6 ply
"Super Tera ‘Grip"
Air-Filled (35psi)

11L - 15 SL, 6 Ply
"Maxi-Trac"
Air-Filled (35psi)




30L MARKLIFT
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FIGURE 2 30L SPECIFICATIONS 4y

MODEL 30L
DESCRIPTION

Lift Capacity
Platform Maximum Floor Height

Machine Height with
Platform Lowered

Machine Width

Length, Minimum

Wheel Base

Wheel Track

Turning Radius

Turret Rotation

Tail Swing

Engine, Dual Fuel, Standard
Travel Speed
Standard Controls: Drive
Sw%ng
Raise
Extend

Steer
Platform Leveling

Hydraulic System Pressure
Fuel Tank Capacity
Hydraulic Tank

Weight

Shipping Cube

Basket Dimensions

Tires, 8 Ply

ENGLISH METRIC

4004 259 kg
30°'-0" 9.14 m
6'-11" 2,11 m
5'-0" 1.56 m
l6'-2" 4.92 m
60" 152.4 cm
51.2" 130.4 cm
15'-6" 4.72 m
Continuous

Within Frame Width
20/HP Air Cooled

1.3 mph 2.1 kph
Proportional

Proportional

Proportional

Proportional

Solenoid

Master/Slave w/Solenoid Override
1650 psi 107 atmos
13 gal 49 liter
28 gal 106 liter
11000# 4954 kg
584.38 cu. ft. 16.55 cu.m
59" Wide 149.9 cm
30" Deep 76.2 cm
42" High 106.7 cm

10:00 x 16.5 LT Mono-filled
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FIGURE 3 30H & 30RT Specifications

MODEL 30H & 30RT

DESCRIPTION

Lift Capacity

Platform Macimum Floor Height
Machine Height with Platform

Lowered

Machine Width, 30H
30RT

Length, Minimum
Wheel Base
Wheel Track
Turning Radius
Turret Rotation

Tail Swing

Engine, Dual Fuel, Standard
Gasoline or Diesel

Travel Speed

Standard Controls: Drive
Swing
Raise

Extend

Steer

Platform Leveling

Hydraulic System Pressure
Fuel Tank Capacity
Hydraulic Tank

Weight

Shipping Cube, 30H
30RT

Basket Dimensions

Tires, 30H

30RT, Drive Wheels

Steering Wheels

ENGLISH

500#
30'_0"

6'_ 11"

5'—Q"
5t-g"

17'-10"
60"

51.2"
15'-6"
Continuous

15" Beyond
Frame

METRIC

227 kg
9.14 m

2.11

1.56
1.75

5.43
152.4 cm
130.04 cm
4.72 m

3 838 3

38.1 cm

20 H.P. Air Cooled
20 H.P. Air Cooled

1.3 mph

Proportional
Proportional
Proportional
Proportional
Solenoid

1650 psi
13 gal
28 gal

11300#

620.14 cu ft
725.0 cu ft

59" wWide
30" Deep
42" High

10:00 x 16.5
Mono Filled

2.41

Master/Slave w/Solenoid Override

107 atmos
49 liter
106 liter
5130 kg

17.56 cum
20,5 cum

149.9 cm
76.2 cm

106.7 cm
LT, 8 Ply

29 x 12:00-15, 6 Ply
"Super Tera Grip”
Air Filled (35psi)

11L-15SL, 6 Ply

"Maxi Trac"

Air Filled (35psi)
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40 MARKLIFT
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FIGURE 3.1 40 SPECIFICATIONS 7.1
MODEL 40
DESCRIPTION ENGLISH METRIC
Lift Capacity 800# 365 kg
Platform Maximum 42'-0" 12.76 m
Machine Height with
Platform Lowered 7'-6" 2.28 m
Machine Width 7'-0" 2.12 m
Length, Minimum 19'-0" 5.78 m
Wheel Base 96" 244 cm
Wheel Track 70" 178 cm
Turning Radius 16'-0" 4.86 m
Turret Rotation Continuous
Tail Swing 19" Past 48.26 cm
Wheels

Engine, Gasoline, Standard 30 HP Air Cooled
Travel Speed 1.6 mph 2.57 kph
Standard Controls: Drive Proportional ’

Swing Proportional

Raise Proportional

Extend Proportional

Steer Solenoid

Platform Leveling Master/Slave w/Solenoid
override
Hydraulic System Pressure 2300 psi 156 atmos
Fuel Tank Capacity 20 gal 76 liter
Hydraulic Tank 40 gal 152 liter
Weight 135004% 6124 kg
Shipping Cube 998.0 cu.ft. 28.25 cu. m.
Basket Dimensions 72" Wide 183.9 cm
30" Deep 76.2 cm
42" High 106.7 cm

Tires, Drive Wheels

Steering Wheels

29 x 12:00-15, 6 Ply
"Super Tera Grip"

Monofilled

111L-15SL, 6 Ply

"Maxi Trac,"
Monofilled




FIGURE 3,2
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FIRURFE 3.2 40RT SPECIFICATIONS 7.3
MODEL 40RT
DESCRIPTION ENGLISH METRIC
Lift Capacity 600%# 272 kg
Platform Maximum Floor Height 40'-0 12,19 m
Machine Height with Platform
Lowered 7'-6" 2.28 m
Machine Width 7'-0 2.13 m
Length, Minimum 22'-0" 6.71 m
Wheel Base 96" 244 cm
Wheel Track 70" 178 cm
Turning Radius 16'-0 4.86 m
Turret Rotation Continuous
Tail Swing 19" Past 48.26 cm
Wheels

Engine, Diesel, Standard

Travel Speed Low
High
Standard Controls: Drive
Swing
Raise
Extend
Steer

Platform Leveling

Hydraulic System Pressure
Fuel Tank Capacity
Hydraulic Tank

Weight

Shipping Cube

Basket Dimensions

Tires, Drive Wheels

Steering Wheels

30 H.P. Air Cooled

1.3 mph
3.2 mph

Proportional
Proportional
Proportional
Proportional

Solenoid

2300 psi
20 gal
40 gal
13500#%
1155 cu.
72" Wide
30" Deep
42" High

ft.

2.10 kph
5.15 kph

Master/Slave w/Solenoid

Override
156 atmos
76 liter
152 liter
6124 kg
32.68 cu.
183 cm
76.2 cm
106.7 cm

29 x 12:00-15, 6 Ply
"Super Tera Grip"
Monofilled

11L-15SL, 6 Ply
"Maxi Trac"
Monofilled

m
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g GENERAL INFORMATION

HYDRAULIC SYSTEM

A working knowledge of the hydraulic system facilitates
trouble shooting or adjustments by a mechanic. Therefore,
the information below, although general, will provide the

mechanic with such knowledge.

Each MARKLIFT contains a variable displacement hydraulic
piston pump capable of delivering 15 GPM at 3000 RPM. The
pump is both pressure and flow compensated. This combination
results in a highly effective, extremely controllable system.
The pump control has a load sensing port connected directly
to the control valve cylinder ports through a shuttle valve
system. The maximum pressure signal, therefore, is shuttled
directly to the sensing port, and the pump displacement is

automatically adjusted to the valve spool opening.

The load sensing system is automatically removed from the
hydraulic circuit during the engine start operations so as

not to create excessive starter drag.

The throttle is activated hydraulically directly from the
pump high pressure discharge, through a solenoid valve. The
ground control function switches actuate this solenoid valve
as well as direct oil to the proper function in the proper
direction. The throttle solenocid valve is energized, also,

by the foot switch in the work platform. The high and low




GENERAL INFORMATION 10

HYDRAULIC SYSTEM (continued)

throttle selector switch at the platform is wired in series
with the foot switch.

The proportional control valves require a small flow and
pressure signal constantly while the engine is running. This
supply is also tapped off the high pressure pump discharge
through a fixed orifice. This low pressure and flow system
is connected directly to the proportional control valve after
being filtered, and acts on the first stage pilot of the

control valve.

A satisfactory pilot line pressure is maintained constantly
at 325 psi t 25 psi. A capped test port has been provided

for a gauge. The gauge thread size is 7/16-20 straight thread.

A small needle valve is installed on the load sensing line
from the shuttle valve assembly to the sensing port on the
pump. This valve controls the horsepower required to operate
the functions of the MARKLIFT. With this valve closed and

a function actuated, nothing will move. Slightly open or
crack the needle valve, and the function will start to become
operative.

It should be noted, at this point, that pressure (psi) and
flow (gpm) are directly proportional to horsepower.

Since the pump is preset at 1650 psi, a relatively small

engine can deliver enough horsepower to drive the pump,




11 GENERAL INFORMATION

HYDRAULIC SYSTEM (Continued)

assuming the pump output flow is low enough. If the flow

is increased and the pressure maintained at 1650 psi, the
engine will burden under the load. If flow is increased
further, (by introducing another function) the pump could
eventually stall the engine. Therefore, when driving the
MARKLIFT over uneven terrain, meteringlback on flow is help-
ful in keeping horsepower requirements to a minimum. When
the unit is traversing flat, level ground, the pressure in

the drive system is minimal and flow may be increased to
obtain a faster rate of speed, without exceeding the engine
horsepower output. It is important on MARKLIFTS equipped with
all solenoid valve controls that the horsepower limiter valve
be carefully set and locked to prevent further tampering.
Solenoid valves are two position valves, either fully

closed or opened. The operator has no metering capabilities
with the use of such valves. Therefore, the horsepower limi-
ter valve must be carefully set so as not to stall the engine

during any single function in either direction.

The hydraulic oil is filtered on the return line from the
control valves to the tank. The element can be easily re-
placed. Allow the engine to run 2 minutes after changing
any filter elements. This enables filter cans to completely

fill automatically.

The MARKLIFT is designed to be towed in plant, only, and
NOT to exceed 10mph. The towing kit is available from the
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HYDRAULIC SYSTEM (continued)

factory as an option. Towing the MARKLIFT can be accomplished
by locking out the plantary drive hubs, and hydraulic steer-

ing. When hubs are disengaged, there are no wheel brakes.

Care should be taken to disengage on flat. level ground and

all precautions taken to prevent accidents.




13 GENERAL INFORMATION

ELECTRICAL SYSTEM

The MARKLIFT electrical system is very straight forward and
easy to trouble shoot due to it's simplicity. There are two
major junction boxes which also serve as the ground and aerial
control consoles. The source for the electrical system is

a 12 volt battery with a negative ground. All electrical
components operate directly from the source through either

switches or proportional controllers.

The ground control console houses the necessary switches for
starting and stopping the engine - a selector switch for iso-
lating either the ground or aerial control console, and the
reqﬁired toggle switches for moving the boom. The ground
console also contains a keyed ignition/start switch, as well
as an engine stop switch, ammeter and hour gauge.

When the selector switch is placed in the aerial position, the
electrical source is‘routed to the aerial control junction
box. The intent of the footswitch is to provide an additional
safety interlock in the control circuit to insure multiple
physical movement by the operator, thereby requiring maximum
operator attention. The function of the footswitch only com-
pletes the electrical cicuit to the aerial control console

and engine throttle. The footswitch, in no way, is directly
connected to the drive braking system. The footswitch has

the additional safety feature that, in the event of loss of

control by the operator, if he moves his foot from the switch,




GENERAL INFORMATION 14

ELECTRICAL SYSTEM (continued)

the brakes will be normally applied (see Page 19, Paragraph 14)
if the brake adjustment needle valve has not been readjusted.
Engine start and stop are independently wired around both the
selector switch and footswitch, making them operable any time

the master switch or ignition switch is on.

The aerial control console is equipped with all controllers
and switches necessary to operate the boom functions, as well
as drive and steer. It also contains a start/stop switch.

If your MARKLIFT is equipped with proportional control valves
for all boom functions, the aerial control console will con-
tain electrical controllers complete with manual lockouts.
The controllers are spring-centered and are designed to pro-
duce a variable output signal to the control valve. The
output signal is directly proportional to the handle movement
on the controller. The valve is electrically coupled to the
controller and responds only to the signal level transmitted

to it by the operator.

The operator must learn how to move the controller slowly to
obtain a smooth, erratic-free transition from start up to wide

open and back to neutral.




14,1 GENERAL INFORMATION

ELECTRICAL SYSTEM (continued)

The MARKLIFT 40 series Boom units have additional safety
systems for driving. When the unit is driven with the boom
extended or raised above horizontal, the unit speed is
automatically reduced by one half. A level sensor is also
automatically engaged and will activate a warning buzzer
and light if the unit is 5° or more out of level. The
level sensor also prevents any operation of the boom con-
trols at 5° or more out of level. When the unit is driven
to a slope of less than 50, the buzzer & light go off and

the boom controls become operable.




GENERAL INFORMATION 14,2

DUAL FUEL SYSTEM

MARKLIFT Boom units equipped with a dual fuel system allow

the operator to remotely select gasoline or propane operation, -
with a 3-position selector switch located on the aerial control
console. The selector switch energizes solenoid valves, which

close one fuel line and open the other.

ENGINE STARTING

The engine should be started with propane. The propane system

bypasses the fuel pump and carburetor bowl and supplies fuel ;
directly into the carburetor for quick starting. If the engine ’
has been run on propane and starting is done with gasoline, ;
more than normal cranking and battery drainage is required
for the fuel pump to fill the lines and carburetor bowl with i

gasoline.

ENGINE STOPPING ‘

The engine is stopped by pushing the red "STOP" button on the
ground or aerial console. The fuel selector switch does not
need to be moved to the "OFF" position; the eﬁgine may be
restarted with the ignition switch or aerial start button.
Prior to starting from ground console, check fuel selector

switch on aerial console for proper fuel source.

SWITCHING FROM PROPANE TO GASOLINE

With the engine running, step on the deadman footswitch and
position the throttle switch to "HI" speed. Switch fuel sel-

ector to gasoline. The engine will begin to stall as the
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SWITCHING FROM PROPANE TO GASOLINE {(continued)

carburetor bowl starts filling with gasoline. Switch back
to propane until the engine resumes high speed. Switch back
and forth from LPG to gasoline until the engine is running

smoothly on gasoline.

SWITCHING FROM GASOLINE TO PROPANE

With the engine running, step on the deadman footswitch and
position the throttle switch to "HI" speed. Switch fuel sel-
ector to "OFF". The engine will continue to run as it uses
fuel from the carburetor bowl. When the engine begins to
run roughly, allow it to run several seconds and switch to
propane. Switch throttle to "LOW" and release footswitch.
Let the engine idle for 20-30 seconds to completely burn up

any remaining gasoline in the bowl.




MARKLIFT 16

INSPECTION

and

CHECK OUT
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INSPECTION AND CHECK OUT

1)

2)

3)

4)

5)

6)

7)

8)

Visually inspect all exposed parts of the MARKLIFT.
Secure any loose bolts and nuts. Replace any damaged
hydraulic lines or broken wires. Check for any struct-
ural damage, including cut or damaged tires. Check tire

pressure. See specification sheets for each model.

Check o0il level in the engine.

Check hydraulic o0il level - sight gauge shows full with

unit in stowed position.

Fill fuel tank - use regular gasoline only or diesel fuel.

Open fuel valve on tank of L.P. equipped engines.

Check battery for 1200 t 50 reading on hydrometer. Charge

battery if reading is below 1100.

Check hydraulic valve panel for loose hardware and broken

fittings or tubing.

The ground control panel is accessible by opening the

turret cover opposite the engine side of the machine.

Start engine. Allow engine to warm up,




INSPECTION AND CHECK OUT 18

9)

10)

11)

After initial warm-up of gasoline engine, press engine
stop button making sure stop circuit is operational.

The engine switch may be left in the ON position in-
definitely if engine stop button has been pressed, with-
out fear of burning the engine points. However, should
the engine stall, the operator must either push the

stop button or turn off ignition switch to prevent

current path to coil.

Position selector switch to ground and operate switches,
moving as follows: Boom UP/DOWN, rotation RIGHT/LEFT,

and extend OUT/IN. Check for hose leaks.

After check-out of ground control functions, position
selector switch to AERIAL for operation at work plat-
form. Depress foot switch prior to moving any control
function switches. This increases engine RPM ( if
throttle HI/LO selector is positioned in HI), and

electically completes circuit to controls.

If your MARKLIFT is equipped with proportional controls
like the drive function, press foot switch, raise con-
troller locking device and gradually move controller in
direction selected. The controller handle is spring-
centered and self-locking to prevent inadvertent oper-

ation. Familiarize yourself with the operation of the
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12)

13)

14)

controller until you are able to start and stop each
function, forward and reverse, obtaining a gradual,

smooth movement.

THE TRAVEL OR DRIVE CONFIGURATION IS WITH THE STEERING
WHEELS UNDER THE BOOM. THIS PROVIDES THE BEST WEIGHT
DISTRIBUTION FOR MAXIMUM TRACTION. IF THE BOOM IS
ROTATED 180°, THE DRIVE AND STEER DECALS READ IN REVERSE.
THE FORWARD DECALS ATTACHED TO EACH END OF THE CARRIAGE
ASSEMBLY WILL HELP ORIENTATE THE OPERATOR TO THE CONTROL

CONSOLE.

A manually operated needle valve is installed under the

. cover between the drive wheels to provide a positraction

feature when closed. By opening the valve, the MARKLIFT
will perform with 100% differential action for in-plant

level ground.

Brake adjustments may be made by turning a small needle
valve (Page 44, Item 2). The valve is merely a time
delay for applying the brakes. With the valve completely

open, the time delay for applying the brakes is at a

minimum. The delay has been set between minimum and that

' time required to stop the machine in approximately three

feet on level ground.
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MARK INDUSTRIES

It shall be the responsibility of all users of the MARKLIFT

to read and comply with the following operating instructions.

They are designed to promote safety and a better understand-

ing of the operation of the self-propelled aerial platform.

These instructions do not propose to be all inclusive, nor -

to supplement or replace other additional safety and/or

precautionary measures covering usual or unusual conditions.

If these instructions conflict in any way with the state,

local or federal statute or regulations, said statute or

regulations shall supercede these instructions, and it shall

be the responsibility of each user to comply therewith, and

inform MARK INDUSTRIES of the variances.

1)

With seléctor switch in ground position, move boom across
transporter bed to attach platform, if required. Posi-
tion selector switch to aerial position and operate
MARKLIFT from platform. Familiarize yourself with the
control panel; raise boom slightly and rotate turret.

If your MARKLIFT is equipped with proportional control-
lers for all boom functions, the locking lever must be
lifted prior to moving the lever forward and reverse.
The footswitch completes circuit to controls and must be
pressed before attempting to move an}Iboom functions.

It is desirable to place the throttle toggle switch to
the high speed position when operating unit on grades or

inclines.
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2)

3)

4)

5)

Before unloading the MARKLIFT, the operator may check

the wheel braking system by slowly driving forward and

reverse. If done correctly and controller moved slowly

enough, the operator can feel when the brakes release

and the driving mode takes effect.

The drive brakes are automatically applied except when

drive controller handle is positioned in a driving mode,

forward or reverse. The deadman footswitch must be de-

pressed to activate control function handles or switches.

It is recommended that the MARKLIFT be moved into an area

free of any overhead obstructions on a flat,

level sur-

face with no hazardous irregularities or accumulation

of debris.

It is suggested that the operator familiarize himself

with the drive by raising the boom approximately 5 feet

off the ground prior to driving the unit.

He will soon

find that gradual starts and stops are relatively easy

to perform. Gradually raise the boom higher,

unit again until maximum height is established.

and drive

Remember, at all times, that the proportional signal

from the controller to the valve is controlled by the

operator. There is approximtely 3 degrees of "dead"

motion each side of the controller NEUTRAL position.
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MARKLIFT OPERATION

6)

7)

8)

The best operation position can be achieved by placing
the thumb over the knob of the controller and wrapping
the fingers loosely around the locking stem. Now, rest
the heel of the hand on the controller housing and apply
a downward motion with the thumb, making the index finger
l1ift the locking stem. Once the controller is disengaged
and moved foreward or reverse, the pressure on the thumb
may be omitted because the locking stem has engaged the
cam and cannot drop into the locking position until the

lever or handle is returned to the center position.

When moving the boom using two proportional functions,
remember that pressure times flow equal horsepower. If
the engine attempts to stall during multiple functions,
then the operator must learn to "feather" back on one
or both controllers to diminish pump output flow. An
immediate change in engine characteristics will occur
and engine will adequately continue to drive the pump
and boom functions will continue to move, although at a

lesser rate.

After the operator has spent less than 30 minutes prac-
ticing, he should be capable of smoothly starting and

stopping the machine on all proportional functions.
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26.1 MARKLIFT SAFETY

TITLE 8 DIVISION OF INDUSTRIAL SAFETY 358.38.113
{Register 73, No. 30-—7-28-73)

Article 88. Provisions for Preventing Accidents

Article 86. Provisions for Preventing Accidents Due to
Proximity to Overhead Lines

2946. Provisions for Preventing Accidents Due to Proximity to Over-
head Lines. (a) General. No person, firm, or corporation, or agent
of same, shall require or permit any employee to perform any function
in groximity to energized high-voltage lines; to enter upon any land,
building, or other premises and thereto engage in any excavation,
demolition, construction, repair, or other operation; or to erect, install,
operate, or store in or upon such premises any tools, machinery, equip-
ment, materials, or structures (including scaffolding, house moving,
well drilling, pile driving, or hoisting equipment) unless and until dan-
ger from accigental contact with said high-voltage lines has been effec-
tively guarded against.

