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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the
Navy. Remember, however, this self-study course is only one part of the total Navy training
program. Practical experience, schools, selected reading, and your desire to succeed are also
necessary to successfully round out a fully meaningful training program.

COURSE OVERVIEW: Provides basic information on support equipment mechanical, electrical,
hydraulic, pneumatic, and cryogenic systems.

THE COURSE: This self-study course is organized into subject matter areas, each containing
learning objectives to help you determine what you should learn along with text and illustrations
to help you understand the information. The subject matter reflects day-to-day requirements and
experiences of personnel in the rating or skill area. It also reflects guidance provided by Enlisted
Community Managers (ECMs) and other senior personnel, technical references, instructions,
etc., and either the occupational or naval standards, which are listed in the Manual of Navy
Enlisted Manpower Personnel Classifications and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand
the material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If
you are studying and discover a reference in the text to another publication for further
information, look it up.

2002 Edition Prepared by
ASC(AW) Donna Brueggeman

Published by
NAVAL EDUCATION AND TRAINING
PROFESSIONAL DEVELOPMENT
AND TECHNOLOGY CENTER

NAVSUP Logistics Tracking Number
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Sailor’s Creed

"I am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all."
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at the
beginning of each assignment. Study these pages
carefully before attempting to answer the questions.
Pay close attention to tables and illustrations and read
the learning objectives. The learning objectives state
what you should be able to do after studying the
material. Answering the questions correctly helps you
accomplish the objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the BEST
answer. You may refer freely to the text. The answers
must be the result of your own work and decisions. You
are prohibited from referring to or copying the answers
of others and from giving answers to anyone else taking
the course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be enrolled
in the course with the Nonresident Training Course
Administration Branch at the Naval Education and
Training Professional Development and Technology
Center (NETPDTC). Following enrollment, there are
two ways of having your assignments graded: (1) use
the Internet to submit your assignments as you
complete them, or (2) send all the assignments at one
time by mail to NETPDTC.

Grading on the Internet:
grading are:

Advantages to Internet

e you may submit your answers as soon as you
complete an assignment, and

e you get your results faster; usually by the next
working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the
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assignments. To submit your assignment answers via
the Internet, go to:

http://courses.cnet.navy.mil

Grading by Mail: When you submit answer sheets by
mail, send all of your assignments at one time. Do NOT
submit individual answer sheets for grading. Mail all of
your assignments in an envelope, which you either
provide yourself or obtain from your nearest
Educational Services Officer (ESO). Submit answer
sheets to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one "scannable"
answer sheet for each assignment. These answer sheets
are preprinted with your SSN, name, assignment
number, and course number. Explanations for
completing the answer sheets are on the answer sheet.

Do not use answer sheet reproductions: Use only the
original answer sheets that we provide—reproductions
will not work with our scanning equipment and cannot
be processed.

Follow the instructions for marking your answers on
the answer sheet. Be sure that blocks 1, 2, and 3 are
filled in correctly. This information is necessary for
your course to be properly processed and for you to
receive credit for your work.

COMPLETION TIME

Courses must be completed within 12 months from the
date of enrollment. This includes time required to
resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you will
pass the course and will not be required to resubmit
assignments. Once your assignments have been graded
you will receive course completion confirmation.

If you receive less than a 3.2 on any assignment and
your overall course score is below 3.2, you will be
given the opportunity to resubmit failed assignments.
You may resubmit failed assignments only once.
Internet students will receive notification when they
have failed an assignment—they may then resubmit
failed assignments on the web site. Internet students
may view and print results for failed assignments from
the web site. Students who submit by mail will receive
a failing result letter and a new answer sheet for
resubmission of each failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you will
receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may also be
used to provide instructions to the student. If a course
has an errata, it will be included as the first page(s) after
the front cover. Errata for all courses can be accessed
and viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and criticisms
on our courses. If you would like to communicate with
us regarding this course, we encourage you, if possible,
to use e-mail. If you write or fax, please use a copy of
the Student Comment form that follows this page.

For subject matter questions:

E-mail:
Phone:

n315.products @cnet.navy.mil
Comm: (850) 452-1001, ext. 1775
DSN: 922-1001, ext. 1775

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N3441

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping, grading, or completion
letter questions

E-mail:
Phone:

fleetservices @cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you may
earn retirement points for successfully completing this
course, if authorized under current directives governing
retirement of Naval Reserve personnel. For Naval
Reserve retirement, this course is evaluated at 15
points.

Unit 1, assignments 1 through 8, 12 points.

Unit 2, assignments 9 through 10, 3 points.
(Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST 1001.39,
for more information about retirement points.)



CREDITS

The illustrations indicated below are included in this edition of Aviation
Support Equipment Technician (AS), NAVEDTRA 14329, through the courtesy
of the designated company. Permission to use the illustrations is gratefully
acknowledged.

SOURCE FIGURE
The Tennant Company 13-12, 13-13, 13-14, and 13-15

vi



Student Comments

Course Title: _Aviation Support Equipment Technician

NAVEDTRA: _74329 Date:

We need some information about you:

Rate/Rank and Name: SSN: Command/Unit

Street Address: City: State/FPO: Zip

Your comments, suggestions, etc.:

Privacy Act Statement: Under authority of Title 5, USC 301, information regarding your military status is
requested in processing your comments and in preparing a reply. This information will not be divulged without
written authorization to anyone other than those within DOD for official use in determining performance.

NETPDTC 1550/41 (Rev 4-00)

vii






CHAPTER 1

THE AVIATION SUPPORT EQUIPMENT (AS) RATING

INTRODUCTION

The job of the Aviation Support Equipment
Technician (AS) requires an understanding of the
fundamentals of electrical, mechanical, and hydraulic
maintenance. The information presented in this course
deals with fundamentals and is intended to help
candidates for AS3 and AS2 prepare for advancement
in rate exams. Even personnel studying for AS1 and
ASC will find the information useful, as they are
still responsible for material covered at the lower
grades. This Aviation Support Equipment Technician
Nonresident  Training Course replaces AS3,
NAVEDTRA 10356; AS2, NAVEDTRA 10357; and
AS1, NAVEDTRA 10358.

Minimum occupational requirements for advance-
ment in all ratings are listed in the Manual of Navy
Enlisted Manpower and Personnel Classifications and
Occupational Standards, NAVPERS 18068 (series).

RATING HISTORY

LEARNING OBJECTIVE: Identify im-
portant points about the history of the Aviation
Support Equipment Technician rating.

The AS rating is new when compared to other
ratings. On 24 February 1966, BUPERSNOTE 1440
announced that a new rating (AS) was being
established. Personnel from all rates throughout the
Navy applied for conversion to the AS rating, and on 18
August 1966, BUPERSNOTE 1430 named 1,119
candidates who were selected for conversion.
Technicians came from ratings such as Aviation
Electrician's Mate, Aviation Machinist's Mate, Aviation
Ordnanceman, and Aviation Structural Mechanic.
Personnel from non-aviation ratings, such as
Boatswain's Mate, Electronics Technician, and
Machinist's Mate were also converted.

The Aviation Support Equipment Technician rating
was initially divided into three service ratings: ASE,
ASH, and ASM. On 9 September 1967, the first AS
class A school convened at NATTC, Memphis. The
school was divided into three sections (fingers), an ASE
finger, an ASH finger, and an ASM finger. The ASE
class A school taught students basic electricity,
troubleshooting, and safety. The ASM and ASH class A
schools taught basic mechanics, hydraulics, and
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structures. In 1980, the ASH service rating was
integrated into the ASM service rating, and in 1990, the
ASM and ASE service ratings were combined into a
single AS rating.

The future for the AS rating seems to hold more
exciting changes. In 1996 the A school was moved to
NATTC Pensacola, and with a new, modern building,
the AS class A school is designed to provide the student
with the latest logic trainers, first off the assembly line
equipment, centralized training, and the best instructors
the fleet has to offer.

Figure 1-1 illustrates the paths of advancement for
an Airman Recruit to Master Chief Aviation Support
Equipment Technician and beyond.

WARRANT OFFICER PROGRAM LDO PROGRAM

E-4

AIRMAN
E-3

AIRMAN
APPRENTICE
E-2

AIRMAN
REERIUIT

77
") LDO AND WARRANT OFFICER INPUT ZONE
AS1f0101

Figure 1-1.—Paths of advancement.
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In what publication can you find the minimum
occupational requirements for advancement?

1. NAVPERS 18068 (series)
2. NAVPERS 12843 (series)
3. BUPERS 60415 (series)
4. BUPERS 15423 (series)

On what date did BUPERSNOTE 1440 an-
nounce the AS rating was being established?

1. 18 August 1966

2. 24 September 1956
3. 24 February 1966
4. 4 June 1956

01-2.

NAVY ENLISTED CLASSIFICATION
(NEC) CODES

LEARNING OBJECTIVE: Identify the job
functions associated with Navy Enlisted
Classification (NEC) codes for the Aviation
Support Equipment Technician rating.

The Navy Enlisted Classification (NEC) coding
system was designed to match the right person with the
right job. The NEC identifies billets that require special
skills, and then identifies those people able to develop
those skills. The NEC system provides the Navy with a
way to maximize its manpower. Any person who gains
the qualifications associated with one of the special
skills is given an NEC code. The NECs available to the
AS are discussed in this lesson.

AS-7601 SUPPORT EQUIPMENT CRYOGENIC
MECHANIC

To acquire this NEC, you must perform
on-equipment repairs and intermediate-level main-
tenance on liquid oxygen servicing trailers, gaseous
oxygen servicing trailers, nitrogen servicing trailers,
walk-around bottles, and oxygen systems purging
equipment. You must also repair regulators, valves,
manifolds, pumps, and gauges.

AS-7603 SUPPORT EQUIPMENT
AIR-CONDITIONING TECHNICIAN

This NEC requires on-equipment repairs and
intermediate-level maintenance on mobile air con-
ditioners and HBO-36 air-conditioners. You must also
troubleshoot and repair high- and low-pressure
air-conditioning systems and electrical control circuits
and components. You must perform repairs on
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compressors, condensers, lines, valves, and regulators
of air-conditioning systems.

AS-7606 SUPPORT EQUIPMENT GAS
TURBINE MECHANIC

To acquire this NEC, you must perform
on-equipment repair and intermediate-level main-
tenance on gas turbine units. You must also
troubleshoot and repair air and electrical control
systems, fuel systems, bleed air systems, oil systems,
and power-generating systems. You must also repair
and adjust fuel controls, flow dividers, oil and fuel
pumps, generators, motors, relays, voltage regulators,
thermostats, and air valves.

AS-7607 SHORE SUPPORT EQUIPMENT TOW
TRACTOR TECHNICIAN

This NEC requires performance of on-equipment
repairs and intermediate-level maintenance on gasoline
and diesel engines, drive trains, brakes, and steering
systems installed in mobile and self-propelled support
equipment, including starting, ignition, hydraulic and
pneumatic systems and their components.

AS-7609 SUPPORT EQUIPMENT
MAINTENANCE MANAGER

To acquire this NEC, you must plan, organize,
implement, and control maintenance on all assigned

support equipment in compliance with policy
statements and directives issued by NAVAIR, type
commanders, and local commands. You must

implement and supervise aviation programs and
operator training. You must demonstrate management
skills in the preventive maintenance system on assigned
support equipment. You must also be able to manage
the professional and damage control (afloat) personnel
qualifications standards (PQS) for all assigned
personnel.

AS-7610 WEAPONS HANDLING/LOADING
EQUIPMENT MECHANIC

This NEC requires performance of equipment
repairs and intermediate-level maintenance on the
Raymond reach fork, the Allis Chalmers reach fork,
and the HLU-196 weapons loader. You must trouble-
shoot and repair hydraulic systems and drive systems,
hydraulic and electric control circuits and components,
and mechanical drive and control systems.



AS-7612 AFLOAT SUPPORT EQUIPMENT
HYDRAULIC IMA TECHNICIAN

To acquire this NEC, you must perform
on-equipment repairs and intermediate-level main-
tenance on hydraulic test stands, pallet transporters,
aircraft spotting dollies, and aircraft jacks. You must
also troubleshoot and repair hydraulic electrical and
electrical control circuits and drive systems, hydraulic
power supplies, hydraulic cylinders, flow dividers, and
hydraulic pumps.

AS-7613 SHORE-BASED SUPPORT
EQUIPMENT HYDRAULIC IMA TECHNICIAN

To acquire this NEC, you must perform
on-equipment repairs and intermediate-level main-
tenance on hydraulic test stands and aircraft jacks. You
must also troubleshoot and repair hydraulic electrical
and electrical control circuits and hydraulic power
supplies, hydraulic cylinders, flow dividers, and
hydraulic pumps.

AS-7614 SHORE-BASED MOBILE ELECTRIC
POWER PLANTS (MEPPS) IMA TECHNICIAN

This NEC requires on-equipment repairs and
intermediate-level maintenance on shore-based mobile
electric power plants (MEPPs). It also requires
troubleshooting and repairs on electric motors,
generators, voltage regulator systems, overvoltage and
undervoltage systems, frequency control systems, fault
indicator systems, and other control circuits. You are
also required to repair voltage regulators, motors,
rectifiers, oscillators, and magnetic amplifiers.

AS-7615 AFLOAT MOBILE ELECTRIC POWER
PLANT (MEPPS) TECHNICIAN

This NEC requires on-equipment repairs and
intermediate-level maintenance on MEPPs. It also
requires troubleshooting and repairs on electric motors,
generators, voltage regulator systems, overvoltage and
undervoltage systems, frequency control systems, fault
indicator systems, and other control circuits. You are
also required to repair voltage regulators, motors,
rectifiers, oscillators, and magnetic amplifiers.

AS-7616 MAINTENANCE CRANE IMA
TECHNICIAN (SHORE)

This NEC requires performance of
intermediate-level maintenance on weight-handling
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equipment, including the A/S32M-14 and A/S32M-17
maintenance cranes. Also, you must troubleshoot and
repair electric and hydraulic lifting systems,
mechanical drive systems, suspensions, and electric
and hydraulic control circuits and components.

AS-7617 CRASH AND MATERIAL HANDLING
TECHNICIAN (SEA)

To acquire this NEC, you must perform
intermediate-level maintenance on crash and material
handling equipment, including the A/S32P-25
fire-fighting truck, A/S32A-35/36 shipboard aircraft
crash crane, and 6,000-, 15,000-, and 20,000-pound
diesel forklifts. You must also troubleshoot and repair
electrical and hydraulic lifting and drive systems,
mechanical drive systems, suspensions, and electric
and hydraulic control circuits and components.

AS-7618 AFLOAT SUPPORT EQUIPMENT
TECHNICIAN

To acquire this NEC, you must perform
on-equipment repair and intermediate-level main-
tenance on engines, drive trains, brakes, and steering
systems installed in A/S32P-25 fire trucks and
A/S32A-31A and A/S32A-32 aircraft tow tractors,
including charging, starting, ignition, hydraulic,
pneumatic systems, and their components.

Q1-3. What NEC requires performance of
intermediate-level maintenance on aircraft
Jjacks?

1. 7601
2. 7607
3. 7610
4. 7612

Ql1-4. What NEC requires performance of
intermediate-level maintenance on the

A/S32M-17?

1. 7603
2. 7609
3. 7614
4. 7616

DUTY ASSIGNMENTS

LEARNING OBJECTIVE: Identify the
types of duty assignments available to Aviation
Support Equipment Technicians.

As petty officers, the AS technicians are usually
assigned to activities that perform intermediate-level



maintenance. AS billets are assigned to all aircraft
carriers. AS personnel assigned aboard carriers are
usually attached to the Aircraft Intermediate
Maintenance Department (AIMD).

Interesting overseas shore billets are offered to the
AS. If third class petty officers are married, they may
qualify for their dependents to accompany them to
these overseas locations at Government expense.
Shorter duty tours are usually standard procedure at
overseas stations where dependents do not accompany
the AS.

Between sea tours, the third class petty officer may
be assigned to one of many naval air stations along the
U.S. coasts. In addition, the Naval Air Maintenance
Training Group (NAMTRAGRU) has a few naval air
stations located inland where AS personnel may be
assigned. AS personnel assigned to any one of these air
stations are also usually attached to AIMDs.

Proper selection of assignments throughout your
career is necessary for advancement to the senior pay-
grades. Selection boards look for well-rounded individ-
uals that have performed in an exemplary manner in a
variety of assignments, such as sea, shore, and overseas
assignments. These positions include, but are not
limited to, work center supervisor, leading petty officer
(LPO), quality assurance representative (QAR), etc.

Although the AS community is small, it contributes
to accomplishing the Navy's mission. The aircraft could
not function without the equipment, expertise, and
motivation of the AS technician. Without the assistance
of the AS, the Navy's mission would be jeopardized.

Your job as an AS will range from simple tasks,
such as changing oil in a tow tractor, to complex and
difficult ones, such as isolating and repairing a defect
on a gas turbine compressor. No job is too small; every
task you perform helps the overall mission of the Navy.

Q1-5. AS personnel assigned aboard carriers are
usually attached to what department?

1. Squadron
2. AIMD

3. Operations
4. V-1

Q1-6. Where are shorter duty tours usually standard

procedures?

1. NAMTRAGRU

2. Unaccompanied overseas
3. Aircraft carrier

4. Overseas
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MAINTENANCE

LEARNING OBJECTIVES: Identify the
types of maintenance applicable to support
equipment. Identify inspections applicable to
support equipment. Recognize correct proce-
dures for the removal and reinstallation of
equipment.

The key to long-lasting equipment and mission
readiness of support equipment is servicing and
maintenance. Equipment failure easily delays a
mission. This is especially true on board an aircraft
carrier. With limited equipment on board and minimum
manpower available, every effort must be made to
maintain high availability of support equipment.

TYPES OF MAINTENANCE

No matter how well the support equipment is cared
for, maintenance is still required to keep it in the best
operating condition. The general maintenance skills
and procedures are based on knowledge that is not
contained in equipment manuals. These skills must be
learned during on-the-job training.

The maintenance performed on the equipment falls
into two broad categories: (1) actions taken to reduce or
eliminate failure and prolong the useful life of the
equipment, and (2) actions taken when a part or
component has failed and the equipment is out of
service. Therefore, the types of maintenance can be
considered to be preventive maintenance (scheduled
maintenance) and corrective maintenance (unsched-
uled maintenance).

Preventive Maintenance Inspections (PM)

In operation, support equipment is subjected to a
variety of stresses, strains, and environments. If the
equipment does not have the proper preventive
maintenance, the equipment soon does not work. The
equipment also needs to be inspected regularly, making
sure any problems are corrected.

When equipment comes into the work center for
inspection, it should be cleaned to ease the inspection.
Cleaning electrical components consists of removing
dust, grease, or other foreign matter from covers,
chassis, and operating parts. The method used to clean
different parts and units may vary, but usually a vacuum
cleaner works to remove loose dust and foreign matter.
To remove grease or other petroleum deposits, use a
cloth moistened with dry-cleaning solvent. After



cleaning, wipe the part dry or allow it to air-dry before
applying power.

As you clean the equipment, inspect it for loose
leads, improper connections, and damaged or broken
components. These inspection precautions are
particularly applicable to new equipment, equipment
returned from overhaul, equipment that has been
preserved or stored for long periods of time, and
equipment that has been exposed to the weather for
long periods of time. A good, thorough, visual
inspection will often reveal problems that can be
corrected with a minimum amount of labor and parts.
Such problems, if left uncorrected, might result in
major repair costs.

INSPECTIONS.—Maintenance inspections for
support equipment are established by the Naval Air
Systems Command. These inspections specify the
minimum requirements necessary to maintain the
subject equipment. However, more detailed and
frequent inspections could be established, depending
on local conditions.

Types of inspections performed for the
maintenance of support equipment are discussed in the
following text.

Acceptance Inspections.—These inspections are
performed at the time a reporting custodian accepts a
newly assigned item of support equipment (SE). They
include an inventory of all records and components that
make up the item of support equipment, a configuration
verification, a preoperational inspection as required by
the applicable MRCs, and a functional test. The
inventory will include current OPNAV 4790/51 History
Card, Aeronautical Equipment Service Record
(AESR), Maintenance Facility (MF), and Logbook and
Inventory Record (LIR), or records applicable to the
item of support equipment being received. The
receiving activity is responsible for maintaining and
updating these forms while it has custody of the
equipment. If these forms or records are not received
with an item of support equipment, the new reporting
custodian should notify the previous reporting
custodian and inform the Support Equipment
Controlling Activity (SECA) and Naval Aviation
Maintenance Office (NAMO). If forms or records
cannot be obtained by this method, the new reporting
custodian performs all PM inspections specified in the
applicable MRCs and makes new records/forms, as
applicable, for the item of support equipment received.
If configuration verification is beyond I-level capability
or if configuration cannot be determined, the item of SE
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is returned to the appropriate Designated Rework Point
(DRP) for verification. Activities that accept new items
of support equipment must originate all records/forms.
The activity receiving the item of support equipment
may elect to increase the depth of inspection if the
support equipment condition indicates such action is
warranted.

Transfer Inspections.—These inspections are
basically the same as acceptance inspections. They are
accomplished by the reporting custodian when an item
of support equipment is transferred on a permanent
basis. They include an inventory of all components that
make up the item of support equipment, verification of
the configuration, a preoperational inspection as
required by the applicable MRCs, and a functional test.
The above inventory will include OPNAV 4790/51,
AESR, LIRs, and other OPNAYV forms, as applicable to
the item of support equipment being transferred. The
transferring activity is responsible for updating the
applicable forms, and will take the necessary
precautions to ensure that these updated forms are
forwarded to the activity accepting the support
equipment. The activity transferring the support
equipment may elect to increase the depth of inspection
if the support equipment condition indicates such
action is warranted.

Preoperational Inspections.—Preoperational in-
spections are accomplished prior to the first use of the
subject equipment for that day or prior to each use if
specified by the MRC. This inspection is a combination
of requirements for verification of satisfactory
functioning and proper servicing prior to use. When
completed, the preoperational inspections are signed
off on the Support Equipment Preoperational Record to
indicate that all requirements have been complied with.
The record is located in the custodian's work center.

