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This manual has been compiled in a simple, non-technical manner and every effort has been
made to cover the most important items. It will provide a convenient reference source for the
serviceman. Wherever possible, repetition of service instructions has been avoided by combin-
ing truck or unit models.

An index at the front of each group permits locating items covered in a particular Group.
Where necessary, groups have been subdivided into sections. As additional data is compiled,
new or revised pages will be issued. These should be inserted in their respective group and section.

IMPORTANT: Before starting any overhauling work, always remove the dirt that has accu-
mulated around the parts to be disturbed. When parts are taken off, dirt not removed may fall
into the units, contaminating the lubricating oil, and getting into bearings and other working
parts. As dirt contains grit and abrasives, considerable unnecessary wear and reduction in effi-

ciency is invariably the result.

Motor Truck Division

INTERNATIONAL HARVESTER COMPANY

180 NORTH MICHIGAN AVE. CHICAGO 1, [LLINOIS



©1993-2009 International Truck Intellectual Property Company, LLC, Warrenville, IL,
a wholly owned subsidiary of International Truck & Engine Corporation, Chicago, IL.

All rights to this book are reserved. No part of this book may be reproduced in any
manner without express written permission from International Truck Intellectual
Property Company, LLC.

Printed and distributed under license from International Truck Intellectual Property
Company, LLC by S & C International Inc, dba Binder Books®.

Binder Books is located at 27875 SW Grahams Ferry Rd, Sherwood OR 97140.
Phone: 503-682-9328; FAX: 503-682-9563; www.binderbooks.com

IHC®, TRIPLE DIAMOND®, SCOUT®, TRAVELALL® and INTERNATIONAL®, are
trademarks licensed by International Truck Intellectual Property Company, LLC.



http:www.binderbooks.com

CHECKING LIST AND
FOR

R-LINE SUPPLEMENT

TO THE
CTS-11 L-LINE MOTOR TRUCK
SERVICE MANUAL

INDEX

NOTE: INSERT THESE R-LINE SUPPLEMENTAL PAGES IN THEIR RESPECTIVE SECTIONS
IN THE CTS-11 SERVICE MANUAL

® The attached pages contain only those major units used on R-Line trucks which are not common
to units used on the respective L-Line trucks.

® Only the service specifications and data for the R-Line major units are covered in these pages.
- Additional R-Line coverage will be released when available.
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WARRANTY

THE INTERNATIONAL HARVESTER COMPANY
warrants each new INTERNATIONAL MOTOR TRUCK to be free
from defects in material and workmanship under normal use
and service, its obligation under this warranty being limited to
making good at its factory any part or parts thereof which shall
be returned to it with transportation charges prepaid, and which
its examination shall disclose to its satisfaction to have been thus
defective, provided that such part or parts shall be so returned to
it not later than ninety (90) days after delivery of such vehicle
to the original purchaser, and that at the time of such return, the
said vehicle shall not have been operated in excess of five thousand
(5,000) miles. This warranty is expressly in lieu of all other war-
ranties expressed or implied and of all other obligations or liabili-
ties on its part, and it neither assumes nor authorizes any other
person to assume for it any other liability in connection with the
sale of its vehicles.

This warranty shall not apply to any vehicle which shall have
been repaired or altered outside of its factory in any way so as,
in its judgment, to affect its stability or reliability, nor which has
been subject to misuse, negligence or accident, nor to any commer-
cial vehicle made by it which shall have been operated at a speed
exceeding the factory rated speed, or loaded beyond the factory
rated load capacity.

It makes no warranty whatever in respect to tires, rims, ignition
apparatus, horns or other signaling devices, starting devices, gener-
ators, batteries, speedometers or other trade accessories inasmuch
as they are usually warranted separately by their respective manu-
facturers.
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INSPECTION OF NEW TRUCKS BEFORE DELIVERY

When trucks come off the assembly line at the
factory they have already been given numerous
unit inspections and in addition are subjected
to a driving test and final inspection. Districts
and Dealers should, however, recheck each
truck prior to delivery to a customer., This is
particularly advisable if trucks have been driven
through or “double decked” by a drive-away
company.

It is the responsibility of each District and
Dealer to see that new trucks are delivered to
users in a fault-free condition. This will mean
a satisfied owner and will tend to eliminate
unnecessary trips to the Service Station for minor
adjustments during the warranty period,

The pre-delivery service at each District must
include all of the operations listed below:

1. Clean and polish truck if necessary,

2., Lubricate chassis, and check oil in air
cleaner.

3. Check lubricant level in transmission,

4. Check lubricant level in differential.

5. Check oil level in engine, Drain and refill
if oil is not of proper viscosity for locality

or season, or if truck has been driven any
great distance.

6.

10.

11,

12,

13,

14,

15.

16,

Check cooling system for water,

Install battery, checking specific gravity
and level of electrolyte,

Warm up engine and check operation of
instruments and lights.

Tighten cylinder head and manifold nuts
uniformly, using tension indicating wrench,
(If truck has not been driven since leaving
the factory, this operation is unnecessary.)

Adjust valve lash if necessary. Note: If
head is tightened in operation (9), valves
in overhead-valve engines will require ad-
justment,

Check and adjust carburetor for idle,

Check tire alignment on wheels, Correct

if necessary, Tighten rim lugs.
Tighten all hub stud nuts.

Check front wheel alignment for toe-in of
wheels.

Install tools, spare rim, and owner's manual,
etc.

Give truck short road test, checking brakes,
controls, and general handling, to assure that
all are functioning properly.

INSTRUCTIONS TO OWNER AT TIME OF DELIVERY
OF NEW TRUCK

6. Importance of proper clutch pedal clearance

As a rule, the purchaser’s first impression
is a lasting one, therefore it can easily be under-
stood that trucks should be in perfect mechanical
condition at the time of delivery. The operation
and care of the truck should be thoroughly ex~
plained to the owner at this time,

It is suggested that the following instructions
be given the purchaser at the time of delivery
of the truck:

1. General information covering the construc-
tion and operation of the truck,

2. Advice as to the proper grade of lubri-
cating oil. (See Lubrication Section.)

3. Explanation of the function, purpose, and
maintenance of the oil filter,

4, Explanation of the function, purpose, and
maintenance of the air cleaner,

5. Cover proper draining of the cooling system
and the importance of using recommended
anti-freeze solutions when necessary.

PRINTED IN UNITED STATES OF AMERICA

10,

in prolonging clutch life,

Cover lubrication of truck completely, point-
ing out hazard and costliness of neglect,

Advise owner to register such units as
tires, batteries, electrical units, etc,, with
the local authorized dealers of that equipment.

Point out advantages of bringing truck to
the International Service Station at specified
intervals during the warranty period of
inspection, at which time there may possibly
be some minor adjustments advisable,
These, if made, will aid in prolonging the
life of the truck.

Stress the benefits of using only International
Service parts and the advantages of having
service work performed in International
Service Stations or by International Dealers,
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Form CT-6-M). 2500—I1-16-49.
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REPORT OF

MOTOR TRUCK COMPLAINT

INTERNATIONAL HARVESTER COMPANY
SERIOUSNESS OF FAILURE 1S BASED UPON THE NUMBER OF COMPLAINTS RECEIVED. REPORT
EACH CASE UNTIL YOU HAVE BEEN INFORMED OF REMEDY BY BULLETIN OR GENERAL LETTER.
IF REMEDY FAILS, EACH CASE MUST BE REPORTED.
DATE. 6—8-&9

pIsTRICT oFFice_District

BRANCH IS REPLY DESIRED?

WHEN REPORTING ON UNITS SUCH AS CAB, AXLE, TRANSMISSION, ETC., SERIAL NUMBER OF
UNIT MUST BE GIVEN, Be sure to give
UNIT SERIAL NO this information,

COMPLAINT DETAILs___Engine - loss of power and

failure to start when hot.

MAIL 5 COPIES TO GENERAL OFFICE, CHICAGO
MOTOR TRUCK SERVICE SECTION

DISTRIBUTION

SUPERVISOR OF INSPECTION 6TH FLOOR, G. O.

SERVICE ENGINEER . . . . . . FT. WAYNE
SALES SERVICE SECTION . . FT WAYNE
CHIEF INSPECTOR FT. WAYNE WORKS
CHIEF INSPECTOR INDIANAPOLIS WORKS
CHIEF INSPECTOR SPRINGFIELD WORKS
SERVICE PARTS DEPT. . - . - - FT. WAYNE

WORKS MANAGER METROPOLITAN BODY CO.

peLivERY DATEZ=2=L8 ToTAL MILES TO DATE_LL , 289

OWNER Name ciry__Address

MODEL 1-210 wHEELBAse_ 1L 9"

ENGINE No, BD=L50,20977 assisNo._ 8675

(INCL. PREFIX & |'uz=|x LETTERS)

FILL OUT COMPLETELY.

STRAIGHT TRUCK TRACTOR & TRAILER

SHEET METAL. INSTRUMENTS, ETC. BUT ON MAJOR UNITS SUCH AS AXLES, ENGINES, CLUTCHES, IONS, PR

MAX. PAYLOAD. 32,006

ORS, WINOSHIELD WIPERS, GLASS,
LER SHAFTS, FRAMES, WHEELS, ETC.,

ar raTioD.5 = 8,86-1

MAX, PAYLOAD.

toTAL Gross wr..21,000

SINGLE_

Tire s1zel0: 00x2Cbuar 10 00x20

TOTAL GROSS WT

TRUCK BODY TYPE TRAILER BODY TY

TRUCK BODY SIZE

(LmGT"—m;L—ONHGNY) - (!
LOCAL OR LONG DIsTANCE 2 1SVANCR e oF RoADS lm'

wHO MAINTAINS sErvice__LHC and Owner‘(

AX. SPEED_ﬂM.P.H. AVER. SPEED_LLQ—M.P.H.

COl OF MATERIAL. LABOR

(FRONT) (REAR)

commonity HauLenMisc Freight

Axle

WHO MOUNTED sopy irailmobile

craTisED s None

WHAT ALTERATIONS HAVE BEEN MADE BY DIS

A

L
7
LER OR CUSTOMER ON ANY PART RELATED TO THE FAILURE?

INVESTIGATED BY Name / ‘X/
(D

POSITION

REMARKS \f

WE WILL WELCOME SUGGESTED REMEDIES WHICH HAVE BEEN TRIED AND PROVED SUCCESSFUL.

SIGNED Signature
Use Reverse Side for Additional Remarks. SERVICE MANAGER OR FOREMAN
A Separate Letter Complicates and Delays Action. APPROVED g igna ture

DISTRICT MANAGER

A-23214
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MOTOR TRUCK COMPLAINT FORMS

Two forms, CT-6 and GF-70, are used to pro-
vide a continuous flow of information from the
Districts through the General Office to the various
Works and Departments regarding the perform-
ance of our product in service and as a final
check on the condition of our product as re-
ceived by the Districts.

This information is of utmost importance to
our Manufacturing and Engineering Departments
in maintaining the high quality of our Product.
Therefore, the task of guarding the quality of our
product rests largely with our District Organi-
zation., This task can best be performed by the
District reporting complaints on the regular
complaint forms.

All complaints, both CT-6 and GF~70 forms, re-
ceived by the Motor Truck Service Section,
Chicago, are given wide circulation through
our Engineering and Manufacturing Departments
and to interested parties in our Chicago General
Office. These complaints provide a rapid and
accurate flow of information to our Works In-
spection Departments so that necessary cor-
rective action can be taken to eliminate the cause
of such complaints promptly.

The necessity for a remedy is based entirely
on the seriousness of the complaint. The serious-
ness of a complaint is based on the number of
those complaints received,

The following instructions and suggestions are
for your assistance in making out and sub-
mitting these forms:

Motor Truck Complaint form CT=-6 is to be
used in cases of serious failures where assistance
is solicited by the District in the solution of a
pressing service difficulty for which the District
is unable to find an answer. This form should
also be used in reporting complaints where the
complaint is contributed to by loads or operating
conditions and the information requested on the
form is necessary for the complaint to be
properly analyzed.

Product Report form GF=-70 is to be used largely
during the warranty period in reporting failures
or complaints on current models on which no
immediate assistance is needed. This form
should also be used in reporting failures or
complaints on new parts and assemblies from
our Service Parts Department and in reporting
unfavorable customer reaction to design or

PRINTED IN UNITED STATES OF AMERICA

material, unsatisfactory performance or diffi-
culty of servicing our trucks.

1, ALL COMPLAINTS concerning which the
territory has not been advised of a remedy,
must be reported, In other words, you are
to continue the reports on all trouble until
advised of a remedy or correction,

2. Complaints concerning which the territory
has been advised of a remedy should not be
reported; except in cases where the remedy
itself fails; and except in such cases where
the Service Bulletin announcing the remedy
advises that Complaint Forms are necessary
in order to obtain credit from the Vendor.
Then so state under “Remarks.,”

3. Complaints on each unit must be covered
on a separate and proper Complaint Form
except in the case of trucks where the same
unit fails on several trucks of the same
fleet; you may use the same form but list the
chassis, engine and unit serial number of
each truck involved.

4. It is important that the unit serial number
be given in the space provided on form CT-6
Bulletins have advised the location of the
serial numbers on the various units., The
major part numbers affected should be
shown in the space provided on GF-70 forms,

5, State the complaint clearly on form CT-6
under the heading Complaint Details and on
form GF-70 under the heading Complaint.
For instance, if you are reporting the failure
of a "Rear Axle Shaft” state “Rear Axle
Shaft Failure” (left or right). Do not just
state “Rear Axle Failure.”

6. If you believe certain material should be re-
turned for inspection, state under “Remarks”
that the material is being held, and hold
material for thirty days after acknowledge-
ment of complaint has been received, unless
disposition is given in the meantime. Hold
parts covered by GF-70 forms for 30 days
after submitting form.

7. All material returned should be properly
packed and tagged so that it can be identified
and, in addition, should bear the “Returned
for Inspection” tag, Form CTS-1, filled in
properly and completely. (See General letter
MT No. 11, 4-21-49).
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Form GF.70.) 1G0M~—9-1-49.  FRIKTED IN UKITED STATES OF AWERICA AURERVISOR OF INSPECTION

MOTOR TRUCK PRODUCT REPORT

METNORGLITAN BADY CO

DATE__ 1-15=49
COMPLAINT_ SPEEDOMETER CABLE BROKEN DUE TO CABLE HAVING | SERVICE MILEAGE
(ON PART INVOLVED) 840
BEEN INSTALLED WITH A SHARP KINK AT FLYWHEEL | qvpp OF SERVICE:
HOUSING LONG DISTANCE . « « . o ..\ ..
. REMEDY: NEW CABLE ASSEMBLY INSTALLED AND
__PROPERLY ROUTED,

MAJOR PART NO. AFFECTED—75207=H

DISTRICT OFFICE_DISTRICT

SIGNED NAME B - ER E
QTLE ENGINE NO 231897

See Reverse Side for Inéirhgtions

1. Use this form to report \ny type of {a&{}dre or complaint on current models on which no immediate
t an acknowledgment.

2. Mail five (5) éopies immediatyly to:

ERNATIONAL HARVESTER COMPANY
Motor Truck Division
Service Section
3rd Annex
180 N, Michigan Ave,
Chicago 1, Illinois

3. Retain sufficlsqt copies foy/your District Office files.

s /An unimproved parts or assemblies when an improvement has already been

4. Do not report fai
field by bulletin or otherwise.

announced to

A-23215
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8.

10.

It has been the practice in the past for the
Servic Supervisor to make out the CT=-6
forms and submit them to the District
Manager for his signature. This has caused
some delay where the Service Supervisor
is in charge of both motor truck and general
line service, as it has been necessary for
him to spend much time on the territory,
resulting in the Complaint Forms not being
made out and submitted promptly after the
failure occurs. The logical time to determine
if a failure should be covered on a CT-6 or
GF=-70 and to gather information for the
Form is when the truck is in the Service
Station and the repairs are being made,
Therefore, when the Service Supervisor
is away, the Service Foreman should gather
the information and make out the CT-6 or
GF=-70 form, in order that they can be sub-
rnitted as quickly as possible after the failure
occurs.,

Much information, which would be valuable
in assisting the various Departments in
diagnosing and developing remedies for
the complaint, can and should be given under
the caption “Remarks”™ or on an attached
sheet, For instance: a clear description
of the failure; the Service Supervisor or
the Service Foreman's opinion of the cause
of the failure; his idea of a remedy, if any;
the results of his remedy if applied; any
local climatic conditions that are peculiar
and have bearing on the complaint; any un-
usual operating conditions that might play
a part in the complaint; and, in short, any
information, additional to that requested on
the form, which has any bearing on the com-
plaint, should by all means be given, This
means that a thorough investigation of the
complaint should be made by the Service
Supervisor or Foreman before attempting
to make out the Complaint Forms,

In the past it has been the general prac-
tice for the Branches to make out CT-6
forms and forward them to the District
for the Service Supervisor to check and for
the District Manager’s signature. This, in
some instances, has caused considerable
delay in submitting these forms to the
Chicago Office. We suggest that the Ser-
vice Station Foreman at each Branch should
make out the Complaint Forms and submit
them to the Branch Manager for signature
and forward direct to the Chicago Office.
An extra copy, however, should go to the Dis-
trict office for the District Manager’s files.
GF-70 forms may be made out and signed
by the Service Supervisor, Service Station
Foreman and A & H Foreman. Branches
should send one copy of each GF-70 form to
the District office for the District Manager's
files.,

PRINTED IN UNITED STATES OF AMERICA

Copies of the complaint reports, GF-70 and
CT-6,are to be distributed as follows:

11,

5 copies to Chicago Service Section.
1 copy for District Manager,
1 copy for Service Station files.

The District Manager should review his
complaint file monthly with the Service
Supervisor and personally follow up with the
respective Service Divisions of the Chicago
Office all cases where no remedy has been
provided.

12,

We cannot emphasize too strongly the import-
ance of making prompt and complete reports on
all complaints that should be brought to the at-
tention of the Engineering, Manufacturing or Sales
Department at Chicago.

Examples of CT~6 and GF-70 Complaint Forms
properly filled out are illustrated onpreceding

pages.

AMateriaIs Returned for Inspection

RETURNED FOR INSPECTION TAG, FORM
CTS-1 is especially prepared and adapted to
portray all necessary information if and when
properly filled in, It is designed to be used on all
shipments of materials sent in for inspection
other than surplus repairs.

The following special instructions must be ad-
hered to in the use of the card:

1. Obsolete or defective parts must not be
returned unless authority is granted.

2, The CTS~1 Tag must be attached to all
shipments of materials sent in for inspec~-
tion other than surplus repairs or exchange
units such as crankshafts,

3. Shipping charges must be prepaid.

4, All blank spaces on tag must be filled in to
portray necessary information,

5., Tag should be made out in ink or hard
pencil to avoid obliteration during shipment.

6. Attach tag to parts rather than to package
to avoid loss when unwrapping.

7. Refer to date of CT-6 Complaint Form
or GF-70 Form if such has been issued.

8. Where possible, report unit serial numbers

"~ of such units as Engines, Cabs, Trans-

missions, Axles, etc., when reporting con-
cerning these units,

To avoid the necessity of writing separate letters,
it is generally possible to include all general
information under the caption “REMARKS."
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VEHICLE SPECIFICATION CARD

LOCATED ON DASH INSULATOR PANEL, ABOVE CLUTCH AND
BRAKE PEDALS ON MODELS L-160 AND UP

s |

VEHICLE SPECIFICATION

DESCRIPTION SERIAL NO, CODE VARIATIONS
L1831 142 WB 419000 GV W 118021
BLD 269 ENGINE 1 209|C
DELUXE QOtL FILTER 1280
FS1 0D TRANS 1307/AD
Two SPFED AXILF 14121BC
£166/ 8877 RBFAR RAT1LO 1 44£|8B
20 G Al UNDERSKIRT FIIEL TANK 1501
SEF BEILOW FOR PAINT
REGUI AR CAR 1603A
REAR VIFw MIRROR FXT TYPE 1 6669([A
SPOKF TYPFEF WwWHI W/700T RIM FR 1728|E
900X20 10 PLY TIRES FRT
SPOKE TYPE WHLI W/7007T RIM RR 1928(F
P00X20 10 PLY TIRES RR
GOODRICH TIRES
FRAME REINFORCEMENT 010R2ACDG
VACUUM LINE AJR CLEANER 0418
S25 3AyDh 9X€ 1/2 DUMP BODY SR877
720 ANTHQONY HQLl ST 094
BQDY AND HOIST TC BE FURNISHED
AND MTD RBRY TeCQO OQORDERED BY OYD
PAINT EFNTIRFE TRUCK 90 (ORANGE

EXAMPLE

A new procedure for handling Service Parts
has been placed in operation at the International
Motor Truck Service Parts Department. With
this new system in operation, it is expected that
the vehicle owner will realize many benefits
from a service standpoint, particularly when
ordering replacement parts for his truck,

The system consists of assigning code numbers
to the units included in the vehicle, such as:
engine, transmission, cab, rear axle, wheels,
etc. This same code number is used during
the manufacture of the vehicle and will be further
carried over into the parts catalogs which apply
to the particular model trucks. By this means,
a common language has been set up for all
parties involved in the design, the use, and the
servicing of this particular vehicle.

Code numbers are assigned only to those units
to which the customer has an optional choice,
The code numbers assigned to the units on the
L-~160 Models and up have been printed on a
“Vehicle Specification Card"” which is included
with the truck and is located on the dash insu-
lator panel directly above the clutch and brake
pedals, The parts catalogs are subdivided into

sections identical with code numbers shown on the
“Vehicle Specification Card.,”

When ordering parts for the truck, it is important
to include with the order the information con~
tained on the “Vehicle Specification Card” which
pertains to the unit for which the parts are being
ordered. For example, if it became necessary
to order a countershaft for the transmaission on
the vehicle shown on the sample “Vehicle
Specification Card" it would only be necessary to
indicate on the order that a countershaft for the
L.-181, F-51 OD transmission, under code number
1307 AD was needed., From this information it
can be quickly determined just which part should
be supplied,

The “Vehicle Specification Card” will prove of
great value to the customer when entering the
Service Station for Service work, since refer-
ence to the card will indicate to the Service
Station just what units are included with the
vehicle and will put them in a position to render
the best possible service,

Be sure to keep the “Vehicle Specification Card"”
with the vehicle at all times.
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FREE INSPECTION DURING WARRANTY PERIOD
I. First Inspection During Warranty Period B. Checks and adjustments:
A. Mileage, 1000 miles or 30 days, whichever 1. Check spark plug gaps -- adjust if
first occurs. necessary.,

2, Check distributor point gaps -- adjust

Note: It is recommended that the first inspection )
if necessary.

at 1000 miles or 30 days consist of the
following checks and adjustments, because 3. Check ignition timing -- correct if
this will be the first opportunity the fore- necessary.

man will have to show the new customer
the service facilities and to sell himin the
advantages of International Truck Service. 5

4. Tighten cylinder head.
Adjust valves (all engines),

B. Checks and adjustments: 6. Tighten manifold and carburetor flange
nuts uniformly.

1. Distributor point gap.
7. Check fan belt tension,
2. Tighten cylinder head nuts uniformly
(21l engines). 8. Check carburetor idle adjustment.

. heck 1i t for leaks.
3. Adjust valves (valve-in-head only). 9. Check cooling system for leaks

10. Check air cleaner -- clean and change
4. Tighten manifold and carburetor flange oil in sump if necessary.
nuts (all engines).
11. Clean fuel pump sediment bowl (renew
5., Check carburetor idle adjustment, gasket),

6. Check oilpressure, generator charg- 12.  Check engine for oil leaks.

ing rate, and heat indicator. 13. Change engine oil (Charge for oil),

(If condition of oil indicates necessity

7. Check clutch pedal free movement, for new filter cartridge, notify customer).
8. Change engine oil (charge for oil). 14, Check oil pressure, charging rate,and

heat indicator.
9. Lubricate chassis (charge, if it was
former practice). 15, Check governor control,

10. Check lubricant level in transmission 16, Check clutch pedal free movement.
and in differential,
17. Check brake pedal free movement,
11, Check rim clamps, nuts, disc wheel studs
and axle shaft studs and nuts, 18, Check fluid level in master cylinder.

12. Check brake pedal free movement. 19. Lubricate chassis {(charge if it were
former practice).
13, Check window regulator, windshield
wiper, lights, and horn. 20, Check lubricant in transmission and
differential (charge for grease, if added).
14, Short road test noting general perform-
ance and handling. 21. Check rim clamp nuts, disc wheel nuts
and studs and axle shaft nuts,.
II. Final Inspection During Warranty Period

22. Check battery water level, cables and

A. Mileage 4000 to 4500 miles or within 90 days, mountings,

Note: This final inspection is recommended in 23. Check window regulators, windshield
order to give the truck a thorough check wipers, lights,and horn,
before expiration of warranty, and to enable
the foreman to sell the customer on the 24, Make a short road test noting general
importance of preventative maintenance performance and handling ~- make

during life of truck. necessary adjustments.

PRINTED {N UNITED STATES OF AMERICA
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COLD WEATHER RECOMMENDATIONS

Note:
also have very good cold-pour characteristics.

Important

There are a few simple precautionary measures
which should be taken in preparation of a truck
for cold weather operation., Instructions should
be given truck owners covering this procedure.

1. Engine

Selection of proper engine lubricating oil de-
mands consideration of two important factors ==
namely, easy starting during low atmospheric
temperatures, and adequate engine lubrication
after the engine is placed in service.

Lighter viscosity oils facilitate cold-weather
starting and also provide better immediate
lubrication as the engine starts. They do not,
however, provide adequate lubrication under
sustained higher engine speeds or severe service,
Increased oil consumption can also be expected
when using lighter viscosity oils.

Consideration must therefore be accorded the
cold weather housing facilities for the idle truck,
the service in which the truck is engaged, and
the selection of higher viscosity oils which have
better free-pouring characteristics at low
temperatures,

In consideration of the foregoing, the following
general recommendations are made;

MODERATE SERVICE (Trucks operating in
multi-stop or other service where sustained
higher engine speeds will not be encountered.)

TEMPERATURES
90°(F.) [329(F.) | HOY(F.) | -109(F.)

and to to to
ENGINE| up * 90°(F.) 329(F.) +109(F.)
SD |SAE-30|SAE-30| SAE-20W | SAE-10W
BD |SAE-40 |SAE-40 | SAE-20W | SAE-10W
RD |[SAE-40 |SAE-40 | SAE-20W | SAE-10W
R-6602 |SAE-40 |[SAE-40 | SAE-20W | SAE-10W

*See Hot Climate — High Speed
Instructions, see below

For temperatures lower than minus 10°(F.), use
SAE-10W plus kerosene. (SAE-10W may be safely
diluted with colorless kerosene up to 30%). Mix
kerosene thoroughly with the oil before adding to
the engine.

Hot Climate — High Speed.

For trucks operating on highway or other ser-
vices demanding sustained higher engine speeds
use engine lubricating oils having a viscosity of
as near SAE-50 as possible (SAE-40 for SD
Engines) in keeping with the starting ability.

High viscosity oils are available which

2.

3.

Electrical

(2)

(b)

(c)
(d)

(e)

Clean and adjust spark plugs. (See

“Electrical System.”)

Check all wiring for loose or broken
connections, Make necessary replace-
ments.

Clean and tighten battery cable terminals.

Check battery for being fully charged
and electrolyte to star level in cell
covers. (Note: During cold weather,
the battery must not be allowed to stand
after adding distilled water without
running engine to charge battery. This
is important because otherwise the

water will not be thoroughly mixed with
the electrolyte, and freezing may result.)

On models having an adjustable third-
brush generator, the charging rate
should be adjusted to meet the demands
of the cold weather operation.

Cooling System

(2)

(b)

(c)

Drain and flush cooling system to
remove all sediment and foreign
material, (Note: The “reverse flushing”
system is the most effective method and
can be performed either in your own
service station or by reputable radiator
repair shops.)

Anti-freeze solutions of known value
and manufacture only should be used.
Specific gravity checks should be made
periodically to assure protection from
freezing., (Note: Salts or chlorides,
sugar, glucose, honey, fats, etc., should
not be used as an anti-freeze.)

Where anti-freeze solutions are not
used and cooling system is to be drained,
you are cautioned to refer to instruction
books for location of drain cocks or
plugs on engine blocks, radiators, or oil
coolers,

If the thermostat has been removed
from the engine, it should be reinstalled
after ascertaining that it is in good
operating condition.
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Winter Fronts

The use of an efficient winter front will
enable the operator to better control the
operating temperature, It will also
result in higher under-hood tempera-
tures, effecting more efficient operation
of the engine, and will make it less
susceptible to sludge formation and
condensation,

Rear Axle and Transmission

Severe cold weather may make a change
of lubricant advisable in the transmaission

and differential., A lubricant of lighter
viscosity will provide better lubrication
to the moving parts and will create less
friction and resistance to the movement of
the various gears, shafts, etc.

Propeller Shaft Bearing (not 6 -wheel units)

The propeller shaft center bearing on Inter-
national trucks should be lubricated with a
medium short fibre wheel bearing grease
having the following characteristics: cold-
milled, sodium-soap content, having a work
penetration consistency of 250 that will not
break down below 300.

BALL AND ROLLER BEARING MAINTENANCE

Important

In order to assure bearings being free of rust,
dirt, or damage, the following procedure relative
to storage, handling, and installation is recom-
mended:

1.

Storage

(a) Stock only limited quantity of bearings.
Bearings should be ordered and stocked
in quantities in keeping with requirements
consistent with Branch Zone Repair
Orders.

This will assure fresh stock and will
guard against obsolescence,.

(b) Store ball and roller bearings in their
original wrappers or cartons. Do not
remove protective coverings until ready
to use the bearing.

(c) If necessary to inspect bearings in stock,
they should be again carefully wrapped to
guard against dirt.

(d) Bearings which have been allowed to
remain unwrapped must be washed,
relubricated, and rewrapped. This
does not apply to prelubricated bearings.

(e) Store bearings in a cool and dry place.
A hot storage space will cause the pro-
tective lubricant to melt and drain off
the bearings. A damp storage space
will permit moisture to collect on the
bearings, resulting in rust and corrosion,
Water or moisture will ruin a bearing.

Delivery of Bearings to Customer or to
Service Station.

(2) Deliver bearings in original cartons or
wrappers.

PRINTED IN UNITED STATES OF AMERICA

3.

(b) Handle bearings carefully. Rough
handling will damage containers and
permit dirt and foreign matter to enter
bearing.

Cleansing and Lubrication of Bearings

(a) Use clean kerosene or Stoddard Solvent
in a clean container.

(b) Use clean rags or towels, and never use
waste, Lint from waste may enter
bearing.

{Note: Suitable wheel bearing cleaner
equipment is available, which will
facilitate bearing cleansing.)

(c) Dip bearing in kerosene several times,
rocking bearing race rings slowly to
dislodge grease from ball sockets.

(d) Spin bearing while repeatedly dipping
into kerosene. Continue operation until
bearing runs smoothly and quietly or
until it is clean and ready for inspection.

(e) 1f bearing is found satisfactory, dip in a
neutral oil or thin grease and wrap.
{Note: Suitable wheel bearing grease
packer equipment is available, which will
produce excellent results.)

Removal and Installation of Bearings

{a) Shafts or housings must be clean and
free from burrs.

(b) Use properly arranged press plates or
arbors for installation or removal of

bearings.

In pressing bearings into place the
pressure or load should be so applied
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that it will not be transferred through
the balls.

For example, if bearing is applied to or
removed from shaft, pressure should
be applied to inner bearing cone,

If bearing is being installed in or re-
moved from a housing or case bore,
pressure should be applied to outer
bearing cup.

(c) Do not hammer on bearings, Lead or
babbitt hammers may chip off and
allow pieces to lodge in bearing, Wooden
hammers may leave splinters in bear-
ings. Steel hammers will chip, crack,
or Brinell the bearing.

(d) If necessary to heat bearing for instal=-
lation or removal, use a light or
medium-weight oil heated to 225° (F.).
Allow bearing to stand in this oil until
thoroughly heated.

(e) Upon installation of bearing, lubricate
bearing seat with light oil,

(f) Apply steady pressure., If bearing sticks
or binds, ascertain cause, Correct fault

STEEL AND ITS

To the average man, steel means but little more
than something hard, heavy, and strong, and
capable of being formed into practically any de-~
sired shape. This is quite true as far as it goes,
However, there are many conditions that deter-
mine and control the degree of hardness and of
strength.

It is the object of this discussion to tell in non-
technical terms as nearly as possible just how
and what these determining and controlling fac-
tors are, how they are applied, and the results
accomplished thereby.

In automotive manufacture it is absolutely es-
sential that the very best steels available be
used, and in their respective classes., One part
will require extreme hardness to resist ab-
rasion or wear, another will require extreme
toughness to resist shock and vibration, and to
support heavy loads, another must develop great
powers of flexibility, yet must resist bending, etc.
In these various uses, the parts are subjected
to different kinds of stresses, both “static™ and
“dynamic” (dead quiet and vibratory, respec-
tively) in combination with their loads carried
under compression or in tension, or subjected
to transverse, shearing or torsional stresses.

Before selecting a steel for a given purpose,

and then proceed with operation. A
bearing started in a cocked position will
bind,

Burrs in housings or on shafts will
cause severe binding and sticking,

Bearing should rest squarely against
shoulder or in recess,

(g) Bearing should roll freely after in-
stallation unless individual specifica-
tions call for a preload. Test bearing
for bind or drag by holding bearing
outer race between thumb and finger,
and test for side play. (A radial clear-
ance of ,0001” will produce side play of
approximately 005" to .006™,) Shafts
mounted in bearings should rotate
freely after installation unless in-
dividual specifications call for a pre-
load, Test by revolving shaft assembly,

5. Intermixing of Component Parts -- Roller
Bearings :
Wherever possible, intermixing of roller
bearing component parts should be discouraged.
Therefore, where possible, IH parts should
be used to service IH assemblies, Timken

parts to service Timken assemblies, etc.

HEAT TREATMENT

attention must be given to its requirements in
the finished part, and in the completed mechanism
in operation. The most commonly known and
used steels contain in addition to their ferrite or
pure iron base either one or more of the follow-
ing elements -- carbon (the most important},
nickel, chromium, vanadium, molybdenum, and
tungsten, each being included either separately
or combined with others in order to impart the
distinctive properties of the included elements,
It should be noted that upwards of 95 percent of
all steel is pure iron. Castings, either grey
iron, malleable iron or steel, originate with pure
iron as their base.

In the manufacture of steels, the inclusion, in
varying previously determined percentages of
these elements, results in, with the proper heat
treatment, definite closely predetermined physical
properties. For example, one effect of chromium
in steel is to increase its hardening power.

A steel rendered hard by the presence of chrom-
ium is far less brittle than one rendered hard by
the presence of carbon alone, Hence, hardness
combined with toughness may be secured by
reducing the carbon and increasing the chromium
content, However, chromium alone (or any other
alloy) in the absence of carbon has no hardening
power. The presence of both nickel and chrom-
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ium in steel makes it highly resilient and ductile
and gives it greater hardness and better wearing
qualities than plain carbon steel, Nickel-
chromium steels are especially valuable for parts
tobe hardened and tempered, as the finer structure
thus produced has greater shock-resisting power
than that of plain carbon steels, These are all
valuable elements and there are doubtless many
others equally as valuable as yet undiscovered,

The presence of phosphorus and sulphur is in-
jurious to steel and must be guarded against,
These impurities unite with other elements and
form compounds which render the steel ex-
tremely brittle and liable to break, Phosphorus
and sulphur inclusions are guarded against by
their removal during manufacture, and by the
inclusion of cther elements which unite with
these impurities to form harmless compounds,
thus counteracting their bad effects.

The hardening power of steel rests almost en-
tirely with its carbon content. As for example,
a steel containing a 0,40 to 0.50 percent carbon
(4/10 to 5/10 of 1 percent) is capable of becom-
ing much harder than one containing 0.10 to
0.20 percent, The carbon content is often re-
ferred to as forty or fifty points carbon, a point
being equivalent to 1/100 of 1 percent.

The heat treatment of steel consists of annealing,
hardening and tempering.

Annealing

Annealing consists of heating above the “critical
range,” then cooling slowly, for the purpose of
refining the grain, softening the steel to machin-
ability and relieving the internal strains set up in
the steel by forging and harnmering, these strains
sometimes amounting to several thousand pounds
per square inch,

Hardening

Hardening consists of heating above the critical
range and cooling quickly, as by quenching in oil
or water, the degree of hardness depending upon
the carbon content of the steel and the severity
of the quench,

Tempering

Water quenching is more severe than oil quench-
ing and is frequently followed by tempering or
drawing to reduce the brittleness imparted by
the severity of the quench, this brittleness being
sver attendant to the high degree of hardness
thus obtained.

The tempering heat must not rise above the
critical range, or the effects of the previous heat
:reatment will be destroyed and the refined
c:rystalline structure will be obliterated, be-
coming more coarse and suffering a considerable
ioss of hardness,
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By critical range is meant the range above and
between the critical heating point, or point of
“decalescence,” and the critical cooling point, or
point of “recalescence.” The presence of these
critical points in the heating and cooling of steel
is a phenomenon and is explained as follows:

While heating, the steel uniformly absorbs heat,
Up to the decalescence point all of the energy of
the heat is exerted in raising the temperature of
the steel. At this point the heat taken in by the
steel is expended, not in raising the temperature
of the steel, but in work which produces the
internal changes here taking place, the dissolving
of the carbon in the iron., Therefore, when the
heat is exhausted in this manner, the temperature
of the piece, having nothing to increase it, will
remain unchanged for a time, or may even fall
slightly, owing to surface radiation, after which
it will again increase,

When the piece has been heated above the de=-
calescence point, and is allowed to cool slowly,
the process is reversed, Heat is then radiated
from the piece. Until the recalescence point is
reached the temperature falls. At this point al-
so the structure of the steel undergoes a change,
the carbon crystallizes out of the iron, and the
energy previously absorbed is converted into
heat. This heat set free in the steel supplies, for
the mement, the equivalent of that being radiated
from the surface, and the temperature of the
piece ceases to fall, remaining stationary, and
should the heat resulting from the internal
changes be greater than that of surface radiation,
the resulting temperature of the piece will not
only cease falling, but will actually rise slightly
at this point, In either event the condition exists
only momentarily and when the carbon and iron
constituents have resumed their original re-
lation, the internal heat decreases, and the
temperature of the piece falls steadily, due to
surface radiation.

From the foregoing, it is evident that there is a
definite temperature at which any steel should
be hardened, and that that temperature is de=-
pendent upon or governed by the percentage of
carbon in the steel; also, that a great loss occurs
of both labor and material unless the hardening
is carried out at that temperature, Of greatest
importance is the necessity of rigid inspection
and tests to assure properly heat-treated parts.

These critical points are determined and the
temperature controlled by the use of recording
pyrometers and other apparatus. The recording
pyrometer presents graphically a temperature
curve showing the exact temperature of the
decalescence and recalescence points, the de-
calescence point being recorded on the chart
while the piece being tested is in the furnace,
and the recalescence point being recorded after
removal of the piece from the furnace and in
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the process of quenching. In obtaining these
records the thermo-couple, or the furnace end of
the pyrometer, is securely clamped to the test
piece to insure that the reading will be that of
the temperature of the test piece and not that of
the atmosphere of the furnace.

Casehardening or Carburizing

Carburizing, carbonizing or casehardening are
names applied to the process wherein a piece
of low=carbon steel is packed in a carbonaceous
material such as bone or leather, or a com-
mercial carburizing material and heated for a
number of hours, just above the “critical range®”
of the steel, or above its point of decalescence,
thereby causing the low-carbon steel to absorb
carbon on the outer surface for a depth directly
dependent upon the number of hours it is heated,
Under such conditions, a carbonized case is pro-
duced which is capable of responding to ordinary
hardening or tempering operations.

The object of casehardening is the production of
a hard wearing surface with a backing or core of
tough, low-carbon steel. There are two results
gained by its use, the first of which is the pro-
duction of the part from more easily machined
steel of cheaper grade; and second, the pro-
duction of the part from a cheaper steel which
is superior to a part produced from high-carbon
steel, high enough in carbon to have the proper
surface hardness, in that the casehardened sur-
face has the hardness to resist wear, backed by a
low=-carbon core which has the toughness to re-
sist shock, two factors of vital importance in
the manufacture of motor truck parts, such as
piston pins, camshafts, gears, etc.

Upon receipt of each shipment of steel from the
steel mills, a representative number of specimens
are prepared for chemical analysis and for tests
for physical properties, All steels must meet
the requirements of the standards for their
respective classes, both as to chemical analysis
and physical properties, as specified by the
Society of Automotive Engineers, both before and
after heat treatment, The inspection and tests
from the rough stock are precautionary measures
to prevent defective material from getting into
production, from which it would be impossible
to obtain the proper results by heat treatment.
The inspection and tests made on parts after
having been machined and heat-treated are for
the direct protection of the quality of the product,

The most generally used tests, standardized
and authorized by the S, A, E., are the Brinell
hardness test, the Shore Scleroscope hardness
test, and the Tensile test., The Brinell and
Shore tests are check tests and for hardness
only, while the Tensile test gives a complete
history of the physical properties of the specimen
tested as follows:

Modulus of elasticity.

The elastic limit in pounds per square inch,

The tensile strength in pounds per square
inch,

The percentage elongation,
The percentage reduction of area.

Brinell Test

The Brinell test is commonly made with a
hydraulic testing machine in which a steel ball
of ten millimeter diameter is pressed into the
test piece by a load of three thousand kilograms.
The diameter of the impression the ball pro-
duces in the test piece is then measured and
checked against a standard. Thus an impression
four millimeters in diameter indicates softer
steel than a diameter of three and one=~half
millimeters.

The Brinell test is definitely related to the ul-
timate strength of the material.

Scleroscope Test

The Shore Scleroscope test is made with a small
instrument which drops a diamond-tipped ham-
mer approximately ten inches through a small
glass tube upon a smooth surface of the steel
to be tested, and the height of the rebound of the
hammer measured against a scale at the back of
the glass tube., Hard steel is taken as being
100 hard on the Scleroscope and soft steel
approximately 30 to 35 hard, Thus the higher the
rebound, the harder the steel, After noting the
remarks on the Tensile test, it will be seen
readily that the Brinell and Scleroscope tests
are excellent methods of check-testing rapid-
ly and accurately, finished and semi-finished
parts that it would be impractical to test other-
wise, The resulting values obtained by means
of the Tensile test are invaluable in both the de-
signing and testing engineers,

The designer must take into consideration the
load that the part will be required to carry, the
function it must perform, and the nature of the
stress to which it will be subjected. The weight
of the part must be held to a minimum, and the
steel selected must be one capable of withstand-
ing these stresses, at the same time maintain-
ing a wide margin of safety,

A very rigid inspection must be maintained on
parts subject to shock and vibration, as tool
marks and scratches, under-cut radii, or sharp
corners, are frequently the cause of early fail-
ures of properly designed and heat-treated parts
such as axles, jackshafts, steering knuckles, etc,

Tensile Test

It is a comparatively easy matter to check up
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on machined parts with gauges and measuring
instruments, as the defects and imperfections
are generally more or less visible. However,
checking up on heat treatments is an entirely
different proposition. The Tensile test is the
most accurate and most approved method, and
is made as follows:

A test bar of the standard S. A, E. form is
machined from the material to be tested, and is
held in threaded grips in a vertical position in
the testing machine. The machine is set in motion
and the test bar is slowly stretched until it is
broken, The point at which the elongation
ceases to be proportional to the load is designated
as the elastic limit. This is the highest point
at which, if the load were removed, the bar
would resume its original length. This is also
the point at which, if exceeded, failure of the
part commences, The weight of the load at this
point is read on the weighing beam of the testing
machine and converted into pounds per square
inch, to be checked against S. A. E. specifications
for that particular steel from which the test
bar was made,

The elastic limit point is determined by the
use of an extensometer, a delicate instrument
which shows the amount the test bar stretches,
and is capable of measuring to the ten-thousandth
part of an inch. While noting the elastic limit the
test continues, and the ultimate tensile strength
is noted. This is the greatest load the bar will
withstand before it breaks., From this point on to
the breaking point, the bar fails rapidly. After
breaking, the bar is measured to determine
the total elongation and the reduction in area
of cross section, and these two values are con-
verted to percent of the original bar dimensions,

Research work is constantly being carried on in
the chemical and physical laboratories to pro-
duce better materials and better methods of
heat treating; and many special tests are devised,
such as torsion tests, fatigue tests, impact tests,
and vibratory tests. The qualities of designs and
their manufacture are frequently proved and
checked by tests that approximate as nearly as
possible the actual working conditions of the

parts.

Fatigue Failures

A fatigue failure of a shaft or axle is charac~
terized by suddenness, lack of warning, apparent
brittleness of material, and, in many cases, a
fracture with a crystalline appearance over a
part of its surface.

This crystalline appearance led to the old theory
that under repeated stress steel “crystallized in
service,” changing from a ductile “fibrous”
structure to a brittle “crystalline” one, This
theory, however, has been quite thoroughly de-
molished as a result of study of the structure
of steel under the microscope. As revealed
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by the microscope, all metals have a crystalline
structure; the fibrous structure was caused by
segregations or inclusions of non-metallic
impurities (example: slag in wrought iron).
Microscopic examination of steel under stiress
shows no change of the general scheme of in-
ternal structure, but under sufficiently severe
stress, there appears a gradual breakdown of
the crystals in the structure. This manner of
failure is rightly termed a “fatigue failure,”

If the fractured surface of a fatigue failure is
carefully examined, it is usually seen to be
made up of two parts; that is, it appears to have
two different-size crystalline structures -~ (1)
near the extreme outside of the fractured sur-
face it appears dark, dull, and lusterless, with a
poorly defined crystalline structure; while the
appearance (2) at and immediately surrounding
the center of the break is bright and shows a
definite crystalline formation. This appearance
is caused by the method and nature of the fail-
ure, and in that the (1) outside of the fractured
surface was caused very slowly and has started
from many centers and due to the constant vi-
bration and rubbing together of the two faces of
the fracture, the sharp corners of the crystals
become worn and smooth; whereas the break at
the center and immediately surrounding (2)
was suddenly torn in two on the natural surfaces
of cleavage with no subsequent vibration or
rubbing, thus leaving exposed the original struc-
ture of the steel.

Cause of Fatigue Failure

The cause of a fatigue failure may be attributed
to a repetition of stresses which exceed the
elastic limit of the steel, This may be sub-
divided as follows:

Manufacturer’s Responsibility

1. Defective raw material,

2, Defective heat treatment,

3. Defective design,

4, Defective machining,

Truck Operator’s Responsibility

1. Overloading.

2. Overspeeding.

3. Rough handling and driving.

4. Road conditions.,

Hardness is that property of a material by virtue
of which it resists penetration.

Toughness is that property of a material by
virtue of which it resists shock and vibration.



GENERAL
Section
Page 14

L-LINE MOTOR TRUCK SERVICE MANUAL

/" Al im/\ \

A

Transmission and differential gears must have
hard surfaces and tough cores or centers. They
are designed with a 20-degree tooth pressure
angle, which causes the teeth to roll together and
apart, rather than to slide together and apart
from each other, as do gears whose teeth have
different angles; thus gear tooth wear is mini-
mized, both by heat treatment and design. Some
common causes for gear failures of inferior
manufacture are as follows:

1. Lack of hardness, battering and shearing,
soft cores.

2. Excessive hardness and attendant brittle-
ness, chipping.

3. Thin “case” and soft core, cracking, and
chipping.

4, Case too deep, no tough backing to resist
shock,

Extreme care is given the inspection of gears,
both as to machined dimensions and heat-treated
conditions, Test gears are broken and the
structures examined, depth of “case™ noted and
held to approximately 3/64 - inch deep. They
must not batter at corners, and they must not
chip. They are hardness-tested by Scleroscope
method.

One steel used in making transmission and
differential gears is designated by the S.A.E.
No. 3120; it is an ideal steel for the manufacture
of all parts which are drop-forged and after-

wards treated,to develop in them a high degree of
strength, and is one of the best carbonizing
steels obtainable. Following is the chemical
analysis and the physical properties to cor-
respond to a Brinell hardness of 275 or an
approximate Shore hardness of 40:

Chemical Analysis

Carbon +evevveeeencsoss 0.151t0 0.25%
Nickel e s e escssesel.00to 1.50%
PhoSPhOTUS + s s v s sas 00040 Below 0,04%
SulphUr oo eeeeeooeessossas.Below0,045%
Chrormium . e e eees oo oss0.45to 0.75%
MAnganese « .eessose00s0s.050t0 0.90%

Physical Properties

Elastic limit, 1bs. per sq. in. « s » » » » 120,000
Tensile strength, lbs. per sq. in., ... 160,000
Elongation in 2 in percent + v v v s 4 o & 15.00
Reduction of area s « o e« ¢« s ¢ s ¢ 0 s o o » 52.50
Brinell hardness numeral . . ¢ ¢ o ¢ s & 275
Shore hardness numeral . . o s 0 o6 s o 40

The chemical analysis and physical properties
shown above are those that will be retained by
the core or the centers of the gears after car-
burizing, and are the factors responsible for
the toughness and fatigue resistance of the
gears, The surfaces are hardened to 75-85
Scleroscope, to an approximate depth of 1/16—
inch, this combination of surface hardness and
center toughness being the ideal condition and
insuring long gear life,

GLOSSARY OF TECHNICAL AND MECHANICAL TERMS

Addendum

That part of a tooth of a gear or of a screw
thread between the pitch circle or line and the
extreme point of the tooth or thread,

Allowance

Covers variation in dimensions to allow for
different qualities of fits.

Alloy Steel

A steel which owes its characteristic properties
chiefly to the presence of one or more elements
other than carbon; i.e., nickel, chromium,
vanadium, molybdenum, etc,

Ampere

The practical unit of electrical current, the
current produced by one volt acting through
a resistance of one ohm.

Altitude

The perpendicular distance between the bases,
or between the vertex and the base of a solid
or plane figure,

Angle

The difference in direction of two lines which
meet or tend to meet., The lines are called
sides, and the point of meeting, the vertex of the
angle, They are measured by degrees and by
radians. One degree is equivalent to the angle
at the center of a circle, subtended by an arc
whose length equals one three hundred sixtieth
(1/360) of the circumference. One radian is
equal to the angle at the center of a circle when
subtended by an arc equal in length to the radius
of the circle. One radian equals 57.2958 degrees,
also 1 radian equals 180/,

The Protractor is used for the measurement of
angles. A right angle is one which is formed by
the radius moving through 1/4 of the circum-
ference., It is a square angle and contains 90°.
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An acute angle is one containing less than 90°,
An obtuse angle is one containing more than 90°,

An oblique angle may be any other than a right
angle, A reflex angleis one containing more than
180°.

A helical angle is the angle of a thread at the
pitch line, with the axis of a threaded part; the
lead angle of a thread is the total or included
angle between the sides or walls of a thread,
measured on the axial line.

A dihedral angle is one formed by the opening
between two intersecting planes.

The vertex of an angle is the point of inter-
section of the two lines which form the angle.