(b) Clearances or Safeguards Required. Except where electrical
distribution and transmission lines have been de-energized and visibly
grounded or effective barriers have been erected to prevent physical
and arcing contacts with the high-voltage lines, the following provisions
shall be met:

(1) Over Lines. The operation, erection, or handling of tools,
machinery, apparatus, supplies, or materials, or any part thereof, over
energized high-voltage lines shall be prohibited.

(2) Equipment and Materials in Use. The operation, erection, or
handling of tools, machinery, equipment, apparatus, materials, or
supplies, or any part thereoz wia'xin the minimum ciearances from
energized lines set forth in Table X shall be prohibited.

Table X
Required Clesrances from Overhead High-Voitage Lines
Nominal voltage Minimum Required
(Phase to Phase) Clearance (Feet)
750 - 50,000 10

over 50,000 - 75,000 11

over 75,000 - 125,000 13

over 125,000 -~ 175,000 15

over 175,000 - 250,000 17

over 250,000 - 370,000 21

over 370,000 - 550,000 27

over 550,000 - 1,000,000 42

(3) Transportation or Transit. The transportation or transit of
any tool, machinery, equipment, or apparatus, or the moving of any
house or ‘other building in proximity to overhead high-voltage lines
shall be expressly prohibited if at any time during such transportation
or transit such tool, machinery, equipment, apparatus, or building, or
any part thereof, can come closer to high-voltage lines than the mini-
mum clearances set forth in Table Y.

40—76640
1276643
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358.38.114 INDUSTRIAL RELATIONS : TITLE 8
(Register 73, No. 30—7-28-73)

Article 88. Provisions for Preventing Accidents

Except where the boom of boom-type equipment is lowered and
no load is imposed thereon, the equipment in transit shall conform
to the minimum required clearances set forth in Table X.

Table Y
Required Clearances from Energized Migh-Voitasge Conductors
{While in Trensit)

Nominal Voltage Minimum Required
(Phase to Phase) Clearance (Feet)
750~ 50,000 6
over 50,000- 345,000 10
over 345,000- 750,000 16
over 750,000- 1,000,000 20

(4) Storage. The storage of tools, machinery, equipment, su
plies, materials, or apparatus under, by, or near energized high-volt-
age lines is hereby expressly prohibited if at any time during such
handling or other manipulation it is possible to bring such tools, ma-
chinery, equipment, supplies, materials, or apparatus, or any part
thereof, within the minimum required clearances from high-voltage
lines as set forth in Table X.

(c) The specified clearance shall not be reduced by movement due
to any strains impressed (by attachments or otherwise) upon the struc-
tures sugporting the high-voltage line or upon any equipment, fixtures,
or attachments thereon.

(d) Insulated cage-type boom guards, boom stops, insulating links, or
proximity warning devices may be used on cranes, but the use of such
devices shall not alter the required clearances set forth in Table X.

ie) Any overhead conductor shall be considered to be energized
unless and until the person owning or operating such line verifies that
the line’is not energized, and the%ine is visibly grounded at the work
site.

2947. Warning Signs Required. The owner, agent, or employer re-
sponsible for the operations of equipment shall post and maintain in
plain view of the operator and driver on each crane, derrick, power
shovel, drilling rig, hay loader, hay stacker, pile driver, or similar as:gg-
tatus, a durable warning sign legible at 12 teet readin\g: “Unlawful To
Operate This Equipment Within 10 Feet Of High-Voltage Lines of
50,000 Volts Or Less.”

In addition to the above wording, the following statement in small
lettering shall be provided on tﬁe warning sign: “For Minimum
Clearances of High-Voltage Lines In Excess of 50,000 Volts, See Article
86, Title 8, High-Voltage Electrical Safety Orders.”
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Every operator of the MARKLIFT must know, understand and

follow the safety rules set forth herein.

1) The MARKLIFT self-propelled aerial work platform is a
personnel lifting device, and it is essential that it be
properly maintained and operated to perform all func-

tions with maximum safety and efficiency.

2) The operation of any new and unfamiliar equipment can
be hazardous in the hands of untrained operators.
Only trained operators must be assigned to operate

the MARKLIFT.

3) It is the responsibility of the operator to be familiar
with the manufacturer's manual and to follow all recom-
mendations made. Never exceed manufacturer's recom-

mended platform load capacity.

4) It is the responsibility of the owner to instruct the
operators with the safety requirements made not only
by MARK INDUSTRIES, but by the various safety boards
in your area, as well as requirements set forth by ANSI

and OSHA.

5) The MARKLIFT is a non-insulated personnel carrier and
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must not be operated within 10 feet of a 50,000 volt

line. (See Page 26.1 for complete chart)

6) Remember, the load capacity of the MARKLIFT is total
combined weight of personnel and tools, fixtures, acces-

sories, etc.
7) Always distribute load evenly over platform floor area.

8) The MARKLIFT platform is equipped with safety belt rings.
A body belt for each person must be worn with the safety

strap attached.

9) It is recommended that head gear (hard hats) be worn by

all personnel in the work platform.

10) Under no circumstances should horseplay be tolerated.

Report any misuse of equipment to the proper personnel.

11) The MARKLIFT structure must not be used as a welding
ground. Disconnect both battery leads prior to performing

any welding operations.

12) DO NOT lean over platform guard railings to perform work.

13) DO NOT use ladders or scaffolding on the platform to

obtain greater height.
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14) DO NOT raise or lower boom into protruding objects.

15) DO NOT drive carriage or platform into stationary objects.

16) DO NOT store loose material in the work platform such
as pipe, rope, extension cords, wire and/or miscellaneous
boxes. If required to store such items, they must be
situated in such a way as to prevent walking and tripping
over such items.

17) DO NOT alter equipment in any fashion.

18) DO NOT override any hydraulic, mechanical, or electrical
safety devices.

19) DO NOT drive on uneven, sloping or soft terrain, as this
is hazardous and must be avoided. The MARKLIFT must not
be operated on more than a 5 degree out-of-plumb condition.

20) DO NOT work on platform if your physical condition is
such that you feel dizzy or unsteady in any way.

21) DO NOT jump start other vehicles using MARKLIFT battery.
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TOWING INSTRUCTIONS

30

TORQUE HUB MUST BE DISENGAGED FOR TOWING.
MAXIMUM TOWING SPEED IS 8 M.P.H.
TO DISENGAGE TORQUE HUB, REVERSE THE DISCONNECT

CAP. THE KNOB ON THE CAP DISENGAGES THE DRIVE REUB
INPUT SHAFT.

CAUTION: BRAKES ARE ALSO DISENGAGED!

HUB ENGAGED

HUB DISENGAGED
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TORQUE HUB LUBRICATION FIGURE 5

TYPE - EP 90

On normal application EP 90 should be used.

On applications where the lubricant must meet
special requirements, the manufacturer of the
lubricant should be able to recommend a suitable
substitute.

OIL TEMPERATURE

Continuous - 160°F
Intermittent - 200°F

OIL CHANGE

Initial - After 50 hours or 50,000 revolutions
of operation. Preferably in a loaded
condition.

Subsequent -~ 1000 hours or (1) year whichever
comes first. Higher temperatures
make it necessary to change o0il
more frequently.

OIL FILL LEVEL

Unit mounted horizontal - half-full
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'LUBRICATION

INSTRUCTIONS
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LUBRICATION GUIDE FIGURE &

10




FIGURE € LUBRICATION 34
ITEM DESCRIPTION LUBRICANT FREQUENCY
1 Swing Drive Gear 0il, SAE 90 Monthly
Gear Box
Gearing
2 Swing Drive Grease-Mobil Monthly
Gear Box VA6L36AG or
Bearings equivalent
3 Tie Rod Pin Grease-Mobil Monthly
VAG6L36AG
4 Ring Gear Grease-Mobil Monthly
VA6L36AG~ 4
zerks, rotate
gear while
greasing
5 Engine SAE 30 See ONAN Maint.
Manual
6 . Hydraulic Fluid Page 35 Yearly
7 Torque-Hub See Fig.5
Fage 31 &
8 Strainer - Yearly
9 Filter
_ Repl. every 100
Element hrs.
10 Filter Repl. every 100

Element

hrs.




35 HYDRAULIC SYSTEM FLUID FIGURE 7
OIL COMPANY Chevron Gulf Shell Union
ATF ATF ATF
Brand Name Dexron 11 Dexron 11 Donax-Té6 Dexron
Viscosity -
SUS @ 100°F 187.4 195 200 200
Sus @ 210°F 49.2 50.4 50 52.3
Viscosity
Index Typical 153° 155° 160° 172°
Flash Point °F  400° 405° 390° 3959
Pour Point °F -40° -50° -50° -45°
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21RT &
21S GENERAL ASSEMBLY

FIGURE 8




MODEL 21S & 21 RT

FIGURE 8 GENERAL ASSEMBLY 38
ITEM DESCRIPTION PAGE FIGURE
1. Base Assembly 41
2. Gear Box & Motor 45
3. Manifold 45
4. Turret Part No. 20230
5. Engine Group 47
6. Valve Plate Assembly 51
7. Battery (12V, 75 AMP-HR)
8. Lift Cylinder 59
9. Boom 71
10. Fork Part No. 20215
11. Platform Part No. 20235
12. Aerial Controls 75
13. Turret Cover (Right) Part No. 20303-1
14. Turret Cover (Left) Part No. 20303-2
15. L.P.G. System (Optional)
16. Electric Schematic 105
17. Hydraulic Schematic 101
18. Ground Controls 51
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30H, 30L & 30RT
GENERAL ASSEMBLY

FIGURE 9




MODEL 30H, 30L & 30RT
FIGURE 9 GENERAIL ASSEMBLY 40
ITEM DESCRIPTION PAGE FIGURE
1. Base Assembly 41
2. Gear Box & Motor 45
3. Manifold 45
4. Turret (Model 30L) Part No. 20232
4. Turret (Model 30H & 30RT) Part No. 20231
5. Engine Assembly 49
6. Valve Plate 53
7. Battery (12v, 75 AMP-HRS)
8. Lift Cylinder 59
9. Boom 73
10. Fork (Model 30L) Part No. 20306
10. Fork (Model 30H) Part No. 20216
11. Platform Part No. 20235
12. Aerial Controls 77
13. Turret Cover, Right Part No. 20330-1
(Model 30L)
13. Turret Cover, Right Part No. 20331-1
(Model 30H & 30RT)
14. Turret Cover, Left Part No. 20330-2
(Model 30L)
14. Turret Cover, Left Part No. 20331-2
{Model 30H & 30RT)
15. Master Leveling Cylinder 61
16. Electric Schematic 105
17. Hydraulic Schematic 103
18. Emergency Descent 58

19.

Motor & Pump

Ground Control Console 53
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40 & 40RT GENERAL ASSEMBLY

FIGURE 9.1




FIGURE 10

21 & 30

MODELS

CARRTAGE ASSEMBLY

41




FIGURE 10 CARRIAGE  ASSEMBLY 42
ITEM PART NUMBER DESCRIPTION QTY ITEM PART NUMBER DESCRIPTION QTY
1. 20250 Base Weld Assy 1 28 60511 Capscrew 1
2. 20353 Ring Gear 1 29. 20254 Steering Pin 1
3. 20320-1 Yoke Assy (RH) (21-30RT) 1 30 20483 Tie Down Ring 4
3A. 20709 Yoke Assy (RH) (40S Before 7/80) 1 31 20321 King Pi 2

. in in
4. 20320-2 Yoke Assy (LH) (21-30RT) 1 32 20323 Thrust Washer 4
4A. 20716 Yoke Assy (LH) (40S Before 7/80) 1 33 1/4 DIA x 2 1/2" Long Roll Pin
. 20578 k 2
5 57 Yoke 34. 20270 Pin 1
6. 3/4-10NC & Cap Screw 2 35 63359 Capscrew 2
7. 20576 Bushi 1
ushing 36. 63301 Lock Washer 2
. 20577 Pi 4
8 in 37. 20252 Pin 1
9. 20206 Hydraulic Cylind P 67 1
ydraulic Cylinder (Page ) 38. 60604 Bomalok 12
10. 20222 S ing A 1
teering Arm 39. 20350 Drive Hub 2
11. 20312 Towing Eye 1
40. 20354 Brake 2
12. 3/4" Lock Washer 4
41. Clamp 1
13. 3/4-10NC Hex Nut 4
/ ex Ny 42. 20352 Motor Model 21S & 30L 2
14. 1/8NPT G Zerk 4
/ rease Zer 42n. 20381 Motor Model 30H 2
15. 20322 Bushi 4
ushing 43. 20355 Accumulator 1
16. 65102-10272 Seal 2
44, 60348 Bomalok 4q
17. 65051 Beari Timk 1 <
earing Cone (Timken) a5, 20359 Flo Divider 1
18. Beari Timk 2
earing Cup (Timken) 46. 60515 Capscrew 2
19. Bearing C Timk 1
earing Cone (Timken) 47 60604 Bomalok Capscrew 10
20. 7/16~20NC Nut 12
/ Lug Nu 48. 63302 Lock Washer 1
21. 20514 Castle Nut 2
49. 61156 Lug Nut 18
22. 20513 Dust C 2
ust Cap 50. 20510 Hub 2
23. Cotter Pi 2
otter rin 51. 60702 Hex Nut 2
24. See Page 43 Tire 2
52. 60703 Hex Nut 2
25. See P 43 Ri 2
e Page im 53. 63319 Lock Washer 2
26. See P 43 Ti 2
ee Page ire 54, 20579 Tie Rod 2
27. See Page 43 Rim 2
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TIRES & RIMS

FIGURE 10

ITEM

24.

25.

26.

27.

24.

25.

26.

27.

24.

27.

MODEL

PART NUMBER

7:00 x 15LT
(75 PSI AIR)

20400

7:00 x 15LT

20398

MODEL 30H

10:00 x 16.5LT
(Mono-filled)

20399
10:00 x 16.5LT

(Mono-filled)

20397

MODEL 30L

10:00 x 16.5LT
(Mono~filled)

20399
10:00 x 16.5LT

(Mono-filled)

20421

21s

DESCRIPTION
Steering Tire
Super Hi Miler
Load Range D

Tire & Rim

Drive Tire

Custom Extra Grip,
Load Range D

Tire & Rim

Steering Tire
Super Hi Miler
Load Range D

Tire & Rim
Drive Tire
Super Traction Tread,

Load Range D

Tire & Rim

Steering Tire
Super Hi Miler
Load Range D

Tire & Rim
Drive Tire
Super Hi Miler

Load Range D

Tire & Rim

OTY

ITEM

24.

25.

26.

27.

24.

25.

26.

27.

24,

25.

26.

27.

MODEL 21RT & 30 RT

PART NUMBER

11L-158L, 6 Ply
(35 PSI AIR)

20714

29 x 12:00-15, 6 ply
('35 PST AIR)

20715

MODEL

11L-158L, 6 ply
{mono~-filled

20713

29 x 12:00-15, 6 ply
(mono-filled)

20712

DESCRIPTION

Steering Tire
"Maxi-Trac"

Tire & Rim

Drive Tire
"Super Tera Grip"

Tire & Rim

Steering Tire
"Maxi-Trac"

Tire & Rim

Drive Tire
"Super Tera Grip”

Tire & Rim

MODEL 40RT

11L-15SL, 6 ply
{mono-filled)

20713

29 x 12:00-15 6 ply
(mono-filled)

20711

Steering Tire
"Maxi-Trac"

Tire & Rim

Drive Tire
"Super Tera Grip"

Tire & Rim

QTY
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FIGUR

GEAR BOX & MANIFOLD

LM




FIGURE 1Z

R

ALD MANIFOLD ug

ITEM

10.

11.

12.

13.

14.

PART NUMBER

20362
20488
20339
20301
20249
16838
16159
66160
66175
66440
66534
66535
15245
66505

66752

DESCRIPTION
Gear Box
Hydraulic Motor
Manifold (Model 30L & 30H)
Manifold (Model 21S & 21RT)
Pinion
Output Shaft
Cover Gasket
Output Seal
Cover
Bearing
Bearing
Bearing
Bearing
Input Cap

Housing
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21RT &
21S ENGINE

GROUP

FIGURE 13




FIGURE 9.1 40RT GENERAL ASSEMBLY 40,2
ITEM DESCRIPTION PAGE
1. Diesel Engine (40RT) 50.1
2. Drive Details 50.1
3. Cover Assembly Part N°. 20775
4. Cover Assembly Part NO. 20827
5. Boom Assembly 73
6. Raising Cylinder 59
7. Hydraulic System 54.1
8. Gear Box Assembly 54.1
9. Tires & Rims 43
10. Basket Part N©. 20538
11. Controls 77 & 79
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30L & 30H ENGINE GROUP

FIRURE 14
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FIGURE lq 30L AND 30H ENGINE GROUP 50
ITEM PART NUMBER DESCRIPTIOCN
1. 20506 Engine (20 H.P.)
2. . 20361 Pump
3. 20328 Pump Adaptor
4. 20198 Coupling
(See Item 14, 15, 16)
5. 20377 0il Cooler
6. 20300 Muffler
7. 20585 Voltage Regulator
8. 160 Fuel Filter
9. 66411 " Automatic Choke
10. 20587 _ Starter Relay
11. 12000 Fuel Cut~-Off Valve
12. 20364 Throttle Actuator
13. 20487 Exhaust Manifold
14. 20927 Half Jaw Coupling Engine
15. 20930 Cushion Block
16. 20925 Half Jaw Coupling Pump
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40 RT DIESEL

FIGURE 14.1




50.2

40RT DIESEL

FIGURE 14,1
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21RT & 21S VALVE PLATE

ASSEMBLY

FIGURE 15
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21RT &
21S VALVE PLATE ASSEMBLY

FIGURE 15
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30RT,
30L & 30H VALVE PLATE

FIGURE 16
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30L & 30H VALVE PLATE 54

FIGURE 16 30RT,
ITEM PART NUMBER DESCRIPTION
1. 20482 Selector Switch
2. 20481 Boom Raisina Switch
3. 20481 Boom Swing Switch
4. 405 Ignition Switch
5. 20480 Circuit Breaker
6. 4011 Stop Switch
7. 20572 Ammeter
8. 20571 Hour Meter
9. 20394 Proportional Valve
10. 12v, 75 AMP - HR Battery,
11. 20365 Holding Valve
12. 20372 Solenoid Valve
13. 20376 Emergency Descent Valve
14. 20368 Filter
15. 7/16-20 Pilot Pressure Check
le6. 20481 Boom Extend Switch
17. 20375 Battery Clamp
18. 20357 Needle Valve -
19. 20357 Needle Valve
20. 7/16-20 Thread Pump Pressure Check
21. 20366 Flow Control Valve

*See Page 55 For Back of Valve Plate

*See PacelO3For Hydraulic Schematic

*See Paacel05For Electric Schematic
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40RT HYDRAULICS
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FIGURE 16.1

40RT HYDRAULICS

54,2

ITEM

10.

11.

12.

13.

14.

15.

l6.

17.