If the equipment is used more than once during the
day, a brief inspection should be performed prior to
each use. This inspection need not be as detailed as the
preoperational inspection unless required by the MRC.
The Support Equipment Preoperational Record should
be checked to ensure that the preoperational inspection
has been completed.

Postoperational Inspections.—Before securing
(stopping) equipment, check for proper operation.
After securing the equipment, make a visual inspection
for condition, fuel level, oil level, water level, and so
on; service if needed so that the equipment will be
ready for the next use. Replace panels, covers, and so
forth, to protect the equipment from the weather.



Calendar Inspections.—The calendar inspection
was formerly known as a periodic inspection. On some
of the older support equipment, these inspections are
still referred to as periodic inspections.

Calendar inspections are overall examinations of
specific equipment. The interval between inspections
depends upon the type of equipment. The intervals may
be in terms of days, weeks, months, hours, starts, and so
forth, or some combination of these.

Special Inspections.—A special inspection
depends upon occurrence of certain circumstances or
conditions, or a maintenance action with a prescribed
interval occurring more frequently than calendar
inspections. Inspections required at intervals (such as
10 hours, 30 hours, and 7 days) are usually classified as
special inspections. These inspections are done by the
using activity if they are equipped to perform them.
Otherwise, they are done by the activity having prime
custody of the equipment.

NOTE: Support equipment is NEVER transferred
in a nonoperational or incomplete status without prior
approval of the cognizant SECA.

MAINTENANCE REQUIREMENTS CARDS
(MRC).—Maintenance requirements cards (MRCs)
are provided for each major type of support equipment.
These cards provide the minimum requirements
necessary to maintain the subject equipment in a
satisfactory and effective operational readiness
condition. These are 5 by 8 cards arranged by rating and
work area to provide the most efficient sequence of
accomplishment. Assembled into sets and numbered in
sequence, the cards contain pertinent information
required by each maintenance person to complete each
task.

Individual sets of MRCs are prepared for
preoperational and calendar (periodic) inspections.

e Preoperational maintenance requirements
cards list those requirements necessary to be
performed by the using activity.

e (Calendar maintenance requirements cards
list the responsibilities of the activity that has
prime custody of the equipment.

e Special maintenance requirements cards are
contained in the same set and have the same
number as the preoperational MRCs. The
special MRCs are marked as "Special" and are
performed by the using activity if so equipped;
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otherwise, they are performed by the activity
that has prime custody of the equipment.

The MRCs that are available for support equipment
are listed by publication number and title in the Navy
Stock List of Forms and Publications, NAVSUP
Publication 2002, section VIII, part C, and its
supplements.

Corrective Maintenance

With the preventive maintenance program
presently in effect, the need for corrective maintenance
should be limited to only the corrective actions required
by normal wear. However, this is not the case whenever
unqualified or careless personnel operate the
equipment. These two factors account for most of the
corrective maintenance actions required.

You can do two things that should help solve these
problems. First, become very knowledgeable on all the
equipment assigned; second, take advantage of every
situation where it is possible to teach others in the
proper operation and care of the equipment.

When a malfunction does occur, the trouble must
be located quickly and repairs made. Even a minor
malfunction could progress to the point of being a
safety hazard to personnel, equipment, and surrounding
objects.

NOTE: Equipment that has a malfunction should
be tagged to indicate the malfunction, and a VIDSMAF
or NALCOMIS entry should be completed to document
for repair action.

TROUBLESHOOTING.—Troubleshooting
performed by a maintenance crew consists mainly of
finding and correcting malfunctions that are found
during operational checks and periodic inspections;
also, those found during the checking of discrepancies
after a piece of equipment has been used. Some
troubles may be rather simple and obvious, while others
may be complex and time-consuming. As you become
familiar with the equipment and its normal operations,
troubleshooting will become easier. Although
experience and familiarity with the equipment are
necessary, you must also use a systematic, logical
approach to isolate troubles.

You should analyze the information at hand, such
as the information obtained from the operational check
or the information contained in the operator's
discrepancy report.



By logical reasoning, you can then eliminate many
of the system's components as possible sources of
trouble. The trouble may be isolated to a particular
component that can be replaced instead of blindly
exchanging components in hopes of finding the trouble.

To become a good troubleshooter, you must use the
various aids that are available. The wiring diagrams,
functional drawings, and troubleshooting information
contained in the proper equipment manual should be
fully used. This information is especially useful in
checking power distribution and other electrical
circuits throughout the different systems of the
equipment. Voltage and resistance charts are also a
great aid when isolating a trouble to a particular part or
subassembly. These are but a few of the aids to good
troubleshooting. The ability of a troubleshooter
depends upon his/her abilities in using the tools and
information at hand.

The first logical step after the unit has been
delivered to the shop, screened, and put into the repair
channels is a visual check of the unit. It should be
thoroughly inspected for broken leads, parts that are
burned, loose mountings, proper fluid levels, and any
other signs of failure. If no visual defects are found,
operate the equipment, and observe for any signs of
malfunction.

In the preliminary check, the experience of the
technician is an important factor, and the knowledge
gained from previous difficulties with the equipment
often serves as a guide in knowing what to expect. The
experienced and the inexperienced technicians can find
assistance by consulting the service instruction manual
for the equipment involved. These manuals often give
detailed troubleshooting procedures for making the
initial inspections.

PERFORMANCE TESTING.—It is necessary
to make a check of the equipment's performance after
each periodic inspection or corrective maintenance.
The system performance check is a complete
operational check of the system in all modes of
operation. This check serves to determine if other
malfunctions are present, and it allows evaluation of
overall system performance.

FINAL CHECKS.—The final check consists of a
complete and thorough inspection of all the
components as well as replacement of all inspection
panels, plates, and other equipment removed during the
inspection or while performing maintenance. This
includes the use of safety wire, stop nuts, and other
means for securing equipment when needed.
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The final checks also include removal and stowage
of work stands, power vehicles, and other equipment.
Collect, clean, account for, and stow all tools in their
respective places. The last, but very important check to
make, is the condition of the working area. Ensure all
loose materials, such as nuts, bolts, washers, bits of
safety wire, and other articles, are picked up and
properly thrown away, and the working area is left in a
clean condition.

NOTE: If an area is left cluttered and dirty after a
job, it becomes a safety hazard to personnel and
equipment. Personnel may fall, equipment may skid, or
the litter may be picked up and ingested by jet engines.
These engines are especially susceptible to foreign
object damage (FOD).

EQUIPMENT REMOVAL, REPAIR, AND
REINSTALLATION

Planning is the most important step in equipment
removal and installation. You should be able to describe
the steps in planning for equipment removal and
installation. Planning must include such items as
obtaining the proper tools, removing hazards to
personnel and equipment, clearing shop space, and
reinstallations prior to the actual removal. If these
things are considered and plans are made accordingly,
you are more likely to have no lost time, no personnel
injuries, and no damaged equipment.

Removal Of Equipment

To remove a major unit for maintenance, periodic
check, or lubrication, plan the removal carefully. The
route the unit must take from its mounts to the shop
space must be clear. This includes clearing bench space
or other areas in the shop where the unit is to be placed.

The necessary and proper tools must be obtained.
Wrenches, screwdrivers, pliers, and if the equipment is
extremely heavy, a hoist, may be required. If help is
needed, personnel must be obtained. The entire
removal procedure must be thoroughly explained,
letting each person know his/her specific job. The
person in charge of the removal should issue all
instructions timed so that the result is a smooth
effective operation. The work should be done with
caution to eliminate the possibility of injury to
personnel or damage to the equipment. Observe all
safety precautions.

NOTE: For specifics on procedures for use or care
of hand tools, refer to the Use and Care of Hand Tools
and Measuring Tools, NAVEDTRA 14256.



When the major unit is in the shop, certain
precautions should be followed prior to disassembly or
removal of assemblies or subassemblies. The outside of
the unit should be cleaned, as discussed in the previous
section. When the dust covers are removed, any gaskets
in use should be inspected. If found damaged, new ones
must be obtained.

Repair Of Equipment

Whenever the repair of assemblies or sub-
assemblies is required, you must always ensure that you
refer to the applicable maintenance instruction manual
(MIM) for the equipment you are working on for proper
procedures in repairing the item.

Reinstallation Of Equipment

Reinstallation is usually just the reverse of the
removal procedure. Although installation procedures
are listed in the appropriate equipment manual, this
phase of the operation causes a great deal of trouble.
Most of the troubles result from carelessness and
oversight on the part of the technician. Specific
instances are loose cable connections, switched cable
terminals, improper or missing hardware, and loose
fittings or leaks.

NOTE: Electrical connectors must be connected
carefully to prevent bending or breaking the connecting
points. Any positive locking device that is required,
such as stop nuts, safety wire, cotter pins, must be
installed.

MURPHY'S LAW

There is no doubt that you are familiar with Ohm's
law. There is another law with which the technician
may not be quite so familiar. This law, known as
Murphy's law, states that "I[F A PART CAN BE
INSTALLED WRONG, NO MATTER HOW
REMOTE THE POSSIBILITY, SOMEONE WILL
INSTALL IT THAT WAY." To ignore this law can
cause problems that range from embarrassment of the
technician or actual destruction of equipment to injury
or death to personnel. Each month the Naval Aviation
Safety Review and Approach publications present the
problems caused by maintenance personnel when
Murphy's law was proven true. Danger areas you
should watch for are installation of cable connector
plugs on the wrong receptacles, crossing lines,
installing tubes in the wrong sockets, and so on. The
possibilities are endless, and a good maintenance
technician must be constantly alert to the dangers.

Do not become victim to proving that Murphy's law is
true.

Q1-7. What is the first thing you should do when a
piece of support equipment comes in for in-
spection?

1. Inform your supervisor

2. Change the oil

3. Clean it

4. Refer to Maintenance Requirements
Cards

Q1-8. What are the two types of maintenance?

1. Preventive & Corrective

2. Preoperational & Postoperational
3. Transfer & Acceptance

4. Calendar & Special

Q1-9. What type of inspection was formerly known
as a periodic inspection?

1. Transfer
2. Postoperational
3. Preoperational
4. Calendar

Q1-10. When, if ever, can you transfer support
equipment in a nonoperational or incomplete

status?

1. Only with prior approval from the CO

2. Only with prior approval from SECA

3. Only with prior approval from the
Department Head

4. Never

Ql1-11. Which of the following troubleshooting
aids are the most useful to you when

troubleshooting an electrical malfunction?

1. Logic, supervisor, and peers
2. Supervisor, preoperational
and functional diagrams

3. Logic and preoperational inspection
4. Wiring diagrams, experience, MIM, and
functional drawings

inspection,

EQUIPMENT SERVICING

LEARNING OBJECTIVES: Recognize
proper procedures for servicing support
equipment. Identify consumable materials
used in servicing support equipment.

The life of support equipment depends upon proper
care and servicing. Most of the service requirements are
simple, but important. Servicing support equipment



includes refilling fuels, lubricants, coolants, hydraulic
fluids, and other consumables (frequently used
materials).

You should be able to identify the types of fuels and
lubricants, their specific use, and the method and
frequency of application. Proper selection of fuels is
also important. You do not put diesel fuel in a gasoline
engine or gasoline in a diesel engine. Yet, it frequently
happens.

Perhaps you have seen what happens to the wheel
bearings in an automobile when they were not properly
lubricated. In some cases the bearings were damaged
due to lack of grease or by use of the wrong type of
grease. This type of damage can be avoided if the wheel
bearings are inspected at regular intervals and if the
correct lubricant is selected. Servicing modern support
equipment is important. A good knowledge of correct
fuels and lubricants makes the job easier and safer for
the equipment.

SERVICING PROCEDURES

Usually, servicing support equipment is not very
complicated, but it is extremely important. You should
be able to determine how and why servicing can often
be so critical. For example, one item of equipment may
require several different types of oil, grease, or fluids.
Selection of the correct types and proper application to
the proper points can make the difference between a
piece of equipment that gives excellent performance
and one that is damaged beyond repair.

Complete servicing details can be found in the
operation, servicing, and repair instructions section in
the MIM written for that particular type and model of
equipment. Servicing information can also be found in
the MRCs (maintenance requirements cards).

CONSUMABLES

The following text discusses some of the fuels,
lubricants, hydraulic fluids, and coolants used in
support equipment.

Fuels

Fuels for gasoline and diesel engines are
by-products of petroleum. Petroleum products include
gasoline, kerosene, diesel fuel, lubricating oils, gear
lubricants, and greases. Many different products are
added to the raw by-products to obtain a fuel that can
perform well in modern equipment.
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Fuels may be polluted by dirt, rust, water, or by
accidentally combining with other types of petroleum
products. If the products are to serve the purposes for
which they are intended, it is vital that you avoid such
pollution. Dirt and water in fuels are primary causes of
premature engine failure. When you handle fuels,
cleanliness is essential.

GASOLINE.—Gasoline contains carbon and
hydrogen in proportions that allow it to burn freely and
produce heat energy. It evaporates (changes to a vapor)
at any temperature. Because gasoline vapors are
heavier than air, they sink to the ground (fig. 1-2). To
decrease the fire hazard of having the gasoline vapors in
a closed place where instant combustion could take
place, the place in which gasoline is used SHOULD BE
THOROUGHLY VENTILATED THROUGH OPEN-
INGS NEAR THE FLOOR.

If all the potential heat energy contained in a gallon
of gasoline could be turned into actual work, a motor
vehicle could run many more miles on each gallon.
However, only a small percentage of this heat energy is
turned into power by the engine. Most authorities
consider the power losses within the engine to be as
follows:

PERCENT OF

ENGINE POWER LOSS
Cooling system 35
Exhaust gases 35
Engine friction 5to 10
Total 75to 80

AS1f0102

Figure 1-2.—Silhouette of gas vapors falling. Caution:
Gasoline vapors are heavier than air.



Every manufacturer recommends the octane rating
of the gasoline considered best for the engines
produced. In addition to engine design, factors like the
weight of the vehicle, the ground and highways over
which it is driven, and the climate and altitude of the
locality also determine what gasoline is best to use. All
other factors being equal, the following may be
considered as some of the properties of the best
gasoline:

e Good antiknock quality; a minimum content of
foreign matter

e A volatility that makes starting easy, allows
smooth acceleration, and costs less to operate

NOTE: The type of gasoline recommended by the
manufacturer should always be used to ensure
maximum performance.

DIESEL. FUEL.—Diesel fuel is heavier than
gasoline because it is taken from the residue of the
crude oil after the more volatile (easily ignited) fuels
have been removed. As with gasoline, the efficiency of
a diesel fuel varies with the type of engine in which it is
used. By distilling, cracking, and blending several oils,
a suitable diesel fuel can be obtained for almost all
engine operating conditions. Slow-speed diesels use a
wide variety of heavy fuels; high-speed diesel engines
require a lighter fuel. A poor or improper grade of fuel
can cause hard starting, incomplete combustion, a
smoky exhaust, and engine knocking.

The properties a manufacturer considers in
specifying a fuel for a diesel engine are volatility,
cleanliness, viscosity (consistency), ignition quality,
and antiknock quality.

JET PROPULSION FUELS (JP).—More often,
jet propulsion fuels (JP) are for use in jet engines.
However, some types of jet fuels (such as JP-4 and
JP-5) are well suited for use in modern, high-speed
diesel engines, such as those used in support
equipment. Most manufacturers specify diesel fuel
(grade DF-1 or DF-2) or jet propulsion fuel (JP-5). The
selection is dependent upon availability except in the
case of a gas turbine power unit mounted on a tractor,
which depends upon the tractor for its fuel supply. To
meet the requirements of the gas turbine power unit,
aviation jet fuel is the type of fuel that must be used.
Aviation fuels are more useful than diesel fuels because
they provide more power outlet per pound, fewer
pollutants, increased engine life, and greater
availability aboard naval air stations and aircraft
carriers.

Lubricants

A lubricant (oil or grease) is a substance used to
reduce friction by preventing direct contact of moving
surfaces with each other. The lubricant is pressed into a
thin film between moving parts, which rub on the film.
The film of oil gives a slippery nature to surfaces. This
film is constantly renewed by additional oil supplied
from a pressure pump to replace oil forced out by
movement of the engine parts. The effect is two sheets
or layers of oil sliding over each other. Thus, friction
between the two metal surfaces is reduced to a
minimum.

In addition to reducing friction and wear, lubricants
act as cooling agents, which absorb heat from the
surfaces over which they are spread. This is very true of
engine oil, which carries heat to the engine oil pan
where it is cooled. On some engines the oil is circulated
through a water-cooled oil cooler to further cool off the
heat.

Lubricants are also used as sealing agents. They fill
the tiny openings between moving parts, cushioning
them against damage from extreme heat.

Lubricants also act as cleaning agents. Grit and dirt
that get into engine parts are removed by the lubricants
before damage results. Foreign matter found in old oils
and greases in the bottom of the crankcase is evidence
of the cleansing quality of lubricants. In addition, some
lubricants have chemicals added to make them better
cleaners.

OILS.—The high temperatures, speeds, and
cylinder pressures of modern engines have made better
grades of lubricating oils necessary. To increase
efficiency, certain chemicals called "additives" are put
into oils. Additives are resistive agents, which are used
against oxidation and other kinds of metal decay. Oil
that contains additives specifically designed to help
clean the piston rings and other parts of the engine as it
lubricates is known as "detergent oil."

Lubricating oils serve the following purposes:

e Prevent metal-to-metal contact in moving parts
of mechanisms

e Help carry heat away from the engine
e (lean the engine parts as they are lubricated

e Form a seal between moving parts

Moving parts that do not have enough oil melt,
fuse, or seize after a very short period of engine
operation. All gears and accessory drives (as well as



other moving parts of the engine subject to friction)
must be bathed in oil at all times.

GREASES.—Greases are compounds of oil and
soap. The soaps used are not ordinary laundry soaps but
animal fats mixed with certain chemicals. The main
purpose of the soap is to provide a body or carrier for
the oil that actually does the lubricating.

Grease is used where oil is impractical or
unsatisfactory due to centrifugal force, load, tem-
perature, or exposure. For instance, in wheel bearings,
grease maintains a lubricating film under heavy loads
and when the equipment is stationary for long periods
of time.

Grease is separated into broad classifications, such
as chassis, cup of water pump, wheel bearings,
and general-purpose grease, and so on. Many
special-purpose greases are manufactured. Among
these are distributor cam lobe lubricant, electric motor
bearing grease, and preservation grease.

CAUTION

Severe damage can result from too much or
too little lubrication, as well as from the use of the
wrong type of lubricant.

You must ensure that the proper grease is used for
the job. For example, chassis grease used on a
distributor cam lobe causes arcing and burning of the
breaker points as the grease melts and is thrown onto
the breaker points by centrifugal force. You can find
information as to the proper grease to use in the
lubrication charts for the unit being serviced.

Fluids

Fluid is the means by which energy is transmitted
from the pump to the various units to be started. To
operate efficiently in a system, a fluid must have certain
properties and characteristics.

e It must flow freely at extremely high and low
temperatures.

e [t must be noncorrosive to metals and must not
react chemically on the seals and packing used
in the system.

e [t must have good lubricating qualities and be
nonflammable.

Fluids include brake fluid, hydraulic fluid, and
automatic transmission fluid.

BRAKE FLUID.—Most hydraulic brake systems
use a nonpetroleum-based hydraulic brake fluid, such
as specification VV-H-910 or VV-B-680.

CAUTION
DO NOT mix petroleum-based or
mineral-based  hydraulic fluid (such as

MIL-H-5606B) with synthetic-based brake fluid.
Attempts to combine the two results in formation
of a jelly substance, followed by decomposition
of the natural rubber seals and system failure.
Consult the lubrication chart for the particular
unit before servicing any hydraulic system, and
use only the fluid recommended by the
manufacturer.

HYDRAULIC FLUID.—Hydraulic fluid is used
in support equipment, such as hydraulic test stands,
forklifts, aircraft jacks, and spotting dollies. Most
hydraulic fluids are red in color and come in containers
ranging from 1 quart to 55 gallons. Many types of
hydraulic fluids are available. They can be
synthetic-based or petroleum-based fluids. NEVER
MIX THE TWO. Always refer to the manufacturer's
recommendations before servicing any unit.

AUTOMATIC TRANSMISSION FLUID.—The
majority of support equipment that have automatic
transmissions are designed to use type A automatic
transmission fluid. Also, this fluid is used in the
majority of power steering systems. The correct fluid
for your equipment is listed in the technical manual.

Coolants

Most multi-cylinder engines used in automotive
and support equipment use a liquid cooling system.
Any liquid used in this type of system is called a
"coolant." Water and antifreeze solutions are used as
coolants.

NOTE: Water used in radiators should be clean and
should be checked often for cleanliness and quantity.

A vehicle operated in temperatures below 32°F
requires an antifreeze solution in its cooling system.
Without this solution, the water in the cooling system
can freeze and cause extensive damage.



A good antifreeze solution mixes readily with
water. Ethylene glycol (antifreeze compound) has an
extremely high boiling point, is non-corrosive, has no
odor, does not evaporate in use, and gives complete
protection against freezing in normal use. It gives a
maximum protection against freezing to —-65° F when
mixed to a solution of 60-percent solution with
40-percent water. Once mixed, the solution penetrates
openings and connections more readily than plain
water. Before the first filling of antifreeze and
periodically thereafter, you should check the hoses for
leaks. Most antifreeze compounds contain a rust and
corrosion inhibitor. Without an inhibitor, rust and
corrosion form in radiators, causing water-cooled
engines to overheat.

NOTE: If the proportions of ethylene glycol are
raised in the solution, it will result in a higher freezing
point for the solution, consequently giving less protec-
tion. If 100-percent ethylene glycol were used, its
freezing point would not be much below that of water.