Annealing

See Heat Treatment,

Austenite
See Metallography.
Bending Moment

A moment is equivalent to the product of a force
multiplied by a distance, and is measured in inch-
pounds or foot-pounds. The bending moment at
any cross section of a piece under flexure
measures the tendency to cause flexural failure,
and is equal in magnitude to the summation of the
moments of the forces on one side of the cross
section,

Brinell Test

A hardness-testing instrument, employing the
hardened steel ball indentation method.

B.T.U.

Abbreviation for British Thermal Unit which
represents the amount of heat required to raise
the temperature of one pound of water one degree
Fahrenheit at or near 37° F, There are 778 foot-
pounds of energy in a B.T.U. and 42.4 B,T.U.
to one horsepower,

Calibrate

To ascertain the accuracy of and to rectify
same, as regards a precision measuring instru-
ment, etc,

Calorie

Any of several thermal units, as: (a) The amount
of heat (small calorie) required to raise the
temperature of one gram of water one degree
Centigrade., (b) The amount of heat (large or
great calorie) required to raise a kilogram of
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water one degree Centigrade, (l great calorie =
1000 small calories.)

Cantilever

A projecting beam, bar, or member supported
at one end only.

Center of Gravity

That point in a body about which all the parts
exactly balance each other,

Center of Oscillation

If a body oscillates about a horizontal axis
which does not pass through its center of gravity,
there will be a point on the line drawn from the
center of gravity perpendicular to the axis, the
motion of which will be the same as if the whole
mass were concentrated at that point. This
point is called the center of oscillation,

Center of Percussion

If a body oscillates about an axis then the point
at which, if a blow is struck by the body, the
percussive action is the same as if the whole
mass of the body were concentrated at that point,
is called the center of percussion. This point is
located at the same point as the center of
oscillation,

Center of Gyration

The center of gyration with reference to an
axis is the point at which the entire weight of a
body may be considered as concentrated, the
moment of inertia, meanwhile, remaining un-
changed; or, in a revolving body, the center of
gyration is the point at which the whole weight
of the body may be considered as concentrated,
the angular velocity remaining the same,

Centrifugal Force

When a body revolves in a curved path, it exerts
a force called the centrifugal force upon the
arm or cord which restrains it from moving in
a straight (tangential) line,

CorCL

Abbreviation for center line.

C.G. 8.

An abbreviation for the Centimeter Gram Second
or Absolute System of units much employed
in physical science, based upon the centimeter
as the unit of length, the gram as the unit of
weight, and the second as the unit of time.

Cementite
See Metallography.
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Chamfer Dedendum

A bevel, or a corner or edge removed, a relief,

Coefficient of Friction

The force of friction, F bears -~ according to the
conditions under which sliding occurs -~ a cer-
tain relation to the pressure between the bodies;
this pressure is called the normal pressure, N.
The relation between force of friction and nor-
mal pressure is given by the coefficient of
friction, generally denoted by the Greek
letter «¢.

Thus: F= A XN, and L :II‘:I

Cold Bending

See Cold Working,

Cold-Drawn Steel

See Cold Working.

Cold-Rolled Steel

See Cold Working.

Cold Working

Changing the shape of steel parts by compressing,
stretching, bending, or twisting, using stresses
beyond the yield point and temperatures below
the critical range, Cold-drawn steel is finished

by being drawn through a die, while cold-rolled
steel is finished between rollers.

Contour

Qutline or profile of an object.

Critical Range

See Metallography

Crystal

See Metallography.

Cycle

Applied to the internal-combustion, four-cycle
engine, a cycle comprises four strokes for each
piston (1, intake; 2, compression; 3, explosion;
4, exhaust) performed during two revolutions of
the crankshaft. An interval or period of time
occupied by one round or course of events,
recurring in the same order in a series,

Decalescence

The sudden absorption of heat observed when
metals in process of heating pass certain tem-
peratures,

The dedendum of a gear tooth or of the tooth
of a threaded part is the distance from the pitch
circle to the root of the tooth or thread.

Deformation

The change of form of a member accompanying
the application of external load. The term
“strain” is used in this manual as synonymous
with deformation, Deformations may be stretches
under tension, compressions under compressive
loads, deflections under bending (or flexure),
twists under torsional moment, or detrusions
under shear, Twist is a special case of shearing
detrusion. In the physical laboratory the de-
formation per unit of length over any gauge
length on a specimen is called the unit defor-
mation, or unit strain.

Drawing

See Heat Treatment.

Ductility

Ability to withstand stretch without rupture,
Ductility is usually measured by the percentage
of elongation, after rupture over a gauge length
laid off on a specimen before stretching, or by
the reduction of area of the original cross section
of a specimen when tested in tension.

Dynamic Balance

A crankshaft may be in perfect static balance,
but if it is mounted in bearings and revolved at
high speed great vibration may develop which
would soon cause failure of engine bearings and
possibly cause breakage of the shaft itself due
to fatigue action.

Dynamic unbalance means that the weight sums
of diagonally opposite portions are not equal.
Take, for example, a pulley that is in perfect
balance., Visualize the pulley mounted on a shaft
supported by bearings. Attach a weight to the
outer periphery on one edge of the pulley, then
attach an exact counterweight to the opposite
side of the pulley on the opposite edge., The
pulley continues to be in static balance as
evidenced by the fact that it turns freely and
stops with the counterweights either up, down,
or in any other position; but if the pulley is re=-
volved at a high rate of speed its dynamically
unbalanced condition will be very much evidenced
by the vibration. This dynamic unbalance is
eliminated in a crankshaft first by determination
of the heavy points and next by drilling into these
points until the necessary amount of metal and
weight has been removed.
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Dyne

The force which acting on one gram for one
second imparts to it a velocity of one centimeter
per second, or approximately that force exerted
by a one milligram weight under the influence
of gravitation.

Elastic Limit

The term “elastic 1limit” is unfortunately used
very loosely in general practice., In scientific
usage the term is used to denote the highest
unit stress at which material will completely
recover its form after the stress is removed.

Proportional elastic limit is used to denote
the highest unit stress at which stress is pro=-
portional to deformation, The values found
for both the true elastic limit and the propor-
tional elastic limit are dependent upon the ac-
curacy of the apparatus used, and the precision
with which stress strain diagrams are plotted,

For practical purposes elastic limit and pro-
portional limit may be regarded as inter -
changeable terms.

The yield point is that unit stress at which the
material shows a sudden marked increase in the
rate of deformation without increase in load,
It is usually determined by the sudden drop in the
balance beam of the testing machine, as strain
is applied to the specimen at a uniform rate or by
a sudden increase of deformation which can be
seen by the use of a pair of dividers on the
specimen,

Elongation

See Ductility.

Endurance

In the physical laboratory this term is used to
denote the number of cycles of repeated stress
withstood by a specimen before failure,

Endurance Limit
The highest unit stress which, applied in cycles

of completely reversed stress, can be withstood
an indefinite number of times without failure,

Endurance Strength

A general term denoting ability to resist re-
peated stress, synonymous with fatigue strength.

Erg

A theoretical unit of work or energy being the
work done by one dyne working through a distance
of one centimeter.
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Extensometer

An instrument for measuring small changes of
length of specimens under tension; capable of
measuring accurately to one ten-thousandth
part of an inch.

Factor of Safety

Working stresses should never exceed the elastic
limit. They are generally based on the ultimate
strength of the material, The ratio of the ultimate
strength of a given material to the allowable
working strength is called the “Factor of Safety,”
The factor of safety may be considered as the
product of four primary factors which may be
designated as factors a, b, ¢, and d, designating
the factor of safety by F.

F=axbxcxd

The first of these factors (a) is the ratio of the
ultimate strength of the material to the elastic
limit, meaning in this case, by the elastic limit,
that boundary line within which the material is
perfectly elastic and takes no permanent set.
For ordinary materials, the factor a = 2; for
nickel steel and oil-tempered forgings, it is re-
duced to 1-1/2,

The second factor (b) depends on the character
of the stress within the material, This factor is 1
for a dead load; 2 for a load varying between
zero and maximum; and 3 for a load which pro-
duces alternately a tension and a compression
equal in amount.

The third factor (c) depends upon the manner
in which the load is applied to the piece under
stress., For a load gradually applied the factor
is 2. If the load is applied, not only suddenly
but with impact, this factor must be still further
increased in value.

The last factor {d) may be called the factor of
ignorance, or the “fool factor.” The other factors
provide against known conditions and this pro-
vides against the unknown. It commonly varies
in value between 1-1/2 and 3 and occasionally
should be given as high a value as 10, It pro-
vides against accidental overload, against un-
expectedly severe service and unreliable or
imperfect materials, etc. When all the conditions
are thoroughly known and there is no danger of
overload, this factor may be made equal to 1-1/2
for wrought iron and mild steel and 2 for cast
iron.

As an example of the use of the formula given
for the factor of safety that should be used.for
an internal-combustion engine connecting rod,
the elastic limit will probably be slightly more
than one-half the ultimate strength, therefore,
a=2, The rod will be alternately in tension and
compression, therefore, b=3, The explosional
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force will be applied suddenly, therefore, c=2.
The material is very reliable, therefore, d=l—l/2.

Then F =2x3x2x1-1/2=18.

Fatigue of Metals

The action which takes place in metals causing
failure after a large number of applications of
stress. Fatigue failures are characterized by
their suddenness and by the absence of general
deformation in the piece which fails, A wire
broken by bending backward and forward is a
characteristic fatigue failure,

Ferrite

Pure metallic iron, in the sense here used,
entirely free from carbon inclusion.

Fibre Stress or Fiber Stresses

This is the stress in the extreme fiber, or the
maximum stress in the cross section con-~
sidered, due to the application of the load, Fibre
stresses with a cantilever would denote ten-
sion in the upper fibers and compression in the
lower ones, with a neutral plane between,

With a beam supported at both ends, the fiber
stress would be the reverse of that in a canti-
lever, Thus a fibre stress of 50,000 pounds per
square inch at point of stress on a cantilever
loaded at the free end would denote the maximum
stress to which the cantilever was subjected,

Fit

The different classes of fit of shafts in their
holes most generally used are as follows:

SHRINK FIT -- For parts which have to be fitted
together by means of an application of heat to
expand the hole, at which time the shaft is in-
serted. On cooling the hole contracts, making a
perfect union which requires no keys or other
anchors of any kind. The bores are always
machined to a smaller diameter than that of the
shaft,

FORCE FIT -- For parts which have to be fitted
together by means of a press; they must be
keyed if they are to be subjected to a twisting
force.

DRIVING FIT -- For parts which have to be
fitted together with a lead hammer, but which
can be afterwards disassembled.

PUSH FIT -- For parts which have to be fitted
together by hand without special force, and
without having perceptible shake when assembled,
they should remain motionless in each other,

SLIDING FIT -- For all parts which in functioning

have to slide constantly on one another, without
turning.,

RUNNING FIT -- For parts which in functioning
have to revolve constantly one in the other, at a
medium speed and with very little play.

EASY RUNNING FIT -- Parts revolving with a
relatively large amount of play.

Fillet

A narrow band of material, frequently in shop
practice used to designate a radius on a shaft or
other part. '

Flute

The groove cut in taps and reamers to form the
cutting edge and allow room for chips.

Friction

Is the resistance to motion which takes place
when one body is moved upon another, and is
generally defined as “That force which acts
between two bodies at their surface of contact,
so as to resist their sliding on each other.”

Gauge or Gage

Master, Standard or Reference; terms applying
to a nearly perfect gauge used for calibration of
working gauges.

Gauge -- Limit

A gauge having two sizes, the difference be-
tween them representing the tolerance or allow-
able variation. One size must go into or over the
work being checked, and the other size must not
go. These gauges are frequently referred to in
shop practice as “tolerance gauges”™ and as “go”
and “no go™ gauges.

Gear Tooth Parts

PITCH DIAMETER--PITCH CIRCLE: When
one of two gears that are in mesh with each
other are revolved, it will drive the other gear
at a certain rate of speed. Imagine that, as well
as the two gears, two discs without teeth are also
in contact, so that when one disc is revolved it
will drive the other disc by frictional force, The
diameters of the discs may be so selected that
when one revolves at the same rate as the gear
to which it corresponds, it will drive the other
disc at the same rate as the second gear is
driven., The diameters of the discs are then the
same as the pitch diameters of the gears, and the
circumiferences of these discs represent the
pitch circles of the gears.

The outside diameter of a gear is the diameter
measured over the top of the teeth,
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The root diameter of a gear is the diameter
measured at the bottom or roots of the teeth,

The center distance is the distance between the
centers of two meshing gears, the pitch circles
of which are tangent to each other,

The diametral pitch of a gear is the number of
teeth for each inch of pitch diameter, and is
found by dividing the number of teeth by the
pitch diameter.

Bastard gear teeth are sometimes generated for
special purposes, having their teeth of different
pitches with regards to width and depth. Example,
a gear of 6/8 pitch the teeth correspond in width
or thickness to 6 pitch, and in depth ta 8 pitch,

The circular pitch is the distance from the
center of one tooth to the center of the next,
measured as an arc along the pitch circle.

The chordal pitch is the distance {on the pitch
line) from the center of one tooth to the center
of the next, measured along a straight line.

The thickness of a gear tooth is generally under-
stood to be the thickness at the pitch circle,
measured along the circular arc,

The chordal thickness of a tooth is the thickness
at the pitch circle measured along a straight
line or as a chord.

The addendum of a gear tooth is the distance
from the pitch circle to the top of the tooth.

The dedendum of a gear tooth is the distance
from the pitch circle to the root of the tooth.

The working depth is the depth to which the
teeth in a meshing gear enter into the spaces
between the teeth of the opposing gear.

The clearance is the amount by which the tooth
space is cut deeper than the working depth,

The face of the tooth is that part of the tooth
curve that is between the outside circumierence
and the pitch circle,

The flank of the tooth is that part of the working
depth of the tooth which comes inside of the

pitch circle,

Gravity

The attraction of bodies toward the center of
the earth, Under the influence of gravity alone,
all bodies fall to the earth with the same velocity
and with the same acceleration. The acceleration
increases with the latitude and decreases with
the elevation above the level of the sea. Its value
at the level of the sea in the latitude of New
York is 32,16 feet per second. (In the metric
system, Gravity = 9.81 meters per second at 45
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degrees latitude and sea level.)

Grain

See Metallography.

Hardness

Is that property of a material by virtue of which
it resists penetration. The two common tests
for hardness are the Brinell test and the Sclero-
scope test, In the Brinell test a hardened steel
ball of a standard diameter is forced against the
surface of a test specimen, using a standard
pressure, The diameter or the depth of the
resulting impression is an inverse measure
of the hardness. In the Scleroscope test a small
weight fitted with a diamond point is allowed to
fall from a standard height upon the surface of the
specimen, thus causing a minute indentation.
The height of rebound is a measure of the hard-
ness,

Heat-Treatment

HEAT-TREATMENT of steel is the proper con-
trol of heating and cooling so as to produce the
desired struction, pearlite, sorbite, troostite,
martensite, or austenite, and includes:

ANNEALING, which consists of a very slow
cooling from above the critical range and which
gives a large-grained, soft pearlitic structure.

NORMALIZING, which consists in cooling from
above critical range in still air and which gives
a fine-grained, pearlitic structure.

OIL-QUENCHING, which consists in cooling
from above the critical range by cooling in oil
at room temperature and which yields steel of
sorbitic or troostitic structures, depending on
the carbon content {certain special alloy steels
yield a martensitic structure or even an austenitic
structure with oil-quenching).

WATER-QUENCHING, which consists in cooling
from above .he critical range by cooling in
water at room temperature and which yields steel
of martensitic, troostitic or sorbitic structure,
depending on the carbon content {(certain special
alloy steels yield a martensitic or austenitic
structure with water-quenching).

DRAWING, which consists in reheating quenched

steel to a temperature slightly below the critical

range and cooling. This process tends to bring
martensitic, troostitic or sorbitic steel towards

the pearlitic state, and, by varying the tempera-

ture of drawing both thermally and as to time,

it is possible to control the state of the steel with

an excellent degree of precision,

Other liquids are sometimes used for quenching
steel: such as molten lead, molten barium
chloride, ice water, mercury, and brine.
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Alloying elements, including carbon, slow up
the transition period so that high-carbon steels
and alloy steels are more susceptible to heat
treatment than are low-carbon steels,

See Metallography.
Helix

A spiral. A coiled spring or a screw thread
forms a helix.

High-Precision Work

This term generally applies to the manufacture
of measuring instruments, magnetos, special
machine tools, electrical instruments, automotive
practice, etc., and generally for all kinds of
apparatus for which the fits must be made with
extreme accuracy and in which accordingly the
interchangeability of the various parts must be
uniform to a high degree.

Horsepower

See Mechanics.

Hydraulics

The science dealing with liquids in motion,

Hydrostatics

The science of the pressure and equilibrium
of liquids (incompressible fluids}),

Hyper -Eutectic Steel

Steel more highly carburized than eutectoid steel
is called hyper-eutectoid, or hyper-eutectic steel,
and therefore contains free cementite, i,e., high-
carbon steel,

Hypo-Eutectic or Eutectoid

Steel containing less than 0.85 to 0.90% Carbon
and therefore some free ferrite is called hypo-
eutectoid or hypo-eutectic steel, i.e., low-carbon
steel,

Hypoid

Hypoid (contraction of the word hyperboloid)
meaning that the pinian is offset with respect
to the center line of the ring gear.

Hysteresis -- Mechanical

If a load is applied to a specimen, and is re-
moved, then, if the specimen is perfectly elastic
under the stress caused by the load, the energy
expended in loading the specimen is all given
back when the load is removed, If the specimen
is not perfectly elastic under the stress caused
by the load, then some of the energy applied is

dissipated as heat, This dissipated energy is
called “mechanical hysteresis,”

Inch-Pounds

A term used to denote work or energy.

Inertia

See Mechanics.

Iron

See steel for distinction between iron and steel.

Joule

A unit of work or energy, approximately equal
to .738 foot-pounds or .24 small calorie, or
approximately the energy expended in one second
by an electric current of one ampere in a re-
sistance of one ohm, is a joule,

Land

One of the sharpened ridges which make up the
cutting section of a tap, die, reamer or milling
cutter after the flutes or chip clearance spaces
have been removed.

Lead

The longitudinal distance which a screw thread
advances when turned one complete revolution.

Limit
A maximum or minimum dimension slightly

above or below a standard size, not the distance
between dimensions. See Tolerance.

Martensite-Martensitic

See Heat-Treatment; also Metallography,

Mechanics

Is the science of applied mathematics which
treats of the action and effect of forces on bodies.

A force is defined as any cause tending to pro-
duce or modify motion. The units by which a
force is usually measured are pounds or tons.

Besides force there are two other elementary
quantities in mechanics from which numerous
compound quantities are derived. These are
distance, measured in linear units as inches,
feet, etc., and time, expressed in hours, minutes,
or seconds,

WORK, in mechanics, is the product of force
by distance, and is expressed by a combination
of units of weight (force), and distance, as inch-
pounds, foot-pounds, foot-tons, etc.
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POWER, in mechanics, is the product of force
by distance, divided by time, or the performance
of a given amount of work in a given time and is
expressed as inch-pounds per minute, foot-
pounds per minute or second, etc, The term
“power” is frequently used by writers or
mechanics to designate a force. In connection
with the so-called “mechanical power” -- the
lever, wheel and axle, wedge, screw, etc. -~ it is
usual to speak of the applied force as the power;
this is, however, not strictly correct, as power
should always, in mechanics, be used in ac-
cordance with the definition given above.

HORSEPOWER (abbreviated H.P.) is the unit
of power adopted for engineering work, One
horsepower is equal to 33,000 foot-pounds per
minute, or 550 foot-pounds per second. The
metric horsepower is equal to 75 kilogram-
meters per second, or 542,5 foot-pounds per
second, or 32,550 foot-pounds per minute, The
kilowatt used in electrical work equals 1,34
horsepower; or one horsepower equals 0.746
kilowatt,

VELOCITY is distance divided by time, and is
expressed in feet per minute, miles per hour,
etc,

INERTIA is that property of a body which causes
it to tend to continue in its present state of
rest or motion, unless acted upon by some force.

Metallography

Deals with the physical state and the proximate
constituents of a metal or an alloy. It has to do
with the physical grouping, distribution of con-
stituents and relative dimensions, of the sub-
stances as revealed by microscopic examination.
It may be characterized as a study of the anatomy
of metals.,

Steel is an alloy, the essential constituents of
which are iron and carbon, the latter being the
controlling element, The carbon exists in steel
as a carbide of iron, Fe3C, to which the name
cementite is applied, The free iron or ferrite,
together with the cementite, has the power of
forming a conglomerate called pearlite, a very
intimate mechanical mixture composed of about
7 parts of ferrite to one part of cementite.

If molten iron is cooled there is formed first a
solution of carbon in molten iron; then, as the
metal solidifies, the carbon exists as cementite
in solid solution in the iron. This solid solution
is called austenite, and it crystallizes into im-
perfect crystals or grains.,

With further cooling the steel passes through a
critical or transformation range of temperature
(extreme range about 1650° F, to 1250° F,) and
the two constituents of the metalpass successively
through several transition stages, namely:
martensite, in which long needle-like crystals are
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formed, giving a very hard and brittle sub-
stance; troostite, in which dark-colored masses
resembling sorbite are surrounded by a ground-
work of martensite, the troostitic state yielding
a substance hard but tougher than the martensite;
sorbite, in which cementite and ferrite are in a
state resembling an emulsion, yielding a sub-
stance fairly hard and very tough; and pearlite,
in which bands of ferrite and cementite exist,
usually in stratified layers or bands.

If the steel has a carbon content of about 0.90%,
all the grains will be pearlite; if the carbon con-
tent is lower than 0,90% there will be grains
of pearlite and grains of ferrite; if the carbon
content is greater than about 0,90% there will be
grains of pearlite and grains of cementite.

The presence of carbon or of other alloying
elements slows down the process of transition.
By varying the rate of quenching steel, the
transition process may in general be halted
at any desired state, and the resulting cooled
steel may be given any desired characteristic
structure. See Heat-Treatment, also Micro-
graph,

Micrographs

Are obtained by polishing the surface of a metal,
etching the polished surface with a suitable
reagent to bring out the metallographic structure,
then reproducing, usually by photographic
methods, the appearance of the surface as seen
through the microscope. Photomicrograph and
microphotograph are terms sometimes used for
micrographs made by a photographic process.

Mil, Circular

A circular mil is the area of a circle 0,001 inch
in diameter and is a unit in the measurement of
diameters and cross-sectional areas of electri
wires, )

Millivoltmeter

An electrical instrument for measuring small
electric potentials, Used for measuring the
small voltages of thermo=-couples developed
by changes of temperature. (See Pyrometer,)

Modulus of Elasticity

Is the quotient obtained by dividing the stress
per square inch by the elongation in one inch
caused by this stress, For all stresses below
the elastic limit, the unit stress bears a constant
ratio to the unit deformation.

Moment of a Force

The moment of a force with respect to a point
is the product of the force multiplied by the
perpendicular distance from the given point
to the direction of the force. The perpendicular
distance is called the lever arm of the force,
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The moment is the measure of the tendency of the
force to produce rotation about the given point,
which is termed the center of moments. Moments
are expressed in inch-pounds, foot-pounds, etc.,
and are designated as clockwise or contraclock-
wise, according to their direction. The term
torque is equivalent to the term moment.

Moment of Inertia

The moment of inertia of a body with respect
to an axis is the sum of the products obtained
by multiplying the weights of each elementary
particle by the square of its distance from the
axis, Therefore, the moment of inertia of the
same body varies according to the position of the
axis. It has its minimum value when the axis
passes through the center of gravity. The
moment of inertia is numerically equal to the
weight of the body which if it could be conceived
of as concentrated at a distance of unity from
the axis of rotation, would, if actuated by the
same forces, rotate with the same angular
velocity as that of the actual body. In other
words, the moment of inertia bears the same
relation to angular acceleration as weight does
to linear acceleration, When the term *moment
of inertia”™ is used in regard to areas, it is equal
to the sum of the products obtained by multi-
plying each elementary area by the square of
its distance from the axis. The moments of
inertia of surfaces are especially useful in cal-
culating the strength of beams.

Momentum

The momentum of a moving body is the intensity
of that constant force which, resisting its move=-
ment, would bring it to rest in one second.

Momentum = mass X velocity in feet per second.

Momentum = “;—ezgli% X velocity in feet per second.
Momentum should not be confused with the
moment of a force, defined above,

Motion, Newton’s Three Laws

1ST LAW: Every body continues in a state of rest
of uniform motion in a straight line, except if it
is acted upon by a force to change its state of
motion or rest.

2ZND LAW: If a body is acted upon by several
forces, it is acted upon by each of these as if the
others did not exist. This is true whether the
body is at rest or in motion. In other words, if
two or more forces act upon a body at the same
time, each produces exactly the same effect as
if it acted alone; the total effect or resultant
motion of all the forces may be found by a dia-
gram in the same way as the resultant of forces
is found.

3RD LAW: To every action there is always an

equal reaction or, in other words, if a force
acts to change the state of motion of a body, the
body offers a resistance equal and directly
opposite to the force.

Neutral Plane
See Fibre Stress.

Nonferrous Metals

Metals in which iron is not a constituent,

Ohm

The practical unit of electrical resistance, being
the resistance of a circuit in which a potential
difference of one volt produces a current of one
ampere.

Pearlite
See Metallography,

Physics

The science of phenomenaof inanimate matter in-
volving no chemical changes, comprising me-
chanics, magnetism, electricity, light, heat, and
sound.,

Pi-T

The 16th letter of the Greek Alphabet, corre-
sponding to the English P, is used as a constant
to denote the ratio (3.14159+) of the circum-
ference of a circle to its diameter,

Pitch, Diametral, Circular
See Gear Tooth Parts

Pitch Diameter
See Gear Tooth Parts,

Pneumatics

That branch of physics treating of the mechanical
properties of air and other gases, as of their
weight, pressure, elasticity, etc.

Pound-Inches-Feet

See Moments of a Force; Mechanics, etc,

Power

See Mechanics,

Prony Brake

See Horsepower,

Pyrometer

An instrument for measuring high temperatures.
Briefly, one type of pyrometer (that in use by
International Harvester) is of the Thermo-
electric type, which utilizes the electromotive
force generated by a junction of two dissimilar
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metals when exposed to heat, In each pyrometer
there are two junctions made by welding to-
gether wires of two dissimilar metals, platinum
and platinum-rhodium; for example, one junction
is then exposed to the temperature to be measured
and is called the “hot junction”;the other junction,
which is opposed to the first named junction, is
kept at a constant temperature and is called the
“cold junction,” A mill voltmeter for measuring
electromotive force is attached by conductors
to the free ends of the opposed junctions and by
its reading indicates.the electromotive force
generated and hence the temperature of the *hot
junction.,”

Recalescence

The sudden unproportional liberation of heat
by steel when cooling through its critical range,

Scleroscope
See Hardness.

Shear

Shearing Stress; See Stress,

Sorbite
See Metallography.

Static Balance

Balancing of crankshafts is a very important
factor in providing long engine life, Crank-
shafts must be balanced for equalization of
weight so that when supported on knife blades
the shaft will not revolve, This is the same
condition of balance that would obtain with an
automobile wheel if a slight counterweight were
placed directly opposite the valve stem so that
the wheel if jacked up and given a spin would
stop and remain stationary wherever it was
overtaken by inertia after the energy from the
force of the spin had spent itself. If not in
perfect balance the wheel would either turn over
another revolution or turn back until the heavy
point was down.

Elimination of the heavy place on a crankshaft
is termed static balancing. This is accom-
plished by grinding off portions of the balancing
pads forged into both sides of each throw for that

purpose.
Static Test

A test of a specimen in which the rate of applica-
tion of load is so slow that it may be regarded
as zero. The term refers in general to a test
made with an ordinary Tensile Testing Machine,

Steel

The term “steel” is used to denote any ferrous
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metal with a carbon content less than about
1.7%, which is made by a process involving
complete fusion. Wrought iron has a low carbon
content, and is made from a pasty mass at a
temperature below complete fusion, Ferrous
metals with carbon content higher than about
1.,7% are called “cast iron,”

Stress

An internal force which resists the destructive
action of external force, Stresses are alwaysac-
companied by strains and deformations. There
are tensile stresses, compressive stresses,

‘and shearing stresses. At any point on a stressed

member the stress per unit area is called the
“unit stress.” See“Deformation.” Stress is the

force applied, and:

Strain

Is the resulting deformation.

Specific Gravity

Is a number indicating how many times a certain
volume of material is heavier than an equal
volume of water at a temperature of 62° F. The
weight of one cubic inch of pure water at 62° F.
is 0.0361 pound. If the specific gravity of any
material is known, the weight of a cubic inch of
the material can, therefore, be determined by
multiplying its specific gravity by 0.0361,

Tensile Strength

See Ultimate Tensile Strength,

Tolerance

The range of distance between specified limits,
as applied to machine shop practice.

Torsion

That force with which a twisted parttends to
return to a state of rest.

Torque

Torque is that which produces or tends to pro-
duce rotation or torsion; the product of tan-
gential force multiplied by the radius of the
part it rotates, An engine is therefore es-
sentially a device for producing torque, and
torque isthe energy available for producing work,
See also “Moment of Force.,”

Toughness

Denotes a combination of strength and duc-
tility, resistance to fatigue, tension, and shear,

Troostite

See Metallography.
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Ultimate Tensile Strength

The highest unit stress carried by a tension
specimen in a test to rupture.

Velocity

See Mechanics,

Volt

The unit of electromotive force; that electro-
motive force which, if steadily applied to a con=~
ductor having a resistance of one ohm, will
produce a current of one ampere,. It is practical-
ly equal to 10° C.G.S. Electromagnetic units.

Watt

A unit of electrical power or activity equal to
107 C.G.S. units of power (Ergs,see “Erg")or to
the rate of work represented by a current of one
ampere under a pressure of one volt, a volt-
ampere. One horsepower is approximately equal
to 746 watts,

Work

See Mechanics.

Wrought Iron

See Steel.

WEIGHTS, MEASURES, EQUIVALENTS
STANDARD WEIGHTS AND MEASURES

LONG MEASURE

12In., oo eeveeeesroessassssees lFt,
3 Fte ¢ oot oot s asesesesaseseses 1l Yd.
16=1/2 Fte v vv v eesesseaosaees 1 Rod
320 R0AS 4 4 s st v e s s s sseseseses 1 Mile
1,760 Yds. or5280Ft e e s eseees 1 Mile

SQUARE MEASURE

144 5. In. ¢ v v v e v o s s e s s ess el Sq. Ft.
950 Fte o s v a0 s o aus .....lSq.Yd.
4,840 Sq. Yds., 43, 560 Sq. Ft ...l Acre
640 ACres .« vevs o c e e e 1 8q.Mile
An Acre=A square whose side is 208.71 Ft.long

SOLID OR CUBIC MEASURE

1,728 CUsIN: v o s sovessanesaeslCu Ft.

2T Cu.Fte .o .nn . 1 Cu. Yd.
1 Cord Wood = Ap11e4Ft w1dex4 Ft. high x
8 Ft. long = 128 Cu. Ft,
LIQUID MEASURE
4Gills ¢ oo v o v b v e e P i S
2 PtS. 4 et oot e i et . 1Qt.
O - oo+ e 1 Gal.

The U.S. Gallon = 231 Cu, In, = .13373 Cu. Ft.

The English Gallon = 277.274 Cu. In,

The English Gallon = 1.20032 U.S. Gallons=The
volume of 10 lbs, of water at 62° F

U.S. DRY MEASURE

2 PtSs v i s e enesess 1Qt,

B OIS, v veee e eeess 1l Pk,

4 PKSs 4o o assesseessss l Bu,

1 Bu:s cevv v v o e e o+, 2150,42 Cu, In, =
1.2445 Cu. Ft.

A heaped bushel equals 1-1/4 struck bushels
as measured above.

COMMERCIAL MEASURE OF WEIGHT

Avoirdupois or Commercial Weight

437.5 Grains « + + . 1 Oz.

16 Oz. or 7000 Grams «. 1l Lb,

2,000 LbSs ¢« 4+ e v eess 1 Netor Short Ton
(Commonly Used)

2,240 Lbs. «.+.4+s... 1 Gross or Long Ton

BOARD MEASURE

The unit of solid measure for boards is the foot
board measure (B.M.). This is a volume 1 in.
in thickness, 12 in, in width, and 1 ft. in length,
To obtain the number of feet B.M. of a board or
piece of square timber, multiply the length in
feet and the breadth in feet and the thickness in
inches.

WEIGHT AND MEASURE EQUIVALENTS

1,728 cu, in, . 1 cu, ft, 27 cu. ft. . 1 cu, yd.
46,656 cu. in, . 1 cu, yd. 128 cu. ft. . 1 cord
2,150 cu. in, . 1 bushel 1.24 cu. ft. . 1 bushel
7,056 cu. in. . 1 barrel 4,08 cu. ft. . 1 barrel
231 cu, in. . 1 gallon 20.75 cu. ft. . 1 hay bale

10,75 cu. ft. . 1 sm.bale

. 1 cotton bale

144 cu. in, . 1 bd,.-ft.
20-23 cu, ft. .

SIZE OF BARRELS AND BASKETS
U.S. STANDARD BUSHEL
1 Bushel . . 4 Pecks, 2445 cu, ft. . 2150.42 cu. in.

1 Peck ... 8 Quarts 3111 cu. ft. 537.61 cu. in.
1 Quart, .. 2 Pints .0389 cu.ft. . 67.20 cu. in,

U.S. STANDARD BARREILS FOR VEGETABLES,

FRUIT AND DRY COMMODITIES, EXCEPT
CRANBERRIES

e s e s eessss?,056 cu,in,
105 dry qts.

3.28 bu.

Head diam. . .........17.125 in,

Bilge diam. .......,.20.37 in.

Stave lgth. ¢ o o0 s 27,125 in,

1, Capacity...
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2. Capacitye s ees e eeeess 5,826 cu. in,
87 dry qts.
2,709 bu.
Head diam. ¢ ¢« « « s o« + s » 16,25 in,
Bilge diam + ¢4 e e e s oo« 18,62 in,
Stave lgth. «......... 28,5 1in,
3. Flour Barrel

Weight v e ¢ o ¢ oo v v ov v s 200 to 220 lbs.

Head diam. « o s ¢« ¢ o 0 o o » 18 in,
Bilge diame + ¢ v e o o vo o . 21 in.
Stave lgth. « ... ... .. 28,5 in.

ABBREVIATIONS FOR TERMS

Following the name of each unit in the list be-
low is given the abbreviation which the Bureau
has adopted. Attention is particularly called to
the following principles:

1. The period is omitted after the abbreviations
of the metric units, while it is used after
those of the customary system.

2. The exponents “2" and “3” are used to
signify area and volume, respectively, in
the case of the metric units instead of the
longer prefixes “sq.” or “cu” In con-
formity with this principle the abbreviation
for cubic centimeter is “cm3*” instead of
“c,c." or “c.m,” The term %“cubic centi-
meter” as used in chemical work is, in
fact, a misnomer, since the unit actually
used is the ®milliter,” which has a slightly
larger volume.

3. The use of the same abbreviation for both
singular and plural is recommended. This
practice is already established in expressing
metric units and is in accordance with the
spirit and chief purpose of abbreviations,

4, It is also suggested that, unless all the text
is printed in capital letters, only small
letters be used for abbreviations except in
the case of A, for acre, where the use of the
capital letter is general.

Unit Abbreviation

F=Tob of - . « o .. A

area . ... .. o e e e as . . a

avoirdupois . e .. av.

barrel , .. .. .. bbl,

board foot. . . C e e e . . bd, ft,

bushel ,., ... c t s e e e . + bu,

carat, metric c et e e e ve C

centare .. .. c e e e e e .. Ca

centigram. .. .. Cg

centiliter .. . oo e e e . cl
centimeter . . e s s e e e «. Cm

chain . . v e v v oot v v e s e e es. ch,

cubic centimeter . .........., cm3

cubic decimeter. ........... dm?>

PRINTEQ IN UNITED STATES OF AMERICA

OF WEIGHT AND

Sugar Barrel

Weight « v ¢ & ¢
Head diam. . . .
Bilge diam ...
Stave lgth . . .«

Syracuse Salt Barrel

Weight . v o 4.
Head diam .. ..
Bilge diam., ...
Stave lgth. ...

Unit

cubic dekameter ..

cubic foot o v s o o

cubic
cubic inch
cubic
cubic
cubic
cubic
cubic
decigram .......
deciliter ... ¢ ¢4
decimeter .. .. ..
decistere ... .4 o
dekagram .« . .+ ¢ o
dekaliter ... ¢4 .
dekameter . .....

mile

yard

dekastere .. ...

dram or drachm,

hectometer . .
kilometer . ..
meter . ...
millimeter ..

dram, avoirdupois .. ...

dram, fluid . . . .. .
fathom « v v o ¢ s ¢ s s

foot

firkin ¢ v oo o s e
furlong .. .66
gallon .........
grain s v v o0 0 04 e
BTam ¢ « o o s s o s o
hectare ... 4 ¢4
OQgTaIn + o o » o »

hect
hect
hect

inch

oliter .

ometer ... ...
hogshead
hundredweight ., . . .

kilogram ... ...

kiloliter , . . . ¢ .« &
kilometer . « v ¢ o o o

link

liguid v e v v e v 0 v
liter

meter
metricton ... ..
micron . ..e.eo.
mile
milligram ......
milliliter . ... ...
millimeter ... ...
millimicron ,....

apothecaries

300 to 360 lbs.
20.5 in.
25.0 in.
30,0 in,

280 lbs.
18 in.
21 in.
29 in.

MEASURE

Abbreviation

. dkm3
. cu, ft.
. hm

. cu, in,
. km

. m3

. cu., mi,
. mm3
. cu. yd.
. dg.

. dl

. dm

. ds

. dkg

. dkl.

. dkm.
. dks

. dr. ap.or 2
. dr, av,
. fl, dr.
. fath.

. ft.

. fir,

. fur.

. gal.

. gr.

. g

. ha

. hg

. hl

. hm

. hhd.

. cwt,

. in,

. kg

. kil

. km

. 1i,
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Unit ) Abbreviation Unit Abbreviation
minim « ... .00 eeeeeeess . min, or mu square chain ., ... sq. ch.,
OUNCE ¢ o s o s 66 s s s s s s asesee OZ, square decimeter dm?

ounce, apothecaries’ ........ 0z, ap.or Z square dekameter dkm?
ounce, avoirdupoiS « « « ¢« o « « s o s 0Z. AV, square foot « . ... sq. ft.
ounce, fluid ... flooz, square hectometer hm?

ounce, troy « v v s s s o0 v s s 000 O0Z,t. square inch .... sq. in,
PECK v vt e v uerseateesesss Pk square kilometer . km?2
pennyweight . .0 ¢ v vn oo e ss o, dwt, square meter ... mé

Point « ¢ v e s v v v oo e oo DPte square mile , . .. sq. mi,
pound . .. e s s et 000 s0eess lbe square millimeter mm

pound, apothecaries' ,....... lb, ap.

pound, avoirdupois ... ... lboav,

pound, tXOY o o o o e s o s 0 e o a0 lbote

QUATE 4 4 e s s a s s v s s e e at.

rod...........-........ rd.

scrupe, apothecaries « s+ ¢+ s+ S.ap.,or Z
o s 0 0 o 0 sz

square centimeter ., .

square rod ¢ .. e co oo s .00 5. rd,
square yard ... .e¢.e.0..0.., 59.yd.
Stere 4 o s o ot v v e a0 s s o e s . S,
o3+ T # s O
ton, metric v e v o v e i e el t
troy c e o v o v v e s o e v s e, b
yard. « v s et s i et a0 e . Yo

UNITS OF WEIGHT AND MEASURE

(From Circular No. 47 of Bureau of Standards,
Department of Commerce, Washington, D.C.)

THE METRIC SYSTEM: Metric units are
naturally related. For example: 1 cubic deci-
meter equals, for all practical purposes, 1
liter, and 1 liter of water weighs 1 kilogram.
The metric terms are formed by combining
the words “meter,” “gram?” and “liter” with
the six numerical prefixes, as in the following
table;

Prefixes Meaning Units
1
milli- =one-thousandth —— ,001| “meter® for
1000
1 length
centi =one-hundredth 100 .01
deci- = one-tenth —L .1 |“gram” for
10 .
weight
Unit = one 10 1 or mass
deka- =ten 1 10
100 “1irm
hecto- =one hundred -1 100 liter” for
1000 capacity
kilo- = one thousand -1 1000

Definitions of Units

The following lists of units include most of those
in general use, Simple conversions may be
made from the values here given., For example,
if a conversion into nautical miles is wanted,
the conversion factor for statute mile given in
the conversion tables may be used by multiplying
it by the factor 1,151553 here given to show
relation of nautical mile to statute mile.

Length
FUNDAMENTAL UNITS

A meter (m) is a unit of length equivalent to
the distance between the defining lines on the
international prototype meter at the International
Bureau of Weights and Measures when this stand-
ard is at the temperature of melting ice (0°C.).

_ 3937
“= 3600 Y4

A yard (yd.) is a unit of length equivalent to
3600 of a meter,

lm

3937

HIGHER AND LOWER UNITS

kilometer (km) = 1000 meters.

hectometer (hm) = 100 meters.

dekameter (dkm) = 10 meters.

decimeter (dm) = 0,1 meter,

centimeter (cm) = 0.0l meter,

millimeter (mm) = 0,001 meter = 0.1 centi-

meter,

1 micron (u) = 0.000 001 meter = 0,001 milli-
meter,

1 millimicron (mu) = 0,000 000 001l meter =

0.001 micron.

1 _ 1200
3 yard = 3937

. . _ 1 _ 1 _ 100
l inch (in.) *3% yard = |, foot =Jg37 meter.

— e e b e

meter,

—

foot (ft.) =

link (li) = 0.22 yard = 7.92 inches.
rod (rd.) = 5-1/2 yards = 16-1/2 feet,

chain (ch.) = 22yds. = 100 links = 66 feet = 4 rods.
furlong (fur.) = 220 yards = 40 rods = 10 chains,
statute mile (mi.) = 1760 yards = 5280 feet =
320 rods.

1 hand = 4 inches,

— e

1 point =L inch,
72
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mil = 0,001 inch.

fathom = 6 feet.

span = 9 inches = 1/8 fathom.

nautical mile United States=6080,20
seal mile feet=1.151 553 statute
geographical mile miles=1353.249 meters

e

Area
FUNDAMENTAL UNITS

A square meter (mZ) = 1,195985 sq. yd.
A square yard (sq. yd.) = 0.8361307 m?.

HIGHER AND LOWER UNITS

1 square kilometer (kmz) =1 000 000 square
meters.

1 hectare (ha) or square hectometer (hm?2) =
10 000 square meters,

1 area(a), or square dekameter (dkm?2) = 100

square meters,

centare (ca) = 1 square meter.

square decimeter (dmz) = 0.0l square meter,

square centimeter (cmz) = 0,0001 square meter,

square millimeter (mm2) = 0,000 00l square

meter = 0,01 square centimeter.

= b p— —

1 square foot (sq. ft.) =—(19— square yard.,

1 square inch (sq. in,) = 12‘196 square yard

-1—‘1147 square foot.

"

1 square link (sq. 1i,) = 0.0484 square yard
62,7264 square inches,

1 square rod (sq. rd.) = 30.25 square yards
272.25 square feet = 625 square links.

1 square chain (sq. ch.) = 484 square yards
16 square rods = 100 000 square links.

l acre (A) = 4840 square yards = 160 square
rods = 10 square chains,

1 square mile (sq. mi.) = 3 097 600 square yards
= 640 acres,

Volume
FUNDAMENTAL UNITS

A cubic meter (m3) = 1,307 9428 cu. yd,
A cubic yard (cu, yd.) = 017645594 m.

HIGHER AND LOWER UNITS

1 cubic kilometer (km3) = 1 000 000 000 cubic
meters.,

1 cubic hectometer (hm3) = 1 000 000 cubic

meters.,

cubic dekameter (dkm3) = 1000 cubic meters.

stere (s) = cubic meter,

cubic decimeter (dm3) = 0.001 cubic meter.

cubic centimeter (cm3) = 0,000 001 cubic meter

= 0.001 cubic decimeter,
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— e

1 cubic millimeter (mm3) = 0,000 000 001 cubic
meter = 0,001 cubic centimeter.

1 cubic foot (cu. ft.) =2_17 cubic yard.

1

= {6656 cubic yard =

1 cubic inch (cu. in.)

les cubic foot.
1 board foot = 144 cubic inches =1—12 cubic foot.

l cord (cd.) = 128 cubic feet.

Capacity

FUNDAMENTAL UNITS

A liter (1) is a unit of capacity equivalent to
the volume occupied by the mass of 1 kilogram
of pure water at its maximum density (ata
temperature of 4° C. practically and under the
standard atmospheric pressure of 760 mm).
It is equivalent in volume to 1.00 027 cubic deci-
meters. One liter = 0,264168 gal,

A gallon (gal.) is a unit of capacity equivalent to
the volume of 231 cubic inches. It is used for
the measurement of liquid commodities only.
1 gal. = 3.785 332 liter. A British gallon is
approximately 20 percent larger.

A bushel (bu.) is a unit of capacity equivalent
to the volume of 2150.42 cubic inches. It is
used in the measurement of dry commodities
only, The bushel is the so-called stricken or
struck bushel. Many dry commodities are sold by
heaped bushel, which is generally specified in
the State Laws to be the usual stricken bushel
measure “duly heaped in the form of a cone as
high as the article will admit” or “heaped as
high as may be without special effort or design.”
The heaped bushel was originally intended to be
25 percent greater than the bushel. A British
bushel is 3 percent larger.

HIGHER AND LOWER UNITS

l hectoliter (hl) = 100 liters.,

l dekaliter (dkl) = 10 liters.

l deciliter (dl) = 0.1 liter.

l centiliter (cl) = 0,01 liter.

1 milliliter (ml) = 0.001 liter = 1,000 027 cubic
centimeters.

1 liguid quart (lig. qt.) = 1/4 gallon = 57,75
cubic inches.

1 liquid pint (lig. pt.) = 1/8 gallon = 1/2 liquid

quart = 28,875 cubic inches.

gill (gi.) = 1/32 gallon = 1/4 liquid pint =

7.21875 cubic inchesI

p—

1l fluid ounce (fl, oz.) = 2% gallon = 1/16 liquid
pint.
1 fluid dram (fl. dr.) = 1/8 fluid ounce = L _

128
ligquid pint.
I minim (min.) =1 fluid dram = 1/4 80 fluid
ounce, 60
1 firkin (fir.) = 9 gallons.
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1 peck (pk.) = 1/4 bushel = 537.605 cubic inches.

1 dry quart (dry qt.) = 1/32 bushel = 1/8 peck =
67.200 625 cubic. inches.

1 dry pint (dry pt.) = 1/64 bushel = 1/2 dry quart=
33,600 312 5 cubic inches.

1 barrel (bbl,) (for fruit, vegetables and other
dry commodities) = 7056 cubic inches = 105
dry quarts (By U.S. Statute, March 4, 1915),

Mass or Weight
FUNDAMENTAL UNITS

A kilogram (kg) is a unit of mass equivalent to
the mass of the International prototype kilogram
at the International Bureau of Weights and
Measures, One kg, = 2,204 622 341 1b, av,

An avoirdupois pound (lb. av,) = 0.453 592 427 7
kilogram. A gram (g) is a unit of mass equivalent
to one-thousandth of the mass of the International
prototype kilogram at the International Bureau of
Weights and Measures.

A troy pound (lb. 61) is a unit of mass equivalent
to 5760/7000 of that of the avoirdupois pound,

HIGHER AND LOWER UNITS

1 metric ton (t) = 1000 kilograms.,

1 hectogram (hg) = 100 grams = 0.1 kilogram.

1 dekagram (dkg) = 10 grams = 0,01 kilogram.

1 decigram (dg) = 0.1 gram,

1 centigram (cg) = 0.0l gram.

1 milligram (mg) = 0.001 gram.

1 avoirdupois ounce (oz, av,) =—- avoirdupois
pound, 6

1 avoirdupois dram (dr. av.) = 1/2 56 avoirdupois
pound = 1/16 avoirdupois ounce.

1

7000
avoirdupois ounce =

avoirdupois pound = ~—

1 grain (gr.) = 375

troy pound.

5760

1 apothecaries' pound (lb. ap.) = 1 troy pound =
5760

7000
apothecaries’ or troy ounce (oz. ap. or z, or

avoirdupois pound.

—

480 avoirdupois
7000

oz, t.) =—ll—2 troy pound =
pound = 480 grains.

apothecaries® dram (dr. ap or Z) :?lé apothe-~

—

caries' pound = 1/8 apothecaries’ ounce = 60
grains. 1 .
pennyweight (dwt.) :—2_0 troy ounce = 24 grains.

—

apothecaries’ scruple (s, ap. or S) = ; apothe-

—

caries’ dram = 20 grains.
§ metric carat (c) = 200 milligrams = 0.2 gram.
The old carat in use in this country previous
to July 1, 1913, was of 205,3 milligrams.
1 short hundredweight (sh, cwt.) = 100 avoirdu-

pois pounds,
1 long hundredweight (1 cwt.) = 112 avoirdu-

pois pounds,
1 short ton (sh. tn.)
1 long ton (1. tn.) =

FRENCH AND AMERICAN EQUIVALENT
MEASUREMENTS

Measures of Length

= 2000 avoirdupois pounds.
2240 avoirdupois pounds.