18,

PART NUMBER

20519
20726

20739
20725

20517
20520

20339
7/16-20thread
20357
7/16-20Thread
20372
20394
20767
20391
20516
20366
20368
20384
20378
20367

20365

DESCRIPTION

Gear Box (Durst)
Gear Box (Braden)

Pinion (Durst)
Pinion (Braden)

Motor (Durst)
Motor (Braden)

Rotary Union

Low Pressure Check
Needle Valve

High Pressure Check
Solenoid Valve
Proportional Valve
2 Speed Valve

Pilot Check Valve
Relief Valve

Flow Control

Filter (20472 element)

Emergency pump

Unloading Valve

Filter (20477 element)

Holding Valve

QUANTITY
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VALVE PLATE BACK

FIGURE 17




FIGURE

17

VALVE PLATE BACK

56

ITEM

PART NUMBER DESCRIPTION

20367 ' Filter

20376 Emergency Descent
20357 Needle Valve
20378 Valve

20477 Element




FIGURE 18 20384 EMERGENCY DESCENT 58




BOOM LIFT CYLINDER




FIGURE 19

BOOM LIFT CYLINDER 60

ITEM

PART NUMBER
20205
20365

20348

DESCRIPTION
Cylinder
Load Holding Valve

Bleed Down Orifice

*SEE PAGE 66 FOR CYLINDER SEAL KIT
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20303 HYDRAULIC BASKET
LEVELING CYLINDER (MASTER)

FIGURE 20
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FIGURE 20’ |

ITEM

N

9. 66476

Items 1 thru 6 available as Seal Kit number 20128

20303 HYDRAULIC BASKET
LEVELING CYLINDER (MASTER)

DESCRIPTION

Rod Wiper

Rod Seal

"Oll Ring

Back Up Ring

"O" Ring

Piston Seal

Snap Ring

Bushing

Rod Assy

QUANTITY




20204 HYDRMULIC BASKET
LEVELING CVYLINDEP (SLAVE) FIGURE 21




20204 HYDRAULIC BASKET
FIGURE 21 LEVELING CYLINDER (SLAVE) 64
ITEM DESCRIPTION QUANTITY
1. Rod Wiper 1
2. Rod Seal 1
3. "O" Ring 1
4. Back Up Ring ‘l
5. "O0" Ring 1
6. Piston Seal 2
7. Snap Ring 1
8. 66465 Bushing 2
9. 66789 Rod Assy 1

Items 1 thru 6 available as Seal Kit number 20128
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20205 HYDRAULIC RAISING
CYLINDER

FIGURE 22




20205 HYDRAULIC LIFT
FIGURE 22 CYLINDER 66

ITEM DESCRIPTION QUANTITY
1. Rod Wiper 1
2. "0"-Ring 1
3. Back up Ring 1
4. Rod Seal 1
5. "O"-Ring 1
6. Seal 2
7. Snap Ring 1
8. Bushing 2
9. 66467 Rod Assy 1

10. 66474 Head 1

Items 1 thru 6 available as Seal Kit number 20126




&7

20206 STEERING CYLINDER
20728 STEERING CYLINDER

FIGURE 23
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FIGURE 23 Loatg Sromne cpmen o
ITEM DESCRIPTION QUANTITY
1. Rod Wiper 1l
2, Rod Seal 1
3. "O"-Ring 1
4. Back Up Ring 1
5. "O"-Ring 1
6. Piston Seal 1
7. Back Up 1
8. Snap Ring 1l
9. 66464 Rod Assy (20728) 1

10. 66541 Head (20728) 1
11. 16279 Bushing (20728) 4
MODELS 21 RT, 21S, 30H, 30L & 30RT

Items 1 thru 6 available as Seal Kit number 20125

MODELS 40

& 40RT

Items 1 thru 6 available as Seal Kit number 20588
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20207, 20404 & 20727
EXTENDING CYLINDER

FIGURE 24
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20207, 20404 & 20727

FIGURE 24 EXTENSION CYLINDER 70
ITEM DESCRIPTION QUANTITY
1. Rod Seal
2. "0"~-Ring
3. Back Up Ring
4. "O"-Ring
5. Seal
6. Rod Wiper
7. Rod Bearing
8. 66459 Head (20207)

9. 66460 Rod (20207)
10. 66461 3 1/2" Piston (20727)
11. 66475 Piston (20707)
12. 66549 Rod Assy (20707)
13. 66882 Bushing (20727 - 24DV16)

Items 1 thru 6 available as Seal Kit number 290127
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21RT & 21S BOOM ASSEMBLY

FIGURE 25




21RT & 218 BOOM ASSEMBLY

72

FIGURE 25
ITEM PART NUMBER DESCRIPTION QUANTITY
1. 20220 Boom 1
2. 20582 Bushing 2
3. 20574 Bushing 2




FIFURE 26

40 & 40RT

30L,
BOOM ASSEMBLY

30H,

/3




30H, 30L, 40 & 40RT
FIGURE 26 BOOM ASSEMBLY 74
ITEM PART NUMBER DESCRIPTION QUANTITY
1. 20432 Outer Boom (30L)
20219 Outer Boom (30H)
20733 Outer Boom (40 & 40RT)
2. 20404 Extending Cylinder
(page 69, 30L)
20207 Extending Cylinder
(page 69, 30H)
20728 Extending Cylinder
(page 69, 40 & 40RT)
3. 20280 Wear Pad (top)
4. 20266 Trunnion Pin
5. 20282 Wear Pad (side)
6. 20284 Wear Pad (bottom)
7. 20454 Wear Pad (side)
8. 20453 Pressure Plate
9. 20452 Pressure Plate
10. 5/16NCx3/4"LG HEX Head Cap Screw
11. 1/2NCx1" LG Socket Head Set Screw
12. 1/2NC HEX Nut
13. 20218 Inner Boom Assembly
(30L)
20181 Inner Boom Assembly
(30H)
20734 Inner Boom Assembly
(40 & 40RT)
14. 20262 Pin
15. 20204 Leveling Cylinder (p.64)
16. 20582 Bushing
17. 20268 Eccentric Bushing
18. 20267 Pin
19. 5/16" Lock Washer
20. 20583 Bushing
21. 20281 Wear Pad (bottom)
22. 21784 Boom to Turret
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21RT & 21S AERIAL CONTROLS

FIGURE 27




FIGURE 27 1

21RT & 21S AERIAL CONTROLS

7€
ITEM PART NUMBER DESCRIPTION
1. 20380 Control Station
2. 20379 Foot Switch
3. 4011 Emergency Descent
4. 20584 Throttle, Hi-Lo
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30H, 30L, 40 & 40RT
AERIAL CONTROLS

FIGURE 28




FIGURE 28

30H, 30L, 30RT, 40 & 40RT 78

AERIAL CONTROLS

PART NUMBER
20392
20379
4011

4011
20584

DESCRIPTION
Control Station
Foot Switch
Emergency Descent
Emeraency Retract

Throttle, Hi-Lo

Aerial Junction Box




79

CONTROLLER FIGURE 28,1

20479  KNOB

20581 CONTROLLER LOCK-0UT

20597  GASKET
20598 GASKET (CENTER COVER)

20580 POTENTIOMETER ASSEMBLY
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81 PREVENTIVE MAINTENANCE

This preventive maintenance information is intended as a gen-
eral guide line which may be expanded by the owners normal

maintenance program.

Mark Industries recommends the following items be checked:

WEEKLY

1. Clean unit by removing oil
and grease with thinner.
Machine may be washed with
soap and water.

2. Operation and safety
decals in place and
legible

3. Tire pressure at 75 P.S.I.
(except filled tires)

4., Tire condition (free of
serious cuts or defects)

5. Proper engine oil level
6. Proper hydraulic oil level
7. Air cleaner (ONAN Main-

tenance Instructions)

MONTHLY, OR FIRST 50 HOURS

1. Check and lube, if
necessary

2. Check condition of
battery

3. Change engine oil filter

4., Change hydraulic return
0il filter

5. Check ring gear bolt
for torque - 175 LBS/FT
Turret, 87 LBS/FT Base.
Torque values are with
lubrication.

10.

11.

12.

13.

14.

Battery electrolyte level
Battery fully charged
Fuel level, daily

Check and lube, if neces-
sary. See page 33.

Engine RPM should be
3000.

Proper brake operation

Record hour meter reading.

Check torgue-hub oil
level (See Page 31)

Check air cleaner

Check on level, rotation
gear box.




PREVENTIVE MAINTENANCE 82

SIX MONTHS, OR 100 HOURS

1. Check and lube, if
necessary

2. Change control pressure
oil filter (Item 14,
Page 51 and 53 )

3. Change engine oil filter

ANNUALLY

1. Repack all wheel
bearings

2. Change hydraulic oil

Change hydraulic return oil
filter (Item 1, Page 55)

Check torque-hub o0il level

Check ring gear bolts for
torque.




TROUBLE SHOOTING GUIDE

83 INDEX
ENGINE WILL NOT START OR RUN.....vevvenneennnennnnnns 85
NO ENGINE HIGH SPEED......ceuvuvveuneennnennnnnnn .....86
NO ENGINE IDLE. .. .uueuneunennneneenncnnennaennennnsn 87"

NO FUNCTIONS OPERATE FROM
AERIAL CONTROL CONSOLE. ...ttt teeeeceeeonsesncnonnnns 88

NO FUNCTIONS OPERATE

FROM GROUND CONSOLE. .ttt vttt ittt i e cieneeonnnanananas 89
NO BRAKES OR SLOW RESPONSE. ... .citi ittt eeeenness 90

ENGINE DIES UNDER LOAD. ..ttt ettt ieeeeceesecosnsssnses 91

LOW DRIVE TORQUE. . . i ittt it ittt it iteecnananeoannans 92




TROUBLE SHOOTING GUIDE gL
INDEX |

FUNCTIONS TOO SLOW
OR TOO FAST.......... K

DIESEL WILL NOT START OR RUN.........cc000eessee.. 94

HYDRAULIC MOTOR. s v i vttt vevesonncooccennencncacess 95
NO DRIVE SPEED VARIATION..... et eereeaesaaaaae.. 96
HYDRAULIC PUMP. ... vvununnnnn. e ceeeea. 97

SUGGESTED SPARE PARTS......viceeeasecssccseassaes 99

HYDRAULIC CIRCUIT, MODEL 21RT & 21S.....c000eunu-.. 102

HYDRAULIC CIRCUIT, MODEL 30L & 30H.......c00.....104

HYDRAULIC CIRCUIT, MODEL 40....c0c0ceevoassasesssl07

HYDRAULIC CIRCUIT, MODEL 40RT........c...... e eenn 109

ELECTRICAL CIRCUIT, MODEL 21RT, 21S, 30L & 30H...105

ELECTRICAL CIRCUIT, MODEL 40........ ceeeanenanae .111
ELECTRICAL CIRCUIT, MODEL 40RT.....ccccevesccssss 113
ONAN ENGINE.......... et et e s eee e iee e ceesan 115
WISCONSIN ENGINE. ..ttt enneneneennennenenennn 115
BERTEA VALVE. ...ttt tit it titeerennenennnneaennenns 115




FIGURE 29

TROUBLE SHOOTING
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TROUBLE SHOOTING

FIGURE 30
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FIGURE 31

TROUBLE SHOOTING
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TROUBLE SHOOTING

FIGURE 32
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FIGURE 33

TROUBLE SHOOTING
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TROUBLE SHOOTING

FIGURE 34
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FIGURE 35

TROUBLE SHOOTING
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TROUBLE SHOOTING

FIGURE 36
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FIGURE 37

TROUBLE SHOOTING
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TROUBLE SHOOTING

FIGURE 38
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FIGURE 39

TROUBLE SHOOTING

p

AYOLIVS
1IMSNOD
|
AUVLINYTA 0L DIvHE WOd4
ON NV AVYE 0L YOLOW WOY o
. EVTRAN mro S1¥vd
~ 05y IATLI3330 404 XO3H) - sy3y — ON ————————— 313430
_ LEELY ANV HOLOW IATY0 IAOWIY V4N
i
uNIQY38 1Sd
0591 404 3uNvY WNSSIUd ,
e HOTH YD) ONY §3OKITAD — |
IITHVHTAH ANY o100 WOLLUE..
$3A
| 07 WaL[ hS'd
N 390¥9 1S4 000§
Oy~ T HLIM L¥0d D1 INVHGAN
SSd HSTH ¥IIH)
$3A
1ndLiiu [ K1 T33HM @1ddv S QY01 NIHK
HOLOW 01 X08 AWYLINVTd - o — N0 33434 NI GINOILISOd 10N $Sd0LS YU HMOG SHOTS 1nd
9Y93 01 JSIQ 3LVLON NI S1 2514 YNISYONI NS 39 oL G30YOINN JTIHM TITHA SNANL

JATYA TIIHM AUYLINVd ADIHD dOLOW JATYE JIINVYQAH




96

TROUBLE SHOOTING

FIGURE 40
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FIGURE 41

TROUBLE SHOOTING
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PUMP STARTING PROCEDURE

98

Fill the pump half full of system
0il and complete installation.
Check all fittings to be sure they
are tight.

Fill o0il reservoir with ATF Dexron II.

Start engine and run at low idle.

The pump should immediately pick
up oil and fill system, if there
is no indication of fill in 60
seconds, stop engine and deter-
mine cause.

After system starts to show signs
of fill, operate control valve to
purge system. Continue to operate
system slowly with no load until
system responds fully.

Check fluid lines for leaks.
Tighten if necessary.

Check reservoir fluid level and
add if necessary.

Machine is now ready to operate.




99

SUGGESTED SPARE PARTS

8.

9.
10.
11,
12.
13,
14.
15,

PART NUMBER
20477

20472

20369

20125
20126
20127

20128

20480
20481
20482
20356
20580
20597
20598
20581

DESCRIPTION

Filter Element,
return line

Filter Element,
low pressure

Filter, Sump

Seal Kit,
Steering Cylinder

Seal Kit,
Raising Cylinder

Seal Kit,
Extension Cylinder

Seal Kit,

Master & Slave Leveling
Cylinders

Circuit Breaker

Toggle Switch

Toggle Switch

Shuttle Valve
Potentiometer Assembly
Gasket

Gasket

Lock=-out
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HYDRAULIC
AND
ELECTRIC

SCHEMATICS
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215 & 21RT HYDRAULIC CIRCUIT

FIGURE 38

et




21S & 21RT HYDRAULIC CIRCUIT 102

ITEM

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

PART NUMBER

20361
20367
20385
20369
20357
20378
20364
20366
20368
20395
20372
20371
20351
20206
20356
20357
20488
20378
20365
20348
20205
20376
20355
20359
20354
20352
20436
20370
20358
20357

DESCRIPTION

Pump
Filter

Radiator

Filter

Needle Valve
Solenoid Valve
Throttle Control
Flow Control
Filter
Proportional Valve
Solenoid Valve
Solenoid Valve
Double Pilot Check
Steering Cylinder
Shuttle Valve
Needle Valve
Hydraulic Motor
Solenoid Valve
Holding Valve
Fixed Orifice

Lift Cylinder
Solenoid valve
Accumulator

Flow Divider
Brake

Hydraulic Motor
Needle Valve
Needle Valve
Needle Valve
Needle Valve




30L & 30H HYDRAULIC

CIRCUIT
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30L & 30H HYDRAULIC CIRCUIT
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ITEM

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
|31.
32.

PART NUMBER

20361
20367
20385
20369
20357
20378
20357
20366
20368
20357
20358
20394
20372
20351
20206
20303
20365
20351
20304
20355
20354
20359
20365
20205
20207
20488
20381
20370
20436
20402
20378
20356

DESCRIPTION

Pump

Filter

Radiator

Filter

Needle Valve
Solenoid Valve
Throttle Control
Flow Control
Filter

Needle Valve
Needle Valve
Proportional Valve
Solenoid Valve
Check Valve '
Steering Cylinder
Master Cylinder
Holding Valve
Check Valve
Slave Cylinder
Accumulator
Brake

Flow Divider
Holding Valve
Raising Cylinder
Extension Cylinder
Hydraulic Motor
Hydraulic Motor
Needle Valve
Needle Valve
Holding Valve
Solenoid Valve
Shuttle Valve
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MODELS 21 & 30 ELECTRICAL SCHEMATIC
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ELECTRICAL PARTS 106 ‘

10.
11.

12.

PART NUMBER DESCRIPTION

20572 Ammeter

20480 Circuit Breaker

405 Ignition Switch

20585 Voltage Regulator

20379 Foot Switch

20584 Hi-Lo Selector

20573 Latching Relay

20571 Hour Meter

4011 Emergency Retract &
Descent

20104 Power Outlet Option
Controller

4078 Beacon Light
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MODEL 40 HYDRAULIC CIRCUIT
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MODEL 40 HYDRAULIC CIRCUIT 108

13.
14.
15.
l6.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

PART NUMBER DESCRIPTION

20801 Pump

20757 Hydraulic Tank

20367 Filter (20477 element)
20377 0il Cooler

20384 Emergency Pump

20378 Unloading Valve

20728 Steering Cylinder

20376 Emergency Descent

20339 Rotary Union

20354 Brake

20381 Motor (Drive)

20520 Motor (Braden) (Rotation)
20517 Motor (Durst)

20762 Proportional Valve
20391 Pilot Check

20516 Relief Valve

20357 Needle Valve

20372 Solenoid Valve

20368 Filter (20472 element)
20365 Holding Valve

20359 Flow Divider

20205 Lift Cylinder

20303 Master Leveling Cylinder
20304 Slave Leveling Cylinder
20727 Extending Cylinder
20402 Holding Valve

20351 Holding Valve




MODEL 4ORT HYDRAULIC CIRCUIT
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MODEL 40RT HYDRAULIC CIRCUIT 110

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

PART NUMBER

20801
20757
20367
20377
20384
20378
20728
20376
20339
20354
20800
20520
20517
20762
20391
20516
20357
20372
20368
20365
20359
20205
20303
20304
20727
20402
20351
20767
20719

DESCRIPTION

Pump

Hydraulic Tank

Filter (20477 element)
0il Cooler

Emergency Pump
Unloading Valve
Steering Cylinder
Emergency Descent
Rotary Union

Brake

Motor

Motor (Braden)

Motor (Durst)
Proportional Valve
Pilot Check

Relief Valve

Needle Valve

Solenoid Valve

Filter (20472 element)
Holding Valve

Flow Divider

Lift Cylinder

Master Leveling Cylinder
Slave Leveling Cylinder
Extending Cylinder
Holding Valve

Holding Valve

2 Speed Valve

Shift Cylinder
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MODEL 40 ELECTRICAL CIRCUIT
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ONAN ENGINE

WISCONSIN ENGINE

BERTEA VALVES




2662 East Del Amo Boulevard, Carson, CA 90746

m MARK INDUSTRIES

Post Office Box 720, Long Beach, CA 90801 0
—

OPERATING
AND
MAINTENANCE
INSTRUCTIONS

CCKB

ENGINE

DNAN 1400 73RD AVENUE N.E. * MINNEAPOLIS, MINNESOTA 55432
A DIVISION OF ONAN CORPORATION

Printed in U.S. A, ISSUE DATE

FORM NUMBER 5-7

927-0151 (SPECJ)




S

ENGINE SAFETY PRECAUTIONS

It is recommended that you read your engine manua! and
become thoroughly acquainted with your equipment before
you start the engine.

Thls symbol is used

throughout this manual to
warn of possible serious personal injury.

This symbol refers to possible
equipment damage. ‘

Fuels, electrical equipment, batteries, exhaust gases and
moving parts present potential hazards that could result in
serious, personal injury. Take care in following these
recommended procedures.

Safety Codes

e All local, state and federal codes shouid be consulted
and complied with.

General

* Provide appropriate fire extinguishers and instali them
in convenient locations. Use an extinguisher rated ABC
by NFPA.

¢ Make sure that ail fasteners on the engine are secure.
Tighten supports and clamps, keep guards in position
over fans, driving belts, etc.

¢ [f it is necessary to make adjustments while the engine
is running, use extreme caution when close to hot
exhausts, moving parts, etc.

Protect Against Moving Parts

¢ Do not wear loose clothing in the vicinity of moving
parts, such as PTO shafts, flywheels, blowers,
couplings, fans, belts, etc.

e Keep your hands away from moving parts.

Batteries

e Before starting work on the engine, disconnect
batteries to prevent inadvertent starting of the engine.

e DO NOT SMOKE while servicing batteries. Lead acid
batteries give off a highly explosive hydrogen gas which
can be ignited by flame, electrical arcing or by smoking.

e Verify battery polarity before connecting battery
cables. Connect negative cable last.

Fuel System

¢ DO NOT fill fue! tanks while engine is running, unless
tanks are outside engine compartment.

e DO NOT smoke or use an open flame in the vicinity of
the engine or fuel tank. Internal combustion engine
fuels are highiy flammable.

* Fuel lines must be of steel piping, adequately secured,
and free from leaks. Piping at the engine shouid be
approved flexible line. Do not use copper piping on
flexible lines as copper will work harden and become
brittle enough to break.

e Be sure all fuel supplies have a positive shutoff valve.

Exhaust System

e Exhaust products of any internal combustion engine
are toxic and can cause injury, or death if inhaled. All
engine installations, especially those within a confine,
shouid be equipped with an exhaust system to dis-
charge gases to the atmosphere.

¢ Do not use exhaust gases to heat a compartment.

e Make sure that your exhaust system is free of leaks.
Ensure that exhaust manifolds are secure and are not
warped by bolts unevenly torqued.

Engine Exhaust Gas (Carbon Monoxide) is Deadly!

Carbon monoxide is an odorless, coloriess gas formed by
incomplete combustion of hydrocarbon fuels. Carbon
monoxide is a dangerous gas that can cause un-
consciousness and is potentially lethal. Some of the
symptoms or signs of carbon monoxide inhalation are:

e Dizziness * Vomiting

¢ intense Headache ® Muscular Twitching

* Weakness and Sleepiness  ® Throbbing in Temples

If you experience any of the above symptoms, get out into
fresh air immediately.

The best protection against carbon menoxide inhalation is
a regular inspection of the complete exhaust system. If you
notice a change in the sound or appearance of exhaust
system, shut the unit down immediately and have it
inspected and repaired at once by a competent mechanic.

Cooling System

¢ Coolants under pressure have a higher boiling point
than water. DO NOT open a radiator pressure cap while
the engine is running. Bleed the system pressure first.

Keep the Unit and Surrounding Area Clean

e Make sure that oily rags are not left on or near the
engine.

e Remove all oil deposits. Remove all unnecessary grease
and oil from the unit. Accumulated grease and oil can
cause overheating and subsequent engine damage and
may present a potential fire hazard.
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Fig. 20

ing the flywheel shroud to the lower cylinder shrouds
and cylinder heat deflectors, then remove the screws
holding the flywheel shroud to gear cover.

On power units, remove the front end panel together
with flywheel shroud. Remove the rear end panel
complete with fuel tank. Balance of shrouding can
now be readily removed.

In Reassembly; use the thin head capscrews, for
mounting the flywheel shroud, in the two holes close
to the horizontal centerline. This is for stator clear-
ance on engines with flywheel alternator.