All antifreeze solutions require periodic checks and
must be replenished when tests show that they do not
give the required protection against freezing.
Hydrometers are used for such testing. (A hydrometer
is an instrument used for determining the specific
gravity of a liquid.)

Antifreeze solutions (even permanent types) are
not recommended for use beyond one season.
Furthermore, it is recommended that different types of
antifreeze solutions not be mixed. When two types of
solutions are mixed, there is no way of knowing the
temperature at which the mixed solutions freeze. Also,
their ingredients may react chemically, causing
restrictions in the cooling system.

Q1-12. You need complete details for a specific type
or model of aviation support equipment. You

should use which of the following sources?

1. NA17-1-125

2. Maintenance Instruction Manual (MIM)
only

3. Maintenance Requirements Card (MRC)
only

4. Maintenance Instruction Manual and
Maintenance Requirements Card

Q1-13. What are the primary causes of premature

engine failures in support equipment?

1. Improper preoperational inspections
2. Water in the oil

3. Dirt and water in fuels

4. Misuse/abuse by operator

Q1-14. Gasoline evaporates at which of the following
temperatures?

1. Any temperature
2. Only below 32°F
3. Only above 32°F
4. Only above 212°F

Q1-15. Which of the following properties will a
manufacturer consider in specifying a fuel for

a diesel engine?

1. Antiknock only
2. Viscosity only
3. Volatility only
4. Antiknock, viscosity, and volatility

Which of the following is NOT a reason for
aviation fuels being more useful than diesel
fuels in support equipment?
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1. Fewer pollutants

2. Lower cost per gallon

3. Increased engine life

4. Greater availability aboard ships and sta-
tions

Q1-17. What happens if you mix petroleum-based or
mineral-based  hydraulic ~ fluid  with

synthetic-based brake fluid?

1. It forms a jelly-type substance

2. It forms a reddish brown tar-like sub-
stance

3. It forms an acidic substance

4. It forms a solid substance

Q1-18. What instrument is used for testing the
specific gravity of antifreeze solutions in

support equipment?

1. Micrometer

2. Specific gravity meter
3. Hydrometer

4. Antifreeze test kit

CORROSION CONTROL

LEARNING OBJECTIVES: Identify the
causes of corrosion control. Identify proce-
dures for corrosion control prevention. Identify
corrosion control publications applicable to
support equipment. Identify minimum require-
ments for corrosion control training.

The reliability and effectiveness of support
equipment depend largely upon the structural
soundness of the metals that make up their many parts.



One great threat to structural integrity of support
equipment is metal corrosion. Support equipment may
be used in a variety of climatic and atmospheric
conditions, which range from the hot, dry desert to the
hot, humid Tropics to the cold, Arctic regions. In
addition, the equipment is most often used in a
salt-filled atmosphere, such as coastal shore bases, on
islands, and especially on aircraft carriers. Shipboard
and coastal support equipments are subjected to the
effect of sea winds that can carry 10 to 100 pounds of
salt per cubic mile of air. These difficult environmental
conditions vary the speed and intensity of metal
corrosion.

SUPPORT EQUIPMENT CORROSION
CONTROL

Corrosion reduces the strength of materials and the
strength of joints between parts. Most equipment is
designed with an extra margin of strength for safety.
Corrosion can weaken the structure, thereby reducing
or eliminating this safety factor. Replacement or
reinforcement operations are costly, time-consuming,
and reduce usage of the equipment. Severe corrosion
can cause failure of parts or systems. Such
malfunctions can cause an important item of equipment
to become inoperative during very critical demands.

You must know and be able to apply the common
types of corrosion prevention and moisture-protecting
materials. To accomplish this, you must be familiar
with the types and causes of corrosion, types and uses
of cleaning materials, materials and procedures for
preservation and depreservation, and the means for the
detection of corrosion.

The problem of protection for support equipment
during storage and shipment is threefold: (1) prevention
of corrosion of the metal parts; (2) control of
deterioration of nonmetallic materials; and (3)
elimination of physical damage to the support
equipment during handling. Of these three, corrosion of
metals is the most difficult to control.

Under corrosive conditions, metals tend to lose
their metallic characteristics because they are trying to
revert to their natural state. In other words, corrosion
reverses the refining processes that produce the metals
from their original ores. The tendency to corrode differs
greatly between various metals. For example,
magnesium alloys are very difficult to protect
compared to the relatively good corrosion-resistant
copper alloys.
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Corrosion is the deterioration of the metal by
chemical or electrochemical process. In the direct
chemical attack, the reaction that occurs is similar to
acid applied to bare metal. The most familiar type of
corrosion reaction is between metal and water and is
electrochemical.

In the electrochemical attack, metals of different
electrical potential are involved, and they need not be in
direct contact. The electrically charged ions of one
metal are exchanged with charged ions of the opposite
metal through a conductor. This conductor is the
chemical agent and is known as electrolyte. It could be
moisture, dirt, collection of fluids, debris, or anything
that will allow the flow of electrical ions.

There are many factors that effect the type, speed,
and cause of corrosion. In the electrochemical attack, it
is a more serious factor in wet, humid climates. Also,
the salt of seawater and sea air is one of the greatest
single accelerating causes. In hot or extremely cold
climates, the corrosion process is increased. In cold
climates, the cause is from melting snow or ice. In
contrast, the hot, dry inland air vastly reduces the
corrosion process.

Corrosion can be controlled by maintaining a dry
environment through the use of suitable moisture
barriers or drying agents. This is what is meant by the
term preservation.

CORROSION PUBLICATIONS

The AS rating covers a vast amount of different
types and models of support equipment; therefore, it
only makes sense that you would use a variety of
publications in the corrosion prevention and treatment
process.

Support Equipment Corrosion Control Manual

Ground Support Equipment Cleaning and
Corrosion Control, NAVAIR 17-1-125, is the current
technical manual to be used in the prevention,
detection, and repair of corrosion on ground support
equipment. This publication takes precedence over any
and all maintenance instruction manuals (MIMs) and
service instruction manuals (SIMs) at both the
organizational- and intermediate-level maintenance
activities for methods of prevention, detection, and
repair of corrosion. You still follow the maintenance
and service manuals in conjunction with matters not
pertaining to corrosion control.



You will find NAVAIR 17-1-125 very helpful
because it spells out specifically which materials and
procedures you are to use to clean up corrosion and
restore the protective surface.

Other Sources of Information

One of the biggest problems in corrosion
prevention and control is knowing what materials to
use, where to find them, and their limitations. Materials
used should be those covered and controlled by military
specifications. Corrosion prevention and control
information pertaining to materials, methods, and
techniques is scattered throughout many directives and
instructions. The following is a list of sources of
information that should be used as a reference in every
unit’s technical library and support equipment shop.
Although these publications are intended primarily for
corrosion prevention and control on aircraft and
weapons systems, most of the information can also be
used for aviation support equipment.

OPNAVINST 4790.2  Naval Aviation Maintenance
Program (NAMP)

NAVAIR 01-1A-509  Aircraft Weapons  Systems
Cleaning and Corrosion Con-
trol

NAVAIR 01-1A-518 Corrosion Prevention Com-
pounds for Protection of Naval

Weapons Systems

NAVAIR 07-1-503 Cleaning Materials for Naval

Weapons  Systems  Main-
tenance and Overhaul Opera-
tions

NAVAIR 16-1-540 Avionics Cleaning and Cor-

rosion Prevention/Control

NAVAIR 17-1-125 Ground Support Equipment
Cleaning and Corrosion Con-

trol

TRAINING

Personnel engaged in support equipment
maintenance must complete one of the following
courses in corrosion control, as required by the NAMP
(Naval Aviation Maintenance Program):

e Successful completion of the NAMTRAGRU
Corrosion Control (Basic) (C-600-3180) or
Avionics Corrosion Control (C-100-4176).

e Successful completion of the NAESU

equivalent training.

e Aviation rating specific “A” school (after 1 April
1992).

The requirement for supervisors in the I-level work
center 92D is one of the above courses in addition to
one of the following:

e Successful completion of Aircraft Corrosion
Control Course (N-701-0013).

e Successful completion of Aircraft Corrosion
Course (Course C-600-3183).

Individuals actually painting aircraft or support
equipment must complete the Aircraft Paint Touch Up
and Markings Course (Course N-701-0014) or Aircraft
Paint/Finish Course (Course C-600-3182) prior to
painting any equipment. This qualification is valid for
an unlimited period.

The publications described in this manual are
subject to periodic revision. Some are changed at
regular intervals; others are changed as the need arises.
When using any publication, be sure that you have the
latest edition. When using a publication that is kept
current by changes, make sure that you have a copy
with the latest changes incorporated.

Q1-19. Which of the following statements defines

corrosion?

1. Deterioration of metal by chemical or
electrochemical process

2. Reaction of metals to electrical current

3. Deterioration of metal by cleaning agents

4. Reaction of metals to long-term storage

Q1-20. In the electrochemical attack of corrosion,
which of the following climates is a more

serious factor?

1. Cold

2. Hot and dry

3. Wet and humid
4. Cold and damp

Q1-21. What is meant by the term "preservation”?

1. Maintaining cleanliness in support equip-
ment spaces

2. Performing preventive maintenance (PM)
on equipment

3. Maintaining a dry environment around
support equipment

4. Performing wash/wipe downs on support
equipment



Q1-22. What is the primary technical manual you
should use in the prevention, detection, and

repair of corrosion on support equipment?

1. NA 01-1A-509
2. NA 17-1-125
3. NA 16-1-540
4. NAOI-1A-518

Q1-23. Which, if any, of the following publications
take precedence over any and all publications
when pertaining to support equipment cor-

rosion control?

1. NA 01-1A-509
2. OPNAVINST 4790.2

3. MIMs for the specific equipment
4. None of the above

Q1-24. What training must all personnel complete
prior to engaging in support equipment main-

tenance?

1. Successful completion of the
NAMTRAGRU Basic Corrosion Control
(C-600-3180) or Avionics Corrosion
Control (C-100-4176)

2. Successful  completion of Aircraft
Corrosion Control Course (N-701-0013)

3. Successful  completion of Aircraft
Corrosion Course (Course C-600-3183)

4. Successful completion of Aircraft Paint
and Touch Up Course (C-701-0014)

SUPPORT EQUIPMENT
STANDARDIZATION SYSTEM
(SESS)

LEARNING OBJECTIVE: Identify the
purpose of Support Equipment Standardization
System (SESS).

The Support Equipment Standardization System
(SESS) is a computer-based asset control system that
tracks inventory of support equipment. SESS, used in
conjunction with NALCOMIS, provides an electronic
method for scheduling periodic maintenance, sub-
custody management, technical directive accounting,
and inventory management. The SESS User’s Guide
provides detailed information on SESS.

NOTE: When the SESS asset control system is not
available, the Support Equipment Transaction Report,
OPNAYV 4790/64, is used to record support equipment
issue and receipt transactions.
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Q1-25. What is the primary purpose of SESS?

1. Automatically annotates history card

2. Tracks inventory of support equipment

3. Manages subcustody

4. Accounts for technical directive com-
pliance

SUPPORT EQUIPMENT
ISSUE/RECEIPT

LEARNING OBJECTIVE: Identify proper
support equipment issue and receipt proce-
dures.

Now that the maintenance action and the
paperwork are completed, all you have to do is issue the
piece of equipment to the squadron. The following
procedures must be used to issue or receive support
equipment on a subcustody basis:

e Issue procedures. All personnel must have in
their possession a valid USN Aviation Support
Equipment Operator’s license (OPNAV 4790/102) for
specific equipment being checked out. Prior to issue, a
joint preoperational inspection will be performed by
the issuing and the receiving personnel using the
applicable preoperational inspection card. Personnel
receiving the support equipment will sign the Support
Equipment Preoperational Record (OPNAV 4790/52)
in the Inspector’s block. Issuing personnel will sign the
Supervisor’s block. The preoperational record will
accompany each item of support equipment. The
Support Equipment Transaction Report (OPNAV
4790/64), also known as the TR, will be signed in block
27f by the user to document support equipment issue.
The white, green, and yellow copies of the TR will be
retained by the issuing activity for local record-keeping
purposes. The pink copy will be retained by the using
activity for its records.

e Receipt procedures. All personnel must have in
their possession a valid USN Aviation Support
Equipment Operator’s license for specific equipment
being checked in. The Preoperational Inspection
Record must be returned with the support equipment. A
joint (issuing and receiving personnel) preoperational
inspection will be performed. The Support Equipment
Preoperational Record will be annotated the same as for
issue procedures. The TR will be signed in block 28f by
receiving personnel to document support equipment
return.

e Discrepancy identification. All discrepancies
noted during issue/receipt preoperational inspections



must be annotated on a VIDS/MAF by production
control.

Q1-26. When issuing a tow tractor to the squadron,
what must the person checking out the tractor
have in his possession?

1. Preoperational card

2. SE Operator’s license (OPNAV 4790/102)
for the specific equipment

3. Operators manual

4. MRC

Q1-27. Who retains the pink copy of the Support

Equipment Transaction Report?

1. The issuing activity

2. The person checking the equipment out
3. The using activity

4. Maintenance personnel

Q1-28. What document must accompany the equip-
ment upon return to the support equipment

shop?

1. VIDS/MAF

2. Operator’s manual

3. MRC

4. Preoperational inspection record

Q1-29. All discrepancies noted on preoperational in-

spections must be annotated on what form?

1. VIDS/MAF

2. History record

3. MRC

4. Preoperational card

AVIATION SUPPORT EQUIPMENT

LEARNING OBJECTIVE: Describe types
of support equipment maintained by Aviation
Support Equipment Technicians.

Many different types of support equipment are
needed to perform all the functions necessary to keep
an aircraft in top condition. Most of today’s equipment
is used in the direct support of the aircraft itself. Aboard
aircraft carriers, the principal users of support
equipment are aircraft squadrons and the air
department. Within the air department, flight deck
and hangar deck aircraft-handling crews use
aircraft-handling equipment, such as tow tractors and
tow bars. In addition, aircraft crash, fire, and rescue
crews use equipment such as the A/S32P-25
fire-fighting truck. These users depend upon personnel
of the AS rating, who are normally assigned to
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intermediate maintenance activities, for the main-
tenance of this equipment.

Since the squadrons and air department personnel
are the principal users, the equipment is operated by
personnel of ratings other than the AS. In addition,
these personnel frequently accomplish servicing and
preoperational inspections. Personnel of the AS rating
are concerned primarily with major inspections and
repair. However, this does not mean that you are
relieved of all responsibilities concerning the operation
and servicing of the equipment. To effectively perform
all phases of maintenance—inspecting, troubleshoot-
ing, repairing, and testing—you must understand the
operation of the equipment. This is especially
important when troubleshooting and testing the
equipment.

Many types of support equipment require licensed
operators. Selected personnel of the AS rating are
responsible for the formal training and licensing of
these operators. You, the AS, may be called upon to
instruct user activity personnel in the proper servicing
and operation of certain types of equipment that do not
require an operator’s license.

The current edition of OPNAVINST 4790.2 defines
support equipment (SE) as "all equipment required on
the ground to make an aeronautical system, system
command and control system, support system, sub-
system, or end item of equipment operational in its
intended environment." This is primarily the equipment
covered by the Aircraft Maintenance and Material
Readiness List (AMMRL) program.

Support equipment is classified into four major
types: common (general purpose), peculiar (special
purpose), standard (has  government-approved
specifications/drawings), and developmental (no
government-approved specifications/drawings). It is
further divided into the categories of avionic SE and
nonavionic SE.

AVIONIC SE

Avionic SE (common and peculiar) includes all
equipment of an electronics nature used for, but not
limited to, the test, troubleshooting, alignment, or
calibration of aircraft systems or components.
Examples of avionic SE include general-purpose
electronic test equipment (GPETE), automatic test
equipment (ATE), vacuum pressure testers, and
temperature and fuel quantity indicator test sets.



NONAVIONIC SE

Nonavionic SE (common and peculiar) includes all
equipment that is nonelectronic in nature and may be
powered or nonpowered. As an Aviation Support
Equipment Technician, you will be required to
maintain this equipment. Examples of power
equipment are as follows:

e Mobile electric power plants; for example, the
NC-10C

e Gas turbine-powered service equipment; for
example, the NCPP-105

e Aijrcraft tow tractors; for

A/S32A-31A

example, the

e Mobile air-conditioners; for example, the
A/M32C-17

Examples of nonpowered SE are as follows:
e Aircraft jacks
e Aircraft tow bars; for example, the NT-4

e Maintenance work stands; for example, the B-4

Q1-30. Who are the principal users of support
equipment aboard aircraft carriers?

1. SE technicians

2. Air traffic controllers
3. Squadrons

4. AIMD personnel

Q1-31. An AS maintains which of the following

categories of support equipment?

1. Avionic SE

2. Peculiar SE only

3. Common SE only

4. Common and peculiar nonavionic SE

IDENTIFICATION OF SUPPORT
EQUIPMENT

LEARNING OBJECTIVE: Identity dif-
ferent types of support equipment by the
equipment identification codes.

In the past, identifying support equipment was
difficult because there were no standard naming
conventions. An AS learned the designations and
application of the equipment by association. That has
changed somewhat. Now, newly constructed and
modified support equipment are identified according to
Military Standard 875A (MIL-STD-875A), which
outlines the type designation system for aeronautical
and support equipment. Table 1-1 is taken from

Table 1-1.—Equipment Identification Codes

EQUIPMENT IDENTIFICATION CODES

Miscellaneous
INSTALLATION TYPE OF EQUIPMENT PURPOSE (3rd Indicator) Identification
(1st Indicator) (2nd Indicator)
A - Aircraft or Missile | 22 - Apparel A - Aircraft or Missile Support | T - Training
Inst.a lled in OF Ol »3 _ Chemical B - Bombing or Fire Control or | (V) - Variable Con-
vehicle, nonmission . .
Both (Nonelectronic) figuration

expendable) 24 - Electrical

25 - Explosive

26 - Gaseous

B - Aircraft or Missile
(Transported, but
not installed in or
on vehicle, mission
expendable)

27 - Hydraulic

rubber, etc.)

wood, etc.)

28 - Materials, Pliable (fabric,

29 - Materials, Rigid (metals,

C - Air Conditioning

D - Detection




Table 1-1.—Equipment Identification Codes—Continued

EQUIPMENT IDENTIFICATION CODES

INSTALLATION
(1st Indicator)

TYPE OF EQUIPMENT
(2nd Indicator)

PURPOSE (3rd Indicator)

Miscellaneous
Identification

C - Combination
(Ground and air-
borne)

E - Ground, Not fixed

F - Ground, Fixed

M - Ground,
Self-contained
(Movable, includes
vehicle but not
self-propelled)

N - Aircraft or Missile
(Transported, but
not installed in or
on vehicle, nonmis-
sion expendable)

P - Personal Use (Held
or worn by
individual)

S - Ground,
Self-propelled
(Includes vehicle)

U - Multi-installation

W - Water (Surface or
submerged)

32 - Mechanical
33 - Nuclear

34 - Pneumatic

35 - Optical

36 - Optimechanical

37 - Electromechanical

38 - Invisible Light (Infrared)
39 - Inertial

42 - Electrohydraulic

43 - Manual

44 - Internal Combustion
45 - Biological

46 - Pneumatic-Hydraulic
47 - Electropneumatic

48 - Hydromechanical

49 - Gunnery

82 - Mobile Deployment (Bare
Base) — Misc

83 - Mobile Deployment (Bare
Base) — Medical including
dental, surgical, x-ray, etc.

84 - Mobile Deployment (Bare
Base) — Billeting/Admin

85 - Mobile Deployment (Bare
Base) Shop facilities - all
types except electronics

86 - Mobile Deployment (Bare
Base) — Food servicing
including kitchen, dining,
etc.

99 - Miscellaneous

E - Destruction

G - Flight Control or Navigation

or Both (Nonelectronic)

H - Aircraft Loading and Cargo

Handling

J - Indicating

K - Aerial Stores (Munitions)

Handling

L - Lubricating
M - Maintenance, Aircraft

P - Protection

Q - Reconnaissance

(Nonelectronic)

R — Fueling

S - Personnel Support

T - Testing

U - Special, Not Otherwise

Covered, or Combination of
Purposes

V - Maintenance, Automotive
W - Graphic Arts
X - Identification

Y - Dissemination
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MIL-STD-875A, and it lists the codes used to create the
equipment designators.

The new designations will be the same throughout the
military services. However, present equipment with old
designations will remain unchanged; they will not be
redesignated unless they undergo an alteration or
modification. This will make things easier for
administrative purposes. An example of how a tow
tractor’s designator is derived can be seen in table 1-2.

Table 1-2.—Equipment Type Designator For The A/S32A-31A
Tow Tractor

CODE DESCRIPTION
A/ Aero/Support Equipment
S Ground Self-Propelled
32 Mechanical
A Aircraft or Missile Support
31 The 31st piece of equipment in the 32A
category to which a type designation has
been assigned.
A The first modification to the "-31" tractor
Q1-32. What does the 27 represent in AIM271-5?
1. Hydraulic
2. Electrohydraulic
3. Pneumatic
4. Electrical
COMMONLY USED SUPPORT
EQUIPMENT

LEARNING OBJECTIVE: Identify the
operating characteristics of various types of
commonly used support equipment.

As an Aviation Support Equipment Technician,
you will find many different types of support
equipment that you will have to maintain. This
equipment falls into four basic categories: electrical,
hydraulic, mechanical, and pneumatic. In the following
paragraphs, you will get only a basic description of
only a few items of the most commonly used support
equipment.

MOBILE ELECTRIC POWER PLANTS (MEPP)

There are many types and models of mobile electric
power plants (MEPP) in use in naval aviation. Their
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Figure 1-3.—NC-8A/A-1 mobile electric power plant.

purpose is to provide ac and dc electrical power for
servicing, starting, and maintenance of aircraft. Some
are diesel engine powered, and some are electrically
(externally) powered. Some of these are driven and
some of them must be towed.

Personnel in the AS rating are required to become
familiar with and maintain, mobile electric power
plants.