FRENCH AMERICAN
1 meter 39.37 inches, or 3.28083
feet
.3048 meter 1 foot
1 centimeter .3937inch
2.54 centimeters 1 inch
1 millimeter .03937 inch, or L inch
nearly 2
25.4 millimeters 1 inch
1 kilometer 1093,61 vyards, or .62137
mile

EQUIVALENT VALUES OF ELECTRICAL, MECHANICAL
AND HEAT UNITS

Units Equivalent Value in Other Units
1,000 watt hours
1.341 horsepower hours
2,655,180 Ft.-1bs.
1 3,600,000 joules
Kilowatt Hour= 3,415 heat units
367,100 kilogram meters
0.234 lb. carbon oxidized with perfect efficiency
3.52 lbs, water evaporated from and at 212 degrees F.
22,77 lbs, water raised from 62 degrees to 212 degrees F,
0.7457 kilowatt hour
1,980,000 ft.-1b,
1 2,546.5 heat units per hour
Horsepower Hour = 273,740 kilogram meters
0.174 Ib, carbon oxidized with perfect efficiency
2,62 lb. water evaporated from and at 212 degrees F.
17.0 1b, water raised from 62 degrees to 212 degrees F,
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Unit Equivalent Value in Other Units
1,000 watts
1,3410 horsepower
2,655,180 ft.-lbs. per hour
44,253 ft,~1bs, per minute
1 731.56 ft.~-lbs,. per second
Kilowatt = 3,415 heat units per hour
56.92 heat units per minute
0.9846 heat units per second
0.234 lb. carbon oxidized per hour
3.52 lbs, water evap. per hour from and at 212 degrees F.
745.,7 watts
0.7457 kilowatt
33,000 ft.~lbs, per minute
1 550 ft.-1bs. per second
HORSEPOWER 2,546.5 heat units
42,44 heat units per minute
0.707 heat units per second
0,174 lb. carbon oxidized per hour
2.62 lb. water evap. per hour from and at 212 degrees F,
1 watt second
1 0.000000278 kilowatt hour
Joule = 0.102 kilogram meter
0.0009486 heat unit
0.73756 ft.-1b.
1.3558 joules
1 0.13826 kilogram meter
Ft.~-Lb.= 0.0000003766 kilowatt hour
0.0012861 heat unit
0.0000005 horsepower hour
1 joule per second
0.001341 horsepower
1 3.415 heat units per hour
Watt = 0.73756 ft.-1b, per second
0.0035 lb, water evap, per hour
44,254 ft.-lbs, per minute
1 Watt 8.20 heat units per sq. ft. per minute
per Sq. In, = 6,373 ft.-1bs. per sq. ft. per minute
0.1931 horsepower per sq. ft.
1,054.2 watt seconds
777.54 ft-1bs.
1 B.T.U. 107.5 kilogram meters
or 0.0002928 kilowatt hour
1 Heat Unit = 0.0003927 horsepower hour
0.0000685 1b, carbon oxidized
0.001030 b, water evap. from and at 212 degrees F,
1 Heat Unit 1.1220 watt per sq. in.
per sq. ft. 0.01757 kilowatt per sq. ft.
per min. 0.02356 horsepower per sq. ft.
7.233 ft.-1bs.
1 0.000003653 horsepower hour
Kilogram Meter = 0.000002724 kilowatt hour

0.009302

heat unit

PRINTED IN UNITED STATES OF AMERICA
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Unit Equivalent Value in Other Units
14,600 heat units
1.11 lbs, anthracite coal oxidized
1 lb, Carbon 2.5 Ibs. dry wood oxidized
Oxidized with 22 cubic feet illuminating gas
perfect efficiency= 4,275 kilowatt hours
5.733 horsepower hours
11,352,000
15,05 Ibs. of water evap, from and at 212 degrees F.
0.2841 kilowatt hour
0.3811 horsepower hour
1 Ib, Water 970.4 heat units
Evap. from and at 104,320 kilogram meters
212 degrees F., = 1,023,000 joules
754,525 ft.-1bs.

0.066466

1b, carbon oxidized
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MATHEMATICAL FORMULAS USED IN

SALES ENGINEERING

ROAD SPEED FORMULAS GRADE ABILITY FORMULAS TORQUE FORMULAS
MPH___RPMx:: GA=TF — RR T=DxBMEP
Rx 168 150.8
TF =GA+RR
RPM =M T=D x 0.75 (Approx.)
r GA =T x12xRxE RR
GVW xr BHP x 5252
R _ RPM Xr T = ‘—W
" MPH x 168 Tx12xRxE
CVW=""F%r
MPH x 166
WHEEL RPM =———"—
I T _TFxGVWxr DRAWBAR PULL
~ 12xRxE DBP=TE — RR
TRACTIVE EFFORT FORMULAS R_TF x GVW x 1
g Tx12xRxE ~T12xTxE CLUTCH TORQUE CAPACITY
r Total Spring Pressure x
TE x 1 HORSEPOWER FORMULAS T— Mean Radius of Lining
T=m " ]x 2 Faces x .25 Coeffi-
H{P=MEPXAXSXN |cient of Friction + 12
TE x r 33000 x C
R=T x12xE
S =Stroke (Ft.) x RPM GRADE ABILITY—
- e HORSEPOWER FORMULA
TRACTIVE FACTOR FORMULAS IHP =BHP -+ Friction HP 5
750 x BHP
Tx12xRxE =BMEPXAXSXN GA=33—-RR
_TFxGVWxr BHP=2xRPMx1rxT GVW=M
T="TaxRxE 33000 MPH x TF
Tx12xRxE _TxRPM 33750 x BHP
GVW ="t BHP =752 MPH ="5VW x TF
_TFxGVWxr D x RPM x 0.75 (Approx.) _GVW xMPH x TF
R="rx12xE BHP = 5252 HP=—"7337%
KEY TO SYMBOLS USED ABOVE
A = Area of piston head in sq. in. N =Number of cylinders.
BHP =Brake horsepower. I = Effective tire radius (loaded) (inches)
BMEP = Brake mean efiective pressure. R =Total reduction to 1.00.
C =No. cycles (4 for IH). RPM =Engine speed revolutions per minute
D =Piston displacement in cu. in. (r.p.m.)
DBP =Drawbar pull. RR =Rolling or road resistance (.012 lbs. for
E =Maechanical efficiency (.90 direct, .85 in good concrete roads.
other gears). S = Piston speed in feet per minute.
GA =Grade ability, factor (G x 100 =9, Grade). T =Torque—I1b.-ft.
GVW = Gross weight, 1b. TE  =Tractive effort, lb.
IHP =Indicated horsepower. TF  =Tractive factor, lb. per lb. gross.
MEP =Mean effective pressure. T =Pi=3.1416; ratio of diameter to circum-

MPH =Miles per hour.

ference of circle.
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POUNDS OF GROSS VEHICLE WEIGHT WHICH ONE HORSEPOWER
DELIVERED TO CLUTCH WILL PULL UP
VARIOUS GRADES AT VARIOUS SPEEDS

SPEED — MILES PER HOUR

Grade 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 35 40 45

998 962 927 895 865 742 649 577 519
MORE THAN 964 928 893 861 832 B04 689 603 536 482
1000 LBS. 978 938 900 865 834 804 777 750 643 563 500 450

1000 958 917 879 844 810 781 753 728 702 603 527 469 422

993 947 903 863 827 795 T64 736 710 685 662 567 496 441 397

988 937 894 853 817 782 750 722 695 670 648 625 536 469 417 375

987 935 890 847 808 773 741 711 683 658 635 612 593 507 444 395 355

993 936 889 843 803 766 733 702 674 648 625 602 581 561 482 422 375 338

1000 945 890 845 802 765 730 698 669 642 617 594 573 553 535 459 402 357 321
959 903 854 808 768 730 697 667 ©39 613 590 567 548 529 511 438 384 341 307

978 917 862 813 772 732 697 665 638 611 586 562 542 522 504 488 419 367 326 293

937 878 827 782 T40 702 670 639 611 586 562 540 521 502 484 469 402 352 313 28l

900 844 795 750 710 675 643 613 587 563 540 519 500 482 465 450 386 338 300 270

867 812 764 722 684 650 619 591 565 542 520 500 481 463 448 433 371 325 288 260

833 781 736 694 658 625 595 568 543 521 500 481 462 446 431 410 357 313 278 250

803 754 709 670 634 602 573 547 524 502 482 463 446 430 416 401 344 301 268 241

776 727 685 647 612 581 554 529 506 484 465 447 431 416 401 388 333 290 259 233

750 703 662 625 592 562 536 511 488 468 450 432 416 401 387 375 321 281 250 225

727 681 641 606 573 544 519 495 473 453 435 419 403 389 375 363 311 272 242 218

703 659 620 586 555 527 502 479 458 439 422 406 390 377 364 352 301 264 234 211

680 639 600 567 537 511 486 465 444 425 409 393 378 366 352 341 292 256 227 208

661 620 584 551 523 496 473 452 432 414 397 382 368 355 342 331 284 248 221 199

642 601 566 535 507 482 459 438 419 401 386 371 357 345 332 322 276 241 214 193

625 585 552 520 494 469 446 426 407 391 375 361 348 335 323 312 268 234 208 188

608 570 536 507 480 456 434 415 397 380 365 351 338 326 314 304 261 228 203 182

591 555 522 493 467 444 423 404 386 370 356 342 329 317 306 296 254 222 197 178

576 540 508 480 455 432 412 394 376 360 346 333 320 309 298 288 247 216 192 173

561 527 495 468 443 421 401 383 367 351 337 324 312 301 291 281 241 211 188 169

548 514 484 457 433 411 392 374 358 343 329 317 304 294 283 274 235 206 183 165

349 334 321 309 297 287 277 268 230 201 179 161

523 490 462 436 413 392 374 357 341 327 314 302 290 280 271 262 224 196 174 157

511 479 451 425 404 383 365 348 333 319 307 295 284 274 264 256 219 192 170 153

500 468 441 416 395 375 357 341 326 312 300 288 277 267 258 250 214 188 167 150

489 457 431 407 386 366 349 333 319 305 293 282 272 262 253 244 210 183 163 147

478 449 422 399 378 359 342 326 312 299 287 276 266 257 248 239 205 180 160 144

468 439 413 390 370 351 334 319 305 292 281 270 260 251 242 234 201 176 156 141

458 430 405 382 362 344 327 313 299 287 275 265 255 246 237 229 197 172 153 138

450 422 397 375 355 337 321 307 293 281 270 260 250 241 233 225 193 169 150 135

441 413 383 367 348 330 315 300 287 275 264 234 245 236 228 221 189 165 147 132

432 405 381 360 341 324 309 294 282 270 259 249 240 231 223 216 185 162 144 130

424 397 374 353 335 318 303 289 276 265 254 244 236 227 219 212 182 159 142 127

416 390 367 347 328 312 297 284 272 260 250 240 231 223 215 208 179 156 139 125

409 383 361 341 323 307 292 279 267 255 245 236 227 219 211 204 175 183 136 123

401 376 354 335 317 301 287 274 262 251 241 232 223 215 208 200 172 151 134 121

394 370 348 328 311 295 282 269 257 246 237 227 219 211 204 197 169 148 132 118

387 363 342 323 306 290 277 264 253 242 232 223 217 207 201 194 166 145 129 116

381 357 336 318 300 286 272 260 243 238 228 220 212 204 197 191 163 143 127 114

375 351 331 312 295 281 268 255 244 234 224 216 208 200 194 188 160 140 125 113

369 346 325 307 291 276 263 251 24) 231 221 213 205 198 191 184 158 138 123 111

363 340 320 302 286 272 259 247 235 226 218 209 202 194 188 181 156 136 121 109

357 335 315 298 282 268 255 244 233 223 214 206 198 191 185 179 153 134 119 107

351 330 310 293 277 264 251 240 229 220 211 203 195 188 182 176 151 132 117 105

346 325 305 289 273 260 247 236 226 216 208 200 192 185 179 173 148 130 115 104

341 320 301 284 269 256 244 233 223 213 205 197 189 183 176 170 146 128 114 102

336 315 296 280 265 252 240 229 219 210 202 194 187 180 174 168 144 126 112 101

331 310 292 276 261 248 236 226 216 207 199 191 184 177 171 165 142 124 110 99

326 306 288 272 257 244 233 223 213 204 196 188 181 175 169 163 140 122 109 97

321 301 283 268 254 241 229 219° 210 200 193 185 179 172 166 161 138 121 107 96

317 297 280 264 250 238 226 216 207 198 190 183 176 170 164 158 136 119 106 95
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SPEED—MILES PER HR.

Grade 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 35 40 45 50 CEr%Se

312 293 275 260 246 234 223 213 204 195 188 180 174 167 162 156 134 117 104 94
308 289 272 257 243 231 220 210 201 193 185 178 171 165 159 154 132 116 103 92
304 285 268 254 240 228 217 207 198 190 182 175 169 163 157 152 130 114 101 91
300 281 264 250 237 225 214 204 196 187 180 173 167 161 156 150 129 113 100 90
206 278 261 247 234 222 211 202 193 185 178 171 164 159 153 148 127 111 99 89
202 274 258 244 230 219 209 199 191 183 175 169 162 156 151 146 125 110 97 88
288 270 254 240 227 216 206 197 188 180 173 166 160 154 149 144 124 108 96 86
284 266 251 237 224 213 203 194 186 178 171 164 158 153 147 142 122 107 95 85
28] 263 248 234 221 211 201 192 183 176 169 162 156 151 146 140 121 105 94 84
278 260 245 231 219 208 198 189 181 174 167 160 154 149 144 139 119 104 92 83
274 257 242 228 216 206 196 187 179 171 165 158 152 147 142 137 118 103 91 82
271 254 239 226 214 203 194 184 177 169 163 156 151 145 140 136 116 102 90 8l
267 251 236 223 211 201 191 182 175 167 161 155 149 143 139 134 115 100 89 80
264 248 234 221 209 199 189 180 173 165 159 153 147 142 137 132 113 99 8 79
263 245.231 218 207 196 189 178 171 163 157 151 145 140 135 131 112 98 87 78
250 242 228 216 204 194 185 176 169 162 155 149 144 139 134 129 111 97 8 77
286 240 226 213 202 192 183 174 167 160 153 148 142 137 132 128 110 96 85 77
253 237 223 211 200 190 181 172 165 158 152 146 140 135 131 126 108 985 84 76
250 234 221 208 197 188 179 170 163 156 150 144 139 134 129 125 107 94 83 75
248 232 218 206 195 185 177 169 161 155 148 143 137 132 128 124 106 93 82 74
245 229 216 204 193 183 175 167 159 153 147 141 136 131 127 122 105 92 81 73
242 227 213 202 191 182 173 165 158 151 145 140 134 130 125 121 104 91 81 72
239 224 211 199 189 180 171 163 156 150 144 138 133 128 124 120 103 90 80 72
236 222 209 197 187 178 169 161 154 148 142 137 132 127 122 118 102 89 79 171
234 220 207 195 185 176 167 160 153 146 141 135 130 126 121 117 100 88 78 70
232 217 205 193 183 174 166 158 151 145 139 134 129 124 120 116 99 87 77 69
230 215 203 191 181 172 164 157 150 143 138 132 128 123 119 115 98 8 76 69
227 213 201 189 179 171 162 155 148 142 137 131 126 122 118 114 97 8 76 &8
225 211 199 188 178 169 160 153 147 141 136 130 125 121 116 113 96 84 75 67
223 209 197 186 176 167 159 152 145 139 134 129 124 119 115 111 95 83 74 67
220 207 195 184 174 165 158 150 144 138 132 127 123 118 114 110 94 83 73 66
218 205 193 182 172 164 156 149 142 137 131 126 121 117 113 109 94 82 73 65
216 203 191 180 171 162 155 148 141 135 130 125 120 116 112 108 93 81 72 65
214 201 189 179 169 161 153 146 140 134 129 124 119 115 111 107 92 80 71 64
212 199 187 177 168 159 152 145 138 133 127 122 118 114 110 106 91 79 71 64
210 197 186 175 166 158 150 143 137 131 126 121 117 113 109 105 90 79 70 63
208 195 184 174 164 156 149 142 136 130 125 120 116 112 108 104 89 78 69 62
206 193 182 172 163 155 147 141 135 129 124 119 115 111 107 103 88 77 69 62
204 192 180 170 161 153 146 139 133 128 123 118 114 110 106 102 88 77 68 6l
202 190 179 169 160 152 145 138 132 127 122 117 113 109 105 101 87 76 67 6l
201 188 177 167 159 151 143 137 131 126 120 116 112 108 104 100 86
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ROAD—ENGINE SPEED FORMULAS

S —BRoad speed in miles per hour.

RPM—Engine speed in revolutions per minute.

r —Tire rolling radius in inches.

R —Total gear reduction =Rear axle ratio x Transmission ratio.

ABILITY: FORMULAS

GVW—Gross weight of vehicle (or combination) in pounds.

S —Road speed in miles per hour.

HP —Power delivered to clutch at road speed S in particular
transmission ratio being used.

G —Grade.in per cent.

In the following ability formulas, a value of 1.2 lbs. per 100 lbs. of gross weight is used for rolling resistance.
Power lost in overcoming friction between the clutch and the driving wheels is taken at 0.1 of the power
delivered to the cluich by the engine and an efficiency factor of 0.9 has accordingly been incorporated
in the formulas.

33750 x HP 33750 x HP
I=EVW=sGr12) 3—S=GvW (G +12)
2—GVW =33750 _ _ 33750 x HP—1.2

=Lbs. per Horsepower 4—G = EVW xS

HP S(G+1.2)

RPM x r _168xRx S
5—S=Tesx=n 6—RPM="——"—"—
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FRONT AXLE

Specifications covering IJHC F-553-A Front Axle for Truck Models R-1853 to RF-194 inclusive
and the Timken FE-900 Front Axle for Truck Models R-190 to RF-210 inclusive are listed in

the following chart:-

FRONT AXLE SPECIFICATIONS

" FRONT AXLE MODEL F-553-A FE-900
Tie Rod Diameter 1-1/8" 1-1/2"
Knuckle Pin Diameter 1-15/16" |1-39/64'" (large end)
Knuckle Pin Length 4-21/32" 9-3/4"
Knuckle Pin Thrust Bearing Type Ball Roller
Steering Knuckle Spindle Diameter: ,

At Inner Bearing Diameter 2-1/16" 2-3/8"
At Outer Bearing Diameter 1-5/16" 1-3/4"
I-Beam Section 3-3/8x2-1/4" 4x3-9/16"

Alignment Data:
*A -Center of Steering Arm Ball

to level of Spring Pad 4-1/16" 4-3/4"
*B-Spring Centers 31-1/8" 31-1/8"
*E-Camber at Rim (Degrees) 10 1°
*F -Knuckle Pin Inclination (Degrees) 4° 5-1/2°
*G-Caster (Degrees) 2° to 3° 2° to 3°
*H-Center of Steering Arm Ball

to Center Line of I-Beam B
*MN-Toe-In (Measured from

Thread Centers with Cambers

and Caster according to

Specifications) 1/16-1/8" 1/16-1/8"

* Key letters refer to illustrations appearing under Axle-Front, Section A, page 3, L-Line,

CTS 12—MARCH 1953 (Supplemental pages for CTS-11),

PRINTED IN UNITED STATES DF AMERICA.
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AXLE-FRONT
Specifications

and Index
Page 1

FRONT AXLE GROUP

Motor truck models and their correspondin:g)fmnt axle models are shown in the following list.

Axle model specifications will be found on page 2 of this section.

PRINTED IN UNITED STATES OF AMERICA

TRUCK MODEL AXLE MODEL ||TRUCK MODEL AXLE MODEL
e F-ol60||L-184 . ..o i v i vttt e vt oo v v oo F-580
L-120 ...... f e s e e e e e e F-170f[L-185................ e e F-580
LM=-120 , ..., f e e e e e e F-170||[LC~-180 ... ............ e e e e F-580
B F-170(|L-190.......... e e e e e e e e F-553
LB-140 . ... ... i i i F-170(L-193 e e e e e e e e F-553
L-150 . .. .. i e Fo280f[L=194 . . o ot s e i e e e e e e e F-553
T Fo280([L=195 . . i it e it e v ee e oo o F-553
LM-=150 . ... .. i, F270[[LC=-190 . ... .. . vt ittt i e e F-553
T I Fo360((LF-~190 . .00 vt it it oo e v v veeou F-553
Lo163 L, e e Fe360|[L=200 . . . . v v v vttt et e e e oo e a F-653
L-l64 ... e Fa360(L=204 . . . . 0o e e et et i e e e F-653
Lalbb vt e ittt it e Fe360|L-205 .. ... 00t uenoenn . F-653
LC-160 .. ....... ... Fo360lLC=200 . .0 0 v v v vt v vt vve v ven e F-653
Lel70 e e i e e e e F-580([L=210 . ... v it et vt en o enesn F-751
L=173 e e e FB80(LF-210 .., ... 0t i it v eeeeenenn F-1751
L-l74 e e e R | I P L P
B R Fo580([L-225 . .. o i i i et et it eene s crennens
LF=17T0 ., 0o i ittt e e e FBB80|LF=220 . ... .. 0 v vt v vveeeeneonn F-750
L-180 .. .. .. .. e e F-580L=-230 ..., . ... 000t eeeennsn, F-750
L=183 . e e e e e FoSB0||LF=-230 . ... . i ittt ettt teon s oot aoonnnan
INDEX

Page

Front axle specifications. . . . . . . . . . i i i i e e e e . 2
SECTION A - F-160, F-170, FRONT AXLES
Axle caster. . . v v v v it it e e e C e b e e e et e et e e e e e e 3
Knuckle pin inclination . . .. .. oo i it ittt it ittt et i e e e e e e e e e e e e e 3
Refitting knuckle pin bushings. . . . . . v o i ittt i it e i e e e e e e e 1,2
Steering knuckle pins and bearings . ... ... 4. ... e e et e e e e e e e e e 1
Steering knuckle StOp SCTEWS . o v v v v v v v v i s v v e o v ot e et e e e e 2
Tie TOA ot i i e e e e e e e e e e e e e e e e e e 2
. Wheel alignment. . . . ................. e e e b e e et et e e e e e e e 2
Wheel camber . . . . . . o i i ittt et e e e e e e e e e e e e e e e e e e 3
Wheel toe=in . . . . . o i o ittt it e et e e e e e e i e e e e e e e 2,3
SECTION "B" - F-270, F-280, F-360, F-580, F-553,
F-653, F-750, F-751, FRONT AXLES '
Axle caster. . . . i it e e e e e e e e e e e e e e e e e e e e e e e e e e e 4
Knuckle pin inclination . . . . . . i i o v i vt i it e i i st et e e e e e e e e e e 4
Refitting knuckle pin bushings. . . . . . . . . . i i i i i i i s e e e e e e e e e e e e e 1
Steering knuckle pins and bearings . . . . . . o v v it i i e e e e e e e e e e e e e e e 1
Steering knuckle stop sCcrews . . . . . . v vt e e i b e .. e e e e e e e e e e e e e 2,3
B - T 3
Wheel alignment . . . . . o o it i vt it e o e e e e e e e e e e e e e e e e e 3
Wheel Camber & . v v v v e i it e et e e e e e e e e e e e e e e e e et e e e 3, 4
Wheel toe=1n 4 o v v v v v o e ot v e o it o oo s e o b e e e e e e e e e e e 3
SECTION "C”

Suggested wheel alignment trouble shooting chart. . ... ... ... ... ... .......... 1



FRONT AXLE SPECIFICATIONS

FRONT AXLE MODEL

F-160

F-170

F-270 F-280 F-360 F-580 F-553 F-653 F-750 F-751
Tie Rod Diameter 3/4" 3/4" 1 1" 1 1-1/8" 1-1/8" 1-1/4" 1-1/2" 1-1/2"
Knuckle Pin Diameter .861 .861 1.110 1.110 1.110 1.234 1.234 1.484 1.359 1.359
Knuckle Pin Diameter O.S. .876 .876
Knuckle Pin Diameter O.S.
Knuckle Pin Length 5-7/16" 5-7/16" 6-1/4" 6-1/4" 6-1/4" 6=-3/4" | 7-21/32"| 7-1/2" 9-5/8" 9-5/8"
Knuckle Pin Thrust Bear-
ing Type Ball Ball Roller Roller Roller Roller Roller Roller Roller Roller
Steering Knuckle Spindle
Diameter:
At Inner Bearing
Diameter 1,3125 1.3125 1.562 1.562 1.562 1,750 2.000 2.125 2.250 2.250
At Outer Bearing
Diameter .8122 .8122 .937 .937 .937 1,000 1.1875 1.375 1.750 1.750
2~1/4" 2-T7/16" | 2=-11/16"| 2-7/8" 3n 3-1/4% 3-3/8" [3-13/16" 3-3/4n 3-3/4"
I-Beam Section X b X X X X X X b b
1-11/16"{1-13/16" | 1-7/8" 2" 2-1/8" 2-1/8" 2-1/4" 2=-1/2" 2=-3/4" 2=-3/4"
Alignment Data:
A~Center of Steering
Arm Ball To Level
of Spring Pad 2-5/8" 2-5/8" 2-5/8" |2=-29/32" | 2-29/32"| 3-1/4" 4-1/16" | 4-9/32" [4-27/32" | 4-27/32"
B-Spring Centers 28" 28" 28-1/16"| 31-7/8" | 31-7/8" [31-7/8" 31-1/8" | 31-1/8" | 31-1/8" | 31~-1/8"
E-Camber At Rim
{Degrees) 2° 2° 1° 1° 1° 1° 1° 10 1° 1°
F-Knuckle Pin Inclina-
tion 4° 40 4° 4° 4° 4° 4° 4° 4° 4°
G-Caster - Degree 2t03°% | 2t03°%° | 2t03° | 2t03° | 2to3° | 2t03° | 2t03° | 2t03° | 2+to3°| 2 to3°
H-Center of Steering
Arm Ball to Center
Line of I-Beam 2-17/32" | 2-17/32" | 2-1/2" 0 0 0 0 0 0 0
MN-Toe-In (Measured
From Tread Centers
With Camber and
Caster According to 1/8 to 1/8 to 1/16to | 1/16to | 1/16 to 1/16 to | 1/16to | 1/16to | 1/16to | 1/16 to
Specifications 3/16" 3/16" 1/8" 1/8" 1/8" 1/8n 1/8" 1/8" 1/8" 1/8"
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FRONT AXLES
F-160, F-170

Steering Knuckle Pins and Bearings
(See Figs. 1 and 2)

Steering knuckle thrust bearings, located
between knuckles and lower faces of I-beam,
support the entire front end load. The end play
must be kept within proper limits to prevent
excessive wear, The use of spacing washers
to correct this condition is described in sub-
sequent paragraphs. A tapered draw key with
nut and lockwasher hold knuckle pin rigidly in
end of I-beam.

The draw keys should be inspected occa-
sionally to assure their being tight, If one
becomes loosened, knuckle pin hole as well as
draw key hole will become worn and necessitate
replacing or machining of I-beam:.

Steering knuckle pins and bushings are
available in sets to facilitate replacement
service.

Oversize steering knuckle pins are avail-
able for use if the I-beam hole has been worn.
Installation of oversize pins necessitate ream-
ing hole in the I-beam and bushings to the new
diameter,

Bronze bushings are used in steering
knuckle at upper and lower knuckle pin holes,
Seals at top and bottom consist of expansion
plugs pressed into steering knuckle,

Removal of expansion plugs can be readily
accomplished by drilling a 1/4'" hole through
one of the plugs. Remove knuckle pin draw
key. Insert a punch in hole in expansion plug
and drive pin against opposite plug, forcing it
from its recess. Reverse direction of pin trav-
el and force out drilled expansion plug.

Expansion plug
Steering knuckle

Bearing
Bushing /fm, &~ Lubricator
WS -

=)
Expansion plug’

A-22203

Fig. |
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Drag link

Shock absorber

Lubricator

Expansion plug ——22~

Steering knuckle

Thrust bearing

Steeri i
eermg arm Lubricator

Tie rod

Tie rod end
A-22487

Fig. 2

Refitting Steering Knuckle Pin Bushings

After ascertaining that steering knuckle
bushings require replacement, the following
procedure will be found efficient and helpful:

For service stations doing a large volume
of steering knuckle bushing service work,
there is a special set of installing arbors and
burnishing tools available. Reamers are not
necessary with this equipment.

1. Remove hub caps and grease caps.

2. Remove spindle nut cotter keys and spindle
nuts,

3. Remove wheels, inner bearings, andgrease
retainers from spindles,

4. Remove dirt shield screws and shields.
5, Remove bolts holding brake backing plate
assemblies to steering knuckles, Lay

assemblies back over ends of axle I-beams.

6. Removetapered draw keys holding knuckle
pins.

7. Remove expansion plugs from top and bot-
tom of steering knuckles.

8. Drive out knuckle pins.
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9. Removesteering knuckles, thrustbearings, Adjustin .

and any spacer shims present. Jplug d A/Lubrlcatpolr Clamp

ug % .

10. Clean all parts thoroughly in kerosene or = Tie rod

Stoddard Solvent. Y — y
11, Remove old bushings, using an arbor or N\ H

drift,
12, Install new bushings, with the grease holes ) .

lined up with the lubricating holes in the Spring  Tie rod end

steering knuckles, Use an arbor press or Ball

vise for forcing the new bushings into seat A.22204

place, piloting with a proper size arbor,

13, Line-ream new bushings, Use either
special burnishing equipment or a reamer
equipped to pilot in one bushing while
reaming the other ora reamer long enough
to ream both bushings at the same time.

14. Install steering knuckles, thrust bearings,
spacer shims as required, and knuckle
pins,

15, Install knuckle pin draw key and tighten
securely. NOTE: Draw key nut and lock-
washer should be located on front side of
axle,

16. Insert expansion plugs in top and bottom
of steering knuckles, Expand into recess
by striking with a hammer.

17. Place brake backing plates in position and
install bolts. Tighten bolts securely.

18, Install dirt shields and holding screws,
19. Clean and repack front wheel bearings,
20. Install new grease seals.

21, Install wheels and spindle nuts. Rotate
wheel by hand while tightening nut until
drag or bind is felt, Back off nut to first
castellation and install new cotter key,

22, Install grease caps and hub caps.
23, Lubricate steering knuckle bushings.

24. Check and correct toe-in of wheels.

Steering Knuckle Stop Screws

Adjustable stop screws in steering knuckle
limit movement of front wheels when turning
and prevent tires from rubbing against nearest
point on chassis and to prevent steering gear
from bottoming., These screws should be ad-
justed sothere willbe ample clearance between
front tires and nearest point on chassis when
wheels are turned to extreme right or leftunder
any conditions, NOTE: This should be checked
when tire size is changed.

Fig. 3 - Details of tie rod end.

Tie Rod (Fig. 3)

Tie rod is of three-piece construction,
consisting of two rod end assemblies. Rod is
threaded into ends and locked with clamp bolts.
Right and left-hand threads are provided to
facilitate toe-in adjustment. The rod ends are
self-adjusting and requireno attention in serv-
ice other than periodic lubrication and occa-
sional inspection to see that ball studs are tight
in steering knuckle arms,

Proper adjustment can be effected by:
1. Remove cotter key.

2, Tighten adjusting plug until it "bottoms"
or is snug,

3, Loosen adjusting plug tothe nearest cotter
keyhole {not over 1/4 turn).

4. Install new cotter key,

NOTE: Always check and correct toe-in
of front wheels after any adjustment of tie-rod
ends.,

Front Wheel Alignment

Front wheels mustbe kept inproper align-
ment in order to assure ease of steering and
satisfactory tire life, Important factors of
front wheel alignment are: Toe-in, camber
and axle caster.

These points should be checked occa-
sionally to guard against excessive tire wear,

Wheel Toe-In (Fig. 4)

Front-wheel toe-in is the setting of front
wheels so that they are closer together at the
front of the axle than at the rear.

Incorrect toe-in of front wheels will result
in ravpid tire wear. Excessive toe-in will pro-
duce a scuffing or "feather-edge' at the inside
edge of the tire tread. Toe=-out will produce a
like wear but at the outside of the tire tread.
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Fig. 4

Follow instructions of Tool Equipment
Manufacturer for checking and correction of
toe=-in,

NOTE: Always recheck toe-in after any
change in caster or camber angles, or after
any alteration in tie-rod end adjustment,

Wheel Camber (Fig. 5)

Front-wheel camber is the inclination of
the wheel from a vertical plane.

—{~E-CAMBER ANGLE
-VERTICAL LINE

/‘7.‘

/‘F-KING PIN INCLINATION

A
o 1
P RLeveL oF
SPRING PAD

(! ) STEERING ARM BALL
OF TIRE

Fig. 6
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A-22200

"Positive" camber is an outward tilt or
inclination of the wheel at the top,

"Negative'' or ''reverse' camber is an in-

ward tilt of the wheel at the top.

Axle Caster (Fig. 6)

Caster is the amount of backward tilt at
the top of the steering knuckle pin. When the
top of the knuckle pin is tilted to the rear, the
caster is positive. When the top of the knuckle
pin is tilted to the front, the caster is negative.

The purpose of caster is to provide stabil-
ity of steering.

—=1=-G- CASTER
ANGLE

TAPERED
WEDGE

S \VERTICAL LINE

A-22]199

¢ OF

KING PIN

Fig. 6

Tapered wedge plates are available for use
in altering the caster angle. They are to be
installed between the springs and axle spring
seats.

Installation with the thick end toward the
rear will produce increased caster. If in-
stalled with thick end toward the front, will
decrease caster,

Knuckle Pin Inclination (Fig. 5)

The angle which the kingpin makes with the
vertical is known as kingpin inclination.
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FRONT AXLES
F-270, F-280, F-360, F-580, F-553, F-653, F-750, F-751

Steering Knuckle Pins and Bearings
(See Figs. 1 and 2)

Steering knuckle thrust bearings, located
between knuckles and lower faces of I-beam,
support the entire front end load. The end play
must be kept within proper limits to prevent
excessive wear, The use of spacing washers
to correct this condition is described in sub-
sequent paragraphs. A tapered draw key with
nut and lockwasher hold knuckle pin rigidly in
end of I-beam,.

The draw keys should be inspected occa-
sionally to assure their being tight. If one be-
comes loosened, knuckle pin hole as well as
drawkeyhole will become worn and necessitate
replacing of I-beam:.

Steering knuckle pins and bushings are
available in sets to facilitate replacement
service, :

Bronze bushings are used in steering
knuckle at upper and lower knuckle pin holes,
Seals at top and bottom consist of gasket and
plate, held in position by flat head screws and
lockwashers,

Cap and

o Spacing washer
gaske

Lubricator Draw key

Steering knuckle

A-22542

Refitting Steering Knuckle Pin Bushings

For service stations doing a large volume
of steering knuckle bushing service work, there
is a special set of installing arbors and bur-
nishing tools available, Reamers are not nec-
essary with this equipment,

After ascertaining that steering knuckle
bushings require replacement, the following
procedure will be found efficient and helpful:

1. Remove hub caps and grease caps.

PRINTED IN UNITED STATES OF AMERICA

Relay lever |8
bracket

Steering
knuckle

Fig. 2 - Showing details of relay lever, relay

link and drag link.

2. Remove spindle nut cotter keys andspindle
nuts,

3. Remove wheels, inner bearings, and
grease retainers from spindles,

4, Remove dirt shield screws and shields.

5. Remove bolts holding brake backing plate
assemblies to steering knuckles,

6. Remove tapered draw keys holding knuckle
pins.

7. Remove caps from top and bottom of steer-
ing knuckles.

8. Drive out knuckle pins,

9. Removesteering knuckles, thrustbearings,
and spacer shims,

10. Clean all parts thoroughly in kerosene or
Stoddard Solvent,

11. Remove old bushings, using an arbor or

drift.

12. Install new bushings, with the grease holes
lined up with the lubricating holes in the
steering knuckles. Use an arbor press or
vise for forcing the new bushings into
place, piloting with a proper size arbor.
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13. Line-ream new bushings, Use either a 20, Install new grease seals.
reamer equipped to pilot in one bushing :
while reaming the other or a reamer long 21. Install wheels, and spindle nuts. Rotate
enough to ream both bushings at the same wheel by hand while tightening nut until
time. drag or bind is felt. Back off nut to first

14,

15.
16.
17.

18.

19.

castellation and install new cotter key,

Install steering knuckles, thrust bearings,
spacer shims as required, and knuckle 22, Install grease caps and hub caps.
pins.
23. Lubricate steering knuckle bushings.
Install knuckle pin draw key and tighten
securely, 24, Check and correct toe-in of wheels,
Replace caps ontop and bottom of steering Steering Knuckle Stop Screws
knuckles,
Adjustable stop screws insteering knuckles
Place brake backing plates in position and limit movement of front wheels when turning
install bolts. Tighten bolts securely. and prevent tires from rubbing against nearest
pointon chassis and prevent steering gear from
Install dirt shields and holding screws. bottoming. These screws should be adjusted
so there will be ample clearance between front
Clean and repack front wheel bearings. tires and nearest point on chassis when wheels
Lubricator
CIYET
\1 /Relay lever
‘_;.LQ\
—@7 | . Relay lever bracket
{ .
| and shaft assembly /k\
(@ Steering ¢ /
- ear -
i A hO‘—Relay link <‘( )
= stud ball / \
Frame. side J Drag link o Steering gear
rail stud ball bracket
Frame side <
rail ' N
Lubricator \L“/ h Steer;?ﬁl gear
Relay lever -
bracket
Relay lever .

A-21748

Fig. 3 - Front axle linkage and steering gear for L-190 Series and up.
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are turned to extreme right or left under any
conditions, NOTE: This should always be
checked when tire size is changed,

Linkage for Models L-190 and Up
(Figs. 2 and 3)

Figs., 2 and 3 illustrate front axle linkage
with the steering gear for models L-190 series
and up. In order to maintain the proper degree
of angle on steering column for best riding and
driving comfort, the relay lever assembly is
used.

Tie Rod (Figs. 4 and 5)

Tie rod is of three-piece construction,
consisting of two rod end assemblies and tube.
Rod is threaded into ends andlocked with clamp
bolts. Right and left~hand threads are provided
to facilitate toe-in adjustment, The rod ends
are self-adjusting and require no attention in
service other than periodic lubrication and
occasional inspection to see that ball studs are
tight in steering knuckle arms.

Spring
/ Tie rod end
Cover ~ % Clamp
Felt — P83 s
Wedge '
Tie rod
Spring
Ball seat A-22528

Fig. 4 - Tie rod assembly - Models F-270, F-280,
F-360.

Tie rod end

A-22551

Fig. 5 - Tie rod assembly - Models F-553, F-580,
F-653, F-750, F-751.

Front Wheel Alignment

Frontwheels must be keptin proper align-
ment in order to assure ease of steering and

PRINTED IN UNITED STATES OF AMERICA

Important factors of

satisfactory tire life,
Toe=-in, camber

front wheel alignment are:
and axle caster,

These points should be checked occasion~
ally to guard against excessive tire wear,

C TREAD
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Fig. 6

Wheel Toe-In (Fig. 6)

Front-wheel toe-in is the setting of front
wheels so that they are closer together at the
front of the axle than at the rear.

Incorrect toe-in of front wheels will re-
sult in rapid tire wear. Excessive toe-in will
produce a scuffing or '"feather-edge' at the in-
side edge of the tire tread. Toe-out will pro-
duce a like wear but at the outside of the tire
tread.

Follow instructions of Tool Equipment
Manufacturer for checking and correction of
toe-in,

NOTE: Always recheck toe-in after any

change in caster or camber angles, or after
any alteration in tie-rod end adjustment.

Wheel Camber (Fig. 7)

Front-wheel camber is the inclination of
the wheel from a vertical plane,.

'"Positive! camber is an outward tilt or in-
clination of the wheel at the top.
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""Negative' or '"reverse'!' camber is an in-
ward tilt of the wheel at the top.

Axle Caster (Fig. 8)

Caster is the amount of backward tilt at
the top of the steering knuckle kingpin. When
the top of the knuckle pin is tilted to the rear,
the caster is positive, When the top of the
knuckle pin is tilted to the front, the caster is
negative.

The purpose of caster is to provide sta-
bility of steering.

Tapered wedge plates are available for
use in altering the caster angle. They are to
be installed between the springs and axle
spring seats.

Installation of the tapered wedge with the

thick end toward the rear will produce increased

caster, If installed with thick end toward the
front, decreased caster will result.

Knuckle Pin Inclination (Fig. 7)

The angle which the kingpin makes with the
vertical is known as kingpin inclination.

—~E~-CAMBER ANGLE
_VERTICAL LINE

/‘ﬁl/‘F— KING PIN INCLINATION

A
\LEVEL OF
SPRING PAD

(\) STEERING ARM BALL

A-22200

—= G- CASTER
| ANGLE

TAPERED

¢ OF WEDGE

KING PIN
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SUGGESTED WHEEL ALIGNMENT TROUBLE SHOOTING CHART

Remember that all alignment angles are so list is not all-encompassing but is representative
closely related that any change of one will auto- of the more common causes of difficulty en-
matically change the others, Because of this countered in wheel and axle alignment and should
fact, it will probably be found that there is more prove of value in locating and correcting com-
than one cause for the complaint. The following plaints on steering or tire wear,
COMPLAINT POSSIBLE CAUSE
(1) Shimmy (a) Tire pressure incorrect,
(Generally exists at speeds below (b) Tires of unequal size or weight,
30 miles per hour.) {(c) Wheel bearings loose,
(d) Steering arms loose.
(e) Steering gear loose.
f) Too much caster,
g) Drag link ends loose.
(h) Drag link springs weak or broken,
(i) Spring shackles loose.
() Kingpins and bushings worn,
(k) Tie-rod ends loose.
(2) High-Speed Wheel Tramp (2) Tire and wheel assemblies out of balance.
(Generally exists at speeds above (b) Shock absorbers ineffective.

35 miles per hour.)

Steering gear assembly too tight or tooloose.
Too little caster,

Too much or too little camber.

Too much or too little toe-in,

m) Drag link ends tight.

n) Drag link springs weak or broken,

) Tie-rod ends too tight or too loose,

) Front axle bent.

) Front axle shifted.

) Springs broken.
)
)
)

(3) Wander or Weave (a) Tire pressure incorrect.
(b) Tires of unequal size.
(c) Bent spindle,

(d) Wheel bearings loose.
(e) Kingpins and bushings worn.
({) Kingpins bent,
g) Kingpins tight.
gh) Pitman arm loose.
)
)
)
)

Rear axle shifted.
Rear axle housing bent,
Frame diamond-shaped.

(4) Hard Steering (2) Tire pressure low,
(b) Wheel spindle bent.

(c) Kingpin assembly poor fit.
(d) Steering assembly too tight.
(e) Tie-rod ends tight.

(f) Caster excessive.

(5) Uneven Tire Wear (2) Tire pressure low.
) Excessive camber.
c¢) Wheels out of balance,
d) Tires overloaded.
e) Eccentric wheels or rims,
f) Caster incorrect.
)

Toe=in incorrect.

PRINTED IN UNITED STATES OF AMERICA
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REAR AXLE APPLICATION AND LUBRICATION CAPACITIES

(R-LINE TRUCKS)

IH MODEL

ENGINEERING NUMBER

MANUFACTURER'S
NUMBER

LUB.

CODE DESCRIPTION TRUCK MODELS CAPACITY
HYD. AIR HYD. AIR (PINTS)
1401 | R-1060 H Single Reduction R-110 4
1402 | R-1070 H Single Reduction R-120, RM-120, RA-120 4
1403 R-1170 'TH Single Reduction RA-140, R-150, 153, RM-150 5
1404 | R-1440 H Single Reduction R-160, 163, 165, RC-160 8
1405 | R-1470 IH Single Reduction R-164, 170, 173, 175 8
1406 | R-1530 R-1531 1H Single Reduction R8s 10T ees RO 80 11
1409 | R-1740 R-1741 | T-R-100 | T-R-100 Single Reduction R-194, 200, 201, 202, 205 36
1410 | R-2464 E-13600 Eaton Two Speed R-160, 163, 165, RC-160 13
1411 | R-2467 E-13600 Eaton Two Speed R-164, 170, 173, 175 13
1412 | R-2585 R-2586 | E-16600 | E-16600 Eaton Two Speed Rlas Lo RO 180 16
1415 | R-1540 | R-1541 E-2613 | E-2614 | Eaton Double Reduction R-184, 190, 193, 195 19
1416 | R-1640 R-1641 E-2695 | E-2696 | Eaton Double Reduction R-194, 200, 205 19
1418 | R-2780 R-2781 E-20500 | E-20501 Eaton Two Speed R-190, 200 20
1420 | R-1810 R-1811 |T-U-200P |T-U-200P |Timken Double Reduction R-210 38
1423 | R-2800 R-2801 |T-U-300P |T-U-300P | Timken Two Speed R-210 37

(Continued on following page)
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REAR AXLE APPLICATION AND LUBRICATION CAPACITIES - Continued

(R-LINE TRUCKS)

IH MODEL MANUFACTURER'S
copg |[ENGINEERING NUMBER NUMBER DESCRIPTION TRUCK MODELS CAIEXgiTY
HYD. AIR HYD. AIR (PINTS)
1425 | R-2470 TiziEeI%%ggﬁi%f:vrtEtial R-160, 163, 165 8
1426 | R-2475 Th;fe:”g;osg‘;fi‘flfl”rig;ﬁal | R-164, 170, 173, 175 8
1428 RF-1475 E-22M IH Single Reduction RF-170 11 ea. axle
1429 RF-1575 E-22M Eaton Single Reduction RF-174, 190 14.ea. axle
1430 | RF-1685 E-36M Eaton Single Reduction RF-194, 210 Z%f‘;{‘”ard
ear
1433 | R-1165 IH IH Single Reduction R-130 6
1435 | R-2610 R-2611 TQ-30IN | TQ-301P | Timken Two Speed R-194, 200, 205 32
1436 R-1547 R-1548 TL-101 TL-101 |Timken Sin‘gle Reduction R-190, 193, 195 23
1438 R-2995 R-2996 TL-301 TL-301 Timken Two Speed R-184, 190, 195 29
1450 | R-2795 R-2796 TR-300 | TR-300 Timken Two Speed R-200 34
1451 RF-1690 E-36M | Eaton Single Reduction RF-194, 210 Z%f‘;{;”aarrd
1452 | R-1470 IH IH Single Reduction R-164, 170, 173, 175 8
1453 | R-2466 E-13600 Eaton Two Speed R-164, 170, 173, 175 11
1454 RF-1570 E-28M Eaton Single Reduction R¥-174, 190 14 ea. axle
1455 | R-2575 R-2576 E-17500 | E-17501 Eaton Two Speed R-184, 190, 193, 195 17
1456 | R-2620 R-2621 E-18500 | E-18501 Eaton Two Speed R-194, 200, 205 16
1457 R-2366 E-1350 Eaton Two Speed R-150, 153 13
1458 | R-1572 R-1573 E-1790 | E-1791 | Eaton Single Reduction R-184, 190, 193, 195 22
1459 | R-1632 R-1633 E-1890 | E-1891 | Eaton Single Reduction R-194, 200, 205 21
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Lubrication. . . . v i i it it i i e e e e e e e e e e e e s e 5
Pinion bearing pre-load. . . ......... e e e e e e e e e e e e e e e 0. 3
Sectional view . ., .. ... ... 0., e e e e e e et e e e e e e e e e 1
Thrust block 1nsta11at1on ..... e e e e e e e e e e e e e e e 5

SECTION “'E”

DOUBLE-REDUCTION, TWO-SPEED -- TIMKEN
Description. . . ... ... ... ... e e e e e e e e e e e o .. 1
Differential adjustment . . ... ... et et e e e i e o e e e e v e e 4
Electric two-speed shift . .. .. e e e e e e e e e e e e e e e 3
Hypoid pinion and cage . . ... ... .. e e e e e e e e e o 2,3
Lubrication. . . ... .. .. .. Gt e e e e e e e e e e e e et e e e e e e e e e e 4
Shift collar adjustment .. .. .. .. v i it i e e e e e e e 3
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SECTION "F"

DOUBLE-REDUCTION ~- TIMKEN

Description. . . . . v o v v v v T o o s e e e vt s e s e
Helical gear shaft (cross sha.ft) e e e e e e e e e
Hypoid pinionand cage . . v . v . v v v v v o v 0 o vu v e v e s et e s e et et e e
Lubrication. . . ... ... .o e e e e e et e e e e e e e e e e
Qilseals, . v v v v o v v v o bt s e et e s T ¢ oo e o

SECTION "G”

TANDEM AXLES

Center cross bar and equalizing beam mounting, . + . . . v v v v v v v i vt v vt i o
Description., « v v v v v v oo oo v v v et et e ettt e e et e s
Differential lock. . . . . . . .. i i et i i i i e e C et e e e e e e e e
Disassembly of power divider (axle mou.nted) ...........................
Equalizing beam ends . . . v v v i vt o it i i e i e e e et e e e e e e
Liegends for sectional view, . , . .. .. .. ... ... e et e e e C e e e e e
Sectional view (axle mounted power divider) . .. ... ... et e e s e e st e e e s
Torque rod ends. . . . . e e e e e e C h s e e e e s e e e e e e et e s e s e e e e e

ELECTRIC SHIFT

Axle shiftunit, . .. ... ... ... e h et e e e e e e e e e e e e e e e
Axle unit disassembly . . . . . . o0t v i i e e e e e e e e e e
Description. .. ... e e et e e e e e e e e e e e e e e e e e
Lubrication. ., .. ... o e bt s b et e e s s et st e b e e e st et e e e
Parts identification list, . ., . . . .. ... ... 0. .. et e e e e e e e e
Service and trouble-shooting . ... ...... e e e s et v e e o e e e
Shifting instructions . . . . ¢ v i v i i ot i i i it e e e s e e e e s e e e e e e
Speedometer adapter, . .. .. e e et e e e e e s e e st et e e e e e

Wiring system. ....... et e e e e e e e e et e e e e e

B w
M= NOA N

o
-

._.
NNuOBoh W

w



YOIMIWY 40 SILVYLS QILINN NI QIUNIN

REAR AXLE IDENTIFICATION CHART
< =) ° o = o o|lo = o of |o
Axle olo|l N ) n N ~
S | g | peomrmon 2 g8 dan S oiael Heoixa BeafBleinlal g 28l0alal S 4 Sl B 2
Number|Number O 1 B Y O L Y A A e A i e S I B B ™ A ™
S S A AR A3 Q| A QR[S S]] A A A 3l Aalalal Al A QA alal 2
1401 |R-1060 |Single-Reduction-IH, .. .|X
1402 |R-1070 |Single-Reduction-IH. . . .| |X|X .
1403 |R-1170 |Single-Reduction-IH. .. . XIX[XX -
1404 [R-1440 [Single-Reduction-~IH, ., .. XX i XX Z
1405 |R-1470 |Single-Reduction-IH. , .. X X[X| |X M
1406 |R-1530 |Single-Reduction-IH. , . . X XX [X|X =2
1407 |R-1555 |Single-Reduction-Eaton . X XX XX O
1408 (R-1630 |Single-Reduction-Eaton . : X X] |X et
1409 |R-1741 |Single-Reduction-Timken O
1410 [R-2465 [Two-Speed-Eaton .., .. XX XX po)
1411 |R-2466 |Two-Speed-Eaton ... .. X XX X
1412 |R-2585 |Two-Speed-Eaton . ... . X XX XX ;
1413 |R-2580 |Two-Speed-Faton ..... X X[ X C
1414 [R-2600 {Two-Speed-Eaton ..... O
1415 |R-1540 |[Double-Reduction-Eaton. 1 ~
1416 |R~1640 |Double-Reduction-Eaton, w
1417 m
1418 ~
1419 |R-1731 |[Double-Reduction- <
Timken . « v v o s v o . X| [X X Q
1420 |R-1810 |Double-Reduction- ™
Timken . . ... ..... XX =
1421 |R~-1740 [Single-Reduction-Timken T
1422 |R-2741 |Two-Speed-Timken., .. X Z
1423 |R-2800 |Two-Speed-Timken. ... X -
1424 I
1425 |R-2470 |Two-Speed with Timken C
Diff, . oo v v v v v e v an
1426 [R-2475 |Two-Speed with Timken
Diff, . .. .0 v v e v .
1427 |R~-2590 {Two-Speed with Timken
Diff. . . ..o euu.. ‘ v
1428 |RF-1475|Single-Reduction-IH. . . . X v >
1429 |RF-1575|Single-Reduction-IH. . . . X o ﬁ
1430 |RF-1685|Single-Reduction-Eaton . X i |
1431 e
1432 — w 5
1433 |R-1165 [Single-Reduction-IH. . .. X 13 ;




REAR AXLE SPECIFICATIONS

RF-1475
REAR AXLE MODEL R-1060 R-1070 R-1165 R-1170 R-1440 R-1470 F
orward Rear
RF-1476 RF-1477
Code.................. 1401 1402 1433 1403 1404 1405 1428 1428
Type (Semi or Full-Floating). . Semi Full Full Full Full Full Full Full
Pinion Mounting . ...... ... Straddled Straddled Straddled Straddled Straddled Straddled Overhung Straddled
Axle Shaft:
Diameter at splines. ... .. 1-9/32v 1-9/32" 1-33 /64" 1-33/64" 1-3/4n 1-3/4n 1-3/4n 1-3/4n
Number of splines. ... .. . 10 10 16 16 16 16 16 16
Pinion Cone Center (amount of
variation marked on pinion). 2,609 2.609 2.984 2.984 3.253 3.253 4,156 3.253
Lubricant Capacity (Pints) . .. 4 4 4 3 8 8 8-Axle 8
3-P.D.
Axle Ratios . ... ......... 3.73 4.1 4.88 4.88 5.285 6.166 6.166 6.166
4.1 4.777 5.571 5.57 6.166 6.666 7.166 7.166
5.13 6.166 6.16 6.666 7.166
7.166
Pinion Adjustment:
Press pressure (tons)t, . . 10 10 10 10 10 10 10 10
Cage Rotating Torque Scale
Reading (Lbs.) .. ....... 10-25 10-25 10-25 10-25 10-25 10-25 10-25 10-25
Pinion Nut Torque (Ft. Lbs.). .| 200-230 200-230 200-230 200-230 200-230 280-300 350-400 280-300
Differential Bearing Pre-load.
(Total), « v v e v v e e e v v .005"-,007'*|.005"~.007"" [,005" - 007 |.005"~-,007" |.005"~,007" [,005"-,007" |,005"~,007" (.005"-.007"

* Pressure against bearing race when checking rotating torque of pinion cage.
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REAR AXLE SPECIFICATIONS

RF-1575 RF-1685
REAR AXLE MODEL R-1530 R-1540 R-1555 R-1630
Forward Rear Forward Rear .
RF-1576 RF-1577 RF-1686 RF-1687
Code........c.uvvennn 1406 1415 1407 1429 1429 1430 1430 1408
Type (Semi or Full-Floating). . Full Full Full Full Full Full Full Full
Pinion Mounting .......... Straddled | Overhung | Straddled | Overhung | Straddled | Overhung Overhung | Straddled
Axle Shaft:
Diameter at splines. ... .. 1-7/8" 1-63/64" 1-63/64" 1-3/4n 1-3/4n 2-1/8n 2-1/8 2-1/8n
Number of splines. ... ... 16 16 16 16 16 16 16 16
Pinion Cone Center {amount of
variation marked on pinion), 3.472 2,500 3.844 4.656 3.473 4.875 4.875 2,937
Lubricant Capacity (Pints) . . . 11 19 20 ;f;}]’)‘}e 12 i‘_’l;‘}]’)‘fe 21 18
Axle Ratios ... ... .. 5,571 7.049 5.5671 6.166 6.166 5,756 5.756 5.571
6.5 7.754 6.5 7.166 7.166 6.940 6.940 6.5
7.166 9.025 7.166 7.166
Pinion Adjustment:
Press pressure (tons). , .. 10 10 10 10 10 10 10 10
Cage Rotating Torque Scale
Reading (Lbs.) .. ....... 10-25 10-25 10-25 10-25 10-25 10-25 10-25 10-25
Pinion Nut Torque, ... .. .. .| 280-300 280-300 350-400 350-400 280-300 600-900 400-500 350-400
Differential Bearing Pre-~load.
(Total). . v v v vt v e e e n .005" -, 007" .005"-,007"| ,005"~,007""| .OO5"-,007""]|.005"-,007".005"~,007*"|,005"~-,007""[.005"-.007"

* Pressure against bearing race when checking rotating torque of pinion cage.
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REAR AXLE SPECIFICATIONS

REAR AXLE MODEL R-1640 R~1730 R-1731 R-1740 R-1810 R-~2465 R-2466 R-2470
Code......... o e e e e 1416 e e e 1419 1421 1420 1410 1411 1425
Type (Semi or Full-Floating). . Full Full Full Full Full Full Full Full
Pinion Mounting ..........| Overhung Overhung Overhung Straddled | Overhung Overhung Overhung Overhung
Axle Shaft:

Diameter at splines, ... .. 2-1/8" 2-3/8" 2-3/8" 2-3/8% 2-3/8n 1-3 /4% 1-3/4n 1-3/4n
Number of splines., ... ... 16 16 16 16 16 16 16 16
Pinion Cone Centers {amount of
variation marked on pinion). 2,625 S P O et e e 4,281 4,281 e e .
Lubricant Capacity (Pints) . .. 19 38 38 36 38 13 13 e e e
Axle Ratios ..., .......... 7.049 5.91 5.91 5,28 5.91 5.14-7.15 5.14-7.15 6.13-8.10
7.754 6.51 6.51 6.83 6.51 5.83-8.11 5.83-8.11 6.70-8.86
9.436 7.79 7.79 7.41 7.21 6.33-8.81 6.33-8.81
8.69 8.69 7.79
9.76 9.76 9.76
Pinion Adjustment:
Press pressure (tonsy, . . . 10 10 10 10 10 10 10 e e e e e
Cage Rotating Torque Scale
Reading (Lbs.) . ........ 10-25 4-5 & 4-5 & 4-5 & 4-5 & 10-25 10-25 ceea e .
Pinion Nut Torque (Ft. Lbs.). .| 400-500 700-900 700-900 700-900 700-900 280-300 280-300 e e e e e
Differential Bearing Pre-load.
(Total)e « v v v v v v o e« «[.005"-007"| See Note See Note See Note See Note |,005"-,007"|.005"-,007"}, .