FUEL TANK

If a side mount fuel tank is used, disconnect fuel
line and remove tank assembly as illustrated in
Fig. 20.

CARBURETOR AND MANIFOLD

The carburetor and manifold can be removed as a
complete unit. In reassembly; tighten the manifold
nuts to 18 ft. Ibs. torque. Tightening beyond specifi-
cations may cause the flanges to break.

19

CYLINDER HEAD

The cylinder head must be removed if it is necessary
to regrind valves, or to work on the piston, rings or
connecting rods. All of the cylinder head screws are
plainly in view and can be easily removed. Screws of
different lengths are used but these can be properly
reassembled according to the various lengths of
cylinder head bosses.

In reassembly; remove all carbon and lead deposits
from combustion chamber, It is recommended that new
cylinder head gaskets be used as the old gaskets will
be compressed and hard and may not seal properly.
Use a mixture of graphite and oil onthe cylinder head
screws to prevent them from rusting tight against the
cylinder block. Tighten cylinder head screws to 24
ft. Ibs. torque in the sequence shown in Fig. 2/.
After complete assembly and engine is run in, re-
torque head screws.

Fig. 21

GEAR COVER

Disconnect the governor linkage and remove governor
housing and gear-flyweight assembly from shaft in
gear cover, Take out the ten gear cover capscrews
and drive out the two dowel pins as shown in Fig. 23.
The cover can then be taken off — exposing the gear
train as illustrated in Fig. 24,

MI-514.3



In reassembly; inspect crankshaft oil seal and re-
place if necessary. Be sure that oil sling is in place
on crankshaft, then mount gear cover using a new
flange gasket. Tap the two dowel pins in place and
mount capscrews. Tighten screws 14 to 18 ft. Ilbs.
torque.

CAMSHAFT GEAR

If it is necessary that the camshaft gear be removed,
first pry oil sling off crankshaft, and remove thrust
plunger and spring from end of camshaft. Take out
the three capscrews and lockwashers, and remove
gear from camshaft using a screw driver or similar
wedge tool.

The camshaft gear has offset mounting holes to pro-
vide accurate assembly for valve timing. The gear can
only be puton the correct way for matching up the tim-
ing mark with that of the crankshaft gear. See Fig. 24.

IDLER GEAR AND SHAFT

A tapped hole in the side of the crankcase contains
a setscrew for locking idler shaft in place. See Fig.
5. Remove screw with a 5/32” Allen wrench. Dis-
assemble shaft and gear from case by means of the
3/87-16 tapped puller hole in end of idler shaft.

In reassembly; be sure oil groove in shaft is facing
up. Drive shaft into crankcase with soft metal ham-
mer and maintain a .003 to .004 inch clearance be-
tween idler gear and shoulder of shaft. Lock shaft in
place with the Allen set screw.

OiL PAN

The engine can now be inverted so that the supports
and oil pan can be removed, see Fig. 26.

In reassembly; tighten oil pan mounting screws, 6 to,
¢ foot pounds torque.

OIL PUMP (Fig. 27)

Remove locknut and driver gear from shaft. If gear is
too tight to remove by hand, use a puller, hammering
on end of shaft to loosen gear will damage pump.

Take out slotted pipe plug from bottom of crankcase.
By means of a 5/32 inch Allen wrench, remove lock-
screw from pipe plug hole. Withdraw oil pump from in-
side crankcase. If pump fits too tight to remove by
hand, tap front of pump housing (not shaft), with ham-
mer and brass rod.

PISTONS and CONNECTING RODS (Figs. 28, 29, 32)

By means of a 1/2” socket wrench, loosen and remove
the hex locknuts from connecting rod bolts. Then, by
tapping the ends of the bolts lightly, the connecting
rod cap will break free from the bolts.

Scrape off all carbon deposits that might interfere with
removal of pistons from upper end of cylinder. Turn

CAMSHAFT
GEAR

GOVERNOR GEAR

TIMING
MARKS

CRANK.
SHAFT
GEAR

JDLER  OIL PUMP GEAR
GEAR

Fig. 24 104716C-1

GEAR PULLER

3/8".16 GEAR
COVER

LOCATED IN CRANKCASE

Fig. 23 71056C

MI=515.5

Fig. 25 71066C



GENERAL INFORMATION

ENGINE MODEL REFERENCE

ldentify your model by referring to the MODEL and
SPEC (specification) NO. as shown on the unit
nameplate. Always use this number and the engine
serial number when making reference to yourengine.

How to interpret MODEL and SPEC NO.
CCKB - MS / 2853 J

R

1. Factory code for general identification purposes.
2. Specific Type:

S - MANUAL STARTING

MS - ELECTRIC STARTING

3. Factory code for optional equipment supplied.

4. Specification (Spec Letter) advances with factory
production modification.

If your engine needs service or repair, contact an
Onan Service Center. Trained mechanics will assure
expert repair service on your Onan engine.

SPECIFICATIONS

Engine Design........ ... Opposed two cylinder,

four cycile, L head and air cooled

3-% inch (82.55 mm)

Stroke ... ... 3 inch (76.20 mm)

Displacement......... 49.8 cu inch (816.22 cm?)

H.P. - Garcden Tractor w.rvice ........... 19-% hp

@ 3600 rpm; 20 hp max. @ 3900 rpm

Oil Capacit, with Filter Change ... 4 gts. (3.78 lit)
Oil Capaci., without Filter

Change .................... 3-% qts. (3.31 lit)
TUNE-i:x 2ECIFICATIONS
spatn Piu. 38P oo e .025 (0.64 mm)
3rezker ~...a1 Gap asciine) ..... .020 (0.51 mm)
Breaker Fuint Gap (LPG) ......... .018 (0.46 mm)
Valve Lash,
Intake......... .00€ > .008 (0.152 to 0.203 mm)
Exhausi ..... .015 to .017 (0.381 to 0.432 mm)
ignition 1g:
Standar.. Zlectric Starsi {Stopped
or Ruraing) ....... ... ..., 20°BTC
Manual Ciart with Spark
Advance ................. 1°ATDC (Stopped)

24°BTC (Running)

Electric Start with Magneto and
Spark Advance ................. 5° (Stopped)
24°BTC (Running)

OUT-OF-SERVICE PROTECTION

Protect an engine that will be out-of-service for more
than 30 days as follows:

1. Run engine until thoroughly warm (5 to 10
minutes).

2. Turn off fuel supply and run until engine stops.

3. Drain oil from oil base while stiil warm. Refill and
attach a warning tag stating il viscosity used.

4. Remove spark plugs. Pour one ounce (two

tablespoons) of rust inhibitor (or SAE #50 oil) into

the cylinders. Crank engine over a few times.

Install spark plugs.

Service air cleaner.

6. Clean governor linkage and protect by wrapping
with a clean cloth.

7. Plug exhaust outlet to prevent entrance of
moisture, dirt, bugs, etc.

8. Wipe entire unit. Coat rustable parts with a light
film of grease or oil.

9. Provide a suitable cover for the entire unit.

10. If battery is used, disconnect and follow standard
battery storage procedure.

@

RUNNING REPLACEMENT PARTS

QilFilter .........ovviiiiiiiiiiiennes, 122-0323
AirFilter ........... ..o, 140-0636
Spark Plugs—Non-Resistor ............. 167-0241
Spark Plugs—Resistor .................. 167-0237
Breaker Points ......................... 160-0002
Condenser (BreakerBox) ............... 312-0069
GOl e e e e 166-0535

ENGINE EXHAUST GAS (CARBON MONOXIDE) IS DEADLY!

Carbon monoxide is an odoriess, coloriess gas formed by incompiete

bustion of hydrocarbon fuels. Carbon monoxide is a dangerous gas that
can cause unconsciousness and is potentiatly lethal. Some ot the symptoms or
signs of carbon monoxide inhalation are:

* Dizziness
* Intense Headache
* Weakness and Sleepiness

* Vomiting
* Muscular Twitching
* Throbbing in Temples

¥ you experience any of the above symptoms, get out into fresh air
immediately.

The best protection against carbon ide inhalation is a regularinspection
of the compiete exhaust system. It you notice a change in the sound or
appearance of exhaust system, shut the unit down immediately and have it
inspected and repaired at once by a competent mechanic.




PRE-START

BEFORE STARTING

Check the engine to make sure it has been filled with
oil and fuel. The chart below lists oil and fuel
recommendations.

Crankcase Oil: Fill the crankcase with a good quality
oil that meets the APl (American Petroleum institute)
service designation SE or SE/CC. Recommended oil
numbers for expected ambient temperatures are as
follows:

TEMPERATURE GRADE
Beiow 0°F (18°C) SAE 5W30
Below 32°F (0°C) SAE 5W30 or 10W40
Above 32°F (0°C) SAE 30

Fill to “Full” mark on dipstick.

Do not overtill crankcase. Do not use service
DS oil. Do not mix brands nor grades of motor

oil.

Refer to Periodic Service section for recommended
oil change intervalis.

Recommended Fuel: Use clean, fresh, non-leaded or
regular grade, automotive gasoline. Do not use highly
leaded premium types.

For new engines, the most satisfactory results are
obtained by using nonleaded gasoline. For older
engines that have previously used leaded gasoline,
heads must be taken off and all lead deposits removed
from engine before switching to nonleaded gasoline.

l WARNING ' Never check oil level while engine is running.
Hot oil discharged from the engine could

cause personal injury.

CAP AND OIL
LEVEL INDICATOR

KEEP OIL
AT THIS LEVEL

————— FuLL

NEVER OPERATE
ENGINE WITH OIL
BELOW THIS LEVEL ... Low

ALWAYS REPLACE
CAP TIGHTLY, OR
A4 | | OILLEAKAGE MAY
OCCUR.

CRANKCASE OIL FiLL

If lead deposits are not removed from engine
before switching from leaded to nonleaded
gasoline, preignition could occur, causing severe damage to the
engine.

WARNING ' Never fill the fuel tank when the engine is
running. Gasoline could ignite, causing a
serious injury.

Inspection: Inspect the engine visually before star-
ting. Check for loose or missing parts and any
damage which may have occurred in shipment.

STARTING

If your engine has a START-RUN-STOP switch, press switch
toggle io START, then release to RUN when engine starts.
Press toggle to STOP, to stop engine.

1. Turn on ignition switch, pull the choke lever way

out (for a cold engine) and push the start switch.
When the engine starts, gradually push the choke
lever in until the engine runs smoothly.

. Black smoke from the exhaust and a rough

running engine usually indicate over-choking.

. To stop engine, turn ignition switch to off posi-

tion.




OPERATION

BREAK-IN PROCEDURE

Controlled break-in with proper oil and a conscien-
tiously applied maintenance program will help assure
satisfactory service for many hours from your Onan
engine.

Break-in or ideal fitting of all internal moving metal
parts can best be achieved by maintaining proper
cooling and correct lubrication during the running-in
period. Run the engine at about half load for the first
three hours with intermittent periods of full load to
control engine break-in. Engine damage can be
caused by using the wrong grade and weight of oil
and high engine operating temperatures during
break-in.

Check the oil level at least every five operating hours.
Add oil to keep it at the proper level, but never overfill
as cverfilling may cause the oil to foam and enter the
breather system.

HOT WEATHER OPERATION

When operating the engine in temperatures above
75°F (24° C) pay particular attention to the following
items to prevent damage:

1. Keep the engine cooling fins clean and free of

obstruction which would decrease air flow to and
from the engine.

2. See thatnothing obstructs air flow to and from the
engine.

3. Ensure that you are using the proper grade and
weight of oil for the temperature the engine is
being used in. Check the oil level each time you fill
the fuel tank.

4. Check the battery water level more frequently
than every 50 hours which is recommended un-
der normal conditions. High temperatures cause
faster evaporation.

COLD WEATHER OPERATION

When the engine is being used in temperatures below
32°F (0° C), check the following items closely:

1. Use the correct grade and weight of oil for the
temperature conditions. Change the oil only
when the engine is warm. If an unexpected
temperature drop occurs when the engine is filied
with summer oil, move to a warm location until the
oil will flow freely before starting the engine.

2. Use fresh fuel. Fill the fuel tank after each days
use to protect against moisture condensation.

3. Keep battery in a well-charged condition.

MAINTENANCE

Oil Level: Check oil level at least every eight hours of
operation. Check more frequently on a new or
overhauled engine as oil consumption is higher until
piston rings seat properly.

Oil Change: Change crankcase oil after the first
25 hours of operation; change every 50 hours after
that. if operating in extremely dusty conditions,
change oil more frequently.

Oil Filter (If Used): Replace oil filter every 100 hours;
replace more often in dusty conditions. Tighten the
filter finger-tight plus one quarter to one half turn. Be
sure to replace rubber ring around filter.

Crankcase Breather: This engine uses a crankcase
breather vaive for maintaining crankcase vacuum. No
maintenance is generally required. If the crankcase
becomes pressurized as evidenced by oil leaks at the
seals, clean the crankcase breather cap and valve
assembly, and the breather tube baffie in suitable
solvent. To remove breather cap and valve assembly,
remove the breather hose clamp and breather tube
clamp.

Moistened Foam Air Cleaner: This air cleaner con-

-sists of a synthetic sponge over a metal retainer. The

base and cover are similar to those of the dry paper
kind. Wash the sponge periodically, moisten in oil and
squeeze dry.

Cooling System: Check and clean cooling fins atleast
every 50 hours. Remove any dust, dirt or oil which
may have accumulated.

Plugged or clogged cooling tins can cause
overheating and engine damage.

Spark Plugs: Check, clean and reset spark plugs
every 100 operating hours. Replace spark plugs that
show signs of fouling or electrode erosion. Replace
plugs every 250 operating hours.

Breaker Points: Check, clean and reset breaker points
every 200 operating hours. Replace points if they are
pitted or burned. See ADJUSTMENT section.




ADJUSTMENTS

CARBURETOR

The carburetor has an idle jet and a main jet. The idle
jetwhich is adjustable, affects engine operation at low
speed. The main jet usually affects operation under
load (high speed). Under normal circumstances,
factory carburetor adjustments should notbe disturb-
ed. If the idle adjustment has been disturbed, turn the
needle (counterclockwise) off its seat 1to 1-1/2 turns
to permit starting the engine, then readjust as follows:

Carburetor Idle Adjustment
1. Allow the engine to run at least 10 minutes to
warm it up.

2. Move engine speed control to SLOW position.
The engine should run at about 1300 rpm.

3. Turn the idle needle out (counterclockwise) until
engine begins to slow down or run unevenly.
Remember this position.

4. Turn needle in (clockwise) past the position
where the engine runs smoothly until it begins to
slow down or run unevenly.

Do not torce the needle against its seat;
doing so will damage it.

5. Back the needle out to a position approximately
halfway between the two positions. This should
provide a smooth running idle.

i CAUTION 1 Loosen the packing nut before making main

fuel adjustment and then tighten the nut to a
snug fit after the adjustment has been made. This prgcedure makes
it easier to use the carburetor adjusting tool and prevents fuel leaks
around the packing nut. Fuel leaks cause hard starting because the
float ievel becomes lower than normal.

IDLE SPEED
AD JUSTMENT

IDLE FUEL
ADJUSTMENT

,PACKING

NUT
A9 4
Rev
MAIN FUEL

CARBURETOR ADJUSTMENT

CARBURETOR ADJUSTMENTS

Carburetor Main (Load) Adjustment

If engine runs unevenly at half or full load due to faulty
carburetion, the main adjusting needle needs read-
justment. For initial start-up, turn main adjustment 1
to 1-1/2 turns {counterclockwise) off its seat.

1. Start engine and allow it to warm up.

2. Push in on the governor mechanism to slow the
unit down to about 400-500 rpm.

3. Set idle adjustment so engine runs smoothly.

4. Release governor mechanism to atlow engine to
accelerate. |f engine accelerates evenly and
without hesitation, main adjustment is correct. If
not, turn needle outward about 1/2 turn and again
slow the engine down and release the
mechanism. Continue until the engine
accelerates evenly and without hesitation after
releasing the governor.

5. If engine tends to hunt (alternate increase and
decrease of speed), open the main adjusting
needle a little more. Do not open more than 1/2
turn beyond the maximum power point.

BREAKER POINTS

To maintain maximum efficiency from the engine,
check condition of the breaker points every 200 hours
of operation. Proceed as follows:

1. Remove the two screws and the cover on the
breaker box.

2. Remove both spark plugs so engine can be easily
rotated by hand. If plugs have not been changed
within the last 100 hours, clean and regap or
replace them with new ones after setting the
breaker points.

3. Remove the two mounting screws (A) and pull the
points out of the box just far enough so screw (B)
can be removed. Replace points with a new set (if
needed) but do not completely tighten mounting
screws (A).

4. Rotate the engine clockwise (facing flywheel) by
hand until TC mark on gear cover aligns with TC
mark on flywheel. Turn screw (C) until point gap
measures .020” (0.508 mm) with a flat thickness
gauge.

5. Tighten mounting screws and recheck gap.

REFERENCE
FOR .‘/
APPROXIMATE TIMING

-AND SHIFT BOX -
TO ADVANCE OR RETARD_

BREAKER POINT ADJUSTMENT




WISCONSIN A#u=¢oste

Four Cylinder Engine

MARK INDUSTRIES

2662 East Del Amo Boulevard, Carson, CA 90746
Post Office Box 720, Long Beach, CA 90801

V.

STARTING AND OPERATING OF NEW ENGINES

Careful breaking in of a new engine will greatly increase its life and result in
trouble-free operation. A factorv tast is not sufficient to establish the polished
bearing surfaces, which are so necessary to the proper performance and long life
of an engine. Neither is there a quick way to force the establishment of good beat-
ing surfaces. These can only be obtained by running a new engine carefully and

under reduced speeds and loads for a short time, as follows:

First, be sure the engine is filled to the proper level with a good quality of engine

oil, see “Grade of 0il” chart.

Before a new engine is put to its regular wotk, the engine should be operated at
low idle speed (1000 to 1200 R.P.M.) for one half hour, without load. The R.P.M.
should then be increased to engine operating speed, still without load, for an

additional two houts,

If at all possible, operate the engine at light loads, for a period totaling about
eight hours, before maximum load is applied. This will greatly increase engine
life.

The various bearing surfaces in a new engine have not been glazed, as they will
be with continued operation, and it is in this period of “running in,” that special
care must be exercised, otherwise the highly desired glaze will never be obtained.
A new bearing surface that has once been damaged by carelessness will be ruined

forever,

Models
VH4 . VH4D

ISSUE MM-274-E

3-1/4" Bore — 3-1, 4" Stroke
107.7 cu. in. Displocement

MO-630-11



INTRODUCTION

This manual has been compiled to suit the service re-
quirements of the basic engine and accessories most
commonly supplied with the engine.

Teledyne Wisconsin adapts its engines to suit indivi-
dual customer requirements whenever practical. How-
ever, it would become too involved to include all vari-
ations in one manual; therefore, should any problems
arise concerning engine servicing, we advise that a
Teledyne Wisconsin Distributor or authorized Service
Center be contacted, as they are capable of identify-
ing all parts by the specification number stamped on
the name plate of engine.

A listing of approved Service Centers appears in the
rear section of this manual.

WISCONSIN heavy duty air cooled engines are of the
‘most advanced design and are built in a modern fac-
tory, equipped with the latest machinery available.

Only the best materials, most suitable for the particu-
lar part, are used. During production, every part is
subjected to the most rigid inspection, as are also the
completely assembled engines. After assembly, every
engine is operated on its own power and all adjust-
ments are carefully made so that each engine will be
in perfect operating condition when it leaves the
factory.

Teledyne Wisconsin Motor is backed by over sixty
vears of engineering experience in the design of inter-
nal-combustion engines for every conceivable type of
service. The performance of these engines is proof of
the long satisfactory service you too can expect from
your engine.

Like all fine machinery, the engine must be given
regular care and be operated in accordance with the
instructions.

SAFETY PRECAUTIONS

® Never fill fuel tank while engine is running or hot;
avoid the possibility of spilled fuel causing a fire.

® Always refuel slowly to avoid spillage.

® When starting engine, maintain a safe distance from
moving parts of equipment.

® Do not start engine with clutch engaged.

® Do not spin hand crank when starting. Keep crank-
ing components clean and free from conditions
which might cause the crank jaw to bind and not re-
lease properly. Oil periodically to prevent rust.

® Never run engine with governor disconnected, or op-
erate at speeds in excess of 2800 R.P.M. load.

Keep this bnok handy at all times,

® Do not operate engine in a closed building unless
the exhaust ispiped outside. This exhaust contains
carbon monoxide, a poisonous, odorless and invi-
sible gas, which if breathed causes serious illness
and possible death.

® Never make adjustments on machinery while it is
connected to the engine, without first removing the
ignition cable from the spark plug. Turning the
machinery over by hand during adjusting or cleaning
might start the engine and machinery with it, caus-
ing serious injury to the operator.

® Precaution is the best insurance against accidents.

fami-

liarize yourself with the operating instructions.