NC-8A/A-1 Mobile Electric Power Plant

The NC-8A/A-1 (fig. 1-3) is a four-wheel,
self-propelled, rear-wheel-drive vehicle, powered by a
4-cylinder, two-stroke-cycle Detroit Diesel engine. It
provides 115/200-volt, 3-phase, 400-Hz, 60-kVA ac
power, and 28-volt dc power at 500 amperes
continuous, 750 amperes intermittently. This unit is
used primarily at shore stations.

NC-10C Mobile Electric Power Plant

The NC-10C (fig. 1-4) is a four-wheel,

trailer-mounted, electrical generating system, powered
by a 6-cylinder, two-stroke-cycle Detroit Diesel engine.

AS1f0302

Figure 1-4.—NC-10C mobile electric power plant.



Figure 1-5.—MMG-1A mobile electric power plant.

It is not self-propelled and must be towed or manually
moved. It provides 115/200-volt, 3-phase, 400-Hz, 90
kVA ac power, and 28-volt dc power at 750 amperes
continuous, 1,000 amperes intermittently. This unit is
used primarily at shore stations.

MMG-1A Mobile Electric Power Plant

The MMG-1A (fig. 1-5) is a small, compact,
trailer-mounted, electric motor-driven generator set. It
is not self-propelled and must be towed or manually
moved. It is powered by a 3-phase, 60-Hz, 220- or
440-volt ac external power source. It provides
115/200-volt, 3-phase, 400-Hz, 60 kVA ac power, and
28-volt dc power at 500 amperes continuous, 1,000
amperes intermittently. This unit is used both aboard
ship and at shore stations.

A/S37A-3 Shipboard Mobile Electric Power Plant

The A/S37A-3 (fig. 1-6) is a four-wheel,
self-propelled, rear-wheel-drive vehicle powered by a
3-53 series, two-cycle Detroit Diesel engine. The
engine drives the electric generator and the hydraulic
propulsion  system. The generator provides
115/200-volt, 3-phase, 400-Hz, 45 kVA ac power, and
28-volt dc power at 1,000 amperes. This unit is used
primarily aboard ship.

Dummy Load Electric, DA-675/MSM

The dummy load electric unit, DA-675/MSM,
often referred to as a load bank (fig. 1-7), is a
four-wheel, trailer-mounted, electrical dummy load. It
is not self-propelled and must be towed or manually
moved. It is used at intermediate maintenance facilities

AS1f0304

Figure 1-6.—A/S37A-3 shipboard mobile electric power plant.

to test the output power characteristics of 28-volt dc and
115/200-volt ac, 3-phase, four-wire, 400-Hz mobile
electric power plants or motor generator sets. This unit
is used both aboard ship and at shore stations.

Q1-33. The NC-8A/A-1 is powered by a 4-cylinder,
two-stroke-cycle Detroit Diesel engine.

1. True
2. False

Q1-34. Which of the following mobile electric power

plants has a 90 kVA generator?

1. NC-8A/A1
2. NC-10C

3. MMG-I1A
4. A/S37A-3

Q1-35. Which of the following mobile electric power

plants are used aboard ship?

1. MMG-1A and A/S37A-3

2. NC-8A/AI and NC-10C

3. MMG-IA and NC-10C

4. NC-10C and DA-675/MSM

Figure 1-7.—DA-675/MSM dummy load electric unit.
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Figure 1-8.—A/M27T-5 portable hydraulic power supply.

HYDRAULIC SERVICING UNITS

There are many types and models of hydraulic
servicing units used in naval aviation. The purpose of
these units is to check, test, and service aircraft
hydraulic systems. Some of the servicing equipment
can be hand-carried; some will be moved manually; and
some will have to be towed.

A/M27T-5 Portable Hydraulic Power Supply

The A/M27T-5 Portable Hydraulic Power Supply
(fig. 1-8) is a single system hydraulic pumping unit
with a rated capacity of 20 gpm (gallons per minute) at
5,000 psi. It is a self- contained unit designed to check
performance and operating characteristics of aircraft
hydraulic systems. It is powered by a three-cylinder,
two-stroke-cycle diesel engine. The A/M27T-5 is
capable of delivering hydraulic fluid at controlled
pressures to operate aircraft hydraulic systems without
the necessity of starting the aircraft engine.

A/M27T-7 Portable Hydraulic Power Supply

The A/M27T-7 (fig. 1-9) is similar in operation to
the A/M27T-5 except for its source of power. The
A/M27T-7 is powered by a 50-hp electric motor. A
50-foot power cable is provided for connection to a
440-volt, 3-phase, 60-Hz external power source. This
unit can also be set up to run on a 220-volt source.
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Figure 1-9.—A/M27T-7 portable hydraulic power supply.

A/M27M-10 Hydraulic Fluid Dispensing Unit

The A/M27M-10 Hydraulic Fluid Dispensing Unit
(fig. 1-10) provides a means of dispensing hydraulic
fluid from a 55-gallon drum to any other container
designed for use as a storage source, reservoir, or
portable dispensing unit. It has four wheels with
manual brakes on the rear wheels and is equipped with
a means of lifting, inverting, and dispensing the
hydraulic fluid through the use of a hand or air
motor-driven pump.

Figure 1-10.—A/M27M-10 hydraulic fluid dispensing unit.



HSU-1 Hydraulic Fluid Servicing Unit

The HSU-1 Hydraulic Fluid Servicing Unit (fig.
1-11) is a portable, hand pump operated, hand-carried
unit, which is used for servicing main hydraulic
systems, subsystems, bleeding brakes, flushing, and
priming system components. It has a fluid holding
capacity of 3 gallons, accepts a standard 1-gallon
container, and uses it as a fluid reservoir. It also
contains an integral 2-gallon reservoir. The unit is made
of cast aluminum and has a sight gauge on the side to
view the total contents within the holding reservoir.

H-250-1 Hydraulic Fill Unit

The H-250-1 Hydraulic Fill Unit (fig. 1-12) is
similar in operation to the HSU-1. It is designed to use
the standard 1-gallon can of hydraulic fluid and to
dispense it, contamination free, to the aircraft systems.
This is done by pumping the fluid from the original can,
which is sealed into the unit and acts as the reservoir,
directly to the aircraft. It is a portable, hand-pump
operated, hand-carried unit.

Q1-36. Which of the following portable hydraulic
power supply units is powered by an external

power source?

1.

HSU-1
2. A/IM27M-10
3.
4

A/M27T-5
. A/M27T-7

Figure 1-11.—HSU-1 hydraulic fluid servicing unit.
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Figure 1-12.—H-250-1 hydraulic fill unit.

Q1-37.  Which of the following hydraulic units uses a

55-gallon drum of hydraulic fluid?

1. A/M27T-5
2. HSU-1

3. A/IM27M-10
4. H-250-1

AIRCRAFT TOWING EQUIPMENT

The tow tractor is the only safe means of moving
the majority of today’s aircraft. They are also used to
move support equipment specifically equipped to be
towed, such as mobile electric power plants, portable
hydraulic power supplies, maintenance stands, etc.
These are the only authorized uses for tow tractors.

As arule of thumb, maximum aircraft weight that a
tow tractor can handle is 10 times the drawbar pull of
the tractor. In other words, a tractor that has a drawbar
pull of 7,500 pounds is capable of towing an aircraft
that weighs 75,000 pounds.

A/S32A-37 Tow Tractor

The A/S32A-37 Tow Tractor (fig. 1-13) is also
known as the TA-35. It is a six-cylinder diesel engine
powered, four-wheel drive tractor used for moving
heavy shore-based aircraft. The automatic transmission
has six forward speeds and three reverse speeds. This
tractor can be configured as a Class I or Class II, and
can tow aircraft weighing up to 200,000 and 350,000
pounds, respectively.



Figure 1-13.—A/S32A-37 aircraft towing tractor.

A/S32A-31A Tow Tractor

The A/S32A-31A tow tractor (fig. 1-14) is
designed for towing shipboard aircraft. It has a
3-cylinder diesel engine, automatic transmission, a rear
drive axle with dual rear wheels, and a drawbar pull of
8,500 pounds. The service brakes are hydraulically
operated wet disc brakes, and are contained within the
wheel ends of the rear axle. The front wheel steering is
power assisted. This tractor is equipped for mounting a
gas turbine compressor on the rear, and it draws fuel
from the tractor’s tanks.

A/S32A-30 Tow Tractor

The A/S32A-30 tow tractor (fig. 1-15), also known
as the JG40, is used primarily to tow support
equipment. It is capable of towing up to 40,000 pounds;
therefore, its secondary mission is towing light aircraft
and helicopters. This tractor has a 6-cylinder gasoline
engine, three-speed automatic transmission, hydraulic

AS1f0312

Figure 1-14.—A/S32A-31A aircraft towing tractor.
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Figure 1-15.—A/S32A-30 aircraft towing tractor.

disc brakes on the rear wheels, and front wheel
power-assisted steering.

A/S32A-30A Tow Tractor

The A/S32A-30A tow tractor (fig. 1-16) is used
primarily to tow support equipment. It is capable of
towing up to 40,000 pounds; therefore, its secondary
mission is towing light aircraft and helicopters. This
tractor has a 4-cylinder diesel engine, three-speed
automatic transmission, hydraulically actuated front
disc brakes, drum rear brakes, and front wheel,
power-assisted steering.

AS1f0314

Figure 1-16.—A/S32A-30A aircraft towing tractor.
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Figure 1-17.—A/S32A-42 aircraft towing tractor.

A/S32A-42 Tow Tractor

The A/S32A-42 tow tractor (fig. 1-17) is designed
for towing shore-based aircraft weighing up to 100,000
pounds. It has a 4-cylinder diesel engine, 3-speed
automatic transmission, hydraulically actuated front
disc brakes, drum rear brakes, and front wheel power-
assisted steering.

A/S32A-32 Tow Tractor

The A/S32A-32 tow tractor (fig. 1-18) is more
commonly referred to as a “spotting dolly.” It is
designed to tow, turn, and position aircraft within the
confines of a ship’s hangar deck. It has a 3-cylinder
Detroit diesel engine that drives two main hydraulic
pumps. Although a single joystick controls it, each
wheel can rotate independently, which enables the
tractor to pivot around its center with a minimal turning
radius. It has a drawbar pull of 14,000 pounds and a lift
capability of 16,000 pounds.

AS1f0316

Figure 1-18.—A/S32A-32 aircraft towing tractor.
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Q1-38. If a tractor has a drawbar pull of 8500
pounds, what is the maximum aircraft weight

it can tow?

1. 18,500
2. 85,000
3. 185,000
4. 850,000

Q1-39. Which of the following tractors is also called

a “spotting dolly”?

1. A/S§32A-30
2. A/S32A-30A
3. A/S32A-32
4. A/S32A-37

JET AIRCRAFT START UNITS

The aircraft start unit is designed to provide air
for starting aircraft jet engines. The two types of
air start units discussed are trailer-mounted and
tractor-mounted units.

A/M47A-4 Trailer-Mounted Jet Aircraft Start Unit

The A/M47A-4 jet aircraft start unit (fig. 1-19) is a
trailer-mounted gas turbine air compressor used to
provide air and electrical power for starting jet engines.
The start unit requires manual start, stop, and air
selection. It provides air at 5:1 or 3.6:1 air pressure
ratios and by way of a 30 kVA, 400-Hz generator,
provides 115/208 volts of ac and 28 volts of dc for
operating aircraft electrical systems.

AS1f0317

Figure 1-19.—A/M47A-4 trailer-mounted jet aircraft start
unit.



A/S47A-1 Tractor-Mounted Jet Aircraft Start
Unit Enclosure

The A/S47A-1 tractor-mounted unit enclosure (fig.
1-20) is a self-contained mobile turbine engine air start
unit. The air start unit enclosure consists of a control
panel, gas turbine engine, stowage rack, and turbine
support and mounting assembly. The enclosure
contains all systems necessary for gas turbine engine
operation except for fuel and electrical power.

Q1-40. The A/M47A-4 jet aircraft start unit is trailer
mounted.

1. True
2. False

MOBILE AIR-CONDITIONERS

Today's modern aircraft have an abundance of
electronic equipment that generates a tremendous
amount of heat, which makes air conditioning a
requirement in the air or on the ground. This is done by
an onboard system, but the aircraft engines must be
operating for this system to work. This is not practical
on the ground when maintenance, testing, or calibration
require the electronic equipment to run for long periods
of time. Therefore, another form of air conditioning is
needed, and that is why we have mobile
air-conditioners. Mobile air-conditioners provide
filtered air for cooling, dehumidification, or ventilation.
There are several different types and models, but this
text covers only the two models that are commonly
used by the Navy—the A/M32C-17 and the

A/M32C-21.

AS1f0318

Figure 1-20.—A/S47A-1 tractor-mounted enclosure.
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Figure 1-21.—A/M32C-17 mobile air-conditioner.

A/M32C-17 Mobile Air-Conditioner

The A/M32C-17 mobile air-conditioner (fig. 1-21)
is trailer mounted and powered by a 6-cylinder, V-71
Detroit diesel engine. The operating components are
contained within a metal paneled housing and are
assembled into a refrigeration system, a ventilation
system, a hydraulic system, and associated sensing and
control components. The trailer contains its own
braking system (surge brake), and the refrigeration
system is serviced with R-22.

A/M32C-21 Mobile Air-Conditioner

The A/M32C-21 mobile air-conditioner (fig. 1-22)
is trailer mounted and powered by a 30-horsepower,
440-volt, 3-phase, 60-Hz ac electric motor. A
60-foot-long external input power cable is stored on the
brackets at the rear of the unit. The two front wheels are
mounted close together on a caster assembly. A tow bar

AS1f0320

Figure 1-22.—A/M32C-21 mobile air-conditioner.
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Figure 1-23.—A3-1HC axle jack.

attached for steering folds up in half for storage, and is
held rigid in the unfolded position by a latch and pin
assembly. A 30-foot collapsible duct hose is used to
transfer air from the unit to the aircraft. The
refrigeration system is serviced in the same manner as a
A/M32C-17.

Q1-41. What type refrigerant is used to service
the A/M32C-17 and A/M32C-21 mobile

air-conditioners?

1. R-I2
2. R-134
3. R-22
4. R-24

AIRCRAFT MAINTENANCE EQUIPMENT

All aircraft require scheduled or unscheduled
maintenance at one time or another. Some equipment
used to support the maintenance efforts of the squadron
include hydraulic jacks, aircraft maintenance stands,
and engine transportation trailers.

Hydraulic Jacks

All aircraft hydraulic jacks are designated as either
axle jacks or tripod jacks. They come in various shapes,
sizes, and maximum load ratings, and are used for
different applications. The correct jacks for a specific
aircraft can be determined by consulting the Index and
Application Tables for Aircraft Jacks, NAVAIR
19-70-46.
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Aircraft jacks have various scheduled and un-
scheduled maintenance requirements, such as repair,
adjustment, lubrication, and performing load tests. To
comply with these requirements, you will need the
applicable Maintenance Instruction Manual; Aircraft
Jacks, Various, NAVAIR 19-70-521; and Periodic
Maintenance  Requirements  Manual, NAVAIR
19-600-135-6-2.

AXLE JACKS.—Axle jacks are primarily used
for raising one main landing gear or the nose gear of
aircraft for maintenance of tires, wheels, brakes, and
struts. There are two types of axle jacks, and all
different sizes (lifting capacities). The two types are the
hand-carried axle jack (fig. 1-23) and the outrigger axle
jack, commonly known as the rhino jack (fig. 1-24).
Designation for an A3-1HC is as follows:

e A =axlejack

e 3 =]oad capacity in tons (followed by a dash)
e | = specific jack identification number

e HC = hand-carried

TRIPOD JACKS.—Tripod jacks are primarily
used for lifting the entire aircraft off the ground or deck.
There are two types of tripod jacks, variable height (fig.
1-25) and fixed height (fig. 1-26). Designation for a
T20-1VHS is as follows:

e T =tripod jack
e 20 =load capacity in tons (followed by a dash)
e 1 =gpecific jack identification number
VH = variable height

5 =the number of leg extension kits available for
this jack

AS1f0322

Figure 1-24.—A45-20R axle jack.
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Figure 1-25.—Variable height tripod jack, two-leg extension.

Maintenance Platforms and Trailers

Maintenance stands, platforms, or work stands (the
names are commonly interchangeable) provide a means
to reach most parts of an aircraft that can not be reached
safely from on the ground. There are a variety of types
and models available. The following text discusses a
few of the common maintenance stands.

\ /!
vl
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Figure 1-26.—Fixed height tripod jack.
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Figure 1-27.—B-4A maintenance platform.

B-4A MAINTENANCE PLATFORM.—The
B-4A maintenance platform (fig. 1-27) is a moveable,
hydraulically operated, adjustable platform with a
ladder assembly. It has free swivel caster assemblies,
with each having a foot lever-actuated mechanical
brake and lock mechanism. The platform is equipped
with safety guardrails and locking pins that lock the
extension scissors. This prevents the platform from
collapsing in the event of a hydraulic system failure.
The height range is 3 to 7 feet. Overall height of the
B-4A is 6-1/2 feet lowered and 10-1/2 feet raised, and it
has a weight bearing capacity of 600 pounds.

B-5A MAINTENANCE PLATFORM.—The
B-5A maintenance platform (fig. 1-28) is a moveable,

AS1f0326

Figure 1-28.—B-5A maintenance platform.



hydraulically operated, adjustable platform with a
ladder assembly. It has free swivel caster assemblies,
with each having a foot lever-actuated mechanical
brake and lock mechanism. The platform is equipped
with safety guardrails and locking pins that lock the
extension scissors. This prevents the platform from
collapsing in the event of a hydraulic system failure.
The height range is 7 to 12 feet. Overall height of the
B-5A is 10 feet 7 inches lowered and 15 feet 6 inches
raised, and it has a weight bearing capacity of 600
pounds.

B-2 MAINTENANCE PLATFORM.—The B-2
maintenance platform (fig. 1-29) consists of a fixed
height, 10-foot lower structure, a variable height upper
structure, and a manual pump actuated hydraulic
system for raising and lowering the upper structure.
The platform has guardrails and the steps have
handrails. It has free swivel caster assemblies, with
each having a foot lever-actuated mechanical brake and
lock mechanism. The lower structure also includes four
jack pads that act as brakes. The height range is from 13
to 20 feet. Overall height of the B-2 is 16-1/2 feet
lowered and 23-1/2 feet raised, and it has a weight
bearing capacity of 600 pounds. The work platform is 4
feet by 4 feet square.

A/S48M-2 (DIESEL) AND A/S48M-3 (ELEC-
TRIC) SERVICING PLATFORMS.—The plat-
forms, A/S48M-2 diesel powered (fig. 1-30) and
A/S48M-3 electric powered (fig. 1-31) are used to
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Figure 1-29.—B-2 maintenance platform.
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Figure 1-30.—A/S48M-2 diesel servicing platform.

position personnel and equipment within functional
proximity of a work site at a maximum elevation of 44
feet. The platform turntable is capable of 360-degree
rotation in either direction. Platform functions are
primarily controlled from the upper control box;
however, some functions can be controlled from the
lower control box. All platform functions are
electrohydraulic. These platforms have four-wheel
drive with steering accomplished by hydraulic steering
cylinders on the front and rear axles.

NET-4 ENGINE TRANSPORT TRAILER.—
The Net-4 engine transportation trailer (fig. 1-32) is a
four-wheel trailer designed for transporting large jet
engines and airframe sections. The towbar is
extendable for transporting unusually long loads.

AS1f0329

Figure 1-31.—A/S48M-3 electric servicing platform.
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Figure 1-32.—Net-4 transportation trailer.

Pneumatic tires protect the load from shock, and a
brake and pedal are mounted at each of the rear wheels.

4000A ENGINE REMOVAL TRAILER.—The
4000A engine removal trailer (fig. 1-33) is a mobile,
hydraulically controlled, self-supporting unit. It is
designed for removing and positioning aircraft engines
and moving them short distances. The trailer consists of
a main frame supported by four wheels, a lift linkage
system, an upper frame that holds two cradle
assemblies, and a tube and rail assembly. It has a
detachable towbar, and it is also extendable for longer
loads. Foot lever-actuated drum/shoe type parking
brakes are located on the two rear wheels.

Q1-42. To determine the correct jack for a specific

aircraft, you should refer to which of the fol-

lowing publications?

1. NA 19-70-46
NA 19-70-521
NA 01-1A-509
NA 16-1-540
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Figure 1-33.—4000A engine removal trailer.
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Q1-43. What is the weight bearing capacity for a

B-5A stand?

1. 200 1b
2. 300 1b
3. 500 1b
4. 600 Ib

Q1-44. What unit of support equipment would you
use to remove and position an aircraft en-

gine?

1. 4000A engine removal trailer
2. Net-4 engine transport trailer
3. 3000A engine removal trailer
4

. Net-5 engine transport trailer

NITROGEN AND OXYGEN SERVICING
UNITS

Many aircraft systems require the use of nitrogen
and oxygen servicing units. The following text
discusses only three of the servicing units available to
the fleet.

A/U26U-4 Nitrogen Servicing Unit

The A/U26U-4 nitrogen servicing unit (fig. 1-34) is
more commonly known as the NAN-4. It provides a
mobile source of compressed nitrogen to recharge
aircraft nitrogen systems. It consists of a steel frame
assembly mounted on two wheels, and a retractable
front landing wheel. There are two groups of three

AS1f0332

Figure 1-34.—A/U26U-4 nitrogen servicing unit.



nitrogen cylinders mounted on each side of the frame. It
also has a hand-operated parking brake for use when
operating or storage. The nitrogen is delivered through
a series of gauges, filters, valves, and hoses located on
the control panel. A pressure regulator controls the
desired output pressure, and this unit is equipped with a
boost pump that can boost the supply pressure to a
maximum of 3,500 psi.

