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PREVENTIVE MAINTENANCE
1. Purpose
What is preventive maintenance and why do we do it? Everyone has heard
the sayings – ―An ounce of prevention is worth a pound of cure‖ and ―You
can pay me now or you can pay me later.‖ Both of these sayings capture
the essence of preventive maintenance.
Stated simply, preventive maintenance is a series of inspections and
adjustments of equipment, designed to catch problems while they’re small
(inexpensive) problems before they become big (expensive) problems.
Scheduled repairs found during the preventive maintenance inspection
process are easier and cheaper to perform than those that occur in an
unscheduled repair, or breakdown.
What are the benefits to a school district in having a good preventive
maintenance program? The two principal benefits are reduced operating
costs and maximum equipment availability, or uptime.
Preventive maintenance inspections, if performed properly, will maximize
equipment availability because the shop controls the diagnosis and repair of
the unit. This significantly prevents equipment from breaking down and
having breakdown repairs control the shop. The savings in operating costs
are achieved because the expensive, catastrophic repairs, for the most part,
are avoided.
2. Aspects of a P.M. Program
What does a P.M. program consist of? What are the ―things‖ or elements of
a P.M. program? There are at least five different components that make up
a P.M. program, and following are brief descriptions of these components:
Servicing
A service is usually performed by a technician according to the
schedule established by the district. It consists of performing
the operations as stated on the P.M. inspection checklist.
Inspection
Inspections are twofold - they are performed by
drivers/operators on a routine basis and periodically by a
technician while servicing the unit.
The driver/operator inspections are not as thorough as those
of the technician, but they should be sufficient to detect most
leaks, damage, and non-working or improperly working parts
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or systems (especially safety-related items). Most districts
have a good pre-trip bus inspection program in place.
Detection
This is simply the notation of any defects that are found during
the inspection procedure. The defects would be noted on the
P.M. inspection checklist by the technician or on a driver’s pretrip inspection form. CDE regulations require that all defects
be reported and that all repairs and maintenance be
documented.
Correction
After defects or problems have been detected and noted, the
next step is to repair them. The objective of a good P.M.
program is to make the repairs before further damage occurs.
This is where the major benefit of a good P.M. program occurs
- at this point the shop schedules and manages the repair
instead of vice versa.
Documentation
This is the last element of a P.M. program, and it’s just as
important as any of the others. A record of each P.M.
inspection must be generated and retained for as long as the
district owns the vehicle.
This record may be in the form of a hand-written inspection
checklist, a computer print-out (hard copy), or a stored record
in a computer system. Records should be kept in a protected
environment in case they are needed for future reference as
per CDE procedures for record retention.
3. Participants in a P.M. Program
A successful preventive maintenance program has participants at several
different levels within the organization. Below is a list of those participants
and a brief description of the role each plays in the P.M. program:
Driver/Operator
This is the most important person in a successful P.M.
program. He/She is the person most intimately acquainted
with the operation and performance of their equipment/vehicle
and should be the first to recognize that something is wrong
with the unit. They are also the people who check their
equipment/vehicles out every day and, as such, should again
be the first to spot leaks, damage, etc. When these people
are doing their job diligently, a P.M. program should be very
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successful in catching small problems before they become big
problems.
Training Department
These are the people, usually on the support vehicle side of
the operation, who have the responsibility of seeing that their
people are checking their vehicles out and writing them up like
they’re supposed to. If these people fail to support the
objectives of the P.M. program and, in turn, fail to get their
people to support the program, any district’s P.M. program is
destined to fail or at least be less successful than it could be.
Technician
This person is obviously very involved in any P.M. program.
The technician is the person who performs the actual
preventive maintenance service and inspection in the shop.
This is also the person who makes any repairs that arise from
the inspection or as a result of driver/operator inspections,
although some shops prefer to have one technician do the
service/inspection and another technician perform any
necessary repairs or corrective action.
Shop Foreman/Lead Technician
This is the person who schedules and assigns the work in the
shop, including the P.M. inspections. He often communicates
directly with the driver/operators concerning their vehicles. He
must be well acquainted with the skills and abilities of his
technicians when assigning services and any corrective action
that arises from those inspections.
Equipment/Maintenance Managers
These positions are usually found only in the larger districts.
They have the responsibility of implementing and overseeing
the overall preventive maintenance program.
Administration
The support of these people is vital to a successful P.M.
program even though they are seldom involved with it. They
must believe in and support the philosophy of preventive
maintenance because it can often appear that money is
wasted servicing vehicles on a regular basis that are operating
perfectly at the time.
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4. Developing a P.M. Program
Below are some suggested steps in developing a preventive maintenance
program for your district.
Specify the P.M. Tasks and Establish Intervals
The first step is to identify and specify the service/inspection
tasks that are to be performed and the intervals at which they
will be performed. This is true for all types of equipment and
buses.
Normally, diesel buses will have similar intervals, as will gas
buses. There are several sources available to aid in
determining appropriate service levels and intervals –
manufacturer’s recommendations, oil analysis, and past
experience of your own.
A P.M. inspection checklist could have an A, B, and C
inspection level, each at different intervals. Intervals can be
based on mileage, hours, time, or fuel consumption. For
example, most service intervals for buses are based on
mileage, as compared to heavy equipment where the intervals
are usually based on hours or fuel consumption. Time, as a
service interval, usually serves to ensure that vehicles or
equipment with low usage get into the shop at least every six
months or whatever time frame is selected.
Every class of equipment should have at least two types of
interval assigned to it - time and one of the others. This will
assure that all units are inspected on some sort of regular
basis, even if usage is low. This is particularly important for
spare buses. Once developed, a P.M. inspection checklist
must be a constantly changing document. This is necessary
to keep up with changes in vehicles, accessories,
components, etc. For larger bus fleets, the P.M. checklist may
well change (slightly) with each printing.
One of the best tools for implementing and managing a
preventive maintenance program is a fleet software program.
These programs contain good preventive maintenance
scheduling packages. Any district with 15 or more buses plus
support vehicles might find a computerized system to be cost
effective.
Assign Responsibilities
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Determine who is going to be responsible for which part of the
P.M. program and assign those responsibilities accordingly.
There are two main groups involved here - drivers/operators
and technicians. Basically, the bus drivers and operators of
support vehicles and equipment will be responsible for the
daily vehicle inspections, and the technicians will perform the
P.M. service inspections.
This is also the point at which all driver supervisors, both bus
and support vehicle, should become involved in the P.M.
program. Disciplinary procedures could be established to
ensure that P.M. inspections are performed properly by all
parties as scheduled.
Examine Results
Analyze the outcomes and costs of the P.M. program.
Identify the most frequently occurring repairs and adjust the
P.M. checklist, if necessary, to reduce those repairs. Identify
which types of buses and equipment cost the most and the
least and use that information in the preparation of future
equipment specifications. Compare scheduled repair costs
with non-scheduled costs and decide if you’re spending too
much or not enough on preventive maintenance.
Try to determine if frequently occurring repairs may be the
result of poor or abusive driver/operator techniques or poorly
or under-trained technicians. The evaluation and analysis of
the preventive maintenance program should be a continuous
and on-going project. P.M. programs should be in a constant
state of fine-tuning and adjustment to meet on-going changes
in equipment, drivers, training, usage, and economic
conditions.
5. Using a Checklist
The use of a P.M. inspection checklist by a technician should be as fast and
simple as possible. To help achieve that, an inspection checklist should be
arranged in the most logical order possible so that a technician can work his
way through the service without having to back track. Items on the checklist
should be arranged in an order that permits the technician to work front to
back (or vice versa) and side to side without having to re-trace his steps.
Accordingly, all items in the same area of the vehicle should be inspected
and serviced at the same time, such as under the vehicle or in the engine
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compartment. This prevents a technician from having to raise the unit off the
ground more than once or open and close the hood several times.
When a P.M. inspection checklist is used by a technician, two things must
happen, and it’s the shop foreman’s responsibility to see that they do. All
applicable items on the checklist MUST be checked, and the checklist
MUST be signed by the technician(s) performing the service on completion
of the service. Failure to do either or both of these things could possibly
result in negative consequences for the transportation department in the
future
6. Summary
Preventive maintenance is the most important thing a district can do to run
buses, and other equipment, as effectively and efficiently as possible.
It is absolutely mandatory that buses undergo thorough inspections in a
timely manner. No other vehicles, with the exception of airplanes, require as
high a degree of preventive maintenance effort as a school bus.
If your district doesn’t currently have a preventive maintenance program,
contact another district that does or call the CDE School Transportation Unit
for a reference. P.M. is what school buses are all about.
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ADDITIONAL INFORMATION
Web Sites
www.cde.state.co.us/cdenutritran/transform
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BODY EXTERIOR
1. Exterior Lighting
License Plate Light
All buses shall be equipped with rear license plate illuminator. This
lamp may be combined with one of the tail lamps.
Back-Up Lamps
Back-up lamps of 7 inches or 38.48 square inches, minimum shall be
provided.
Inspect to ensure that:
All lenses are clean.
All lamps illuminate properly when appropriate controls and/or
switches are activated.
Switches should operate smoothly.
Same type of lamp (LED or incandesant) on the same
function such as, brake lights, reverse lights or turn signals.
Repair if any aspect of the standard or inspection fails.
NOTE: For LED lamps it is recommended by manufacturers that the number of
inoperative diodes should not exceed 10 to 13 percent of the total assembly.
However, as with any questionable defect, use your best judgment to decide if the
LED assembly needs to be replaced.
For information on additional lighting see also Section 3 – Colorado Minimum
Standards or Section 12 – Electrical of this manual.
2. Body and Chassis Color
All exterior metal shall be painted National School Bus Yellow with the exception
of those areas listed below:
The hood shall be painted National School Bus Yellow.
Lettering and numbering shall be black.
The front and rear bumpers shall be painted black.
Refer to CDE standards.
Rub rails shall be black. (May be yellow at purchaser’s option).
The background area for warning light system shall be black.
The frame and all frame members shall be painted black.
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Repair and/or re-paint any necessary areas.
NOTE: Districts that wax school vehicles should use a non-gloss wax on hoods.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
3. Exterior Mirrors
Rear-View Mirrors
The primary purpose of rear-view mirrors is to afford the driver an
exterior view of the area along both sides and to the rear of the
bus.
Prior to Dec. 2, 1993
Two adjustable mirrors shall be provided, one on the left and one on the right of the
driver. Each mirror shall be not less than 50 square inches and shall be affixed to the
body by brackets, which minimize vibration.
FMVSS 111 stated that school buses were required to have an outside rear-view
mirror of unit magnification (i.e. flat mirror) on each side of the bus, to provide the driver
with a view to the rear along both sides of the bus. The standard also required outside
crossover mirrors mounted so as to provide the driver a view of the front bumper and
the area in front of the bus.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
After Dec. 2, 1993
FMVSS 111 has been revised, and becomes effective Dec. 2, 1993. The standard
states a specific test procedure for mirror placement and driver’s vision. The new
standard requires the driver to be able to see, either directly or through mirrors, certain
specified areas in front of and along both sides of the bus. The new law is complicated
and very lengthy (20 pages). The new law has been included in your Administrator’s
Manual.
Two Mirror Grids are included under the Additional Information part of this section.
For additional information see also FMVSS 111 (located in the Administrator’s Manual).
Inspection Procedure
Mirrors should be securely mounted. All fasteners should be
of proper tightness.
Mirrors should not have any damage or discoloration.
Mounting, framing, and other related hardware should be
damage free. Check for cracked brackets and/or worn, sloppy
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mounting holes.
Repair or replace if any aspect of the appropriate standard or inspection
fails.
Hardware and/or brackets may be repaired. The finished repair should be
consistent with or be better than OEM and should be free from burrs or
sharp edges. Defective mirrors must be replaced.
HINT: Appropriate sized nutzerts work well to repair sloppy mounting holes. If you
choose to adjust your mirrors by using the mirror grids in the Additional Information
part of this section, most 5-gallon pails are very close to the cylinder
measurements. If using Bus-Boy mirrors, aim the arrow on top at the driver’s eyes.
Mirror Requirement: See also Section 3 – Colorado Minimum Standards for
additional information.