% Pressure against bearing race when checking rotating torque of pinion cage.
& Timken Axle,
NOTE: Tighten one notch each from .000" end play.
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REAR AXLE SPECIFICATIONS

R-2580

REAR AXLE MODEL R-2475 R-2585 R-2590 R-2600 R-2740 R-2741 R-2800
Code. ... .o ivinnennn 1426 1413 1412 1427 1414 . ....... 1422 1423
Type (Semi or Full-Floating). . Full Full Full Full Full Full Full Full
Pinjon Mounting . ... ... ... Overhung Overhung Overhung Overhung Overhung Overhung Overhung Overhung
Axle Shaft:

Diameter at splines. .. ... 1-3/4" 1-63/64" 1-7/8" 1-7/8" 2-1/8" 2-3/8n 2-3/8n 2-3/8"
Number of splines. .. .. .. 16 16 16 16 16 16 16 16
Pinion Cone Centers (amount of
variation marked on pinion). } .. ... .. 5.281 4812 |........ 5.281 [........ X R I .
Lubricant Capacity (Pints) ., . .} ....... 22 200 f. ... ... 22 37 37 37
Axle Ratios . ............ 6.13-8.10 (5,571-7,594(5.571-7.749| 5,95-7.30 }5,571-7.5941 4.93-5,91 4.93-5.,01 4.93-5.91
6.70-8.86 6.5-8.86616.166-8.577| 6,13-8,15 (6,500-8.866| 6.42-8,38 6.42-8.38 6.42-8.38
6.5-9.041| 6.66-8.85 6.99-8,38 6.99-8.38 6.99-8.38
Pinion Adjustment:
Press pressure (tons), .. . L ....... 10 10 |........ 10 25 25 25
Cage Rotating Torque Scale
Reading (Lbs.) . .. ......[ ....... 10-25 10-25 {........ 10-25 4-5 & 4-5 & 4-5 &
Pinion Nut Torque (Ft. Lbs.). .} ... .... 350-400 280-300 |........ 350-400 800-1100 {800-1100 800-1100
Differential Bearing Pre-load.
(Total). . v v v v v i et et e oo e e e .005"-,007" |,005"=,007" . . .. .... .005'"-,007"| See Note See Note See Note

* Pressure against bearing race when checking rotating torque of pinion cage.

& Timken Axle.

NCOTE: Tighten one notch each from .000" end play.
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\Socket Handle
A-22879

FT. LBS.|WRENCH | EFF Oagggogf)‘ENCH

TORQUE A _ B
200 1 foot 200 lbs,
2 feet 100 1bs,

1-1/2 feet 170 1bs,

250 2 feet 125 1bs,
1-1/2 feet 200 Ibs,

300 2 feet 150 lbs.
3 feet 100 1lbs.,

2 feet 175 lbs,

2-1/2 feet 140 1bs.

350 |3 feet 118 1bs,
3-1/2 feet 100 lbs,

2-1/2 feet 180 1bs,

450 3 feet 150 1bs,
3-1/2 feet 129 Ibs,

4 feet 113 1bs,

3 feet 167 lbs.

500 3-1/2 feet 144 1bs,
4 feet 125 1bs,

4-1/2 feet 112 1bs,

3-1/2 feet 158 lbs,

550 4 feet 137 1bs,
4-1/2 feet 123 Ibs,

5 feet 110 Ibs,

4 feet 150 lbs,

600 4-1/2 feet 134 Ibs,
5 feet 120 1bs,

5-1/2 feet 110 lbs,

Wrench Torque Chart

The above chart illustrates the length of
the wrench handle (A) and the effort that must
be applied at (B) when tightening to secure the
indicated torque.
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AXLES—REAR

GENERAL INSTRUCTIONS FOR ALL HYPOID AXLES

HYPOID REAR AXLES (ALL MODELS)

All rear axles have a hypoid ring gear and
pinion, whether single reduction, double-reduc-
tion, double-reduction (single and two-speed
final drive) and two-speed differential. Hypoid
gears have a greater inherent torque capacity,
due largely to the fact that the hypoid pinion is
much larger in diameter and the pinion teeth
are correspondingly larger than those found in
a spiral bevel pinion for the same number of
teeth and the same diameter ring gear.

The hypoid pinion has a longer face because
of its offset location. It also has larger tooth
surface areas and usually has more teeth in
instant contact withthe gear. It is these design
characteristics which contribute to greater
strength and quieter final drive operation. Be-
cause of this greater tooth contact, it is more
difficult to secure correct pinicn setting at
time of overhaul or when replacing differential
bearings and every effort must be made to be
sure the final setting results in best possible
tooth contact,

Note that the pinion center line (E, F) is
offset from the ring gear center line (C, D).

Hypoid ring gear

A-22828

Fig. | - Illustration shows location of pinion
in relation to center line of ring gear. Center
line of pinion is below center line of ring
gear,

NOTE: When adding to or replacing lu-
bricant in a rear axle having hypoid gears, use
only hypoid lubricants., (See under '"Lubrica-
tion'' on page 9)

PRINTED IN UNITED STATES OF AMERICA

REAR AXLE HYPOID GEAR REPLACEMENT
AND ADJUSTMENT

Hypoid Gear Tooth Contact (All Models)

The proper adjustment of hypoid gears in
assembly is avital factor in obtaining quiet and
durable gears and the same methods of adjust-
ment applies to both straight, spiral bevel and
to hypoid type gears,

There are two distinct considerations in
obtaining the proper tooth contact, cone center
and backlash,

Hypoid as well as bevel and spur gears are
cut with a predetermined amount of backlash,
The backlash usually varies from .004" to
.005" on small gears and increases on large
gears, Generally, the gears are machined to
run flush with each other at the outer end (heel
or large end) of the tooth, and gears should be
set according to their theoretical cone center
(Figs. 2, 3, and 4).

Cone Center Specifications

Matched and mated hypoid ring gears and
hypoid pinion gears are furnished both for
service and for production.

Mated gears are marked with figures

showing the amount of variation from their
theoretical cone center,

Theoretical cone center of

’\\..\ / bevel drive gear and pinion
% . N \_\'ﬂ i 4
Wé i % ,

A-22797
Fig. 2

Fig, 2 illustrates a hypoid ring gear and
pinion adjusted to theoretical cone center,
wherein the cone centers of both gears coincide.
The specifications in this case would be the
distance from the line (A, B) (Fig. 1) drawn
through the center of the hypoid ring gear to
the ground face of the hypoid pinion on center
line (E, F). On some axles, the pinion is lo-
cated above the center line (C, D) (Fig. 1). In
these cases the term "hypoid" still applies,
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Cone center of bevel drive gear

Cone center of pinion

A-22711

Fig. 3

Fig., 3 illustrates a setting wherein the
mating of the gears has necessitated the pinion
cone center being farther than the ring gear
center. The pinion marking in this case will
be minus (=) because the distance from the ring
gear center is less,

Cone center of bevel drive gear

Cone center of pinion

A-22801
Fig., 4

Fig. 4 illustrates a condition where the
mating of the gears required the pinion cone
center to be farther OUT. The pinion marking
will be plus (+) because the distance is greater.

SE-1065 Pinion Setting Gauge

The SE-1065 pinion setting gauge is a pre-
cision gauge designed for use in adjusting
differentials to the proper cone setting of the
ring gear and pinion. It is used only in adjust-
ment of matched sets of gears. A step plate
and bracket have been added to the set so that
the gauge may be used on all hypoid differen-
tials with satisfactory results, NOTE: Be
sure to allow for thickness of the step plate
.400" when making calculations (Fig. 5).

The use of SE-1065 gauge makes possible
the exact duplication of the setting etched on
the pinion, This results in the best possible
setting with a minimum loss of time. It is ad-
visable to check all pinion settings with a paint
impression before considering the work com-~
plete. By so doing, visible proof of the pinion
gauge setting accuracy is obtained, also long
and quiet gear performance is assured.

Adjustment of differentials is a simple
matter with the SE-1065 gauge, Briefly, it is
only necessary to:

1. Install pinion and bearing assembly in
differential carrier.

Step plate

A-22494

Fig. 5

Fig. 5 shows SE-~1065 tool equipment in
position on hypoid differential case. Make
certain that the bearing bores are clean and
free of nicks or burns. The step plate must
be placed on the pinion end so that the lugs in
the step plate straddle the bearing staking in-
dentations on the smaller axles.

2. Install step plate and bracket as shown in
Fig. 5, CAUTION: Be sure lugs on step
plate straddle the bearing staking indenta-
tions.

3. Mount assembled SE-1065 gauge in bearing
bores of carrier,

4, Take micrometer reading to check point of
pinion. Add .400" (thickness of step plate)
to reading. Write down reading.

5. Locate specified cone center specification
for particular model on chart, Write down
specified figures,

6. Locate on pinion the etched marking which
indicates variation from zero cone center.
If a minus figure, subtract from specified
cone center, and if a plus figure, add to
specified cone center. Results of calcula-
tion give corrected cone center.

7. Comparison of corrected cone center (6)
with actual measurement (4) indicates
amount of change necessary for pinion
position,

8. Install ring gear and carrier in position.

9. Adjust backlash according to marking on
ring gear.
(See following page)
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Example of Mathematics involved;
Truck model to be L-110,

(a) Micrometer reading (add

.400" for step plate) . ... .. 3.4400"
(b) Specified cone center on
chart, .. ... e . ... 3.400"
(c) Pinion marked (-5)..... . .005"
(d) Subtraction (b=c) gives
corrected cone center. . ... 3,395"
(e) Subtract corrected cone
center (d) from actual
measurement (a) . . ...... . 045"
(f) It is necessary to move
.045"

pinion IN, . . ... ........

(g) Remember -- It is essential to arrive
at a measurement as nearly equal the
corrected cone center as possible,

(h) DO NOT FAIL TC VERIFY ACCURA-
CY OF THE ADJUSTMENT SECURED
WITH THE SE-~1065 gauge by checking
the gear tooth contact using the paint
impression method as set forth under
General Rear Axle Hypoid Pinion and
Ring Gear Adjustment, which follows.

GENERAL REAR AXLE HYPOID PINION
AND RING GEAR ADJUSTMENTS

(PAINT IMPRESSION METHOD)

The following general instructions and
suggestions are for the benefit of those service
stations not equipped with an SE-1065 pinion
setting gauge. Bear in mind that the accuracy
of the adjustment obtained with the following
procedure is dependent upon the skill of the
operator,

Hypoid gears when mounted should show a
bearing toward the toe or small end of the
tooth, never atthe heel or large end, the reason
being that it is practically impossible to make
gears and gear mounting rigid enough so that
there will not be some slight deflection when
full load is applied., This always has a tendency
to cause the bearing to come on the heel of the
tooth and when gears are adjusted so that the
bearing is toward the heel of the tooth it re-
sults in a concentration of load on the top cor-
ner of the heel and breakage will follow,

PRINTED IN UNITED STATES OF AMERICA

Checking tooth contact is accomplished by
means of oiled red lead applied lightly to the
bevel gear teeth (Fig. 6). When the pinion is
rotated, the red lead is squeezed away by the
contact, of the teeth, leaving bare areas the
exact size, shape, and location of the contacts.

COAT WITH |
RED LEAD

Fig. 6

Fig. 7

Sharper impressions may be obtained by
applying a small amount of resistance to the
gear witha flat steel bar and using a wrench to
rotate the pinion. When making adjustments,
check the drive side of the bevel gear teeth.
Coast side contact should be automatically
corrected when drive side contact is correct,
As a rule, coating about twelve teeth is suffi-
cient for checking purposes,

With adjustrments properly made, the
correct tooth contact shown in Fig, 7 will be
secured. The area of contact starts near the
toe of the gear and extends about 80 per- cent of
the tooth length, This adjustment results in a
quiet running gear and pinion set which, because
the load is distributed over the teeth within the
proper area, will deliver all the long service
built into it,

Figs, 8 to 11 illustrate method of adjust-
ment in securing the proper gear tooth contact,
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A HIGH NARROW CONTACT IS NOT
DESIRABLE. I[f gears are allowed to operate
with an adjustment of this kind, noise, galling
and rolling over of the top edges of the teeth

will result. To obtain correct contact, move
pinion toward bevel gear to lower contact
area to proper location. This adjustment will
decrease backlash between pinion and bevel
gear teeth, which may be corrected by moving
bevel gear away from pinion. Backlash of
..006" to .012" is correct.

Fig. 8

A LOW NARROW CONTACT IS NOT

DESIRABLE. If gears are allowed to oper-
ate with an adjustment of this kind, galling,
noise and grooving of teeth will result. To
obtain correct contact, move pinion away
from bevel gear to raise contact area to
proper location. Correct backlash of .006"
to .012" may be obtained by moving

bevel gear toward pinion.

Fig. 9

A

Contact
adjustment

B

Back lash

correction

A-15847

A

CONTACT
ADJUSTMENT

BACK LASH
CORRECTION

A-15848

.SHORT TOE CONTACT

A SHORT TOE CONTACT IS NOT DE-
SIRABLE. If gears are allowed to operate
with an adjustment of this kind, chipping
at tooth edges and excessive wear due to
small contact area will result. To obtain
correct contact, move bevel gear away
from pinion. This will increase the lengfh-
wise contact and move contact toward heel
of tooth. Correct backlash of .006" to .012"
can be obtained by moving pinion toward

bevel gear.

Fig. 10

SHORT HEEL CONTACT-

A SHORT HEEL CONTACT IS NOT DE-
SIRABLE. If gears are allowed to operate
with an adjustment of this kind, chipping,
excessive wear and noise will result..To
obtain correct contact, move bevel gear
toward pinion to increase the lengthwise
contact and move contact toward toe. Cor-
rect backlash of .006" to .012" can be ob-
tained by moving pinion away from bevel
gear.

Several adjustments of both pinion and gear
may be necessary before correct confact
and backlash are secured.

Fige 11

CONTACT
ADIJUSTMENT

B

BACK LASH
CORRECTION

A-15849

CONTACT
ADJUSTMENT

BACK LASH
CORRECTION

A-15850
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Gear Adjustment for Lash

Generally if original gears are being rein-
stalled, red leading of teeth will not indicate
the same contact as new gears and can be mis-
leading. Gears that have been in service for
long periods form running contacts due to wear
of teeth; therefore, the original shim pack
should be maintained to check gear lash. Gear
lash, when using original gears, can be reduced
only to a point of smooth rotation of gears.

If the gear lash is in excess of maximum
tolerance as stated under Gear Adjustment, the
lash may be reduced only in the amount that
will avoid overlap of the worn tooth section
(Fig. 12), Rotate the gears and check for
smooth or rough operation. If a slight overlap,
as illustrated (Fig. 12),takes place at the worn
tooth section, rotation will be rough.

Pinion too deep in
ring gear

Worm section
of ring gear

Ring gear Overlap

Correct Incorrect

A-19693

Fig. 12

Fig. 12 illustrates worn condition of gear
teeth and overlapping condition.

When installing new gears, check gear
lash with dial indicator (Fig, 13) and adjust to
obtain amount of backlash marked on ring gear
as follows:

1, Set pinion according to procedure outlined
under SE-1065 Pinion Setting Gauge.

2, To move ring gear, tighten or loosen
differential bearing adjusting nuts as re-
quired,

3. After correct gear lash is secured, check
and adjust as necessary to obtain the
correct tooth contact. (See Gear Adjust-
ment for correct tooth contact.)
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Dial indicator

A-22508

Fig. I3 - Checking gear lash.

Adjust Differential Bearing Pre-Load

Using dial indicators at side of each bear-
ing cap (Fig. 14), adjust to obtain bearing pre-
load as follows:

1. Loosen adjustingnuts only enoughto notice
end play on indicators.

2, Tightenadjusting nuts only enough to obtain
.000" end play reading on indicators,

Note: While gear is held in.000" end play
and before loading bearings, check gear
for runout, If runout exceeds ,008", re-
move differential and check for cause, '

Dial indicators

A-22496

Fig. |4 - Adjusting differential bearing pre-

load,



AXLE-REAR
Section A
Page 6

L-LINE MOTOR TRUCK SERVICE MANUAL

MDA

3, Tighten BOTH adjusting nuts from .000"
end play to pre-load differential bearings.
Adjust pre-load to secure equal pre-load
reading at indicators. (See specifications
for pre-load data on the various axles,)

4. Tighten bearing cap stud nuts to specified
torque.

5, Install adjusting nut locks,

Pinion Bearing Adjustment for Correct
Pre-Load (Torque Method)

After the pinion, the pinion bearings and
spacers have been assembled in the pinion
bearing cage, place the assembly in a press
being sure to use a sleeve adapter as shown in
Fig. 15, Press the bearing down firmly and
rotate the pinion cage to align the bearings and
assure normal bearing contact., Set press at
correct pressure and attach a spring scale to
pinion cage as indicated in Fig, 15, Read scale
only while pinion cage is turning. If preload
reading is incorrect, the bearing load may be
increased by installing a thinner spacer or
decreased by using a thicker spacer.

The correct press ram pressure andscale
reading for the various axles may be found in
the Rear Axle Specifications.

Press sleeve —— -

Read scale only

while cage turns

Fig. 15

Fig. 15 shows method of checking pinion
bearing preload using scales to measure
torque.

Pinion Bearing Adjustment for Pre-Load Using
Dial Indicator (This method should only be used
on the smaller axles).

An outside or bench assembly should be
made of bevel pinion, bearings and cage. With
cups assembled in cage, assemble the pinion
and inner bearing cone and roller assembly in
place, using the proper spacer to space the
pinion bearings. Next assemble the outer pin-
ion bearing cone and rollers, spacer, compan=-
ion flange, washer and nut.

Pinion gear ‘
S

<
Indicator ==
=
s
B-Retainer
A &) ring
\ , </
(Ké NG - © =7 ~ Pinion bearing
e ; — cage
Mounting of |
indicator U\ s, o
~ A
A-23437

Propeller shaft flange
Fig. 16

Fig. 16 shows method of attaching dial
indicator when adjusting bearing pre-load.
This method can be used when press equipment
is not available.

NOTE: Do not install pinion bearing oil
seal until all adjustments have been completed.
Then check bearing fit to see that bearings
have no end movement with flange nut drawn
up tight, To secure this fit, proper spacer
must be found by trial as follows:

(1) Place assembly in vise in position shown.

(2) Mount indicator on propeller shaft flange
with indicator finger resting on upper face
of cage. (See A, Fig. 16.)

(3) With the tips of the fingers grasp the bear-
ing retainer and work bearings up against
the back face of pinion. (See B, Fig. 16.)

(4) With the bearings held firmly against the
pinion, move the cage up and down, ob-
serving the indicator reading. It is im-
possible to accurately determine the end
play unless the bearing is worked loose
and up against the pinion. Assemblies
having as much as ,005" end play cannot
be moved enough to show on the indicator
until the bearing has been worked up and
away from the cup.

CAUTION

Bea'rings must be absolutely clean!
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Preload the pinon bearings by replacing
the spacer between the pinon bearings with one
smaller to the extent of the amount of the end
play plus .002" for the loading, For example,
should there be .005" end play as indicated in
the sketch in the assembly, replace the spacer
with one .007" smaller, Do not depend upon the
spacers to be right according to number but
check each and every one with an accurate
micrometer, Before reassembling the bear-
ings to the pinion shaft they should be dipped
in rear axle lubricant, Propeller shaft flange
nut must be pulled down securely to assure
tight bearings., A wrench with 30" of leverage
should be used,

In order to determine if insufficient or
excessive preload has been applied, make the
following test:

(1) Place assembly in vise with jaws clamp-
ing together on the flange of the pinion
bearing cage and with assembly in a hori-
zontal position,

(2) Grasp the propeller shaft flange with one
hand and attempt to turn.

(3) If the pinion turns freely, assembly is too
loose, If pinion cannot be turned, assem-
bly is too tight,

(4) The ideal condition is to secure a firm
drag when turning the pinion cage by hand.

After proper bearingfit has been obtained,
place pinion bearing cage shims approximately
.020 in thickness over end of cage and place
cage and pinion assembly in carrier, it being
necessary to match flange holes in cage, since
one hole is out of equal spacing to assure prop-
er position of cage., Next assemble two cage
bolts only until gear setting is completed,
Assemble differential and bevel gear assem-
bly and place bearing cap and adjuster in posi-
tion, Tighten bearing cap bolts and back off
slightly to provide sufficient loosenessto allow
turning the adjuster for a temporary backlash
adjustment of approximately ,010", After this
adjustment hasbeen made, tighten each bearing
adjuster snug then give them a final tightening
operation, drawing them up to secure the .005"
to .007" total bearing pre-load. This is im-
portant in order to make certain that the bear-
ings are seating properly.

IMPORTANT: Hypoid drive pinion oil
seals must be soft and pliable before being in-
stalled if the seals have become dried out and
hard while in stock, use kerosene and work it
in thoroughly, When seal has become soft and
pliable, dip it in hot oil and work this oil in
thoroughly,
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Press ram—>»§
Staking tool
Pinion bearing
Pinion
A-22727

Fig. 17 - Using the pinion staking tool.

Pinion Bearing (Straddle bearing)

The straddle pinion bearing is held in
place on the pinion by a staking operation,

The staking operation is accomplished
through the use of a hydraulic or screw press
applying 18 to 20 tons pressure on the special
staking tool as illustrated in Fig. 17, The re-
sult will be uniformly spaced ball indentations
that securely lock the pinion bearing to the
shaft,

Differential Ring Gear Rivet Remowval

If necessary to remove hypoid ring gear or
herringbone gear rivets, drill the rivet heads
from the gear side, using adrill slightly larger
than the rivet itself, Use a punch for the re-
moval of the remaining portion of the rivet,
(See Fig. 18).

Knocking off or '""busting' rivets is a dan-
gerous practice both from the standpoint of
personal safety and because such practice may
cause distortion to the gear carriers or gears
and will elongate the rivet holes.

Rivet Pressures

Proper installation of differential ring
gear rivets demands that sufficient pressure
be applied to the rivets to expand them and
cause them to completelyfill the holes in which
they are installed. Riveting should be done
with COLD rivets. Hot rivets will shrink when
cool, leaving s space andinviting shearing upon
the application of torque.
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Rivet head / Dl bit

Ring gear

€~ Differential case
A-22831

Fige 18 = Drill rivet head and punch-out rivet

as shown,

Riveting Jig SE-~1575 is available and is
designed for use with hydraulic or mechanical
press equipment.

The following pressures are recommended
for differential ring gear rivet installation:

PRESSURE
5/16 o e 12 to 15
3/8 e 17 to 20
7/16 e e e e e 30 to 35
1/2 e 45 to 50
9/16 e e . 60 to 70
5/8 e e 60 to 70

Axle Shaft Removal (Timken Axles)

Axle shafts are attached to the wheel hubs
by studs and nuts at the flanged end. Stud holes
in each axle shaft flange are taper-reamed to
receive split tapered dowels.

When disassembling the axle, some of the
bearing cage studs or axle shaft studs may turn
loose from the housing rather than at the nuts.
When the axle is reassembled, the nuts should
be removed from the studs and the studs re-
placed in their tapped holes before installing
the cage or carrier.

When removing the axle shafts from the
Timken axle, remove the stud nuts and lock-
washers and proceed as indicated in Figs. 19,
20, 21.

A-1007)

Fig. 19 - Using a heavy hammer, strike sharply
on the center of the flange of the axle shaft.
This will unseat and loosen the tapered dowels

in each stud hole.

TAPERED DOWELS

Kg/| CLEARANCE TAPERED DOWEL

AXLE FLANGE
A-10072

LOCK WASHER

Fig. 20 - Remove the tapered dowels.,
When reassembling there must be a slight

Note:
clearance between the lockwasher and axle shaft
driving flange. Excessive wear onstuds, dowels,
or holes in the flange will. indicate a lack of
clearance at this point.
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Axle shx;ft

flange
A-19632

Fig. 21 = Push the axle shaft flange back into
position against the wheel hub, and again,
strike a sharp blow in the center of the axle
shaft flange. This will cause the axle shaft to
spring away from the wheel hub and allow re-
moval of the axle shaft without resorting to
the wuse of a pry bar or screwdriver. Do not
pry between the axle shaft flange and wheel
hub, To do so is apt to damage the seal as-
sembly or machined surfaces of the wheel hub or
axle shaft flange.

When reinstalling the axle shafts there must
be a slight clearance between the lockwashers
and driving flange, see Fig. 20, Excessive wear
on studs, dowels or holes in the axle flange will
take place whenno clearance exists.

Axle Housing Breather Valve

When the rear axle becomes warm, after a
short period of operation, a pressure is built
inside the axle housing. To prevent this pres-
sure fromforcing lubricant past the rear wheel
oil seals and damaging the brake linings, a
breather valve has been provided. The valve
is so constructed that warm air may pass out
of the axle to relieve built up pressure, yet
dirt and moisture are prevented from entering.
The location of the breather valve is shown in
Fig. 18, inset shows detail of valve.

The breather valve should be kept open
and clean, When the vehicle is operated or un-
improved highways or in ice and snow it is
possible that dirt willbe forced under the valve
cap, thus rendering the valve ineffective. Re-
move valve occasionally and clean thoroughly
in a cleaning solution.

NOTE: Where power divider is mounted
on rear axle, the breather is mounted on upper
side of the power divider,
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Location of breather
valve on heavy duty
axles

Rear axle housing

Rear axle
Abreather valve

A-22634]

Fig. 22 - Keep breather valves clean and free
of obstruction. Breathers are usually located
in housing as illustrated.

IMPORTANT

Lubrication Of Hypoid Axles

The lubricant used in hypoid axles is an
important factor in obtaining long gear life and
satisfactory drive unit service. Past experi-
ence proves that a large portion of service
problems can be traced to using incorrect, or
lubricant of poor quality.

In the selection of Hypoid Lubricants, it is
advisable to consider using products of unques-
tionable quality.

Because of the higher unit pressures and
sliding tooth characteristics of hypoid gearing,
the lubricant must have properties which en-
able it to withstand these actions.

It is important that the axle hypoid gearing
receive initial lubrication after overhaul, or
when a vehicle has been standing in storage,
and BEFORE THE AXLE IS SUBJECTED TO
HEAVY LOADS; Good practice is to check the
lubricant level in the axle housing then, JACK
UP BOTH rear wheels and operate the vehicle
in high transmission gear at approximately 25
miles per hour for five minutes. This will
assure thorough lubrication of the gearing be-
fore the unit is placed into service. (Do not
allow one wheel to race faster than the opposite
wheel,)

Where the axle pinion cage is provided
with a plug at the pinion cage, insert one pint
of lubricant to provide initial lubrication for
the pinion bearing.
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Specified ‘Lubricant For Hypoid Axles

For hypoid axles (not Eaton) use SCL, EP
gear oil or amulti-purpose gear lubricant suit-
able for hypoid axles and supplied by a reputa-
blerefinery, SAE-90 for coldclimate and SAE-
140 for warm climate. For Eaton hypoid axle,
use a hypoid gear lubricant available as Elco
Gear Safety "28" or its equivalent. A number of
hypoid lubricantes are prepared by reputable
companies which contain Elco additive concen-
trates. (See "Lubrication", section A).

NOTE: Whenreassembling the differential
gears, thrust washers, cross shaft spur gears
and bearings, lubricate the wearing surfaces
with a light coat of the specified axle lubricant,

Differential Assembly -- L-110 and L-120

The L-110 and L-120 Series Trucks use
differential assemblies that are identical in
construction except that a spacer or thrust
block is used when the unit is installed in a
L.-110 axle.

Since the L-110 axle is of semi~floating
construction, a means of taking up the end
thrust of the axles and wheels must be pro-
vided. The block serves this purpose. The
wheel bearings pick up the end play or thrust
on the L-120 (full-floating) axles and no thrust
block is needed. Also the axle shafts in the
full-floating design are slightly longer than
those used in the semi-floating design and for
this reason the thrust block must be removed
when the differential unit is used in the L-120
series vehicle,

Removal of the thrust block is as follows:

1, Drive cross pin retainer pin from differ-
ential case so as to clear the cross pin
(Fig. 23). .

Thrust
block

A-23436

Fig. 23 - Driving retainer pin from differen-
tial case using a hammer and punch.

Using punch, drive the cross pin out of
differential case far enough to remove the
thrust blocks (Fig. 24).

Cross pin

Push cross pin back into position in the
differential case, Drive retainer pin into
position and stake case to secure retainer
pins (Fig. 25).

Stake the case
to secure
retainer pin

i A-23434
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SINGLE-REDUCTION HYPOID AXLE
(UNIT SHOWN IS MODEL R-1060 OR R-1070)

W 00 =] O UT

! A-22643

Figs 26 - Sectional View of Hypoid Rear Axle,

1, Companion flange. 15.
2. Propeller shaft mounting nut. 16,
3. Propeller shaft mounting nut washer. 17,
4, Pinion shaft bearing oil seal. 18.
5. Pinion bearing cage to carrier capscrew. 19.
6. Pinion bearing cage. 20.
7. Pinion bearing, outer. 21,
8. Pinion bearing spacer. 22,
9. Pinion bearing, inner. 23.
10, Hypoid pinion gear (straddle mounting). 24,
11. Pinion bearing. 25,
12, Differential side gear. 26.
13. Axle housing. 27.
14, Differential bearing adjuster lock. 28.

Differential cross pin.

Hypoid ring gear,

Hypoid ring gear rivet.

Differential pinion.

Axle shaft.

Differential bearing adjuster.
Differential carrier to housing gasket.
Differential carrier to housing capscrew.
Differential roller bearing.
Differential center block.

Differential cross pin retaining pin.
Differential case.

Differential carrier housing.

Pinion bearing cage shim.,

NOTE: Rear Axle R-1070 is identical with above description except differential center block (24)

is not used.

PRINTED I{N UNITED STATES OF AMERICA
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SINGLE-REDUCTION HYPOID AXLE
(MODELS R-1165, R-1170, R-1440, R-1470, R-1530, R-1555, R-1630)
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A-22817

Fig. 27 - Sectional View of Hypoid Rear Axle

1. Axle housing. 20. Pinion bearing, outer.

2. Hypoid ring gear. ' 21. Pinion bearing spacer.

3. Differential bearing cap. 22, Pinion bearing, inner.

4. Differential bearing cap mounting stud. 23. Hypoid pinion (straddle mounting).

5. Differential bearing. 24. Pinion bearing,

6. Differential bearing adjuster. 25, Differential case bolt lockwire.

7. Oil pascage to pinion bearings, 26. Differential case bolt.

8. Pinion bearing cage shims, 27. Differential carrier,

9. Pinion bearing cage. 28. Differential carrier mounting gasket.
10. Pinion oil seal retainer, 29. Axle shaft.
11, Pinion oil seal. 30. Differential bearing adjuster lock.
12. Slinger. 31. Differential side gear thrust washer,
13. Companion flange. 32. Differential case, plain half.
14, Thrust washer,. 33, Differential side gear.
15, Propeller shaft companion flange nut. 34. Differential spider pinion,
16. Pinion cage mounting capscrew., 35. Differential spider pinion thrust washer.
17. Differential carrier mounting capscrew. 36, Differential spider.
18. Pinion bearing cage cork seal. 37. Differential case, flanged half.

Thrust washers.

—
0
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TWO -SPEED AXLES
SEE SECTION "H'' FOR ELECTRIC SHIFT

Hypoid ring gear,
Oil collector drum,
Ring gear case,
Thrust washer,
Bearing cap stud.
Bearing cap.
Carrier bearing,
Clutch plate.
Sliding clutch
Shift fork,

Shift fork shaft,
Clutch plate.
Sliding clutch,
Diaphragm seal,
Gear case bolt,
Shifter motor stud,

>Fig. | - Two-Speed Axle (Eaton)

17,
18,
19,
20,
21,
22,
23,
24,
25,
26,
27,
28,
29,
30,
31,
32,

PRINTED IN UNITED STATES OF AMERICA

Bearing, inner,
Hypoid pinion,
Bearing spacer,
Bearing, outer,
Companion flange,
Washer,

Nut

Cage capscrew,
Slinger,

Seal,

Washer,

Pinion cage,
Shims,

Carrier,

Carrier capscrew,
Gasket,

33.
34,
35,
36.
37.
38,

39.
40,
41,

43,
44.
45,
46,
47,

A-22814

Axle shaft,

Bearing adjuster lock.,

Bearing adjuster,

Bearing cap.

Thrust washer,

Side gear thrust
washer,

Side gear,

Differential pinion.,

Pinion thrust washer,

Differential case.

Pinion gear spider,

Ring gear case,

Idler pinion pin,

Idler pinion gear,

Axle housing,
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EATON TWO-SPEED REAR AXLE

The two-speed rear axtes are full-floating
hypoid drive type, having four planetary gears
which mesh with an internal gear on the hypoid
ring gear.

The primary reduction is accomplished
through the hypoid ring gear and a straddle-
mounted hypoid pinion. The secondary reduc-
tion is accomplished with a sliding clutch
serving to lock or unlock the planetary gears,

Serving

The correct servicing of this unit, as is
true with any mechanical equipment, is impor-
tant to satisfactory operation and life. Servic-
ing the two-speed unit does not require special
tools, The ordinary equipment found in most
shops is sufficient for this work. Use the fol-
lowing step-by-step procedure for disassem-
bling. Direct reversal of the action will be the
proper reassembly procedure. (See Shop Talk
No. 1 for step-by-step illustrations on disas-
sembly.)

Disassembly

Remove differential carrier assembly
complete from the truck, following the same
procedure as you would to take out a single or
double reduction unit, except in this case, the
two wires on the shift unit must be discon-
nected, For convenience in handling, the head
may be placed in the end of a clean smalldrum.
The opening should be large enough to accept
the bevel drive gear and bearing caps. Then
proceed as follows:

1. Remove the two shift housing to carrier
stud nuts and lockwashers and pull off shift
unitassembly. (See section "H" for electric
shift instructions.)

2. Remove plug, washer, spring,
lockwasher and oil distributor.

capscrew,

3. Pull out shift fork shaft after removing
shift fork shaft retainer (Fig. 2). The shift
fork may then be slipped from the sliding
clutch gear and removed through the back
of the differential carrier.

4. Slip out sliding clutch gear.

5. Mark right hand differential bearing ad-
juster with punch. (This is for relocating
when reassembling.)

6. Remove bearing cap bolt lockwires on both
right and left hand sides. Loosen cap bolts
only. Take off right hand bearing adjuster,
lock and cotter pin.

7. Remove left hand differential bearing cap
adjuster and lock as an assemblyto assure

11,

12,

13,

12,

15,

16,

17,

18,

19.

20,

21,

22,

correct positioning of gear on reassembly.
(When reassembling hold adjuster and
bearing cap up away from threads in bore
of carrier unit; cap bolts are started.
Drop cap; the threads of the adjuster and
those in carrier will mesh freely.)

After removing bearing caps, tip up left
hand end of planetary unit and lift out.

Remove pinion bearing cage capscrews.

Using a suitable puller, remove pinion
assembly from carrier. May also be re-
moved by using a brass drift and tapping
lightly from the inside, (Note shims under
pinion bearing cage.)

Remove pinion shaft nut and slide off com-
panion flange.

Lift off pinion bearing bearing,
washer and spacer.

cage,

Drive off pinion bearing cage by tapping
lightly between teeth of pinion alternately
on opposite sides of inner race, CAUTION:
Exercise care so as not todamage bearing
during this operation,

Remove pinion bearing cone and washer
cage assembly. Take out pinion bearing
cage cork, (Replace this cork with every
repair.

Remove lockwires, nuts and bolts from
planetary unit (support case).

Tap alternately on opposite sides of ring
gear with head of rawhide hammer until
gear is free of flange on support case,
(When reassembling, use two bolts to as~-
sure proper alignment of bolt holes,)

Lift off left hand support case and bevel
drive gear,

Pry off high speed clutch plate and take
out idler pinions and pins.

Lift out entire differential assembly and
remove support case thrust washer,

Take out differential case bolt lockwire
and remove bolts. (Note short bolts be-
tween spider arms,)

Lift off right hand differential case. Pick
up long hub side gear, right hand, and slip
off thrust washer., (Note-chamfered side
of washer against back face of gear,)

Pull out spider and differential side pin-
ions noting thrust washers behind pinions,
Slip washers and pinions off spider arms,
Take out short hub side gear, left hand
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and remove thrust washer. (Note cham-
fered side of washer against back face of

gear.)
23. Remove differential bearing cones by
striking inner race on alternate sides

through holes provided in the supportcase.
24. In reassembling the pinion, use SE-1065
pinion setting gauge in adjusting matched
sets of pinions and ring gears to proper
cone settings. (Theoretical cone centers
for various axles are found under Specifi-
cations, Rear Axle Section.)
REASSEMBLY -- IMPORTANT
Assembling Differential Unit
Lubricate both sides of all thrust washers
well, Chamfered sides of washers must be
against back face of side gears. Lubricate
spider arms, side-pinion bores and side-gear
hubs. Draw bolts tight with long-handled
wrench and securely fasten with lockwire.

Assembling Planetary Unit

Before placing thrust washer, lubricate
both sides well. Cover idler-pinion pins with
lubricant. Chamfered teeth on high-speed
clutch plate must face pinions. Place notches
in oil-collector drum between bolt holes in
bevel gear. Draw bolts tight with long~handled
wrench and secure wire.

Pinion Shaft Bearing Adjustment

Desired bearing tension is obtained by us-
ing a spacer of the correct thickness between
the bearing inner races. There are 12 spacers,
each of different thickness, available for this
purpose. To make the assembly, proceed as

follows:
1. Place the pinion and bearings in position

in the cage using original spacer, provid-
ing the pinion did not have any perceptible
end movement before disassembly,

2. Then assemble flange washer and flange,
Tighten retaining nut securely, There
should be no perceptible endplayand bear-
ing should roll freely., If correction is to
be made select proper size spacer to ob-
tain desired fit.

Assembling Differential Carrier Unit

Lubricate all bearings as they are assem-
bled in carrier. After adjusting gear, be sure
cap bolts are tight. Wire bolts securely, in-
cluding capscrews, in adjuster lock,

Pinion Bearing Pre-Load

Follow instructions given in Hypoid Rear
Axle Section "A', page 6.

Differential Carrier Bearing Pre-ILoad

The correct procedure for securing the
specified carrier bearing pre-load, as listed
in the Rear Axle Specification for these axles,
will be found in Section"A", Hypoid Rear Axles,
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Gear Tooth Contact

To secure best possible tooth contact, use
SE-1065 pinion setting gauge and follow in-
structions under this heading, Section "A", page
2. Check results obtained by making a paint
impression test of tooth contact. See Gear
Adjustment for correct tooth contact - Paint
Impression Method, Section "A", page 3.

Lubrication

An oiling system is provided to supply lu-
bricant within a half a turn of the truck wheels
to the essential places during conditions when
splash and dip alone would be insufficient, A
heavy coating of oil is picked up by the oil
collector drum and transmitted to the oil
scoop. The o0il scoop scrapes the oil from the
drum and splits it into two courses, One half
of this lubricant goes to the pinion bearings;
the other half, to the right hand differential and
planetary unit to the left differential bearing
and then returning to the reservoir.

Whenever a two-speed differential (new or
rebuilt) has been installed in the axle housing,
fill the oil reservoir to bottom of filler plug
opening and replace plug. Then add one addi-~
tional pint of lubricant using filler hole provided
at top of carrier housing just above pinion cage.

Use a hypoid gear lubricant available as
ElcoGear Safety "28"or its equivalent.” Anum-
ber of hypoid lubricants are prepared by repu-
table companies which contain Elco additive
concentrates. Viscosity of the hypoidlubricant
shouldbe SAE-90. Whenhighatmospheric tem-
peratures (above 100° F.) prevail, SAE-140 may
be used. See "Lubrication' section A,

Shift fork shaft g8

retainer

\

Lubricant
plug

Pinien
cage
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DOUBLE-REDUCTION AXLE
(EATON)

[~ -3 - Y3, W FUN R

32 31 30 29 28 27 26 25 24

T A-22813
Fig. | - Double-Reduction Axle (Eaton)

1. Carrier gasket. 17. Spring and plug. 33. Cotter pin.

2. Carrier. 18. Axle shaft. 34. Nut.

3. Herringbone gear,. 19. Countershaft bearing. 35, Washer.

4, Gear rivet,. 20. Pinion countershaft, 36. Gil seal.

5. 0Oil distributor disc. 21. Cage capscrew. 37. Bearing cage.

6. Case, flanged half. 22, Bearing cage. 38. Cage shims,

7. Case bolt and nut. 23, Carrier capscrew. 39, Oil passage.

8. Thrust washer. 24, Cage shims. 40, Hypoid ring gear.

9. Bearing cap. 25. Oil reservoir, 41, Oil distributor disc.
10. Cap stud. 26. Hypoid pinion. 42, Oil scoop.
11. Lock ring. 27. Bearing, inner. 43. Oil scoop capscrew.
12. Bearing. 28. Bearing spacer, 44, Spider pinion,

13. Side gear. 29. Bearing, outer, 45. Pinion thrust washer.
14, Thrust washer. 30. Wasgher. 46. Case, plain half,
15. Lock ring. 31. Slinger. 47, Spider.

16. Oil scoop. 32. Companion flange. 48, Axle housing,

PRINTED IN UNITED STATES OF AMERICA
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EATON DOUBLE-REDUCTION REAR AXLE

The Eaton double-reduction rear axles,
shown in Fig, 1, are heavy~duty, double reduc-
tion type. The primary reduction is through a
hypoid ring and pinion gear while the secondary
reductionis througha set of herringbone gears.

Primary Reduction

The primary reduction gears are the hy-
poid type, consisting of a hypoid pinion mounted
on the forward end of the carrier housing, and
meshed with a hypoid ring gear which is
riveted to an integral flange on the ring geariii
shaft, This shaft also carries, as an integral
part, the herringbone drive pinion for the
secondary reduction,

Secondary Reduction

The secondary herringbone reduction gears
consist of a drive pinion and a mating gear,
The teeth on the sécondary reduction gears are
right and left-hand spiral cut in line with each
other, forming a "V'", the apex of which is at
the center of the gear face, A center cut
through the apex breaks the tooth line into two
separate and opposed spiral gears, each exert-
ing equal and opposed pressure thus balancing
the end thrust.

Installing New Herringbone Drive Gear
(Differential Case)

If new gears are being installed, the pilot
diameter on differential case drive gear flange
should be checked to see that it runs true, If
inspections indicate a run out of .004", a new
differential case should be installed. When
assembling drive gear on face of flange, make
sure each rivet is tight. The best results are
obtained if a press is used to install rivets.
Follow the instructions outlined under Rivet
Pressures on page 8, Section "A'",

Hypoid Pinion Shaft and Adjustment

Adjustable hypoid pinion bearings are
assembled to pinion shaft and retained by
universal joint flange and nut on forward end
of pinion shaft,

A spacer(available in several thicknesses)
is used to maintain correct distance between
front and rear bearings and to secure the pin-
ion bearings pre-load as indicated in Rear Axle
Specifications, The pinion cage is mounted in
the conventional manner and the correct cone
center adjustment is secured by means of a
shim pack under pinion cage flange. See
SE-1065 Pinion Setting Gauge, Section "A'",

page 2).

IMPORTANT: Hypoid drive pinion oil
seals must be soft and pliable before being in-
stalled if the seals have become dried out and
hard while in stock, use kerosene and work it
in thoroughly, When seal has become soft and
pliable, dip it in hot oil and work this oil in
thoroughly.

Pinion Bearing Lubrication

NOTE: When reassembling differential to
axle housing, or new and dry differential is
used from stock, be sure to inject about one
pint of differential lubricant into the pinion
bearing housing through the filler plug opening
at the side of the carrier. This will provide
immediate lubrication for the pinion bearings
upon placing the unit in operation.

Herringbone Gear Shaft (Cross Shaft)

The herringbone drive pinion gear shaft is
mounted at right angles to the hypoid pinion
shaft in the carrier housing. This shaft is a
one-piece steelforging consisting of an integral
herringbone gear in the center and an integral
flange on one end to which is bolted a hypoid
ring gear,

To remove this shaft, it is necessary to
remove the differential and herringbone ring
gear assembly, Then withdraw the hypoid pin-
ion and cage assembly far enough to clear the
hypoid ring gear, when being removed. (Re-
moval of universal joint flange is unnecessary.)
Remove both bearing covers and using a soft
hammer, tap ring gear end of shaft until the
bearing cup at opposite end of shaft is removed
from carrier housing., This will permit suffi-
cient opening to partly pass shaft through until
bearingis clear of carrier housing at ring gear
end of shaft, Tilt ring gear end of shaft to rear
and withdraw from carrier,

The cross shaftbearing covers control the
hypoid pinion and ring gear backlash and tooth
contact as well as the bearing pre-load. This
is accomplished by means of a shim pack under
each bearing cover,

Herringbone Gear Adjustment

Herringbone gears are not adjustable for
backlash, This clearance is taken into account
in the constructionand remains constantas long
as the gears remain undamaged or the differ=~
ential carrier bearings are not wornexcessive-

ly.

The self-aligning differential carrier bear-
ings eliminate the need for adjustment to align
the herringbone pinion and herringbone ring
gear. The heavy duty roller bearings permit
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the differential carrier to move sidewise within
the bearing race sufficiently to keep both gears
in perfect alignment at all times.

Differential

Differential is convential four-pinion type
with thrust washersback of side gears and pin-
ions. Cases are supported on heavy duty roller
bearings.