A/U26U-1A Oxygen Servicing Unit

The A/U26U-1A oxygen servicing unit, (fig. 1-35)
provides oxygen to replenish storage cylinders and
emergency bailout oxygen systems installed in aircraft.
It consists of a steel frame assembly mounted on two
wheels and a retractable front caster. There are three gas
cylinders mounted on the frame, two nitrogen
cylinders, and one oxygen cylinder. The nitrogen is
used to drive the boost pump, and the oxygen is used to
service oxygen systems. It also has a hand-operated
parking brake for use when operating or storage.

TMU-70 Liquid Oxygen Servicing Unit

The TMU-70 liquid oxygen servicing unit (fig.
1-36) is primarily used to service aircraft LOX (liquid
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Figure 1-35.—A/U26U-1A oxygen servicing unit.

oxygen) converters. This unit has storage tanks,
transfer lines, and control valves, liquid level gauges,
pressure gauges, and pressure-relief devices. These
components are located on a steel frame assembly
mounted on two wheels, and a retractable front wheel.
It also has a hand-operated parking brake for use when
operating or storage. This unit has a 50-gallon capacity
and a closed-loop transfer system designed to reduce
oxygen loss during transfer.

Q1-45. What is the A/U26U-4 servicing unit used
for?

1. To replenish nitrogen storage cylinders
2. To recharge aircraft nitrogen systems
3. To replenish oxygen storage cylinders
4. To recharge aircraft oxygen systems

Q1-46. How many oxygen cylinders are on the

A/U26U-1A?

1. One
2. Two
3. Three
4

. Four

AS1f0334

Figure 1-36.—TMU-70 liquid oxygen servicing unit.



CHAPTER 2

CHASSIS AND ATTACHING SYSTEMS

INTRODUCTION

The chassis of a vehicle provides the strength
necessary to support the vehicular components and
the payload placed upon it. The suspension system,
part of the chassis, contains the springs, shock
absorbers, tires, and wheels. The steering
mechanism is also part of the chassis and
suspension, and it provides the operator with a
means of controlling the direction of travel. The
transmission, propeller shaft, universal joints,
differential, axles, wheels, tires, brakes, and steering
system are part of the chassis. The body or outer
portion of the vehicle encloses the mechanical parts
and passenger compartment, but is not considered
part of the chassis. The components that make up the
chassis of the vehicle are held together in proper
relation to each other by the frame.

NOTE: Basic Machines, NAVEDTRA 14037,
has an entire chapter devoted to the power train. This
chapter covers those components that are not
adequately covered in Basic Machines, and some of
the applications and different arrangements of
power trains in support equipment.

Most chassis repair jobs require work by
mechanics under hoisted or jacked up vehicles.
When new personnel report to your shop, never
assume that they have been instructed in the safety
precautions that must be observed when working
under a vehicle. Personnel should be instructed in
the use of jacks, safety stands, and other safety
devices used in your shop. After a person has been
pinned under a falling vehicle, it is too late to give
safety instructions.

FRAMES

LEARNING OBJECTIVES: Identify the
purpose of the frame. Describe the working
relationship between the frame and the chassis.
Identify procedures for inspecting, checking,
and adjusting the frame.

The frame is generally constructed of steel, and it
is built rigid and strong so that it can withstand shocks,

twists, vibrations, and other strains (fig. 2-1). The
side members or rails are the heaviest parts of the
frame. The crossmembers are attached to the side
members strongly enough to prevent twisting of the
frame. For added strength, angular pieces of metal
(gusset plates) are riveted or welded at the points
where members are joined.

Frames normally require very little or no
maintenance or service. Frames that have been bent,
twisted, or broken, however, may be repaired if the
damage is not too severe. Frame alignment can be
checked in several ways. One way of checking the
frame for forward alignment is by using frame gauges.
Frame gauges (each gauge has a sight mounted on its
center crossbar) are hung from the vehicle’s frame in
three places. Frame alignment is checked by sighting
from the front of the vehicle toward the rear. If the
sights on the center of the gauges do not line up, the
frame is out of alignment.

If the frame is out of line, it is usually permissible
to straighten it, provided the lack of alignment is not
too great. You should consult the appropriate technical
manual before you attempt to straighten the frame.
When frame members have been broken or so badly
distorted that they require replacement, new members
can be installed with nuts and bolts or welded. The
preferred method is to use hot rivets. When the front
suspension crossmember has been damaged, you
normally replace it. The front suspension
crossmember is manufactured to such close tolerances
that it is practically impossible to restore it to perfect
alignment by straightening. If the front crossmember is
not in line, the front wheels cannot be aligned, and the
result is poor steering and rapid tire wear.

For frame and chassis repairs that require welding
and in-depth skin and rivet replacement, refer to the
applicable equipment technical manuals. Other
pertinent manuals include the Aeronautical and
Support Equipment Welding Manual, NAVAIR
01-1A-34; General Manual for Structural Repair,
NAVAIR 01-1A-1; and Structural Hardware, NAVAIR
01-1A-8.
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A. AUTOMOTIVE TYPE FRAME B. TOW TRACTOR FRAME

Figure 2-1.—Typical frames.

Q2-1. Before you attempt to repair a bent of broken into two distinct categories—driving and nondriving
frame, you should first consult which of the (fig. 2-2). The driving axles, also known as live axles,
following resources? transmit power from the transmission to the driving

wheels of the vehicle. The driving wheels can be the

I The SE division chief front or rear of the vehicle. Nondriving axles, also

2. The airframes shop
3. The manufacturer of the equipment
4. The appropriate technical manuals

KNUCKLE

02-2. What is the preferred method of installing a
new member in a frame that has been badly
distorted?

(NONDRIVING)
1. Join them together with nuts and bolts
2. Use hot rivets to join the two pieces
3. Spot weld the joint
4. Cold weld all joints on both sides

AXLES

LEARNING OBJECTIVES: Identify the
categories of axles. Describe the relationship

between the axle and the chassis.
ASf02002

(DRIVING)

Although axles used on support equipment are of

different sizes, shapes, and lengths, they are classified Figure 2-2.—Axles (driving and nondriving).



known as dead axles, are mounted to the frame of the
chassis and remain stationary. This type of axle may
run the entire width of the vehicle or may be only a
short axle mounted to the side of the frame or chassis.
Some nondriving axles will have wheels mounted
directly on the end of the axle, such as the rear wheels
of a trailer. Others, such as the front wheels of a
trailer, will have the wheels mounted on nonsteering
knuckles, which, in turn, are mounted on the ends of
the axle.

Axles require very little maintenance. However,
nondriving axles may require straightening or
replacement after accidents or rough handling.
Whenever a vehicle has a bent or damaged
nondriving axle, the appropriate technical manual
must be consulted for the repair limits and
procedures. If trouble develops with a driving axle,
the only solution is to replace it. Normally, the only
trouble encountered with driving axles results from
defective wheel bearings or a complete break of the
axle.

Driving axles are encased in a housing; therefore,
they are isolated from the outside elements.
Replacement of a driving axle requires removal of
several parts from the axle housing. For semi-floating
or full-floating axles, only the axle is unbolted, and it
can be removed without removing the wheel
assembly. As the parts are removed, you must take
care not to further damage seals, threads, splines, or

bearing surfaces. Never strike the end of an axle shaft
to loosen it, as this may damage the bearings or
differential.

Most all of your axle work will result from
scheduled maintenance requiring the removal,
cleaning, and repacking of wheel bearings, as shown
in figure 2-3. It is very important to properly pack
wheel bearings because the grease must be forced
between the rollers. If the grease is only smeared on
the outside of the bearing, the bearing may overheat
and destroy itself. Also, ensure that the bearings are
completely dry before they are packed with
lubricant. Water or condensation will cause the
bearings to rust.

WARNING

Never spin a bearing by blowing compressed air
across it. This may damage the bearing by causing
it to seize up or fly apart, injuring the person
holding the bearing.

02-3. What are the two types of axles used on SE?

1. Moving and stationary
Internal and external
Driving and nondriving
Ridged and flexible

N
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Figure 2-3.—Packing wheel bearings.

2-3



Q2-4. How are drive axles secured to an item of
SE?

1. They are encased in a housing

They are bolted to the frame with U-bolts
They are welded to the frame

They are attached by the springs and
shocks

2.
3.
4

02-5. Ensuring grease is forced between the rollers
of a wheel bearing is a very important step to

prevent the bearing from overheating.

1. True
2. False
SUSPENSION SYSTEMS

LEARNING OBJECTIVES: Identify the
normal components of a suspension system.
Identify the springs used on suspension
systems. Describe the shock absorbers used on
a suspension system.

The suspension systems for support equipment
differ from most highway-driven vehicles. Most of the
support equipment is not designed to travel over 15 to
20 miles per hour, and is only required to move short
distances. The normal components of a suspension
system are the springs and shock absorbers. However,
some tow tractors have no rear springs, as the axles are
bolted to the frame. Support equipment with
suspension systems have either leaf or coil springs.

SPRINGS

Springs support the frame above the axle and the
body of the vehicle, as well as the equipment mounted
on the vehicle. They provide a flexible connection
between the wheels and the frame and allow the vehicle
to withstand the shocks of uneven surfaces. The best
spring is one that absorbs shock rapidly and returns to
its normal position slowly. Since the spring cannot
perform this function alone, it is assisted by a shock
absorber. Very flexible springs allow too much
movement of the frame, while stiff springs do not allow
enough movement. The springs do not actually support
the weight of the wheels and axles. These parts make
up the unsprung weight of the vehicle, which decreases
the action of the springs. Therefore, the unsprung
weight is kept to a minimum to permit the springs to
support the vehicle frame and load.

Coil springs (fig. 2-4) are used on most
independent suspension systems because of low cost

and maintenance. The main disadvantage of coil
springs is that their frictionless action results in too
much pitching of the vehicle. This pitching is
dampened by the action of the shock absorber.

Figure 2-5, view A, shows how a coil spring is
mounted. The spring seat and hanger are shaped to fit
the coil ends and hold the spring in place. Spacers
made of rubberized fabric are placed at each end of the
coil to prevent squeaking. The rubber bumper,
mounted in the spring supporting member, prevents
metal-to-metal contact when the spring is compressed.
Coil spring systems require torque rods or a stabilizer
shaft to prevent the axle from moving forward and
back.

Springs require very little maintenance; normally
they are changed only when they fail. Leaf springs (fig.
2-5, view B) present no problem to change. The unit is
raised until the tires are off the ground; then jack stands
are placed under the frame. Next, a floor jack is placed
under the axle, and it is raised until a no-load condition
is obtained. Then, the bolts or pins holding the spring
in place are removed, the spring is unbolted from the
axle and removed, and the new springs are installed.

Coil springs (fig. 2-5, view A) are replaced in
about the same manner, but must also be compressed
by a spring compressor prior to removal and
installation.

WARNING
Consult the applicable technical manual before
trying to repair a faulty coil spring—they can be
very dangerous if removed incorrectly.

SHOCK ABSORBERS

Springs alone are not always satisfactory in a
vehicle suspension system. A stiff spring gives a hard
ride because it does not flex and rebound when the
vehicle passes over a bump. On the other hand, a spring
that is too flexible rebounds too much, and causes the
vehicle to ride rough. Shock absorbers are used to
smooth the riding qualities of the vehicle. They prevent
excessive jolting of the vehicle by balancing spring
stiffness and flexibility. They allow the springs to
return to rest slowly after having been compressed.
Double-acting shock absorbers (fig. 2-6) check spring
compression as well as rebound. Most shock absorbers
used at present are of the double-acting type because
they permit the use of the more flexible springs.
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Figure 2-4.—Coil spring suspension.

Most shock absorbers used today are hydraulically
operated, and their operation is easy to understand.
When the springs are flexed, liquid hydraulic fluid
within the shock absorber is forced through a small
opening by a piston. Since liquids cannot be
compressed, the movement of the piston is controlled
by the rate of flow of the hydraulic fluid through the
opening. The tube shock absorber, as shown in figure
2-6, is used on automotive equipment and most types
of support equipment requiring shocks. The tube shock
absorber is a self-contained unit that cannot be

2-5

repaired; it can only be replaced when it becomes
inoperative.

Shock absorbers are usually attached to the
vehicle, as shown in figure 2-5, view A. Rubber
mountings are used to fasten shock absorbers to the
frame and axle to eliminate wear and noise. Most
shocks can be replaced by removing the hardware that
holds them in place. The hardware may be bolts at both
ends of the shock absorber or, in some styles, the shafts
are threaded and washers and nuts hold them in place.
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Figure 2-5.—Coil and leaf springs.
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Q2-6. Because they cannot absorb shock rapidly
and they return to their normal position
slowly, what component is used to assist the
springs of a suspension system?

1. Rubber mounts
2. Keeper mounts

3. Shock absorbers
4. Torsion bars

Q2-7. The two types of springs used on SE are coil
and leaf springs?
1. True
2. False

02-8. Most shock absorbers are operated by which

of the following methods?

1. They are pneumatically operated
2. They are hydraulically operated
3. They are electrically operated

4. They are battery operated

STEERING

LEARNING OBJECTIVES: Identify the
parts and purpose of a steering assembly.
Identify procedures for troubleshooting a
steering assembly. Identify procedures for
repairing or replacing a steering assembly.
Identify procedures for maintenance of a
steering assembly.

Though steering may be a simple operation, the
steering mechanism is rather complex. Figures 2-7 and
2-8 show diagrams of a steering mechanism.

STEERING ASSEMBLIES

All steering mechanisms have the same basic
parts. The steering linkage ties the front wheels
together and connects them to the steering gear case at
the lower end of the steering column, which, in turn,
connects the gear case to the steering wheel.

The arms and rods of the steering linkage have ball,
or ball and socket, ends to provide a swivel connection
between them. These jointed ends are provided with
grease fittings, dust seals, or boots. Many of them have
end-play adjustment devices. These joints and devices
must be adjusted and lubricated regularly.

The arms, rods, and joints of steering linkages in
your equipment may be arranged differently from
those shown in figure 2-7. But, you will most likely

STEERING KNUCKLE
PIVOTS

STEERING KNUCKLE
ARMS

TIE ROD
DRAG LINK
(CONNECTING ROD)

PITMAN ARM

STEERING GEAR BOX
STEERING COLUMN

STEERING WHEEL

ASf02007

Figure 2-7.—Diagram of a steering mechanism.

find them in the same general location in the front or
rear and underneath the vehicle.

The tie rod (fig. 2-7), for example, is usually
located behind the axle and keeps the front wheels in
proper alignment. To provide for easier steering and
maximum leverage, the tie rod may be separated into
two lengths and connected to the steering gear near the
center of the vehicle. The rod (drag link) connecting
the steering arm and the pitman arm may be long or
short, depending on the installation.

The pitman arm (fig. 2-8) is splined to the shaft
extending from the steering gear case and moves
forward and backward—depending on which way the
wheels are turned. It is approximately vertical when
the front wheels are straight ahead. Therefore, the
length of the connecting rod is determined by the
distance between the steering arm and the vertical
position of the pitman arm. Unlike the tie rods, the
length of the connecting rod is not adjustable.

KNUCKLE ARM

FRAME FRONT
CROSS MEMBER
INTERMEDIATE
KNUCKLE ARM

COLUMN

DRAG LINK

(CONNECTING ROD) ASf02008

Figure 2-8.—Steering assembly.



The steering gear case contains the gears that
control the movement of the pitman arm and steering
linkage. Figure 2-9 shows a typical steering gear
assembly, the location of the adjustment screw, and the
filler plug for gear lubricant.

The principal parts of any steering gear unit are the
worm gear and sector. A sector is a portion of a full
gear. The sector gear and worm provide a ratio between
the number of turns of the steering wheel to one turn of
the pitman arm. Because the pitman arm does not turn a
complete revolution, only a section of one gear is used
in the gear arrangement. The gear ratio of the steering
column and the cross shaft that carries the pitman arm
varies from 4 to 1 to 18 to 1 in automotive equipment.
The high steering gear ratios are used in vehicles that
are hard to steer or are slow moving. The low steering
gear ratios are used in vehicles that are easy to turn.

To provide easier and more efficient steering,
roller and ball bearings have been added to the steering
gear units. The design of the worm gear and sector has
been changed, and even the names of these parts are
different. In figure 2-9, the worm gear is called a cam
and the sector is called a stud. These parts work on the
same principle as a worm gear and sector.

Another form of steering gear is the recirculating
ball and nut gear (fig. 2-10). In this assembly the nut is
mounted on a continuous row of balls on the worm to
reduce friction.

ADJUSTING
SCREW

LEVER SHAFT-

The ball nut is fitted with tubular ball guides to
return the balls diagonally across the nut to recirculate
them. As the nut moves up and down, the pitman arm
turns, and the vehicle’s wheels turn with it.

On equipment that is steered by the rear wheels,
such as forklifts, the steering components and
operation are the same except that a longer drag link is
necessary to permit the driver to face forward. Because
the steering column must be pointed forward to permit
the operator to face forward, the distance from the
gearbox and pitman arm to the steering knuckle arm is
greater than on a front steering vehicle. Thus, a longer
drag link is required.

POWER STEERING

Automotive power steering hydraulic systems
consist of three units: the pump (including reservoir),
the power cylinder or cylinders, and the control valve.
The power steering pump is driven by the engine or an
engine-driven accessory, by a belt, a shaft, or gears.
Lines and hoses connect the three units, and all systems
are constructed so that the vehicle can be steered
manually, should the power steering system fail.

One type of power steering system has the power
cylinder and control valve built into the gearbox or case
at the base of the steering column. As the steering
wheel is turned to the right or left, the control valve
directs hydraulic fluid pressure to one side or the other
of a piston in the power cylinder that is connected to the
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Figure 2-9.—Steering gear unit of the cam and lever type.
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Figure 2-10.—Recirculating ball-type steering gear.

pitman shaft and arm. When the driver returns the
steering wheel to the neutral or straight ahead position,
the pressure on both the right and left turn sides of the
piston is equalized, and the vehicle travels straight
ahead. The pump is usually adjacent to a fluid reservoir
where the excess hydraulic fluid is stored. Figure 2-11
is a diagram of this type of system.

In the other type of power steering system, the
control valve is on the pitman arm at the base of the
steering column. The power cylinder is mounted on the
tie rod between the wheels. In the system shown in
figure 2-12, the power cylinder is double acting. When
the steering wheel is turned, the pitman arm turns and
routes fluid under pressure to one side of the cylinder,
which assists in turning the wheels. When the steering
wheel is neutral, equal pressure is applied to both sides
of the power cylinder.
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Figure 2-11.—Diagram of a power steering unit.
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Figure 2-12.—Power steering system.

STEERING SYSTEM MAINTENANCE

Maintenance of the steering system consists of
regular inspections, maintaining proper wheel
alignment, lubrication, and occasional adjustment and
replacement of parts to compensate for wear. The
driver can usually sense steering and alignment
troubles, as well as detect hard steering or play in the
steering system. But, it is the responsibility of the AS
to find the trouble and to remedy it.

Some play in the steering wheel is normal and
provides for easier steering of the vehicle. A large
amount of play, however, means a freer movement of
the steering wheel without a corresponding movement
of the front wheels. Too much wheel play is caused by
improper adjustment or wear of the steering linkage,
steering knuckle plates, or loose wheel bearings.

Hard steering may be caused by very tight
adjustments, mechanical difficulties in the steering
gear or linkages, not enough air in the tires, or improper
wheel alignment.

Sometimes the driver may say that the vehicle
“wanders.” However, it may be that the driver tends to
over-steer the vehicle. Nevertheless, the vehicle should
be checked for low tire pressures, tight or loose wheel
and brake adjustments, or improper front wheel
alignment. “Pulling” of the vehicle when braking
could be caused by grabbing brakes. If the vehicle
“pulls” when driven, check for proper toe-in and
toe-out in addition to the other causes already
mentioned.

Steering shocks, caused by sharp and rapid
movements of the steering wheel, may be the result of
driving over a rough surface or hitting objects on the
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surface. When the vehicle does not steer properly, it
should be checked for sagging springs, defective shock
absorbers, or looseness in the steering gear or linkage.
Uneven tire inflation also could be the cause.

Inspections

Steering components, springs, and shock
absorbers should be checked daily before operation of
the vehicle. This preoperational inspection consists of
a visual inspection for signs of lubricant leakage,
corrosion of steering or suspension components, and
loose parts, such as steering or spring components. The
preoperational inspection is normally the
responsibility of the operator.

When inspecting the steering mechanism, you
may need someone to assist you by turning the steering
wheel back and forth through the free play while you
check the linkage and connections. This will allow you
to more easily determine if the steering gear is secured
rigidly to the frame and no excessive looseness of the
linkage or gearbox is present. A slight amount of free
play may seem insignificant, but if allowed to remain,
the free play will quickly increase and result in poor
steering control.

Wheel Alignment

Steering control depends greatly upon the position
of the wheels in relation to the rest of the vehicle and
the surface over which it travels. Any changes from the
specified setting of the wheels affect steering and the
riding control of the vehicle. Therefore, the proper
wheel alignment is important for vehicle control.



Front-end geometry is the term manufacturers use
to describe steering and front wheel alignment. Front
end geometry includes PIVOT INCLINATION,
WHEEL CASTER, WHEEL CAMBER, TOE-IN, and
TOE-OUT. These terms refer to angles in the front
wheel alignment that may change because of driving
over rough terrain, striking stationary objects, accident
damage, and wear.

PIVOT INCLINATION (sometimes called
kingpin angle) is the number of degrees that the
kingpin is tilted toward the center of the vehicle from a
vertical position (fig. 2-13). Pivot inclination keeps the
wheel spindles pointed outward and in line with the
axle, and helps to make steering easier.

WHEEL CASTER is the number of degrees that
the steering knuckle is tilted to the rear, or to the front.
Caster tends to keep the front wheels pointed straight
ahead and brings them back to a straightforward
position after a turn. The front wheel of a bicycle is
castered and permits the rider to steer without using his
hands. When the castered wheel of a bicycle is turned
from the straight-ahead position by leaning sideways,
the front end is slightly raised. After the turn is made,
the weight of the bicycle forces the front end down and
helps straighten the wheels.