4. Front Bumper
The front bumper shall be at least 3/16 inches thick of pressed channel, one
piece construction or optional 3-piece breakaway construction of a minimum
of 8 inches in width after forming. Tow hooks (or eyes on transits) are
required and shall not extend beyond the front bumper.
Front bumpers on Type A buses and small vehicles shall be appropriate to
the GVW rating and are not required to have tow hooks.
Inspection Procedure
Inspect all mounting hardware. No bolts or rivets may be
missing and all must be tight. Mounting brackets should be
damage and distortion free.
Inspect bumper to ensure it is free from bends or other
distortions. Damaged units will normally be replaced.
Repair if any aspect of the standard or inspection fails.
HINT: Bumpers and wheels tend to become scratched and unsightly during routine
operations. Minimum effort and cost can ensure front and rear bumpers and all
wheels are cleaned and painted when needed. This attention goes a long way in
the overall appearance of a unit.
For additional information see also Section 3 – Colorado Minimum Standards in this
manual.
5. Exterior Glass
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All glass in windshield, windows, and doors shall be approved safety glass, so
mounted that the permanent mark is visible, and of sufficient quality to prevent
distortion of view in any direction as specified in FMVSS.
Glass in windshield shall be heat absorbent, laminated safety glass with 0.030
inch plastic inner-liner. Windshield shall be large enough to permit driver to
see roadway clearly, shall be slanted to reduce glare, and shall be installed
between front corner posts that are so designed and placed as to afford
minimum obstruction to the driver’s view of roadway.
Each full side window shall provide unobstructed emergency opening at least
9 inches high (12 inches after 10/1/93) and 22 inches wide, obtained by
lowering of window. If full drop windows are used, they shall be blocked so
that when in a down position the opening between the window header and top
of glass is not more than 9 inches (12 inches after 10/1/93). For added
information see also Section 3 – Colorado Minimum Standards.
Push-out type, split sash windows may be used. All exposed edges of glass
shall be banded.
Inspection Procedure
Check windshield for cracks, stone or shot marks. Windshield
must not be pitted or sandblasted, if theses marks cause light
reflection or glare.
The path of windows starting with the driver’s side window,
moving clockwise to the windshield, and finally to the student
door should be transparent and not dark tinted.
All window latches and slide ways should be operable.
All weather stripping and seals should be inspected for damage
or deterioration.
Repair or replace if any aspect of the standard or inspection fails.
Windshields with cracks or marks in the wiper or mirror vision area should be
replaced.
Replace all broken, distorted or defective glass.
Inoperable latches may be repaired or replaced. Latches and slides should
work freely.
Silicone is the recommended lubricant for latches and slide ways.
Leaks in weather stripping or seals may be re-sealed. Badly damaged or
deteriorated seals and weather stripping normally must be replaced.
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For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
HINT: Some windows are designed to be kicked out at the corners in emergencies.
After several years, the rubber mounting on these windows may become hard,
creating difficulty in removing the windows using this method. You might consider
replacing the rubber mounting for these windows if you suspect problems.
6. Identification
All Type A, B, C, D buses should conform to the following standards. Small
vehicles are exempt from these requirements.
The body shall bear the words "SCHOOL BUS" in black letters
at least 8 inches high on both the front and rear of body.
Lettering shall be placed as high as possible without impairment
of its visibility. The lettering shall conform to Colorado Minimum
Standards.
School buses shall bear the name of the School District or
company on each side in black, standard unshaded letters, 5
inches in height. If there is insufficient space due to the length
of the name of the school district, terms such as community,
consolidated, and district may be abbreviated.
The manufacture’s rated pupil seating capacity shall be printed
to the left of the entrance door on the lower skirt in 2-inch
characters. The word capacity may be abbreviated. (Example:
Cap. 48.) The capacity shall be shown on the inside upper
portion of the entrance door or inside above the windshield.
The numbering of individual buses for identification purposes is
permissible. Lettering and numerals shall be painted or may be
pressure sensitive marking of similar performance quality.
“STOP” shall be printed on the rear of the bus in letters at least
8 inches high. “ON FLASHING RED” shall be printed below
“STOP”, in letters 5 inches high. Letters shall be placed in
area(s) visible to approaching motorists.
Inspection Procedure
Ensure all required markings conform to the standard and are
readable.
Repair if any aspect of the standard or inspection fails.
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HINT: Over time lettering and numerals will deteriorate on older buses. This can be
remedied with either hand painting or vinyl lettering. Vinyl lettering can be obtained
at art stores, department stores, or automotive detail centers.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
NOTE: Minimum Standards change every five years. Refer to appropriate
Standards for the manufacturer’s year of the vehicle.
7. Rear Bumper
The rear bumper shall be of one piece, a heavy duty type of pressed
steel channel, at least 3/16 inch of thickness and a minimum of eight
inches wide (high) after forming.
NOTE: Starting Oct. 1, 1993, bumpers on Type A buses shall be 8 inches wide, and on
type B, C, & D buses bumpers shall be 9 1/2 inches wide.
No spaces, projections, or cut-outs that will permit a hand hold or foot
hold shall be permitted.
Forward facing ends of the bumper shall be enclosed by a designed
protective device to ensure there are no sharp edges or projections
likely to cause injury or snagging.
A gasket shall be installed to close the opening between the top of
the rear bumper and body.
Type A school buses and small vehicles shall have rear bumpers
applicable to the GVW rating and are not required to have tow hooks.
Inspection Procedure
All mounting hardware is tight and no nuts, bolts, or rivets are
missing. Brackets should be damage and distortion free.
Bumper should be free from bends or distortions. Damaged units
normally will be replaced.
There should be no place in the rear area of a school bus that affords
a hand hold or a foot hold. (For example, where kids could hitch a
ride.)
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
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8. Stirrup Steps
There shall be one stirrup step and suitable located handle on each side of
front of body or equivalent mounting for necessary accessibility for cleaning
windshield and lamps.
NOTE: Type A school buses are exempt from this requirement.
Inspection Procedure
Inspect to ensure step and handle are securely mounted and
provide access to windshield and lamp cleaning.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
9. Storage Compartment
Also referred to as luggage compartments, the external compartments are a
convenient place to stow tire chains, tow chains, and such tools as may be
provided.
Inspection Procedure
Ensure that external compartments are locked to prevent anyone
from becoming trapped inside.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
10. Windshield Wipers and Washers
The bus shall be equipped with windshield washers, which shall conform to
FMVSS and body manufacturer’s recommendation. A windshield wiping
system, two speed or more, shall be provided.
The wipers shall be operated by one or more air or electric motors of sufficient
power to operate wipers. If one motor is used, the wipers shall work in tandem
to give full sweep of windshield.
All wiper controls shall be located within easy reach of the driver’s direct view.
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Inspection Procedure
Inspect to ensure that:
Wiper control(s) function properly.
Washer control(s) function properly and the reservoir is
adequately filled and free from cracks or holes.
Wiper blades are in serviceable condition and no other part of the
wiper arm contacts any glass surface.
When in the stopped position the wiper arms are out of the
driver’s direct view.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
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BODY INTERIOR
1. Body Electrical Wiring
All wiring shall conform to current standards of SAE.
Circuits
Wiring shall be arranged in at least nine regular circuits, as follows:
Head, tail, stop, and instrument panel lamps.
Clearance lamps.
Starter motor.
Dome and step-well lamps.
Ignition and emergency door signal.
Turn signal lamps.
Alternately flashing warning signal lamps.
Horn.
Heaters and defrosters.
Any of the above combination circuits may be subdivided into additional
independent circuits.
All other electrical functions (such as electric-type windshield wipers) shall be
provided with independent and properly protected circuits.
Each body circuit shall be color or number coded and a diagram of circuits
shall be attached to the body in a readily accessible location. Number coding
permitted only if the number is a permanent part of the insulation and is
repeated at intervals of not more than 6 inches.
A separate fuse or circuit breaker shall be provided for each circuit except the
starter motor and ignition circuits.
Whenever wires pass through a body member, additional protection in the
form of appropriate type of insert shall be provided.
Wires not enclosed within body shall be enclosed in protective jacket and
fastened securely at intervals of not more than 18 inches. All joints shall be
soldered or joined by equally effective connectors.
The protective jacket shall be assembled to provide maximum protection
against moisture and dust.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
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HINT: After any wiring repair, materials should be restored to ensure they are
properly insulated and secured.
2. Service Door
The service door is the door routinely used to load and unload passengers.
Service door shall be power or manually operated, under control of the driver,
and so designed to afford easy release and to prevent accidental opening.
When a manual lever is used, no parts shall come together so as to shear or
crush fingers.
Service door shall be located on right side of bus opposite driver and within
driver direct view.
Power operated doors must be equipped with an emergency release, readily
accessible in the door area, so that the door may be opened in the case of
emergency or power failure. The release shall be plainly labeled.
There shall be a head bumper pad installed on the inside at the top of the
entrance door. This pad shall be approximately 3 inches in width, at least 1
inch thick, and extend across the entire top of the entrance door opening.
*NOTES: Type A,B,C,D buses shall have a service door with a minimum horizontal
opening of 24 inches and vertical opening of at least 54 inches, (68 inches after Sept.
1, 1993).
Type A & B buses may have a door to the immediate left of the driver.
Small vehicle doors shall be OEM design.
Inspection Procedure
The mechanism (either power or manual) to open and close the
door should work smoothly and with sufficient ease so as to
prevent driver arm fatigue.
Ensure mechanism prevents accidental opening of door. All
moving parts related to the service door should be free from
excessive slack, play, or wear. (As this inspection is performed
the technician should be considering the possibility of excessive
slack or wear as possibly causing the door to jam or otherwise
malfunction.) i.e.; hinges, handle bushings, etc.
The mechanism on the service door controls that activate and
de-activate the red-flashing 8-way lights and stop arm must be
checked to ensure that it is operating correctly. Inspect contact
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areas for excessive wear and/or misalignment. (If the system is
activated and operating correctly, opening the door will cause
the yellow or amber 8-way lights to cancel and the red 8-way
lights and stop arm will automatically activate; when the door is
closed the red 8-way lights and stop arm will automatically
cancel.)
Ensure no moving parts could shear or crush fingers.
Ensure all flexible seals are serviceable and not badly torn or
missing.
If so equipped, the school bus vandal locks should be inspected
to ensure that they are operable as designed, with a starter
lockout system and an audible warning system attached to any
emergency exits.
Inspect the head bumper pad to ensure it is securely mounted
and in serviceable condition.
On power operated doors ensure that the emergency release
operates as designed and is clearly labeled (whether the power
is on or off).
Repair if any aspect of the standard or inspection fails.
NOTES:

Service door linkage hardware may be adjusted to reduce slack.
Hinges and other working parts may be lubricated, preferably with a silicone
base lubricant to reduce dirt attraction.
Defective seals, switches, or excessively worn parts must normally be
replaced.
Adjust air doors properly to prevent the doors from opening or closing
too fast, risking injury.