M1-1177
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PRE-CLEANER —

CARBURETOR

FUEL PUMP
FUEL PUMP PRIMER HANDLE
AIR VENT HOLE

OIL FILLER AND
BREATHER CAP

GASOLINE STRAINER
FUEL TANK CAP = _
Ol SABER

AGNETO STOP SWITCH

FUEL TANK—=§ MAGNETO

OlL FILTER

TAKE-OFF (Side Mount Tank) VIEW OF ENGINE

AIR VENT HOLE

FUEL TANK CAP ——,

AIR CLEANER
FUEL TANK —

CHOKE BUTTON

VARIABLE SPEED
GOVERNOR CONTROL

IGNITION SWITCH
OIL FILLER AND BREATHER CAP

CYLINDER NUMBERS

FLYWHEEL SHROUD

OIL FILTER
MAGNETO

OIL DRAIN PL

POWER UNIT FAN END VIEW OF ENGINE

218641C-1
Fig. 1 218642C-1

MODEL VH4 OPEN ENGINE AND POWER UNIT

MI-499 4




ONd NIVNG 110 dNNd N0~ TIZHMATS -NYd INVYO wz....mﬂ.m/

- 37ZZON AVHdS N0 L / ; 87 e h

\\. 4 -
. s - ’,
-—— Q0¥ ONILIINNOD g Z
& b ] . g
% ® 1o M o [FNL g
LAVHSANVED ; = T uvas uarol
. ” S B
— 7,
13ddV1 IATVA = .
et T {t—— 439NITS 110
\\ g 4
ONIYV3E NIVN ’ LT
) T ——9NINY 38 Nivig
LAVHSWYD . — »
e
uisoud0 3vs Tenay dom L ; HIONNT LSNEHL
~—__ GNNON¥9-WVD i o /| , LAVHSWYD
~ - NOLSId s - o
4 r [®
anoyHs
3a1vA HIV 133HMALS
=
O
Y/ e 0 N PO
dNnNd 13Nd JONANOD 3IANOHD

_..
f\ ¥IMEA dWNd 1303 \ g i \ AIBWISSY HONNIAOD

MIYIS ONILLSNIrGY HONHIAOD

' 3ANO OLINOYM NNHL NOILDIS

HOL3UNBYVYI

d¥) NIHIYING ONY
437314 N0

—

3
pe=c
Jo

YINIVYLS 3INITOSYO

34NN

HOLIMS OLINOVYN

Mi-500-2

2
CROSS SECTION OF ENGINE MODEL VH4

Fig.




YIOLEL9L

voBELI9L

JSVOONYYD OLNI 33174

*Q3YIND3Y LON SI 39NVO IUNSSIAd
O NV SANNOd § AN3LVWIXOdddY 38 71IM 33GV3IH NI
3ANSS3Ad N0 ‘IUNLVAIAWIL ONILVEIHO LV INIONT HLIM

2YNSSIAd SANNOC S1 ¥Od L3S

WOY4 NiaNL3y 1o NIJUDS d3INIVH LS , JATVA 431738 33NSS3¥d 0

9N7d NIvia 1o

JONY3IA09
0ol 3aNIT 0

43 1d o

dvD ¥3H1v3y g
> QNY 4377714 710 ¥IANIVYLS o

d34vS 39Nv9 "HO 40
NOILYDO0 QAVANVLS

4349vYS 39NVO O NO
SHYVW MO GNVY N4

dWwnd TI0

JIONITS N0 LIVHSHNVAUD

-

39N1 d3QV3IH

s
i "!') . r;

¥349VS 39NvYO 10 40
_NOILVD 0T TVNOILdO

i

N/l

et 3

S3TZZON AVddS N0 uﬂ
9

o “LAVHSINYYED ANV SQO¥ ONI
“1D3INNGD IHL 40 NMOYHL 1SIW 30 AVAdS 110 IHL
A8 Q3LVOINENT IAY D13 ONV SONINVIE ‘LIVHSWYD
‘SIATVA ‘SLIddV1 SNid ‘SNOLSId SONI .mmmoz_.._wwo

: N

3

Fig.
LUBRICATION SYSTEM




GENERAL INFORMATION and DESIGN

Wisconsin engines are of the four cycle type, in which
each of the four operations of suction, compression,
expansion end exhaust requires a complete stroke.
This gives one power stroke per cylinder for each two
revolutions of the crankshaft.

COOLING

Cooling is accomplished by a flow of air, circulated
over the cylinders and heads of the engine, by a
combination fan-flywheel encased in a sheet metal
shroud. The air is divided and directed by ducts and
baffle plates to insure uniform cooling of all parts.

Never operate an engine with any part of the
shrouding removed - this will retard air cooling.

Keep the cylinder and head fins free from dirt and
chaff. Improper circulation of coeling air will
cause engine to overheat.

CARBURETOR

The proper combustible mixture of gasoline and air
is furnished by a balanced carburetor, giving correct
fuel to air ratios for all speeds and loads.

IGNITION SYSTEM

The spatk for ignition of the fuel mixture is furnished
by a high tension magneto driven off the timing gears
at crankshaft speed. The magneto distributor rotor
turns at half-engine speed. The magneto is fitted with
an impulse coupling, which makes possible a power
ful spark for easy starting. Also, the impulse coupling
automatically retards the spark for starting, thus elim-
inating possible kick back from engine while cranking.

Boattery ignition (12 volt); distributor is furnished in
place of magneto on engines equipped with flywheel
alternator or belt driven generator, See Page 12.

LUBRICATION SYSTEM (Fig. 3)

A gear type pump supplies oil to four nozzles which
direct oil streams against fins on the connecting rod
caps. Part of the oil enters the rod bearing through
holes in the rods, and the balance of the oil forms a
spray or mist which lubricates the cylinder walls and
other intemal parts of the engine. An extemal oil line
from the oil header tube in the crankcase lubricates
the govemor and gear train,

GOVERNOR

A governor of the centrifugel flyweight type maintaina
the engine speed by varying the throttle opening to
suit the load imposed upon the engine. These engines
are equipped with either a fixed speed governor, a
variable speed control to regulate the govemed speed
of the engine, or an idle control.

ROTATION

The rotation of the crankshaft is clockwise when
viewing the flywheel or cranking end of the engine.
This gives counter-clockwise rotation when viewing

R.P.M. HORSEPOWER

1400 17.2

1600 20.0

1800 22.5

2000 24.7

2200 26.5 )
2400 28.0

2600 29.2

2800 30.0

the power take-off end of the crankshaft. The flywheel
end of the engine is designated the front end, and the
power take-off end, the rear end of the engine.

HORSEPOWER

Horsepower specified in the accompanying chart is for
an atmospheric temperature of 60° Fahrenheit at sea
level and at a Barometric pressure of 29.92 inches of
mercury.

For each inch lower the Barometric pressure drops,
there will be a loss in horsepower of 3%%.

For each 10° temperature rise there will be a reduc-
tion in horsepower of 1%.

For each 1000 ft. altitude above sea level there will
be a reduction in horsepower of 3%4%.

The friction in new engines cannot be reduced to the
ultimate minimum during the regular block test, but
engines are guaranteed to develop at least 85 per cent
of maximum power when shipped from the factory. The
power will increase as friction is reduced during the
first few days of operation. The engine will develop
at least 95% of maximum horsepower when friction is
reduced to a minimum.

For continuous operation, allow 20% of horsepower
shown as a safety factor.

STARTING ond OPERATING INSTRUCTIONS

Engines that are enclosed in a sheet metal house, as
shown in bottom view of Fig. 1, are called power
units. Others are furnished without a house, as shown
in top view of Fig. I, and are called open engines.

On engines with o house, the side doors must
always be removed when operating.

This is necessary for circulating sufficient air for
cooling the engine.

LUBRICATION

Before starting a new engine, fill the oil base with
good “gasoline engine” oil, as specified in the “*Grade
of 0il” chart. Fill through the breather tube shown in
Fig. 3, with 4 quarts of oil.

For run-in of new engines, use same oil as recom-
mended in Grade of Oil Chart.

After the engine has been run for a short time, the oil
lines and oil filter will have been filled with oil. Shut

MI-502-3



GRADE OF OIL
SEASON OR TEMPERATURE GRADE OF OIL
Spring, Summer or Fall
+ 120°F 10 4 40°F SAE 30
Winter
+ 40°F to 4 15°F SAE 20-20W
+ 15°F to O°F SAE 10W
Below Zero SAE 5w-20

Use cils classified as Service MS, SD or SE

New engine 4 Qts.
Crunkcese Oil and filter change 4 Qts.
Capacity

Less — filter or filter change| 3% Qts.

off the engine and check the oil level by means of
dip stick (oil gauge saber). If necessary, add enough
oil to bring level up to the full mark. The standard dip
stick location is below the oil filler-breather tube, but
can be located on starting motor side upon request.

Use only high-grade highly refined oils, corresponding
in body to the S A. E. (Society of Automgtive En-
gineers) Viscosity Numbers listed in Grade of Oil
Chart.

SERVICE CLASSIFICATION OF OIL

In addition to the S.A.E. Viscosity grades, oils are
also classified according to sevetity of engine set-
vice. Use oils classified by the American Petroleum
Institute as Service MS, SD or SE. These types of oil
are for engines petforming under unfavorable or severe
operating conditions such as: high speeds, constant
starting and stopping, operating in extreme high or
low temperatures and excessive idling,.

Follow summer recommendations in winter if engine is
housed in wam building,.

Check oil level every 8 hours of operatien.
The old oil should be drained and fresh oil added

after every 50 hours of operation.

To drain oil, remove drain plug illustrated in Fig. 3.
Oil should be drained while engine is hot, as it will
then flow more freely.

OIL PRESSURE

At engine operating temperature, the oil pressure will
be about 4 to S pounds per square inch, and due to
this low pressure system, an oil pressure gauge is
not required. When the engine is cold the pressure
will be higher, and a relief valve is fitted to the oil
pump so that under these conditions the maximum
pressure will be limited to 15 pounds.

FUEL

These engines can be furnished with either a gravity
feed tank mounted above the carburetor fuel level, a
side mount tank, or tank mounted below the engine.
In the latter two cases, a fuel pump is fumished.

The fuel tank should be filied with a geod quah:fy
gasoline free from dirt and water. The capacity of the

M1-503-5

tank is approximately 6 gallons. Some of the poorer
grades of gasoline contain gum which will deposit on
valve stems, piston rings, and in the various small
passages in the carburetor, causing serious trouble
in operating and in fact might prevent the engine from
operating at all.

Use only reputable, well known brands of
REGULAR GRADE gasoline.

The gasoline should have an octane rating of at least
90. Low octane gasoline will cause the engine to de-
tonate, or knock, and if operation is continued under
this condition, cylinders will score, valves will burn,
pistons and bearings will be damaged, etc.

Be sure that air vent in tank cap is not plugged with
dirt, as this would prevent fuel from flowing to the
carburetor,

FUEL PUMP and PRIMING (Fig. 4)

The diaghragm type fuel pump, furnished on engines
with side mount or underslung fuel tanks, is actuated
by an eccentric on the camshaft, as illustrated in
cross section of engine, Fig. 2.

Hand Primer for hand crank engine is an accessoty
furnished only upon request, and is a necessary func-
tion when starting a new engine for the first time, ot
when engine has been out of operation for a petiod of
time. Gravity feed and electric start engines do not
require hand priming,

When priming, a distinct resistance of the fuel pump
diaghragm should be felt when moving the hand lever
up and down. If this does not occur, the engine should
be turned over one revolution so that the fuel pump
drive cam will be rotated from its upper position which
prevents movement of the pump rocker am.

Assuming the gasoline strainer is empty, approximate-
ly 25 strokes of the primer lever are required to fill
the bowl. See Fig. 4. After strainer bowl is full, an
additional 5 to 10 strokes are required to fill the
carburetor bowl. When carburetor is full the hand
primer lever will move mote easily.

Fig. 4 83622C



tGN1 {ION SWITCH

Magneto ignition is standard on these engines, with
a lever type switch on the side of the magneto, which
is always in the on or running position, except when
depressed for stopping the engine. See top view of
Fig. 1.

On power unit engines, a push button ignition switch
is mounted on the outside of the house panel at the
flywheel end. See bottom view of Fig. 1. When starting
engine, the ignition switch button is pulled out. To
stop, push in. This will apply to both magneto and
battery ignition systems.

STARTING

STARTING PROCEDURE

1. Check crankcase oil level and gasoline supply.
Open shut-off valve in fuel strainer.

. Disengage clutch, if furnished.

Ny

3. New engines may require priming; refer to “Fuel
Pump” paragraph for instructions.

4. Set throttle about 1/2 open if a variable speed
control is furnished; with a two-speed control, start
in full load position — idle after engine starts.

5. Pull out ignition switch button, if applicable
{switch tag reads “To Stop Push In”). Refer to [g-
nition Switch paragraph.

6. Close carburetor choke by pulling choke button to
extreme out position.

7. Tum engine over slowly one or two revolutions.
Cuution: Be sure that crank does not bind. Push
choke button in about half-way and then pull up
briskly on the starting crank. Do not attempt to
spin the engine with the starting crank. If the en-
gine does not start on the first pull up of crank,
re-engage the crank and repeat the operation.

With electric starting motor; depress starter button
in place of hand cranking.

8. After engine starts, push choke button in gradually
as required for smooth running, Choke must be com-
pletely open (button in) when engine is warmed up.

If flooding should occur, open choke fully by pushing
choke button in and continue cranking. Less choking
1s necessary in warm weather or when engine is warm,
than when cold.

If all conditions are right, engine will start promptly
after one or two attempts. Allow engine to warm up a
tew minutes before applying load, as prescribed in
Woarm-Up Period’ paragraphs.

~ew engines should be “run-in” gradually to insure
tiouble-free service. Refer to “Starting and Operation
of New Engine”, on the inside front cover of this man-
ual, for correct “running-in” procedure.

WARM-UP PERIOD

The engine should be allowed to warm up to operating
temperature before load is applied. This requires only

a few minutes of running at moderate speed. Racing
an engine or gunning it, to hurry the warm-up period,
is very destructive to the polished wearing surfaces
on pistons, rings, cylinders, bearings, etc., as the
proper oil film on these various surfaces cannot be
established until the oil has warmed up and become
sufficiently fluid. This is especially important on new
engines and in cool weather.

Racing an engine by disconnecting the governor, or by
doing anything to interfere with the governor controlled
engine speed, is extremely dangerous. The governor
is provided as a means for controlling the engine
speed to suit the load applied, and also as a safety
measure to guard against excessive speeds, which
not only overstrain all working parts, but which might
cause wrecking of the engine and possible injury to
bystanders.

All parts of the engine are designed to safely with-
stand any speeds which might normally be required,
but it must be remembered that the stresses set up in
rotating parts, increase with the square of the speed.
That means that if the speed is doubled the stresses
will be quadrupled; and if the speeds are trebled, the
stresses will be nine times as great.

Strict adherence to the above instructions cannot be
too strongly urged, and greatly increased engine life
will result os a reward for these easily applied
recommendations.

STOPPING ENGINE

Magneto ignition engines, less house, have a lever
type stop switch on the side of the magneto. On these,
to stop engine, depress lever and hold down until en-
gine stops.

Powerunits and battery ignition engines, are furnished
with an ignition switch, “To Stop Push In”.

If the engine has been running hard and is hot, do not
stop it abruptly from full load, but remove the load
and allow engine to run idle at 1000 to 1200 R.P.M.
for three to five minutes. This will reduce the internal
temperature of the engine much faster, minimize valve
warping, and of course the extemal temperature, in-
cluding the manifold and carburetor will also reduce
faster, due to air circulation from the flywheel.

Two main troubles resulting from abruptly shutting off
a hot engine are vapor lock and dieseling. Vapor lock
will prevent the flow of fuel in the fuel lines and
carburetor passages, which will result in hard starting,.
This can be overcome by choking the engine when
cranking or waiting until the engine has cooled off
sufficiently to overcome the vapor lock.

Dieseling, is caused by the carbon and lead deposits
in the cylinder head being heated up to such an ex-
tent that they continue to fire the engine and keep it
running after the ignition has been shut off. By idling
the engine, as previously mentioned, the catbon and
lead deposits cool off, break up and will blow out thru
the exhaust. If engine has a tendency to diesel, by
suddenly setting the throttle wide open and at the
same time shutting off the ignition, the engine will
stop.

Mi-504-3



MAINTENANCE

OIL FILTER

A by-pass type oil filter is furnished on these en-
gines, as shown in Fig. 3, except in a few cases
where the use of other accessories prevents the
mounting of an oil filter. The oil filtering cartridge
should be replaced aofter every other oil change. If
operating conditions are extremely dusty, replace
cartridge after every oil change.

AIR CLEANERS

The air cleaner is an essential accessory, filtering
the air entering the carburetor and preventing abrasive
dirt from entering the engine and weating out valves
and piston rings in a very short time.

The air cleaner must be serviced frequently, depend-
ing on the dust conditions where engine is operated.
Check hose connections for leaks or breaks; replace
all broken or damaged hose clamps.

Excessive smoke or loss of power are good indications
the air cleaner requires attention.

The oil bath type air cleaner, illustrated in Fig. 5 is
standard equipment on power units. On open engines,
the oil bath air filter furnished is illustrated in Fig. 6.
A dry element air cleaner is optionally available for
both power unit and open engine.

OIL BATH AIR CLEANER (Fig. 5)

Service daily or twice a day; if engine is operating in
very dusty conditions. Once each week; in compara-
tively clean conditions.

Remove oil cup from bottom of air cleaner and clean
thoroughly. Add fresh oil to the level line indicated
on cup, using the same grade oil as used in engine
crankcase.

Operating the engine under dusty conditions with-
out oil in the air cleaner or with dirty oil, may
wear out cylinders, pistons, rings and bearings in
a few days time, and result in costly repairs.

Once o year; or oftener in very dusty conditions, the
air cleaner should be removed from the engine and the
element, which is not removable, should be washed in
a solvent to clean out accumulated dust and dirt.

DRY ELEMENT AIR CLEANER

Service daily; squeeze rubber dust unloader once ot
twice a day to check for possible obstruction. If en-
gine is operating in very dusty conditions, remove
cartridge and shake out accumulated dirt,

Once each week; the filtering cartridge should be
taken out and either dry-cleaned with compressed air
or washed by repeated dipping for several minutes in
a solution of lukewarm water and a mild non-sudsing
detergent. Rinse in cold water from the inside out and
allow to dry overnight before installing,

Do not use gasoline, kerosene or solvent for
cleaning. — Do not oil element.
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Fig. 5

After ten washings or one year of service, whichever
comes first, replace cartridge.

PRE-CLEANER (Fig. 6)

The collector type pre-cleaner, mounted to the top of
the air cleaner, removes the larger dirt and dust
particles before the air reaches the main air cleaner.

Daily; clean bowl of accumulated dust and dirt. Do not
use oil or water in pre-cleaner. This must be kept dry.

FUEL STRAINER (Fig. 7)

A fuel strainer is very necessary to prevent sedi-
ment, dirt and water from entering the carburetor and
causing trouble or even complete stoppage of the en-
gine. The strainer has a glass bowl and should be
inspected frequently and cleaned if dirt or water are
present. To remove bowl, first shut off fuel valve,
then loosen the knurled nut below bow! and swing
the wire bail to one side. After cleaning bowl and
screen, reassemble the parts, being sure the gasket

OPTIONAL COLLECTOR
TYPE PRE-CLEANERS

@ AIR CLEANER

Fig. 6 217102C
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Fig. 7

is in good condition; otherwise use a new gasket. See
I'ig. 7, which shows the strainer mounted to the fuel
tank of a power unit. On open engines, the strainer is
mounted to the inlet of the fuel pump.

CARBURETOR ADJUSTMENT

The main metering jet in the carburetor is of the fix-
ed type, that is, it requites no adjustment. The idle
needle should be adjusted for best low speed opera-
tion, while carburetor throttle is closed by hand. For
illu~t-ations and more information, see Ca:buretor
Manutacturer’s Instruction Bulletin in the back of
this manual.

MAGNETO BREAKER POINT ADJUSTMENT

Magnetos are properly adjusted before leaving fac-
tory. The breaker points on the Fairbanks-Morse mag-
neto and on the Wico magneto should be .015” wt full
separation. If the spark becomes weak after continued
operation, it mav be necessary to readjust these
points. To do this first remove the end cover on the
magneto. The crankshaft should then be rotated with
the starting crank, (this also rotates the magneto),
until the breaker points are wide open. The opening
or gap should then be measured with a feeler gauge
4s shown in Fig. 8 and if necessary reset. To teadjust
points, first loosen the focking screws un the contact
plate enough so that the plate can be moved. Insert
the end of a small screw driver into the adjusting slot
at the bottom of ihe contact plate and open or close
the contarts by moving the plate until the proper
opening is obtained See [Mig. O. After tighiening the
locking screws, recheck breaker point gap to make
sure it has not ¢ wanged. If it is found that the breaker
points have becume rough, they should be smoothed
with a biewker puint file before the preceding adjust-
nents are made. Replace magneto end cover carefully

N

FEELER GAUGE

BREAKER POINTS

ADJUSTING SLOT

208072C

Fig. 8

CONDENSER ——

MEASURE BREAKER

POINT GAP WHEN

OPEN. ADJUST TO
.0!5 INCH

BREAKER ARM
LOCKING scnews‘ﬁf:-»
CONTACT PLATE — _
ADJUSTING SLOT ;

OPEN END VIEW OF FAIRBANKS-MORSE M .GMCTO
Fig. 9
so that it will seal properly. Do not force cover screw -
too tightly otherwise cover may crack. For furthcr in
formation, see Fairbanks-Morse or Wico
Maintenance Manual in the back of this manual.