Differential Lubricators

The double reduction axles have special
provisionincorporated to supply oil to the her-
ringbone pinion shaft bearings as well as the
hypoid pinion shaft bearings. This is accom-
plished by scooping lubricant fromoil collector
discs mounted on the herringbone gear and the
hypoid ring gear. The lubricant is picked up
from these discs by oil scoops and circulated
through special passages to thedifferential car-
rier bearings and the herringbone pinion shaft
bearings. Fig. 2 illustrates the flow of o0il and
the principal of this means of bearing lubrica-
tion.
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Lubrication of Hypoid Axles

The lubricant used in hypoid axles is an
important factor in obtaining long gear life and
satisfactory drive unit service. Past experi-
ence proves that a large portion of service
problems can be traced to using incorrect, or
lubricant of poor quality.

In the selection of Hypoid Luubricants, it is
advisable to consider using products of unques-
tionable quality.

Because of the higher unit pressures and
sliding tooth characteristics of hypoid gearing,
the lubricant must have properties which en-
able it to withstand these actions.

It is important that the axle hypoid gearing
receive initial lubrication after overhaul, or
when a vehicle has been standing in storage,
and BEFORE THE AXLE IS SUBJECTED TO
HEAVY LOADS. Good practice is to check the
lubricant level in the axle housing then, jack
UP BOTH rear wheels and operate the vehicle
in high transmission gear at approximately 25
miles per hour for five minutes. This will as-
sure thorough lubrication of the gearing before
the unit is placed into service. (Do not allow
one wheel to race faster than the opposite
wheel.)

Where the axle pinion cage is provided
with a plug at the pinion cage, insert one pint
of lubricant to provide initial lubrication for
the pinion bearings,

NOTE: When reassembling the differential
gears, thrust washers, cross shaft spur gears
and bearings, lubricate the wearing surfaces
with a light coat of the specified axle lubricant.
This will help provide initial lubrication.

Use a hypoid gear lubricant available as
ElcoGear Safety "28"or its equivalent. A num-
ber of hypoid lubricants are prepared by repu-
table companies which contain Elco additive
concentrates. Viscosity of the hypoid lubricant
shouldbe SAE-90. Whenhighatmospherictem-
peratures [above 100 F.) prevail, SAE-140 may
be used.
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SINGLE-REDUCTION AXLE
(TIMKEN 100 SERIES AXLES)

36
35 .
34 11
33 12
32 )
IWHHNM\ =10
31
4&"15

A-19631

Fig. | = Single-Reduction Timken 100 Series Axle

1. Pinion shaft nut. 19. Adjusting nut lock.

2. Pinion shaft nut washer. 20, Differential bearing cap.

3. Companion flange or yoke. 21. Side gear thrust washer.

4. Oil seal. 22. Side gear,.

5. Thrust washer. 23, Pinion thrust washer.

6. Pinion bearing, outer. 24, Pinion bushing.

7. Pinion bearing spacers. » 25. Differential spider,

8. Cover gasket. 26, Pinion gear.

9. Bearing cover. 27. Bevel drive gear.
10. Pinion bearing cage shims. 28. Rivet,
11. Pinion bearing, inner. 29. Differential pan bolt, long.
12, Pinion. 30. Differential case.
13, Lubricant filler plug. 31. Differential case bolt, short.
14. Pinion radial bearing. 32, Thrust block adjusting screw.
15. Breather. 33. Lock nut.
16. Differential side bearing. 34. Thrust block.
17. Adjusting nut (differential). 35, Differential carrier.
18. Axle shaft, 36, Pinion bearing cage.

37. Slinger.
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TIMKEN SINGLE-REDUCTION AXLES
Description

The Timken Single-Reduction Rear Axle
(R-100) is a full-floating, hypoid-type final
drive, assembled in a one-piece axle housing.

The differential used in the R-100 Timken
Single-Reduction Axle is of four-pinion-type
with thrust washers used between the pinions
and case. The pinions contain bushings which
can be renewed when necessary. Thrust wash-
ers are also used between the side gears and
case. The two halves of the differential case
are machined as a complete assemblyand must
be replaced as such.

Removal of Differential Carrier - Hypoid

To remove the differential carrier assem-
bly, remove plug from bottom of axle housing
and drain out the lubricant. Disconnect the
propeller shaft atfront end of pinion shaft. (Be
sureto replace the universal joint trunnions on
their respective journals and hold them in
place with a short loop of wire until ready to
reassemble.) Remove axle shafts and differ-
ential carrier to housing capscrews (or stud
nuts on heavy-duty axles), and take outcarrier.

When removing the differential from the
axle housing, it will be necessary to utilize the
two puller screws to loosen the differential
carrier as shown in Fig, 2.

The differential thrust block screw shown
in Figs. 3 & 4 must be removed before the dif-
ferential can be removed from the carrier,

Differential

The differentialassembly of this axle con-
sists of four nine-tooth pinions mounted on a
spider and two 16 tooth side gears all assem-
bled into the differential case -~ one half being
flanged to mount the hypoid ring gear.

Hardened steel thrust washers are installed
between the side gears and the case andbetween
the pinions and the case. The differential case
is held together by twelve bolts. eight of which
are longer than the remainingfour.

Differential Disassembly

Mark each half of the differential case
before teardown so tnat they can be reassem-
bled in the original position. Wash and inspect
all parts and replace any which are at all
questionable. Oil all parts with gear oil before
reassembly. Use new lockwashers when re-
assembling.

INA-19638

Figs 2 - Loosen lock nuts on two puller screws
provided, and turn puller screws down into car-
rier. 1t may be necessary to break carrier
loose from housing by striking the carrier with
a heavy soft hammer (lead or leather).

B Adjusting scre_n; '

Fige 3 - Place differential carrier in suitable

holding fixture or overhaul stand, and loosen
the lock nut on the drive gear thrust block ad-
justing screw. Remove thrust block adjusting
screw from carrier. This will permit the thrust
block to fall into the carrier.

iRotate gear to

|bring hole_ in block
‘in line with adjusting
:screw

place
and rotate gear to bring block
in line with adjusting screw.

Fig. 4 - When
block on gear

replacing thrust block,
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Center punch
each rivet

Rivet

& il
\ \ cut through

\d |ightly larger
M than rivet —m]

diameter ' Ring gear

24 ’

Case

half

N
7z

Fig. 5 = If it is necessary to remove the ring
gear from the differential case half, carefully
center. punch each rivet in the center of the
rivet-formed head as shown. Drill through the
center of each rivet~-formed head, using a drill
slightly larger than the body of the rivet.
Punch or press rivet out of gear and case half.,

A-19661

If inspection reveals that the ring gear
should be replaced, exercise care when remov-
ing the ring gear rivets. Fig. 5 shows the
correct way to remove the ring gear rivets to
avoid damage to the differential case.

The four differential spider pinion gears
run on bronze bushings and where they are
found to be worn excessively, the bushings can
be replaced. Cut the old bushings out of the
pinions and using the special tool shown in Fig.
6, install and burnish the new bushings in the
pinions.

Bronze bushings are burnished by means
of a stud ball which, when being pressedthrough
the pinion bushings, compresses the bushing
metal, giving a denser surface and tighter fit
in the pinion. The burnishing operation also
locks the bushings in place in the pinion, since
some of the bushing metal is compressed into
the locking groove located on the inside bore of
the pinion. The correct size ball should be ap=
proximately .005" larger than the spider trun=-
nion. Do not attempt to ream the spider pinion

(—-”P;é:s bar

:Presg burnishing ball
through bushing

A-19691

Fig. 6 - Use bar to press burnishing ball
through bushing, The correct size ball should
be approximately .005" larger than the differ-
entijal spider trunnion.

Remove the pinion shaft from the pinion
cage on a press, Remove the inner pinion
bearing with a suitable puller. The inner radial
bearing retainer is removed after removal of
the retainer screw.

Pinion Bearing Pre-Load

When the pinion shaft, bearings, bearing
spacers and pinioncage havebeen reassembled,

'Rt;ad scale while -

+ pinion cage turns

bushings.

Pinion

The pinion cage can easily be withdrawn,
from the differential carrier with the use of
puller screws provided.
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Fig. 7 - Checking pinion bearing pre-ioad using
torque method.
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be sure to check the bearing pre~load. Attach
a scale tothe end of a soft wire wrapped around
the pinion cage as in Fig. 7. Read the scale
only when pinion cage is moving (rotating
torque). If first adjustment does not result
in correct pre~load, select a thicker combina-
tion of spacers to decrease, or use thinner
combinations of spacersto increase the bearing
pre-load. The rear axle specifications list the
correct bearing pre-load for these axles.

Gear Adjustment for Correct Tooth Contact

Checking tooth contact is accomplished by
means of oiled red lead applied lightly to the
bevel gear teeth. When the pinion is rotated,
the red lead is squeezed away by the contact of
the teeth, leaving bare areas the exact size,
shape and location of the contacts.

Gear Adjustment for Lash

Generally, if original gears are being re-
installed, red leading of teeth will not indicate
the same contact as newgears and can be mis-
leading. Gears that have been in service for
long periods form running contacts due to wear
of teeth; therefore, the original shim pack should
be maintained to check gear lash. Gear lash,
when using original gears, can be reduced only
to a point of smooth rotation of gears.

If the gear lash in in excess of maximum
tolerance as stated under gear adjustment, the
lash may be reduced only in the amount that
will avoid overlap of the worn tooth section.
Rotate the gearsand check for smooth or rough
operation. If a slight overlap, takes place at
the worn tooth section, rotation will be rough.

Dial indicator

Fig. 8 - Checking gear lash,

When installing new gears, check gear lash
with dialindicator (Fig. 8) andadjust to obtain
.006" to .012" lash as follows:

1. To move pinion toward gear, remove shims
from pack under pinion cage.

2. To move pinionaway from gear, add shims
under pinion cage,

3. Tomove gear, tightenor loosendifferential
bearing adjusting nuts as required.

After correct gear lash is secured, check
and adjust as necessary to obtain the correct
tooth contact. (See gear Adjustmentfor correct
tooth contact.)

Adjust Differential Bearing Pre-~Load

Using dial indicator at back face of ring
gear (Fig. 9), adjust to obtain bearing pre-load
as follows:

1. Loosen adjusting nut on side opposite gear
teeth only enough to notice end play on in-
dicator.

2. Tighten same adjusting nut only enough to
obtain .000" end play reading on indicator.

NOTE: While gear isheld in.000" end play
and before loading bearings, check gearfor
runout. If runout exceeds .008", remove
differential and check for cause.

- P Uhbjustment made
. 7 at this nut '

N A-19695

Fige 9 - Adjusting differential bearing pre=
load.
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3. Tighten BOTH adjusting nuts one notch each Lubrication
from .000" and playto pre-loaddifferential
bearings. 1. Remove inspection and oil filler plug (Fig.

4, Tighten bearing cap stud nuts to specified
torque (L-100and R-100 Axle). (Rear Axle

Specifications).

5. Install adjusting nut locks, capscrews and
lock wires.

Thrust Block Installation

Turn carrier assembly to bring back face
of ring gearfacing upward and install the thrust
block as follows: ;

1. Place thrust block on rear face of gear
and rotate gear until hole in thrust block
is aligned with the adjusting screw hole.
NOTE: A light coating of grease placed
on the thrust block face will serve to hold
the block in position on the rear face of
the gear.

Adjusting screw§

W A-19697

Fig. |10 - Adjusting clearance of thrust block.
Turn adjusting screw out of carrier |/4 turn to
obtain .010 to .015 inch clearance.

2. Install adjusting screw and lock nut. Tight-
en adjusting screw to force thrust block
against gear, then back off one quarter (1/4)
turn and lock securely with lock nut (Fig.
10). Clearance between back face of gear
and thrust block is ,010 to .015". CAU-
TION: Be sure that the adjusting screw
end is seated properly in the thrust block
hole.
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1) and fill to level of plug hole with spec~-
ified lubricant. Capacity for the R-100
axle is 30 pints (30 lbs.). Capacity of the
1.-100 axle is 23 pints (23 1lbs.).

2. Jack up BOTH rear wheels and operate
vehicle in high transmission gear at ap~
proximately 25 miles per hour for five
minutes to assure proper lubrication of all
parts before the unit is put into service.

Both wheels should rotate atapproximately
the same speed while the vehicle is jacked up.
Do not allow one wheel to race faster than the
opposite wheel. To do so might cause serious
damage to the differential spider and gears.

Use SCL, EP gear oil or a multi-purpose
gear lubricant suitable for hypoid axles and
supplied by a reputable refinery., SAE-90 for
cold climate and SAE~140 for warm climate.
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DOUBLE-REDUCTION TWO-SPEED AXLE
(TIMKEN 300 SERIES AXLES)

FAST SPEED SLOW SPEED
HELICAL GEAR HELICAL GEAR
DIFFERENTIAL
 ASSEMBLY
FAST_SPEED 3
FREE ROLLING WHEN COLLAR
ENGAGES SLOW SPEED PINION
HYPOID éEAR /
HYPOID PINION
SPACER—SELECTION OF
PROPER SPACER GIVES SLOW
SPEED PINION

DESIRED PINION BEARING
PRE-LOAD

SHIFT COLLAR SLIDES ON

<SPLINED PORTION OF SHAFT,
ENGAGING DESIRED PINION

CROSS SHAFT
ASSEMBLY

SPLINES ON FREE-ROLLING

~ - SLOW SPEED PINION A-15790

Figo. | = Two~speed Double-Reduction Drive Unit

Description

The Timken Two~Speed Double-Reduction
Final Drive Differential (Fig. 7) provides two
gear ratios-~-actually two full size final drives
in one unit; a "fast" ratio for maximum speed
and a "slow" ratio for maximum pulling power.
This feature enables the truck driver to use
the proper axle gear combination required for
speed, load and road conditions.

Operation

The first reduction in the Timken Two-
Speed Double Reduction Drive Axle is through
a heavy duty hypoid bevel pinion and gear. The
hypoid bevel pinion and gear set operates in
conjunction with either of two sets of wide-face
helical spur gears and pinions of different ratios.
This second reduction is selective between a
fast or slow ratio.

The bevelpinion is mounted on two tapered
roller bearings in a pinion cage. The bevel
gear is locked on thecross shaft by a key. The
cross shaft is mounted on tapered roller bear-
ings and carrier two free-rolling helical spur
pinions. Both spur pinions engage helical spur
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gears attached to the tapered roller bearing
mounted differential,

On the inner side of each of the spur pinions
are integral splines. On the cross shaftare two
rows of splined teeth. A shift fork, actuated by
an electric power shift unit, moves the shift
collar on the splined portion of the cross shaft
to engage the splines on the fast or slow speed
spur pinion. See Fig, 4.

When the fast axle speed is selected and
torque released, the shift collar is moved to-
ward the fast speed spur pinion, and atthe same
time disengages the splines on the slow speed
spur pinion. The fast speed spur pinion then
revolves as part of the cross shaft to drive the
fast speed spur gear. During this operation
the slow speed spur pinion is disengaged so as
to rotate freely on the cross shaft. Power is
transmitted through the hypoid pinion and gear,
cross shaft, clutch collar, fast speed spur pin-
ion and gear, differential and axle shafts,

When the slow speed is selected and torque
released the shift collar moves in the opposite
direction disengaging the fast speed spur pin-
ion and locking the slow speed spur pinion as
part of the cross shaft. Power is then trans-
mitted through the slow speed spur pinion and
gear, differential and axle shafts.,
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The design of the shift collar prevents dis=-
engagement until the opposite gear ratio is
selected and torque released.

Adjustments and Clearances

Various clearance adjustments are pro-
vided for both in the axle gearing and shifting
mechanism. These adjustments once made,
seldom need attention. Where a disassembly
job is tobe performed, the detailed information
found in Shop Talk No. 34 will be most helpful.

Hypoid Pinion and Cage

The pinionand bearings are installed in the
pinion cage witha pre-load secured by following
the instructions under PinionBearing Pre-Load,
Sec, A, The pre-load in controlled by proper
selection of spacers, or combination of spacers,
located between the outer pinion bearing and
bearing seat on the pinion shaft (Fig. 1). These
spacers are ground toclose tolerances and are
available in graduated thicknesses. Thicker
spacers decrease bearing pre-load and thinner
spacer increasebearing pre-load. For correct
procedure see pinion bearing adjustment for
correct pre-load, Sec, A,

When installing the pinion cage assembly
in the differential carrier, be sure that the oil
passage holes in the carrier housing, gasket,
shim pack and pinion bearing cage are aligned.
When the original gears are being reinstalled
use the original shim pack plus a new gasket
under the pinion cage.

Hypoid Ring Gear and Cross Shaft

The hypoid ring gear is assembled on the
cross shaft by pressing the gear firmly against
the cross shaft shoulder (Fig. 2). To facilitate

| HYPOID GEAR
IS_PRESSED:

_ AGAINST -

; ‘ITS §EAT

HYPOID EAR

Fig. 2 -~ Pressing hypoid gear on cross shaft.

installation the gear may be heated toc 200 to
2500 F, Be sure the key is in line with the key
slot in the gear before pressing the gear into
place.

The fast speed pinion located between the
hypoid ring gear and splined teeth on the cross
shaft should have an end play of at least .010".,
Normal end play will be from .015" minimum
to .030" maximum. The slow speed pinion end
play must also check to a minimum of .010".
The shift collar is installed over the springs
and poppets with the longer splines on the in-
side diameter of the collar toward the hypoid
ring gear.

The cross shaftbearing pre-load is meas-
ured by wrapping wire around the slow speed
pinion and pulling with a scale to a reading of
approximately 8 pounds rotating torque (not
starting torque), (Fig. 3).

To obtain correct pre-load add or remove
shims at shim pack under bearing cage on
cross shaft end opposite ring gear. Use origi-
nal shim packs plus a new gasket when rein-
stalling original gears.

AR ROTATES

g

GE

=
T g RN |

A A Sl Bl D ¥

"COLLAR IN SLOW
SPEED POSITION

Fig. 3 - Checking cross shaft pre-load.

Gear Tooth Impression and Lash

When the hypoid gear sethas been renewed,
adjust gear back lash with dial indicator, and
adjust to obtain .006" to .012" lash. Movement
of the gears is controlled as follows:

1. To move pinion toward ring gear, remove
shims from pack under pinion cage.

2. To move pinion away from ring gear, add
shims to pack under pinion cage.

3. To move ring gear away from pinion, re-
move shims from pack under cross shaft
bearing cage (side opposite ring gear) and
add shims of equal thickness to pack under
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cross shaft bearing cage (ring gear side).
Shims should be transposed in this manner
to maintain the established pre-load.

4. To move ring gear toward pinion, remove
shims frompack under cross shaft bearing
cage (ring gear side) and add shims of equal
thickness to pack under cross shaft bear-
ing cage (side opposite ring gear). Shims
should be transposed in this manner to
maintain the established bearing pre-load.

When correct gear lash is obtained, check
and adjust as necessary to obtain correct tooth
contact using oiled red lead applied lightly to
the ring gear teeth. Gear tooth impression
illustrations are shown in Section "A," pages
3 and 4.

Shift Collar Adjustment

The shifting collar serves as the lock be~
tween the cross shaft and either the high or the
low speed spur pinions. When engaged with
either speed spur pinion the collar must be
flush against the spur pinion face {Fig. 4). The
collar is held flush against the pinions by three
spring loaded poppets located inthe cross shaft,
and unless there is misadjustment in the loca~
tion or travel of the shifting fork the collar will
seat itself against whichever gear is selected.

Coasnaew

DJUSTING SCREWS

:’ H
A-15840

010 MIN, EACH SIDE OF SHIFTING FORK
Fig. 4 -Checking clearance between shift collar

and spur pinion. Clearance shouid not be less

than ,010".

To check the travel of the collar when the
differential is mounted on the axle housing it is
necessary to remove the pinion cage assembly.
Illustrations show details of the checking pro-
cedure with the carrier removed from the axle
housing and the differential gear assembly re-
moved.
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Check clearance of shift fork collar (flat)
faces in shift collar with feeler gauge (Fig. 4).
The clearance should not be less than .010"
minimum on each side of the fork in both the
fast and slow speed positions. When checking
this clearance the shift collar must be flush
with the end face of the spur pinion in both fast
and slow positions.

Shims located at the shifting chamber
bracket regulate the travel range of the shift
rail and fork. Add or remove shims to allow
the shift collar to seat flush against the spur
pinions in both high and low positions (Fig. 5 & 6).
The electric shiftchamber and bracket assem-
bly must be removed from the carrier in order
to remove shims.

Bracket  Spring— completes shift Bell crank

i when engine torque
Shift motor is released

mounting

hinaaa e = ; N-
Shims —for adjusting

————— movement of shifting
shaft A-22024

Shifting shaft

of front mounted electric

Fige 5 - Details
Note location of shims for

shifting mechanism,
travel adjustment.

| Electric shift motor

M

Spring — completes shift
when engine torque
is released

.................

Rear axle housing

" Shims —for adjusting movement

of shifting fork
A-22922

Fig. 6 - Showing details of side mounted elect-
ric shift mechanism. Shims are provided to ad-
just travel of shift fork. Overhaul procedure
for the electric shifting unit is given in the
Electric Shift Section "H".
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Fig. 7 - Adjusting stop screws to limit travel
of shifting fork. Fig. 4 shows point of contact
of the screws with the shifting collar,

Adjusting screws located on top of the car-
rier housing {Fig, 7) provide means of limiting
the travel of the shifting fork and rail. Turn in
or outon eachadjusting screw to stop the travel
of the shifting fork so that the fork does not
bear against the sides of the shifting collar
after the collar is seated flush with the spur
pinionface inboth highand low positions. There
must be a minimum of .010" clearance between
the fork and shift collar. This clearance is to
assure that the collar is free of shifting fork
interference and allows the poppets to hold the
collar against either of the spur pinions. Also
the .010" minimum clearance is running clear-
ance between the forks and collar sides to pre-
vent unnecessary wear to the two parts.

Differential Adjustment

The differential assembly is installed in
the carrier with the helical gears located to
provide approximately 1/16" clearance between
the helical gear sides and shift collar faces in
both the fast and slow speed positions. Move
the differential assembly from side to side to
obtain this adjustmentby turning on the adjust-
ing nuts.

Using dial indicator at the side face of one
of the helical gears adjust to no end play (.000"
end play), in the differential bearings. Rotate
assembly several times to assure normal bear-~
ing contact. Tighten adjusting nuts one notch
each from .000" end play to secure the correct
differential bearing pre~load.

With the dial indicator contacting the side
face of the helical gear check for runout. If
runout exceeds .008" remove differential and
check for cause.

Lubrication

1. Before starting new truck and after over-
haul, remove pipe plig at pinion cage and
insert one pint of specified lubricant.

2, Fillaxlehousing tocorrectlevel with spec~
ified lubricant. Capacity is 18-1/2 quarts
(37 1bs.).

3. Jack up BOTH rear wheels and operate
vehicle in high transmission gear at ap-
proximately 25 miles per hour for five
minutes to assure proper lubrication of all
parts before the unit is put into service.

Both wheels should rotate atapproximately
the same speed while the vehicle is jacked up.
Do not allow one wheel to race faster than the
opposite wheel. To do so might cause serious
damage to the differential spider and gears.

Use SCL, EP gear oil or a multi-purpose
gear lubricant suitable for hypoid axles and
supplied by a reputable refinery. SAE-90 for
cold climate and SAE-140 for warm climate.

When reassembling the differential gears,
thrust washers, cross shaft spur gears and
bearings lubricate the wearing surfaces with a
light coat of specified axle lubricant. This will
help provide initial lubrication.

INSPECTION HOLE COVER

GASKET

HYPOID PINION
CAGE OIL PLUG

K
e

Fig. 8 - Insert one pint of lubricant in pinion
cage before starting new truck or after over-
haul.

‘A-T0154

Electric Shift

The electric shift mechanism used on all
Timken double-reduction two speed axles is
identical with the electric shift used on Eaton
two speed axles. For detailed information see
Electric Shift Section "H",
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DOUBLE-REDUCTION AXLE
(TIMKEN 200 SERIES AXLES)

(See Shop Talk No. 25 for complete illustrated disassembly)

Hypoid gear

Hypoid pinion

Differential case

Helical gear

Helical pinion

A-j0067

Fig., | - Double-Reduction Drive Unit (Timken).

The Timken S-200-P and U-200-P series
double-reduction rear axles (Fig. 1) introduce
improvements in design and construction over
conventional rear axles for on-highway and off-
highway service in heavy-duty motor trucks,

These axles provide increased torque ca-
pacity and eliminate the former need, because
of specific chassis requirements, for both top-
mounted and front-mounted double-reduction
final drive umits. The differential carrier on
the S-200-P and U-200-P axles is mounted at
an elevation which is a satisfactory compro-
mise between the two extremes,

The S-200-P and U-200-P rear axles em-
ploy the same differential and carrier assem-
blies. They differ only in that the rear axle
housing of the S-200-P is of lighter construc-
tion for the $-200-P axle is not intended for
off-highway service,

Drive Unit

The drive unit, or differential carrier as=-
sembly, is mounted on the sloping front face of
the axle housing and is readily removable for
periodic inspection.
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The differential bearing -

legs are dowelled in the axle housing to elim~
inate deflection under torque load. :

Pinion Shaft Location

The pinion shaft is located at an elevation
midway between that used on the front-mounted
type axles, where the pinion shaft is on the
axle center line, and that used on the top-
mounted type axles, where the pinion shaft is
considerably above the axle center line (Fig. 1),

Final Drive

The final gear-drive consists of a large
diameter hypoid bevel gear and bevel pinion
for thefirst reduction, and a wide-faced helical
gear andhelical pinionfor the second reduction.

A range of gear ratios is available to
meet all operating requirements. (See Specifi-
cations,)

Axle Housing

The axle housings in both axles are simi-
lar in design, although the U-200-P axle hous-
ing has larger sections to produce its greater
load carrying capacity.
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Differential

The differential assembly of this axle con-
sists of four 9-tooth pinions mounted on a spi-
der and two l6-tooth side gears all assembled
into the differential case, both halves of which
are identical.

Hardened-steel thrust washers are in-
stalled between the side gears and the caseand
between the pinions and the case. The large
helical gear is mounted between the differential
case halves and the assembly is held together
by twelve rivets. The differential assembly is
mounted in tapered roller bearings.

Qil Seals

The rear wheel outer oil seal is illus-
trated in Fig. 2. This is the latest type oil
seal assembly and when installing this seal, be
sure to cement the new cork gasket to the inner
flange of the new wiper ring.

Gasket Gasket IWheel hub
|1
Se.al
retainer
assembly
AN

Axle
shaft

Seal wiper \__ Cork gasket cemented to
seal wiper  4.16014

Fige 2 - lllustrates sectional view of seal
installed.

The seal wiper and cork gasket are
pressed over the end of the axle tube. Be care-
ful not to bend or damage the seal wiper when
installing. (Fig. 3).

The seal retainer assembly is placed over
the axle flange studs, as shown in Fig. 4, using
a gasket on both sides of the seal retainer as-
sembly,

The rear wheel inner seal construction is
illustrated in Fig. 5. Before installing the
inner seal, check the location of the bearing
and oil seal spacer to be certain that the seal
lip on the oil seal assembly faces toward the
0il seal wiper ring in the wheel hub, as shown.

Special adapters should be used in seal
installation as described in Service Bulletin
B-97-1946 and Addendum No. 1.

Axle housing Wiper ring A-19635

Fig. 3 = {llustrates wiper ring and gasket.

A-19634

Fig. 4

Bearing

e \
7

— = .
TT\”/\ ey
. /}pacer

— Bearing and
oil seal spacer

Axle housing

A-1599¢

Fige 5 ~ Rear wheel inner seal.



L-LINE MOTOR TRUCK SERVICE MANUAL

AXLE-REAR
Section F
Page 3

Lubrication
1. Before starting new truck and after over-
haul, remove pipe plug at pinion cage and

insert one pint of specified lubricant.

2, Fill axle housing to correct level with
specified lubricant. The various axle ca-
pacities are found in Lubrication Section.

3., Jack up BOTH rear wheel and operate ve-
hicle in high transmission gear at approxi-
mately 25 miles per hour for five minutes
to assure proper lubrication of all parts
before the unit is put into service,

Both wheels should rotate atapproximately
the same speed while the vehicle is jacked
up. Do not allow one wheel to race faster
than the opposite wheel, To do so might
cause serious damage to the differential
spider and gears.

Use SCL, EP gear oil or a multi-purpose
gear lubricant suitable for hypoid axles and
supplied by a reputable refinery. SAE-90 for
cold climate and SAE-140 for warm climate,

Hypoid Pinion and Cage

The pinion and bearings are installed in
the pinion cage with a pre~load as indicated in
Rear Axle Specifications for these axles. The
pre-load is controlled by proper selection of
spacers, or combination of spacers, located
between the outer pinion bearing and bearing
seat on the pinion shaft., These spacers are
ground to close tolerances and are available in
graduated thicknesses. Thicker spacers de-
crease bearing pre-load and thinner spacers
increase bearing pre-load. For correct pro-
cedure, see Pinion Bearing Adjustment for
correct pre-load, Section "A", page 6.

When installing the pinion cage assembly
in the differential carrier, be sure that the oil
passage holes in the carrier housing, gasket
shim pack and pinion bearing cage are aligned,
When the original gears are being reinstalled
use the original shim pack plus a new gasket
under the pinion cage,

Helical Gear Shaft (Cross Shaft)

The helical gear or cross shaft is mounted
at right angles to the hypoid pinion shaft in the
carrier housing, This shaft is a one-piece
steel forging consisting of an integral helical
drive pinion gear in the center, The hypoid
ring gear is aligned with key in shaft before
pressing gear onto shaft,
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To remove the cross shaft, it is necessary
to first remove the differential and helical ring
gear assembly; second, withdraw the hypoid
ring gear when being removed, (Do not remove
universal joint flange,) Then remove both
bearing cages, move shaft enough to allow
bearing at ring gear end of shaft to clear the
carrier housing and tilt shaft to rear for re-
moval from carrier,

The correct bearing pre-load is obtained
by adding or removing shims at shim pack
under the cross shaft bearing cage at end op-
posite hypoid ring gear, Use orignial shim
pack plus a new gasket when reinstalling ori-
ginal gears. To measure correct bearing pre-
load, follow method outlined for Timken Double-
Reduction Two-Speed Axles, Section E, Fig, 3,
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Fig. | - Details of axle mounted power divider mounted on forward rear axle.

AXLES--RF-1475, RF-1575, RF-1685.
FOUR-WHEEL, AXLE-MOUNTED POWER
DIVIDER

The above axles have a power divider built
as an integralpart of the differential assembly.
This results in a more simplified tandem axle
design, with less moving parts. The compact-
ness of the combined power divider and differ-
ential makes possible the use of fewer propeller
shafts and eliminates the need for a propeller
shaft hanger at the rear of the vehicle. The
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power from the engine is delivered through the
transmission (and auxiliary transmission
where the truck is so equipped) to the power
divider which, as the name implies, divides the
power between the two axles, A differential
unit is included in the power divider to com-
pensate for the difference in speeds between
the two axles. This difference in axle speeds
is brought about by wheels slipping on either
of the axles or slightly different tire diameter
due to tire wear, (Both rear axles on six-
wheel (6x4) trucks have the same axle differ-
ential ratio.)
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Legend For Fig. 1
1. Mainshaft. 42, Differential carrier to axle housing mount-
*#2, Companion flange retaining nut. ing gasket.
3. Companion flange. 43, Axle shaft,
*4, Thrust washer. 44, Differential carrier bearing.
5; Slinger. 45. Adjuster lock.
6. Felt. 46. Differential case bolt and nut,.
7. Oil seal. 47. Bevel ring gear rivet.
8. Bearing cover retaining nut. 48. Differential case, flange half,
9. Bearing cover. 49. Differential spider.

10. Bearing cover gasket.

11. Mainshaft bearing, front.

12. Differential lock,

13. Transfer case cover.

14, Thrust washer.

15. Forward axle bevel pinion shaft.
16. Pinion bearing cage cover.

17. Outer pinion bearing nut.

18. Pinion bearing cage capscrew.
19. Pinion bearing cage cover seal.
20, Pinion bearing cage.

21. Shims.

22. Thrust washer.

23. Pinion bearing, outer.

24. Pinion bearing spacer.

25. Pinion bearing, inner.

26, Spacer.
27. Differential spider thrust washers, power
divider.

28, Transfer case.

29. Forward axle helical drive gear.
30. Oil seal assembly.

31. Pinion bearing.

32. Pinion bearing sleeve.

33. Pinion bearing sleeve set screw.

34, Power divider to differential carrier
mounting capscrew.
35. Power divider to differential carrier

mounting gasket.
36. Differential carrier.
37. Bevel ring gear.
38. Differential lubricator.
39. Differential lubricator retaining capscrew.
40, Differential carrier bearing adjuster,
41. Differential carrier mounting capscrew.

* Rear-rear axle drive shaft outer bearing
cover assembly, flange nut and thrust washer
are identical with the units on outer end of
mainshaft.

A differential lock is available for the
power divider. This locking arrangement is
used to lock both the front rear and rear rear
axles together and is generally used when the
vehicle is operating in mud, snow or off the
highway.

50. Differential thrust

washer,

51. Differential spider pinion gear.

52. Differential case, plain half,

53. Differential side gear thrust washer.

54. Differential side gear.

55. Axle torque arm.

56. Axle housing.

57. Rear~rear axle drive
flange.

58. Rear helical and side gear thrust washer,

59. Rear helical and side gear,

60. Breather.

61. Differential case (male).

62, Differential spider.

63, Differential case (female).

64. Rear-rear axle helical drive gear.

65. Differential case bolts.

66. Differential spider pinion gear,

67. Front helical and side gear.

68. Rear-rear axle helical drive gear.

69. Transfer case cover mounting gasket.

70. Transfer case cover,

71. Transfer case cover mounting capscrews.

72. Thrust washer.

73. Drive shaft bearing, inner,

74. Drive shaft nut, inner end.

75. Rear-rear axle drive shaft.

76. Shifter fork. :

77. Shift fork bracket mounting gasket.

78. Shift fork bracket retaining capscrew,

79. Shift fork lever.

80. Shift fork lever boot.

81. Shift fork bracket.

spider pinion gear

shaft companion

NOTE: Rear-rear axle drive shaft inner
bearing (73) and nut (74) are identical with
mainshaft inner bearing and nut,

CAUTION: The differential must not be
held in the locked position longer than neces-
sary. Driving the vehicle on improved or
paved roads with the differential lock engaged
will subjectthe axles and gears to unnecessary
strain, The differential lock shift fork is
spring loaded and automatically releases the
lock when shift lever is released by operator.
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DISASSEMBLY OF POWER DIVIDER
(AXLE MOUNTED)

To disassemble the power divider, proceed as
outlined in the following steps:

1. Remove nine power divider to differential
carrier mounting capscrews and lift off the
power divider, Be sure mounting gasket is
also removed,

2. Place power divider in a transmission stand
or other suitable fixture and remove the
four pinion bearing cage mounting cap-
screws and remove pinion shaft cover.

3. Remove self-locking setscrew in the trans-
fer case to release pinion bearing sleeve,

4. Remove pinion shaft outer bearing nut and
using a soft hammer, tap end of shaft to
release pinion bearing sleeve and bearing
from housing, Withdraw pinion shaft as-
sembly from transfer case, Complete dis=
assembly of shaft by removing inner pinion
bearing, spacer, front axle helical drjve
gear and pinion bearing,

5. Remove pinion bearing cage from transfer
case,

6. Remove mainshaft bearing retainer nut
inner end.

7. Remove companion flange mounting nut,
and using a suitable puller, remove com-
panion flange and slinger assembly.

8. Remove four bearing cover capscrews and
lift off bearing cover,

9, Using a bronze bar, drive inner end of main-
shaft until shaft passes through rear helical
and side gear and thrust washer. This gear
and washer can now be removed through
pinion bearing sleeve opening in transfer
case,

10, Continue pushing mainshaft toward front of
transfer case until differential case as-
sembly and thrust washers are free of shaft,
Differential case will also pass through
pinion bearing sleeve opening in case, Mark
differential case halves so original assembly
can be duplicated., Keep differential spider
thrust washers with differential case to as-
sure correct reassembly,

11. Withdraw mainshaft all the way. Front
helical and side gear, thrust washer and
differential lock (where power divider is
so equipped) can now be removed through
pinion bearing sleeve opening.
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12. Usiag a suitable puller, remove both front
and rear mainshaft bearings., This com-
pletes disassembly of mainshaft,

13. Remove the nine transfer case cover re-
tainer screws., Carefully remove cover
so as not to damage cover or gasket face of
transfer case, as cover must be removed
from front bearing of rear rear axle drive
shaft,

14, Remove nut at front end of rear rear axle
drive shaft, The companionflange at rear
of shaft should be used to hold shaft while
removing nut,

15, Remove companion flange retaining nut
and flange at rear of rear rear axle drive
shaft, Remove companion flange with suit-
able puller,

16, Remove the four bearing cover retaining
capscrews and remove bearing cover.

17, Remove bearing at front end of rear rear
axle drive shaft using a suitable puller.
Also remove helical gear retaining washers.

18, Tap front end of rear rear axle drive shaft
with a soft hammer to remove helical drive
gear and spacer. This action will also drive
the rear bearing out of case so that the
shaft may now be lifted out.

19, Place rear rear axle drive shaft in vice
having soft jaws and pull the rear bearing
off the shaft,

The power divider is now completely disas-
sembled, Place all parts in a cleaning solution
to remove all dirt and sludge deposits. Be sure
transfer case is free of any loose metal particles.
Carefully inspect all parts and replace any that
are doubtful as to further satisfactory service-
ability,

To reassemble the power divider, the exact re-
verse procedure as outlined for disassembly
should be used. However, it is advisable to
observe the following precautions:

Be sure all sealing surfaces are free of nicks
and that the old gasket material has been com-
pletely removed. NOTE: The transfer case to
differential carrier mounting gasket is ,008"
thick.

The differential case was marked as to for-
ward side and also for correct reassembly of
the two case halves, It is of utmost importance
that the eight differential case mounting bolts
be so installed that the bolt heads are also
on forward side of differential assembly after
installation in power divider. NOTE: Female
half of differential case should be forward.
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To secure the pinion bearing pre~-load reading
specified in the Rear Axle Specifications for
this model axle, see Pinion Bearing Adjustment
for Correct pre-load, Make a bench assembly
of bevel pinion shaft, bearings, spacers and
pinion bearing cage. Place all parts in the same
position as in the final assembly., The pinion
shaft assembly may now be placed in the press
shown in Fig, 2. After the correct pinion bear-
ing pre-load reading has been secured remove
outer pinion bearing and pinion bearing cage
only, The pinion shaft is now ready for install-
ation, Complete assembly of pinion shaft to
transfer case by inserting pinion shaft through
pinion bearing sleeve opening until sleeve is in
correct position. Install pinion bearing cage,
outer pinion bearing, thrust washer and nut.
Do not fail to install pinion bearing sleeve set
screw after the cone center and back lash ad-
justments have been made., Use a new bearing
cage cover oil seal when completing assembly.

After the correct pinion bearing pre-load has
been obtained, mount power divider on differ-
ential carrier. The pinion cone center adjust-
ment may now be made, Follow procedure set
forth under SE~1065 Pinion Setting Gauge., Bear
in mind the adjustment of the bevel pinion is
controlled by means of a shim pack under the
pinion bearing cage at forward side of power
divider. The differential assembly may now be
completed and the bevel ring gear adjusted for
back lash -~ as marked on outer rim of ring
gear., Be sure to obtain a tooth contact pattern
as outlined under General Rear Axle Hypoid
Pinion and Ring Gear Adjustment Point Im-
pression Method,

The differential carrier and power divider
assembly is now complete and ready for in-
stallation in forward rear axle housing, Use
a new differential carrier mounting gasket.,

Center Cross Bar

The assembly of the center cross bar and
saddle is shown in Fig. 2. The sleeve is lo-
cated in the saddle and is locked in place by
two thru-bolts. Inside the steel sleeve there
is a center cross bar, which must rotate freely
in the sleeve, In the LF~170 the center cross
bar is solid steeland on the LF-190and LF-210
it is a steel tube, In removing the tube or
cross bar, it is first necessary to jack up the
rear end of the truck, remove the spring
shackle pins, remove the two equalizer beam
end bolts, then remove the saddle, equalizer
beam and the springs. The tube or cross bar
is then removed from the supporting sleeve.

Equalizing Beam Ends

Equalizing beam end constructionis shown
in Fig. 3.” The beam end ball is supported in a
two-piece bronze socket which is pressed into
the beam end. Lock bolts prevent the sockets

LOCATION OF LUBRICATOR

SHAFT

SEAL WASHER

BUSHING
A-16155
Fig., 2
Cotter pin
Nut
L
Felt retainer Nut
Lockwasher
Socket ., ﬂg‘i '
Beam end ball N Plain washer

Felt seal &
Spring

Rot—x L1 J

Socket lock holt

Equalizing beam

Lubricator

2. 1
‘7,
7,

Socket (upper halfl—L{s’\’

Socket (lower half)

A-22712

Fig. 3
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from moving and felt seals with spring retain-
ers are used to guard against leakage of lubri~-
cant and entrance of dirt.

When replacing a socket or ball, assemble
both halves of the socket to the ball and press
the assembly into the beam end. Make sure
that the grease hole in the socket indexes with
the lubricator hole in the beam end - THIS IS
VERY IMPORTANT. Both sides of the socket
must be counterbored flush with counterbore in
beam so that the socket lock bolt and plain
washers will prevent the socket from shifting.

Install felt seals and spring retainers
before assembling the beam end to the bracket.
The beam end bolt nut should be drawn up as
tight as possible and securely locked with a
cotter pin,

Torque Rods

Figure 4 illustrates the torque rod end
assembly used on six-wheel L-line models.
Shims are used between the ball sockets to
provide proper adjustment.

To disassemble, remove the torque rod
ball cap, then tap the torque fod near the
bronze socket and the lower half of the socket
will slip out. The ball stud nut should then be
removed and the ball stud driven out of torque

rod.

Reassemblyis accomplished in the reverse
manner. Press upper half of ball socket into
torque rod and insert ball stud. Install shims
(approximately .035") and insert lower half of
socket. Assemble cap and tighten securely.
Check movement of ball stud, using a piece of
tubing about 16" long as a lever. If ball stud
moves too freely, remove a .005" shim, and if
too tightly, add another ,005" shim. Only a
slight drag should be felt.

NOTE: Be sure that the felt seal retainer
and spring are replaced to prevent leakage of
grease and entrance of dirt.
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ELECTRIC SHIFT (EATON)
USED ON EATON AND TIMKEN TWO-SPEED AXLES

Shifting
motor
assembly

Mounted on two

Fig. | - Electric Shift Unit.
speed axle.

Description

The electric shift device consists, in the
main, of an electrically operated shifting fork
and shifting unit located on the two-speed axle
(Fig. 1). The shift fork is activated by a two-
directional coil spring and lever assembly
(Figs. 6 and 7). The purpose of this spring and
lever assembly is to move the shiftfork quick-
ly into the high or low speed position when
gear load is momentarily removed from the
differential.

The actual shifting or gear movement is
performed by the coil spring located in the
housing of the electric shift unit, The coil
spring which performs the shift must be placed
under tension or in a loaded state before gear
shift can be accomplished. This is provided
for bya reversible electric motor which drives
a power screw which in turn actuates a drive
nut in either direction. Trunnions on either
side of the drive nut engage slots in the spring
lever. Movement of the lever in either direc-
tion energizes the spring which performs the
shifting movement.

The control of the electric shift unit is by
means of a two-way switchlocated onthe trans-
mission gear shift lever (Figs. 2, 3 and 4).
Moving control button up or down causes motor
at axle shift unit to rotate in either direction.
A limit switch located in the electric shift unit
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A

Boot

Control
button

V' Switch
receptacle
(part of wire
harness)

Two-way
switch

A-22894

Fige 2 = Electric Shift Unit Two Way Control
Switch

(Figs. 3 and 6) opens the circuit and stops the
motor when the shifting spring is fully ener-
gized, Any time thereafter, the shift is com-
pleted by the energy of the spring when torque
is momentarily released from the differential
gears either by releasing the clutch or closing
the throttle.

A two-speed adapter electrically operated
is located at the speedometer and is wired in
series with the ignition switch (Figs. 2, 3 and
5). The balance of the electrical circuit is
also wired in series with the ignition switch,
thereby preventing any closed electrical cir-
cuits in the system when the truck is idle and
the ignition switch is turned to the "OFF" po-
sition.

Speedometer
adapter
—p s
= 1'(‘:\ IGear shiftb
@’—_@ H ever switc :
AD To Shift motor
Circuit  ignition
=<| 2| breaker switch
2|5
1 Automatic
//( ' switch
e “~..Red B
1 3 =2

"Black C°

A-22525

Fig. 3 - Electric Shift Circuit Diagram
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Fige 4 = Illustration Of Electric Shift Parts

The system is further protected by a self-
resetting circuit breaker which becomes
operative when normal current flow continues
fora period longer thanis requiredto complete
a shift, or in case of an overload or direct
short.

Details of the various units of the "Electric
Shift'" their function, and the servicing of each
follows:

The switch (Fig. 2) with which the operator
controls the axleis located onthe transmission
gear shift lever.

This control switch has two positions -- up
and down, Three wires are connected to the
switch, When the selector button of the switch
is up, the battery wire (A -- Fig. 3) is con~
nected to wire (B -- Fig, 3) leading to one field
of the motor in the axle shift unit proper.

When the button is down, the battery wire
is connectedto wire (C -- Fig. 3) leading tothe
other field of the axle shift unit motor and also
to the speedometer adapter,

As shown in Fig. 2, the control switch is
connected to the harness or wiring system by
plugging into the three-pronged connector
which is part of the harness. The switch is
removable by slipping the rubber boot up tothe
knob and pulling apart,

Wiring System

The wiring system or harness as shown in
Fig, 3 has four terminals. Two of them (b) and
(c) in a double line run to the axle shift unit on
the axle. Of these the longer red one is con-
nected to the bottom terminal, and the shorter
black one is connected tothe top terminal, The
short single black wire (c) is connected to the
speedometer adapter and the green wire (a) is
connected to the circuit breaker. Wire (d)
connects the copper stud of the circuit breaker
to the cold side of the ignition switch. The

A-22629

Fig. 5 - Speedometer Two-Speed Adapter

circuitbreaker protects the system inthe event
of a short circuit. Should ashort circuit occur,
it will open the circuit until the trouble has
been corrected,

Speedometer Adapter

The speedometer adapter (Fig.5) compen-
sates for variations in the speed of the drive
shaft between high and low-speed range of the
axle,

This adapter is held in the high range by a
spring and in the low range by an electro mag-
net, The inner mechanism is lubricated and
sealed for life, but the two shaft ends should
occasionally receive a small amount of light
oil at the oil-wick cups.

Axle Shift Unit

This unit shifts the axle into high or low-
range. Fig. 6 shows the axle shift unit in the
high range of the axle, In this position wire (b)
(Fig. 3) carries current to one field of the
motor (6) (See Fig. 20 for Part Identification)
so that the armature and drive screw (20) turn
ina clockwise direction and move the nut down.
When the nut has traveled a sufficient distance
to wind the spring (23), a contact bumper on the
nut breaks an electrical connection on the
automatic switch (17) so that the motor is no
longer energized and the armature stops rotat-
ing. To make sure that the nut cannot travel
back onthe screw due to vibration, a ball screw
detent spring (Fig. 12) mounted on the cover
(26) holds the nut at the end of its travel on the
screw, The nut moves the spring winding lever
(24) down which pivoting on the pin (21), winds
the torsion spring (23) for high. Thus an in-
creased load is put on the spring, and in this
position the axle is ready to snap into the high
speed ratio as soon as the load on the axle
gears is relieved. The torsion spring is
assembled in the unit so that it is under 45 to
65 pounds pressure, depending on the size of
the axle, When the spring winding lever is
moved so that the spring is wound, the pressure
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Lever assembly

Limit
switch

Trunnion

Drive nut

A-22646

Fig. 6 -~ Axle Shift Unit In High-Range Position

Motor

Lever
assembly

PO

Power
screw

Drive
nut

Trunnion

Limit
switch

Coil spring

A-22893

Fige 7 = Axle Shift Unit In Low=-Range Position

of the spring is raised tofrom 90 to 135 pounds
again depending on axle size.

This additional means is used to shift the
axle, and when the shift is completed, the ends
of the spring come together leaving the origi-
nal tension of 45 to 65 pounds on the spring.
This preload tension holds the axle in either
gear,

Shift To Low

When the button is pushed down, the motor
is energized so that the screw moves counter
clockwise and the nut travels to the top wind-
ing the spring for a shift to low in the same
manner as before.
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SERVICE AND TROUBLE SHOOTING

General Information

If the electric shift should fail to operate
properly, the trouble should first be located.
A very handy tool for this is a test light con-
sisting of a light bulb, either 6 or 12 volts,
depending on the electrical system of the truck,
with two wires a few feet long and small
battery clips on the ends, Refer now to the
wiring diagram Fig. 3 and first connect the
test light to Point (d) on the circuit breaker
under the dash or hood, depending on the test
light to ground, Turn on ignition switch, or
accessory switch in the case of a diesel, and
the light should show. If it fails to light at
this point, there is a poor connection or broken
wire between the ignition switch and circuit
breaker. Next connect test light to Point (a)
on the circuit breaker -- Fig., 3 -- and again
the light should show, If it fails to show im-
mediately, watch the light carefully and listen
to the circuit breaker for a minute to see if it
is flashing off and on, The light should stay
on continuously at this point. If it flashes off
and on, or you hear the breaker clicking, it
indicates that too much current is flowing
and the circuit breaker is opening., This is
due either to a short circuit, or the motor in
the shift unit not being free to run. To deter-
mine which of these it is, remove the two wires
(b) and (c) from the axle shift unitand recheck.
If the light still flashes off and on or you still
hear the breaker clicking, it is due to a short
in the harness, but if the light now stays on
continuously the trouble is in the shaft unit,

If there is no light at all at this point and
the circuit breaker cannot be heard clicking,
disconnect the green wire from terminal (a)
Fig. 3 and again clip the test light to terminal
(a) post on the circuit breaker. If the light
fails to show here and did show on terminal (d)
the circuit breaker is bad and should be re-
placed,

If the test light glowed normally at point
(a), next remove the two wires (b) and (c) from
the axle shift unit and connect a test light wire
to one of these wires and the other test light
wire to ground. The red shift unit wire should
light the light only in high gear or up position
on the gear shift lever switch and the black
wire should light the light only in the low gear
or down position of the gear shift lever switch.
If the light fails to glow in either of the above
tests, it indicates a broken circuit in the har-
ness or gear shift lever switch. If both wires
light the test light in one position of the gear
shift lever switch, it indicates a short circuit
in the harness or gear shift lever switch.

Next connect the test light to the speedom-
eter adapter terminal (c) and ground. Here
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the light should glow in the low gear or down
position of the gear shift lever switch only, If
it fails to glow, it indicates a broken circuit in
the harness or gear shift lever switch.

These checks above will quickly locate the
trouble. When checking the harness for short
or open circuits, watch for broken insulation
and do not overlook the gear shift lever switch

which can best be tested by substituting a new
one in its place,

If the vehicle shifts normally but the
speedometer adapter fails to operate properly
make the above check with the test light to see
if it is getting current in the low range and if
it is, replace the adapter. When the trouble
has been traced to the shift unit, disassemble
as shown under disassembly and inspect the
parts carefully, All parts can be washed in
cleaning solvent except the motor,

When inspecting the parts, most failures
will be readily apparent; however, a few
assemblies should be checked as follows:

Automatic Switch

The automatic switch (17) Fig. 20 (serv-
iced only as an assembly) should have clean,
free moving points which close firmly under
spring tension.