For additional information see also FMVSS 205 or Section 3 – Colorado Minimum
Standards of this manual.
3. Emergency Exits
Type A, B, C, & D buses shall be equipped with emergency exits in
accordance with the following:
Emergency exits shall be equipped with a slide-bar latch (after
Oct. 1, 1993, a 3 point latch), and shall have a minimum stroke
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of one inch. Emergency door latch shall be equipped with
suitable electric plunger-type switch connected to a buzzer
located in the driver’s compartment.
The switch shall be enclosed in a metal case and wires leading
from the switch shall be concealed in the bus body. The switch
shall be so installed that the plunger contacts the farthest edge
of the slide bar in such a manner that any movement of the slide
bar will immediately close the switch circuit and activate the
buzzer. A separate interior handle shall be provided to pull the
door shut from the inside.
The exterior door handle shall be of permanent hitch-proof
design and mounted with enough clearance to permit opening
without touching door surface and may be equipped with a lock,
which will not permit opening from outside.
All emergency door openings shall be completely weatherstripped.
Operation instructions for opening door shall be lettered or have
a decal on the inside of the emergency door.
Emergency doors shall bear the words "EMERGENCY EXIT"
both inside and outside in letters at least 2 inches high. Words
shall be placed directly above the door or on the upper portion of
the door.
There shall be a head bumper pad installed over the emergency
door on the inside of the body. This pad shall be approximately
3 inches high, at least 1 inch thick and extend across the entire
top of the emergency door opening. Padding shall be of the
same materials as the padding used over the service door.
Reflective tape around doors and windows as per CDE
Minimum Standards.
Side Emergency Exit Door
If the engine or storage compartment is so located as to make it impossible to
place a door in the center of the rear of the bus, the emergency door shall be
located in the rear half of the bus body. The door shall not be located to
reduce the size of the wheel well. The door shall be hinged on the front side.
Emergency Window Exit
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If the engine compartment is so located as to require a side emergency door,
an emergency window shall be installed in the rear of the bus and shall be no
smaller than 16 inches in height and 54 inches in width.
The emergency window must be hinged from the top and provided with a
hold-open control to ensure against accidental closing during an emergency.
The emergency window in the rear shall be equipped with a latch on the inside
and a handle of hitch proof design, which will permit opening from the outside.
All emergency windows shall bear words "EMERGENCY EXIT" in letters at
least 2 inches high both inside and outside the windows. Lettering shall be
placed no more than three inches above windows.
All emergency windows shall be equipped with a buzzer. When not fully
latched, it shall activate a signal buzzer audible to the driver.
NOTE: Emergency doors for type A and B buses shall comply with current FMVSS
for appropriate vehicular weight rating. Warning buzzer and other safety related
items are the same for all type buses. Small vehicles are exempt from this standard.
Inspection Procedure
Ensure that opening and closing mechanisms operate in
accordance with the standard from inside and outside the bus.
Ensure all warning devices operate as designed, including roof
escape vents. Warning devices are designed to provide
warning for the bus operator in two primary areas:
That the door is open when it should not be.
That the door is locked when it should not be.
Inspect contact points on all warning devices and switches for
excessive wear and/or misalignment.
Ensure interior and exterior door handles are in good condition
and do not have excessive play.
Ensure weather-stripping is serviceable and is not torn or
missing.
Ensure all instructions and identification markings are in
accordance with the applicable standards and are readable.
Ensure interior handle guard is securely mounted.
Inspect the head bumper pad to ensure it is securely mounted
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and in serviceable condition.
If so equipped, inspect the emergency exit window to ensure all
applicable warning devices operate as designed, that it opens
and closes smoothly, and that required markings are readable.
Check starter/door interlock for proper operation. The vehicle
should not be capable of starting if the rear or side emergency
exits are locked.
Repair if any aspect of the standard or inspection fails.
NOTES: Hinges and other working parts may be lubricated, preferably with a
silicone-based lubricant to reduce dirt attraction.
Defective seals, switches, or excessively worn parts must normally be replaced.
Leaks in weather-stripping or seals may be re-sealed. Badly damaged or
deteriorated seals and weather-stripping normally must be replaced.
HINT: If a door locking mechanism is added to the emergency exits, it must meet the
same requirements as an OEM style lock. This means that all warning and starter
interlock devices must also be installed and in good working order.
For additional information see also FMVSS 205 or Section 3 – Colorado Minimum
Standards of this manual.
4. Emergency Equipment
Fire Extinguisher
The bus shall be equipped with at least one pressurized 5-pound dry-chemical
fire extinguisher of a type approved by UL, with a total rating of not less than
2A10BC. The operating mechanism shall be sealed with a type of seal that will
not interfere with use of the fire extinguisher.
The fire extinguisher shall be mounted in the extinguisher manufacturer’s
bracket (automotive type) and located in the driver’s compartment in full view
of and readily accessible to the driver. A pressure gauge shall be so
mounted on the extinguisher as to be easily read without removing
extinguisher from its mounted position.
Small vehicles shall have one 2 1/2 pound extinguisher, rated at 1A10BC.
Inspection Procedure
Pressure gauge should indicate proper charge and be readable
without removing extinguisher from the bracket.
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The bracket should be securely mounted and should securely
hold the extinguisher in place.
Inspect operating mechanism seal.
Repair or replace if any aspect of the standard or inspection fails.
It is recommended that fire extinguisher be periodically removed from the
bracket, turned upside-down and tapped with a rubber mallet to ensure that
the powder inside the extinguisher is not compacted. Compacted powder in a
fire extinguisher can render it inoperable.
NOTE: It is recommended that an extinguisher technician inspect all fire
extinguishers used in pupil transportation vehicles not less frequently than once a
year.
First Aid Kit
Buses and small vehicles shall carry a minimum of one 24 unit first aid kit, which
shall either be mounted securely in full view, or the location plainly indicated by
appropriate markings in the driver’s compartment. The kit(s) shall be mounted in
such a manner that they can be removed from the bus if necessary.
First Aid Kit Requirements
See also Section 3 – Colorado Minimum Standards of this manual.
Body Fluid Kit Requirements
See the Minimum Standards items chart for Colorado School Buses
elsewhere in the manual.
Inspection Procedure
Inspect to ensure kit includes all the proper contents.
Brackets should be securely mounted and should hold the kit(s)
securely in place.
HINT: A simple method of sealing first aid kits is to use a plastic tie on the latches,
similar to the ties used on fire extinguishers.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
Emergency Reflectors
Buses and small vehicles shall be equipped with three red and orange emergency
triangle reflectors in compliance with FMVSS 125, contained in a securely mounted
case.
If the emergency triangle reflector case is mounted in the passenger compartment
of a small vehicle it shall be securely mounted.
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Inspection Procedure
Ensure case contains 3 reflectors and is securely mounted.
Reflectors should be physically checked to ensure they operate
as designed.
Repair if any aspect of the standard or inspection fails.
HINT: Emergency reflectors are normally stored in plastic boxes attached to the floor
or elsewhere in the vehicle. The lid latches on these boxes break over time, resulting
in an open box whereby the triangle reflectors could fly out in the event of an
accident. It is recommended that a metal band type device be used to secure the lid
of the box (it may also be used to secure the box to the vehicle). The latch of such a
metal band must be easily opened to afford access to the triangle reflectors. A seal
similar to that described in the first aid kit section of this manual may also be
employed on the reflector storage box. For ease of identification, your district should
try to choose a general location on each bus that would be familiar to every driver.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
5. Floor Covering and Steps
Aisle floor covering shall be ribbed. Cove molding shall be used along the
side walls and rear corners and all floor seam separations shall be covered
with durable metal stripping.
Entrance steps shall have an integral white nosing of at least 1 1/2 inches or
be diagonal striped. Tread area shall be of non-skid material and sealed to
prevent water from getting underneath the step tread.
A secured and insulated plate shall be provided for access to the fuel tank
sending unit.
Inspection Procedure
Inspect to ensure that:
All moldings are securely fastened and no fasteners are
missing.
Steps are clean and nosing and/or stripes are easily seen.
Tread area is securely adhered.
Fuel sender access cover is secured and in good condition.
Repair if any aspect of the standard or inspection fails.
For further information see also Section 3 – Colorado Minimum Standards of this
manual.
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6. Grab Rails
Grab rails are furnished to assist with the loading and unloading of
passengers. When the weather is icy or wet they become even more critical.
Inspection Procedure
Inspect to ensure that:
The grab rail is securely anchored at both ends.
The grab rail is free from burrs, cracks, and anchor bolts that
may snag clothing.
Check the grab rail clearance at each end, and along its path, to
ensure that there is sufficient clearance so as not to snag
clothing.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
7. Interior Lighting
Interior Lamps
Interior lamps shall be provided which adequately illuminate the aisle. A
separate lamp shall be provided in the step well.
Step Well Lamp
A service door switch lighting the lamp when the door is open, and not lighting
the lamp when the door is closed shall control the step well light.
Inspection Procedure
Inspect to insure that:
All lenses are clean.
All lamps illuminate properly when appropriate controls and/or
switches activated.
Switches should operate smoothly.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
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8. Interior Mirrors
The primary purpose of the interior mirror is to afford the bus driver a view of
the passenger area.
The interior mirror shall be either clear view laminated glass or clear view glass
bonded to a backing which retains the glass in the event of breakage. The
mirror shall have rounded corners and protected edges. Type A buses shall
have a minimum of a 6" x 16" mirror and type B, C, and D buses shall have a
minimum of a 6" x 30" mirror.
Small vehicles must have standard manufacturer's interior mirror.
Small vehicles must have OEM exterior mirrors, on both the left and right side
(or mirrors which exceed OEM), which met current FMVSS appropriate to the
GVW rating.
Inspection Procedure
Mirror should be securely mounted so as to minimize vibration
and should not be in a bind causing distorted images or
breakage.
Check all fasteners for tightness.
Mirror should not have any damage or discoloration, and should
afford a clear, non-distorted view of the vehicle's interior.
Mounting, framing, and other related hardware should be
damage free.
Repair or replace if any aspect of the standard or inspection fails.
NOTE: Hardware and/or brackets may be repaired. The finished repair should be
consistent with or better than OEM and should not have burrs or sharp edges.
Defective mirrors must be replaced.
For additional information see also Section 3 – Colorado Minimum Standards in this
manual.
9. Driver’s Seat
All Type A,B,C and D buses must conform to these standards. Small vehicles
must be equipped with standard manufacturers’ seats.
Starting July 1, 1979
The driver’s seat must be securely fastened to the floor and equipped with a seat belt
as follows: a locking retractor type seat belt with the button type latch mounted on the
right side shall be provided for the driver.
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Each belt section shall be booted so as to keep the belt and buckle off the floor and
within easy reach of the driver. The belt shall be anchored in such a manner or guided
at the seat frame so as to prevent the driver from sliding sideways from under the belt.
Starting Oct. 1, 1993
A type 2 lap belt/shoulder harness seat belt shall be provided for the driver. The
assembly shall be equipped with an emergency locking retractor (ELR) for the
continuous belt system. The lap portion of the belt shall be guided or anchored where
practical to prevent the driver from sliding sideways under it.

Inspection Procedure
The minimum distance between the closest part of the seat back
and the steering wheel is 11 inches.
The seat pedestal is securely fastened to the floor, and centered
to the steering column.
The seat belt conforms to the standards and the latch
mechanism works properly.
The seat belt is secured to the floor and that when properly
adjusted across the lap there is no excessive slack in the belt.
All seat adjustments should be operational.
Check seat belt webbing for fraying or discoloration.
Repair if any aspect of the standard or inspection fails.
NOTE: All hardware may be repaired. Federal law prohibits repairs or modifications
to the seat belt assembly.
For additional information see also FMVSS 222 or Section 3 – Colorado Minimum
Standards of this manual.
10. Passenger Seats and Restraining Barriers
All Type A,B,C and D buses shall conform to this standard. All seating and
restraining barrier design and construction must meet the provisions of
FMVSS 222.
All seats shall be forward facing and shall be securely fastened to that part of
the school bus body, which supports them.
No bus shall be equipped with jump seats or portable seats. Jump seats are
seats that must be raised or lowered manually. Seats that rise automatically
are acceptable.
Forward-most pupil seat on the right side of the bus shall be located so as not
to interfere with driver’s vision, not farther forward than the barrier behind
driver or rear of driver’s seat when adjusted to its rear-most position.
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Seat Material shall comply with FMVSS 302 and shall have a finished weight
of not less than 42 oz. rating.
Passenger Seat Cushion retention system shall be employed to prevent
passenger seat cushions from disengaging from seat frames in event of
accident. Each seat cushion retention system shall be capable of withstanding
vertical static load equal to minimum of five times weight of cushion.
Small Vehicles must be equipped with OEM seats. Small vehicle seating
capacity shall conform to OEM rated capacity but IN NO EVENT may the
seating capacity of small vehicles used for pupil transportation exceed the
manufacturer’s rating, including driver.
For additional information see also FMVSS 222 or Section 3 – Colorado Minimum
Standards of this manual.
Inspection Procedure
All seats must be forward facing and securely fastened to the
bus body and/or floor.
Ensure that seat cushion retention system prevents cushions
from disengaging from seat frame. Test by lifting the cushion by
hand.
Ensure that there are no burrs or sharp edges exposed on seat
frames or hardware.
Ensure that the foam cushions and backs are fully intact to
protect the occupants.
Repair if any aspect of the standard or inspection fails.
11. Seat Belt/Lap Belt
Inspect belts for discoloration and general appearance.
Remove and clean any belts that are excessively soiled.
Replace all belts that show signs of raveling, fraying, cuts, etc., which may be
caused by excessive wear or vandalism.
Inspect all belts so that they adjust properly and freely.
Check latch/release operation. Inspect for metallic corrosion on metal components.
Carefully inspect latches and buckles for obstructions, and that latches and buckles
are not cracked or broken.
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Inspect all mounting hardware for any burrs and sharp edges or missing hardware.
Inspect all retracting devices for proper operation. Also inspect all retracting cover
guards for deficiencies.
NOTE: Federal law prohibits modification or repairs to seat belt assemblies.
HINT: When cleaning seat belts, do not use solvent-based cleaners.
12. Interior Storage Compartments
A metal container of adequate strength and capacity for the storage of tire
chains, tow chains, and such tools as may be provided. Such storage
container may be located inside the passenger compartment.
It shall have a cover other than the seat cushion. The cover shall be securely
fastened to the storage compartment in such a manner as to prevent the
contents from spilling in case the bus overturns.
Inspection Procedure
Inspect to ensure inside storage compartments are securely
mounted to bus floor and that the lid is in place and securely
fastened. It is recommended that storage compartments be
bolted to the floor.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
13. Sunshield
An interior transparent, adjustable, double bracketed sun visor shall be
installed. The visor must not be less than 6 inches wide and 30 inches long.
Inspection Procedures
Sunshield should meet the standard and should be installed in a
position convenient for use by the driver.
Brackets and related hardware should be damage free and
securely mounted.
Sunshield should be adjustable by the driver without having to
use tools.
Repair if any aspect of the standard or inspection fails.
Brackets and hardware may be repaired or replaced. Finished work should
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not have burrs or sharp edges.
Defective or badly scratched sunshields must be replaced.
NOTE: Sunshields can be replaced with smoke-colored Plexiglas or Lexan which are
available at glass shops.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
14. Ventilation
The bus shall be equipped with a two-speed powered exhaust roof ventilator,
mounted approximately two-thirds of the way back from the front roof header.
Type A school buses are excepted from this requirement.
NOTES: This requirement applies to school buses manufactured on or after July 1,
1979, only.
After Oct. 1, 1993, two roof escape hatches may be substituted in the place of a
powered roof ventilator.
After Feb. 1, 1999, vehicles over 20 feet long must have a multiple speed roof vent.
Inspection Procedure
Inspect to ensure vent controls operate as designed.
Repair if any aspect of the standard or inspection fails.
For additional information see also Section 3 – Colorado Minimum Standards of this
manual.
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FRAME
1. Frame Members Inspection
The frame should be the original manufacturer’s frame. It should be free from
distortions, cracks, and welds. Federal Motor Carrier lists the following as
sufficient to remove a vehicle from service:
Frame Members
Any cracked, broken, loose, or sagging frame member.
Any loose or missing fasteners including fasteners attaching
functional components such as engine, transmission, steering
gear, suspension, and body parts.
Tire and Wheel Clearance
Any condition, including loading, that causes the body or frame
to be in contact with a tire or any part of the wheel assemblies.
2. Insulation
Insulating material of at least 1/4-inch thickness shall be placed between the
bus body and the main frame rails of the chassis, all the main cross-sills, and
the intermediate members. The materials shall have the quality of automotive
tire sidewall and shall be attached so that it will not move under severe
operating conditions.
3. Bus Body to Frame Attachment
The bus body shall be attached to the chassis frame in such a manner as to
prevent shifting or separation of the body from the chassis under severe
operating conditions.
The bus body frame shall be attached and sealed to the chassis cowl to
prevent entry of moisture and gases (Type A, B, & C buses).
Inspection Procedure
Ensure that the insulating material is in place at all contact
points between the body and the chassis frame.
Check all mountings for proper alignment and tightness.
Spring loaded mounts should be checked for broken springs or
bolts.
Flat iron mounts with nuts inside enclosed stringers are not
repairable.
Repair if any aspect of the standard or inspection fails.
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4. Bumpers
See Front Bumper and Rear Bumper earlier in Section 6 – Body.
HINT: Rust or signs of wear will indicate movement of body mounts. Some spring
type mounts may be lubricated if a popping noise has been noticed on occasion.
For Additional information see also Section 3 – Colorado Minimum Standards or
Section 19 – Steering and Suspension of this manual.
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ADDITIONAL INFORMATION
1. Web Sites
www.blue-bird.com
www.internationaltrucks.com
www.thomasbus.com
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MECHANICAL AND COMMON COMPONENTS
Brakes are the most significant safety element of any school bus, or transportation
vehicle. We encourage all school districts to exceed the standards set forth by the
Federal Motor Vehicle Safety Standards, or the Federal Motor Carrier Safety
Regulations. Remember, if you have any doubt in your mind as to whether any
item is safe, clear your doubts and repair the item. You and the children involved
will rest easier knowing that they are in the safest vehicle on the road!
1. Brake Pedals and Linkage
The brake pedal should be in good condition. It should not be bent, cracked,
or distorted in any manner.
If the pedal was equipped with a rubber cover, it should be on the pedal
and in good condition.
The linkage between the pedal and the master cylinder (foot valve in an air
system), should be in proper adjustment. Check the appropriate technical
manual for free play or end play
All pins and rods should be free from cracking, bending, or any distortion.
2. Parking Brakes and Linkage
Hydraulic System
The hand or foot lever should be operational, and free from
binding.
Cables, cable mounting, and all linkage should be
operational, and free from binding.
The parking brake should hold the vehicle while
attempting to pull FORWARD in third gear with a manual
transmission, or drive with an automatic transmission.
DO NOT EXCEED 1000 RPM.
NOTE: Some transmission mounted parking brakes may not hold for this test due to
the torque of the engine.
Check the transmission mounted parking brake drum using
the same methods you would use on an axle mounted drum.
Air System
The parking brake valve shall be operational, within easy reach of
the driver, and shall not have any accessories attached to it.
All related air valves in the parking brake system shall be fully
operational.
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The parking brake should hold the vehicle while attempting to
pull FORWARD in third gear with a manual transmission, or
drive with an automatic transmission. DO NOT EXCEED 1000
RPM.
The emergency system of the parking brake shall allow the
spring brakes to automatically apply if the air pressure drops
below 40 psi.