Magne !

MAGNETO IGNITION SPARK

If difficulty is experienced in starting the engine or
if engine misses firing, the strength of the ignitinn
spark may be tested by disconnecting the No. 1 tgni-
tion cable from the spark plug and holding the ter-
minal about 1/8 inch away from the aiur shroud 1 any
other conveniently located metal part ol the :.; ine,
If the ignition cables have a molded rubber insul.fed
spark plug terminal at the end, as illustrated in "/g.
10, wedge a piece of bare wire up into the terminal
and let one end of the wire extend out, Tum ti.

gine over slowly by the starting crank two compiete
revolutions and watch for a strong spark discharge,
which should occur during the cycle at the inslaw the
impul‘se coupling on the magneto snaps. Repcat this
check with each of the other ignition cables. If there
is a weak spark, or none at all, check breaker point
opening as mentioned in preceding paragraph under
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INSPECTION
HOLE PLUG

Fig. 10 104816C-1

“Uagneto Breaker Point Adjustment”. If this does not
emedy the trouble, it may be necessary to install a
lew condenser. See Magneto Manufacturer’s Mainte-
ance Instructions in back of this manual.

IRING ORDER

The firing order of the cylinders is 1-3-4-2, and the
nagneto and battery type distributor rotate at one-half
:ngine speed, as is the case with conventional “in
ine” engines. The intervals between the firing of the
:ylinders is 180°. No. 1cylinder is the one nearest to
he flywheel in the left bank of cylinders, when view-
:d from the flywheel end of the engine. No. 3 cylinder
s the other cylinder in this bank, No., 2 cylinder is
he one nearest to the flywheel in the right bank of
:ylinders and No. 4is the other cylinder in this bank,
The cylinders are numbered from 1 to 4 on the ‘air
shroud near the spark plugs. The flywheel end of the
:ngine is designated the front and the power take-off
:nd, the rear of the engine.

{AGNETO TIMING

fhe proper spark advance is 23° To check timing
vith a neon light, the running spark advance is indi-
‘ated by a 3/8 inch slotted hole in the rim of the air
ntake screen, 68° left of the flywheel shroud verti-
:al centerline, marked VH, or if screen is removed,
ime to the lower half of the 1/4 inch elongated hole
n the face of flywheel shroud 23° below the center-
ine of No. 1 and No. 3 cylinders as illustrated in
“ig. 11. The end of the ‘X’ marked vane should be
vhitened with chalk cr paint for this operation.

o Time Magneto to Engine: Remove air intake
icreen to expose timing marks on both flywheel and
‘hroud. See Magneto Timing Diagram, Fig. 11.
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Next, remove the spark plug from No. 1 cylinder and
slowly turn the flywheel clockwise, at the same time
holding a finger over the spark plug hole, so that the
compression stroke can be determined from the air
blowing out of the hole.

The flywheel is marked with the letters ‘DC’ near one
of the air circulating vanes. This vane is further
identified by an ‘X* mark ‘cast on the end.See Fig. 11].
When the air blows out of the No. 1 spark plug hole,
continue turning the crank until the edge of the mark-
ed vane on flywheel is on line with the mark on the
vertical centerline of the shroud as shown on Fig. 1].
Leave flywheel in this position. At this point the
keyway for mounting the flywheel is also on top.
Reassemble spark plug.

Next, remove the inspection hole plug from the mag-
neto timing opening, located in the gear cover as
shown in Fig. 10.

Assuming that the magneto has been removed from
the engine, the following procedure should be follow-
ed before remounting,

The Number 1 cylinder firing position of the magneto
must be determined. Insert the ignition cable into the
No. 1 tower terminal of the magneto end cap and hold
the spark plug terminal at the other end, about 1/8”
away from the magneto body. Turn the magneto gear
in a clockwise rotation, tripping the impulse coupling,
until the No. 1 terminal sparks, then hold the gear in
this position. Mount the magneto to the engine, mesh-
ing the gears so that when the magneto is in place,
the gear tooth marked with an ‘X' will be visible
through the lower half of the inspection hole in the
gear cover, as shown in Timing Diagram, Fig. I1.
Tighten the nut and capscrew for mounting the mag-
neto to the gear cover, making sure the magneto
flange gasket is in place.

The No. I terminal is identified on the magneto cap.
The terminals follow the proper firing order of 1-3-4-2
in a clockwise direction viewing the cap end. The
leads from the magneto should be connected to spark
plugs of corresponding numbers.

No. 1cylinder is the cylinder nearest the fan-flywheel
of the engine in the leftbank and No. 3cylinder is the
other cylinder in that bank. No. 2 cylinder is across
the engine from No. 1 and No. 4 is across tfrom No. 3.

When the magneto is propetly timed the impulse coup-
ling will snap when the ‘DC’ and ‘X’ marked vane of
the flywheel, line up with the mark on the flywheel
shroud which indicate the centerline of the No. 1 and
3 cylinders. This can be checked by turning crank-
shaft over slowly by means of a hand crank., The im-
pulse will also snap every 180° of flywheel rotation
thereafter.

DISTRIBUTOR - BATTERY IGNITION

On engines equipped with Flywheel Alternator or
direct mounted Generator, battery ignition is used in
place of magneto ignition. The distributor is of the
automatic advance type, and rotor turns at one-half
engine speed in a counter-clockwise direction. As



MARK
No. 1 TERMINAL INDICATED ON
MAGNETO END CAP AS SHOWN.

OTHER TERMINALS FOLLOW FIR.

TIMING MAGNETO,
*X* MARKED VANE ON

ICAL CENTERLINE
ON SHROUD FOR

EDGE OF VANE IN LINE WITH
MARK ON SHROUD WHEN Tim-
ING MAGNETO.
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ING ORDER IN CLOCKWISE ROT A FLYWHEEL
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a
o
3
CRANKSHAFT GEAR

RUNNING SPARK ADVANCE - -
FOR CHECKING WITH NEON
LIGHT. v -

MARKED GEAR TOOTH, VISIBLE
THUS THROUGH OPENING, WHEN
FLYWHEEL 1S LOCATED AS IN-
DICATED ABOVE.

MAGNETO GEAR

\

Fig. 11, MAG

illustrated in Fig. 15, the distributor is mounted to
the end of the generator — with Flywheel Alternator
it is mounted to an adapter attached to the gear
cover, or Top Mounted — attached to the governor
housing.

The spark advance for normal speeds is 23°, the
same as for magneto ignition, Engine must be running
at 2000R.P.M. or over when adjusting spark advance.

ELECTRICAL WIRING CIRCUITS

NOTE: Beginning with engine serial No., 3987113,
the standard wiring circuits for all 12 volt electrical
equipment is negative ground polarity, in place of
the previously furnished positive ground. All § volt
systems remain positive ground.

The Flywheel Alternator circuit illustrated in Fig. 12
always was and is a negative ground system. It re-
places the previously furnished gear driven generator
which was available both negative and positive
ground.

Wiring diagram and service parts information for ob-
solete gear driven type generator can be obtained by
writing to Teledyne Wisconsin Motor, Product Support
Center, Milwaukee, Wisconsin 53219.

DISTRIBUTOR TIMING

A slotted opening has been added to the rim of the fly-
wheel screen to check running spark advance without
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removing screen, To make a stationary check of the
timing--remove the screen over the flywheel air intake
opening by taking out the screws holding the screen in
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RUNNING SP ARK
ADVANCE TIMING
HOL E FOR CHECKING

WITH NEON LIGHT

Fig. 13 78399C-1B

place. This will expose the timing marks on the fly .
wheel shroud, also the vane on flywheel, marked by
an ‘X'and the letters ‘DC’. See I'ig. 13. Next, remove
the spark plug fiom No. 1 cylinder and turn the engine
over slowly by the starting crank, at the same time
holding a finger over the spark plug hole, so that the
compression stroke can be determined from the air
blowing out of the hole.

Upon reaching the compression stroke, continue turn-
ing the starting crank until the leading edge of the
marked vane on the flywheel is in line with the cen-
terline mark on the flywheel shroud of the No. T cyl-
inder. The No. 1 piston is on top dead center in the
position shown in /ig. 13. Reassemble spark plug.

Remove the upper half of the distributor body by dis-
engaging snap springs. The centerline of the distriby-
tor rotor should be in line with the center of the nofci
in the distributor housing. No. 1 cylinder is ready to
fire in the retarded timing position, when the distribu-
tor rotor is in this position, as shown in Figs. I4 and
15. If the distributor rotor is not in the above men-
tioned position, withdraw the entire distributor from
the generator. Remove the distributor rotor in order
to take off the dust cover from the distributor body,
which will expose the breaker points. Mount rotor
back on distributor shaft. Assemble distributor

with the distributor rotor in line with the
notch in the distributor housing as shown in Fig. 14,
and the primary terminal pointing toward the generator
circuit breaker. See Fig. 15. Be sure that the advance
arm lockscrew, Fig. 14, which is mounted to the dis-
tributor clamp is tight, as a manual spark advance is
not used with these engines.

With the advance arm clamp screw loose, turn the dis-
tributor body slightly in a counter-clockwise rotation
so that the breaker points are firmly closed. Then
turn the distributor body in a clockwise rotation until
the breaker points are just beginning to open, see
Fig. 14. At this point, a slight resistance can be felt
as the breaker point cam strikes the breaker point
arm. Tighten aedvance arm clamp screw, The No. 1
cylinder is now ready to fire in the retarded position,
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No. | TERMINAL TOWER,
INLINE WITH NOTCH IN
DISTRIBUTOR BODY,

t.

180187C

Fig. 15

with the centerline of the distributor rotor in line with
the center of the notch in the distributor body as

-shown in Fig. 4.

The breaker point gap should be .018 to .022 inches.
This opening should be checked before the distributor
body is set, otherwise any adjustment made to the
breaker point opening will change the ignition ad-
vance, Replace distributor dust cover. If care is exer-
cised in the above operations, the spark timing should
be accurate enough for satisfactory starting, however,
checking spark advance with a neon lamp, as des-
cribed in ‘Neon Lamp Timing’, is necessary.

The four ignition cables from the distributor should
be connected to the proper spark plugs. The cylinder
shroud covers are marked for identification. The No.
1 terminal tower on the distributor is in line with the
notch in the distributor body. The terminal sequence
is 1-3-4-2 in a counter-clockwise rotation. See Fig. 15.

NEON LAMP TIMING

The engine should be timed to the 23° advanced po-
sition at not less than 2000 R.P.M.

The timing should be checked with a neon lamp con-
nected in series with No. 1spark plug. Chalk or paint



the e i ot .ne X' matked vane on the flywheel, white.
Thes with the engine operating at 2000 R.P.M. or
cver, alioa the flash from the neon lamp to illuminate
the whitensd vane. At the time of the flash, the lead-
ing edge of the vane should line up with the lower
half of the running spark advance timing hole on the
flywheel shroud, see Fig. 13. If it does not, the ad-
vance arm clamp screw should be loosened as shown
in Fig. 11, and the distributor body turned slightly
clockwise or counter-clockwise, as required, until
the white flywheel vane matches up with the lower
half of the advance timing hole. Be sure advance arm
clamp screw is then carefully tightened. If the engine
is running below 2000 R.P.M. when timing, the auto-
matic advance in the distributor will not be fully ad-
vanced and the inaccurate timing may cause serious
damage to the engine when operating at high speeds.
Mount flywheel screen if removed — use slotted open-
ing without removing screen for running spark ad-
vance check only.

DISTRIBUTOR AND GENERATOR MAINTENANCE

The distributor breaker point gap should be .018 to
.022 inches. To readjust breaker point gap, tum en-
gine over by means of the starting crank until the dis-
tributor breaker amm rubbing block is on a high point
of the cam. Loosen the stationary contact lock-nut
and screw fixed contact, in or out, until correct gap
is obtained. Tighten locknut and recheck gap.

The generator and distributor should be periodically
lubricated and inspected for external conditions
which would affect their operation.

It is recommended that the generator oiler, located
below the primary terminal of the distributor, be given
3 to 5 drops of medium engine oil every 50 hours.

Every 50 hours of operation, the oiler on the side of
the distributor base should have 3 to 5 drops of me-
dium engine oil added, and the grease cup given one
complete tum. Use a high melting point grease.
Every 100 hours, apply 3 to 5 drops of medium engine
oil to the felt in the top of the cam sleeve. Do not
over-lubricate.

FLYWHEEL ALTERNATOR

12 volt — 10 or 25 amp flywheel alternator furnished
in place of gear driven generator. Instructions and
parts bulletin is located in the rear of this manual.

RESTORING COMPRESSION

In a new engine or one which has been out of opera-
tion for some time, oil may have drained off the cylin-
ders so that compression will be weak, causing diffi-
culty in starting. To remedy this condition, remove
the spark plugs and pour about a fluid ounce of crank-
case oil through the spark plug hole into each cylin-
der. Turn engine over several times with the hand
crank to distribute oil over the cylinder walls. As-
semble spark plugs and compression should be
satisfactory.

SET GAP

104713C

Fig. 16

SPARK PLUGS, Fig. 16

Incorrect gap, fouled or worn spark plug electrodes,
will have an adverse affect on engine operation. R~
move spark plugs periodically, clean, regap or replace
if necessary. Thread size is 18 mm.

Spark plug gap — 0.030 of an inch.

Replacement plugs must be of the correct heat range,
like Champion No. D-16], AC No. C86 commercial.
Tighten spark plugs, 25 to 30 foot pounds torque.

HIGH TEMPERATURE SAFETY SWITCH

As a safety precaution against overheating, engines
can be equipped with a high temperature switch
mounted to the cylinder head at the No. 4 spark plug.

When cylinder head temperature becomes critically
high, the safety switch will automatically stop the en-
gine by shorting out the ignition system. A waiting
period of about 10 minutes will be required before the
switch has cooled off sufficiently to re-start the en-
gine. An overheated engine will score the cylinder
walls, burn out connecting rod and crankshaft bear-
ings, also warp pistons and valves. The cause of the
overheating condition will have to be remedied before
the engine is re-started. See Engine Overheats puru-
graph in Troubles, Causes and Remedies section.
Service Kit is available — see parts list section.

KEEP ENGINE CLEAN - PREVENT OVERHEATING
(Agricultural and Industrial Engines)

This engine is cooled by blasts of air which must be
allowed to circulate all around the cylinders and cyl-
inder heads to properly cool the engine and thereby
keep it in good running condition. If dust, dirt or
chaff is allowed to collect in the cylinder shrouding
or in the V between the cylinders, it will retard the
flow of air and cause the engine to overheat. Keep
flywheel screen and rotating screen clean, so as not
to restrict the intake of cooling air.

With reference to Fiu. [7; follow the cleaning and
maintenance instructions pointed out, to obtain
trouble free and satisfactory engine performance.

1. Remove these covers frequently and clean out all
dust, dirt and chaff. Be sure to replace covers.
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Loose or burnt out connecting rod bearing.

Engine overheated due to causes under previous
heading,

Worn or loose piston pin.

ENGINE BACKFIRES THROUGH CARBURETOR
Water or dirt in gasoline.

Engine cold.

Poor grade of gasoline.

Sticky inlet valves. See ‘Valves’, Page 22.
Overheated valves,

Spark plugs too hot. See ‘Spark Plug’, Page 15.

Hot carbon particles in engine.

DISASSEMBLY AND REASSEMBLY
OF VH4 ENGINE

Engine repairs should be made only by a mechanic
who has had experience in such work. When disassem-
bling the engine, it is advisable to have several boxes
available so that parts belonging to certain groups
can be kept together, such as, for instance, the cyl-
inder head screws, etc. Capscrews of various lengths
are used in the engine, therefore great care must be
exercised in reassembly so the right screw will be
used in the various places, otherwise damage may
result,

Tighten the capscrews and nuts of the manifolds,
cylinder heads, gear cover, oil pan, connecting rods,
cylinder blocks, main bearing plate and the spark
plugs to the specified torque readings indicated in
the following paragraphs of reassembly.

While the engine is partly or fully dismantled, all of
the parts should be thoroughly cleaned. Remove all
accumulated dirt between the fins.

£ it is desired to disassemble the engine, the follow-

~. >rder should be substantially adhered to. As dis-

wikiy progresses, the order may be altered some-

: desired, as will be self-evident to the me-

Ciat. Reassembly of the engine should be made in
Lo reverse order,

i+ STING REBUILT ENGINE

A cagine that has been completely overhauled, such
as Paviag the cylinders rebored and fitted with new
pistons, :lags and valves, should go through a
thorough “run-in” period, before any amount of load
is applied to the engine.

The engine should be started and allowed to run for
about one-half hour, at about 1200 to 1400 R.P.M.
without load. The R.P.M. should then be increased to
engine operating speed, still without load, for an
additional three and one-half to four hours.

The proper “running-in” of the engine will help to
establish polished bearing surfaces and proper clear-
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ances between the various operating parts and thus
add years of trouble free service to the life of your
engine.

ACCESSORIES

The air cleaner, oil filter, magneto, and if an ejectric
starter and generator are used, these should be re-
moved first.

Remove clutch or clutch reduction unit if engine is
equipped with either of these accessories.

SHEET METAL HOUSE

On power units, remove the muffler and canopy first.
Disconnect air cleaner, choke, govemor control and
instrument wires at the front house panel. The front
panel can be removed as part of the flywheel shroud,
as explained in the following paragraphs of dis-
assembly.

FLYWHEEL

After the flywheel screen has been removed, drive
out the starting crank pin in the crankshaft and re-
move the flywheel nut and washer.

The flywheel is mounted to a taper on the crankshaft.
Take a firm hold on the flywheel fins, pull outward
and at the same time strike the end of the crankshaft
with a babbitt hammer, see Fig. 18. The flywheel
will slide off the taper of the crankshaft. Do not use
a hard hammer as it may ruin the crankshaft and bear-
ings. When reassembling the flywheel, be sure the
Woodruff key is in position on the shaft and that the
keyway in the flywheel is lined up accurately with
the key,

AIR SHROUDING

To disassemble air shrouding, refer to Fig. 19. First
remove cylinder head covers and the screws mount-

76696C

Fig. 18



Fig. 26 104721C

Fig. 27 180178C

crankshaft until piston is at top, then push connecting
rod and piston assembly upward and out thru top of
cylinder. Be careful not to mar the crank pin by allow-
ing the rod bolts to strike or scrape across it. Place
caps onrods immediately sothat they will not be mis-
matched in reassembly. Be sure that shims (used in
babbitt bearing rods), are inplace before cap is put on.

NOTE: These models of engines were originally fur-
nished with babbitt cost connecting rod bearings.
Shell bearing rods are now being used for current pro-
duction engines, and are interchangeable with babbitt
bearing rods for service replacement. Care should be
taken in reassembly to mount bearings properly. The
cap should be assembled to the rod so that the locat-
ing lug of both bearing halves are on the same side
as illustrated in Fig. 28. Refer to chart, Fig. 32, for
clearance between bearing and crank pin.

The piston skirt is cam-ground to an elliptical con-
tour. Clearance between the piston and cylinder must
be measured at the center of the thrust face at the
bottom of the piston skirt. Refer to Chart, Fig. 32, for
proper clearance. The thrust faces on the p.ston skirt
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STAMPED
NUMBERS

LOCATING LUGS

SHELL
BEARING

Fig. 28 316307C

Fig. 29

104819C

are 90° from the axis of the piston pin hole, with the
wide section of the piston skirt toward the maximum
thrust side, or opposite the crankshaft rotation. See
Engine Sectional, Fig. 2.

In reassembly; be sure piston and connecting rod as-
semblies are put back into the same bore from which
they were removed. Use a suitable ring compressor
and stagger the piston ring gaps 90° apart around the
piston. Oil the pistons, rings, wrist pins, rod bearings
and cylinder walls before assembly.

CAUTION: Identical numbers are stamped on the side
of the rod with its corresponding cap. These numbers
must be on the same side of the connecting rod when
mounted in engine. Be sure that oil hole in connect-
ing rod cap is facing toward the oil spray nozzle, as
illustrated in Fig. 29. Install new nuts on connecting
rod bolts and torque 22 to 28 foot pounds.

PISTON RINGS (Fig's. 30, 31, 32)

If a ring expander tool is not available, install rings
by placing the open end of ring on piston first, as
shown in Fig. 30. Spread ring only far enough to slip
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Fig. 30 ms2c

CHROME FACED
COMPRESSION RING

SCRAPER RING

OlL RING WITH
EXPANDER

Fig, 31 285335C
over piston and into correct groove, being careful not
to distort ring. Install bottom ring first and work to-
ward the head of the piston, installing top ring last.
The word ‘TOP’ on compression and scraper rings
indicates direction of ring placement on piston.

Beginning with serial #5538322, three ring pistons
(chrome faced compression ring, scraper ring, oil ring
and expander), with improved oil control characteris-
tics, replaces four ring pistons furnished with two
compression rings.