Drive Screw

The drive screw (20) Fig. 20 (serviced
only as an assembly) should turn freely by ro-
tating the screw while holding the nut. When
the nut gets to the end of the screw, the screw
can continue to turn but the nut should not jam
or run off the end. By turning the screw in the
opposite direction, the nut will go to the other
end and stop as before while the screw can
continue to be turned.

The fiber bumper in the nut should be a
tight press fit. Be sure in assembly that this
fiber bumper is in toward the switch,

Motor

The motor (6) Fig. 20 (serviced only as an
assembly) is reversible so that with the motor
housing connected te one battery terminal and
either one of the two motor wires connected to
the other battery terminal, the motor will run
in one direction. With the other motor wire
connected to the battery, the motor will run in
the opposite direction, The motor has a stall
torque of approximately 6" lbs, The way to
check this motor is to put a small crescent
wrench on the rectangular drive on the arma-
ture shaft. Hold the wrench in one hand, hold
the motor itself firmly in the other hand or in
a vise and then connect one motor wire to a
battery terminal and connectthe motor housing

to the other battery terminal. The wrench
should then tend to turn with a torque or pull
of about 6" lbs., Allow the wrench to turn very
slowly, making sure that this pull or torque is
present the full 360° turn of the wrench, If one
armature winding of the motor is burned out,
this torque will disappear for a small part of
the 360°, While making this test, care
should be taken notto overheat the motor. This
motor is lubricated and sealed for life.

Rubber Diaphragm

The rubber diaphragm between the shift
unit and the carrier assembly, which can be
seen in Fig. 8 under disassembly, should be in
good condition and a tightfit over the shift fork.
This diaphragm seals off axle lubricant from
the shift unit.

NOTE: During reassembly, extreme care
should be taken not to allow any dirt to enter
the axle shift unit,

For correct positioning of diaphragm refer
to lettering printed on its face,

Lubrication

‘The speedometer adapter requires nomore
attention than would be required by the speed-
ometer or the speedometer cable. Several
drops of light oil should be applied in the pro-
vided oil-wick cups.

On the axle shift unit, there is an oil filler
plug (27), so marked, provided in the front
cover (26) near the bottom. Upon installation,
the unit should be filled level with lubricant
and should be checked every 10,000 miles or 3
months, whichever comes first, to maintain
this level.

Thelubricant used should be SAE 10 motor
oil, except where temperatures below 0° F will
be encountered, in which case use 3 parts SAE
10 motor oil to 1 part kerosene. This cold
weather mixture can safely be used in temper-
atures up to 32° F,

To change lubricant, remove front cover
(26) and drain, Whenever front cover is re-
moved, care should be taken not to allow any

dirt to enter,

AXLE UNIT DISASSEMBLY

The axle unit (Fig. 1) is removed from the
differential carrier for disassembly and serv-
icing as follows:
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Axle shift
assembly

Shift ~ Swivel
fork notch block

A-22648

Fig. 8 - Remove shift housing to «carrier stud
nuts and lockwashers and 1ift off shift unit.
Upon reassembly, the swivel block must engage
the shift fork notch,

Bottom
terminal

(Red wire)

A-22622
Fig. 9 - Remove lock nuts and two wires from

housing, In reassembling, the long or rod wire
goes to the bottom terminal.

A-22628

cover
cover and gasket. Drain lubricant from housing.

Fig. 10 - Remove screws, lockwashers,
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Lever assembly

Power
sCrew.

.Lim_it
switch

Trunnion ~———

Drive nut — 1

Cbil spring

A-22646
Fig. || = After removal of cover, note that nut
and lever assembly will be at either top or
bottom of screw, depending upon position in

which the shift button was last used.

Cover Gasket Drive screw

Detent spring A-22647

Figs 12 - By turning drive screw, run nut from
either top or bottom position to center of
screw. |IMPORTANT: This step is essential to
prevent damage to drive nut contact bumper lo-
cated in center of lower or inner trunnion. The
nut must be inthe center position upon assembly
also,

Trunnion
( contact
bumper
is on
opposite
trunnion )

Bearing cover

Fig. 13 = Pull
assembly.

out pivot pin and remove lever
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NOTE: When reassembling lever assem-
bly, make certain that the contact bumper on
nut is toward the switch.

Screw
assembly

Bearing

Screwdriver ——»
‘ A-22644

Fig. |4 - Remove drive screw bearing cover and
push down on screw assembly until bearing is
free of housing. Insert screwdriver in drive
slot of screw and remove bearing retainer nut
and bearing.

Lock nuts\ [
B 5

A-22624

Fig. 15 - Remove two lock nuts from switch ter-
minals and remove wires.

Housing

Motor cover

A-22649

Fig. |6 - Remove three motor retainer screws,
remove cover and gasket, and pull motor assem=-
bly out of housing.

Automatic
switch assembly

J
A-22625

Fig. 17 = Remove "jam" nuts (switch retainer
nuts) and fiber washers from back side of hous-
ing, Remove switch center screw and lift out
switch assembly.

Lever and Spring Assembly

Good practice is to perform the disassem-
bly and reassembly of the lever and spring
unit only when necessary to replace one of the

parts,

This lever

Turn leyer
clockwise remains
stationary

and pull

Fig. |8 - Place lever assembly in vise as shown
Turn spring winding lever clockwise and pull;
then allow spring to unwind. This operation
will permit disassembly of the levers andspring.
{MPORTANT: Do not disassemble this unit until
necessary to replace one of the parts.
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End of spring
to be located
in notch

“Torsion
spring

Fig. 19

1, When reassembling the spring and levers,
locate parts as shown (Fig, 19). Turn
lever and spring clockwise, bringing end
of spring around end oflever nearest vise,
Push end of spring into notch of actuating
lever nearest vise, This will preload
spring.

Reassembly of the axle shift unit is the
reverse of disassembly,
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SHIFTING INSTRUCTIONS FOR EATON
TWO-SPEED AXLE ELECTRIC SHIFT

TO SHIFT INTO LOW-SPEED RATIO:

1, Keep accelerator pedal down, push button
down,

2. To complete shift, disengage and reengage
clutch as quickly as possible, holding
accelerator pedal down; or release and
reopen accelerator as quickly as possible,

TO SHIFT INTO HIGH-SPEED RATIO:;

1. Keep accelerator pedal down, pull button
up.

2, To complete shift, release accelerator and
pause until shift is completed.

SPLIT-SHIF TING

To shift to next higher gear in the trans-
mission and at the same time from high to low
speed axle, make the transmission shift in
usual way and just before engaging clutch push
the button down,

To shift to next lower gear in the trans-
mission and atthe same time from lowto high-
speed axle, pull the button up, then complete
the transmission shift in usual way.

IMPORTANT:

1. Always keep accelerator down when con-
tool button is moved, except when split-
shifting to low-speed ratio,

2., For best results, start loaded trucks in

low-speed ratio.
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14.
15.
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Fig. 20 - Electric Shift Parts ldentification List And Illustrations

Screw with lockwasher (motor cover to
housing).

Elastic stop nut (motor to cover).

Motor cover cable clip.

Motor support and cover.

Motor support and cover gasket.

Electric motor assembly.

Electric motor grommet.

Shift motor housing.

Jam nut (automatic
outside).

Fibre washer (automatic switch termi-
nal -- outside).

Bushing (automatic switch terminal hole
in housing).

Bearing with snap ring.

Bearing lock nut.

Bearing cover gasket.

Bearing cover.

switch terminal --

16.
17.

18.

Screw with lockwasher (bearing cover to
housing).

Automatic switch, terminal screws,
base gasket assembly.

Flat head screw (automatic
housing ==~ inside).

Elastic stop nut (automatic switch termi-
nals -- inside).

Drive screw assembly.

Spring winding and shift fork actuating
lever shaft.

Shift fork actuating lever assembly,.

Torsion spring.

Spring winding lever assembly.

Shift housing cover gasket.

Shift housing cover.

1/8" pipe plug.

Screw with lockwasher (shift housing cover
to housing).

and

switch to
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BODIES, CABS AND COWLS
R-110 to R-184 TRUCKS

A new type centrally located hood latch assembly has been
incorporated in the above R-line trucks. Turning the latch handle
to its vertical position unlocks the hood permitting it to be raised.

Turning both latch handles upward permits removal of the hood
assembly..

CTS 12—MARCH 1953 (Supplemental pages for CTS-11). PRINTED IN UNITED STATES OF AMERICA,
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Cab Door Glass

The replacement of cab door glass is a
simple operation if the following instructions
are carried out.

TO REMOVE:

1. Remove remote control handle and escutch~
eon by pressing inward on escutcheon and
removing retaining pin from remote con-~
trol handle and shaft (Figs. 1 and 2).

2. Lower door glass and remove regulator
handle and escutcheon by pressing inward
on escutcheon and removing retaining pin
from regulator handle and shaft (Figs. 3
and 4).

3. Remove door trim panel as shown in Figs.
5 and 6.

4., Remove four retaining screws from door=~
glass bumper (Fig. 7).

5. Remove door~glass bumper through open-
ing in inner panel.

6., Lower door glass and disconnect door
glass from regulator roller.

7. Raise regulator arm to extreme upward
position to provide working space for fol-
lowing steps.

8. Lower glass to bottom of door and leave
resting in bottom of door,

9. Remove door-glass front channel lower
retaining screws.

10. Remove door-glass front channel retaining

screws at vent-glass window opening lo- -

cated under ends of vent-glass window
weather strip (Fig. 8).

11. Lower and position door-glass front chan-
nel at front of door inside body.

12, Lift door-glass out of door inner panel
opening.

TO INSTALL:

Door glass installation is accomplished
by reversing the foregoing removal proce-
dure.
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Fig. |

Handle

Panel

Control ass’y. _ G
ass
Channel

Section thru door inner handle and remote control
A-22822

Fig., 2

Push pin out

$A-22478
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Pin
Collar

Escutcheon

Section thru door window regulator handle A-22824

Fig. 4

FA .

B

Fig. 5

Seal-door window opening belt Glass

Screw
Moulding ass’y.-door
window opening trim

Moulding-
door garnish
Reinf.-door outer
panel window opening
Panel-door
Panel-door outer inner
Glass & regulator
channel ass’y.

Regulator ass’y.

. Door tri
door window oor trim

Section thru door window opening at belt
A-22826

Fig. 6

Fig. 7

Channel screw

Frame channel

Channel screw

-22792

Fig. 8

Cab-Door-Glass Window Regulator

The cab door-glass regulator should be
serviced as a unit either with the door glass in
place or with it removed. If it is not desired
or necessary to replace the door glass window,
the window mustbe lowered sufficiently to dis-
connectthe regulator as outlined onthe previous
page. Then raise door glass by hand to its ex-
treme upward position. Block door glass in
this position to facilitate removal of regulator.
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TO REMOVE:

1. Removeremote controlhandle and escutch-

eon by pressing inward on escutcheon and

. removing retaining pin from remote con-
trol handle and shaft (Figs. 1 and 2).

2, Remove door-glass regulator handle and
escutcheon bypressing inward on escutch-
eon and removing retaining pin from regu-
lator handle and shaft (Figs. 3 and 4).

3. Remove door trim panel as shown in Figs.
5 and 6.

4, Remove four retaining screws from door-
glass bumper (Fig, 7).

5. Remove door-glass bumper through open~
ing in inner panel.

6. Lower door glass and disconnect door
glass from regulator roller,

7. Raise door glass to extreme upward posi-
tion. Block door glass in this position to
facilitate removal of regulator.

8. Remove four retaining screws, two above
and two below regulator handle shaft (Fig.

9).

9. Lower regulator assembly and remove
through opening in door inner panel,

TO INSTALL:

Door-glass window regulator installation

is accomplished by reversing the foregoing re=-
moval procedure,

A-22524

Cab Door Weather Strips

Rubber weather strips are cemented and
riveted in cab door opening channel and form
a weathertight seal when doors are closed.
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TO REMOVE:

1. Remove rivet and pull old weather strip
from channel.

TO INSTALL:

1. Paint weather stirip channel with rubber
cement,

2. Insert new weather sirip in channel and
install rivets,

Cab Door-Glass Window Channel

The door-glass window channel is held in
place by clips, which snap into holes in the
upper door frame. The lower portion of the
channel is clipped in a removable frame at-
tached to door inner panel.

TO REMOVE:

1., Remove door garnish moulding (Figs. 10
and 6).

2. Lower door glass with regulator.

Remove trim moulding from door glass

opening (Figs. 11 and 6).

. Garnish moulding

_A-22522
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4,

10.

11.

12,

13.

14.

15,

16,

17.

18.

19,

20,

21.

Remove remote control handle and escutch-
eon by pressing inward on escutcheon and
removing retaining pin from remote con-
trol handle and shaft (Figs. 1 and 2).

Remove door-glass regulator handle and
escutcheon by pressing inward on escutch-
eon and removing retaining pinfrom regu-
lator handle and shaft (Figs. 3 and 4).

Remove door trim panel as shown in Figs.
5 and 6,

Remove four retaining screws from door-
glass bumper (Fig. 7).

Remove door-glass bumper through open-
ing in inner panel.

Lower door glass and disconnect door
glass from regulator roller.

Raise regulator arm to extreme upward
position to provide working space for fol-
lowing steps.

Lower glass to bottom of door and leave
resting in bottom of door.

Remove door-glass front channel from
frame (Fig. 12).

Remove two retaining screws at lower end
of door-glass front channel frame bracket.

Remove door-glass front channel frame
retaining screws at vent-glass window
opening located under ends of vent-glass
window weather strip (Fig. 8),

Lower and position door-glass front chan-
nel frame at front of door inside body.

Lift door glass out of door inner panel
opening,

Place upper end of front door-glass chan-
nelframe atfront uppermost corner inside
of door, and lower end at lower opposite
corner,

Remove door-glass front channel frame
through door inner panel opening rearmost
corner, Spring upper portion of inner panel
opening slightly outward atpoint of contact
with door-glass front channel frame to
permit removal (Fig. 13).

Remove door-glass rear channel and clips
(Fig. 14).

Remove door-glass rear channel through
opening in door inner panel.

Remove two retaining screws (one at each
end) from door-glass rear channel frame.

A-22794

22. Remove door-glass rear channel frame

through opening in door inner panel.

TO INSTALL:

Cab door-glass window channel installa-

tion is accomplished by reversing the foregoing
removal procedure.

Fig. 12

Spring inner panel
opening slightly
outward at this point |

A-22795
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Fig. iY4

Cab Rear-Window Glass Installation
The cab rear-window glass is secured to

the cab with a one-piece weather strip in the
same manner as the windshield glass (Fig. 15).

Rear window glass

Cut this

lip away

when replacing
weather strip

Roof inner
panel

Roof panel

A-22722

Fig. 15

Installation of the cab rear window glass
necessitates using a length of chalk line cord
or a light flexible soft wire.

When replacing the rear window glass, a
new weather strip should be used. Old weather
strips are apt to be stretched or deteriorated
and should not be reused when installing new
window glass

The flange at the window glass opening in
the cab must be cleaned free of all old sealing
compound or dirt before installing a new glass,
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Place chalk line cord in the weather strip
flange channel, working the cord into the chan-
nel around the full length of the weather strip.
Be careful to keep the cord straight and free
of kinks (Fig. 16},

‘Wire or cord -+,

Weather strip T
flange channelr

A-22511

Fig. 16

Place the cab glass and weather strip
assembly in position in the cab opening with
the drawing cord protruding to the rear of the
opening (Fig. 17),

|

Wire or cord Gl
toward rear 2%

of cab

Fige 17

While an assistant presses on the inside
of the glass to hold it in position in the cab
opening, grasp the end of the cord and care-
fully draw the cord from the flange channel in
the weather strip bringing the lip of the channel
over the cab flange. Complete this operation
around the cab opening to the lower center of
the opening {Fig. 18).

Leave the one-cord end at the bottom center
of the glass, then grasp the opposite end of the
cord to complete the drawing operation around
the glass to within approximately 6" of com-
pleting the drawing operation. Hold the cord
which was first pulled around the edge of the
glass in one hand to prevent it being drawn out
of position, then carefully pull the opposite end
of the cord to complete the drawing operation
(Fig. 19).
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eather strip -
channel lip &

Fig. I8

Fig, 19

Press the weather strip downward and out-
ward around the cab opening.

In event that the weather strip does not
fully engage the contour of the cab opening, a
small amount of non-hardening sealing com-
pound canbe injected between the weather strip
and the cab to further insure a seal,

Panel Body Rear-Door Glass Installation

The panel body rear door window glass is
secured to the door with a one-piece weather
strip in the same manner as the cab rear win-
dow glass.,

When making replacement of the rear door
window glass, remove all old sealing compound
from flange at the window glass opening in the
door before installing a new glass,

TO INSTALL:

1. Carefully place the molded weather strip
around the edge of the glass,

2. Insert chalk line cord into the weather
strip flange channel working the cord into
the channel around the full length of the
weather strip, Be careful to keep the cord
straight and free of kinks,

3. DPlace the rear door glass and weather
strip assembly in position inthe rear door
opening with the drawing cord protruding
to the rear of the opening.

4, With an assistant pressing on the inside of
the glass to hold it in position in the rear
door opening, grasp the endof the cord and
carefully draw the cord from the flange
channel in the weather strip bringing the lip
of the channel over the rear door flange,
Complete this operation around the rear
door opening to the lower center of the

opening,

5. Leavethe one cord endat the bottom center
of the glass,then grasp the opposite end of
the cord to complete the drawing operation
around the glass to within approximately
6" of completing the drawing operation,
The cord which was firstpulled around the
edge of the glass should be heldin one hand
to prevent it being drawn out of position,
then carefully pull the opposite end of the
cord to complete the drawing operation,

6. Press the weather strip downwardand out-
ward around the door opening to insure the
seal being fully seated,

In event that the weather strip does not
fully engage the contour of the rear door open-
ing,a small amount of rubber sealing compound
can be injected between the weather strip and
the rear door to further insure a tight seal,

Windshields

The windshield used on the L-line cab is
one-piece construction and is a curved glass
bent to fitthe contour of the windshield opening
inthe cab. A weather strip fits around the edge
of the glass and is so moulded that it secures
the glass tothe cab windshield opening by fitting
over a flange located in the windshield opening
on the cab. NOTE: The windshield weather
strip shown in the following illustrations is a
one-piece weather strip. Production chassis
will be equipped with either a two-piece or a
one-piece weather strip. However, the one-
piece weather strip will be provided for serv-
icing either type.

The windshield is installed from the front
of the cab. In replacing the windshield, it is
recommended that a new weather strip be used
at-all times, A used weather strip is apt to be
stretched or deteriorated and should notbe re-
used when installing new windshields.

In the event that a windshield is not dam-
aged and it is desired to replace the weather
strip only, it is advisable to first cut away the
portion of the weather strip which is moulded
around the flange in the cab (Fig. 20).
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Windshield 2.

glass

Cut this lip away
when replacing
weather strip

Front

Cowl bar

Cowl upper panel A-22898

Fig. 20

The operation of cutting away the wind-~
shield weather strip will allow easier removal
of the windshield and diminish the possibility 3.
of breaking or cracking the glass being re-
moved,

Windshield Installation

Procedure for windshield installation on
the L-line cabs is as follows:

1. A rubber sealing compound may have been
used when the windshield was installed.
This sealing compound will have hardened
on the flange of the windshield opening in
the cab and should be scraped or cleaned
to assure atight seal upon installation of a
new weather strip. Scrape or clean all old
sealing compound as shown in Fig. 21,

B Windshicld

flange

Remove .old
sealing compound

Fig. 21
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Carefully place the moulded weather strip
on the glass as shown in Fig, 22,

Weather strip

A-22539

Fig. 22

Place a chalk line cord in the weather
strip cab flange channel. Work the cord
into the channel around the full length of
the weather strip, being careful to keep the
cord straight and free of kinks., (See Fig.
23.)

Wire or cord

Weather strip

flange channel \ _

e

By means of an assistant, carefully place
the windshield with weather strip attached
in position in the cab opening. The illus-
tration shows the cord used for installing
the glass terminating at the top of the wind-
shield. The cord may be installed with the
ends at the bottom of the glass, The manu-
facturer mark or name on the glass is at
either of the lower corners of the glass and
is generallyinstalled in this position on all
windshields of this type. See Fig. 24,

With one man working from inside the cab,
and the other serving to press the glass
inward and to steady the glass from the
outside, grasp the end of the cord (either
end of cord) as shown in Fig. 25,
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seal, secure the cord which was first pulled
around the edge of the glass in one hand to
prevent its being drawn out of position;
then carefully pull the opposite end of the
cord to complete the drawing operation,
See Fig. 28.

G e

57 '
e ;
A

| 4 Windshield flange

A-2254]

Cab flange

Wire or cord

Fig. 25

6. Carefully draw the cord from the flange Fig. 27

channel in the weather strip bringing the s
lip of the channel over the cabflange. Draw
one side of the cord out of the weather strip
until the cord has traveled completely
around to the bottom center of the glassas

shown in Fig. 26.

i Tl
3 R Cab flange §

s

7. Leave the one end of the cord atthe bottom 4
center of the glass, then grasp the opposite
end of the cord to complete the drawing op-
erationaround the opposite side of the glass
to within approximately 12" of completing
the drawing operation. It is not important
which side of the weather strip is drawn
over the cab flange first, See Fig, 27.

8. Before completing the drawing operation -y : ;
at the bottom of the windshield weather Fig.- 28
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9.

During the drawing operation, the man out-
side the cab must carefully press inward
onthe glass near the weather stripto assist
working the windshield into position while
the drawing operation is in process,

Upon completion of the drawing operation,
the weather strip must be pressed down-
ward and outward on the sides and upward
along the top to bring the weather strip to
its seat in the cab opening, In event the
weather strip does not fully engage the
contour of the cab opening at the corners,
a small amount of sealing compound can
be injected between the weather strip and
cab to further insure a seal at each of the
corners, Be sure to wipe away excess
sealing compound before it becomes set,
See Fig, 29,

Press weather §
strip against
cab flange

M A-22506,

Cab Door Vent Glass Window

The cab door vent glass window is held in

place by six retaining screws.

TO REMOVE:

1.

Remove door garnish moulding (Figs. 10
and 6),

Remove remote control handle and escutch~
eon.,

Remove door glass regulator handle and
escutcheon.

Remove door trim panel {(Figs, 5 and 6).
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5. Loosen door vent glass window adjusting
screw (Fig. 30).

» i A-22725
Fig. 30

" 6. Remove two door vent glass window hinge

retaining screws (Fig. 31),

Vent glass

Hinge screw
‘ : A-22789
Fig. 31
7. Remove door vent glass window. Note: Do
not lose thrust washer at vent glass window
pivot pin.
8. Remove door vent glass window weather
strip (Fig. 32),
9. Remove six door vent glass window cradle

frame retaining screws (Fig. 33).

10. Remove door vent glass window cradle

frame,
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Weather strip

I
\w)v

Fig. 32

Cradle frame

Fig. 33

Retaining
screw

TO INSTALL:

Installdoor vent glass window cradle frame.
Install door garnish moulding.

Install door vent glass window weather
strip. To facilitate assembling the weather
strip the channels engaging the flange open-
ing should be coated with soap solution and
installation started at pointindicated in Fig.
34, Press weather strip into vent glass
window frame to conform to contour of
opening. ~

Begin installation of
weather strips here

A-22720

Fig. 34

Install door vent glass window, Note: Be
sure washer is positioned over vent glass
window pivot pin after vent glass window
pivot pin has been installed in weather
strip.

Install vent glass window hinge lower half
on upper half,

Install vent glass window hinge retaining
screws.

Tighten adjusting screw to provide proper
pull tensionon vent glass window pivot pin,

Install door trim panel.

Install escutcheon and door glass regulator
handle.

Install escutcheon and remote control
handle.
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Cab Door Latch and Remote Control

The replacement of a cab door latch and
remote control assembly is a simple operation.
The following suggestions will be helpful,

The cab door latch and remote control
assembly must be removed and installed as a
unit. The workcan be done either with the door
glass removed or in its extreme upward posi-
tion as described in the instruction for door
glass regulator replacement.

To remove door latch and remote control
assembly after the glass is positioned as out-
lined above, proceed as follows:

1. Remove remote control handle and escutch-
eon by pressing inward on escutcheon and
removing retaining pin from remote con-
trol handle and shaft (Figs. 1 and 2),

2. Remove door glass regulator handle and
escutcheon by pressing inward on escutch-
eon and removing retaining pin from regu-
lator handle and shaft (Figs, 3 and 4),

3. Remove door trim panel as shown in Figs.

5 and 6).

4. Remove door handle shaft retaining screw
cover plug (Figs. 35 and 36),

Plug-button

Door trim

Panel-door inner
Fastener

Door

Channel

Panel-door outer —

Cover plug
(handle)

Cover plug
{lock)

Remove door lock case shaft cover plug
(Figs. 35 and 37) at edge of door inner
panel.

Remove door handle shaft retaining screw
and washer (Figs. 38 and 36),

Remove door handle plate retaining screws
and door handle (Figs. 39 and 36),

Remove door lock case spring retainer and
door lock (Figs. 37 and 40).

Panel

>-\r Lock ass’y.
| Pillar

0

Tapping plate

j
Z

Screws Weatherseal
Handle ass’y.
Section thru deor outside handle A-22812

Fig. 36
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Weatherseal
Lock cylinder Panel-back
Door lock

retaining
spring

Plate-door
lock striker

Panel-door outer

Channel Plate-door lock
striker-tapping

Glass-door \

Lock Retainer

inner Panel

Plug-button
Door trim

: - ight sid
Section at lock cylinder (right side) A-22825

Fig. 37

Door handle retaini
screw

Fig. 39

10.

11.

12.

13.

14,

15,

Fig. 40

Remove five door lock retaining screws
(Fig. 41).

Remove retaining screw at lower end of
door glass rear channel frame.

A-22510

Fig. 41

Lower door lock assembly to panel open-
ing. Rotate lockassemblyl/4turncounter-
clockwise to allow removal of door lock
from remote control link (Fig, 42).

Turn remote control shaft in locked posi-
tion,

Remove three retaining screws from re-
mote control assembly (Fig. 43).

Remove two retaining screws at lower end
of door glass front channel frame bracket
to allow sufficient movement of channel to
permit removal of remote control assem-~
bly as shown in Fig. 44. CAUTION: Do
not move channel to the extent distortion is
encountered as this will cause interference
withdoor glass operationafter reassembly.

Remove remote control assembly through
inner panel opening,
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)

k1

Fig. 43

Sprin the frame channel slightly
Ao ‘permit removal of remote control

" assembly

Fig. 4i
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B Remote control
y | retainer screw [FENS

I

Removal of Outside Door Handle

Removal of outside door handle can be
easily accomplished as outlined below,

1. Remove door handle shaft retaining screw
cover plug (Figs. 35 and 36).

2. Remove retaining screw and washer from
door handle shaft (Figs. 38 and 36).

3. Removedoor handle plate retaining screws
and withdraw door handle (Figs. 39 and 36).

Installation of Outside Door Handle

1. To simplify installation of outside door
handle, a simple toolcan be madeby grind-
ing a point on the end of a piece of welding
rod approximately 1/16" diameter by 6"
long, which can be used to pilot the door
handle into the door latch mechanism.

2. Insert the tool in the door handle shaft re-
tainer screw cover plug opening and align
tool with door handle shaft installed from
opposite side,

3. Install door handle plate retaining screws.

4, Install door handle shaft retaining screw
and washer.

5. Install door handle shaft retaining screw
cover plug.

Lock Cylinders and Keys

Lock cylinders in ignition switch and door
are coded so that the ignition key will operate
both. The instrument panel compartment and
spare tire lock cylinders requires separate
keys.

Key numbers should be recorded to facili~
tate replacement in case they are lost.

A code number is stamped on the body of
the ignition switch and compartment lock cyl-
inders, just back of the cap. A code number is
stamped on the face of the spare tire lock cyl-
inder. The door handle lock cylinder does not
have a code number stamped on the body inas-
much as the cylinder is coded to the ignition
switch key.

To expose the code number on the ignition
switch lock, remove the ignition switch cap nut
with a small spanner wrench and the number
will then be visible. If the compartment keys
are lost and the key number is not known, it
will be necessary to either drill out the lock
cylinder and replace with a new cylinder and
keys or replace the complete compartment knob
and lock assembly. It is impossible to remove
the compartment lock cylinder intact, without
the regular key.
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If the spare tire lock keys are lost and the
key number is not known, it will be necessary
to replace with new lock assembly.

The ignition switch, door handle and com-=-
partment lock cylinders can be removed pro-
vided the regular key is used. If keys are lost
the cylinders must be drilled out, using a 5/16"
drill, 1/2" to 3/4" deep. This will permit the
tumblers to drop out.

In case it becomes necessary to replace a
lock cylinder and it is desired to use the origi-
nal key, the tumblers on the new lock cylinder
can be coded accordingly. (NOTE: This does
not apply to spare tire locks.)

This is accomplished by inserting the orig-
inal key in the new lock cylinder and filing off
the tumblers that protrude from the lock cyl-
inder body. When doing this, make sure that
there are no burrs left on the tumblers and that
allfilings are blown out with air. Applya small
quantity of powdered graphite to the tumblers
and insert lock cylinder in receptacle as di-
rected.

Lock cylinders are removed, with keys as
follows:

Ignition Switch

Remove complete ignition switch from in-
strument panel. Place key in lock cylinder and
inserta pieceof wire in the small hole in switch
body. Turn key to (right) "On" position and
press cylinder retainer down with the wire.
The lock cylinder can then be slipped outof the
ignition switch body.

To install a new lock cylinder, simply push
cylinder into ignition switch body and turn
towards the (right) "On' position until cylinder
retainer snaps into place. NOTE: The ignition
switch turns to the left or right of the "Off" po~
sition. When the switch key is turned to the
left, all accessories and gauges are "On'" but
the ignition is "Off'". When the switch key is
turned all the way to the right, the ignition also
is "On'.

Door Lock

Place key in lock cylinder and insert a
piece of wire throughthe hole in the face of the
cylinder. Press spring retainer down with
wire, turn cylinder slightly to left and pull out.

To replace lock cylinder, insert and turn
until retainers snap into place.

TO REMOVE:
1. Remove door lock case shaft cover plug

(Figs. 35 and 37) at edge of door inner
panel.

2. Remove doorlock case spring retainer and
door lock case assembly (Figs. 40 and 37).

TO INSTALL:

1. Position door lock case spring retainer in
door.

2. Insert door lock case assembly through
opening in outer door panel.

3. Align square end of lock case shaft with
opening in lock assembly and install lock
case assembly,

4. Install door lock case spring retainer into
grooves in lock case and snap into posi-
tion.

Cab Door Removal
TO REMOVE:

1. Remove door glass regulator handle, re-
mote control handle and door trim panel.

2. Removedoor checkarm pivotpin (Fig. 45).

3. Removenutsand washersat upper and low-
er hinge assemblies from inside of door
(Figs. 46 and 47).

. A-22723

Fig. u6
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Panel—door, inner Fastener

3/1 6// }(_

Panel—cowl, inner
\ ﬁ : Door trim

\ ‘—j] Pillar

D

r—————— Spacer

oor hinge plate

Lower door hinge
reinforcement

Door hinge

/ reinforcement

- 60° door Panel—
travel door, outer
Lower door

hinge — \ \

A\N

i

Panel—cowl, lower Weatherseal

Section thru hinge pillar and door at lower hinge

A-22820
Fig. 47

4. Remove door assembly. Cowl Ventilator

TO INSTALL: The cowlventilator is controlled by alever,

which is held under tension by springs located

1. P'osition doorassembly onupper and lower at the lever pin and ventilator hinge pin. A rub-
hinges. ber strip cemented in the ventilator trough as-
sures a weather-tight seal.
2. Reinstall nuts and washers on door hinges.
3. Position door check arm into bracket and This type ventilator (see Figs. 48 and 49)

requires no adjustment or attention other than
occasional lubrication of the lever and hinge
pins.

install pivot pin.

4. Reinstall door glass regulator handle, re-
mote control handle and door trim panel.
TO REMOVE:

ADJUSTMENT:
1. Remove two ventilator housing capscrews
The upper and lower hinges are threaded and sheet metal screws (Fig. 48),
sufficiently topermitadjusting the door towards
the frontor rear of the door opening. The hinge 2. Remove ventilator housing (Fig. 48).
mounting holes in the door are oblong to permit
aligning the door to the cab surface or outer 3. Remove four deflector retaining screws.

contour and centering the door vertically. Remove deflector and screen (Fig. 48).

PRINTED IN UNITED STATES OF AMERICA
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4. Remove four retaining screws (two on each from ventilator hinge pin. Remove hinge

side in ventilator hinge (Fig. 48). pin (Fig. 49).
5. Remove cotter pin, washers and spring 6. Remove ventilator panel assembly (Fig.
48),
Panel assembly
Control lever hinge
mounting screw and washer
Weather strip //
Instrument panel
Control lever
Control lever
Cowl
A-22821
Fig. u8
TO INSTALL:
1. Place ventilator panel assembly inposition
through top of cowl.

Control lever bracket 2 Install ventilator hinge pin, washers, spring

and cotter pin.

3. Install four retaining screws (two on each
side) in ventilator hinge.

Control

4, Install screen and deflector.
5. Install ventilator housing.

Seat Adjuster (L-110 to L-180)

The seat adjuster assembly is retained in
position by eight studs. Four of the studs are

2:::::!:?; installed into brackets mounted on the floor
board and the remaining studs installed into the
seat frame.

Deflector mounting screw A.22750

TO REMOVE:

Fig. 49

1. Remove seatcushion and seat back cushion.
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2. Remove seat adjuster tension spring (Fig.
50).
3. Remove two retaining nuts, washers and

spacers fromfront of seatframe (Fig. 50).

4. Remove two retaining nuts and washers
from rear of seat frame (Fig. 50), Remove
seat frame assembly.

5. Remove four retaining nuts and washers
from brackets mounted on floor board.

6., Remove seat adjuster assembly, NOTE:
Either left or right adjuster assembly can
be removed individually after removal of
the adjuster assembly retainer nuts and
washers (bracket to adjuster), Move the
adjuster assembly to its extreme rearward
position to permit disengagement of the
equalizer pinionteeth fromthe pinionrack,

TO INSTALL:

Seat adjuster installation is accomplished
by reversing the foregoing procedure.

The seat adjuster rack should be cleaned
with a commercial solvent and lubricated with
non-hardening lubricant periodically in order
to obtain the maximum efficiency.

Seat Adjuster (L-190 up)

The seat adjuster assembly used on the
driver's seat on the above models is similar
to the seat adjuster used on L-110 to L-180
models, Therefore the removal and installation
instruction outlined for L-110 to L-180 models
can be followed.

Inner b{acket Outer /bracket
=
A

2 ~ /a2
Y =7 2A=102
wJ w7
C:::__::::::W
Frame rail— | Insulator

Mounting bracket

Front view

FRONT MOUNTING

AR V-

Nut, spécer and

Seat adjuster .
assembly

Nut, ‘
spacer |
and ‘

washer -

Cab Mountings

Reference to the various drawings of cab
mountings will reveal their construction de-
tails,

Mountings illustrated in Figs., 51, 52, 53,
54,55,56 and 57 should be assembled as shown
and the mounting nuts tightened to slightly
compress the insulators. Install cotter pins
for mountings illustrated in Figs, 52 and 57,

Floor front
crossmember

Trunnion bracket

Side view

—_— I _

A-22703

Fig. 51 - L-110, L-120, L~130 Series
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Retainer [nsulator
Insulator Retainer
\ Washer
Mounting bracket L | .
.ﬁ.
‘(/ Crossmember
!
REAR MOUNTING A-22650
Fig. 52 - L-110, L-120, L-130 Series
Inner b\racket Outer bracket Floor front crossmember
e e = —— =

Backing plate
(L-170, L-180
only)

~ o N\
Framerail—){' \

\
|

~ -
T e——

Front view FRONT MOUNTING

Side view
—_— A-22659

Fig. 53 - L-i50, L-160, L-170, L-180 Series

Floor rear cross sill Spacer (L-184 only)

f Mounting
Insulator bl & bracket

— T

% | r%_:l Frame iai] N ST

- ul

1 T

I
Crossmember —>!_| )
\ Crossmember ‘J

Side view

Rear view

REAR MOUNTING A-22705

Fig. 5% - L-150, L-160, L-170, L-iBO Series


http:Croumember---.lJ

BODIES, CABS &
L-LINE MOTOR TRUCK SERVICE MANUAL SeSSZZlLﬁsx

Page 19

Floor front
crossmember

Mounting
bracket

Frame rail

Front view FRONT MOUNTING

Side view

A-22810

Fig. 55 - L-190, L-200, L-210, L-220, L-230 Series

Floor panel

/ Floor rear cross sill

Mounting

bracket ™~ / Insulator Support

ek
v

—— \——_\X}“’ rai

Crossmember

Crossmember

Side view REAR MOUNTING Rear view A-22823

Fig. 56 - L-190, L-200, L-210, L-220, L-230 Series
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Front mounting
bracket

Washer

Floor rear
crossmember

Floor panel

Insulator

Washer
/ Retainer
TN Insulator ‘
Y g nsula Cab sub-frame angle ;
5 ! Spring :
/ Retainers ‘ P JJ
< - rl,__ pp— R ° ( : Jag— ¢ f' - — ._j\
| N | l ]
\\ | \ v Washer >z /3 :
. ) J
NC : ’
™\ Cotter pin M/J‘ Cotter pin /l[
L \_\'\’\"*‘ N

FRONT MOUNTING

REAR MOUNTING

A-22738

Fig. 57 - LC-160, LC-I80 Series

Hood Assembly (L.110 to L-180)

The hood assembly is hinged on both sides
of the fender side shields, Turning the hood
latch handles upward on either the left or right
side of hood will permit raising the hood assem-
bly.

TO REMOVE:
1., Release hood latch on both sides of hood

by turning handles upward. Remove hood
assembly.

2. Remove 10hood latch retaining screws and
lockwashers and remove hood latchassem-
bly (Fig. 58).

 Latch rod

Hood biumpers_

A-22802

Fig. 58

TO INSTALL:

1. Install hood latch assembly to hood using
10 retaining screws and lockwashers.

2. With hood latch handles turned up, position
hood assemblyover hinges located onfend~

er side shields and turn hood latch handles
down to lock hood assembly.

ADJUSTMENT:
1. Remove hood assembly.

2. Loosen hinge retaining screws at brackets
and fender side shields (Fig. 59).

Hinge retaining
screws

A-22726

Fig. 59
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3. The hood hinge mounting holes in the hinge
mounting brackets and fender side shields
are considerably larger than the mounting
bolts to permit adjustment of the hinge
brackets and alignment of the hood,

4, Loosening hood latch retaining screws
(Fig. 58) will permit aligning hood latch to
hood hinges,

Hood Assembly (L-190 up)

The hood assembly is hinged in the center
and attached to the cowl and radiator shell by
retainers.

TO REMOVE:

1. Release hood latch on both sides of hood
by turning handles upward.

2. Remove retaining screws and lockwashers
from hood end of prop assembly.

3. Remove retaining nuts and lockwashers
from hood hinge retainers.

4, Remove hood assembly.
TO INSTALL:

1. With hood latch handles turned up, position
hood assembly over cowl and radiator
shell.

2. Install hood hinge retainers to hood hinge,
cowl and radiator shell.

3. Install hood prop assembly and retaining
screws to hood.

ADJUSTMENT:

Hood adjustmentis accomplished by loosen-
ing the hood hinge retainer nuts and radiator
shell stay rod nutsat brackets mounted on cowl
and shortening or lengthening stay rods by re-
adjusting retaining nuts.

Fender and Radiator Grille (L-110 to L-160)

The fenders and radiator grille are readily
removed as a complete unit by following the
procedure as outlined:

1, Remove hood assembly,
2, Remove head lamp wiring harness termi-

nals from junction block on grille brace
(Fig. 60)., Mark wires for reassembly,

3. Remove head lamp wiring harness from
clip located on left side of grille brace
(Fig. 60).
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4. Remove three wires from horn relay and
pull horn wire towards the front of truck
between the fender splash shield and radi-
ator frame support. Mark wires for re-
assembly.

5. Pull head lamp wiring harness towards the
rear through fender splash panel and re-
move all harnesses from the three clips
located on fender side shield (Fig. 61).

6. Remove two grille retaining screws, nuts
and cotter keys from bracket located on
front crossmember. :

Remove wi;'ing v
harness from clip

A-22932

Radiator
support
rod

A-22916

7. Remove fender brace retaining screw (both
sides) from cab (Fig. 62).

8. Remove four fender stone deflector to cab
retaining screws on both sides (Fig. 62).

9. Remove fender to cab retaining screw and
two cab to fender retaining screws from
inside of cab on both sides (Fig. 62).
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MDA

Fig. 62

10. Remove two fender side shield to cowl re=-

11,

taining screws on both sides (Fig. 63).

Remove front end section as a complete
unit.

Fender side shieid ‘, S

retaining screws

A-22920°

Fig. 63

Fenders and Radiator Grille (L-170 and L.-180)

The fenders and radiator grille are readily

removed as a complete unit by following the
procedure as outlined:

1.

2.

Remove hood assembly and drain radiator.

Disconnect the head lamp, parking lamp
and ground wires at the junction block on
grille brace. Note identification numbers
on wire for reassembly (Fig. 64).

7.

Remove head lamp wiring harness and
junction block ground cable from clip to-
cated on left side of grille brace (Fig. 64).

Remove three wires from horn relay and
pull horn wire towards the front through
fender splash panel. Mark wires for re-
assembly,

emoe wires and
@ harness from clip [RaNGeY

iA-22834
Fig. 64

Pull head lamp wiring harness towards the
rear through fender splash panel and re-
move all harnesses from three clips lo-
cated on fender side shield (Fig. 65).

L ender Véid'e

shield §

A-22833

Fig. 65

Disconnectradiator hose clamp at radiator
inlet. Pull radiator forward to facilitate
removal of radiator support frame rubber
pads (Fig. 66).

Remove the two front retaining nuts and
washers (both sides) from radiator frame
support pads (Fig. 66).
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Remove two grille crossmember retaining
screws at frame rail (Fig. 67). (Illustra-
tion shows bumper removed to secure
better view of operation.)

10.

11.

12,

13.

Fig. 67

Remove fender brace retaining screw (both
sides) from cab (Fig. 68).

Remove four fender stone deflector to cab
retaining screws on both sides (Fig. 68).

Remove fender to cab retaining screw and
two cab to fender retaining screws from
inside of cab on both sides (Fig. 68).

Remove two fender side shield to cowl re-
taining screws on both sides (Fig. 68).

Remove front end section as a complete
unit,
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)

‘Stone deflector
_ screws

Brace retaining
f screw

A-22803)

 to cowl retaining
screws

- A-22805

Fig. 69

Fender and Radiator Grille (L-190 up)
The fenders and radiator grille are readily
removed as a complete unit by following the

procedure as outlined:

1, Remove hood assembly AND DRAIN RADI-
ATOR.,

2. Remove radiator shell stay rods.
3. Disconnect radiator hose at radiator inlet.
4. Remove radiator frame support pad rear

retaining nuts and washers on both sides
of radiator (Fig. 70).
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5, Loosen radiator frame support bracket
retaining nuts at radiator shell tofacilitate
removal of brackets from radiator frame
support pads (Fig. 70).

6. Remove two grille to bracket at cross=
member retaining screws and pads.

\‘ i oy o
Radiator frame

Radiator frame support
pad retaining nut

Radiator frame support
bracket retaining nut

T

7. Remove three bracket to fender retaining
screws on both sides (Fig, 71).

~ Fender retaining
.. SCrews

f Mountmg bracket ,
Fig. 71

g A-22806

8. Remove the three head lamp feed wires
from junction blocks on both fender side
shields (Fig. 72).

9. Remove front end section as a complete
unit,

Parkingb la;np
wire lom

\

Body Mountings

When mounting bodies on frames always
place tight-fitting spacer blocks inside the
frame channels atpoints where the U-bolts are
to be installed. These fillerblocks will support
the frame flanges and prevent bending by the
U-bolts.

The filler blocks should be so constructed
that they will be form fitting in the channel and
so constructed that the body U-bolt will rest in
a recess in the block to prevent its loss should
the bolt become loose. Fig, 73 illustrates the
construction of such a block.

Well-seasoned wood should be used for
filler block construction.

Channe] \

A-22786
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FIFTH WHEEL MOUNTING

FOR TRACTOR AND TRAILER
COMBINATIONS

Correct fifth-wheel mounting requires at-
tention to two major factors--first, proper
attachment of fifth-wheel unit to frame, and
second, correct fifth-wheel king-pin location
with respect to the centerline of the rear axle.
Determination of the proper position involves
consideration of several distinct factors and
for full details, reference should be made to
Sales Engineering Bulletin No, 9 (CT-209),
dated October 1946.

Subsequent paragraphs describe general
details of satisfactory fifth-wheel installations.

Mounting plate

Wood sub sill

Wood spacer block

Fifth wheel sub-sills may be either of wood
or angle iron construction and should always
extend to within 1" from the back of the cab.
Wood sub-sills (Fig. 74) should be of either kiln-
dried oak or white ash and the same width as
the frame rail. Notches should be cut into the
sub-sill to provide clearance for frame cross-
member rivets or other obstructions.

Wood sills of less than 4" in height should
not be used.

Angle iron sills (Fig. 75), where desired,
should be constructed in accordance with the
following chart:

Mounting plate

Wood sub sill

&

Minimum 4" —-)jr Z= X

S

7 2 22 < U bolt
Frame rail e d’

:; Frame rail
Leave holes for %a yd
tail light wire
and brake line / Leave holes for Angle iron

tail light wire (weld securely
U bolt and brake line to frame rail) -

A-22788

Fig. 74

Angle iron sub sill

Angle iron
Frame rail

Fi
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Mounting plate

Angle iron sub
sill to extend to

1“back of cab

(Weld securely to frame rail)

Mounting plate

Angle iron to
extend full length

of mounting plate

\X\\\\\\\ N '

Frame rail A-22704

g. 75
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Sub sill to extend U bolt Mounting plate

1” back of cab
U bolt plate ﬂ
A
o
2

Angle iron spacers | L Fifth wheel

Frllme rail
i

Ul

\ l \
d ST
« 1"

lat——— Back of cab

P Center line of rear axle

I, Center line of fifth wheel
!
L] /

Fifth wheel

Sub sill | /
| . Mounting plate
—> ] :% 3
Frame rail \ I\ @/
foa:N 7 7 b_\'

Extend sub sill to 1” back of cab

—

U bolt A-22827
Fig. 76

For 1-1/2 to 2 ton tractors--Use angle flange as shown. Construction detail of wood

iron 3/8"x 3" x 3" spacer blocks is also shown in Fig. 74 and it
For 2-1/2 to 3 ton tractors--Use angle must be noted that the direction of the wood

iron 1/2"x 3-1/2"x 3-1/2" grain is vertical,
For 5 to 7 ton tractors--Use angle iron

5/8"x 3-1/2"x 3-1/2" : CAUTION: Do not drill holes in frame rail

i or remove rivets,
Fifth wheel mountings are generally re-

ferred to as being either 'high-type" or "low=-

type". 'Intermediate" or "medium" mountings r%j V%W Steel spacers
are obtained by using variations of the "low- U bolt plate —g, s e (lower spacer to run
type" Mountings. : , M full length of
i ' mounting plate)
¥ix. 76 illustrates top and side view of a U bolt ——————3» Py /
fifth wheel mounting to show relative position b N Mounting plate
of the fifth wheel king-pin to the center line of Angle iron sub- /’ ‘
the rear-axle sill (to extend to |
= 1” back of cab) L
The "high-type" mounting is shown in Fig. : I
?6. F1g 74 illust:_-ates installatiop details and i ! Angle iron 3 x 3 %’ weld
instructions for "high-type'" mountings. [ securely to fefme rail
. I
Fig. 77 illustrates anadaptation of the "low= \
type" mounting to provide a medium height. L SPE
Optional use of angle-iron and wood frame
ST, . . Leave clearance for
channel spacer blocks is illustrated in Figs. 74 tail light wire > |
and 75 and may be used in any type mounting. and brake line A-22811

The angle-iron spacers where used should be
tack-welded (electrical preferably)to the frame Fig. 77
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Panel and Pick-Up Body Mountings to frame rail by mounting pads, screws, nuts
and lockwashers. Figs. 78 and 79illustrate the

The panel and pick-up bodies are secured construction of such mountings.

Floor front

f— crossmember

S bracket

I\l

kFrame rail /
A\,\ Ve
Frame rail

Frame rail »
—————\——

Mounting
bracket

Front mounting Rear mounting

PANEL BODY (L116, L120) A-22815

Fig. 78

e 2~ S T

F:T=T_17(=—= e = s — :___F},_._Td“.__ S ﬁ_ﬁ:—'m_‘- -—.-:—__.-__-_ — :ﬁ‘fq_ﬂ—n-_-m-m_— ?

S N

T e e o e o

Frame rail

PICK-UP BODY (L110, L126) A-22819

Fig. 79
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WINDSHIELD WIPER "TRICO"
(L-110 to L-160)

The windshield wiper motor, shafts and
links assembly is readily removed providing
the procedure outlined is followed:

1. Remove wiper link retaining clips at wiper
motor shaft lever (Fig. 80),

2, Disconnect links from wiper motor shaft
lever (Fig. 80).

3. Remove two windshield wiper motor retain~
ing screws (Fig. 80). Lower wiper to fa~-
cilitate next steps.

4, Loosenswitchcontrolcable retaining screw
(Fig. 81). Remove control cable.

5. Remove vacuumhose from windshield wiper
motor.

6. Remove windshield wiper motor.
7. Remove windshield wiper arms and blades.

8. Remove two windshield wiper arm shaft
retaining nuts (Fig. 81).

9. Remove two windshield wiper arm shaft
caps and gaskets (Fig. 81).

10. Remove windshield wiper arm shafts and
links as an assembly.

TO INSTALL:

The windshield wiper motor, shafts and
links assembly installation is accomplished by
reversing the above procedure.

Lubrication

The windshield wiper arm links should be
disconnected atthe wiper motor and link sockets
lubricated periodically with a light grade of
machine oil (SAE-10).

Motor retaining screws

A-22708

Fig. 80

Gasket
Cap Retaining nut

=
e
S 5
N

m\_\\\‘\
Control cablx\(@\

e o

Vacuum hose
connection

Motor Control cable screw

A-22707

Fig. 81

WINDSHIELD WIPER (L-170 up)
"AMERICAN BOSCH - WWB6A"

The windshield wiper motor is readily re-
moved as a complete unit by following the pro-
cedure as outlined.

TO REMOVE:

1. Remove windshield wiper arms and blades.

2. Remove retaining nuts from windshield
wiper arm shafts (Fig. 82),

3. Remove windshield wiper arm shaft caps
and gaskets,

Fig. 82

4. Remove two windshield wiper retaining

screws, nuts and washers (Fig. 83).