3. Warning Systems and Gauges
All components of the warning system shall be operational and within DOT
guidelines.
The audible warning buzzer shall sound.
The visual warning lights shall be functional and visible.
All switches shall be operational and operate within DOT guidelines.
If the vehicle is equipped with an ABS system, all warning systems or gauges must
be operational.
4. Brake hoses, Lines, and Cables
All hoses, lines, or cables shall be in good operable condition.
All hoses, lines, or cables shall be properly routed, mounted, or anchored.
All hoses, lines, or cables shall be free from worn areas, chaffing, cracks, fraying or
leaks whichever may apply.
All fittings, lines, hoses, and tubing shall be DOT approved.
5. Documenting Brake Measurements
Record which wheel(s) is pulled by writing the measurements in the appropriate
box.
Document all the information in the box, indicate which wheel was pulled the
previous year.
The sample table given below is the same table that will be used for the annual
inspection.
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Record stroke reading (air brake system) (applied method)
LF_________ RF_________ LR_________ RR_________
Record top and bottom brake shoe/pad lining readings (minimum reading)
TLF__________/32 TRF_________/32 TLR__________/32
TRR_________/32
BLF__________/32 BRF_________/32 BLR__________/32
BRR_________/32
Previous Annual Inspection
Drum/Rotor reading
LF__________RF__________LR__________RR___________
Current
Drum/Rotor reading
LF__________RF__________LR__________RR___________
Manufacturer spec.
LF__________RF___________LR_________RR___________
It is important to keep in mind that brake drums should NEVER exceed the drum
manufacturer’s maximum diameter. When machining drums you should maintain a
0.030 of an inch cushion under the maximum diameter.
When performing the annual inspection, variables such as annual mileage, next PM
inspection date, life expectancy, etc. should be considered when determining
whether or not to replace drums or shoes.
NOTE: Remember, the goal is to NEVER exceed the drum manufacturer’s maximum
diameter.
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AIR BRAKE SYSTEMS
1. Air Valves
The parking brake valve shall be operational as explained on page 7.2.
ALL VALVES in the primary system shall be operational.
ALL VALVES in the secondary system shall be operational.
ALL VALVES should be clean, leak free, and securely mounted.
2. Compressor and Governor
With engine running at cut-out pressure, bleed air pressure down until compressor
engages and note that pressure.
Inspection Procedure
Record the operating pressures of the governor (the cut-in and the
cut-out pressures).
NOTE: The cut-out pressure for the governor should be set as close as possible to 120
psi or to current manufacturers’ specifications. The minimum cut-in pressure is 85 psi.
The drive belt shall be in good condition and in proper adjustment.
(where applicable)
The compressor mounting shall be tight, free of cracks, and all bolts
must be in place.
The compressor intake filter shall be clean and unobstructed.
The air, coolant, and oil lines shall be free of wear spots, cracks,
chaffing, and should be properly mounted and routed.
The compressor shall fill the complete system from 0 - 120 psi in 4
minutes or less at 1200-1500 RPM.
3. Reservoirs, Tanks, and Mounting
All tanks, or tank sections, shall be equipped with a proper drain.
The tanks shall be properly mounted, with the mounting secure and free of cracks,
breakage, or severe distortion.
All tanks should be in good general condition, and free of leaks.
The wet tank shall be equipped with a safety valve if the air dryer is not equipped
with one.
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The wet tank shall be equipped with an ejection, or spitter, valve if the system is not
equipped with a dryer.
4. Air Dryer
An air dryer shall be properly mounted in the proper location in the system, just
prior to the wet tank. The mountings shall be secure and free from cracks,
breakage, or severe distortion.
The air dryer shall be in good operating condition, with the drying compound free of
contaminants or oil.
The heating element shall be operational (if equipped).
The air dryer shall be equipped with a safety valve if the wet tank is not equipped
with one.
5. Air Chambers (Brake Pots)
The purpose of the air chambers is to maintain proper brake balance. It is
recommended that chambers be replaced in pairs. The air chambers shall be of
proper and equal size for each axle (preferably from the same manufacturer).
The air chambers shall be properly mounted, with the mounting free from cracks,
breakage, or distortion.
The chambers shall be free from cracks, dents, rust, and leakage.
The chamber clamps shall be tight, and free from cracks or breakage.
The connectors and lines for each chamber shall be tight, free from leaks,
bending, or twisting and shall be properly routed and mounted.
NOTE: It is not recommended that brake chambers be overhauled or serviced. If
a chamber is questionable it should be replaced. If you are having problems with
ice or dirt building up inside a chamber, a weather seal is available to keep foreign
matter from entering the chamber through the rod end.
6. Slack Adjusters
Record the slack adjuster stroke (after adjustment of manual slacks) of all four
wheels on the PM form.
Appendix G states:
(5) Readjustment limits. (a) The maximum pushrod stroke must
not be greater than the values given in the tables below and at
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§393.47(e). Any brake stroke exceeding the readjustment limit will
be rejected. Stroke must be measured with engine off and
reservoir pressure of 80 to 90 psi with brakes fully applied. Refer
to Appendix G later in this section.
The splines shall be in good condition.
The clevis pins and holes shall be in good condition.
The adjusting locknut shall be operational on manual slack adjusters.
Automatic slack adjusters shall be in good working order. Check the appropriate
manufacturer’s manual for adjustment, and testing procedure.
The slack adjusters shall be mounted so as to provide a proper applied angle of
less than 90 degrees when fully applied. For a diagram of this, see also
Additional Information at the end of this section.
7. S-Cams and Bushings
The S-cam shall not have any play exceeding the manufacturer’s specifications.
The S-cam seals should be intact and properly installed so as to not let grease
escape to the shoe end of the S-cam.
8. Foundation Brake Hardware
All springs shall be of proper tension. It is recommended that the springs be
replaced when replacing the shoe lining.
The rollers should be free of cracks, flat spots, or rust that may cause the rollers
not to roll. Must match S-Cam application for the vehicle. Pictured below is an
S-Cam with tapered rollers that is commonly found on air brakes.
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The anchor pins should be intact, with all the correct washers, springs, and
spring washers in proper placement. Replace any pins, washers, springs, spring
washers, snap rings, or C-clips that are damaged.
The backing plates should be free from cracks, breakage, or severe distortion
that may cause interference of the brake actuation.
9. Shoes or Pads (Lining)
All brake pad lining shall be measured at the thinnest point, and shall be measured
from the pad base, not the rivets. The pad lining shall not be less than 1/8" at the
thinnest point.
All brake shoe lining shall be measured at the shoe center, and shall be measured
from the shoe base, not the rivets. The shoe lining shall not be less than 1/4".
All shoe or pad lining shall be free from cracks or breakage.
All shoe or pad lining shall be free from contamination that may cause slippage of
grabbing.
All shoe or pad lining shall not be loose from the base, or have loose or missing
rivets.
NOTE: Replace lining if existing lining will not last until next annual inspection.
10. Drums or Rotors
Inspection Procedure
All four wheels will be removed and measurements taken on all
drums and shoes and all appropriate measurements shall be
documented. (see the table on page 4)
List the manufacturer’s maximum allowable specification.
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(Example: 15 inch drum - the maximum allowable would be 15.120",
or a 16.5 inch drum – the maximum allowable would be 16.620").
The drums shall not have any external crack or cracks that open
upon brake application. (Do not confuse short hairline heat cracks
with flexural cracks.) See Appendix G later in the brake section of this
manual.
Drums or rotors shall not be heat discolored.
Drums shall not be belled, or out of round past the manufacturer’s
specs.
Rotors shall not be out of parallelism or run out.
During the annual inspection, all foundation brakes shall be visually
inspected.
NOTE: Drums and rotors shall be measured in at least two places. The appropriate tools
for measurements are listed in Section 23 – Tool List of this manual. A lip type brake
micrometer will not measure the amount of bell that a brake drum has. A standard
micrometer will not measure the grooves worn into a rotor.
NOTE: Any school transportation vehicle with less than 4,000 miles since the
previous annual inspection shall have two wheels removed for inspection, which is
different from those removed for the previous inspection. Removing all four drums
for inspection on vehicles with under 4,000 miles has been deemed unnecessary.
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HYDRAULIC BRAKE SYSTEMS
1. Master Cylinder
The master cylinder shall be properly mounted. The mounting shall be secure, free
from cracks, breakage, or distortion.
The master cylinder shall be free of leaks. (Remember the dust seal must not leak
dirt or contaminants.)
The master cylinder shall be free of any visible damage.
The master cylinder shall have a brake pedal reserve as per the manufacturer's
specifications.
The attaching lines shall be free of leaks, bending, twisting, or breakage. The lines
must be properly routed and secure where appropriate.
NOTE: It is recommended that any leaking master cylinder should be replaced and not
rebuilt. A remanufactured master cylinder is a suitable replacement.
2. Wheel Cylinders or Calipers
The wheel cylinders/calipers shall be properly mounted. The mounting shall be
secure, free from cracks, breakage, or distortion.
The wheel cylinders/calipers shall be free of leaks.
The wheel cylinders/calipers shall be free of any visible damage.
The attaching lines or hoses shall be free of leaks, bending, twisting, or breakage.
The lines or hoses must be properly routed and secure where appropriate.
NOTE: It is recommended that any leaking wheel cylinder/caliper should be replaced and
not rebuilt. A remanufactured wheel cylinder/caliper is a suitable replacement.
3. Brake Fluid
The brake fluid shall be of a DOT approved type, and shall be of the manufacturer’s
specifications (Do NOT mix fluid types).
The fluid shall be free of contamination.
The fluid shall be at the appropriate level as per the manufacturer’s specifications.
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Test strips or electronic measuring device are available for moisture test of brake
fluid.
4. Hydraulic Brake Valves
All brake valves shall be operational.
All brake valves shall be properly installed and securely mounted where
appropriate.
All lines or hoses, and fittings, shall be properly installed, and shall be free from
worn spots, bending, twisting, or breakage. All connections shall be free of
leakage.
5. Foundation Brake Hardware
All springs shall be of proper tension. It is recommended that the springs be
replaced when replacing the shoe/pad lining.
The anchor pins should be intact, with all the correct washers, springs, and spring
washers in proper placement. Replace any pins, washers, springs, spring washers,
snap rings, or C-clips that are damaged.
The backing plates should be free from cracks, breakage, or severe distortion that
may cause interference of the brake actuation.
The self-adjusting mechanisms shall be fully operational. The cable (if applicable)
shall be free from fraying. All other linkage shall be free from binding, bending,
cracks, or breakage.
The axle seals shall not be leaking as to contaminate the lining causing slippage or
grabbing.
6. Shoes or Pads (Lining)
All brake pad lining shall be measured at the thinnest point, and shall be
measured from the pad base, not the rivets. The pad lining shall not be less
than 1/16" at the thinnest point.
All brake shoe lining shall be measured at the shoe center, and shall be
measured from the shoe base, not the rivets. The shoe lining shall not be less
than 1/16".
All shoe or pad lining shall be free from cracks or breakage.
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All shoe or pad lining shall be free from contamination that may cause slippage
of grabbing.
All shoe or pad lining shall not be loose from the base, or have loose or
missing rivets.
7. Drums or Rotors
During the annual inspection, all foundation brakes shall be visually inspected.
All four wheels will be removed and measurements taken on all drums and
shoes and all appropriate measurements shall be documented.
Any school transportation vehicle with less than 4,000 miles since the previous
annual inspection shall have two wheels removed for inspection, which is
different from those, which were removed for the previous inspection.
Removing all four drums for inspection on vehicles with under 4,000 miles has
been deemed unnecessary.
Inspection Procedure
All brakes are to be visually inspected with all four drums removed
and the appropriate measurements taken. (See the table on page
3)
List the manufacturer’s maximum allowable specification.
(Example: 13-inch drum - the maximum allowable would be
13.090")
The drums shall not have any external crack or cracks that open
upon brake application. (Do not confuse short hairline heat cracks
with flexural cracks.) See Appendix G later in the brake section
of this manual.
Drums or rotors shall not be heat discolored.
Drums shall not be belled, or out of round past the manufacturer’s
specs.
Rotors shall not be out of parallelism or out of round past the
manufacturer’s specs.
NOTES: Drums and rotors shall be measured in at least 2 places. The appropriate
tools for measurements are listed in Section 23 – Tools List of this manual. A lip type
brake micrometer will not measure the amount of bell that a brake drum has. A
standard micrometer will not measure the grooves worn into a rotor.
8. Booster Systems
Vacuum Booster
Shall be operational as per manufacturer specifications.
The one-way check valve shall be in good operating condition.
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The warning system shall be intact and fully operational (if equipped).
Hydraulic Booster
The drive belt shall be in good condition, and properly adjusted (if
equipped).
All lines, hoses, and fittings shall be in good condition. They should
be free from bending, twisting, cracking, and leaks. All lines should
be routed and anchored properly (if equipped).
The warning system shall be intact and fully operational (if
equipped).
Electric Booster
All connections and wire shall be in good condition. The wiring
should be routed and mounted properly to prevent rubbing or chaffing
of the wire.
The electric motor should be securely mounted. The mounting
should be free from cracks, breakage, or distortion.
All warning labels should be easily visible by the driver.
The warning system shall be intact and fully operational (if
equipped).
9. Switches
All switches shall be in good operating condition. They should be securely
mounted and adjusted properly (if equipped).
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ADDITIONAL INFORMATION
1. Web Sites
www.accuridewheelendsolutions.com
www.bendix.com
www.daytonparts.com
www.meritor.com
www.mgmbrakes.com
www.navistar.com
www.spicerbrakes.com
www.wabco-auto.com
2. Federal Motor Carrier Appendix G to Subchapter B
(current as of Feb. 23, 2012)
Brake System.
a. Service brakes.
(1) Absence of braking action on
any axle required to have
brakes upon application of the
service brakes (such as
missing brakes or brake
shoe(s) failing to move upon
application of a wedge, Scam, cam, or disc brake).
(2) Missing or broken mechanical
components including: shoes,
lining, pads, springs, anchor
pins, spiders, cam rollers,
push-rods, and air chamber
mounting bolts.
(3) Loose brake components
including air chambers,
spiders, and cam shaft
support brackets.
(4) Audible air leak at brake
chamber (Example-ruptured
diaphragm, loose chamber
clamp, etc.).
(5) Readjustment limits. (a) The
maximum pushrod stroke
must not be greater than the
values given in the tables
below and at §393.47(e). Any
brake stroke exceeding the
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readjustment limit will be
rejected. Stroke must be
measured with engine off and
reservoir pressure of 80 to 90
psi with brakes fully applied.
Clamp-Type Brake Chambers
Typ Outsid
Brake
Brake
e
e
Readjust
Readjust
Diame ment Limit ment Limit
ter
(Standard
(Long
Stroke)
Stroke)
6
4 1/2
1 1/4 in.
in.
9
5 1/4
1 3/8 in.
in.
12
5
1 3/8 in.
1 3/4 in.
11/16
in.
16
6 3/8 in 1 3/4 in.
2 in.
20
6
1 3/4 in.
2 in. (50.8
25/32
mm).
in.
2 1/2 in.
(63.5 mm)*
24
7 7/32 1 3/4 in.
2 in. (50.8
in.
mm).
2 1/2 in.
(63.5
mm)**
30
8 3/32 2 in.
2 1/2 in.
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36
*
**