Caster in automotive vehicles with leaf-type
springs is obtained by inserting wedges or shims
between the front axle and the spring so that the
steering knuckle pivots are tilted slightly backward
from the vertical. However, most modern automotive
vehicles do not have leaf-type springs. Vehicles
without leaf-type springs use shims between the upper
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Figure 2-13.—Pivot inclination and camber.

suspension arm and the frame to obtain the desired
caster. If the knuckle pivots (kingpins) are tilted
forward, the caster is said to be negative (fig. 2-14).
The caster is said to be positive when the knuckle
pivots are tilted backward. Most vehicles have positive
caster, but some modern vehicles have negative caster.
Caster is measured in degrees and varies from
approximately 0.5° to approximately 3° on modern
vehicles. The technical manual for the vehicle should
list the correct settings.

WHEEL CAMBER is the number of degrees that
the wheels are tilted in or out at the top (fig. 2-13).
Wheels having camber are closer together at the
bottom than they are at the top. Camber, together with
pivot inclination, reduces side thrust on the kingpin
bearings in the steering knuckle and support, thus
permitting easier steering and less wear of parts.
Camber angle, in today’s vehicles, very seldom
exceeds 1°, and is obtained by tilting the wheel
spindles slightly downward on the steering knuckles.
Camber brings the wheels perpendicular to the surface
of the road, permitting better rolling contact. Wheels
that have camber must also have toe-in and toe-out.

NOTE: In modern vehicle design, greater pivot
inclination reduces the need for excessive camber.

TOE-IN is the number of inches that the front
wheels point in toward the center of the vehicle (fig.
2-15). When forced to follow a straight path by motion
of the vehicle, cambered wheels tend to slip away from
each other. But toe-in wheels tend to travel toward each
other and, therefore, balance the effect of camber.

If your shop has floating turntables, use them to
check steering errors. Run the vehicle up on the tables,
and then turn the front wheels with the steering wheel.
Each floating table turns with the wheel on it and
registers the angle of the turn. When one wheel turns
20°, the other should turn about 23°, or to the
specifications for your unit.

Before checking front wheel alignment, be sure
that the front tires are properly inflated and that
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Figure 2-14.—A. Negative caster; B. positive caster.
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Figure 2-15.—Toe-in.

steering knuckles and linkages, shock absorbers, and
wheel bearings are correctly adjusted. If any of the
above items cannot be adjusted back to proper
specifications, then that part or assembly must be
replaced.

There are a number of devices that may be used for
testing wheel alignment. One of the devices used for
measuring toe-in is the measuring pole (fig. 2-16).
Each pole has a pointer and a gauge on one end and can
be lengthened and shortened like a curtain rod.

With the vehicle resting on a level floor and the
wheels in a straight-ahead position, push the vehicle
forward a few feet to remove all play in the axle
assembly. Put pencil marks on the inside walls of the
tires at equal distances from the floor, and at both the
front and rear of the tire.

Place the pole between the two marks at the front
of the tire, and set the pointer at zero. Then, use the pole
to measure the distance between the two rear marks.
The distance between the two rear marks should
conform to the manufacturer’s specifications. If not, it
is necessary to adjust the toe-in.

TOE-OUT is the difference in the turning of the
inner wheel, with the outer wheel turned at a 20-degree
angle. Toe-out is necessary because of the different
turning radii of the front wheels and the necessity for
preventing slipping of the front wheels when turning.

Power Steering Maintenance

Since pressure builds up in the power steering
system, the fittings, gaskets, and lines used in the
system should be inspected frequently for leaks. When
a fitting is found leaking, tighten or replace it. Gaskets
and packing should be replaced when it is determined
that they are leaking or faulty. The level of the fluid in
the power steering system should be checked regularly
and refilled as necessary. You should exercise care
when adding fluid, ensuring no foreign matter enters

ASf02016

Figure 2-16.—Measuring pole.



the system to block the control valve and cause the
system to malfunction.

In addition to linkage maintenance, there are other
items in power or hydraulically assisted steering
systems that must be inspected for condition and
operability (fig. 2-17).

If the pump is belt driven, the first thing to check is
the condition of the drive belt. Make sure that it is
sufficiently tight to prevent slippage, yet loose enough
to prevent damage to the shaft bearings. If in doubt as

CONTROLLER

NN

to the proper adjustment, check the manufacturer’s
specification in the operator’s or maintenance manual.
The fluid level in the reservoir should be checked at
each maintenance cycle and kept above the add or low
mark. Inspect the hoses and connections for signs of
leakage. Loss of even a small amount of fluid can
damage the pump, so if leaks are found, make repairs
as soon as possible.

The power steering system will absorb much of
the looseness or slack that would be readily apparent

—
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Figure 2-17.—Power steering system.



in manual steering. Because of this, wear of the
linkage will normally progress to a dangerous point
before the operator typically becomes aware of the
problem.

Should hard steering occur, check the pressure
of the steering pump to determine if that is the
problem. Use a suitable pressure gauge to determine
the pressure of the system. Follow the
manufacturer’s procedure, and compare the results
to the specifications in the technical manual. If
within limits, adjust the pressure by altering spring
tension in the relief valve. If the results are not within
limits and cannot be adjusted, a faulty component is
indicated, and it should be replaced.

Other Maintenance Procedures

Lubrication involves the greasing and oiling that
is performed at the time the entire vehicle is greased.
Figure 2-18 shows the tie rod end grease fitting.
Consult the manufacturer’s service instructions for
the proper lubricant to use.

Depending on the steering arrangement, a drag
link or idler arm rod may be used in the linkage to
connect the pitman arm and the remainder of the
steering linkage. This portion of the linkage is usually

constructed so that to remove it from the vehicle, one
or both ends must be disassembled or loosened. The
adjusting plug (fig. 2-19) is used to remove any free
play between the drag link and the connecting parts of
the linkage. Occasionally, adjustment of the plug is
needed to compensate for wear of the ball and seats
or weakening of the spring.

The tie rod is equipped with a ball-type socket at
each end to allow for movement of the connecting
parts of the steering linkage. These sockets, called
TIE ROD ENDS, must be checked for wear or slack.
The linkage should pivot at the ball socket without
allowing free movement between the socket and
ball. A slight drag is considered the optimum
condition of the ball joints. In addition to the flexible
end connections, the linkage is designed so that an
adjustment can be made when performing wheel
alignment. The tie rod is normally connected
directly to the steering knuckle or spindle arm and
used to transmit the steering effort to the wheel via
the knuckle or spindle.

You can check worn or improperly adjusted
linkage connections by jacking up the front end of the
vehicle, grasping each wheel (front and rear of the
wheel), and moving the wheel in and out to check for
excessive movement. At the same time, you can check
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Figure 2-18.—Tie rod end showing clamp bolt and adjusting threads.
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for worn steering knuckle parts and loose wheel
bearings by grasping the top and bottom of each wheel
and shaking it to determine the amount of wobble.

Test the steering gear by watching the pitman arm
while someone turns the steering wheel. If
considerable movement of the steering wheel is
required to set the pitman arm in motion, the steering
gear is either worn or out of adjustment and requires
adjustment to the manufacturer’s specifications.

Adjust the length of the tie rod to increase or
decrease the toe-in. If the vehicle has two tie rods, it is
necessary to adjust each equally. In figure 2-15, the
right-hand tie rod is adjusted for the proper setting.
Figure 2-18 shows a cross section of one of the ends.

Before making any adjustments, count the number
of exposed threads at the ends of the tie rod. One end of
the tie rod has aright-hand thread, and the other end has
a left-hand thread that screws into the fitting. Turning
the rod in one direction so that more of these threads
enter the fitting shortens the rod. Turning the rod in the
opposite direction exposes more threads, and the rod
becomes longer. Very little turning is required to
change the length of the rod.

To increase or decrease toe-in, loosen the clamp
bolts and turn the rod in the direction that will give you
the proper adjustment. Use a pipe wrench and make
one turn at a time. If the tie rod is behind the axle,
lengthening the tie rod increases toe-in, and shortening
it decreases toe-in. If the tie rod is in front of the axle,
then lengthening it decreases toe-in, and shortening it
increases toe-in. Always tighten the clamp bolts after
making an adjustment.

WARNING

While repairing or adjusting the steering system
and the wheel alignment, be sure the vehicle is
stationary. At least one wheel should be blocked on
both sides, even if the equipment is on a level
surface. Aboard ship a four to eight point tie down
may be required

02-9. Which of the following components keep the
front wheels in proper alignment?

1. The pitman arm

2. The tie rod
3. The king pin
4. The connecting rod

02-10.

02-11.

02-12.

02-13.

02-14.

LEARNING OBJECTIVES:

The pitman arm connects the steering
gearbox to which of the following
components?

1. The tie rod ends
2. The king pins
3. The axle
4. The connecting rod
What are the principal parts of a steering
gear unit?

1. The worm gear and sector
2. The worm gear and connecting rod
3. The sector and pitman arm
4. The sector and the Recirculating balls
Which of the following conditions can cause

excessive play in the steering system?

1. Improper adjustment of the steering gear

unit

2. Improper adjustment of the steering
linkage

3. Improper adjustment of the brakes

4.

Improper wheel alignment

Front-end geometry does NOT include which
of the following terms?

1. Caster

2. Camber

3. Pinion tilt

4. Pivot inclination

Which of the following statements best

describes wheel caster?

1. The number of turns required to adjust
the connecting rod one inch

The number of inches the front wheel
points in towards the center of the unit
The number of degrees the wheel is

pointed in or out at the top
The number of degrees the steering
knuckle is tilted to the rear or front

BRAKES

Identify the

types of brake systems. Identify procedures for
inspecting, checking, testing, troubleshooting,
and repairing brake systems. Describe the
relationship between the brake system and the
chassis.



Efficient, reliable brakes are just as important to
powered support equipment as the engine. They are
required not only to stop the vehicle, but to stop it in as
short a distance as possible, and then hold it in place
after it is stopped. Because brakes are expected to
decelerate a vehicle at a faster rate than the engine can
accelerate it, they must control a greater power than
that developed by the engine.

The requirement for good brakes is not limited to
powered equipment. Nonpowered equipment, such as
oxygen- and nitrogen-servicing trailers,
air-conditioning units, bomb trailers, and work stands,
requires some type of braking system. While the
primary purpose of the brakes on powered equipment
is to stop the vehicle, their primary purpose on
nonpowered equipment is to secure the equipment
after it has been pushed or towed to the desired
location.

A brake absorbs mechanical energy by
transferring it into heat through friction. Friction is the
resistance to relative motion between two surfaces in
contact with each other. Thus, when a stationary
surface is forced into contact with a moving surface,
the resistance to relative motion, or the rubbing action
between the two surfaces slows down the moving
surface.

In nearly all brake systems, the brake drums
provide the moving surface, and the brake shoes are the
stationary surface. The friction between the brake
drum and the brake shoe slows the wheel, and the
friction between the tires and the road surface brings
the vehicle to a complete stop.

This braking action is accomplished through rods
and cables in a mechanical brake system, a liquid
coupling (brake fluid) in a hydraulic brake system, and
air pressure in a pneumatic brake system. A
combination of hydraulics and pneumatics (or
vacuum) is used to operate the brakes of some
equipment. Although electrical systems are used to
operate some brake systems, they are not commonly
used on support equipment.

The AS is responsible for the maintenance of the
brakes and brake systems on all support equipment.
This includes servicing, inspecting, adjusting, and
repair. To accomplish these tasks, you must have a
thorough knowledge of the various types of brakes and
brake systems and how they operate.
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TYPES OF BRAKES

Powered support equipment is equipped with
either two- or four-wheel brakes. In either case,
individual brake assemblies are provided for each
braking wheel and are operated by a foot pedal.
Powered equipment also has an emergency or parking
brake, which is operated by a separate pedal or lever.
This may be a separate brake assembly, such as a
transmission parking brake, or it may simply be a
secondary method of controlling the wheel brake
assemblies. The brake assemblies on nonpowered
equipment are similar to those on powered equipment,
but are usually provided only on two wheels.

Drum Brakes

Drum-type brake assemblies may be classified
into two general types—external contracting and
internal expanding. There are different designs of
the internal expanding type, of which the
conventional shoe is the most common type used on
support equipment. The expander tube brake,
another design of the internal expanding type, is
used on some types of equipment. There are three
types of drum brake assemblies—external
contracting, internal expanding (shoes), and internal
expanding (expander tube).

EXTERNAL CONTRACTING BRAKES.—
External contracting brakes (fig. 2-20) are rarely
used for wheel brakes. However, they are often used
as parking brakes. Figure 2-21 shows the external
contracting brake used as a transmission parking
brake. The brake drum is located at the point where
the drive shaft is attached to the rear of the
transmission.

INTERNAL EXPANDING (SHOE).—Internal
expanding brakes are used almost exclusively as wheel
brakes. This type permits a more compact and
economical construction. The brake shoe and brake
operating mechanism are supported on a backing plate
or brake shield, which is attached to the axle flange in
the case of nondriving axles or to the axle housing in
the case of driving axles. The brake drum, attached to
the rotating wheel, acts as a cover for the shoe and
operating mechanism and furnishes a frictional surface
for the brake shoes. Figures 2-22 and 2-23 show the
arrangement of the brake shoe and operating
mechanism of a typical wheel brake assembly.

In operation, the brake shoe of an internal
expanding brake is forced outward against the drum to
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Figure 2-20.—External contracting brake.
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Figure 2-21.—External contracting transmission
parking brake.

produce the braking action. One end of the shoe is
hinged to the backing plate by an anchor pin, while the
other end is unattached and can be moved in its support
with the operating mechanism. When force from the
operating mechanism is applied to the unattached end
of the shoe, the shoe is forced (expanded) against the
drum and brakes the wheel. A retracting spring returns
the shoe to the original position when braking action is
no longer required.

The brake-operating linkage alone does not
provide sufficient mechanical advantage for positive
braking. Some means of supplementing the physical
application of the braking system must be used to
increase pressure on the brake shoes. A self-energizing
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action is very helpful in accomplishing this, once
setting of the shoes is started by physical effort. While
there are variations of this action, it is always obtained
by the shoes themselves, which tend to revolve with the
revolving drum.

Figure 2-24 illustrates the self-energizing action of
a brake shoe. As shown, the drum is revolving
counterclockwise. When the shoe is forced against the
drum, it tends to rotate with the drum. As the initial
braking pressure is increased on the cam, the wedging
action increases and the shoe is forced more tightly
against the drum to increase friction. This
self-energizing action results in more braking action
than could be obtained with the actuating force alone.
Brakes making use of this self-energizing principle to
increase pressure on the braking surface are known as
servo brakes. (Servo is the action or device used to
convert a small movement into a greater movement or
force.)

The operator controls the self-energizing action;
that is, as the operator adds pressure to the brake pedal,
the self-energizing action increases. Thus, it is most
important that the operator control the total braking
action at all times. The amount of self-energizing
action available depends mainly upon the location of
the anchor pin. This is determined by the manufacturer
and is located at the point outward of the braking
surface where the operator has the maximum control of
the braking action. If the anchor pin is located too near
the center of the drum, the shoe will automatically lock
when the brakes are initially applied.

When two shoes are anchored on the lower part of
the brake shield, self-energizing action is effective on
only one shoe. The other shoe tends to revolve away
from its pivot, which reduces its braking action. When
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Figure 2-22.—Internal expanding brake.

1. Brake shoe and lining 5.
2. Front brake shoe anchor plate assembly 6.
3. Front brake shoe link pin lock 7.
4. Front brake shoe link pin 8.
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Pin spring 9. Anchor pin lock

Pin 10. Front brake shoe return spring
Pin lock 11. Front brake shoe wheel cylinder
Anchor pin 12. Front brake shoe link

Figure 2-23.—Wheel brake assembled and exploded view.

the wheel is revolving in the opposite direction, the
self-energizing action is produced on the opposite
shoe.

With the arrangement shown in figure 2-25, both
shoes are positioned to develop self-energizing action
with forward movement of the vehicle. For this reason,
the arrangement is used mostly on the front wheels
where maximum braking effort is required during
normal forward movement. In reverse, this
arrangement would not have any servo action.
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Two shoes are usually arranged so that
self-energizing action is effective on both, regardless
of the direction of drum rotation. This is accomplished
by pivoting the shoes to each other and leaving the
pivot free of the brake shield. The only physical effort
required is for operating the first, or primary, shoe.
Both shoes then apply additional pressure to the
braking surfaces with no increase in the pressure on the
operating linkage. The anchor pins are fitted into slots
in the free ends of the brake shoes.
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Figure 2-24.—Brake shoe self-energizing action.
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Figure 2-25.—Front wheel brake assembly.

This method of anchoring allows the movement of
the shoes necessary to expand against the drum when
the shoes are forced against the drum, and the
self-energizing action of the primary shoe is
transmitted through the pivot to the secondary shoe
(fig. 2-26). Both shoes tend to revolve with the drum
and wedge against the drum through the one anchor
pin. The other anchor pin causes a similar action when
the wheel is revolving in the opposite direction.

Disc Brakes
The disc brake assembly (fig. 2-27) consists of a

metal disc and caliper assembly. The disc, which is
bolted to the wheel hub, rotates with the wheel of the

vehicle. The caliper assembly, which remains
stationary, attaches to the steering knuckle on the front
wheels or to the rear axle housing on the back wheels.

The disc is usually solid when used on a
lightweight vehicle and vented (for cooling) on a heavy
vehicle. Both sides of the disc are machined to provide
a smooth friction surface. The caliper contains one or
more hydraulic pistons, which cause the brake shoes
(one on either side of the disc) to squeeze the disc in a
viselike manner.

Figure 2-28 illustrates the operation of a typical
disc brake assembly. In actual application, the brake
shoes (friction pads) are held in light contact with the
disc when the brakes are released by a piston return
spring.

Some disc brake shoes have telltale tabs that
contact the disc when lining wear has reached a
predetermined point. This results in a scraping noise
when the vehicle is operated, warning the operator that
the brake shoes are badly worn and should be replaced.

Disc brakes require no adjustment. However, you
will occasionally have to add brake fluid to the master
cylinder reservoir, which supplies fluid for the disc
portion of the braking system. This is necessary
because the piston return springs, by keeping the shoes
against the disc as wear occurs, create a larger cavity
for the fluid in the caliper assembly. A booster
assembly is often used in disc brake systems, as they
have no self-energizing feature. Some features of the
disc brake make it more desirable than the drum brake;
namely, braking action is instantaneous when pressure
is applied to the caliper assembly, fading caused by the
heat is eliminated, and the brakes are not affected when
water is splashed onto the disc and linings.

SERVICING DISC BRAKES.—Anytime a
vehicle with disc brakes is scheduled for maintenance,
the disc should be inspected for scoring and hard spots.
Slight scoring results from normal braking. A disc that
is scored less than 0.015 inches can be used without
machining if the overall thickness of the disc is still
within the manufacturer’s specifications. Heavy
scoring or hard spots require the disc to be machined.

The rust ridges that build up as wear occurs are of
no concern unless new shoes are to be installed.
Placing new shoes on a disc that has rust ridges causes
the shoes to seat on the ridge, resulting in poor braking.
These ridges should be removed by grinding or
machining prior to installing new shoes. A special
lathe is normally used for machining discs. However, if
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Figure 2-27.—Disc brake assembly.

none is available, the metal lathe in the machine shop
and a grinding attachment will do the job.

A test should be made when shoes are replaced to
determine if the disc has excessive runout (out of
round) or thickness variation. Either condition will
cause erratic braking similar to that caused by a warped
drum on conventional brakes.

Runout or wobble of the disc as it rotates must
be checked with a dial indicator. Thickness variation
is determined by measuring the thickness of the disc
in at least three places approximately 1 inch from the
outer edge of the disc. Should either of these tests
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Figure 2-28.—Sectional view of a disc brake in released and
applied position.

indicate a faulty disc, the disc must be machined. If it is
worn excessively, it must be replaced.

REPLACING DISC BRAKE LININGS.—Disc
brakes have flat linings bonded to a metal plate or pad
(shoe). The pad is not rigidly mounted inside the
caliper assembly, thus it is said to float. The pads are
held in position by retainers or internal depressions
(pockets machined into the caliper).

Figure 2-29 shows a disc brake assembly. To
remove brake pads, raise the front of the vehicle and
remove the wheels. Next, remove approximately
two-thirds of the fluid from the master cylinder and



INNER CALIPER HOUSING
SPLASH SHIELD

VENTILATING LOUVERS

BRAKING DISC

OUTER CALIPER HOUSING
HUB

COTTER PIN

NUT LOCK

PISTON CYLINDER BORE
BRAKES CALIPER
APPLIED HOUSING

PISTON SEAL STRETCHED

DUST BOOT

—_—

PISTON SEAL RELAXED
BRAKES RELEASED

PISTON BEING RETRACTED

BRAKE PLATE AND LINING
(PAD) ASSEMBLY

OR ROTOR

BRAKE PAD (LINING)
WEAR INDICATOR

VENTILATED DISC

NONVENTILATED (SOLID)
DISC ROTOR

ASf02029

BRAKE PLATE (SHOE)

AND LINING ASSEMBLY

Figure 2-29.—Disc brake assembly.

discard. Do not remove all of the fluid or bleeding of
the system will be required on reassembly. Then,
remove the shoes following the manufacturer’s
procedure. The procedure may vary depending on the
manufacturer and model. Some models allow removal
of the shoes with the caliper mounted on the vehicle,
while other designs require removal of the caliper
before the shoes can be extracted. In either case, the
pistons should be bottomed in the bores of the caliper
assembly (fully pressed into the caliper) to release any
tension on the shoes. This allows clearance for any rust
buildup (ridge) at the outer edge of the disc.