5. Remove four link arm spring retaining

clips and washers from windshield wiper
motor and windshield wiperarm shafts and
remove link arms,

6. Remove windshield wiper motor (Fig. 84).

7. Remove windshield wiper electrical cables

(Fig. 84). The terminal posts on the wind~
shield wiper motor are marked "F", "A",
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and "P'" to facilitate reassembling the har-
ness wires., The wires in the harness are
coded according to colors. The wire col-
ored "Red" is to be installed in terminal
post "F"; the wire colored "Black" is to be
installed in terminal post "A"; and wire
colored "Green" is to be installed in ter-
minal post "P'.

TO INSTALL:

Windshield wiper installation is accom-
plished by reversing the above procedure.

Lubrication

The windshield wiper arm links should be
removed periodically and link sockets dipped
in machine oil (SAE-10).

Wiper retaining

Electric cables

Fig. 84
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CAUTION! (INSTRUCT CUSTOMER)

Do not attempt manual movement of the
blades or arms of a wiper that is not equipped
with clutches, To do so will cause damage to
the wiper arm shaft serrations and possibly
other related parts,

When cleaning the windshield, always em-
ploy the standbyfeature of the wiper arm which
lifts the blade clear of the windshield.
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(AMERICAN BOSCH)
12
pe oty
28 27 26 26 24 23 22 21 1 22 23 28 27 28 A-2345.1
Fig. 85
I;Iir.n Description I;Iir.n Description IIEIZI'n Description
1, |Screw, gear housing 19. |Clip, spring. 39, [Washer, insulation.
cover, 20, |Shaft and crank-arm, 40, | Armature.
2. |Cover, gear housing, wiper arm. 41, |Cable, brush holder.
3. |Gasket, cover. 21, |Washer, spacing. 42, |Washer, spacing.
4, |Nut, gear shaft and crank-|| 22, [Stud assembly, wiper 43, |Spring.
arm assembly. _ arm, 44, [Brush, carbon.
5. |Washer, lock, 23. |Spacer, inner. 45, |Grommet,
6. |Washer, plain, 24. |Washer, spacing. 46, | Bolt, thru -,
7. |Plate, drive gear. 25, |Ring, spring. 47, |Switch, parking.
8. |Gear, right. 26, |Washer, sealing. 48, |Screw, parking switch.
9. |Gear, left. 27. |Spacer, outer. 49, |Sleeve, insulation.
10. |Washer, spacing, fibre. 28. [Nut, fastening. 50, | Terminal, cable.
11, |Washer, spring. 29. |Screw and lockwasher, 51. |Resistor.
12, |Nut, thru-bolt. 30. |Bracket assembly. 52, | Washer, insulation,
13. |Housing, gear, right. 31. |Strip, insulation, 53. | Washer, plain.
14, |Housing, gear, left. 32, |Strip, insulation. 54, |Washer, star.
15, |Shaft and crank=arm 33, |Coil, field. 55, |Screw, fastening.
gear, right. 34. |Shoe, pole. 56. |Arm, wiper.
16. |Shaft and crank-arm 35, |Screw, pole shoe. 57. | Adapter, wiper arm.
gear, left, 36. |Housing assembly, 58. | Nut, wiper arm.
17, |Washer, link assembly. motor., 59. | Blade, wiper.
18. |Link assembly, connec- 37. |Name plate. 60. | Knob, switch.
38. |Washer, spacing. 61, [Switch, manual.

ting.
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DUAL ELECTRIC WINDSHIELD

WIPERS (AMERICAN-BOSCH TYPE WWB)

General Description

The American Bosch WWB dual electric

windshield wiper is a two-speed, unit designed
to simultaneously operate two arms and blades
in either a parallel or opposed wiping motion,

The electric windshield wiper consists of

the following components:

Motor assembly,

Two connecting link assemblies,

Two wiper-arm shaft and crank-arm
assemblies,

Mounting bracket, )

Manually operated switch,

This new dual wiper is available for 6 and

12 volt installations (See Fig. 85) and incorpo-
rates the following features:

Dual speed shunt wound motor,

Double extension type armature shaft with
a single thread worm at each end.

Self-aligning bronze bearings,

Two~speed control located in manually op-
erated three-position switch (61).

Thermostatic overload circuit breaker lo-
cated on manually operated switch,

Low current draw:

(a) Approximately 4,0 amperes at 6-~volts
and 2,0 amperesat 12-volts (depending
on load) in low-~speed position.

(b) Approximately 3.0 amperes at 6-volts
and 1,5 amperes at 12-volts (depending
on load) in high-speed position,

Wiping angles from 85° up to 118°,

Automatic parking switch (47). This switch
is connected in parellel with the manual
switch when the latter is in the "OFF" po-
sition., The wiper motor will continue to
operate until the cam located on the gear
shaft (16) engages the parking switch button,
Also refer to Fig, 86

Four parking positions for the wiper blades:
(a) Right or lefthand (parallel wiping mo-
tion),

(b). Inboard or outboard (opposed wiping
motion).
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Cam or shee

Crank .assembly.

Parking switch
button
A-23447
Fig. 86
Disassembly
1., Before removing the motor assembly from

the vehicle and with the wiper blades parked,
carefully note the relative positions of the
crank-arms which are part of the gear
shafts (15 and 16)., This is necessary in
order that the correct wiping motion and
parking of the blades is retained following
reassembly,

Remove the connecting link assemblies (18)
fromthe gear shafts and crank-arms and re-
move the motor assembly from the vehicle.

Remove the gear housing covers (2) and
gaskets (3).

Remove the gear shaft and crank-arm
fastening nuts and tap out both assemblies
from the gear housings.

Remove both thru-bolts {46),

Remove the right (R) gear housing (13) from
the motor housing (36) being careful not to
remove the armature (40). This canbe ac-
complished as follows:

(a) Set the motor assembly in an upright
position on the left (L) gear housing
(14).

(b) Grasp the motor housing in the left
hand.

(c) Carefully remove the right gear hous-
ing (13) with the right hand and at the
same time maintain a downward pres-
sure on the armature with the index
finger,

Unsolder the field lead from the "F'" ter-
minal of the parking switch (47).

Remove the left (L) gear housing (14) and
armature, as a unit, from the motor hous~

ing (36).
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9. Hold both brushes (44) clear of the commu-
tator so that they do not rub on the arma-
ture shaft and worm, and remove the arma-

ture from the gear housing. The brushes

must be kept free of grease at all times,

Cleaning

All parts except the field coils (33), arma-
ture (40) and parking switch (47) should be
washed in a good commercial cleaning solvent.
Bearing equippedparts should be washed with a
brushdipped ina good commercial cleaning sol-
vent taking care that as little as possible of the
cleaning fluid comes in contact with the bearings.

DO NOT IMMERSE BEARING EQUIPPED
PARTS IN A CLEANING FLUID, Thoroughly
dry all parts that have been washed inthe clean-
ing fluid.

Thefield coils, armature and parking switch
may be wiped with a clean dry cloth or com-
pressed air may be used if available.

Inspection
ARMATURE (40)

Check the armature insulation by applying
a1ll0-volt (60 cycle)testlamp between the com=-
mutator and armature shaft, -

HOUSING AND FIELD COIL ASSEMBLY

Check the resistance of the field coils with
an accurate chmmeter. The total field coil re-
sistance of a 6-volt wiper is approximately 2.8
ohms; of a 12-volt wiper, approximately 11.2
ohms,

GEAR HOUSING AND
BRUSH HOLDER ASSEMBLY (14)

Checkthe insulated brush holder by applying

a110-volt (60 cycle)test lamp between the brush
holder and the gear housing.

BRUSH SPRINGS (43)

Brush springs with afree length of less than
1" should be replaced.

BRUSHES

Damaged brushes or brushes worn down
beyond 2/3 of their overall length must be re-
placed.

Examine all other parts for damage and
wear; replace as necessary.

Lubrication

GEARS (8 and 9) AND GEAR HOUSINGS (13 and
14): 1/3 fullof US515 grease ~ spreadover gear
teeth and worm.

ARMATURE SHAFT BEARINGS: 2 or 3 drops
of SAE-~10 oil in surrounding felt.

GEAR SHAFT AND CRANK-ARMS (15 and 16):
Fill recessed section of shafts with US 515

grease.

CONNECTING LINK ASSEMBLY BEARINGS
(18): Several drops of SAE-10 oil.

STUD ASSEMBLIES (22): Fill space between
bushings with US 515 grease.

Reassembly

Reassembly is accomplished in the re-
verse order of disassembly up to and including
the reassembly of both thru bolts to the motor
housing. The gear shafts and crank-arms (15
and 16) are reassembled to their respective
gear housings as follows:

1, Reassemble the ‘gear drive plate (7) to the
gear (8 or 9).

2. Replace either the right (R) or left (L) gear
shaftand crank-arm inthe correctposition.

3. Carefully reassemble the spring washer (11)
and spacing washer (10) to the large diam-
eter of the gear shaft.)

4. Line up the flat on the shaft with the flat on
the gear drive plate, then drop the gear
drive plate (7)and gear (8 or 9)in place on
the shaft.

5. Secure the assembly with the plain washer
(6), lockwasher (5) and the fastening nut (4).

6. If the position of the crank-arm shifted
during the above procedure, reposition by
turning the armature shaft as required.

7. Reassemble the remaining gear and crank~
arm intoits gear housingin accordance with
instructions in items 1 to 5.

8. Before securingthe assembly, make certain
bothcrank-arms are in correct relation to
each other., If a correction is necessary,
proceed as follows:

(a) Remove the gear drive plate (7) and
gear (8 or 9).

(b) Reposition the crank-arm until it is in
correct relation to the other.
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(c) Reassemble the gear and gear drive
plate to the shaft and secure the as~
sembly as in item

Testing

Before installing the motorassembly in the
vehicle, check the operation of the assembly as
follows:

1. Temporarily connect either the plus (+) or
minus (~) terminal of a battery to the mo-
tor housing. The battery should be fully
charged and of approproate voltage.

2. Temporarily connect a "jumper" between
the "A" and "F" terminals on the motorter-
minal plate (See Fig. 86).

3. Connect the remaining battery terminal to
"A" on the motor terminal plate; this will
result in the low speed operation of the
motor. Atthis speedthe crank-arms should
revolve at approximately 45 cycles per min-
ute.

4., To check highspeed operation, remove the
battery connection from terminal "A" on the
motor terminal plate.,

5. Remove the temporary "jumper" from ter«
minals "A" and "F" on the motor terminal
plate.

6. Reconnect the batterytoterminal "A" on the
motor terminal plate. This should result
in the high speed operation of the motor.
At this speed the crank-arms should re-
volve at approximately 65 cycles per min-~
ute.

The parking feature of the wiper should be
checked after the motor assembly has been re-
mounted on the vehicle and the connecting link
assemblies (18) replaced on the gear shafts.
The wiper should be operated thru the manual
switch (61).

There have been instances where the elec-
:ric windshield wiper has continued to operate
ifter the switch has been turned to the "OFF"
»osition. This is caused by the parking switch
>utton shoe or cam located onthe left hand shaft
ind crank assembly to break the circuit. To
>vercome this complaint, the show (Fig. 2)
should be carefully bent towards the switch only
:nough to bear harder against the switch button
»ut not contact or rub against the switch body.
The shoe must be parellel to the face of the
switch body,

In event the windshield wiper willnot start
rom the parking position after the switch is
unned "ON", the switch button should be checked
o see if it is stuck in the depressed position.
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If such is the case, pull the wire from the "B"
terminal at the control switch and "snap" or
"flip" the switch button to break it loose.

The parking switch is provided with an ad-
justment feature to permit close adjustment of
the parking position of the wiper blades. This
adjustment has been made at the factory and
should not require change. A clamp screw
(Figure 2) holds the parking switch assembly in
position after adjustment.

The overload circuit breaker, located in a
6 volt manually operated switch (61), should
carry approximately 10 to 12 amperes before
opening; and in a 12 volt switch, approximately
5 to 6 amperes before opening.

CAUTION: (Instruct Customer)

Do not attempt manual movement of the
blades or arms of a wiper that is not equipped
with clutches, To do so will cause damage to
the wiper arm shaft serrations and possibly
other related parts.
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SECTION “C"
AIR BRAKE SYSTEM:
Air brake equipment. . . ... ... e e e e et e e G e s e e e it e e e e ees 1,2
Operation:
Charging. « « « v v v v v e v v v v v v v v e ettt e e e e e e e e et e e e e 2
Release . ... ..... e e e o e e e e e e i e e e e e e e e e e e e e e 2
Service application. . « . . v v i v v i i it i e e e e e e e e e e e e et e e e e e 2
Instructions. . ... .. e e et et e e s e e e e et et e e e e e e e e e e e e 2,3
Preventive Maintenance and Trouble Shooting:
Air leakage fest. . . . .. . . 0o e e e e e e e e e PN o 4
Inspection. ... .. o et e e e e e e e e e e e e e e e e e e e e e 4
Operating tests ... ... PN e e e e e e et e e e e 4
= o T o= e e e e 3,4
Trouble shooting . . . . . . ¢« o i v i v i vt o v v i it et oo o e oo e e e e 5
Air pressure gauge. « . v . v vt e i s e 00 e 000 e e e e e et e e e 14
Brake chamber (Bend1x-West1nghouse) .......... o e e e e e e e e e 12,13
Brake chamber - piston type (Midland), ... .. e e e e e e e e e e e 13,14
Brake valve, . . . v v v v v v it e ittt i et e e e e e h e e e e e e e e e 5,6
Brake valve - hand operated. . ... ... .. ... Gt e e e e e e e e e e e e e e 6,7
Cut~outcocks .. ... .0 vt v i it i et e et e e e e e e e e e, 14
Double checkvalve. , ... ... ... +..c ... e e e e e e e et e e e e e e 8
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AIR BRAKE SYSTEM, SECTION '"C' - CONT'D:

Draincocks. . . v v v v i vt v it vt it e e ot e e e s e e s e e e s e e .
Governor (type O=1) . . . v v v it ittt i i it et o s e e . e ..
Hose and hose connections. .. .. T e e e e e e e s
Hose coupling and dummy couplings, . . « v o o v o ot o vt v ot v v o v oo o oo o PN
Low pressure indicator. .. ................ C v e e e e s v s e e e b e e bes
Quick release valve . . . v v v v v v vt vt o it et e e .
Relay valve. o v v v v i i i s o et oo s o st o a s oo i e s s o oo e e e e .
Reservoirs . . . . .t v i i i i i it e et s s oo i e s e s bt e e s P e e e e
Safely valve, . v v v v v o v v v e sttt e e e e e e e e h e et e e e
Slack adjuster . ... ... e sen e v e s e e e et e e e e b e s e e e e e e s
Stop light switch, . . .. ... ... ... .. e et e e e e C e e et e e e e e .-
Tubing . . v v o v e it it s e e s e e e e e e e P e e b s s e e e e s oo e e .

BRAKE SHOE ADJUSTMENTS AND SERVICING
SECTION “D"

L-110, L-111, L-112, LL-120, L-121, L~-122

Adjustment for wear (minor) . .. ... . e oo e .. e e e e e e e e e
Major adjustments and servicing. . . . . .. .. 0t vt e . e et s e e e e e s
Parking brake cable adjustment ..., .......... e e e e e e e e e e e e e
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Adjustment for wear (minor) . . . v v v v v i vt bt ot bt e e e e e
Major adjustments and servicing. . .. ... .. et e e e e e et e e e e e e e

SECTION “F"

L-130, L-131, L-132
Adjustment for wear (minor) . . . . v v v i b et .. e e e e e e e e e e e,
Major adjustments and servicing. . . . ... .. .. .. v e s s e e e s e e e s ..

LB-140
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SECTION "J”

L-160,L.-161,L.-162,1,~163,1.-164,1,-165,LL.C-160,LLC-161,LLC~-162,L,-170,1,-171,L.=-172

L-173,L-174,L-175,LF-170,LF-171,LF-172 - FRONT BRAKE 12-1/8"x2-1/4 (TYPE "F")

L-180,1.-181,1,-182,1,-183,1,-184,L.-185,..C-180,L.C-181,LLC-182 - FRONT BRAKE
13" x2-1/2" (TYPE "F")

L-190,L.-191,L-192,L.-193,1.-194,L.-195,LF-190,LF-191,LF-192,LL.C-190,LLC-191,LLC-192,

L-200,L-201,L-202,L.-204,L-205,LC~200,LC~201,LLC-202 - FRONT BRAKE

15" x2-1/4" (TYPE "F") Page
Bleeding the hydraulic brake system ., ... .. e e e e e e e e e e e e 5
Brake adjustment. . . « . v v v i vt it bt i e e e et e e s e e et e e e e e 4,5
Brake component parts . . . . . 0 i i i et b e e e s e et e e e e e e e e e e e s 2
Removal of brake shoes. . v o v v i v it i it ittt e e bt it e e st e 3
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Replacement of brake shoes. .., . ... ... e e e e e e e e e e s e e e e 4
Replacement of wheel cylinders .. ... s e s s e 8 s s e s e e s e b e et e e e e e 4
Service specifications, . ... ... e e e e e e e e e e e e e e e e e e e e e e 5
Wheel cylinder assembly. .. ......... e e e e e e e e e e 4
Wheel cylinder disassembly. ........... e ettt e e e s s 4

SECTION "K"
L-~160,1.-161,1.~162,1,-163,1.~165,L.C~-160,LLC~161,LC~162 - REAR BRAKES
14-1/8"x 3" (TYPE "FR=-2")
L-164,L-170,LL-17],L-172,L-173,L-175,LF~170,LF=-171,LF~-172, -
REAR BRAKES 15" x3" (TYPE "FR=-2")
L-174,1.,-180,L.-181,L,-182,1.-183,L.-185,L.C-180,LC=~181,LL.C=-182,LF~-190
LF-191,LF-192 - REAR BRAKES 15" x4'" (TYPE "FR-2")
L210,L-211,LF-210,LF-211,LF-212,LF-220,LF-22],LF-222 -
FRONT BRAKES 16-1/2" x3-1/2" (TYPE "FR=-25")
L-204,1,-210,L-211 - REAR BRAKES 16-1/2"x7-1/8" (TYPE "FR~2SD")
Bleeding the hydraulic brake system . . ... ... ¢ ... e e e e e e e 11
Brake adjustment. . . . . i i it i s e e e e e e e e e s e e e e e e e 10,11
Brake component PATES . v v v v v v e b i e e e e e e e i e e 2,4,6
Removal of brake shoes. . . .. .. ... ... 000 e e e e e e e e 8,9
Removal of shoe adjusting mechanism . . . .« v i v v v v v v v e e e e e e e 8,9
Removal of wheel cylinders , . . ... ...... e e e e e e e e e e s 9
Replacement of shoe adjusting mechanism............ e e e e e e e e b e e e 10
Replacement of brake shoes., .. .. ... e e e e e e e e e e w e e e e . 10
Replacement of wheel cylinders ... ... ... G e e e et et e e e N 10
Service specifications. . v . v v v i v i it e e e e e e e e e 12
Wheel cylinder assembly. . ... ... ........ e e e e e et et e e e e e e e 9
Wheel cylinder disassembly. .. ..., ..., ..... et e i e e e e e e . 9
SECTION "'L"
L-184,1,-190,L.-191,L«192,1,-193,1.-195,1LC-190,L.C~191,LLC~-192,LF-~210,

LF-211,LF-220,LF~22]1,LF =222 - REAR BRAKES 16" x4" (TYPE "FR")

1.-194,1-200,L.-201,L-202,L.-205,1.C~-200,LC-201,LLC-202 - REAR BRAKES

16" x 5" (TYPE "“"FR")

Bleeding the hydraulic brake system . . v . v v o v v v .. et et 6
Brake adjustment., . . . . ¢ i it i i e i e e e e e e c e ses e e e e e e e 5
Brake componentparts . . . .. .. 0.0t i s e e e e e e e e e 2
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Removal of shoe adjusting mechanism . ............ e e e e e e 4
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SECTION “L" (Con'd)
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PARKING BRAKE ADJUSTMENTS

SECTION "M"
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HYDRAULIC BRAKE SPECIFICATIONS

L-110

L-120

LM~-120 L-130 L-151
TRUCK MODEL L-111 L-121 LM-121 L-131 LB-140 L-150 L-152 LM-150
L-112 L-122 LM-122 L-132 L-153 LM-151
Brake Type. . « v oo v v ... .. Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic
Brake Size (Standard):
Front o v eneeeoenenas 12x1-3/4%x3/16|12x1-3/4x3/16 [12x1-3/4x3/16|12x1-3/4x3/16|12x1-3/4x3/16|12-1/8x2x1/4 | 12-1/8x2x1/4 | 12-1/8x2x1/4
REATw i v o v o vnto e e 12x1-3/4%3/16 12x2x3/16 12x2x3/16 |14x2-1/4x1/4 |14x2-1/4x1/4 |14-1/8x3x3/8 | 14-1/8x3x3/8 | 14x2-1/4x1/4
Brake Size (Increased
Capacity):
Front {Same as Standard) . . e e B 12-1/8x2x1/4 |  ..... 12-1/8x2x1/4
Rear........... . S o IR o e . 14-1/8x3x3/8 e e e 14-1/8x3x3/8
Number of Shoes:
Front . ......... .. 2 2 2 2 2 2 2
Rear.......uvo 0eava. 2 2 2 2 2 2
Type of Anchor:
Front . ......... PPN Single Single Single Single Single Single Single Single
Rear........«u... . Single Single Single Single Single Single Single Single
Wheel Cylinder Size
(Standard):
Front ............ . 1 1 1 1 1 1 1 1
REAT v e oe o e e e e n 1 1-1/8 1-1/8 1-1/4 1-1/4 1-1/4 1-3/8 1-1/4
Wheel Cylinder Size
(Increased Capacity):
Front (Same as Standard) P I e e e | I, 1
Rear. .., ....co... . . N .. cee s 1-3/8 | ..... 1-3/8
Number of Wheel Cylinders
(Standard):
Front . ............. 1 1 1 1 1 1 1 1
Rear............... 1 1 1 1 1 1 1 1
Number of Wheel Cylinders
{Increased Capacity):
Front (Same as Standard) . e e e S e O ) S 1
Rear........c. ... PPN . o 2 L .o 2

Master Cylinder:
Size (Bore and Stroke) . . .

1-1/8x1-7/16

1-1/8x1-7/16

1-1/8x1-7/16

1-1/8x1-7/16

1-1/8x1-7/16

1-1/8x1-7/16

1-1/4x1-7/16

1-1/8x1-7/16

Type. ..o v i v

Barrel

Barrel

Barrel

Barrel

Barrel Barrel Barrel Barrel
Hydrovac:
Standard or Optional . .. . e P e e N Optional’ Optional | .....
Model No. (Bendix) . .. .. e . e e ce 374000 374000 o
Series. ... .. e e e P e e [P R cr e e e e
Cylinder Diameter. . ... . O e e . .. 6-3/4"" 6-3/4 | ... ..
Single or Tandem Piston. .|  ..... J ..... B [ I Single Single . .

TVANVIN ADIAYES ADNYL JOLOW EANIT]

suorjed1yroadg
WIILSAS IAVYd

1 23eg

z
S\
™m
|
z
A
o
b 3%
>
-




HYDRAULIC BRAKE SPECIFICATIONS - Continued

L-160

L-170
L-161 LC-160 L-171
TRUCK MODEL LM-152 L-162 L-164 LC-161 L-172 L-174
L-163 LC-162 L-173
L-~165 L-175
Brake Type . .. .. .......... Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic
Brake Size (Standard):
Front . . oo v venenennn.. 12-1/8x2x1/4 12-1/8x2-1/4x5/16|12~1/8x2~1/4x5/16|12-1/8x2-1/4x5/16|12-1/8x2-1/4x5/16 |12-1/8x2-1/4x5/16
Rear. . .. .u.uuevunnnn.. 14-1/8x3x3/8 14-1/8x3x3/8 15x3x3/8 14-1/8x3x3/8 15x3x3/8 15x4x3/8
Brake Size (Increased Capacity):
Front (Same as Standard)....|  ..... 12-1/8x2-1/4x5/16|12-1/8x2-1/4x5/16|12-1/8x2-1/4x5/16|12~1/8x2-1/4x5/16 |12-1/8x2~1/4x5/16
Rear. ........ N e 15x4x3/8 15x4x3/8 15x4x3/8 15x4x3/8 15x5x3/8
Number of Shoes:
Front............ e e 2 2 2 2 2 2
Rear. .. ....... ... ... 2 2 2 2 2 2
Type of Anchor:
Front........ e e e e Single Double Double Double Double Double
Rear. .......... e e e e Double Double Double Double Double Double
Wheel Cylinder Size (Standard):
Front......... T 1 1-1/8 1-1/8 1-1/8 1-1/4 1-1/4
REAT. o v v v v vemene ee e e 1-3/8 1-3/8 1-3/8 1-3/8 1-1/2 1-1/2
Wheel Cylinder Size (Increased
Capacity):
Front (Same as Standard). . .. . 1-1/8 1-1/8 1-1/8 1-1/4 1-1/4
Rear. .« e .vvunennnn A 1-3/8 1-3/8 1-3/8 1-1/2 1-1/2
Number of Wheel Cylinders
(Standard}:
Front............ . 1 2
Rear........... e e e 2 2
Number of Wheel Cylinders
(Increased Capacity):
Front (Same as Standard). ... e 2
Rear. . ..... e e e . . 2
Master Cylinder:
Size (Bore and Stroke). ... .. 1-1/4x1-7/16 1-1/4x1-7/16 1-1/4x1-7/16 1-1/4x1-7/16 1-1/2x1-7/16 1-1/2x1-7/16
Type. . . o o it e e e e i s Barrel Barrel Barrel Barrel Barrel Barrel
Hydrovac:
Standard or Optional . . . ... . . Standard Standard Standard Standard Standard
Model No. {Bendix) . . ...... .. 374000 374000 374000 375279 * 375279 *
Series. . .... ... ... .o oo e g e cr R O
Cylinder Diameter . .......|  ..... 6-3/4" 6-3/4" 6-3/4" 9-1/2" 9-1/2"
Single or Tandem Piston . ...|  ..... Single Single Single Single (Guided) Single (Guided)

* These hydrovacs contain a residual pressure check valve and must be used with a master cylinder that does not have a residual pressure check valve.
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HYDRAULIC BRAKE SPECIFICATIONS - Continued

L-180

L-190
LF-170 L-181 LC-180 L-191
TRUCK MODEL LF-171 L-182 L-184 LC-181 L-192 L-194
LF-172 L-183 LC-182 L-193
L-185 L-195
Brake Type . . . ... ... ... ... Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic
Brake Size (Standard):
Front . .....u'uoeuuuon.. 12-1/8x2-1/4x5/16 | 13x2-1/4x5/16 13x2-1/4x5/16 13x2-1/4x5/16 15%2-1/4x5/16 15x2-1/4x5/16
REAT. o e v v e i et e e e e 15x3x3/8 15x4x3/8 16x4x3/8 15%4x3/8 16x4x3/8 16x5x3/8
Brake Size (Increased Capacity):
Front (Same as Standard). .. .[12-1/8x2-1/4x5/16 | 13x2-1/4x5/16 13x2-1/4x5/16 13x2-1/4x5/16 15x2-1/4x5/16 15x2-1/4x5/16
2 15%4x3/8 15x5x3/8 16x5x3/8 15%5x3/8 16x5%3/8 16x6x3/8
Number of Shoes:
Front................. 2 2
Rear. ... ..... ... . 2 2
Type of Anchor:
Front................. Double Double Double Double Double Double
Rear....... .. ... Double Double Double Double Double Double
Wheel Cylinder Size (Standard):
Front........ “ e 1-1/4 1-1/8 1-1/8 1-1/8 1-1/4 1-1/4
REAT. o v v v me ot o ee oo 1-3/8 1-1/2 1-1/2 1-3/4 1-3/4 1-3/4
Wheel Cylinder Size (Increased
Capacity):
Front (Same as Standard). . .. 1-1/4 1-1/8 1-1/8 1-1/8 1-1/4 1-1/4
Rear. . .. .ouovvev.n. e 1-3/8 1-1/2 1-1/2 1-1/2 1-3/4 1-3/4
Number of Wheel Cylinders
(Standard):
Front..........c....... 2 2 2 2 2 2
Rear. . . o v v v v v v v v v . 2 2 2 2 2 2
Number of Wheel Cylinders
(Increased Capacity):
Front (Same as Standard).. .. 2
Rear.........«.oe.v.oe.. 2 2
Master Cylinder:
Size (Bore and Stroke). . ... . 1-3/4x1-7/16 1-1/2x1-7/16 1-1/2x1-7/16 1-1/2x1-7/16 1-3/4x1-7/16 1-3/4x1-7/16
Type. . v v v v i v i v i i Barrel Barrel Barrel Barrel Barrel Barrel
Hydrovac:
Standard or Optional . . ... .. Standard Standard Standard Standard Standard Standard
Model No. (Bendix) . . ...... 375278 * 375279 * 375279 * 375279 * 375278 * 375278 *
Series. . . .. .. . o s e e LR “C” cr “cr R R Ccr tc
Cylinder Diameter. . . ...... 9-1/2" 9-1/2" 9-1/2" 9-1/2" 9-1/2" 9-1/2"

Single or Tandem Piston . ..

.

Single (Guided)

Single (Guided)

Single (Guided)

Single (Guided)

Single (Guided)

Single (Guided)

#* These hydrovacs contain a residual pressure check valve and must be used with a master cylinder that does not have a residual pressure check valve,
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HYDRAULIC BRAKE SPECIFICATIONS - Continued

LF-190 LC-190 T30 1 LC-200 L3201
TRUCK MODEL LF-191 LC-191 1.-202 L-204 LC-201 L-211
LF-192 LC-192 L-205 LC-202
Brake Type . . ., ..... e e e e Hydraulic Hydraulic Hydraulic Hyd‘raulic Hydraulic Hydraulic
Brake Size (Standard):
Front...... e e e 15x2-1/4x5/16 15x2~-1/4x5/16 15x2-1/4x5/16 15x2-1/4x5/16 12x2-1/4x5/16 |16-1/2x3-1/2x5/8
Rear. . ......... e 15x4x3/8 16x4x3/8 16x5%3/8 16-1/2x7-1/8x5/8 16x5x3/8 16-1/2x7-1/8x5/8
Brake Size (Increased Capacity):
Front (Same as Standard). ... | 15x2-1/4x5/16 15x2-1/4x5/16 15x2~1/4x5/16 . 15x2~1/4x5/16 .
REAT. o i v e v e et io e e 15x5x3/8 16x5x3/8 16x6x3/8 léx6x3/8 | ... ..
Number of Shoes:
Front................. 2
Rear. .. .. .. .o . 2 2
Type of Anchor:
Front............ o e e Double Double Double Double Double Double
Rear........... PPN Double Double Double Double Double Double
Wheel Cylinder Size (Standard):
Front .. ....ouvueuenennnn 1-1/4 1-1/4 1-1/4 1-1/4 1-1/4 1-1/2
REAT, o i v v vt e oo neee e e 1-1/2 1-3/4 1-3/4 1-5/8 1-3/4 1-5/8
Wheel Cylinder Size {Increased
Capacity):
Front (Same as Standard). . . . 1-1/4 1-1/4 1-1/4 ... 1-1/4 | ...,
REAT. . v v vt v v enmnee e e 1-1/2 1-3/4 1-3/4 e 1-3/4 e
Number of Wheel Cylinders
(Standard):
Front.. . ... .. ... ... .. . 2 2 2 2
Rear. .. ... ..... e e e . 2 2 Siamese Twintype 2Siamese Twintype
Number of Wheel Cylinders
{Increased Capacity):
Front (Same as Standard). . ., 2 ce e 20 Le..
Rear. .........c........ 2 R -
Master Cylinder:
Size (Bore and Stroke). ... .. 1-3/4x2-1/2 1-3/4x1-7/16 1-3/4x1-7/16 1-3/4x2-1/2 1-3/4x1-7/16 1-3/4x2-1/2
Type. . ... .. e e e e e e Barrel Barrel Barrel Barrel Barrel Barrel
Hydrovac:
Standard or Optional . ... ... Standard Standard Standard Standard Standard Standard
Mode!l No. (Bendix) . . ... ..., 374229 = 375278 * 375278 * 374230 * 375278 * 374230 *
Series. . v v v i i it e e ©cr e ol Yol e g
Cylinder Diameter . ... .. .. 9-1/2" 9-1/2” 9-1/2" 9-1/2"" 9-1/2" 9-1/2"
Single or Tandem Piston . ... Tandem Single (Guided) Single (Guided) Tandem Single (Guided) Tandem

* These hydrovacs contain a residual pressure check valve and must be used with a master cylinder that does not have a residual pressure check valve.
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HYDRAULIC BRAKE SPECIFICATIONS - Continued

TRUCK MODEL

L¥-210
LF-211
LF¥F-212

L-220
L-225

LF-~160
LF-~221
LF-222

L-230
L-231

LF-230
LF-231

Brake Type . . ... ..... e

Hydraulic

Hydraulic

Brake Size (Standard):

Front........¢.oov.u.n

16-1/2x3-1/2%5/8

16-1/2x3-1/2x5/8

16x4x3/8

16x4x3/8

Front...... e e e e e e s

Front...........o0....

Double

Double

Double

Double

Front................

1-1/2

1-1/2

1-3/4

1-3/4

Wheel Cylinder Size {Increased
Capacity):
Front (Same as Standard). . .

Number of Wheel Cylinders
(Standard):

Front............c....

Number of Wheel Cylinders
(Increased Capacity):

Front (Same as Standard). . ..

Master Cylinder:

Size (Bore and Stroke).. .. ..

1-3/4x2-1/2

Barrel

Hydrovac:

Standard or Optional . . . .. ..

Standard

Standard

Model No. (Bendix) ... . . ..

374230 *

374230 *

e

e

Cylinder Diameter.. ... .. ..

9-1/2"

9-1/2""

Single or Tanden Piston. . . ..

Tandem

Tandem

#* These hydrovacs contain a residual pressure check valve and must be used with a master cylinder that does not have a residual pressure check valve.
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AIR BRAKE SPECIFICATIONS Yo
R ® D
o D >
L-184 L-194 o B §
L-180 LC-180 L-190 LF-190 LC-190 L-200 LC-200 ® 0
TRUCK MODEL L-181 LC-181 L-191 LF-191 LC-191 L-201 LC-201 =
L-182 LC-182 L~192 LF-192 LC-192 L-202 LC-202 53
L-185 L-195 L-205 E
Standard or Special. . .. Special | ..... Special | ..... o e Special | .. ...
Brake Size:
Front........... 16x2-1/4x5/16 | ..... 16x2-1/4x5/16 | . .... e 16x2-1/4x5/16 | ..... -
Rear ........... 16x5-1/2x1/2 | . .... 16-1/2x6x3/4 e e e e 16-1/2x6x3/4 | . .... %
Brake Chamber-Front: rm
Location. ... ..... Back. Plate | ..... Back. Plate | ..... .. Back. Plate | ..... =
Type ... .. oo oo E 7 L. ) v e e E e 2
Size ... .. 6-3/16 | ..... 6-3/16 | ..... e 6-3/16 | ..... %
Brake Chamber~Rear: —J
Location. . ... .. .. Axle Pad | ..... AxlePad | ..... | ..... Axle Pad | ..... ;(g
TYPE « v v v a v v s v v c Lo c 1 ..... e e e e B | ... O
~
SiZemw v v v i e g-1/16 | ..., 9-3/16 | ..... | ..... 9-3/16 | ..... U
Slack Adjuster Length r;g
Front, .......... 3-3/8 | ..... O P s R <
O
Rear . v v v v o e oeoeo 6 ..... 6 .......... [ l-r]
Brake Valve: =<
Model. . . ... ..... p-1 | ..., D-1 A D-1 e e e >
Control. . .. ... ... Foot Pedal | ..... Foot Pedal B . Foot Pedal | ..... %
. : ‘ >
Air Reservoir: -
Number Used. . . . .. | L S T r 7 ...
Length and Diameter.| 41-1/2x8 | ..... 41-1/2x8 | ..... | ..... 41-1/2x8 e
Air €Compressor:
Type (Westinghouse). 2-Cyl, Cee 2 @ O 2-Cyl. e e
Capacity in Cu. Ft . . 7-1/4 e 7-1/4 R 7-1/4 cee e
Cooling. . .. ... ... Water | ..... Water S R Water e e -,
Mounting. . . .. .. .. Engine e e Engine R T Engine e
Drive.... « « v ... .. Belt | ...... Belt P Belt .« ..
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AIR BRAKE SPECIFICATIONS - Continued

LF-210 LF-220
TRUCK MODEL L-204 poae LF-211 roa0 LF-221 poa30 TEoz3
LF-212 LF-222

Standard or Special. ... . Special Special | .....0 | ..o ] e N .
Brake Size:

Front..e..ooeu.on. 16x2-1/4x5/16| 17-1/4x3x3/8 | ..... | «.o.. | oooo | ool .

Rear ...... e 16-1/2x7x3/4 | 16-1/2x7x3/4 S 1
Brake Chamber-Front:

Location. . .. ... ... Back. Plate Back.Plate | . .... | ... | cecee | veiee ] e

Type « .« oo vt o. E S e S

Size. ... euenn. 6-3/16 6-15/16 . O e e e
Brake Chamber~Rear:

Location., . ... ... .. Axle Pad Axle Pad | ..... | «.oe. ] e |l ceeee ] e ie e

Type « . e oo v vt o G L 1 e [ e e

SiZe . v v v e 9-7/8 9-7/8 | ... | ..o 0 caaas | aeees L o,
Slack Adjuster Length:

Front. ........... 5 o e e

REAr o . v .vveveenns 6-1/2 L 17 e O
Brake Valve:

Model. . . ... .. ... D-1 D-1 ] c.ice ] seeve ol veiee 0 veree ] e e e

Control. . ......... Foot Pedal FootPedal | ..... | ..o | ceeee | ceeee o
Air Reservoir:

Number Used. . ... .. 1 ) e e

Length and Diameter. . 41-1/2x8 41-1/2x8 | ... . | oo | .. A
Air Compressor:

Type (Westinghouse). . 2-Cyl. 2-Cyl. B [ [

Capacity Cu. Ft.. . . .. 7-1/4 R 12 S e O

Cooling. . .« v v v 0o v v Water Water | ... | ... o P

Mounting. .. ... o o s Engine Engine | ..... | c.eece | cieee | veeiee ] eeene

Drive. . ... .4« e .o Belt

Belt

-----

L °8eg

5
-
Z
3!
=
o
._.i
o
Py
._.i
e
C
O
~
wn
[
o
<
O
73
=
>
Z
-
>
-

suorjeotyinadg

WILSAS TAVYEY



Donated by John & Susan Hansen - For Personal Use Only



L-LINE MOTOR TRUCK SERVICE MANUAL

BRAKES-
HYDRAULIC
Section A
Page 1

HYDRAULIC BRAKES

HYDRAULIC BRAKE SYSTEM

The hydraulic system used to actuate the brake
mechanism consists of a compensating type
master cylinder in which the hydraulic pressure
is originated; individual wheel cylinders, in
which the hydraulic pressure is applied, which
serve to actuate the brake shoes against the
brake drum of each wheel; and the “Line” con-
sisting of steel tubing, flexible hose, brackets
and unions, interconnecting the master cylinder
and wheel cylinders. The master cylinder and
wheel cylinders are fitted with pistons, all of
which are provided with cup packings, which
act as a seal to maintain pressure and prevent
loss of brake fluid,

Depressing the brake pedal moves the piston
within the master cylinder, thus displacing the
brake fluid from the master cylinder through its
outlet orifices, tubing and flexible hose con-
nections into the wheel cylinders. The brake
fluid, being noncompressible, enters each of
the wheel cylinders, causing the cylinder pistons
to move outward and actuate the brake shoes,
As pressure on the pedal is increased, greater
hydraulic pressure is built up within the wheel
cylinders, and consequently greater force is
exerted against the shoes,

When the pressure on the pedal is released,
the brake shoe retracting springs return the brake
shoes to their normal or released position. The
return movement of the brake shoes, in turn,
causes movement of the wheel cylinder pistons
toward their released position, thus forcing
the fluid back thru the tubing into the master
cylinder,

Hydraulic Fluld

Always use genuine “Lockheed” or other high
grade automotive type brake fluid, The use of
other than genuine “Lockheed” or any high grade
automotive type brake fluid or the introduction of
mineral base oil into the system will cause
rubber parts to swell and become inoperative,

Combination Type Master Cylinder (Fig. 1)
The combination type master cylinder consists
of barrel and tank casting, double check valve
(L), piston cup return spring (I), piston cup (D),
piston (B), piston stop (P), boot (G) and connecting
link (A).

The fluid reservoir or supply tank is cast in-
tegral over the master cylinder barrel, A com-
bination filler and breather plug (N) permits
atmospheric pressure on the reserve fluid at
all times.

Depression of the pedal causes piston (B) and

cup (D) to move forward in the cylinder barrel.
A very small forward movement of cup (D) closes

PRINTED IN UNITED STATES OF AMERICA

compensating port (C) and the pressure stroke
commences.

Actual pressure is not built up until the fluid
displaced has caused all shoes to go into con-
tact with their drums. Additional pressure
on the pedal produces hydraulic pressure within
the brake system,

Removal of operator’'s foot from the brake
pedal after each brake application permits
the brake pedal and push rod (A) to return
independently to their off-position,

The return of piston (B) and cup (D) is accom-
plished by the piston return spring (I).

The piston for this type of unit is designed to
carry a primary cup (D) and a secondary cup
(E). The construction of the piston is such that
reserve fluid from the tank passes through
vent (R) in a recessed area. Thus we have
fluid on both sides of the primary cup. The
secondary cup (E} is merely a seal to prevent
loss of reserve fluid into boot (G).

The combination type master cylinder is also
known as a compensating type. Its primary
compensating function is to maintain a constant
volume of fluid in the system at all times, re-
gardless of expansion (heat) or contraction
(cold). The secondary compensating function is
the replacement of additional fluid into the system
to counterbalance anyloss due to gravity seepage.

The return to off-position of piston (B) and cup
(D) is much faster in displaced volume than the
return of the fluid through fitting (J) into the
master cylinder, A momentary vacuum is
created in the cylinder barrel and additional
fluid is drawn into the system through the drilled
holes in piston (B) and past the lip of cup (D).
The operating fluid returns more slowly from
the wheel cylinders and lines back into the master
cylinder barrel. Any excess is by-passed by port
(C) into the reservoir, Thus we have a cylinder
full of fluid for the next brake application.,
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Typical Combination Type Master Cyl-
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Check Valve

A double check valve is used in all master
cylinders of the compensating type, It is held
in the closed end of the master cylinder barrel
by the piston cup return spring.

The valve performs two functions:

It acts as a seal to prevent fluid or air being
drawn into the system through the bleeder screw
during the bleeding operation,

Fluid passed through the valve on the pressure
stroke can return into the master cylinder barrel
only by raising the entire valve from its seat,
The valve is held in place by the cup return
spring.,

When the pressure on the returning fiuid drops
below 6 to 8 pounds, the spring closes the valve
and the system is under a slight pressure, This
pressure will not cause the shoes to drag, It is
used to assure a positive seal at the wheel cylin-
der cup packings,

The valve does not control brake pedal move-
ment, Do not try to remedy this complaint by
changing the valve.

NOTE: On vehicles equipped with certain models
of Hydrovacs the check valve is located in the
Hydrovac slave cylinder tube; and where this
is the case, no check valve is used in the master
cylinder, (See Hydrovac Specifications,)

Wheel Cylinders (Fig. 2 and 3)

Two types of wheel cylinders are used in the
hydraulic brake system. Different combinations
of these two types of cylinders are used on
different model trucks., Fig, 2 illustrates a single
piston wheel cylinder, and Fig. 3 illustrates a
double piston wheel cylinder., The wheel cylinder
assembly is the unit that changes the applied
hydraulic pressure into mechanical force to
actuate the brake shoes,

A-22743

Fig. 2 - Typical Wheel Cylinder (Single-piston

type).

Boot  Piston Cup

Bleeder valve

A-22728

Fig. 3 - Typical Wheel Cylinder (Double-piston
type).

Repairs to Master and Wheel Cylinders

It is possible to rehone the majority of cyl-
inders and place them in good working condition;
however, this requires the use of up-to-date
honing equipment and plug gauges. A cylinder
hone kit is available under number SE-1679,and
a set of plug gauges under number SE-1000,

If this equipment is not available, we recom-
mend that the unit be taken to the nearest Wagner
Service Branch or Authorized Service Station
for repairing.

Cylinders and parts must not be washed in
gasoline, kerosene or oil, Use high-grade
denatured alcobol,

Care

Keep all lubricant and brake fluid away from
brake linings.

Inspect master cylinder at the time of making
brake adjustments -- for correct fluid level,
Fluid should be within 3/8" from bottom of filler
neck, Do not fill supply reservoir to top of filler
neck, Caution: When removing supply reser=-
voir filler cap, extreme care must be used to
prevent dirt or moisture from entering master
cylinder,

Brake Pedal Adjustment

When brake control system is in release position,
foot brake pedal should have 1/4" free travel
(Fig. 4) before the pressure stroke starts. This
free travel is required to prevent blocking of
compensating port in master cylinder, Brakes
will drag if compensating port becomes blocked
due to pressure building up in the system.,
Shorten pedal push-rod to allow piston to uncover
compensating port, allowing fluid to escape into
tank,
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Fig. 4 - Brake Pedal Free Travel.

Bleeding The Lines (Also see Hydrovac Section)

Any air inside the hydraulic system must be
removed, Whenever a line has been discon-
nected at master cylinder, the entire system must
be bled at all wheels until all air is completely
expelled. When a line has been disconnected
at any wheel cylinder, this cylinder together
with the cylinder on the opposite wheel must be
bled. Air in the system will cause a springy,
rubbery action of the brake pedal., Should a
sufficient quantity be introduced into the system,
the brake pedal will go to toeboard under normal
pressure,

Fill master cylinder supply reservoir with
genuine Lockheed or any high grade automotive
type brake fluid and see that it is kept at least
half full during entire bleeding operation.

Use pressure~type brake bleeder where avail-
able, Attach bleeder tube to bleeder valve by
pushing tube over the end of bleeder valve,
Allow tube to hang in a clean container, such
as a pint glass jar., Unscrew bleeder valve
3/4 turn and depress brake pedal by hand, using
half strokes, allowing pedal to return slowly.
Pumping brake pedal forces fluid out into glass
jar, and carries with it any air which might be
present in the system. Watch flow of fluid from
tube, the end of which should be kept below sur-
face of fluid in pint bottle, and when all air
bubbles cease to appear or when streamis a solid
fluid mass, close bleeder valve, (See Fig. 5.)

Fluid withdrawn in bleeding operation should
not be used again, unless absolutely certain
that it does not contain impurities, Fluid of

PRINTED IN UNITED STATES OF AMERICA

Bleeder

-~ wrench

A-22936
Fig. b

which the cleanliness is questionable should
never be used, Fluid should be replenished in
supply reservoir after each cylinder is bled,
Should supply reservoir be drained during bleed-
ing operation, air will enter the system and re—
bleeding will then be necessary,

Maintenance Hints

1, PEDAL GOES TO FLOOR BOARD:

Cause

(a) Normal wear of lining,

(b) Brake shoes not properly adjusted,
(c) Leak in system.

(d) Air in system,

(e) Pedal improperly set,

(f) No fluid in supply reservoir.,

Remedy

(a) When brake linings become worn it is
necessary to set the shoes into closer
relation to brake drums, This condition
is usually accompanied by the remark
that it is necessary to pump the pedal
several times before a brake is obtained,
Shoes should be set in accordance with
instructions on ADJUSTMENTS FOR
WEAR. Donot disturbanchor pins when
making this adjustment., Adjustment
must be made while drums are cool,
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(b) In cases where the anchor pins have
been disturbed and the relation of the
arc of the shoesto drums changed, lining
will wear rapidly and the braking ef-
ficiency of that particular wheel will be
reduced, To overcome this condition,
follow instructions as outlined in
MAJOR ADJUSTMENTS, brake shoe
adjustment sections.

(c) A leak in the system will allow the
pedal, under pressure, to go to toe
board gradually. If no leaks are found
at wheels or joints, remove master
cylinder and check bore of barrel for
scores or scratches.

(d) Air in the system will cause a springy,
rubbery action of the pedal. Should a
sufficient quantity be introduced “into
the system, the pedal will go to toe
board under normal pressure, System
should be bled,

(e) Brake pedals should be set to give the
correct amount of free movement before
the pressure stroke starts, Excessive
free movement reduces the active travel
of the master cylinder piston, which in
turn determines the amount of working
fluid to be expelled from the master
cylinder into the lines or system.

(f) The fluid level in the supply reservoir
should be checked at regular intervals,
Should the reservoir become empty, air
will be introduced into the system,
necessitating bleeding,

ALL BRAKES DRAG:
Cause

(2) Mineral oil in system.
(b) Pedal improperly set.
Remedy

(2) The introduction of mineral oil, such as
engine oil, kerosene, or any fluid with
a mineral base, into the system will
cause the cups to swell and distort,
making it necessary to replace all cups
and flush system.

(b) Directly ahead of the master cylinder
piston cup (when in normal release
position) is a relief port, It is im-
perative that this port be open when the
brakes are released., Brake pedal
should be set to give the proper free
movement before pressure stroke begins,
Should this port be blocked by piston
cup not returning to its proper release
position, the pressure in the system will

3‘

gradually build up and brakes drag.
Shorten pedal push rod to allow piston
to uncover compensating port, allowing
fluid to return to tank,

ONE WHEEL DRAGS:

Cause

(a) Weak brake shoe return spring.
(b) Brake shoe set too close to drum,
(c) Cups distorted.

(d) Loose wheel bearings.

Remedy

(a) Springs sometimes lose their con-
tracting power and take a set, Replace
spring.

(b) Readjust shoes to proper clearance,
Do not change anchor pin setting unless
necessary.

(c) If in repairing wheel cylinders, kero-
sene, gasoline and other fluids are used
as a cleaner, instead of alcohol, the
cups will swell and distort. The return
action of the shoes will be retarded and
the brake drum will heat. Replace
cups and wash unit in alcohol and dip all
parts in fluid before reassembling,

(d) Tighten bearings.

TRUCK PULLS TO ONE SIDE:

Cause

(a) Grease-soaked lining.

(b) Shoes improperly set.

(c) Backing plates loose on axle.

(d) Front spring U-bolts loose.

(e) Different makes of lining.

(f) Tires not properly inflated.

Remedy

(a) Replace with new lining of same make’
Grease~soaked linings cannot be sal-
vaged by washing or cleaning,

(b) Refer to MAJOR ADJUSTMENTS, brake
shoe adjustment sections.
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{c) Loose backing plates permit the brake 7. LIGHT PRESSURE ON PEDAL, SEVERE

assembly to shift on the locating bolts, BRAKES:

This shifting changes the predetermined

centers and causes unequal efficiency, Cause

Tighten backing plate and readjust shoes

with feeler gauge, (a) Brake shoes not properly adjusted,
(d) Loose spring U-bolts permit the axle to (b) Loose backing plate on axles,

shift on the springs and run out of line.