CAUTION: When replacing four ring pistons with
three ring pistons, a complete set of four pistons
must be used. Do not mix three and four ring pistons
in the same engine,

The outer diameter of the compression ring is chrome
plated. Mount scraper ring with scraper edge down,
otherwise oil pumping and excessive oil consumption
will result. Refer to Fig. 31 for the correct placement
of piston rings.

CYLINDER BLOCKS

Clean all dirt and foreign deposits from between the
cylinder fins and manifold ports.

The cylinder blocks do not have to be removed unless
the cylinderbore is scored, out-of-round, or worn over-
size more than 0.005 inch, In this event, the block
will have to be removed, rebored and fitted with over-
size pistons and rings. This work should be done by
an authorized Wisconsin Service Center.

In Reassembly; tighten the cylinder block mounting
nuts, 40 to 50 foot pounds torque.
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PISTON TO CYLINDER .
AT PISTON SKIRT THRUST FACE 003 1o .004
PISTON RING GAP 010 o .020°
T . .004°
PISTON RING OP RING 002 to .004
SIDE CLEARANCE | SCRAPER RING | .002 to .004°
IN GROOVES
OIL RING 001 1o 003"
PISTON PIN TO .
CONNECTING ROD BUSHING -0004 10 .0012
PISTON PIN TO PISTON 0000 1 .0008"
ight
CONNECTING ROD TO .
CRANK PIN — SIDE CLEARANCE 009 10.016
CONNECTING ROD SHELL BEARING .
TO CRANK PIN DIA. (VERTICAL) 0012 10 .0033
CONNECTING ROD BABBITT .
BEARING TO CRANK PIN -0007 to .0020

STANDARD
CRANK PIN DIMENSIONS

1 Be DIA. GRIND

Fig. 32, PISTON, RING AND ROD CLEARANCES CHART

VALVES and SEAT INSERTS (Fig. 33)

Remove valve tappet inspection plate and compress
valve springs with a standard automotive type valve
lifter as illustrated. Insert a rag in the opening at the
bottom of valve chamber so the retaining locks donot
fall into engine crankcase. Remove retaining locks,
seats, springs, valves and clean these, as well as the
ports and guides, of all carbon and gum deposits. Tag
eachvalve so that inreassembly they will be mounted
in the same guide they were removed from. Replace
valves that are burned or pitted.

The inlet and exhaust valve seot inserts can be re-
moved, when replacement becomes necessary, by
means of Wisconsin Motor DF-66-A insert puller.

Before grinding valves, inspect valve guides for pos-
sible replacement. Refer to Valve Guide paragraph.
The valve face is ground at 45°to the vertical center
line of the valve stem and the valve seat insert should
also be ground at a 45° angle. After grinding, lap
valves inplace until a uniform ring will show entirely
around the face of the valve, Clean valves and wash
block thoroughly with a hot solution of soap and
water. Wipe cylinder walls with clean lint free rags
and light engine oil, especially if cylinders were
rebored and honed.

Yalve guides in the cylinder block are easily re-
placeable by use of Wisconsin DF-72 driver tool.
In reassembly; mount guides with inside chamfer
down, The valve stem has a clearance of .003
to .005" in the guide. When the clearance becomes
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Fig. 33

.007", the guides should be driven out and replaced
with new guides.

These engines that have Stellite exhaust valves and
inserts are designated as Model YH4D and are equip-
ped with positive type exhaust valve rotators. The
action of the rotocap, which rotates the valve slightly
each time the valve opens, helps prevent sticky valve
and will impart a wiping action between the valve
face and valve seat, thereby preventing the build-up
of foreign deposits. Valve rotation will also avoid
prolonged c¢xposure of any one sector of the valve,
face to a lccal hot spot on the seat which will result
in lower and more uniform valve face-seat tempera-

tures. R

CRANKSHAFT

To remove the crankshaft, first remove the six cap-
screws in the main bearing plate at the take-off end
of the engine. This plate can then be pried off, and
crankshaft removed from that end of crankcase. See
I'ig. 34. Be sure to keep shims and gaskets in place
as these are necessary to give the proper end play to

71075C

-

23

the tapered roller main bearings on the crankshaft.
This end play should be .002 to .004 inch when en-
gine is cold. There is practically no wear in these
bearings so that no readjustment is necessary after
proper assembly.

When reassembling crankshaft, the timing marks on
the crankshaft gear and the camshaft gear must be
matched as shown in Fig. 24, otherwise engine will
not operate properly, or if timing is off considerably,
engine will not run at all,

The mounting holes for the main bearing plate are
off-set in such a manner that it can only be mounted
in the correct position. Tighten main bearing plate
capscrews, 25 to 30 foot pounds torque.

CAMSHAFT

The camshaft must be withdrawn from the flywheel
end of the engine as shown in Fig. 35. When reassem-
bling, be sure the spring and plunger are in place in
the end of the camshaft, as they hold the camshaft
in position endwise. These parts are shown in the
sectional view of the engine, Fig. 2.

VALVE TAPPETS

The valve tappets are taken out after the camshaft is
removed, In reassembly, the tappets must of course
be inserted in proper position in crankcase, before
the camshaft is assembled.

After the cylinder blocks have been assembled to the
crankcase, adjust the valve tappets as shown in Fig.
36. With the tappets in their lowest positions, engine
cold, the clearance should be .008 inch for the inlet
and .016 inch for the exhaust, with or without Stellite
valves.

GOVERNOR - OPERATION

The centrifugal flyball govemor rotates on a station-
ary pin driven into the upper part of the timing gear

PULL VALVE TAPPETS
IN OUTWARD
DIRECTION

Fig. 35 104726C-A

MI-518.3
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cover, and the governor is driven off the camshaft
gear at crankshaft speed.

Flyweights are hinged to lugs on the drive gear.
Hardened pins on the flyweights bear against the
flanged sliding sleeve, moving it back and forth as
the flyweights move in or out. The motion of the
sleeve is transmitted thtough a ball thrust bearing to
the governor lever, which in turn is connected to the
carburetor throttle lever. A spring connected to the
governor lever tends to hold the governor flyweights
to their inner position, also to hold the carburetor
throttle open. As the engine speed increases, the
centrifugal force in the flyweights acts against the
spring and closes the throttle to a point where the
engine speed will be maintained practically constant
under varying load conditions. This speed can be
varied to suit conditions by adjusting the governor
spring tension to suit,

GOVERNOR ADJUSTMENT

The governorrod connection to the carburetor must be
very carefully adjusted for length, otherwise the gov-
emor will not function properly and cause the engine

to surge badly. With the engine at rest, the governor -

spring will keep the flyweights in, and the control
rod must be of such length as to hold the car’ uretor
throttle wide open at that point, The accuracy of this
adjustment can be tested by disconnecting the control
rod from the governor lever, and then pushing the rod
toward the carburetor as far as it will go. This will
open the throttle wide. The governor lever should
then be moved as far as possible in the same ditec-
tion, all of this being done with the rod disconnected
from the lever. Holding both parts in the above posi-
tion, the rod should be screwed into the swivel block
on the carburetor, until the bent end of the rod will
register with the hole in the lever, then, screw the
rod in two more turns. Insert the rod into the hole in
*he governor lever and assemble cotter pin. With the
:overnor lever pushed toward the carburetor as far as
t will go, there should be about a 1/16 inch clear-
ince between the throttle lever and the stop pin on
he carburetor. The clearance will cause the lever to
ounce back from the stop pin, rather than jam
igainst the pin, when a load is suddenly applied to
in idling engine. This will eliminate excessive wear
‘n the threads in the carburetor throttle swivel block.

§-519-4
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STANDARD SPECIAL
Vertical Horizontal Mtd.

Mounted Carburetor= Top

Carburetor Mtd, Distributor

NO NO GOVERNOR
LOAD| LOAD | HOLE}| LOAD | HOLE LEVER
R.P.M.JR.P.M. | NO, {{R.P.M. | NO.
1400 | 1525 4 1600 4
1500 | 1650 5 1735 5
1600 | 1725 5 1775 5
1700 | 1850 [ 1905 6
1800 | 1950 7 2050 7
1900 | 2025 7 2115 7
2000 | 2150 8 2230 8
2100 | 2225 8 2300 8
2200} 2350 9 2430 9
2300 | 2425 9 2480 9
2400 ) 2550 10 2625 10
2500 | 2625 10 2685 10
2600 | 2750 n 2795 "
2700 | 2850 12 2930 12
2800 | 2925 12 3005 12

Fig. 37

The governor lever is furnished with 12 holes, as
shown in Fig. 37, for attaching the governor 'spring.
It is very important that the spring is hooked into the
proper hole to suit the speed at which the engine is
to be operated. The Governor Lever Chart, Fig. 37,
shows the full load and no load speeds of the engine
and the hole corresponding thereto. Note that the full
load speed is less than the no load speed and this
must be takeninto consideration when readjusting the
governor. As an example; if the engine is to be oper-
ated at 2000 revolutions per minute under load, the
spring should be hooked into the 8th hole in the
governor lever, and the spring tension adjusted by
means of the adjusting screw, to run 2150 R.P.M. at
no load. When load is applied, the engine will run at
approximately 2000 R.P.M.

A tachometer or revolution counter should be used
against the crankshaft to check speed while adjust-
ing the governor spring tension. Tightening the ad-
justing screw locknut will give higher speeds, while
loosening the locknut will lower the spring tension
and reduce the R.P.M.

NOTE: The settings, in the column of Fig. 37 marked
special, are for engines that have an Ignition Distri-
butor attached to and driven off the governor, These
engines have a horizontal mounted carburetor, result-
ing in governor settings different than standard.

CLUTCH AND REDUCTION GEARS
CLUTCH

The clutch furnished with this model of engine is of
the disc type running in oil. Use the same grade of
oil in the clutch as is used in the engine crankcase.
The oil should be filled through the inspection plate
opening, to the height of the oil level plug. Approxi-
mately a pint of oil is required. See Fig. 38.



OIL FILLER AND
INSPECTION PLATE

OIL LEVEL PLUG

OIL DRAIN PLUG

Fig. 38 84066C

CLUTCH ADJUSTMENT

If the clutch begins to slip, it should be readjusted,
otherwise it will become overheated and damaged.
First remove the inspection plate which will expose
_ the notched adjusting ring. Release the clutch, by
pushing the engaging lever forward. Turn engine over
until the clutch adjustment lock is visible thru the
inspection opening. Loosen adjustment lockscrew,
one full turn, Keep the engine crankshaft from turning,
then, by means of a screw driver as shown in Fig. 39,
turn the adjusting ring, one notch atatime in a clock-
wise direction, until a very firm pressure is required
to engage the clutch with the lever. Be sure that the
clutch cams snap over-center on final adjustment.
Securely tighten adjustment lockscrew. Assemble in-
spection plate, being sure that the gasket fits proper-
ly and is not broken.

CLUTCH REDUCTION UNIT
ADJUSTMENT

The clutch in the clutch reduction unit is the same
as used in the clutch take-off assembly. The clutch
adjustment is made thru two pipe tap openings; one
for the adjustment lockscrew and the other for turning
the adjusting ring, as illustrated in Fig. 40. There
are four Y% inch square head pipe plugs in the hous-
ing, to provide a means of adjusting the clutch re-
gardless of what position the unit is mounted in.

Remove the two pipe plugs on the side of the hous-
ing (if not accessible, use the two optional taps).
Disengage the clutch and turn engine over slowly
with a hand crank until the odjustment lockscrew is
visible thru the pipe plug opening nearest to the en-
gine. Loosen lockscrew one full turn, or enough to
relieve the tension of the lock against the notches
on the adjusting ring. Then, turn engine over slightly
to expose the notches on adjusting ring. Keep engine
crankshaft from turning, while thru the adjacent pipe
plug opening, turn the adjusting ring with a screw
driver, one notch at a time in a clockwise direction
(viewing from take-off end), until a very firm pres-
sure is required to engage the clutch with the lever,
Tighten adjustment lockscrew and mount pipe plugs,
when adjustment is completed.
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ADJUSTMENT,
LOCKSCREW

CLUTCH
ENGAGING LEVER
(RELEASED POSITION)

244949C-A

ENGAGING LEVER
(Releosed Position)

& ADJUSTMENT
-OPTIONAL-

ADJUSTING PLUG

ADJUSTING LOCK

NOTCHES ON
ADJUSTING RING

275568C

Fig. 40

REDUCTION GEARS

Reduction gears are furnished with several different
ratios, some with spur gears, others with chains. All
are of the same general design, except that some are
furnished with clutches, others without, and for var-
ious installations can be mounted with the take-off
shaft in either a 3, 6, 9 or 12 o’clock position. Use
the same grade of oil in the reduction unit as is used
in the engine crankcase.

Several plugs are furnished so that lubrication may
be properly taken care of regardless of the position
of the installation. There will always be one plug on
top to be used for filling oil, a plug befow for drain-
ing oil, and there will be one plug on the side slightly
above the bottom, to be used as an oil level plug.
See Fig. 41.

The oil should always be filled when the engine is at
rest. When the oil becomes dirty, it should be drained,
while the engine is hot, and fresh oil added. The fre-

MI-520-3



OIL FILLER PLUG

OIL LEVEL PLUGS OIL DRAIN PLUG

Fig. 41 76090C

quency at which these oil changes should be made
depends entirely on the kind of service in which
these gears are used, but even with light service the
change should be made at least once every five hun-
dred hours of operation, adding sufficient oil between
changes to keep the oil up to the oil level plug.

STORAGE OF ENGINE FOR WINTER

When the season’s work is completed, the following
instructions should be carried out very carefully to
protect the engine over winter.

The outside of the engine, including the cooling fins
on the cylinders and heads, should be thoroughly
cleaned of all dirt and other deposits.

The air cleaner, at the carburetor intake, should be
thoroughly cleaned of all oil and accumulated dust,
and the sediment removed from the oil cup at the
bottom of the cleaner.

To protect the cylinders, pistons, rings and valves
and keep them from rusting and sticking, a half and
half mixture of kerosene and good “gasoline engine”
oil (the same kind of oil as used in the crankcase of
the engine), should be injected into the pipe tap
opening on the intake manifold while the engine is
warm and running at moderate speed. About a quarter
of a pint is necessary, or enough so that a heavy
bluish smoke will appear at the exhaust. The ignition
switch should then be shut off and the engine stop-
ped. This fogging operation will leave a coating of
oil on the above mentioned parts, protecting them from
the atmosphere.

MI-567
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On engines where the pipe tap opening on the intake
manifold is inaccessible, the rust preventative may
be injected into the air intake on the carburetor while
the engine is running, so the mixture will be drawn
into the engine. The air cleaner connection will of
course have to be disconnected from the carburetor
to do this,

All the oil should be drained from the crankcase
while the engine is warm, as the oil will then flow
more freely than when cold.

Drain fuel system, including gasoline lines, carbu-
retor, fuel pump and tank of all gasoline, to prevent
lead and gum sediment interfering with future opera-
tion.

The air cleaner or carburetor intake, as well as the
exhaust manifold and breather openings, should be
taped or otherwise sealed off, for the duration of the
storage period.

All exposed unpainted metal parts should be coated
with grease or heavy oil.

Before starting the engine again the next season, the
crankcase drain plug should again be removed, so
that any condensation, which may have collected dur-
ing the winter, may be drained before new crankcase
oil is added.

A good plan, and one that is recommended, is to re-
move the crankcase oil base in the spring before
starting the engine for the new season, and scrubbing
off all sediment which may have collected there.

When replacing the engine base, a new gasket should
be used.

Be sure to fill the crankcase with a good quality
of crankcase oil to the high level point, before
starting the engine. Do not use any oil heavier
than SAE No. 30. Also be sure to put oil to the

proper level in the air cleaner.

It is also recommended to use new spark plugs at the
beginning of the next season, especially if the en-
gine has given considerable service.

Refuel engine and follow the starting instructions as
shown on preceding pages of this ‘manual.

It is highly recommended that machines be stored
inside a building through the winter. If this is
not possible, the engine should be protected from
snow and ice by a proper covering.
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BERTEA LOAD SENSING - PRESSURE COMPENSATING
PROPORTIONAL DIRECTIONAL VALVE

TANK RETURN

OUTLET DIRECTIONAL VALVE

SECTION MANIFOLD (TYP)
PILOT
VALVE

@\\ PILOT

SHUTTLE
VALVES SYSTEM CONTROL
FLUID IN
FLUID 1IN
INLET
LOAD SENSE
TION
PORT SEC
MODULE ASSEMBLY
FIGURE 1
INTRODUCTION

The Bertea "Load Sensing" directional valve module,
Figure #1, provides a means of sensing the highest
"work cylinder port" pressure, and then transmit this
load sensing signal to a variable displacement pump
with flow and pressure compensating controls.

These pumps will normally provide flow upon demand at a
pressure of 100 psi to 300 psi above the load sensing
pressure from the module. When the load sensing port

is connected to tank, the pump will provide minimum flow
at 100 to 300 psi output pressure.

Since the pump pressure is always held at only 100 to
300 psi above the highest load pressure, this system reduces
the energy requirements and heat generation. Also, control
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INTRODUCTION (Continued)

is optimum since the pressure drop across the directional
valve spool is held constant at 100 to 300 psi by the load
sensing line signal to the pump compensator.

In order to provide control of the directional valve spools
under various system configurations and operating modes, the
module is designed to contain two separate hydraulic circuits.
The main power pump circuit is configured in the normal
manner to provide power oil to the working cylinder ports.
The control circuit used to position the directional valve
spool is independent of the power o0il circuit and operates
at approximately 300 to 400 psi. This circuit separation,
also, provides the capability to control the module from a
remote location with electrohydraulic controls or by a re-
mote pilot 0il system with variable pressure capability.

The method used to port the Load Sensing Control Circuit to
tank when not in use requires all directional valve spools
to be open cylinder port configuration. Therefore, external
controls will be required for load holding capability.

SYSTEM DESCRIPTION

The Bertea load sensing valve module consists of (3) basic
sub-systems as noted: (Reference: Figure 1 and Figure 2)

A. The shuttle valves, within the spool sections, sense the
highest cylinder port pressure within each spool section
manifold assembly and, alsco, select the highest load
pressure among all of the spool sections in the complete
module, and port this signal to the load sensing port of

the pump.

B. The directional valve spool directs and meters the fluid
to the function as specified by the amount of spool travel
from its neutral or shut off position. This travel is
determined by the difference in pressure established in
the two spool end caps by the external control source.

C. The remote control system determines the directional valve
spool position by varying the pressure in each spool end
cap. The two commonly used control systems are:

(1) Remote pilot control oil ported to each end cap thru
external tubing from a remote pressure reducing valve.

(2) Electrohydraulic pilot valves, manifolded to the spool

section, and controlled electrically from a remote loca-
tion. This pilot valve obtains its pilot supply o0il from
the module and ports it to the spool end cap at various
pressure levels proportional to the electrical command.
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III OPERATION (Figure #2)

A.

Load Sensing

When the system is not in use and the directional.valvg .
spools are in the center position, the load sensing c1;cu1t
is connected to tank thru the shuttles and the open cylinder
port spools. In this configuration, the load sensing,
variable displacement pump will be at minimum output flow
and providing only 100 to 300 psi pressure depending on the
compensator differential setting.

The directional valve spool (Item 4) is spring caged to the
center position with a 19% preload. As the remote control
system builds up a differential pressure across the spool -
ie-increases the pressure in one end cap and lowers the
pressure in the other end cap - the spool will move out of
center detent at about 40 psi differential pressure. In-
creasing the differential pressure will move the spool thru
its 0.100 inch over lap length to the initial metering area
and, also, with this movement, close off the open path
across the spool from the cylinder port to the tank port.
(Additional increase in differential pressure, up to

200 psi, will move the spool thru the metering notch

area to full stroke of .350 travel and maximum flow).

As the directional valve spool of spool section #1

moves into the initial metering area, the shuttle system

is now connected to the cylinder load instead of the tank
port. Shuttle "A" (Item 5) senses this load pressure and
passes it thru shuttle "B" (Item 3) into the load sensing
circuit. This pressure signal is transmitted thru the

inlet manifold to the pump where it controls the compensator
setting to always provide an output pump pressure of 100

to 300 psi above the cylinder load pressure as picked up

by shuttle "A".

If only one spool is operated, this system will provide
constant rate of operation for any spool position since
the load sensing circuit is holding a constant pressure
drop of 100 to 300 psi across the metering notch of the
spool.

Assume that spool #3 is now operated at the same time as
spool #1 but at a higher pressure. Shuttle "A" of spool
section #3 senses this load pressure and passes it thru
shuttle "B" and into the load sensing circuit. This higher
pressure will cause the shuttle "B" of spool #1 and #2 to
pass the pressure on while they block their respective
sensing lines to the "A" shuttles. This higher pressure
signal to the pump increases its output pressure to 100

to 300 psi above this new load.
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ASSEMBLY AND SERVICE

The Bertea proportional electrohydraulic control valve is a
stack configuration with all components field exchangeable as
cartridges or sub-assemblies. The basic module consists of an
inlet manifold assembly, a number of directional valve section
assemblies with pilot valves, plus an outlet manifold assembly
as shown in Figure #1.

A.