NOTE: The rust buildup near the edge of the disc
may have to be removed for the new shoes to seat
properly on the disc.
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The next step is to remove the old shoes and insert
the new shoes. Remount the caliper or replace the shoe
retainers, torquing all bolts according to the
manufacturer’s specifications. Refill the master
cylinder and apply the brakes a few times. Then, check
for any leaks at the pistons in the caliper. If there are no
leaks, replace the wheels and lower the vehicle. A road
test should be made to insure that the brakes are
working properly and also to seat the new shoes on the
disc. Several (3 or 4) heavy brake applications at
approximately 3 to 5 miles per hour will work. If the
brakes function normally after the braking test, the job
is complete.

SERVICING CALIPER ASSEMBLIES.—
Servicing disc brake caliper assemblies usually



involves the replacement of pistons, seals, and dust
boots. To perform this type of service, it is necessary to
remove the caliper assembly from the vehicle. The
procedures for this type of service will be listed in the
manufacturer’s maintenance manual.

Internal Expanding (Expander Tube) Brakes

The expander tube brake is used on some types of
support equipment. For example, the A/S32K-1C/1D
weapon loaders are equipped with expander tube
brakes. The technical manual frequently refers to this
brake as the aircraft-type expander tube brake because
the expander tube brake was designed originally for
aircraft. Several models of naval aircraft are equipped
with brakes of this type.

An exploded view of an expander tube brake is
shown in view A of figure 2-30. View B shows the
brake completely assembled, and view C shows a
cross-sectional view of the assembled brake. The main
parts of the brake are the spider, frames, expander tube,
brake blocks, and return springs.

The spider, sometimes referred to as a flange or
torque flange, is the basic unit around which the brake
is built. The main part of this spider is secured to the
wheel support. The detachable metal frames form a
groove around the outer circumference into which the
expander tube, brake blocks, springs, and so on, are
fitted.

The expander tube is made of neoprene reinforced
with fabric, and has a metal nozzle through which
hydraulic fluid enters and leaves the tube.

The brake blocks are made of materials quite
similar to that used in the linings of shoe-type brakes.
The actual braking surface is strengthened by a metal
backing plate. The blocks are held in place around the
spider and are prevented from rotating by the torque
bars, which are secured to the frames. The size of the
brake assembly varies with different types of
equipment. As the size of the assembly changes, the
number of blocks per assembly changes.

The brake return springs are semi-elliptical or
half-moon in shape. One is fitted between each
separation in the brake blocks. The ends of the springs
are designed to fit into slots in the brake frames. The
bowed center section of the spring pushes inward,
holding the blocks firmly against the expander tube
(fig. 2-30, view C). This prevents the blocks from
dragging against the drum when the brake is released.
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The expander tube brake assembly is hydraulically
operated and may be used with any of the conventional
hydraulic brake systems. When the brake pedal is
applied, the fluid is forced into the expander tube. The
spider and frames prevent expansion inward or to the
sides. Thus, the pressure of the fluid in the tube
overcomes spring tension and forces the blocks
radially outward against the brake drum, creating
friction. The tube shields prevent the expander tube
from extruding between the blocks, and the torque bars
prevent the blocks from rotating with the drum.
Friction created by the brake is directly proportional to
brake line pressure.

When the brake pedal is released, the return
springs return the blocks inward, compressing the
expander tube and forcing the fluid back to the brake
control unit.

BRAKE LININGS

There are several important qualities that are
desired of the material for brake linings. First, of
course, it must have high frictional qualities. Second,
the material must have the ability to withstand high
temperatures. Since there is a lack of cooling facilities
around the brake assembly, it is necessary that the
brake lining be able to dissipate the heat rapidly. In
addition, the material must be durable and
moisture-resistant.

The two main types of brake linings are organic
and metallic. One form of organic lining is woven
material composed of asbestos fiber, cotton fibers, and
copper or bronze wire. It is treated with a
mineral-based chemical to resist the effects of oil and
water. It is then pressed and undergoes a baking
process that compresses the fibers into a dense
material, helping the lining to resist the effects of heat
from friction. This material has a very high frictional
quality but a low rate of heat transfer or dissipation.
Also, itis severely affected by oil, even after treatment.
Therefore, the woven material is used mostly on
transmission brakes.

Another form of the organic type is the molded
lining. This lining is made of a dense, hard, compact
material, and is cut into various forms to fit different
types of shoes. Generally, the compact materials are
resins and mineral fibers, mixed as a semi-liquid,
molded, pressed, and baked. The result is an extremely
dense material. Very often copper or bronze wires are
added to the mixture.
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Figure 2-30.—Expander tube brake. A. exploded view; B. assembled view; C. cross-sectional view.

The frictional qualities of this type of lining are
lower because of the smooth surface. However, this
type of lining dissipates heat rapidly and wears longer
than the woven type. As a result, the molded lining is
more suitable for application on the wheel brakes than
are the woven types. Because of the density of the
molded material, it is less affected by oil and water.

2-23

Metallic brake linings are made of finely powdered
iron, copper, or graphite, and lesser amounts of
inorganic fillers and friction modifiers. The mixture is
put through a molded block process and compressed
and baked into the desired form. Metallic brake linings
are used when extreme braking conditions exist. The
frictional characteristics of metallic linings are more
constant that those of organic linings.



The lining may be secured to the shoes by riveting
or by a bonding process in which the linings are glued
to the shoe. In the bonding process, pressure and heat
are applied to make a secure bond between the lining
and the shoe. The bonding process allows the lining to
be worn comparatively thin without danger of cutting
or scarring the drum. When brass rivets are used to
secure the lining to the shoe, the lining must be
replaced when it is worn to a specified amount to keep
the rivets from scarring the drum.

WARNING

Many types of linings contain asbestos, and dust
from normal wear may accumulate in the brake
drum assembly. For this reason, special procedures
are followed, including the wearing of a suitable
respirator, when working on asbestos brakes. Do
not use compressed air to blow out the drum or
brake assembly, and use a suitable solvent for
cleaning parts. Remember that asbestos dust is
treated as hazardous waste.

BRAKE DRUMS

Brake drums are made of pressed steel, castiron, or
a combination of the two metals. Cast iron drums
dissipate the heat generated by friction more rapidly
than steel drums, and have a higher coefficient of
friction with any particular brake lining. However, cast
iron drums are heavier and are not as strong as steel.
Quite often, steel drums have a castiron liner fused into
them to provide the necessary strength and
heat-dissipating qualities (fig. 2-31). To further add to
the strength and heat dissipation qualities, cooling ribs
are sometimes used on the outside of the drums.

BRAKE ADJUSTMENTS

Due to normal wear of the brake linings, brake
assemblies (except for disc brakes) require periodic
adjustment. Normal wear can result in excessive
clearance between the lining and drum and can lead to
poor and uneven braking. One possible outcome of
poorly adjusted brakes is that during hard braking, one
wheel may lock before the others are stopped, causing
the driver to lose steering control of the vehicle. It is
important, therefore, that brake adjustments be made
to provide equal distribution of brake action to all
wheels.
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Figure 2-31.—Sectional view of a brake drum.

When a brake is correctly adjusted, the lining
attached to the brake shoes fits evenly against the brake
drums when the brakes are applied. Also, the lining
will be free of the drum when the brakes are released.
The linings must not drag against the drum, yet they
must be near enough to give the proper leverage
between the operating mechanism and the friction
surfaces. The backing plate of some brake assemblies
contains small slots for the purpose of checking these
clearances with a feeler gauge.

Most automobiles and some support equipment
have a mechanism that automatically adjusts the
brakes. The adjustment takes place when the brakes
are applied as the vehicle is moving backward. As
the brakes are applied, friction between the primary
shoe and the brake drum forces the primary shoe
against the anchor pin (fig. 2-32). Then, hydraulic
pressure from the wheel cylinder forces the upper
end of the secondary shoe away from the anchor pin
and downward. This causes the adjuster lever to
pivot on the secondary shoe so that the lower end of
the lever is forced against the sprocket on the
adjuster screw. If the brake shoes have worn enough,
the adjuster screw turns a full tooth. This spreads the
lower ends of the brake shoes a few thousandths of an
inch, or enough to compensate for the shoe wear.

Some brake assemblies and even autoadjusting
brakes require first time adjustment in the same
manner as nonself-adjusting brakes. Many have a slot
in the rear of the backing plate to allow a thin blade tool
to turn the star wheel. Brakes with this type of
adjustment require you to turn the star wheel until the
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Figure 2-32.—Brake assembly, self-adjusting.

wheel is locked by the brake shoes, and then back off
the star wheel a certain number of notches or until no
dragging noise is heard between the drum and the
shoes.

NOTE: Unless thoroughly familiar with the type
of brakes to be adjusted, you should carefully follow
the procedures outlined in the manufacturer’s service
manual.

WARNING

When working on brakes it is usually necessary to
jack up the vehicle. When doing so, be sure to
observe these precautions: (1) Place the proper
rated jack stands under the vehicle when it is
raised. (2) Never work under a unit using a jack
only. (3) Before using a hydraulic jack, make sure
it is filled with fluid and has no apparent leaks. (4)
Aboard ship, tie or chain the unit down while it is
on jack stands.

BRAKE INSPECTION AND
MAINTENANCE

Frequent brake inspections are necessary to ensure
safe operating conditions. Brake inspections are not
made just to comply with regulations but to ensure
safety of personnel and equipment. Defective brakes
are a contributing factor to many accidents that might
have been avoided with frequent and thorough brake
inspections.

Like most components of support equipment,
brake assemblies require both operational and visual
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inspections. The interval of these inspections is usually
specified in the applicable instruction manual and
maintenance requirements cards (MRCs). An
operational check is usually conducted daily.

On nonpowered equipment, this can be
accomplished by attempting to move the vehicle with
the brakes set. Similarly, emergency or parking brakes
of powered equipment can be checked by applying
power to the wheels with the brakes set.

Aroad test is usually conducted for the operational
check of the wheel brakes of powered equipment. The
brakes must stop a moving vehicle in a reasonable
distance. After the vehicle is stopped, the brake marks
on the roadway should be inspected to see if there is an
indication of any one wheel braking more than the
others. If the brakes do not stop the vehicle within the
prescribed distance, are not equalized, grab, or do not
hold, the necessary adjustments or repairs must be
made.

The wheel brake assembly must be visually
inspected at specified intervals. To do this, you must
remove the wheel and brake drum. Clean the dust and
crud out of the assembly, taking care not to breathe the
asbestos dust. You should use an asbestos vacuum
cleaner or a wet spray-type cleaner and respirator.
Ensure you meet all EPA, LOCAL COMMAND, and
NAVOSH REQUIREMENTS prior to doing brake
work.

The brake assembly should be checked for loose or
broken brake shoe retracting springs, worn clevis and
cotter pins in the brake operating mechanism, and
indications of grease or oil leaks at the wheel bearing



grease retainer. All parts of the self-adjusting brake
systems must be free of rust and corrosion for them to
work properly. While checking springs, clevis and
cotter pins, you should clean the star adjustor threads
with a hand-held wire brush and apply a thin film of oil
to ensure proper operation.

In the case of hydraulic brake systems, the
hydraulic brake cylinder should be checked at this
time. The condition of the brake linings and brake
drum must be checked thoroughly at this time.

Brake linings that are riveted to the brake shoe
should be replaced if worn to less than 40 percent of
their original thickness. Also, the shoes must be
replaced if a rivet head is riding or is about to make
contact with the brake drum. If the lining is bonded to
the shoes, the remaining lining must be at least
1/16-inch thick.

Brake linings that pass inspection for wear, must
be securely fastened to the brake shoes and free from
grease and oil. Small grease or oil spots can be
removed from the lining with an approved cleaning
fluid. Do not use a petroleum-based cleaner, as it leaves
an oily residue on linings. Most shops recommend dry
cleaner solvent. If the lining is saturated with grease or
oil, it must be replaced. The source of grease and oil on
the lining must be located and remedied.

WARNING

When using cleaners, you must wear safety
glasses for eye protection.

If the brake lining needs replacing, the brake shoes
must be removed. Before the shoes are removed, the
front and rear shoes should be marked so that they will
be replaced in their original position. The brake shoes
may be removed by first removing the brake shoe
return spring and the anchor pin locks. (See fig. 2-23.)

For good braking action, brake drums should be
perfectly round and have a uniform surface. Excessive
pressure exerted by the brake shoes and heat developed
by their application often cause the brake drums to
become out of round. Drums should be inspected for
distortion, cracks, scores, roughness, and excessive
glaze, which lowers braking efficiency.

Light score marks can be removed with emery
cloth. When the surface becomes badly scored or out of
round, it may be reground in a lathe to a true and
smooth surface. Excessive grinding will remove too

2-26

much material from the drum, leaving it too thin and
weak. (All drums are stamped with the maximum
allowable area to be removed.) When this occurs, the
drum must be replaced. Also, a drum that is cracked or
badly distorted should be replaced.

BRAKE SYSTEMS

Although brake assemblies and brake drums are
similar on all equipment, the operating mechanisms
may differ greatly. The two most common types of
brake systems used on support equipment are
mechanical and hydraulic.

Mechanical Brake Systems

Brakes operated entirely by mechanical linkages
from the brake pedal or lever are called mechanical
brakes. The mechanical linkages may consist of levers,
rods, cables, or any combination of these.

APPLICATION.—Equalizing brakes, so that all
brakes will be applied at the same time, has always
been a problem of mechanical brake systems,
particularly on vehicles with brakes on all four wheels.
For this reason, mechanical brake systems are seldom
used for wheel brakes on powered support equipment.
They are used, however, for transmission or parking
brakes on these vehicles. In fact, most external
contracting brakes are operated by mechanical
systems. Mechanical brakes will stay set better than
hydraulic brakes, so they are very good for holding a
parked vehicle.

In regard to support equipment, the major use of
mechanical brake systems is on nonpowered
equipment. Almost all items of nonpowered
equipment that require brakes are equipped with some
form of mechanical brake system.

COMPONENTS AND OPERATION.—Figure
2-33 illustrates a typical mechanical system for the
operation of parking or emergency brakes. This is
simply a secondary means of controlling the rear wheel
brakes. Variations of this arrangement are used to
operate the parking brakes on some powered support
equipment.

A cable assembly is the main working element of
this system. A single cable connects the control lever to
the intermediate lever and spreader. From here, two
cables complete the connection to the two rear wheel
brake assemblies. Large portions of the cable slide
within a flexible conduit. This conduit not only serves



IMMEDIATE LEVER
AND SPREADER

ASf02033

Figure 2-33.—Mechanical brake system—cables.

as a protective housing for the cable but also provides a
means for securing the cable to the frame with clamps.

When the brake lever is pulled, the cables move to
operate levers in the two rear-wheel mechanisms. The
levers, as they operate, force the brake shoes apart and
in contact with the drum. The intermediate lever and
spreader equalize the tension of the two cables to the
brakes. This action, in turn, tends to equalize the
braking action of the two brakes. When the hand lever
is moved in the opposite direction, the cable moves and
releases the brakes.

Transmission parking brakes (fig. 2-21) are
usually operated by a similar cable mechanism.
However, only a single cable, such as the one labeled
“front cable and conduit” in figure 2-33, is necessary
for this operation.
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Cable assemblies are also used to operate the
brakes on some nonpowered support equipment.
However, many of this type of equipment are provided
with mechanical brake systems similar to the
arrangement shown in figure 2-34. To apply the brakes,
the brake lever is moved to the right, which, in turn,
moves the front rod forward. This rotates the cross
shaft clockwise, moving the rear rods forward. This
action rotates a cam in each brake assembly (fig. 2-22),
forcing the brake shoes apart and in contact with the
drum. The brakes are released when the hand lever is
moved in the opposite direction.

There are many variations of this arrangement
found on support equipment. Cables are sometimes
used instead of the front and rear rods. On some
equipment the hand lever and cross shaft may be
located directly over the wheels. The control device on
some equipment may be a foot pedal rather than a hand
lever.

On some models of towed equipment, the control
linkage for the brakes is attached to the tow bar. With
the tow bar in the horizontal position, the brakes are
released. When the tow bar is placed in the vertical
position, the linkage moves and applies the brakes.
These models are usually equipped with a hand lever or
foot pedal to apply the brakes when the tow bar is in the
horizontal position.

INSPECTION AND MAINTENANCE.—
Mechanical brake systems require very little
maintenance; however, they must be inspected
periodically. Inspections include an operational check
of the control device and visual inspection of the
mechanical linkage. You should pay special attention
to such possible problems as frayed cables, bent rods
and shafts, and loose fittings and clamps. The entire
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Figure 2-34.—Mechanical brake system—rods and shaft.
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system should be inspected for signs of rust and
corrosion. Maintenance includes replacement of
defective parts, servicing with required lubricants,
securing loose clamps and fittings, and straightening
bent rods and shafts.

Upon replacement of any component, the brakes
require adjustment to ensure both brakes are applied
equally, that they hold the unitin place when the brakes
are applied, and that they release fully when the brake
level is in the released position.

Hydraulic Brake Systems

A hydraulic brake system is primarily a liquid
connection or coupling between the brake pedal and
the individual brake assemblies.

APPLICATION.—The effectiveness and
reliability of hydraulic brake systems have been
proven through their extensive use on automobiles for
over 50 years. As a result, hydraulic systems are the
most common systems used for the operation of the
wheel brakes on powered support equipment. The
hydraulic brake systems on some late model
equipment are provided with a vacuum or air booster.
The latest hydraulic brake systems used on support
equipment tractors are true high-pressure hydraulic
systems. These systems are powered by engine-driven
hydraulic pumps.

COMPONENTS AND OPERATION.—Figure
2-35 shows a typical arrangement of a hydraulic brake
system. The system consists of a master cylinder
connected by tubing and flexible hose to the wheel
cylinders. The master cylinder serves as a fluid
reservoir, the system pump, and the control valve. The
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wheel cylinders are the actuators. (An actuator is a
device that transforms fluid pressure into mechanical
force to move a mechanism.)

A nonpetroleum-based fluid is normally used in
the brake systems of support equipment. The
applicable technical manual should be consulted to
ensure that the correct brake fluid is used.

Figure 2-36 shows the operation of a hydraulic
brake system. Depressing the brake pedal moves the
piston within the master cylinder, thus developing fluid
pressure. This buildup of pressure forces fluid from the
master cylinder into the fluid lines and the wheel
cylinders.

Like all liquids, brake fluid for all practical
purposes is noncompressible. Therefore, the pressure
originated in the master cylinder is transmitted equally
to the wheel cylinders. This pressure, applied at the
wheel cylinders, causes the pistons to move outward.
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Figure 2-36.—Operation of hydraulic brake system.
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Figure 2-35.—Typical hydraulic brake system.
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This pressure overcomes the tension of the retracting
springs and forces the shoes against the drums. As the
pressure on the foot pedal is increased, greater 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 since the force from the master
cylinder is removed. The displaced fluid returns to the
Ieservoir.

Master Cylinder.—A cutaway view of a typical
master cylinder is shown in figure 2-37. The unit
consists basically of an iron casting that contains a
reservoir for the fluid and a machine-finished precision
cylinder that houses the piston, return spring, and
two-way valve assembly.

There are two ports leading from the reservoir
(supply tank) to the cylinder—the breather port and the
compensating port. Both ports serve to furnish fluid to
the cylinder for the braking stroke. In addition, the
breather port allows the fluid on the rod side of the
piston to escape to the reservoir during the release
stroke. This prevents a fluid lock when the brakes are
released. The compensating port allows fluid to flow to
and from the reservoir to allow for thermal expansion
and contraction. Thus, a constant volume is maintained
in the system at all times.
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The reservoir is sealed at the top with a
combination filler and breather cap, which permits
atmospheric pressure on the fluid at all times.

The piston is a spool-like member with a rubber or
leather cup seal at either end. These seals are referred
to as the primary and secondary cups. The primary cup
is held against the piston by the return spring and acts
against the brake fluid during the braking stroke. The
secondary cup is located at the other end of the piston
and prevents external leakage of the brake fluid.

An explanation of the two-way valve can be made
with reference to figure 2-38. As pressure is applied to
the foot pedal and the piston is forced into the cylinder,
the fluid pressure is applied to the inner and outer
segments of the two-way valve. The spring, acting
against the inner segment, is comparatively light. As
the fluid pressure opens this valve, additional fluid
enters the hydraulic lines, applying pressure to the
pistons in the wheel cylinders.

As the brake pedal is released, fluid pressure in the
wheel cylinders decreases. The brake shoe retracting
springs, acting against the wheel cylinder pistons,
cause a slight back pressure in the fluid lines. This
pressure overcomes the tension of the return spring and
forces the entire two-way valve assembly off its seat.
This allows some of the fluid from the lines to enter the
reServoir.

When the pressure in the lines decreases to
approximately 6 to 16 psi, the return spring closes the
valve unit against its seat. As a result the system
remains under a small pressure. This pressure does not
cause the shoes to drag, but it does assure a positive
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Figure 2-37.—Hydraulic brake master cylinder.

2-29



CHECK VALVE CAGE SEAT

VALVE
SEAT

CupP RETURN SPRING

PRESSURE APPLIED

PISTON

BREATHER
PORT

COMPENSATING PORT

PRIMARY

CupP
RETURN

SPRING

ASf02038

PRESSURE RELEASED

Figure 2-38.—Hydraulic brake master cylinder—operation of two-way valve.

seal at the wheel cylinder cup packing and prevents air
from entering the system.

Wheel Cylinder.—The wheel cylinder may be of
almost any design or exterior shape to suit the need, but
all wheel cylinders work on the same basic principle
and fulfill the requirements of moving the brake shoes
into contact with the drum. There are two basic
designs—a single-piston type and a double-piston
type, sometimes called uniservo and duoservo
cylinders, respectively. Different combinations of
these two types of cylinders are used on different
models of equipment.

Figure 2-39 illustrates a double-piston wheel
cylinder. The single-piston is similar, only smaller
because it has only one piston. This unit, regardless of
whether single- or double-piston type, changes the
applied fluid pressure into mechanical force to move
the brake shoes. The wheel cylinder housing, made
from a casting, is bolted to the brake backing plate.
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Figure 2-39.—Hydraulic brake wheel cylinder.
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The two pistons in the cylinder move in opposite
directions under hydraulic pressure. Through a short
stem, the pistons push the shoes against the drum.
These stems are connected directly to the shoes.