in.
9 in.

2 1/4 in.

For type 20 chambers with a 3inch (76 mm) rated stroke.
For type 24 chambers with a 3inch (76 mm) rated stroke.

Bendix DD–3 Brake Chambers
Type
Outside
Brake
Diameter
Readjustment
Limit
8 1/8 in.
2 1/4 in.
30

Bolt-Type Brake Chambers
Type
Outside
Brake
Diameter
Readjustment
Limit
A
6 15/16 in.
1 3/8 in.
B
9 3/16 in.
1 3/4 in.
C
8 1/6 in.
1 3/4 in.
D
5 1/4 in.
1 1/4 in.
E
6 3/16 in.
1 3/8 in.
F
11 in.
2 1/4 in.
G
9 7/8 in.
2 in.
Rotochamber-Type Brake Chambers
Type
Outside
Brake
Diameter
Readjustment
Limit
9
4 9/32 in.
1 1/2 in.
12
4 13/16 in.
1 1/2 in.
16
5 13/32 in.
2 in.
20
5 15/16 in.
2 in.
24
6 13/32 in.
2 in.
30
7 1/6 in.
2 1/4 in.
36
7 5/8 in.
2 3/4 in.
50
8 7/8 in.
3 in.

(b) For actuator types not
listed in these tables, the
pushrod stroke must not be
greater than 80 percent of the
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rated stroke marked on the
actuator by the actuator
manufacturer, or greater than
the readjustment limit marked
on the actuator by the
actuator manufacturer.
(6) Brake linings or pads.(a)
Lining or pad is not firmly
attached to the shoe;(b)
Saturated with oil, grease, or
brake fluid; or(c) Non-steering
axles: Lining with a thickness
less than 1/4 inch at the shoe
center for air drum brakes,
1/16 inch or less at the shoe
center for hydraulic and
electric drum brakes, and less
than1/8inch for air disc
brakes.(d) Steering axles:
Lining with a thickness less
than 1/4 inch at the shoe
center for drum brakes, less
than 1/8 inch for air disc
brakes and 1/16 inch or less
for hydraulic disc and electric
brakes.
(7) Missing brake on any axle
required to have brakes.
(8) Mismatch across any power
unit steering axle of:(a) Air
chamber sizes.(b) Slack
adjuster length.
Wedge Brake Data—Movement of the
scribe mark on the lining shall not
exceed 1/16 inch.
b. Parking Brake System. No brakes on
the vehicle or combination are applied
upon actuation of the parking brake
control, including driveline hand
controlled parking brakes.
c. Brake Drums or Rotors.
(1) With any external crack or
cracks that open upon brake
application (do not confuse
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short hairline heat check
cracks with flexural cracks).
(2) Any portion of the drum or
rotor missing or in danger of falling
away.
d. Brake Hose.
(1) Hose with any damage
extending through the outer
reinforcement ply. (Rubber
impregnated fabric cover is
not a reinforcement ply).
(Thermoplastic nylon may
have braid reinforcement or
color difference between
cover and inner tube.
Exposure of second color is
cause for rejection.
(2) Bulge or swelling when air
pressure is applied.
(3) Any audible leaks.
(4) Two hoses improperly joined
(such as a splice made by sliding
the hose ends over a piece of
tubing and clamping the hose to
the tube).
(5) Air hose cracked, broken or
crimped.
e. Brake Tubing.
(1) Any audible leak.
(2) Tubing cracked, damaged by
heat, broken or crimped.
f. Low Pressure Warning Device
missing, inoperative, or does not
operate at 55 psi and below, or 1/2 the
governor cut-out pressure, whichever is
less.
g. Tractor Protection Valve. Inoperable
or missing tractor protection valve(s) on
power unit.
h. Air Compressor.
(1) Compressor drive belts in
51 of 343

condition of impending or probable
failure.
(2) Loose compressor mounting
bolts.
(3) Cracked, broken or loose
pulley.
(4) Cracked or broken mounting
brackets, braces or adapters.
i. Electric Brakes.
(1) Absence of braking action on
any wheel required to have brakes.
(2) Missing or inoperable
breakaway braking device.
j. Hydraulic Brakes. (Including Power
Assist Over Hydraulic and Engine Drive
Hydraulic Booster).
(1) Master cylinder less than 1/4
full.
(2) No pedal reserve with engine
running except by pumping pedal.
(3) Power assist unit fails to
operate.
(4) Seeping or swelling brake
hose(s) under application of pressure.
(5) Missing or inoperative check
valve.
(6) Has any visually observed
leaking hydraulic fluid in the brake
system.
(7) Has hydraulic hose(s)
abraded (chafed) through outer coverto-fabric layer.
(8) Fluid lines or connections
leaking, restricted, crimped, cracked or
broken.
(9) Brake failure or low fluid
warning light on and/or inoperative.
k. Vacuum Systems. Any vacuum
system which:
(1) Has insufficient vacuum
reserve to permit one full
brake application after engine
is shut off.
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(2) Has vacuum hose(s) or line(s)
restricted, abraded (chafed)
through outer cover to cord
ply, crimped, cracked, broken
or has collapse of vacuum
hose(s) when vacuum is
applied.
(3) Lacks an operative low-vacuum
warning device as required.
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3. Diagrams

WORM GEAR

LOCK SLEEVE
ADJUSTING SCREW
(WORM SHAFT)
ADJUSTING GEAR

GREASE HOLE

SPLINE
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The slack adjuster should be adjusted with the threaded clevis or yoke and the adjuster
screw, so that the brake chamber push rod is at a 90 degree angle with the slack adjuster
arm in the brake full applied position. Then, consult the data chart for specifications on the
particular type brake chamber in question.
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BEARINGS, TIRES, AND WHEELS
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................................................................................. Page #

1.