Inlet Manifold Assembly (Figure 4)

The inlet manifold provides the inlet porting for the
main power fluid circuit and the pilot valve fluid
circuit. An optional 30 gpm system relief valve car-
tridge (Item 5) is available to replace the standard plug
assembly (Item 6) for the power fluid circuit.

Each vehicle installation requires only one control
pressure relief valve (Item 10), to maintain the 300 psi
control pressure, regardless of the number of modules
used. This valve should be installed in the module that
is the greatest distance from the pump in order to assure
a minimum of 300 psi pilot valve supply pressure to all
units. The other inlet sections would use the standard
plug assembly (Item 7). This pressure relief valve will
provide 300 psi differential pressure for the pilot valve
supply regardless of tank pressure. Therefore, if the
vehicle return line has 100 psi back pressure the inlet
to the pilot valves will be 400 psi.

All inlet sectiocons contain the pilot valve filter assembly
(Item 14) regardless of the location of the pressure relief
valve. The replacement schedule of this filter will be
determined by the system usage and the guality of filtration
of the power circuits.

The "O" ring face seals are the same as the ones used in
the directional valve section (Figure 6). Care should be
taken to assure that each ring is in its respective groove
when clamping a module together.

Directional Valve Manifold Assembly (Figure #6)

Each directional valve assembly consists of the directional
valve spool (Item 23); a means to position the spool by
either the electrohydraulic pilot valve (Item 11} or a
remote pilot o0il system (Item 2 or 4); a shuttle to sense
highest working cylinder port pressure (Item 31 or 35);

and a shuttle (Item 36) to transmit the highest pressure
within the total module to the load sensing pump.

The spool section body is a 30 gpm configuration with
optional spools for lower flow rates to a 2 gpm size. All



>DD

> D

| BERTER | 55582) SERVICE MANUAL MODEL 264300

ITEM PART
NO. oTY NUMBER DESCRIPTION

1 1 269322-3 | Manifold
2 1 2-020 "O" Ring
3 1 8-020 Backup Ring

4 1 3-914 "O" Ring
5 1 234905 System Relief Valve

6 1 225946 Plug - System Relief
7 1 231856 Plug - Pilot Pressure
8 1 3-912 "O" Ring
9 1 2-014 "O" Ring

10 1 231852 Pilot Pressure Relief
11 3 2-117 "O" Ring

12 1 2-128 "O" Ring

13 2 2-112 "O" Ring

14 1 234950 Filter Assembly

15 1 3-908 "O" Ring

16 3 248584-3 | Backup Ring

17 1 2-108 "O" Ring

18 1 1/4 Tube -~ Connector

A 269344-3 "0" Ring Kit

MANIFOLD ASSEMBLY, PART NO. 269381

FIGURE 4

8
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ASSEMBLY AND SERVICE (Continued)

B.

Directional Valve Manifold Assembly (Continued)

spools are field interchangeable in order to select the
optimum flow rate control desired.

The standard end cap (Item 20) with various length pins
(Item 18) determine the maximum spool travel and hence
the maximum flow rate for any specific spool. This
selection of spool and pins provide field adjustment of
desired function speeds.

The optional manual override assembly for a remote con-
trolled spool is shown in Figure #5. This assembly will
provide direct manual control of the spool in the event
of a failure in the remote controller, the electrical
power supply, or a malfunction of the pilot valve.

END CAP

AIR BLEED PLUG

!‘-‘ DISENGAGED

STROKE LIMIT HAND KNOB

SPACER DRIVE SCREW

MANUAL OVERRIDE END CAP ASSEMBLY NO. 234955
FIGURE 5

The hand knob is held in the thread disengaged position by
a light spring to prevent inadvertent operation. Press
the knob inward while rotating to engage the threads in
the cap and the drive screw. Continued rotation clockwise
will move the spool from center and will provide flow from
the cylinder port adjacent to this end cap. The knob must
be rotated outward and disengaged prior to operating the
manual override on the opposite end cap.

A plug is provided, as shown, to bleed the air from each
end cap after initial assembly and operation. Air trapped
in the spool end cap will reduce the response of the valve
assembly.
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;g?m OTY PART NUMBER DESCRIPTION
1 4 10-24x1 3/4 SCREW-SOC. HEAD 22
2 1 269357-1 MANIFOLD ASSY.-PURGE & v 19 AL

SHUTTLE VALVE :
3 4 10-24x1 1/2 SCREW-SOC. HEAD
4 1 269327-1 MANIFOLD ASSY.-
PURGE CIRCUIT
5 4 #6-32x1/2 SCREW-PHILLIPS HD.
6 4 234980 SCREW-SOC. HEAD
7 4 234959 WASHER
8 1 249896 SEAL KIT
9 1 242933 COVER

10 1 242907 GASKET

11 1 234912 PILOT VALVE

12 1 225931-1 GASKET

13 1 269319-3 BODY

14 4 234927-1 SPRING GUIDE

15 2 234953-1 SHIM

16 2 231830-1 SPRING

17 2 234932-1 PIVOT

18 2 234931-1 PIN .350 SPOOL TRVL

-3 PIN .300 SPOOL TRVL
-9 PIN .250 SPOOL TRVL

19 2 225989-1 GASKET

20 2 269315-1 END CAP

21 8 #10-24x3/4 SCREW-SOC. HEAD

22 2 1/8-27 NPT PLUG SOC. HEAD

23 1 AS REQ'D SPOOL

24 1 261850-5 PLUG ASSY.

25 1 3-912N300-90 "O" RING

26 2 2-112N674-70 "O" RING

27 2 2-114N674-70 "O" RING

28 2 248584-3 BACKUP RING

29 1 2-122N674-70 "O" RING

30 1 2-107N674-70 "O" RING

41 1 2-108N674-70 "O" RING
A 269344-3 "0O" RING KIT

DIRECTIONAL VALVE MANIFOLD (SHEET 1 OF 2)
FIGURE 6
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INS
TO

TALL FLUSH

.030 BELOW
SURFACE

2@2

o

39\% 40
&
38 ? s*
36
37

TORQUE
38-42 IN-LBS

ﬁfffv 34\*&»3115? .
o 0.
q2222?f‘ 32
34~ /&
3] 33 éjl\32 TORQUE
75-85 IN~LBS
ITEM
NO. | QTY. PART NUMBER DESCRIPTION
31 1 269360-1 SHUTTLE BY-PASS
VALVE ASSY.
32 1 8-014 BACKUP RING
33 1 |2-014 N64-70 "O" RING
34 1 |269370-012 "O" RING
35 1 269364-1 SHUTTLE VALVE ASSY
(1/4 BALL)
36 1 269330-1 SHUTTLE VALVE ASSY.
(5/32 BALL)
37 1 8-010 BACKUP RING
38 1 2-010N64-70 "O" RING
39 1 269379-009 "O" RING
40 | 1 [269359-1 PLUG ASSY.
(SHUTTLE VALVE)

DIRECTIONAL VALVE MANIFOLD (SHEET 2 OF 2)

FIGURE 6
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TANK PORT

1/2 NPTF PIPE PLUG
(INSTALLED)

3/8 NPTF PIPE PLUG

(INSTALLED)
1/4 NPTF °

PIPE PLUG
(OPTIONAL)

PILOT VALVE DRAIN

3/8 NPTF
PIPE PLUg_\\\\

(OPTIONAL)

OUTLET MANIFOLD #269382
FIGURE 7

C. -Outlet Manifold Assembly (Figure #7)

The outlet manifold provides the porting to tank for the
module. The plugs will be installed as shown for the
power system fluid to return to tank from port "A".

Optional porting is available for the pilot circuit drain
so that it may be returned to tank separately from port
"E" or joined with the power system fluid thru port "A".

If the main system return line pressure will exceed 100 psi
the pilot drain should be connected to tank thru port "E"
by inserting the 1/4" pipe plug into port "D". If the
main system return line pressure is less than 100 psi,

the pilot drain can be ported to this circuit within the
manifold by inserting the 3/8" plug into port "E" and
omitting the 1/4" plug at "D".

CAUTION: DO NOT PLUG BOTH PORTS "D" AND "E" AT SAME
TIME since this will block the pilot valve
drain.

Port "C" is only for access to Port "D"

12
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Iv ASSEMBLY AND SERVICE (Continued)

D.

Pilot Valve Assembly

The electrohydraulic pilot valve is a separate replace-
able assembly as shown on Figure #6. The correct mount-
ing orientation of the pilot valve is determined by the
locating pin in the valve body mounting face. A 150
micron filter is installed beneath this roll pin.

There are no external adjustments for the pilot valve
nor mechanical connections to the spool. If a problem
related to the pilot valve develops, the unit should be
replaced and returned to the factory.

The pilot valve ratings include the following:

Coil . . . . +« ¢ <« « +« « « . 60 ohm resistance

Operating Current . . . . . . 0 to 60 ma

Operating Voltage . . . . . . 0 to 3.6 volts

Maximum Current . . . . . . . 100 ma rated

Required Flow . . . . . . . . .5 to .6 gpm at 300 psi
differential

A positive polarity of the red wire of the pilot valve
will provide flow from the cylinder port adjacent to the
pilot valve.

Shuttle Assemblies

Two types of shuttle assemblies are used in the load
sensing control circuit. The basic shuttle shown in
Figure #8, is a single ball unit that seals in either
position. This type is the standard configuration for
shuttle "B" (Reference Figure #2), and is optional for
shuttle "A" usage. There are no adjustments in this
shuttle.

BASIC SHUTTLE
FIGURE 8

13
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Iv ASSEMBLY AND SERVICE {(Continued)
E. Shuttle Assemblies (Continued)
Figure #9 shows the second shuttle configuration used
as shuttle "A", and it provides an adjustable by-pass
bleed from cylinder port "B" to cylinder port "A", as
shown on Figure #2. This is used to smooth the operation
of a holding valve in a topping cylinder application.
Therefore, cylinder port "B", which is adjacent to the
pilot valve or purge manifold mounting face must be con-
nected to lower the function.
BY-PASS BLEED
ADJUSTMENT
ADJUSTABLE BY-PASS SHUTTLE
FIGURE 9
V. TROUBLE SHOOQOTING

The modular design of the valve provides simple field trouble
shooting and service. The first step should be to isolate the
problem to a specific component if possible. For example,
change the remote controller leads from one pilot valve to
another to check if the problem follows the remote controller.

The same procedure can then be used to check the pilot valves
by interchanging two units. Care should be taken to avoid
introducing dirt into the system when removing pilot valves.

The pilot valve converts an electrical input signal of 0 to
3.6 volts into a pressure unbalance across the directional
valve spool. At the factory setting of 300 psi differential
pressure across the the pilot valve, the directional valve
spool deadband will be a minimum of 20%. Increasing the
differential pressure across the pilot valve will reduce the
deadband signficantly.

Control problems are usually either electrical, hydraulic or
mechanical.

Electrical problems are isolated by disconnecting the wires

from the pilot valve to determine if the problem is caused
by the remote electrical controller or the pilot valve.

14
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1. Each pilot valve requires a continuous flow
of .5 to .6 gpm at 300 psi AP across the
module. A four spool section installation
would require four times 0.5 plus 1.0 gpm
for tolerance or a 3.0 gmp supply.

2. If a flow control valve is used, the minimum
load sensing differential on the pump must
be greater than 300 psi in order to assure
pilot valve pressure at "no cylinder load

conditions."
LOAD SENSING
LINE
...
o'..

LOAD SENSING v.“
PRESSURE COMPENSATING ot
PUMP

FLOW CONTROL
VALVE

RETURN FLOW
10 MICRON FILTRATION
RECOMMENDED

TEE FOR
PRESSURE GAGE

CONTROL FLUID
FILTER 40 MICRON
NON BY-PASS

LOW FLOW FIXED 12v BATTERY

DISPLACEMENT PUMP

BERTEA VALVE INSTALLATION
FIGURE 10

15
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V. TROUBLE SHOOTING (Continued)

Hydraulic control problems, such as poor feathering, can be
caused by very high or very low differential pressure across the
pilot valve. Hydraulic mal-function problems, such as unwanted
motion or non operation, can be caused by contamination failures
Check the control system filter and the inlet manifold filter
(Item 14, Figure 4) for plugging or failure. Replace the

pilot valve with a spare unit or one from another function to
check for a plugged valve.

A plugged shuttle valve will prevent the load sensing signal
from being transmitted to the pump and therefore, the system
will not build up pressure.

VI INSTALLATION

A. Module Assembly

Insert the "O" rings into the respective groves of the
inlet manifold and spool sections. Assemble the required
number of spool sections between the inlet and outlet
manifolds with the pilot valve porting on the right hand
side as shown in Figure 11. Use a flat surface for support
in order to align the inlet and outlet manifolds. Torque
the clamping bolts as noted on below.

The valves are not sensitive to attitude and therefore
may be installed in any reasonable manner on the vehicle.
Caution should be exercised to avoid placing steel tubing
or magnetic material within 1.5 inches of the pilot valve
as shown in Figure 11. Magnetic material will affect the
flux field of the pilot valve permanent magnet and will
cause a major shift in the valve null position.

The optional configurations of the inlet manifold assembly
are shown in Figure 4. If the 2343505 system relief valve
is not required, the 225946 plug must be used in the port
in order to provide the correct seals for the internal
lands.

PORT SIZES

Cylinders . . . . . 1-1/16 - 12 (3/4 tube)

Inlet . . . . . . . 1-1/16 - 12 (3/4 tube)
Outlet (Port "A"). . 1-5/16 ~ 12 (1" tube)
Control Pressure . 3/8 Flared tube - male

BOLT TORQUES

3/8 - 16 Clamping Studs . . . . . 23 1lb-ft - Lube
e e e e s 30 1b-ft - Dry
10 - 24 Screws e e e e . 30 in-1lb - Dry

e e e 4 . 40 in~1lb - Dry
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VI. INSTALLATION (Continued)

fe—— 5 7/8 ——=

1 1/16-12
PORTS TYP _

| f— 113

_ S~ "’
LN IOI010) |3
LOlOIOIOIG:
. 0| [O[o)019 o
O - D

¢

/A\CAUTION: NO MAGNETIC METAL WITHIN 1.5" OF PILOT VALVE AS SHOWN.
/2\ LOAD SENSING PORT SAE 7/16-20 HNF (1/4" TUBE)

NUMBER OF

SPOCL SECTIONS 1 2 3 4 > 6
DIMENSION "A" 6.83 8.72 10.61 12.50 14.39 16.28
DIMENSION "B" 5.96 7.85 9.74 11.63 13.52 13.41
STACKING KIT

P/N 242902 DASH NO. -1 -2 -3 -4 -3 -¢

MODULE INSTALLATION
FIGURE 11

A. Module Assembly (Continued)

The 231852 pilot pressure relief valve establishes
the 300 psi differential pressure for the pilot valve
circuit. Only one pilot pressure relief valve is re-
quired per vehicle and therefore when two or more
modules are used, this port must be closed with a -
231856 plug in the extra modules. Each pilot valve
requires a continuous flow of .5 to .6 GMP at 300 psi

17
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A.

Module Assembly (Continued)

A P. A four spool section installation would require
four times .5 GPM plus 1.0 GPM for assurance or a 3.0
GPM supply. Figure 10 shows typical installations of
a separate pump for pilot fluid supply and a circuit
using a divider. A 40L filter is required as shown
for this pilot fluid circuit.

Filtration and Hydraulic System Preparation

The life of any hydraulic system is sensitive to the
cleanliness of the fluid stream. It is recommended
that good cleaning and flushing procedures be followed
in the assembly and test of the system.

The purpose of separating the control pressure fluid from
the main power circuit fluid as shown on Figure 10 is to
assure continuous filtration of the fluid supply to the
pilot valves. A 40 micron full flow, non bypass filter
is required for the control pressure circuit. The minimum
flow rate will be based on the number of pilot valves
used, it is recommended that a unit as large as possible
be used to insure long filter life.

The main power fluid circuit filtration should be 10 micron
as shown on Figure 10. A suction strainer on the pump and
magnetic tank unit are benefical to filter life.

A secondary filter is installed in each inlet section

(see Figure 4) to provide pilot valve protection from

contamination generated between the main control fluid
filter and the valve.

18
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BERTEA PROPRIETARY RIGHTS ARE INCLUDED IN THE INFORMATION DISCLOSED
HEREIN. NEITHER THIS DOCUMENT NOR THE INFORMATION DISCLOSED HEREIN
SHALL BE REPRODUCED OR TRANSFERRED TO OTHER DOCUMENTS OR USED OR
DISCLOSED TO OTHERS FOR MANUFACTURING OR FOR ANY OTHER PURPOSE
EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY BERTEA CORPORATION.

NOTES:
1, TECHNICAL DATA

DIFFERENTIAL PRESSURE 339 Psi
QUIESCENT FLOA S5 T0 L6 6P
COIL RESISTAWCE 63 OH.1S
RATED CURRENT 60 (1A
FILTRATION 25 1{ICRON
RATED VOLTAGE & 60 ith 3.6 VOLTS DC
FLUID PETRULEUM OIL
WEIGHT .85 LB/385 Gil

2. WHEN RED WIRE IS POSITIVE, PRESSURE AT
CYL #2 IS GREATER THAN CYL #1,

3, FOR FOUNTING, USE BERTEA SCREW P/d 23493)
(10-24 X 1-1/2 SOC HEAD CAP SCREW -
HON MAGNETIC CRES), AdD BERTEA GASKET
P74 22593)1 TORQUE TU 33-42 IN-LBS DRY 4 PLC,
USE BERTEA WASHER P/ 234959 INDER HEAD OF

(REQD FOR MOUNTING MANIFOLD)

SCREW,
A CAUTION: WU FIAGHETIC AATERIAL ALLOWED WITHIN
AREA SHOWW,
TABLE OF
ELECTRICAL CABLES REF.
TYPE |NO. OF COND. [WIRE SIZE[0.D. (REF)
SJO 2 18 AWG | .300
$J0O 2 16 AWG | .330
SDN 2 | s AWG. | 278
SON 2 16 AWG | .292

ANK
38loa 3 pcs /ST
/
/ ~1820iA X .55 DEEP
688 155
£ TAP *10-24 UNC- 3B THU
o X .35 MIN /OFEP
g‘s‘é/ 2 SINK 120° X .210 DIA
CYL“Zx =375 []
2509 ™ T
‘ 1.344 BSC
$ 672 B’CS
] . C ol
450- @ g "‘L—}
/‘ .650\
560 — 312 DIA X. DEEP MIN
QL S RELSEt
MOUNTING  FACE

~6-32 SCREW 4 PLCS
TORQUE TO 5-7 IN-LB

—» <« CABLE O.D.
200 TO 345
(2 CONDUCTORS
16 TO 20 GA.)

248502-3 TERMINAL 2 REQD
(BERTEA FURNISHED)

(AMP SPECIAL IND.

P/N 327043 BEFORE BEND).

EXISTING TERMINAL LEAD
FROM PILOT VALVE (REF)
BEND DOWN AS REQ'D

(2 PLCD)

TERMINAL BLOCK (REF)

242971 SLEEVE
(FOR CABLE 0.D. 300 T0.345

249875 WASHER (FOR .200
MAX CABLE DIA)

242996 SLEEVE

(FOR CABLE O.D. .200 T0.290)

4 '

e STRIP INSULATION AS SHOWN >
' ] AND CRIMP WITH ONE OF L
v | R v THE FOLLOWING CRIMPING % P
‘ g~ 25 TOOL: :
[ AMP SPEC. IND. NO. 29564 —248502-3
VACO CORP. NO. 1902 &2 3 TERMINAL (REF)
THOMAS & BETTS 2| oS !
CyL NO. WT1000 NN N
_TANK HOLLINGSWORTH = S
/ —_— SOLDERLESS TERMINAL CO.
o / NO. H2A
I ) & & 1 OR EQUIV. TOOL TERMINAL CONNECTIONS
‘ s _——BRESSURE CUSTOMER'S CABLE 2X SIZE
{ o :
Noeer
of ~ o |
T 1 / T PART NO. & NAME MATERIAL MATERIAL SPEC. HEAT TREATMENT FINISH SHT
‘ ALL DIMENSIONS ARE IN INCHES T UAMBERT  |7-2-74 BERTER | CoRPORATION
| Y‘ CHECKED: m - IRVINE « CALIFORNIA
— CYL 82 | TOLERANCE ON: 8-15-%4
1 LINEAR DIMENSIONS ANGLES e ook INSTALLATION DRAWING - FOR
QUANTITY REQUIRED FOR NOTED ASSEMBLY XXX = -'t £10 XXX = i 0.50° - - PI OT VA vt
,4_2 o0 X XX =+ 040 XX = + 10° | 234912 L L
| X =+ .10 XX = + 50° [
DRAWING SYMBOLS & TOLERANCE PER USASI Y145 S3E T CODE TDENT NG
h__ N > 125 MAX. SURFACE ROUGHNESS PER USAS! B46.1 . L4 ‘
2 6 5/ STRAIGHT THREADS PER MIL-S-8879 D 82106 - R- (‘ 2— J " ()
NEXT ASSY. | SI% |COMPLETE ASSY.| SRy MFG. PRACTICES PER BMF 5103 scaLE: | /1 € NOTED J SHEET | OF |

PILOT VALVE INSTALLATION

FIGURE 12
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