Rubber cup seals fit tightly in the cylinder bore
against each piston to prevent the escape of fluid.
Between the cups is a light spring to keep the cups in
position against the pistons. The open ends of the
cylinder are fitted with rubber boots to keep out foreign
matter.

Brake fluid enters the cylinder from the brake line
connection between the pistons. A bleeder port and
valve are located at the top of the cylinder between the
pistons. This provides a means for releasing air from
the system.

Various applications of wheel cylinders are used in
support equipment, depending upon the
manufacturer’s design. Some may have one
single-piston cylinder or a dual-piston cylinder per
wheel, each operating two shoes. Others may use a
combination of one single and one dual piston or two
dual pistons per wheel. When a dual system is used,
each cylinder is mounted diametrically opposite the
other, and each operates one end of two shoes.

INSPECTION AND MAINTENANCE.—
Hydraulic brake systems must be inspected at
specified intervals. A visual inspection includes
checking the fluid level in the master cylinder
reservoir, the security of mounting bolts and clamps,
the condition of tubing and hoses, and the entire system
for leaks. When the wheels and drums are removed for
inspection of the brake assemblies, the wheel cylinder
should be inspected for leaks. The boots may be pulled



from around the ends of the cylinder to check for
leakage between the pistons and the cylinder wall.

An operational inspection of a hydraulic brake
system may be accomplished during the road test.
However, several checks may be made by operating the
brake pedal while the vehicle is parked.

If the brake pedal bottoms when pushed down, a
further check must be made of the system. This
condition may be caused by worn brake linings, but
more often by a defective hydraulic system.
Insufficient fluid in the reservoir is a prime cause of
this problem. If the fluid is low, the reservoir should be
checked for external leaks.

Internal leakage from the lines through the master
cylinder may also cause the pedal to bottom. Air in the
hydraulic system should be suspected when the
operation of the pedal is soft or spongy. The air must be
removed to obtain a solid pedal. This process is called
bleeding.

The maintenance of hydraulic brake systems
consists of correcting the problems found during
scheduled inspections and those that occur during
normal operations. This includes servicing the system,
repairing and replacing tubing and flexible hose,
repairing the master cylinder and wheel cylinders, and
bleeding the system.

Servicing.—As applied to hydraulic brake
systems, servicing consists of checking the fluid level
and adding necessary fluid to the master cylinder
reservoir. When adding hydraulic fluid, be sure it is the
kind recommended by the manufacturer. Some
manufacturers use natural rubber seals in the operating
systems, and others use synthetic rubber or other
materials. Unless the recommended brake fluid is
used, the seals deteriorate quickly, causing possible
failure of the brake system.

Dirt and other foreign matter that accumulates
around the filler opening can also affect brake
operation. Even a small particle of dirt may find its way
into the operating mechanism and close a vent or
prevent a valve from sealing properly. All dirt and
foreign matter must be removed before removing the
filler cap. The fluid level should be approximately 1/4
to 1/2 inch from the filler opening. This distance is
usually specified in the applicable service technical
manual. This space compensates for thermal
expansion of the brake fluid.

Master Cylinder Repair.—When the master
cylinder requires repair, it must be removed from the
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vehicle. If a stoplight switch is mounted on the
cylinder, the wires must be disconnected first. Next,
the hydraulic line and the pedal linkage are
disconnected from the cylinder. Then, loosen the
hold-down bolts and remove the cylinder. The exterior
surface of the cylinder should be thoroughly cleaned
before disassembly. Figure 2-37 identifies the various
components and parts of the master cylinder.

After the exterior surface of the cylinder is
cleaned, remove the filler cap of the reservoir and pour
out and discard the fluid. Be sure to follow the proper
procedure for disposal of the fluid. Clamp the master
cylinder, boot upward, in a vise, and then remove the
boot and pedal rod. Next, remove the spring retainer
(snap ring). With this removed, the piston stop (a thick
steel washer) is free to be removed with the piston.
Remove the master cylinder from the vise and up-end
the cylinder to allow the piston, spring, and valve
assembly to slide out. The secondary cup, primary cup,
piston spring, and valve assembly should all be
replaced with new parts. These items are usually
available in a repair kit.

After the parts are removed, the cylinder walls
should be cleaned and inspected. If there are deep pits
or scratches in the bore, the master cylinder should be
replaced. The cylinder bore may be honed with a
suitable stone to remove rust, scores, and shallow pits
and scratches. After honing a cylinder, be sure that all
abrasive dust is removed; then, lubricate the bore with
new, clean brake fluid.

Assemble the parts into the cylinder in the logical
order. First, install the valve assembly on the end of the
piston return spring. Check again to ensure that the
bore of the cylinder is clean and lubricated with clean
fluid. Lubricate the new primary and secondary cups
and piston. Guide the lips of the primary cup into the
bore and use the piston to force the cup into the
cylinder.

As the secondary cup is installed, be sure that the
lips do not fold over when they contact the bore. Then,
place the piston stop on the piston, and with a drift
punch inserted in the hole at the back of the piston,
force the piston into place. Hold the piston in place and
install the spring retainer. Replace the pedal rod and a
new boot. Install the filler cap only after ensuring that
the vent hole is open.

Reinstall the master cylinder on the vehicle,
reconnecting the brake line and the wire to the
stoplight switch. Then connect the pedal rod to the
brake pedal. The applicable technical manual should



be consulted for adjustment procedures for the pedal
linkage. The master cylinder must be serviced and the
system bled before the brakes are ready for service.
However, before this is accomplished, all necessary
repairs should be made to the wheel cylinders.

Wheel Cylinder Repair.—Wheel cylinders are
rebuilt in much the same manner as a master cylinder.
To do this, it is seldom necessary to remove the
cylinder assembly from the brake backing plate.
However, before the cylinder can be repaired, the brake
assemblies must be removed.

To disassemble a wheel cylinder with two pistons
(fig. 2-39), pull the boots from the cylinder and push
the pistons, cups, and spring out of the cylinder.

After the parts are removed, clean the cylinder wall
and check for pits and accumulation of rust. A small
quantity of pits or rust at the exact center of the cylinder
should not affect the operation of the wheel cylinder. If
the rust or pits are just inside the outermost polished
areas of the cylinder bore, they must be removed by
honing. Cylinders containing deep pits or scratches
must be replaced.

After honing a cylinder, remove all the abrasive
dust and lubricate the cylinder walls with clean, new
hydraulic fluid. The pistons are usually made of
aluminum, and unless badly scored, they may be
reused indefinitely. However, they should not be
sanded—only cleaned with an approved solvent or
clean, hydraulic brake fluid.

After the cylinder bore is satisfactorily cleaned and
lubricated, lubricate the cup seals. Insert a cup into the
end of a cylinder. Do not push the cup through the bore.
As soon as the lips of the cup are in the bore, use the
piston to move the cup into place.

Installing the other cup and piston may be more
difficult, since the cup retaining spring will push
against the cup and piston already installed. With one
hand, hold the one piston from pushing out, and with
the other hand, install the spring, cup, and piston. Then,
install the boots and brake shoe links, rods, or slugs.
Install a wheel cylinder clamp or use a cord or wire to
tie aloop around the cylinder to hold the components in
the cylinder until the brake shoes are installed.

Bleeding Hydraulic Brake Systems.—During
repair of the master brake cylinder or wheel cylinders,
or anytime a brake line is disconnected, air will enter
the hydraulic brake system. Also, when the fluid level
in the reservoir is allowed to become too low, air will
enter the brake lines.
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Most hydraulic systems are equipped with return
lines between the actuating units and the reservoir. The
fluid circulates from the reservoir, through the supply
lines, through the actuating units, and back to the
reservoir. This allows any air in the system to escape
through the reservoir vent during circulations.

Brake hydraulic systems, however, are not
equipped with return lines; therefore, there is no means
for the air to escape. Air in the system will cause the
action of the brake pedal to feel soft and spongy
because air is compressible. The hydraulic brake
system must be bled to expel this air.

There are two common methods of bleeding a
hydraulic brake system—the pressure method and the
manual method. The pressure method employs a brake
bleeder tank, which delivers fluid under pressure to the
master cylinder (fig. 2-40).

Before pressurizing the bleeder tank for use,
ensure that the tank has an adequate supply of the
required type of brake fluid and that the valve on the
discharge line is closed.

Manufacturers usually recommend that the master
cylinder reservoir be filled with hydraulic fluid before
connecting the pressure tank. Make sure there is a tight
seal between the adapter cap and the master cylinder
filler port. Then, apply pressure to the master cylinder
by opening the valve on the discharge line of the tank.

~—— PRESSURE TANK
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Figure 2-40.—Bleeding hydraulic system—pressure method.



Most authorities recommend that the system
should be bled starting with the longest line and
working successively to the shortest. Other authorities
prefer the opposite method; that is, starting with the
shortest line and finishing with the longest. So, you
should always consult the technical manual for the unit
you are servicing to see if there is a preferred method.

If you suspect that air is trapped in one specific
brake line, bleed that line first. For example, assume
that the right rear wheel cylinder of a vehicle has been
disconnected for maintenance and repair. After the
repair has been completed and the cylinder connected,
this brake line should be bled first. In fact, it is possible
that all of the air that entered the line while it was
disconnected may be bled from the one bleeder valve.

If at all possible, use a length of flexible tubing and
a clean glass bottle or jar to trap the brake fluid
expelled from the wheel cylinder bleeder valve. Before
attaching the tube, be sure to clean the bleeder valve
end.

To bleed the line, first loosen the bleeder valve
screw. This allows fluid to flow into the jar. Keep the
end of the tube submerged in the fluid. By observing
the flow from the tube, you will notice air bubbles as
they appear. When the air bubbles stop, all the air has
been expelled from that section of line and the wheel
cylinder. Then, tighten the bleeder valve screw. Repeat
this procedure with each bleeder valve. The use of the

tube and jar is recommended regardless of the method
used to force fluid through the lines.

You can use a manual method that requires two
persons. One person operates the brake pedal,
pumping until the pedal action is hard—hydraulic
pressure in the system. The other person opens the
bleeder valve screw, allowing the air and fluid to
escape as the brake pedal is still forced downward. As
soon as the brake pedal nears bottom, the operator
signals the other person so that person can close the
bleeder valve. As soon as the valve is closed, the brake
line pressure is again pumped up and the bleeder valve
opened, repeating the process until the air is expelled.

When bleeding a hydraulic brake system that
consists of two wheel cylinders, an upper and a lower
on each wheel, the operation is slightly different. In
that case, bleed the upper cylinder at each wheel first,
and then bleed the lower cylinder.

High-Pressure Hydraulic Brake Systems

The latest type of hydraulic brake system is the
style used on the aircraft tow tractor, Model
A/S32A-37 (fig. 2-41). This system has a brake pedal
(called a brake actuator in this equipment), but not a
master cylinder. In place of the master cylinder, there is
a spool valve in the actuator that controls the flow of
hydraulic fluid to apply pressure on the disc brakes.
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Figure 2-41.—Hydraulic system of the A/S32A-37 tow tractor.
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When the brake is not pressured, excess hydraulic fluid
is returned to the hydraulic reservoir.

The major difference in this system is that it has an
open hydraulic system pressurized to 2200 psi with a
600 pound precharge in the accumulator to provide
braking power even when the engine is not running.
(Good for a limited number of uses.) The rest of the
brake components are similar in appearance and
operation to those of any disc brake system.

Power Brake Systems

The brake system most commonly used on
powered support equipment is the hydraulically
operated system. However, the increase in size and
weight of aircraft has required heavier and more
powerful support equipment, especially the
aircraft-towing tractors. With this increase in vehicle
power and weight, it is necessary to have a brake
system that is more effective and less strenuous for the
operator. It was almost impossible for the operator to
apply sufficient braking action to control a heavy, yet
comparatively small, vehicle. To compensate for this,
some hydraulic brake systems are equipped with a
form of power system to assist the force of the
operator’s foot in applying the brakes.

Power brake systems use the principle of the
hydraulic brake to operate the wheel brake cylinders
and produce braking action. In addition, these systems
use the energy of air pressure, either to apply the
necessary pressure to the hydraulic fluid or to assist in
this application. Atmospheric pressure provides this
energy in some power systems, while a compressor is
required in others. Many of the Navy’s aircraft-towing
tractors are equipped with some type of power brake
system. Some are equipped with a form of
vacuum-boost system, while others use an
air-over-hydraulic system.

VACUUM POWER
CYLINDER:

Vacuum Systems

Air has weight (atmospheric pressure), and this
weight results in a pressure of approximately 14.7 psi
at sea level. It is this air pressure that is used in the
operation of vacuum brake systems.

It is impossible to create a perfect vacuum, but by
pumping air from a container, it is possible to obtain
several pounds per square inch difference in pressure
between the outside and the inside of the container. If
the container were suddenly opened, outside air
(atmospheric pressure) would rush into the container
to equalize the pressure. It is upon this principle that
the power cylinder of a vacuum brake system operates.

There are many varieties of vacuum-powered
brake systems, and it is impossible to cover them all
within the scope of this course. However, the system
most commonly used on support equipment is called
Hydrovac.

The Hydrovac combines into one assembly a
hydraulically actuated control valve, a tandem piston
vacuum power cylinder, and a hydraulic slave cylinder
(fig. 2-42). The vacuum power brake cylinder is
connected hydraulically to both the master cylinder
and the wheel cylinders.

The vacuum source for this system, as for all
vacuum brake systems, is the intake manifold of the
engine. Reciprocating engines, particularly gasoline
engines, generate a substantial vacuum in this area
except when running at full power. A check valve
maintains a vacuum within the system, even after the
engine is stopped, by closing the intake manifold when
the pressure in the manifold rises above the vacuum
pressure within the system. A vacuum reservoir is
usually required so that a substantial source of vacuum
is available. Once air is pumped out of the vacuum
reservoir through the intake manifold, the resulting
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Figure 2-42.—Hydrovac vacuum power brake cylinder.



vacuum is diminished only by operating the power
cylinder.

The vacuum power cylinder is divided into four
compartments by the front and rear pistons and the
center plate (fig. 2-43). The vacuum source is directly
connected to the compartment between the center plate
and rear piston. The vacuum is connected from this
compartment, by means of the vacuum line, to the relay
or control valve. From the control valve, the vacuum is
connected to the front compartment by a passage in the
valve body.

In the released position, the control valve
diaphragm plate and vacuum valve seat is held down by
the valve spring. This keeps the vacuum valve open and
the atmospheric valve closed. In this position, the
vacuum is connected through the vacuum valve and the
atmospheric control line to the compartment between
the center plate and front piston and, through the parts
in the hollow piston rod, to the rear compartment.
Therefore, vacuum is present in all compartments in
the released position, and both pistons remain
inoperative.

The piston return spring holds the pistons in the
OFF position. The push rod, in the released position,
maintains the bypass (check) valve off its seat,
permitting a direct hydraulic connection from the
master cylinder, through the hydraulic slave cylinder,
to the wheel cylinders.
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With this construction, foot pedal pressure can be
applied to the wheel cylinders for braking action
should vacuum or Hydrovac failure make the power
cylinder inoperative. The relay valve diaphragm has
vacuum on both sides, and is held in the OFF position
by the valve spring. When the vacuum in the Hydrovac
is the same as, or greater than, the source vacuum, the
poppet valve in the vacuum check valve rests on its seat
and, in the event of engine failure or rapid acceleration,
traps the vacuum in the Hydrovac system in readiness
for brake application.

As the foot pedal is depressed, fluid is forced from
the master cylinder through the open bypass (check)
valve to the slave cylinder and on to the wheel cylinders
(fig. 2-44). The fluid is also forced through the drilled
bypass passage to the relay valve hydraulic piston,
which is forced outward against the pressure of the
valve spring. This gradually forces the diaphragm plate
and vacuum valve seat toward the brakes-applied
position.

The movement of the diaphragm first closes the
vacuum valve against its seat, sealing off the vacuum
from the atmospheric control line. After the vacuum
valve is seated, further motion of the diaphragm causes
the atmospheric valve to leave its seat. This permits air
from the air cleaner to enter the atmospheric control
line, and then to the compartment between the center
plate and the front piston. It then flows through the
hollow piston rod to the rear compartment. With the
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Figure 2-43.—Hydrovac operation—released position.
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Figure 2-44.—Hydrovac operation—applied position.

vacuum still present on the front side of both pistons
and atmospheric pressure on the rear sides of both
pistons, the pistons are forced toward the slave
cylinder.

Movement of the pistons and push rod toward the
slave cylinder closes the bypass (check) valve, and
then causes the slave-cylinder piston to move outward.
This forces fluid under pressure into the wheel
cylinders to apply the brakes. The foot pedal pressure,
acting through the master cylinder, also acts against the
slave cylinder piston, assisting the vacuum pistons and
push rods. The pressure at the wheel cylinders (that is,
the total braking effort) is the sum of the output of the
vacuum pistons in the Hydrovac and the foot pedal
pressure at the master cylinder.

Release of foot pedal pressure removes the fluid
pressure from below the relay valve hydraulic piston.
This allows the valve spring in the relay or control
valve to return the atmospheric and vacuum valves to
the released position. The atmosphere is exhausted
from the rear sides of both pistons, making them
inoperative and allowing the piston return spring to
move the pistons to the released position.

When the foot pedal movement stops at some
intermediate point between the released and fully
applied position, the pistons will move slightly toward
the applied position. This reduces the fluid pressure
under the relay valve hydraulic piston the necessary
amount to allow the diaphragm to drop and close both
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the atmospheric and vacuum valves in the control
valve. Thereafter, the slightest foot pedal movement,
either toward the released or applied position, will
result in opening either the vacuum or atmospheric
valve, and will partially release or further apply the
brakes.

With the exception of the vacuum system and
particularly the power cylinder, the inspection and
maintenance procedures for vacuum brake systems are
similar to those required for hydraulic brake systems.

To check the vacuum brake system, first shut off
the engine and apply the brakes several times to bleed
all vacuum from the system. This may require as many
as 20 or 30 applications on systems equipped with
vacuum reservoirs. Spongy or soft action of the brake
pedal indicates air in the hydraulic system. If this
occurs, the system must be bled.

With the pedal held at the normal braking pressure,
start the engine. If the pedal lowers toward the
floorboard when the engine starts, the vacuum system
is operating properly. If the pedal fails to move, the
vacuum system is at fault.

Figure 2-45 shows a type of air-over-hydraulic
brake system that is used on some of the newer tow
tractors. The air control valve controls the flow of
compressed air to an air chamber in the master
cylinder. The air control valve is mechanically linked
to the brake pedal.
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Figure 2-45.—Air-over-hydraulic brake system.

Brake application is relative to the pressure
applied by the operator on the brake pedal. The brakes
of the vehicle may be partially released at any time by
slightly relieving pressure on the pedal or entirely
released by removing all pressure from the pedal. One
of the ports of the air control valve is an exhaust port,
which releases air from the air chamber of the master
cylinder during the release action.

The master brake cylinder assembly is the point in
this system where the pneumatic system and hydraulic
system join. Figure 2-46 shows a partial cutaway view
of the assembly. Only the air chamber is shown cut
away because the design and operation of the master
cylinder part of the assembly are similar to any other
hydraulic master brake cylinder.

PISTON

AIR PRESSURE

The piston and piston rod of the air chamber are
connected to the push rod of the master cylinder. When
the brakes are applied, the air control valve allows air
under pressure to enter the air pressure port of the air
chamber. This pressure forces the diaphragm to move
the piston and piston rod in the air chamber and
compresses the return spring. This movement, in turn,
moves the push rod and piston in the master cylinder,
forcing fluid pressure to the wheel cylinders. When the
brakes are released, the air control valve stops the flow
of air to the air chamber and at the same time opens the
exhaust port. This allows the air to flow out of the
chamber, through the line, and out the exhaust port of
the control valve. The return spring returns the piston
and piston rod to the release position. This movement

RETURN SPRING

BREATHER PORT

MASTER CYLINDER

PORT
\

ASf02046

Figure 2-46.—Master cylinder assembly—air-over-hydraulic brake system.
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releases the brakes through the action of the master
cylinder.

The inspection and maintenance procedures
described earlier for hydraulic and pneumatic brake
systems apply as well to the hydraulic and pneumatic
portions of the air-over-hydraulic system. You should
consult the appropriate technical manual for required
maintenance of the master cylinder assembly.

Q2-15. On a drum type brake system, which of the
following malfunctions, if any, will occur if
the anchor pin is too near the center of the
drum?

1. The shoe will not firmly press against the
drum when brakes are applied
The shoe will automatically lock when

brakes are initially applied

2.

3. The brake pedal will go to the floor when
brakes are applied
4. None

02-16. A disc brake assembly consists of a metal disc
and which of the following components?

1. A caliper

2. A wheel cylinder

3. An actuating cylinder
4. A brake drum

Q2-17. What is the main advantage of bonding a
brake pad to the brake shoe?

1.

Bonding reduces manufacturing costs

2. Bonding allows for the use of thicker pads
to be used

3. Bonding reduces the amount to galvanic
corrosion

4. Bonding allows the pad to be worn thin

without scarring the drum

DIFFERENTIAL CARRIER

Q2-18. Brake linings that are riveted to the brake
shoe should be replaced if worn to less than
what percent of their original thickness?

1. 10 percent
2. 20 percent
3. 30 percent
4. 40 percent

02-19. What method of bleeding a brake system

employs a bleeder tank?

1. The conventional method
2. The pressure method

3. The universal method

4. The manual method

POWER TRAINS

LEARNING OBJECTIVE: Identify the
components of a basic power train.

Aviation support equipment that is powered and
mobile must have a method of transferring the power
from the engine to the wheels. This is the basic power
train, which consists of the transmission, propeller
shaft, universal joints, differential, and axles. Figure
2-47 shows one type of power train.

Consider the power train required in a four-wheel
(rear) drive vehicle. In the process of transmitting
power from the engine to the driving wheels, the power
train provides the following:

e A means of engaging the engi