Bearings
a.
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BEARINGS
1. Purpose
The bearings are an effective way of distributing the weight of the vehicle
over a small area, and still allow the wheels to roll.
2. Inspection
Wheel bearings should be checked any time the hub is removed. Follow OEM
inspection procedures. Check the bearings and seals for any sign of wear or
deterioration.
NOTE: Always check the appropriate service manual for the correct procedure.
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TIRES
1. Purpose
Modern pneumatic tires provide traction for moving and stopping the vehicle.
Properly inflated, today's tires will absorb irregularities in the road surface, give a
safe and comfortable ride, and provide a reassuring grip to the road at all speeds.
2. Inspection Procedure
Excessive or uneven tread wear results from under inflation, rapid stops, fast
acceleration, misalignment, and unbalanced conditions. Road surface condition will
also affect tire life. Gravel roads and rough-finished concrete will wear tires quickly.
Smooth concrete and asphalt surfaces aid in promoting maximum tire life. Normal
wear causes the tire tread to be reduced evenly and smoothly. Types of abnormal
wear include:
Spotty Wear
Over inflation Wear
Under inflation Wear
Toe-in Wear
Toe-out Wear
Incorrect Camber Wear
Cornering Wear
NOTE: Most tire manufacturers have manuals with pictures of examples for the tire wear
listed above.
3. Tire Wear Patterns
Toe Wear
The typical wear pattern that develops from excessive toe is a feather
edged scuff across the crown. Excessive toe is usually seen on both
steer tires.
Camber Wear
If the spindle has excessive positive camber, the tire will scrub off the
outside shoulder. If the spindle has excessive negative camber, the
tire will scrub off the inside shoulder. Camber wear is usually seen
on just one tire.
Cupping Wear
Any loose or worn component in the steering or suspension systems
can cause odd wear, cupping, and flat spots. Check for loose wheel
bearings, excessive steering gear lash, worn tie rod ends, and worn
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kingpins. Check for worn shock absorbers. Check for improper tire
inflation or balancing.
Flat Spotting Wear
Localized wear across the tread width. Causes include brake
lockup, brake imbalance, out of round brake drums, axle hop or
skip. A tire being parked on a surface containing hydrocarbon oils,
chemicals, and solvents can also cause this type of wear pattern.
The affected area of the tread will wear more rapidly, leaving a flat
spot.
Diagonal Wear
Localized wear diagonally across the tread width. Side forces
imposed by a combination of toe and camber create diagonal
stress in the footprint of the tire. Localized wear patterns tend to
follow this same direction creating diagonal wear. Causes include
excessive toe setting, axle misalignment, excessive steering
system elasticity, incorrect steering angle in turns, and excessive
camber setting.
4. How To Read Tire Wear
The way your tires wear is a good indicator of other parts of your car. Abnormal wear
patterns are often caused by the need for simple tire maintenance, or for front end
alignment. Tires should be inspected at every opportunity; once a week isn't too often.
Learning to read the early warning signs of trouble can prevent wear that shortens tire
life or indicates the need for having other parts of the car serviced. Tires should be
inspected 3 ways. First, visually examine all 4 tires; second, feel the tread by hand to
detect wear such as feathering and third, check all 4 tires with a pocket type pressure
gauge.
Over Inflation
Excessive wear at the center of the tread
indicates that the air pressure in the tire is
consistently too high. The tire is riding on
the center of the tread and wearing it
prematurely. Many times, the "eyeball"
method of inflation (pumping the tires up
until there is no bulge at the bottom) is at
fault; tire inflation pressure should always be
checked with a reliable tire gauge.
Occasionally, this wear pattern can result
from outrageously wide tires on narrow rims.
The cure for this is to replace either the tires
or the wheels.
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Under Inflation
This type of wear usually results from
consistent under inflation. When a tire is
under inflated, there is too much contact
with the road by the outer treads, which
wear prematurely. Tire pressure should be
checked with a reliable pressure gauge.
When this type of wear occurs, and the tire
pressure is known to be consistently correct,
a bent or worn steering component or the
need for wheel alignment could be
indicated. Bent steering or idler arms cause
incorrect toe-in and abnormal handling
characteristics on turns.
Feathering
Feathering is a condition when the edge of
each tread rib develops a slightly rounded
edge on one side and a sharp edge on the
other. By running your hand over the tire,
you can usually feel the sharper edges
before you'll be able to see them. The most
common cause of feathering is incorrect
toe-in setting, which can be cured by having
It set correctly. Occasionally toe-in will be
set correctly and this wear pattern still
occurs. This is usually due to deteriorated
bushings in the front suspension, causing
the wheel alignment to shift as the car
moves down the road.
One Side Wear
When an inner or outer rib wears faster than
the rest of the tire, the need for wheel
alignment is indicated. There is excessive
camber in the front suspension, causing the
wheel to lean too much to the inside or
outside and putting too much load on one
side of the tire. The car may simply need the
wheels aligned, but misalignment could be
due to sagging springs, worn ball joints, or
worn control arm bushings. Because load
has a great affect on alignment, be sure the
car is loaded the way it's normally driven
when you have the wheels aligned; this is
particularly important with independent rear
suspension cars.
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Cupping
Cups or scalloped dips appearing around
the edge of the tread on one side or the
other, almost always indicate worn
(sometimes bent) suspension parts.
Adjustment of wheel alignment alone will
seldom cure the problem. Any worn
component that connects the wheel to the
car (ball joint, wheel bearing, shock
absorber, springs, bushings, etc.) can cause
this condition. Worn components should be
replaced with new ones. The worn tire
should be balanced and possibly moved to
a different location on the car. Occasionally,
wheels that are out of balance will wear like
this, but wheel imbalance usually shows up
as bald spots between the outside edges
and center of the tread.
Second-rib Wear
Second-rib wear is normally found only in
radial tires, and appears where the steel
belts end in relation to the tread. Normally, it
can be kept to a minimum by paying careful
attention to tire pressure and frequently
rotating the tires. Some car and tire
manufacturers consider a slight amount of
wear at the second rib of a radial tire
normal, but that excessive amounts of wear
indicate that the tires are too wide for the
wheels. Be careful when having oversize
tires installed on narrow wheels.
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WHEELS
1. Inspection Procedure
Rim and Wheel Maintenance During a Tire Inspection
Check all metal surfaces thoroughly while making tire inspections,
including the areas between the duals and on the inboard side of the
wheel. Watch for:
Excessive rust or corrosion build-up.
Cracks in metal.
Bent flanges, resulting from road obstructions.
Pull damaged rims or wheels.
Replace damaged parts.
NOTE: Insure that replacements are made with the proper size and types of rims.
Inflate tires only to recommended air pressure.
HINT: Be alert to the fact that there are at least two rim widths, 7 ½ ― and 8 ¼ ―. Be
careful not to mix rim widths on the same axle and use the proper size tire for the
proper rim. There are hub piloted and lug piloted rims.
Rim and Wheel Maintenance During Tire Changes
Check for cracks in the rim base, in the back flange, and in the gutter areas.
These are caused by deep rim tool marks, overloading, overinflating tires, and
using larger than recommended tire sizes.
Check for cracks in the wheel disc, between the stud holes or hand holes.
These are caused by loose wheel nuts, improper installation procedures, and the
use of incorrect sizes or types of attaching parts.
Check for cracks through the side ring, spreading laterally through the entire
section. These are caused by improper mounting and dismounting techniques,
and impact with road obstructions.
Bead seating areas of the rim should be free of rust and rubber deposits. This is
especially important for drop-center tubeless rims, because the 15-degree bead
seat is the air-sealing element.
Paint the rim by brush or spray with fast-drying metal primer. Surfaces should
be clean and dry prior to painting. Insure that any bare metal areas on the
outside or the tire side of the rim are covered. This is especially important on
drop-center tubeless rims, because warm and sometimes moist air is in constant
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contact with the metal surface on the tire side of the rim.
Lubricate the tire side of the rim base just prior to mounting the tire. Avoid the
use of any lubricant, which contains water, or solvent that is injurious to rubber.
A combination lubricant and rust preventive compound is preferable. This
protective measure is of particular importance with drop-center tubeless rims, as
the air inside the tire is contained by the tire-side rim surface.
Inflate tires only to recommended air pressure.
NOTE: For Dayton style wheels used on pre 1978 standard buses, see the appropriate
service manual for inspection and maintenance procedures.
HINT: When using hub piloted rims, use anti-seize around the inner edge of the rim
to prevent the rim from binding on the hub during installation or removal.
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ADDITIONAL INFORMATION
1. Web Sites
www.accuridecorp.com
www.acdelco.com
www.bandag.com
www.binkelman.com
www.federalmogul.com
www.fleetowner.com
www.skf.com
www.stemco.com
www.timken.com
2. Fleet Owner Article – New Twist on Bearing Adjustment
The following are highlights of an article in the September 1991 copy of FLEET
OWNER titled New Twist on Bearing Adjustment.
The trucking industry is confronted with two approaches to wheel-bearing
adjustment. The prevailing procedure calls for a specified amount of axial end play
to be left when mounting a hub. Running contrary to that is the theory that a
controlled amount of preloading is acceptable, provided the axial load on the
bearing is not excessive.
In the interest of providing a uniform standard for wheel-bearing adjustment, The
Maintenance Council of ATA has asked its wheel-seal task force to draft a
recommended practice that will address this issue, and thus help fleets get longer
wheel-bearing life.
Until now, the more common practice has been to adjust wheel bearings so that the
range of axial end play in wheel-end assemblies is very small, typically 0.001 to
0.005 inch for front axles and 0.001 to 0.010 inch for drive and trailer axles.
The alternative procedure, as recommended by Federal-Mogul, is to tighten the
spindle nut against the bearing to achieve a 50lb.-ft. preload condition, thus
preventing any axial end play and protecting the wheel seal.
Although bearing manufacturers, as well as the vehicle OEMs and axle makers, do
not believe a small amount of preload is necessarily harmful to bearing life, they are
very concerned about the consequences of too much preload -- a very real
possibility since there is such a wide variance in wheel-bearing adjustments among
fleets.
Mechanics are usually trained at the fleet level to adjust wheel bearings by backing
off the spindle nut one-quarter to one-third turn before installing the adjustment lock
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washer and tightening the jam nut. This leaves a few thousandths of an inch of
axial end play, providing enough free running clearance to allow a modest side-toside movement of the wheel on the spindle. In fact, many fleets have guidelines
that are too loose when it comes to adjusting wheel bearings.
There are five variables that affect preload -- friction of the spindle thread, friction of
spindle-nut shoulder, torque wrench accuracy, accuracy of the mechanic, and the
ability of the technician to maintain the preload setting when tightening the jam nut.
If a fleet has a system to precisely control those variables, and can put a
reasonable amount of preload into a bearing, it may be okay to slightly preload.
Manufacturers are concerned about the combination of too much reliance on the
mechanic's judgment and too little shop control over wheel-bearing adjustment. A
really tightly adjusted bearing can get so over-heated that it will run red hot and
slice right through the spindle. There is a fine line -- just a few thousandths of an
inch of clearance -- between an end-play adjustment that's too tight and one that's
too loose.
The major problem with a loosely adjusted bearing is the pounding the seal takes
as the wheel rotates, which may eventually lead to seal failure. Another reason for
seal failure – and one that gets too little attention – is the difference in the
expansion rates of a wheel and its spindle. As a truck warms up, the bearing’s
cone expands slightly, but the cup expands more. In a fully warmed vehicle, the
differential produces a met increase in end play of from 0.001 to 0.002 inch.
Therefore, the closer a wheel bearing can be adjusted – without going into preload
– the more a fleet can be assured that its end play will stay below the 0.005 inch
limit for front wheels and the 0.010 inch limit for drive and trailer wheels.
Federal-Mogul recommends that shop technicians set drive and trailer axle
bearings into the hub housings by tightening wheel spindle nuts to 150 lb.-ft. then
back off one-half turn and retighten with a torque wrench to 50 lb.-ft. Similarly, it
advises fleets to initially torque the front-wheel spindle nuts to 100 lb.-ft. back off
one-sixth turn, then final torque to 50 lb.-ft. before installing the lock washer.
Tightening jam nuts to 200 to 250 lb. will impose an additional compression load on
the bearing and the added preload will slightly increase wheel drag, but it will not
invite the wheel-bearing cup to spin in the hub, nor will it cause rear shoulder wear.
What a fleet will gain is lengthened seal life, provided the hub cavity is kept clean of
shavings and other foreign matter that can hurt the bearings.
Federal-Mogul feels that tighter adjustment will not harm bearings because the
clamping forces on wheel bearings tend to diminish, and end play in wheel ends
increases when a rig is operated.
Each time a wheel bearing has to be exposed for a brake job or other wheel-end
work, carefully remove the bearing cone, clean the bearing, and steam clean the
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hub cavity to remove all tiny metal particles that can cause seal wear and oil
leakage. Before a wheel-end is reassembled, eliminate all traces of moisture from
the hub. Then, the bearing is greased prior to reinstallation. A new wheel seal is
installed and the hub cavity is filled with fresh oil.
A drive-axle pinion bearing a front wheel-bearing are approximately the same size,
and subject to the same types of loads. Yet in most fleets the pinion bearing, which
is preloaded by design, outlasts the wheel bearing. The reason pinion bearings last
longer, is that the axle housing is a cleaner environment than the hub cavity. If the
hub cavity can be kept as clean as the axle environment, then both bearings should
get equally long life.
Remember, consistency reduces the chance for mistakes in wheel-bearing adjustment.
For further information, please read the article in FLEET OWNER magazine article
written by Stewart Siegel.
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CLUTCHES
1. Purpose
The clutch allows the driver to engage or disengage the engine torque from
the manual transmission, allowing the driver to select a different gear
range.
2. Inspection Procedure

Mechanical Linkage
Road test to detect any performance problems.
Check for proper free play adjustment.
Check for clutch slippage.
Stop vehicle and inspect for worn or broken parts.
Inspect the flywheel for wear within proper specifications, or if the ring
gear is excessively worn.
Lubricate the linkage at all movable points.
NOTE: Refer to the appropriate manufacturer's service manual for proper adjustments.

Hydraulic Clutch
Check fluid level
Check master cylinder for leakage
Check slave cylinder for leakage
Check lines and fittings for leaking or rubbing and secure mounting
NOTE: For bleeding instructions, refer to manufacturer’s recommended
procedures.
HINT: Pull-type clutches adjust at the pressure plate.
ADDITIONAL INFORMATION
Web Sites
www.centerforce.com
www.barnettclutches.com
www.navistar.com
www.ramclutches.com
www.spicerparts.com
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COOLING SYSTEM
1. Purpose
The function of the cooling system is to absorb the heat developed as a result of
the combustion process, circulate the coolant to maintain efficient operating
temperature, and protect system components. The cooling system must conform
to Colorado minimum standards and FMVSS for the year of vehicle manufacture.
Coolant
The required coolant is a mixture of permanent base antifreeze with
water, able to protect to -30 degrees Fahrenheit.
Radiator
The radiator is the main component for cooling system heat
dissipation. The radiator shall be of sufficient capacity to cool the
engine at all speeds in all gears.
Water Pump
The water pump circulates coolant through the water jackets and
cylinder heads, where the coolant accumulates heat.
Thermostat
The flow of coolant is controlled by the thermostat, which restricts
coolant flow through the radiator during engine warm up and then
opens to prevent overheating.
Engine Fan
The fan forces air around the radiator tubes to transfer heat out of the
coolant and decreases coolant temperature. The fan shall be heavyduty reinforced type and may have a thermostatically actuated clutch.
Drive Belts
There are two basic types of drive belts: wedge-shaped and
serpentine. Drive belts are used to drive the water pump and other
engine components. Drive belts are to sit above the level of the
pulleys.
Pressure Caps
The pressure cap is constructed with a spring-loaded valve that seats
in the filler neck to prevent the escape of air or coolant while in the
locked position. The pressure cap rating should never exceed
manufacture specifications. Cooling system shall be equipped with a
coolant recovery system.
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Maintenance
Neglect of cooling system causes gradual damage, so the effects are
often overlooked until major repairs are necessary. To maintain
proper operation of the cooling system, install the correct
replacement parts for the service or repair being preformed. The use
of corrosion inhibitors or supplemental coolant additives may be
necessary to maintain proper performance.
2. Inspection Procedure
Check for leaks at radiator, heater cores, valves, water pump,
hose and clamp connections, external leaks on engines.
Check all drive belts for cracking, excessive wear, and proper
tension.
Check condition of all hoses.
Check antifreeze condition, protection level, type of coolant,
freeze point.
Check fan, fan clutch, and fan shroud.
Check block heater operation.
Check shutter operation (if equipped).
Troubleshooting Table
Error! Bookmark
not
defined.Conditio
n

Possible cause

Overheating

Radiator airflow restricted
Loose or missing drive belts
Defective thermostat
Temperature gauge reading incorrect
Radiator coolant flow restricted
Damaged radiator hoses
Faulty water pump
Low engine oil level
Defected or damaged fan clutch
Excessive fan to shroud clearance
Fan and/or fan shroud missing or damaged
Defective radiator cap
Low coolant level

Overcooling

Defective or missing thermostat
Temperature gauge reading incorrect
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Defective or damaged fan clutch
Defective radiator cap

Internal leakage

Head gasket leaking
Cavitation erosion
Defective air compressor
Defective oil cooler
Defective transmission cooler

External leakage

Loose or defective hose clamps
Defective hoses
Radiator core leaking
Heater core leaking
Defective radiator cap
Cracked engine block or cylinder head