This is noticed especially when a high (c) Grease-soaked lining.

braking torque is developed, Tighten

U-bolts at their proper location on Remedy

spring., T

(2) Consult remedy (b) under No. 4.
(e) Different makes of linings have different

braking efficiency. Two different makes, (b) Consult remedy (c) under No. 4.
one with high efficiency and one with low

efficiency, would cause truck to pull to {c) Consult remedy {(a) under No. 4.
one side,

(f) All tires should be properly inflated,

5, SPRINGY, SPONGY PEDAL:

Cause

(a) Brakes shoes not properly adjusted.
(b) Air in system.

Remedy

(2) Consult remedy (b) under No. 1.

(b) Consult remedy (d) under No. 1.

6. EXCESSIVE PRESSURE ON PEDAL, POOR
STOP:

Cause

(a) Brake shoes not properly adjusted.

(b) Improper lining.

(c) Oil in lining.

(d) Lining making partial contact,

Remedy

(a) Consult remedy (b) under No, 1,

(b) Specified linings have been developed
to give satisfactory service and no
changes should be made in the field to
other makes of linings,

(c) Replace shoes,

(d) Remove high spots.

PRINTED IN UNITED STATES OF AMERICA
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HYDROVAC POWER BRAKE SYSTEM

Cylinder shell

Atmosphere control
line :
Clamp bolt

Bleeder valve.

Trailer brake

connection plog End plate

: Co_ntrb_l valve

Atmosphere inlet

T

_from air cleaner

.+ Lock nut
‘Bletder valve,

@

Stabilizing support
stud holes )

“Vacoum iolet from

Outlet to Inlet from master
vacuum source . . A19444

wheel cylinders :Slave cylinder .cylinder

Fig. | - Exterior View of Third Series ("C" Series) Single 6-3/u"
Diameter Piston Hydrovac No. 474000 (Fig. 2 illustrates the Interior
Details of the Above Unit.)

L o ) ; Control valve piston
Atmosphere control - " { Bleeder valve . ' '
lme O , Disphragm
- : 4 Vacuum valve

, Diaphragm rgtﬁrn spring
 Atmospheric valve

. Atmosphere inlet from
: air cleaner

Contlr:‘;alvq .,_(—@ Bleeder valve
B Ouflet to wheel

Piston return
spring R

: “cylinders
Cylinder shell X .
support stud AW Slave cylinder
. ( ( — By-pass valve
. . ~_ Yoke (by-pass valve)
. Push rod ; I \ Tnlet from master cylinder
Vacuum -piston - ' . "Push rod seals’ '
‘Lubrication plug £ ) - End plate
s ; _ " Vacuum inlet from vacoum source
Cylinder shell (infet drawn out of position) A-zzz0r -

Fig. 2 - Sectional View of Third Series ("C" Series) Single 6-3/u"
Diameter Piston Hydrovac No. 374000.
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Atmosphere control line
Bleeder valve
Trailer brake Cylinder shell
connection plug ®
Control valve /Piston guide tube
Atmosphere inlet ¥
from air cleaner SN
Lock nut\ Eﬂd plﬂté
Bleeder valve-‘"‘@”ﬁ
Oute to wheel____———> Wi} w ‘
cylincers Slave cylinder -
) T Clamp bol
Inlet from master cylinder
Stabilizing support stud holes Vacuum iolet from vacuum source -
A-22818
Fig. 3 - Exterior View of Third Series ("C"” Series) Single 9-i/2"
Diameter Guided Piston Hydrovacs No's. 375278 and 375279,
Control valve piston
Atmosphere control Clamp bolt Bleeder valve Diaphragm
line
! Vacuum valve
— — L\ Diaphragm return spring
- / Atmospheric valve

-

Piston return spring ( 5

Cylinder shell supporx A /f\tmosgherle inlet
stud I e - rom air cleaner

Piston guide tub\

Piston guide rod\\

Push rod—————]

) b / Bleeder valve
2

£y

1 lizg

Residual

check valve Outlet to

wheel cylinders

Vacuum piston Slave cylinder

By-pass valve

Lubrication plug
Yoke {by-pass valve)

[nlet from master cylinder

Cylinder shell
Push rod seals

Vacuum inlet from vacuum source
(Inlet drawn out of position) End plate

A-22737

Fig. 4 - Sectional View of Third Series ("C" Series) Single 9-1/2"
Diameter Guided Piston Hydrovacs No's. 375278 and 375279.
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Atmosphere inlet to
fast applicat.ion v.qlve
Center plate ’ ﬁmd::‘::: = Bleeder

Vacuum by-p;:s

‘Vacuum inlet

Bleeder valve y ; . : k : : Hydraulic
slave cylinder

Atmosphere - S SN N
et — ‘b ’ ’

from engine
air cleaner

Control valve
; housing

le A-23204

Fige 5 - Exterior View of Third Series ("C" Series) Tandem 9-1/2%
Diameter Cylinder Hydrovacs No's. 374229 and 374230.

BLEEDER VALVE

VACUUM INLET FROM
- VACUUM SOURCE

FAST APPLICATION

'SPRING VALVE

e \ BLEEDER VALVE
INLET FROM | %7, ‘ {
AR CLEANER /& @
" OUTLET
ER Y TO WHEEL

* SLAVE CYLIND
’ i CYLINDER *

RESIDUAL LINE.
PRESSURE CHECK
VALVE

INLET FROM MASTER
CYLINDER ~  A-10285

f— i 5 v
PISTON ROD: :CENTER PLATE -  PISTON

Fig. 6 - Sectional View of Third Series ("C" Series) Tandem 9-[/2"
Diameter Cylinder Hydrovacs No's. 374229 and 374230.
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HYDROVAC POWER BRAKE SYSTEM
(Bendix Hydrovacs Third Series "C"
Nos. 374000, 375278, 375279,
374229 and 374230)

Hydrovac Power Brake Units
(Figs. 1, 2, 3, 4, 5, 6)

The hydrovac is installed on vehicles having the
conventional hydraulic brake system to make
available to the operator a greater pressure
on the hydraulic brake system than could be
exerted by foot pressure alone,

Description

The hydrovac is a hydraulic-vacuum power
braking unit which is connected to the truck or
bus braking system by a hydraulic line from
the vehicle brake master cylinder to the hydro-
vac and a hydraulic line from the hydrovac to the
wheel cylinders of the vehicle brake system.

* Vacuum for operation of the hydrovac is obtained
from the engine intake manifold, The hydrovacis
a self-contained unit having no external rods
or levers exposed to dirt or moisture to rust
and corrode.

Figs. 1 and 2 illustrate the single piston 6-3/4"
diameter hydrovac,

Figs. 3 and 4 illustrate the single guided piston
9-1/2" diameter hydrovac.

Figs. 5 and 6 illustrate the tandem piston 9-1/2"
diameter hydrovac.

Bleeding Instructions

Bleed the hydrovac and wheel cylinders with
the engine stopped, bleeding the hydrovac first
at the two bleeder valves (Figs., 2, 4 and 6) in
the control valve and in the slave cylinder in
the following manner;

1, Attach bleeder tube to bleeder valve No., 1
by pushing the end of-tube over the bleeder
valve,

2. Insert the end of bleeder tube in a con-
tainer containing a small amount of brake
fluid.

3, Unscrew the bleeder valve 3/4 turn and
depress brake pedal by hand. Allow the
pedal to return quickly to the “OFF”
position,

NOTE: Bleeding instructions for all vehicles
having the residual check valve located in the
master cylinder recommend allowing the
brake pedal to return to the “OFF" position
slowly, However, in brake systems where
the residual check valve is located in the
hydrovac slave cylinder end the brake pedal

must be allowed to snap back “QUICKLY"
to be released position, This rapid return of
the pedal and master cylinder piston allows
the master cylinder barrel to receive brake
fluid from the master cylinder reservoir on
the return stroke and not just draw fluid back
out of the lines when the pedal is released,

Continue bleeding until all of the air is
expelled, close bleeder valve., Repeat
bleeding operation at bleeder valve No., 2,
making sure the master cylinder fluid
reservoir is kept full of brake fluid,

4. Bleed the wheel brake cylinders in any con-
venient order. NOTE: Fluid withdrawn
in the bleeding operation should not be used
again,

Lubrication

Ithas beendefinitely established that lubrication

is highly important in hydrovac maintenance

and that neglect of this service adversely affects

performance.

Hydrovacs should be lubricated as follows:

1. Single piston 6-3/4" diameter hydrovacs
should be lubricated once a year (prefer-
ably before cold weather) or every 20,000
miles, whichever occurs first.

2. Single piston 9-1/2" diameter hydrovacs
should be lubricated every six (6) months
or every 10,000 miles, whichever occurs
first. One of these lubrication periods
should occur just prior to the start of cold
weather.

3. The tandempiston hydrovacs should be lu-
bricated once a year (preferably before
cold weather)or every 20,000 miles, which-
ever occurs first,

The lubrication service should be performed
with the hydrovac mounted on the vehicle, with
the engine stopped, and brakes released.

Single piston hydrovacs have one pipe plug in the
cylinder shell (Figures 2 and 4), remove pipe
plug and fill cylinder with vacuum cylinder oil
to the level of the bottom of the hole. Replace
pipe plug. Tandem piston hydrovacs have two
pipe plugs, one in the end plate below control
valve and the other in the center plate between
the vacuum cylinders (Fig. 5). Remove pipe
plugs and fill cylinder with vacuum cylinder
oil to the level of the bottom of the holes, Re-
place pipe plugs.

NOTE: The quantities of oil required are
automatically controlled by the position of
pipe plugs., They are located so as to es-
tablish the proper oil level.
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HYDROVAC OIL CAPACITIES ARE AS FOLLOWS:

APPROXIMATE OIL CAPACITY ]

HYDROVAC SIZE
END CHAMBER CENTER CHAMBER

6-3/4" Diam. 1 ounce N
Single Piston one

9-1/2" Diam.

Single Piston Z ounces None
- "1y

9-1/2" Diam. 2 ounces 4 ounces

Tandem Piston

Hydrovac Air Inlet Filter (Fig. 7).

On all hydrovac installations, a filter is pro~ e
vided to cleanthe air entering the power chamber Hair filter
whenever the brakes are applied, This filter
is located on the inside of cab below driver's
seat. The air cleaner should be inspected every
1000 miles, If air passages are restricted, re-
move the air cleaner, dismantle and thoroughly
clean all parts in a cleaning solvent and allow
to drip dry. Then saturate the air cleaning
element with a light oil, reassemble and install Screen g
on vehicle.

element

Cover
A-22878

NOTE: Where the air inlet line is connected Fig. 7 - Hydrovac ‘Air Inlet Filter,

to the engine air filter, servicing the air filter
as outlined in the Fuel System Maintenance
Section will suffice,

CAUTION: All hose connections must be secure
and leak~proof.

Vacuum Line Oil Bath Air Cleaner (Fig. 8).

On trucks having a separate air cleaner for
the vacuum line, this unit is located on the engine
side of cowl at upper right hand corner, The
vacuum line air cleaner prevents any dirt or
foreign matter being drawn into intake manifold
when the brakes are applied. In normal operation,
service the cleaner every 5000 miles by re-
moving oil reservoir, cleaning thoroughly in a
suitable cleaning solution or kerosene and re=-
filling with clean engine oil to indicated level
on side of reservoir (Fig, 8). Use same grade of
oil as used in engine crankcase,

CAUTION: Be sure that reservoir seats per=~
fectly against gasket and that clamp is correctly
installed after completing service operation.
Should a leak occur, the engine performance and
hydrovac operation will be seriously affected,

Vacuum Connection Service

Rernove the vacuum connection elbow from the
intake manifold every 10,000 miles and in-
spect the elbow and vacuum line for any possible
obstruction. Clean the elbow and reinstall. Fig. 8 - Vacuum Line 0il Bath Air Cleaner,

£
[ 4A-22787
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BRAKE TROUBLE CHART FOR VEHICLES EQUIPPED WITH HYDROVAC UNITS

TRUCK BRAKE TROUBLES ARE EASILY DIAGNOSED
IF THE COMPLAINT IS UNDERSTOOD,

THEY WILL ALWAYS SHOW UP IN ONE OR MORE
OF THE FOUR WAYS LISTED BELOW.

THE DRIVER MAY REPORT OTHER SYMPTOMS, BUT
THESE WILL NOT HELP IN YOUR ANALYSIS.

BE SURE TO HAVE THE DRIVER TELL YOU WHICH
OF THESE FOUR CONDITIONS HE HAS NOTICED.

IF AT ALL POSSIBLE; DRIVE THE TRUCK AND ACTU-
ALLY FEEL THE CONDITION.

THE "FOUR WAYS"
OR CONDITIONS

POSSIBLE SOURCE OF TROUBLE

l1-Vacuum failure due to:
(a) Faulty vacuum check valve.
(b) Collapsed vacuum hose.

No. 1 (c) Plugged vacuum fittings.
2=-Bound~-up pedal shaft,
Hard Pedal 3-Glazed linings.
4-Grease or brake fluid on linings.
5-Hydrovac trouble.
No. 2 1-Grease or brake fluid on linings,

"Grabby" Brakes

2-Scored drums,
3~-Anchor pins bound-up.
4~-Hydrovac valve trouble.

No., 3

Pedal Goes to Floor
or almost to floor

l1-Brakes need adjustment.

2-Air in hydraulic system.

3-Hydraulic leak.

4-Master cylinder fluid - reservoir needs replen-
ishing.

5-Cracked drum,

6-Hydrovac leakage.

No, 4

Brakes Fail
to Release

l1-Master cylinder compensating - post covered or
plugged.

2-Anchor pins bound=-up.

3-Bound-up brake pedal shaft.

4-Brakes improperly adjusted.

5~Faulty hydraulic check valve - at master cylinder
or hydrovac.

6-Hydrovac valve or ball check trouble,
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Hydrovac Check 4. Brakes:

The following data will assist in the check=~ Check brake shoe adjustment for proper
ing of brake systems utilizing the Hydrovac clearances, Excessive shoe clearance will
Power Unit. The unit should be checked on the cause loss of pedal reserve travel, Insuf-
vehicle to determine that the trouble is not ficient shoe clearance may cause dragging
elsewhere in the brake system, The various brakes.

units of the brake system should be checked
individually for damage or misadjustmentbe=~
fore proceeding with the hydrovac check.

A good quickway to check the hydrovac, to
determine whether it is operating at all, is as
follows:

1. With the vehicle parking brake applied,
clutch released, and transmission in neu-
tral position; press the brake pedal to about
a medium brake application and hold.

2. Turn the ignition switch to "ON" and start
the engine. :

3. Shortly after the engine starts, the brake
pedal pressure will be felt to relieve it~
self. This is caused by the Hydrovac pick-
ing up the brake application, The relief
or movement is quite noticeable when the
hydrovac is functioning properly.

If nomovement or relief isfelt at the brake
pedal when making the above check, it is good
practice to check the brake system further be-
fore centering attention on the hydrovac unit.
Check as follows:

1. Master Cylinder Piston Rod Clearance:

Make certain linkage is properly adjusted
to permit opening of compensating port
with brake pedal in normal full released
position, Failure to properly uncover the
compensating port may cause sufficient
pressure to be maintained in the brake
system to hold the hydrovac valve in a
partially applied position and thus cause
dragging brakes.

2. Restricted Vacuum Lines:

Check for vacuum at the hydrovac by dis-
connecting the vacuum line at the hydrovac
vacuum connection fitting and holding a
thumb over the line, with the engine run-
ning. If no vacuum exists, or if air flow
is slow, check vacuum line to manifold for
kinks in tubing and collapsed liners in
hoses. Also test the checkvalve to be sure
it opens. Check fitting at engine manifold
for restriction.

3. Restricted Air Line and Air Cleaner:

Disconnect the air cleaner line at the hy-
drovac and blow into the line. If the line
is restricted, check for collapsed hose or
tubing. Clean or replace air cleaner,

PRINTED IM UNITED STATES OF AMERICA
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AIR BRAKES
(For Description and Operation see Shop Talk No. 24)

AIR BRAKE EQUIPMENT

Air brake equipment on trucks and truck-
tractors provides a means of controlling the
brakes through the medium of compressed air.
Air brake equipment consists of a group of
devices. Some maintaina supply of compressed
air, some direct and control the flow of the
compressed air, and others transform the en-
ergy of compressed air into the mechanical
force and motionnecessary to apply the brakes.
Different types and sizes of devices are used
on different types of vehicles to meet the oper-
ating requirements, but they are all fundamen-
tally the same. Following are the devices
comprising atypical truck or truck-tractor air
brake system, with a brief description of the
function of each device.

Compressor

The compressor supplies the compressed
air to operate the brakes.

Governor

The governor controls the compression of
air by the compressor. Although the compres-
sor runs continuously when the engine is run-
ning, the governor, acting in conjunction with
the unloading mechanism in the compressor
cylinder head, stops and starts the compression
of airby the compressor when the desired max-
imum and minimum air pressures are present
in the air brake system.

Brake Valve

The brake valve controls the air pressure
being delivered to the brake chambers and in
this way controls the operation of the brakes.

Quick Release Valve

The quick release valve speeds the release
of air pressure from the front wheel brake
chambers.

Relay Valve

The relay valve speeds the application and
release of air pressure from the rear wheel
brake chambers.

Brake Chambers and Brake Cylinders

Brake chambers and brake cylinders trans-
form the energy of compressed air into the me-
chanical force andmotionnecessary toapply the
brakes. One brake chamber or one brake cylin-
der isused to operate the brakes on each wheel,
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Slack Adjusters

Slack adjusters provide a quick and easy
method of adjusting the brakes to compensate
for brake lining wear. One slack adjuster is
used for the brakes on each wheel.

Cocks

Cut-out cocks are used in the trailer con-
nection lines to permit these lines to be closed
when they are not being used. Reservoir drain
cocks are used also, mounted at the bottom of
the reservoir. The drain cocks permit drain-
ing the oil and water which collects in the res-
ervoir.

Tubing and Tubing Fittings

Tubing and tubing fittings connect the
different air brake devices in the air brake
system.

Hose, Hose Fittings, Hose Couplings and
Dummy Couplings

Flexible hose lines and hose fittings are
used where it is necessary to have an air line
between two points of the vehicle which change
their position in relation to one another. Hose
lines also make connections between two ve-
hicles, and in such cases they are provided with
hose couplings to permit the connections to be
easily connected or disconnected. Dummy
couplings seal the hose couplings against the
entrance of dirt when the hose couplings are
not in use. Dummy couplings on the back of
tractor cabs also provide a place for attaching
the free ends of connecting hose that is not
being used.

Safety Valve

The safety valve protects the air brake
system against excessive air pressure.

Reservoirs

Reservoirs store the compressed air until
it is needed for brake operation and provide
sufficient air pressure to make several brake
applications even after the engine has stopped.

Air Gage

The air gage mounted on the instrument
panel of the vehicle registers the pressure in
the air brake system.
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Air Supply Valve

In some cases the air supply valve is in=-
cluded to provide an easy means of obtaining
compressed air from the air brake system for
such purposes as tire inflation.

Low Pressure Indicator

The low pressure indicator is often pro-
vided to warn the driver by sounding a buzzer
or by lighting a warning light if for any reason
the air pressure in the air brake system falls
below a safe operating point.

Stop Light Switch

The air operated stoplight switch provides
a simple means of controlling the stop lights of
the vehicle.

Air Horn

On some vehicles the air horn is included
to provide an effective warning signal.

Alcohol Evaporator

On some vehicles the alcohol evaporator
is included to prevent moisture freezing in the
air brake system.

OPERATION OF THE AIR BRAKE
EQUIPMENT

Charging

The reservoirsare charged with air by the
compressor, The reservoir air has access to
the inlet valve chamber of the brake valve and
the inlet valve is thenheld closed by the tension
of its spring and air pressure.

Service Application

When it is desired to apply the brakes, foot
pressure is applied to the brake pedal, which
action is carried through the brake rod pulling
up on the lever of the brake valve, This com-
presses the spring, deflects the diaphragm
downward, and through the medium of the rock-
er arm closes the exhaust valve and opens the
inlet valve. Air is thereby admitted from the
reservolr to the brake valve, thence out the two
side outlets to the front and rear brake cham-
bers. The power thus exerted against the brake
chamber diaphragms or pistons forces the push
rods out, rotating the camshafts to apply the
brakes.

In flowing to the rear brake chambers the
air pressure passes through the quick release
valve entering at the top, deflecting the dia-
}'Jhragm and its seat to seal the exhaust open-
ing while the air pressure passes around the
diaphragm to the two side connections, each
leading to a brake chamber.

In the case of the relay valve (6-wheel
models), the connections lead to tee connections
and from there to each of the four rear brake
chambers.

When the pressure built up in the brake
chambers and acting against the brake valve
diaphragm is enough to compress the regulat-
ing spring, the diaphragm moves upward, allow-
ing the inlet valve to close by action of its
spring,

The exhaustvalve remains closed by action
of the inlet valve spring and tilting of the rock-
er arm. Further increase of brake chamber
pressure is thus prevented. If, however, there
should be leakage from the brake chambers or
piping, while the brake valve lever remains in
this position, the resulting drop in pressure
under the brake valve diaphragm will cause the
regulating springtoagain unseat the inlet valve
and restore the lost pressure.

Release

When the foot is removed from the brake
pedal, the brake valve lever is moved back
toward normal position again, which relieves
the tension on the regulating spring so that the
diaphragm will be moved upward to its normal
position by brake chamber pressure under-
neath it. This permits the exhaust valve to be
unseated by its spring which opens brake cham-
ber line to atmosphere and allows air to ex-
haust from the brake chambers.

If the brake valve lever is moved all the
way back to normal position and left there (foot
entirely removed from brake pedal), the brakes
will entirely release, but if moved only part
way back (foot pressure eased), the brakes will
only partially release, i.e., the exhaust valve
will remain open until the brake chamberpres-
sure has reduced to such an amount as will no
longer hold the diaphragm up, whereupon the
regulating spring will move the diaphragm,
with rocker arm, downward again and close the
exhaust valve.

The brake chamber line to the rear wheels
is released only up to the quick release valve or
relay valve. This allows the diaphragm to un-
seat, uncovering the exhaustportthrough which
the rear brake chambers are then exhausted.

OPERATING INSTRUCTIONS

Operating the brakes of an air-braked ve-
hicle differs wvery little from operating the
brakes of a passenger car. Because operation
of the brake pedal requires very little physical
effort, proper control of the brakes is easily
accomplished.
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The distance the brake pedal is depressed
determines the amount of air pressure deliv-
ered to the brake chambers, and the brake
chamber pressure determines the braking
force. Thus the driver may definitely control
the brakes of the vehicle by keeping in mind
the fact that he is operating a brake valve
capable of giving finely graduated brake con-
trol and making full use of this feature.

An air-braked vehicle should not be moved
unless the air gage shows at least 60 pounds
air pressure in the air brake system, because
the brakes are not fully effective at lower
pressures. While operating the vehicle, the
driver should periodically observe the air
pressure registered by the dash gage, to be
sure it is being maintained properly. If the air
pressure drops to a low point, or if the warn-
ing buzzer or light signifies the pressure is
low, the vehicle should be stopped and the
trouble corrected.

The best stop results when the brake ap-
plication is as hardat firstas the speed, condi~
tion of the road, and passenger comfort permits,
and then graduated off as the speed decreases.
As the stop is completed, there should be only
sufficient air pressure in the brake chambers
to hold the vehicle stationary. The brakes must
never be applied lightly at first and the braking
pressure increased as the speed decreases, as
this will result in a very rough stop.

The brake pedal should not be "fanned," as
this merely wastes compressed air and has no
bearing on correct braking results.

The brake pedal should not be fully de-
pressed except in cases of emergency as this
causes full braking force to be delivered to the
wheels and this should not be necessary in
ordinary service,

Normally the engine is used to assist the
brakes by not disengaging the clutch until the
engine reaches idling speed.

In the event a trailer breaks away from a
truck or tractor, the driver must immediately
apply the brakes and bring the truck or tractor
to a stop. Then the truck or tractor should be
held with the hand brake while the cut-out cocks
in the emergency and service lines are closed.
The truckortractor air brake system will then
be recharged to normal pressure.

When disconnecting trailers from trucksor
tractors, the emergency feature of the air brake
system on the trailer is often used to lock the
trailer brakes. This is approved practice but
the air brake system mustnotbe depended upon
to hold a vehicle parked. The parking brake
must always be applied or the wheels blocked.
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COMPRESSOR (TYPE U)

Air outlet
5. VWL

Air intake 1§
and cleaner §

Fig, | - Air Compressor Installed.

IDENTIFICATION. All Bendix - Westing-
house compressors are identified by the number
stamped on the name plate riveted to the side
of the crankcase., Name plates also show the
serial number and type of the compressor but
compressors cannot be identified by the serial
number or the type designation.

The type designation shown on the name
plate is in accordance with the following: ’

Type
Number of Lu- Rated| Type Type
of C . Ca- of
. om-=-| bri- of
Cylin- . pac- | Mount- .
d pres~|cation it . Cooling
ers cor ity ing
2 or3 U |Eng.-| 4,6, |Flange-F| Air-A
E or {7-1/4|Horiz. -H(Water-W
self-Slorl12 | Verti-
cal-V

Thus a 2 UE 7-1/4 VW compressor is a two-
cylinder, type U, engine-lubricated compressor
with a displacement of 7-1/4 cubic feet per
minute at 1250 r.p.m., vertically mounted and
water-cooled.

PREVENTIVE MAINTENANCE AND
TROUBLE SHOOTING

Daily Service

(a) International trucks are usually
equipped with the engine lubricated type air
compressor, however, if the compressor is of
the self-lubricated type, check the oil level in
the compressor crankcase and replenish if nec-
essary.
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(b) Should it be necessary to drain the
engine cooling system to prevent freezing, al-
ways drain the compressor cylinder head (see
Fig., 1).

Every Month or After Each 2,000 Miles

(a) Service compressor air strainer. Re-
move and wash all parts including curled hair
in cleaning solvent. Saturate curled hair with
clean engine oil and squeeze dry before re-
placing it in the strainer.

(b) If compressor is the self-lubricated
type, drain and flush compressor crankcase
and refill with clean engine oil.

(c) Check compressor mounting and drive
for alignment, belt tension, etc. Adjust if nec-
essary.

SCREWDRIVER \
UNLOADING \ :
LEVER
DISCHARGE
VALVE
LOCK NUT AP T
UNLOADING < —
VALVE SPRING

DISCHARGE
PORT

Fig. 2 - Adjusting Compressor Unloading Valve

Clearance.

Every Six Months or After Each 10,000 Miles

(a) If the compressor is lubricated from
the engine, clean oil supply line to compressor.

(b) Check compressor unloading valve
clearance and adjust if necessary (Fig. 2).
Clearance must be 0.010 inch minimum to
0.015 inch maximum. To adjust clearance,
loosen locknuts and turn adjusting screws until
proper clearance is obtained. Then tighten
lock nuts. Clearance can be checked only when
governor is cut in (compressor not unloaded).
Check unloading valve lever for binding.

(c) If compressor is the self-lubricated
type, service crankcase breather. Washbreath-
er in cleaning solvent.

(d) Remove compressor discharge valve
cap nuts and check for presence of excessive
carbon. If excessive carbon is found, clean the
compressor cylinder head; also check com-
pressor discharge line for carbon and clean or
replace the discharge line if necessary.

Inspection

1. Be sure compressor air strainer is
clean and properly installed. Also be sure
blanking covers and gaskets are installed on
all strainer openings notbeingusedin the com-
pressor intake manifold.

2. With compressor running, check for
noisy operation and oil or water leaks.

3. Check unloader valve clearance.

4. Checkcompressordrive for alignment,
belt tension, etc.

5. Checktobe sure compressor mounting
bolts are secure.

Operating Tests

Because of the many different types of
air brake systems found on different types of
vehicles, it is difficult to set up any specific
series of tests to determine the serviceability
of a compressor on a vehicle. Failure of the
compressor to maintain normal air pressure
in the air brake system of a vehicle usually
denotes loss in efficiency due to wear, provided
leakage in the remainder of the system is not
excessive. Another sign of wear is excessive
oilpassing. If either of these conditions develop
and inspection shows the remainder of the air
brake equipment to be in good condition, the
compressor must be repaired or replaced.

Air Leakage Tests

1. Excessive leakage past the discharge
valves can be detected by fully charging the air
brake system and then with the engine stopped,
carefully listening at the compressor for the
sound of escaping air. This must be done in a
quiet place and if air pressure can be heard
escaping inside the compressor, the discharge
valve leakage is excessive, and the compressor
cylinder head or the complete compressor must
be replaced.

2. With the airbrake systemfully charged
(governor cut out) coat the unloading box cover
with soapsuds to check for leakage past the
unloading diaphragms. Leakage of a one-inch
soap bubble in three seconds is permissible.
If excessive leakage is found, the compressor
cylinder head or complete compressor should
be repaired or replaced.
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Trouble Shooting

Compressor fails

to maintain

adequate pres-
sure in the air

brake system.

Compressor
passes exces-
sive oil.

Noisy operation.

Compressor
does not
unload.

[Dirty intake strainer.

Excessive carbon in com-
pressor cylinder head or
discharge line.

Discharge valves leaking.

Excessive wear.

d

Drive belt slipping.

No clearance at compressor
unloading valves,

Unloading valves stuck open,

Excessive leakage of unload-
ing valves.

FExcessive wear,
Dirty air strainer.
Excessive oil pressure.

Oil returnline or passage to
J engine crankcase plugged.

Compressor crankcase
flooded.

Back pressure from engine
crankcase.

Oil rings improperly in-
stalled.

N

[Back lash in drive coupling
or drive gears.

Loose drive pulley.

Excessive carbon incylinder
< . .
head or discharge line.

Worn or burnt-out bearings.

Excessive wear.

.

(D efective unloading dia-
phragms.

Excessive clearance at un-
loading valves.

<

Unloading cavity plugged with
carbon.

Unloading mechanism bind-
ing or stuck.
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BRAKE VALVE
(See Fig. 3)

Description

The brake valve is fitted with a lever suit-
able for connecting to the brake pedal. The
pedal controls the movement of an inlet valve
and exhaust valve which in turn controls the
air pressure being delivered to or released
from the brake chambers on the vehicle. To
fully apply the brakes, the brake pedal must be
fully depressed; whereas when the pedal is
only partially depressed, correspondingly less
braking force is developed. In other words,

Lever

.Adjusting
screw

Lock nut

Air outlet to
front brake
chambers

Outlet
to check valve

Air outlet

to
- rear brake
P - chambers
Air inlet from
reservoir "
i K A-22832

_Fig. 3 - Brake Valve.

the farther the driver depresses the pedal, the
greater the airpressure delivered to the brake
chambers and the more effective the brake ap-
plication. At any time the brakes of the vehicle
may be partially released by the driver per-
mitting the brake pedal to partially return
towards released position or they may be en-
tirely released by permitting the pedal to re-
turn to full released position. In this manner
the amount of force being applied to the brakes
of the vehicle is always under control of the
driver.

Preventive Maintenance
Every Month or After Each 2,000 Miles

(a) Lubricate all linkagebetweenthe brake
valve and brake pedal; also lubricate the brake
valve lever pin.

(b) Check to be sure that no strain is
placed on the brake valve lever, because the
lower edge of the lever cap strikes the cover
when the brakepedal is fullydepressed. Adjust
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pedal stop or linkage, if necessary, to prevent
this interference. After any adjustment, check
brake valve delivery pressure.

(c) Be sure the brake valve lever strikes
the cover of the valve” when the brake pedal is
in released position, If necessary, adjust pedal
rod length.

Lever  pin O Roller

] (’ Cotter pin
Cotter pin AR 3 Roller pin
Stop pin D Boot
Stud
Adj. screw ﬁ-
Lock nut \
Seal e /'/ WNM
Shims Lockwasher
] % q EUpper body
Diaphragm 7 f Seal
Return spring
Seal I
J—Capscrew

8] .
B
Shims 3 Body

Sea] — — ————==
4“j<—\lnlet body
= Lockwasher
 —
Stud
A-22837

Fig. 4 - Sectional View Of Brake Valve.

Testing For Serviceability
Operating Tests

1. Check the delivery pressure of the
brake valve usinganaccurate airpressure test
gage. On vehicles having trailer connections
the test gage may be conveniently connected to
the service line outlet at the rear of the ve-
hicle. Note that thefirstmovement of the brake
pedal towards applied position, after the slack
is taken up, causes the brake valve to deliver
approximately five pounds air pressure. Note
that approximately full reservoir pressure is
delivered by the brake valve when the brake
pedal is fully depressed. If the brake valve
does not deliver approximately full reservoir
pressure, when the brake pedal is fully de-
pressed, adjust the pedal stop or linkage so as
to increase the iravel of the brake valve lever.
This should increase the delivered pressure.
On some vehicles the pedal stop is so arranged
as to prevent the brake valve from delivering
full reservoir pressure. This arrangement
must not be altered on such vehicles unless a
higher delivery pressure isdesired in order to
increase the effectiveness of the brakes, When
making this adjustment, be sure no strain is
placed on the valve lever due to the edge of the
lever cap striking the cover when the brake
pedal is fully depressed. Alsobe sure the brake
valve lever returnstofull release position when
the brake pedal is released.

2. Hold brake pedal at several different
positionsbetween release position and fully de-
pressed position and observe that intermediate
delivered pressures between five and seventy
pounds are definitely determined by the position
in which the brake pedal is held.

Leakage Tests

1. With brakes released, coat the exhaust
port with soapsuds.

2. With brakes fully applied, coat the ex~
haust port with soapsuds.

3. Leakage in excess of a one-inch soap
bubble inone second is not permissible ineither
of these tests. If excessive leakage is found,
the brake valve must be repaired or replaced.

4. With brakes applied check for leakage
out the top of the brake valve. No leakage is
permissible. If leakage is found, the brake
valve must be replaced.

BRAKE VALVE
(Hand Operated) Type HP

Description

Type HP brake valves (Fig. 5) are used for
controlling the brakes on a trailer independent-
ly of the brakes on the towing vehicle. They
are usually mounted on the steering column or
on the dash and the driver may put the handle
in any one of several positions between brakes
released and brakes fully applied position so
the brakes on the trailer are kept applied until
the brake valve handle is returned to release
position. The distance the brake valve handle
is moved in a clockwise direction toward ap-
plied position determines the severity cf the
brake application. The driver may, therefore,
control the brakes on the trailer as the speed,
load, and road conditions require.

—————————

PRESSURE
REGULATING | ! 1 )
SPRING F - EXHAUST PORT

PISTON

PACKING EXHAUST VALVE

INLET VALVE

B8RAKE CHAMBER A935
PORT INLET PORT ¢

Fig. 5 - Sectional View 0f Hand Brake Value.
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Operating Tests DIAPHRAGM

1. Check the delivery pressure of the
brake valve using anaccurate air pressure test
gage. The test gage may be conveniently con-
nected to the service line outlet at the rear of
the vehicle. With the brake valve handle moved
to its fully applied position, the brake valve
must deliver at least sixty pounds pressure.

2. Move the brake valve handle to several
different positions between fully applied and
fully released positions and observe that the
air pressure registered by the test gage varies
in accordance with the position to which the
handle is moved.

Leakage Tests

1. With brake valve handle in released
position, coat the exhaust port with soap suds
to check for leakage.

2. With brake valve handle in fully applied
position, coat the exhaust port with soap suds to
check for leakage.

3. Leakage in excess of a one inch soap
bubble inone second is not permissible in either
of these tests, If excessive leakage is found it
will usually be caused by dirty or worn wvalves
or valve seats and the inlet and exhaust valve
assembly or the complete brake valve must be
repaired or replaced. Leakage due to dirty
valves and valve seats may be corrected by
removing the inlet and exhaust valve assembly
and cleaning the valves and valve seats. Leak=~
age due to wornvalves maybe corrected by in-
stalling a newinlet and exhaust valve assembly.
If the valve seats are pitted or worn excessive=-
ly or if the installation of a new inlet and ex-
haust valve assembly does not correct the
leakage, the brake valve must be repaired or
replaced.

QUICK RELEASE VALVE

Description

The purpose of the quick release valve is to
reduce the time required to release the brakes
by hastening the exhaust of air pressure from
the brake chambers. It is most commonly used
with front wheel brake chambers.

The valve consists of a body containing a
spring loaded diaphragm so arranged as to per-
mit air pressure to flow through the valve in
one direction; but when the supply pressure is
reduced, the air which has passed through the
valve is permitted to escape through the ex-
haust port (Fig. 6).
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DAMPNER

BRAKE
CHAMBER v
PORT

COVER

EXHAUST PORT A9360

Fig. 6 - Sectional View 0f Quick Release Valve.
Operating Tests

Apply the brakes and observe that when the
brakes are released, air pressure is quickly
exhausted through the exhaust port of the valve.
Be sure the exhaust port is not restricted in
any way,

The valve must be tested at regular inter-
vals for leakage by applying soapsuds on the
exhaust port with the brakes applied. On re-
leasing the brakes see that the valve releases
immediately with the corresponding return
movement of the foot pedal. Leakage may be
caused by dirt in the valve or a defective dia-
phragm. As a rule the diaphragm should be
replaced at least once every year.

The air line from the brake valve to the
rear wheel chambers is released back to the
quick release valve. This allows the diaphragm
in the quick release valve to unseat, uncovering
the exhaust port in the valve and permitting the
air in the brake chambers to escape quickly at
the quick release valve.

On some trucks air is released from the
front wheel brake chambers back through the
lines to the foot brake valve and exhausted at
that point., Where this is the case, the quick
release valve housing installed at the front of
the vehicle serves merely as a connector and
does not contain either a diaphragm or dia-
phragm spring and the exhaust opening in the
quick release valve housing is closed with a

plug.

IMPORTANT: DO NOT REMOVE THIS
PLUG, TO DO SO WILL RENDER THE FRONT
WHEEL BRAKES INOPERATIVE.

Leakage Tests

1. With brakes released, coat the exhaust
port with soapsuds to determine leakage.

2, With the brakes fully applied, coat the
exhaust port with soapsuds to determine leak-
age. )
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3. Leakage in excess of a one-inch soap
bubble in one second is notpermissible ineither
of these tests. If excessive leakage is found,
the relay valve must be repaired or replaced,

DOUBLE CHECK VALVE

Description

A double check valve is used on the tractor
truck at the frame side rail (Fig.7). Itis con-
nected into the air lines from the relay valve
to the trailer lines. The purpose of the double
check valve is to control the brakes on the
trailer or towed load. If the double checkvalve
were not used when one of the brake valves was
moved to its applied position, air pressure
from the reservoir would escape through the
exhaust port of the other brake valve, whose
exhaust valve would be open. When the double
check valve is used and one of the brake valves
is moved to the applied position, the double
check valve blocks off the line leading to the
other brake valve, in this manner preventing
any loss of air pressure through the open ex~
haust valve of the brake valve not being oper-
ated.

GASKET

| ——— INLET

SHUTTLE

A-9358
OUTLET

Fig. 7 - Sectional View Of Double Check Valve.

Testing

With the brake system fully charged and
both brake valves in released position, move
one of the brake valves to applied position, and
check with soapsuds for leakage at the exhaust
port of the brake valve not being operated. Re-
peat test with the other brake valve. Leakage
in excess of a 3-inch soap bubble in 3 seconds
is not permissible. If excessive leakage is
found, the defective double check valve must
be replaced.

RELAY VALVE
Description

The relay valve (Fig. 8) speeds up the ap-
plication and release of the rear wheel brakes.
It is controlled by the brake valve and keeps
the air pressure in the rear brake chambers
the same as the pressure being delivered by the
brake valve. It reacts to even slight changes

in pressure and raises, lowers, or completely
exhausts the air pressure in the rear brake
chambers as the brake valve raises, lowers,
or completely exhausts air pressure from it.

- ‘BRAKE VALVE PORT

™~

DIAPHRAGM — = —

IAPHRAGM GUIDE ——r—ip o §3
P Lot BB ; - BY-PASS PORT
GUIDE RING 4 /
‘ . BRAKE
e CHAMBER
EXHAUST PORT i B PORT
_lj____,___E:-—-—-—»
SUPPLY VALVE =37 W )
ki3 e GASKET
RESERVOIR PORT A=p : Q
4= CAP NUT A-9357

Fig. 8 - Sectional View 0f Relay Valve.

Testing for Serviceability
Operating Tests

1. With the air brake system charged,
apply brakes and check to be sure the rear
wheel brakes controlled by the relay valve ap-
ply promptly.

2. Release brakes and check to be sure
air pressure is exhausted from the exhaust
port of the relay valve promptly.

Leakage Tests

1. With brakes released, coat the exhaust
port with soapsuds to determine leakage.

2. With brakes fully applied, coat the ex-~
haust port with soapsuds to determine leakage.

3. Leakage in excess of a one-inch soap
bubble in one second  is not permissible ineither
of these tests. If excessive leakage is found, the
relay valve must be repaired or replaced.

GOVERNOR (TYPE O-1)

Description

The purpose of the compressor governor
is to automatically control the air pressure
being maintained in the reservoirs of the air
brake system by the compressor, between the
maximum pressure desired (100-105 lbs.) and
the minimum pressure required for safe brake
operation (80-85 1bs.). To understand this func~
tion of the governor, it should be remembered
that while the compressor may run continuous-
ly, actual compression of air is controlled by
the governor, which, acting in conjunction with
the compressor unloading mechanism, stops or
starts compression when these maximum and
minimum reservair pressures are reached.
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TUBE

LOCK Nut
ADJUSTING SCREW
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UPPER VALVE GUIDE
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UPPER VALVE
LOWER VALVE STRAINER
LOWER VALVE SPRING FROM RESERVOIR A-9366

Fig. 9 - Sectional View Of Governor.

The design of the compressor governor is
based on the principle of a Bourdon tube which
is a flattened metal tube bent to a curve that
tends to straighten under internal pressure
(Fig. 9). This reaction by the tube, due to
changes in the air pressure in the tube, in-
creases or decreases the spring load on the
valve mechanism of the governor and makes
the valve mechanism assume its '""cut-in" or
"cut out" positions in accordance with the air
pressure in the reservoir., Two types of gover-
nor cases will be found in service, one being a
die cast case and the other a pressed steel
case. Both types of cases are interchangeable
with each other and the working parts of the
governor used in both types of cases are iden-
tical.

Preventive Maintenance

Every Six Months or After Each 10,000 Miles

Remove the governor air strainer and wash
all parts in cleaning solvent. Lamb's wool in
the air cleaner may be used again if it can be
washed thoroughly clean in cleaning solvent,
otherwise it must be replaced.

Every Year Or After Each 25,000 Miles

(a) Disassemble governor and clean all
parts.

(b) Cleanor replaceboth tubing lines con-
nected to the governor.

Testing for Serviceability and Adjusting
Operating Tests

1. With the engine running, build up air

pressure in the air brake system and observe
at what pressure registered by the dash gage’

the governor cuts out stopping further com-
pression. The governor must cut out between
100 and 105 pounds.
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2. With engine running, slowly reduce
the air pressure in the air brake system by
applying and releasing the brakes and observe
at what pressure registered by the dash gage
the governor cuts in and compression is re-
sumed., The governor must cut in between 80
and 85 pounds.

3. Before condemning or adjusting the
pressure settings of the governor, be sure the
dash gage is registering accurately. This may
be done byusing an accurate test gage to check
the pressure registered by the dash gage.

4. Whennecessary, the pressure settings
(cut-in and cut-out pressures) may be adjusted
after removing the cover. The pressure set-
tings are raised by loosening the adjusting
screw lock nut and turning the adjusting screw
clockwise viewed from the top (Fig. 9). Pres-
sure settings may be lowered by turning the
adjusting screw counterclockwise. The lock
nut must be tightened after any adjustment.

5. If the governor cannot be adjusted to
cut-in and cut-out at the proper pressure set-
tings, it should be replaced.

6. Adjustment of the range between the
cut~in and cut-out pressure is made by remov-
ing shims beneath the upper valve guide (Fig.
9) to increase the range or by installing addi=~
tional shims to decrease the range.

Leakage Tests

1. Remove cover and with the governor
in its cut-out position, test for leakage by ap-
plying soapsuds to the exhaust port. ’

2. With the governor inits cut-in position
test for leakage by applying soap suds to the
exhaust port.

3. Leakage in excess of a one-inch soap
bubble in three seconds is not permissible in
either of the above tests. If excess leakage is
found, the governor must be replaced.

4, Install cover after making tests.

SAFETY VALVE

Description

1. The purpose of the safety valve is to
protect the air brake system against excessive
air pressure. Should the air pressure in the
air brake system rise above the setting of the
safety valve at 150 pounds, the valve opens and
permits pressure above 150 pounds to be ex-
hausted. It is located on one of the reservoirs.,

2., The safety valve consists of a spring-
loaded ball check valve which is set to "blow
off'" at 150 pounds air pressure. (Fig. 10),



BRAKES-

AIR L-LINE MOTOR TRUCK SERVICE MANUAL

Section C
Page 10
approximately 100 pounds by applying and
[ releasing the brakes.
/ Leakage Tests
ADJUSTING S With the air brake system -fully charged
> to approximately 100 pounds, coat the safety
valve all over with soapsuds to check for leak-

e
SCREW é

EXHAUST PORT—#.g

«+—LOCK NUT

res  SPRING:

BALL VALVE

B A-9348
Fig. 10 - Sectional View 0f Safety Valve.

Testing

Pressure Setting Tests

1. Connect a test gage known to be accu-
rate into the airbrake system so as to register
reservoirpressure. A simple way to do this is
to connect the air gage to the emergency line
at the rear of the tractor truck and open the
emergency line cut-out cock. With the motor
running, temporarily stop governor operation
by turning the air supply valve on the dash
panel to its air supply position, and permit the
air pressure in the air brake system to rise
until the test gage registers 150 pounds. When
the test gage reaches 150 pounds, the safety
valve must release, or '"blow off." If the safety
valve does not release, stop the engine imme-
diately, and adjust the pressure setting of the
safety valve. Do not permit air pressure in the
air brake system to build up higher than 150
pounds, otherwise the compressor may become
damaged.

2. To adjust the pressure setting of the
safety valve, loosen the lock nut and turn the
adjusting screw. Turning the adjusting screw
counterclockwise lowers the pressure setting.
Turning the screw clockwise raises the pres-
sure setting. Turn the adjusting screw as re-
quired until the safety valve releases at 150
pounds pressure registered by the test gage.
Then tighten the lock nut to hold the adjusting
screw at the proper setting. Reduce air pres=-
sure in the air brake system to normal of

age. Leakage of a l-inch soap bubble in 5
seconds is not permissible. Slight leakage may
sometimes be corrected by lightly tapping the
end of the release pin. If this fails to correct
the leakage, replace the safety valve.

SLACK ADJUSTER
Description

One slack adjuster is used at each brake
chamber. Slack adjusters consist of a worm
and gear enclosed in a body which also serves
as an adjustable lever (Fig. 11). They provide
a quick and easy means of adjusting the brakes
to compensate for brake lining wear. During
brake operation, the entire slack adjuster ro-
tates bodily with the brake camshaft. During
brake adjustment, the worm moves the gear so
as to change the position of the lever arm in
relation to the brake camshaft,

Slack

Spring loaded )
adjuster

sleeve type
adjusting screw
lock

Adjusting
screw

A-22838

Fig. Il - Sectional View 0f Slack Adjuster.
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Push locking
sleeve in to
disengage

This illustration shows the
locking sleeve in its disen-
gaged position. Be sure this
isheld in, disengaging thead-
justing screw, when making
adjustments.

Use either an open end or socket
wrench in making adjustment. Make
certain locking sleeve is held in,
thereby disengaging the locking
mechanism. Never use a wrench on
the sleeve portion.

A-22908

Fig. 12 - Illustrates Locking Sleeve On Adjust-
ing Nut.

CENTER LINE OF SLACK

ADJUSTER IN APPLIED POSITION
SHOULD NEVER GO OVER CENTER ————»

APPLIED ———>»

- RELEASED —!

h
—

THIS ANGLE
NEVER LESS THAN
90°
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Testing

Adjust brakes and note brake chamber
push rod travel whenbrakes are applied. Make
several brake applications, and again check
push rod travel. Push rod travel must remain
the same as it was after adjustment. If the
push rod travel increases, or if difficulty is
experienced in keeping the brakes adjusted in
service, the slack adjuster must be replaced.

When slack adjuster movement does not
give the desired brake action, adjustment of
the push rod length by altering the location of
the yoke may be necessary. With brakes re-
leased the angle formed by the push rod and
slack adjuster must be greater than 90°, and
all slack adjusters should be set at the same
angle. With the brakes fully applied, after be-
ing adjusted, this angle should still be greater
than 90°. In other words, the slack adjuster
should not go "over center" when the 'brakes
are applied (Fig. 13). The position of the push
rod yoke on the push rod should be adjusted if
necessary until these conditions prevail,

Maintenance

The worm gear and worm should be kept
well lubricated. This can be done by removing
the plugand filling the cavity with a good grade
of chassis lubricant every 1,000 miles.

LOW PRESSURE INDICATOR
Description

The low air pressure indicator (Fig. 14)
is a safetydevice designed to give an automatic
warning whenever the air pressure in the air
brake systemis below approximately 60 pounds.
Operating as an air-controlled switch of an
electrical circuit, the low pressure indicator
automatically sounds a buzzer when the air
pressure drops too low. On some vehicles a
light is used to indicate low pressure, in place
of the buzzer.

Testing

1. Drain air brake system, turn on igni-
tion key, and start engine. The low pressure
indicator buzzer must sound until the air pres-
sure in the air brake system reaches a point
between 54 and 66 pounds when the buzzer must
stop sounding.

2. Continue to build up air pressure in
theairbrake system until the pressure reaches
at least 75 pounds, stop engine, and reduce the
air pressure in the air brake system by mak-
ing brake applications. Check to see at what
pressure the buzzer again sounds. The buzzer
must sound when the pressure in the air brake
system reaches a point between 66 and 54
pounds.
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Fig. |4 - Sectional View 0f Low Pressure |ndi-
cator.

Leakage Test

With the air brake system fully charged,
coat the outside of the low pressure indicator
with soapsuds to check forleakage. No leakage
is permissible. Leakage at the lower diaphragm
screw can sometimesbe corrected by removing
the electrical connection and carefully tighten-
ing the terminal screw nut. Leakage through
the small vent hole in the cover signifies a
leaking diaphragm, and the low pressure indi-
cator must be replaced.

STOP LIGHT SWITCH

Description

The stop light switch is mounted on the
left-hand frame side znail. Stop light switches
are electro-pneumatic switches which close
the stop light electrical circuit when the brakes
are applied (see Fig. 15).

Testing

1. With all air pressure exhausted from
the air brake system, move the brake valve to
applied position, and start the engine. Observe
at what pressure registered by the dash gage
the stop lights light. Stop lights must light be-
fore the dash gage registers 10 pounds pres-
sure.

2. Withbrakes applied, coat the stop light
switch with socapsuds to check for leakage. No
leakage is permissible. If leakage is found,
the stop light switch must be rep