NOTE: Silicone hoses require a special hose clamp. Be sure you are using silicone type
clamps for silicone hoses.
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ADDITIONAL INFORMATION
Web Sites
www.arrowheadradiator.com
www.clearchoiceantifreeze.com
www.howstuffworks.com/cooling-system.htm
www.modine.com
www.narsa.org
www.prestone.com
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DRIVE SHAFT COMPONENTSError! Bookmark not defined.
1. Purpose
The drive shaft transfers engine power from the transmission to the rear wheels
and should be serviced and inspected on a regular P.M. schedule.
2. Inspection Procedure
Drive Line
Inspect for shaft phasing on multiple driveline sections, loose or worn yoke
and yoke retention bolt, splines, dents and missing drive shaft balance
weights. Replace worn out parts.
Safety Loops
Inspect drive shaft hangers and make sure there is one for each section of
the drive shaft and that they are securely mounted.
NOTE: The intent of the safety loop is to adequately support the driveline in the event of a
failure.
U-Joints
Inspect for any movement or signs of caps turning. Replace if any signs of
wear are found.
Carrier Bearings
Inspect for bearing and rubber packing and mounting bolts securely
fastened. Replace if bearing play exists or if rubber packing is missing,
deteriorated, or cracked.
3. Repair Procedure
The drive shaft needs to be repaired if there is distortion, it is out balance, or there
are dents in the drive shaft. Remove and replace U-joints if necessary. Use the
same equipment for removing and replacing the carrier bearings as you would for
the U-joint. When repairing any component, be careful not to distort or damage the
driveline.
NOTE: Use a press whenever possible. If not, use the best equipment available
such as a vice and a suitable hammer. Caution must be taken not to strike
the driveline tube otherwise damage to the driveline may occur.
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ADDITIONAL INFORMATION
Web Sites
www.dana.com
www.driveshaftshop.com
www.drivetrain.com
www.spicerparts.com
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ELECTRICAL SYSTEM PREFACE
The State Specifications on the electrical system may have been revised in
the current Colorado Minimum Standards. Some areas may have been edited
and others completely deleted, but school bus technicians must remember
that all areas and systems must be inspected and repaired if found defective.
Any system or component on the vehicle may be upgraded to the current
standard applicable at any time.
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GENERAL ELECTRONICS
1. System Identification and Major Components
Instruments, gauges, and other chassis warning systems.
Cranking System
Battery and cables
Preheater system
Starter and starter solenoids
Starter interlock system
Charging System
Alternator
Regulator
Ignition System – Gasoline Engine
Distributor
Coil
Spark plugs and wires
Ignition switch
Ignition System – Diesel Engine
Fuel shut-off solenoid
Ignition switch
Lighting System
Headlamps
Signal, parking, backup, clearance, marker, stop arms, and interior
lamps
Electrical grounds
Special application warning lights
Multi-function controls and monitors
Electrical Accessories
Radio and equipment
Clocks
Mobility Aid Equipment (see also Section 18 – Special Needs)
Power supply to the lift equipment
Lift controls
Lift motor
Optional equipment (see also Section 25 – Accessories)
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Strobe lights
Surveillance equipment
Stop arm strobe lights
Starter interlock and vandal lock systems
GPS
2. Inspection Procedure
Instruments, Gauges, and Other Chassis Warning Systems
Check gauges for proper operation.
Check gauges for proper visibility.
Cranking System
Check the battery for output and condition.
Check the battery cables for tightness and condition.
Check the starter condition.
Check the starter interlock for proper operation.
NOTE: See also Section 6 – Body, Frame, and Associated Equipment for
additional information about the starter interlock.
Charging System
Check the alternator for capacity, output, and overall condition.
Check the alternator drive belts for proper adjustment and
condition.
Ignition System
Check the distributor, coil, spark plugs and wiring, and ignition
switch, for proper operation and condition.
Check the fuel shut-off solenoid and linkage for proper condition
and adjustment.
Lighting System
Check headlamps for cracks, clouding, and severe pits.
Check headlamps for proper alignment.
Check all signal, marker, turn, and brake lamps for proper
color, and visibility.
Check all lights for proper size and location.
Check all lamp grounds for condition.
Check the stop arm for visibility, ground wire condition, and
proper adjustment upon engaging.
Check the 8-way light system for proper operation.
NOTE: For additional information on 8-way light operation, see also Section 3 –
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CDE Minimum Standards of this manual and page 12.14 on the 8-Way Light
Systems.
Electrical Accessories
Check any electrical accessory for proper operation.
Check the starter interlock for proper operation.
Mobility Aid Equipment
Check all connections, fuses, circuit breakers, and controls for
condition and proper operation.
Optional Equipment
Check all optional equipment for condition and proper operation.
This will include, but is not limited to, strobe lights, stop arm
strobes, and crossing arm.
Check the operation and condition of surveillance equipment (if
equipped).
Check the operation and condition of GPS equipment (if
equipped).
3. Diagnostic Tools
Unpowered Test Light
This tool consists of a 12-volt light with leads. The ends of the leads
usually have alligator clamps, but various kinds of probes, terminal spades,
and special connectors are used also.
The unpowered test light is used on an open circuit. One lead of the test
light is grounded and the other lead is moved around the circuit to be open.
Depending on the physical layout of the circuit, sometimes it will be easier
to start at the power supply and other times it is easier to start at the circuit
load or ground circuit.
Powered Test Light
This test light is a pencil-shaped unit with a self-contained battery, a 1.5volt light bulb, a sharp probe, and a ground lead fitted with an alligator clip.
This test light is used mainly for testing components that are disconnected
from the vehicle power supply. The powered test light is also useful for
testing a suspected high resistance point in a circuit such as connectors
and ground circuits that are corroded or loose.
Jumper Wire
The jumper wire is usually a long wire with alligator clamps. A safety
version of the jumper has a fuse holder on it with a 10-amp fuse. This will
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prevent damaging the circuit if the jumper is connected in the wrong way.
The jumper is used to locate opens in a circuit. One end of the jumper is
attached to a power source and then the other is attached to the load or
the circuit, i.e. light or motor. If the load works, try "jumping" to circuit
points that are progressively closer to the power supply. When the circuit
load stops working, the open has been located.
The jumper is also used to test components in the circuit such as
connectors, switches and suspected high resistance points.
Ammeter
The ammeter measures the amount of electrical current, amperes, moving
through a conductor. The ammeter must be placed in series with the
circuit being tested. Disconnect the circuit from the power source before
connecting the ammeter.
Be sure that the ammeter's positive terminal is
connected to the positive (battery) side of the circuit and its negative
terminal to the negative (ground) side of the circuit.
When using an ammeter or voltmeter, and the value being tested is
unknown, always use the highest scale first and work downward to a midscale reading whenever possible. This will avoid damage to the
instrument.
Voltmeter
The voltmeter gives the technician more information than the ammeter,
ohmmeter, and test light combined. Its application for troubleshooting here
is to measure the electrical pressure (voltage) drop in a resistance circuit.
To use a voltmeter for troubleshooting an electrical problem, connect it in
parallel with the existing circuit being tested, otherwise the nature of the
circuit would be changed and the reading would have no particular value or
use. Connect the meter terminals according to polarity.
The dash-mounted voltmeter (in the vehicle) should also be observed for
monitoring proper operation of the generator/alternator, battery, cranking
motor, and the cranking circuit. In this application, battery voltage drop can
be monitored while the engine is cranking. After the engine is running,
generator/alternator output voltage can be monitored. This can be a
valuable first step prior to diagnosing other electrical problems.
HINT: When using an ammeter or voltmeter, and the value being tested is
unknown, always use the highest scale first and work downward to a mid-scale
reading whenever possible. This will avoid damage to the instrument.
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Ohmmeter
The ohmmeter is an instrument designed to indicate resistance in ohms. It
is used to test the condition of a unit disconnected from the circuit.
Never use an ohmmeter in a powered circuit, or as a substitute for a
voltmeter or ammeter as damage to the instrument will result.
NOTE: Ohmmeter Calibration (Analog Meter)
When the ohmmeter probes are connected together, a circuit is completed
causing the meter needle to deflect. The needle should read ZERO ohms. If it
does not, rotate the CAL or ADJ knob to zero the needle. When the probes are
held apart, the needle moves to the maximum (infinite) resistance side of the
scale. The meter is now ready to use.
DVOM (Digital Volt Ohmmeter)
Digitally checks volts, ohms, DC current, AC current, diodes, and
miscellaneous other functions depending on manufacturer.
Battery Tester
The tester needed would be capable of load testing, reserve capacity,
amps and volts.
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ELECTRICAL BASICS
1. Battery Basics
General Description
The battery is the heart of the electrical system. It supplies current to the electrical
system.
Batteries are rated by capacity (amp/hours), reserve capacity, and cold cranking
amps. When replacing a battery, be sure to replace it with one of the same
capacity rating, otherwise your electrical system may not function properly.
CAUTION: Protective equipment should be used at all times when working with batteries.
A spark could cause fumes from the battery acid to ignite and/or cause the battery to
explode.
Testing
The following tests should be done with both battery cables disconnected. A bad
cable can cause erroneous readings.
Hydrometer/Refractometer Test
The hydrometer is used to measure the specific gravity (acid level) in
each cell of the battery. These readings should be consistent, and if
one cell reads low, the battery is bad. Do not add more acid to a
battery; this will only cause the plates to be damaged. If a battery is
fully charged, the acid level will read high. If the battery is dead,
meaning the acid is all in the plates, the acid will read low.
Load Test
To load test the battery, you will need special equipment designed to
do the job. The battery must be fully charged for this test. The
voltage on a 12-volt battery should not drop below 9.6 volts. Follow
test equipment guidelines for proper test procedures.
2. Starter Basics
General Description
The starter is a powerful electric motor. It may be a direct drive to the
flywheel or a gear reduction type. The motor runs by the theory of
magnetism, using opposing forces generated by the fields and the
armature.
Current Flow
When you turn the ignition key to start you send current to the starter
solenoid. This solenoid has two windings of wire: the ―Pull-in‖ coil and the
―Hold-in‖ coil. When the solenoid is first energized, both coils have current
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running through them. The solenoid contacts are closed, and at the same
time the starter gear is forced in to mesh with the ring gear. Once the
solenoid makes contact, current flows into the starter. First it goes through
the fields, and turns them into electromagnets. After passing through the
fields, it goes to the positive starter brushes and into the armature, which is
the part that spins. The armature is made of coils of wire too, so when
current flows through it, it also becomes a magnet. The current, which
comes into the armature through the positive brushes, goes to ground
through the negative brushes.
As soon as the solenoid makes contact, the pull-in coil is de-energized.
This is because it grounds through the starter, through the solenoid
contact. As soon as the solenoid is energized and the starter is hooked to
the battery, the ground side or the pull-in coil is also hooked to the battery
positive post. Therefore, both sides of the coil are hooked to positive, and
there is no longer any negative. So no current flows. The hold-in coil is
strong enough to keep the solenoid engaged until you release the key.
Now what we have is an electromagnet located inside another
electromagnet. The two magnets work on each other and what happens is
that the armature begins to spin. This is how we get the turning force,
which we need to start the engine.
Once the key is released, the solenoid is disengaged, and the starter is no
longer connected to the battery. The starter stops spinning, and the spring
in the solenoid pushes the drive back into the starter housing.
Starter Tests
First, test for current draw. Disconnect the coil wire from the distributor and
ground it, or disable the fuel shut off. Be sure the battery is fully charged
before testing draw.
HINT: A low battery will read a high draw, and will lead you to the starter, when
the problem is elsewhere.
Next, test the starter for voltage drop. Check for voltage drop across the
contacts of the ignition switch, solenoid, battery connections, and starter
windings. Check the appropriate service manual for detailed explanations
of these voltage drop tests. These tests are very helpful in finding battery
cables that are bad, but look good.
For instance, check for a voltage drop by placing the positive lead of your
voltmeter on the positive battery post (not the cable end), and the negative
lead on the positive post of the solenoid. A large drop (usually 1.0 volts or
more) in voltage indicates a problem in the positive cable or connections.
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NOTE: See the appropriate service manual for detailed explanations and
specifications of the tests mentioned above.
3. Alternator Basics
General Description
The alternator works almost opposite of the starter, meaning that instead of
using electricity to make a magnet, we use magnets to make electricity.
The alternator is what supplies electric current to keep the battery charged
up and to work the various electrical accessories in the car. It is composed
of two parts: the electromagnet and the wire windings.
How It Works
The electromagnet is in the middle, and is turned by the engine (called the
rotor). It is made of a coil of wire wrapped around two pieces of steel
which are sandwiched together. When current is passed through this coil,
a magnet is created.
The second part of the alternator is a set of stationary windings of wire
called the stator. When the engine is running, the rotor is an energized
magnet, and is turned inside the stator. By moving the electromagnet
(rotor) past the stator, we create current in the stator. Diodes and resistors
in the regulator then control the current. The regulator senses the needs of
the battery and the electrical system, as well as converts alternating current
to direct current.
Alternator Tests
Test the output of the alternator with an ammeter, and a voltmeter. For
more information on the tests, check the appropriate service manual.
One field test that can be done is a magnetism test. Since the rotor
becomes a magnet, if the rotor is working, the rear housing bearing will
become magnetized. Check for magnetism at this bearing. If it exists, the
alternator is probably charging. However, this test is not conclusive, and
once the vehicle is back at your shop, further tests should be done.
Another helpful test is the Voltage Drop Test. See the chart in the
Additional Information section for more information on this test.
NOTE: Remember, an alternator will only charge the battery if the cables and
battery allow it to do so. If there is corrosion, or bad connections, the alternator
will not do its job.
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4. Wiring Code Chart
Maximu
m
frequenc
Maximu Maximum
y for
m amps amps for
100%
for
power
skin
chassis transmissio
depth for
wiring
n
solid
conducto
r copper

Breaking
force
Soft
Anneale
d Cu
37000
PSI

Conducto
AWG r
gauge Diameter
Inches

Conducto
r
Diameter
mm

Ohms
per
Ohms
1000 per km
ft.

OOO
0.46
O

11.684

0.049 0.16072 380

302

125 Hz

6120 lbs

OOO 0.4096

10.40384

0.061 0.20270
328
8
4

239

160 Hz

4860 lbs

OO

0.3648

9.26592

0.077 0.25551
283
9
2

190

200 Hz

3860 lbs

0

0.3249

8.25246

0.098 0.32242
245
3
4

150

250 Hz

3060 lbs

1

0.2893

7.34822

0.123 0.40639
211
9
2

119

325 Hz

2430 lbs

2

0.2576

6.54304

0.156 0.51266
181
3
4

94

410 Hz

1930 lbs

3

0.2294

5.82676

0.197 0.64616 158

75

500 Hz

1530 lbs

4

0.2043

5.18922

0.248
0.81508 135
5

60

650 Hz

1210 lbs

5

0.1819

4.62026

0.313 1.02762
118
3
4

47

810 Hz

960 lbs

6

0.162

4.1148

0.395 1.29592
101
1
8

37

1100 Hz 760 lbs

7

0.1443

3.66522

0.498 1.63409
89
2
6

30

1300 Hz 605 lbs

8

0.1285

3.2639

0.628 2.06049
73
2
6

24

1650 Hz 480 lbs

9

0.1144

2.90576

0.792 2.59808
64
1
8

19

2050 Hz 380 lbs

10

0.1019

2.58826

0.998 3.27639
55
9
2

15

2600 Hz 314 lbs

11

0.0907

2.30378

1.26

12

3200 Hz 249 lbs
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12

0.0808

2.05232

1.588 5.20864 41

9.3

4150 Hz 197 lbs

13

0.072

1.8288

2.003 6.56984 35

7.4

5300 Hz 150 lbs

14

0.0641

1.62814

2.525 8.282

32

5.9

6700 Hz 119 lbs

15

0.0571

1.45034

3.184

10.4435
28
2

4.7

8250 Hz 94 lbs

16

0.0508

1.29032

4.016

13.1724
22
8

3.7

11 k Hz

75 lbs

17

0.0453

1.15062

5.064

16.6099
19
2

2.9

13 k Hz

59 lbs

18

0.0403

1.02362

6.385 20.9428 16

2.3

17 kHz

47 lbs

19

0.0359

0.91186

8.051

26.4072
14
8

1.8

21 kHz

37 lbs

20

0.032

0.8128

10.15 33.292

11

1.5

27 kHz

29 lbs

21

0.0285

0.7239

12.8

9

1.2

33 kHz

23 lbs

22

0.0254

0.64516

16.14 52.9392 7

0.92

42 kHz

18 lbs

23

0.0226

0.57404

20.36 66.7808 4.7

0.729

53 kHz

14.5 lbs

24

0.0201

0.51054

25.67 84.1976 3.5

0.577

68 kHz

11.5 lbs

25

0.0179

0.45466

32.37

106.173
2.7
6

0.457

85 kHz

9 lbs

26

0.0159

0.40386

40.81

133.856
2.2
8

0.361

107 kH

7.2 lbs

27

0.0142

0.36068

51.47

168.821
1.7
6

0.288

130 kHz 5.5 lbs

28

0.0126

0.32004

64.9

212.872 1.4

0.226

170 kHz 4.5 lbs

29

0.0113

0.28702

81.83

268.402
1.2
4

0.182

210 kHz 3.6 lbs

30

0.01

0.254

103.2 338.496 0.86

0.142

270 kHz 2.75 lbs

31

0.0089

0.22606

130.1 426.728 0.7

0.113

340 kHz 2.25 lbs

32

0.008

0.2032

164.1 538.248 0.53

0.091

430 kHz 1.8 lbs

Metric
0.00787
2.0

0.200

169.3
555.61
9

0.51

0.088

440 kHz

33

0.18034

206.9 678.632 0.43

0.072

540 kHz 1.3 lbs

Metric
0.00709
1.8

0.180

207.5 680.55

0.43

0.072

540 kHz

34

0.0063

0.16002

260.9 855.752 0.33

0.056

690 kHz 1.1 lbs

Metric
0.0063
1.6

0.16002

260.9 855.752 0.33

0.056

690 kHz

0.0071
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35

0.0056

0.14224

329

1079.12 0.27

0.044

870 kHz 0.92 lbs

Metric
.00551
1.4

.140

339

1114

0.26

0.043

900 kHz

36

0.127

414.8 1360

0.21

0.035

1100
kHz

Metric
.00492
1.25

0.125

428.2 1404

0.20

0.034

1150
kHz

37

0.1143

523.1 1715

0.17

0.0289

1350
kHz

Metric
.00441
1.12

0.112

533.8 1750

0.163

0.0277

1400
kHz

38

0.1016

659.6 2163

0.13

0.0228

1750
kHz

Metric
.00394
1

0.1000

670.2 2198

0.126

0.0225

1750
kHz

39

0.0035

0.0889

831.8 2728

0.11

0.0175

2250
kHz

0.36 lbs

40

0.0031

0.07874

1049

0.09

0.0137

2900
kHz

0.29 lbs

0.005

0.0045

0.004
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0.72 lbs

0.57 lbs

0.45 lbs

5. Standard 5 Pole Relay

#85

Switched power (may be through the ignition switch, panel power switch,
headlight switch, or any other switch).

#86

Ground (may be through a switch as a signal of some sort i.e. a door switch,
or a door lock switch).

#30

Constant power (can be either switched with ignition or not).

#87

Power transfer from #30 (may be to a light, another switch, or any other
circuit which needs a switched signal). Has current when the relay is
normally off.

#87A Power transfer from #30 (may be to a light, another switch, or any other
circuit which needs a switched signal). Has current when the relay is
energized.
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Relays are used to transfer high current. When power is applied across the 85
and 86 terminals, current flows through a coil of small wire. This builds up a
magnetic field in the bar it’s wrapped around, and the steel plate snaps to it.
When the power is off, the spring pulls the plate back away from the magnet bar.
The ―click‖ is the plate slamming into the magnet as it turns on. It doesn't ―click‖
when turned off, because the plate swings away from the magnet without hitting
anything.
When the power is applied, the coil sets up a magnetic field in its windings. When
the power is removed, the field collapses, and a reverse current of high voltage
will kick back.
6. Multiplex System
Multiplexing is a method of using one communications path to carry two or more
signals simultaneously.
Although, multiplexing has been common in the automotive industry for a number
of years, it is still relatively new technology on school buses. Refer to the
manufacturers’ procedures and wiring diagrams for specific multiplex information.
See also, the Additional Information Web Sites in this section.
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8-WAY LIGHT SYSTEMS
1. Aeroflash
Aeroflash Model 165-0018 8-Way Light Flasher
The Aeroflash model 165-0018 eight way light flasher can be used to retrofit any
bus with a ―factory installed‖ eight way light system. Both sequential and nonsequential operation of the red lights can be achieved with this unit by merely
moving a jumper wire on the bottom of the flasher. ―Non-sequential‖ means the red
lights come on every time the door is opened when the master switch is on.
―Sequential‖ means the red lights only come on after the start switch has been
actuated.
For basic installation and wiring information, refer to Fig. 1 and the following chart:
AEROFLASH
TERMINAL NUMBER
1
2 thru 4
5
6
7
8
9
10
11
12
13
14
15
16
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DESCRIPTION
Door Switch
Not used
Amber warning lamps - left.
Amber warning lamps - right.
Red warning lamps - left.
Red warning lamps - right.
Not used (see note).
Stop arm solenoid (if used).
Not used
Master switch (+12 volts).
Not used in most installations.
Start switch (momentary).
Not used
Ground
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NOTE: If a ―Fail Safe‖ switch is required to manually override the system and operate the
red lights, use a double pole single throw switch.
To replace the Baader Brown model 6404-88-1920 or 6404-88-1125, refer to the
following chart:
WIRE ON
BAADER BROWN
TERMINAL NUMBER

GOES TO
AEROFLASH
TERMINAL #

1
7
6
12
8
11
9
3

8
7
6
5
1
14
12
10

5
--

-16

DESCRIPTION
Red lights - right
Red lights - left
Amber lights - right
Amber lights - left
Door switch
Start switch
Master switch (NOTE 1)
Stop arm solenoid, if
used (NOTE 2)
(NOTE 3)
Add a ground wire to 16

NOTE 1: On some buses a master switch is not used and this wire goes directly
to a body cut-off solenoid.
NOTE 2: On some buses a wire from a ―Fail Safe‖ switch may be spliced into the
stop arm solenoid wire at terminal 3 on the old flasher. Remove this wire, and use
a double pole single throw switch to install a fail-safe switch.
NOTE 3: On some buses, a wire from the start switch may be connected to
terminal 5 on the old flasher. Remove this wire and connect it to +12 volts or
splice it into the wire going to terminal 12 on the Aeroflash flasher.
To replace the Collins ―Octaflash‖ flasher, refer to the following chart:

COLLINS TERMINAL

AEROFLASH
TERMINAL #

Battery (+)
Right rear red

12
8

Right front red
8.
Left rear red and

Master switch
Splice these wires
together and connect to

7

Left front red
7.
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Splice these wires
together and connect to
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Right rear amber and

1

Right front amber
6.
Left rear amber and

Splice these wires
together and connect to

5

Left front amber
5.
Ground
Start (amber)
Door Sw. (red)

Splice these wires
together and connect to

16
14
1

Ground
Start switch (NOTE 4)
Door switch

NOTE 4: The Collins start switch goes to ground. The Aeroflash start switch
goes to +12 volts. Remove the wire from ground and splice it into the ―hot lead‖
at the master switch.
Relay Identification and Trouble Shooting Tips Model 165-0018
TROUBLE SHOOTING TIPS
4.
1. Replace Relay ―L‖ if:
a. System ―dead‖
b. Amber lamps go out
when ―Start Switch‖ is
released.

Note: Also check Relay ―S‖ and
Fuses ―F.‖

NOTE: Also check ―Master Switch‖ and
―Start Switch.‖
Replace Relay ―S‖ if:
a. Either amber or red
flasher fails to
operate when the
other operates
b. System fails to change from
amber to red when the door is
opened.
2.

NOTE: Also check ―Door Switch.‖
3.

Replace Relay ―A‖ if:
a. Amber lamps fail to
flash properly.

Note: Also check Relay ―S‖ and
Fuses ―E.‖
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Replace Relay ―R‖ if:
a. Red lamps fail to flash
properly.

IMPORTANT
All ground connections must
be clean and tight.

RELAY AND FUSE IDENTIFICATION
normally.
L. Latching Relay
S. Selector Relay
A. Amber Flasher Relay
R. Red Flasher Relay
F. Lag - 20 AMP Fuses
NOTE:
1.
All four relays are identical and can
be interchanged for trouble
shooting purposes.
2.

Section 12 – ELECTRICAL

Fuses ―F‖ protect the lamp outputsterminals 5,6,7, and 8.

3.

Attach jumper wire to terminal ―S‖
for ―Sequential‖ operation. Red
lights only operate after ambers
have been activated.

4.

Attach jumper wire to terminal ―N‖
for ―non-sequential‖ operation. Red
lights operate every time door is
opened.
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2. ELS System
Normal Operation of Warning Light System
With entrance door closed, depress ―MANUAL‖ button, amber lamps and pilot
flash.
Open entrance door, amber lamps and pilot go off and read lamps and pilot flash
and stop arm extends (if equipped).
Close entrance door, all lamps go off and Stop arm retracts (if equipped).
Open entrance door w/o depressing ―MANUAL‖ button - No lamps flash.
With entrance door open, depress ―MANUAL‖ button - red lamps and pilot flash and
stop arm extends (if equipped).
NOTE: Manual start depends on door position.
Troubleshooting the ELS Model B-1 Flasher
The Model B-1 flasher is shipped from E.L.S. programmed for NON-SEQUENTIAL
operation of the red lights. For SEQUENTIAL operation, merely remove and
discard the jumper plug marked ―N.S. jumper.‖ To do this, grasp the little black (or
red) plastic plug with fingers or long-nosed pliers and pull out and away from the
flasher. NON-SEQUENTIAL means the red lights come on every time the service
door is opened (with the master switch on). SEQUENTIAL means the red lights
only come on after the start switch has been actuated.
The heavy-duty replaceable relays are oriented from left to right in the following
order:
Selector
Latching
Amber Flasher and
Red Flasher (SLAR).
―SLAR‖ may not be much of a word but if you remember it you will always
remember the order of the relays.
Troubleshooting Tips
Replace relay ―S‖ if:
Either amber or red flasher fails to operate normally when the
other operates normally.
System fails to change from amber to red when the service
door is opened.
Also check the Door Switch.
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Replace relay ―L‖ if:
System dead.
Amber lamps go out when ―Start Switch" is released.
Also check Master Switch, Start Switch and the ground connection to the flasher.
Replace relay ―A‖ if:
Amber lamps fail to flash properly.
Also check for a blown fuse.
Replace relay ―R‖ if:
Red lamps fail to flash properly.
Also check for a blown fuse.
NOTE: A blown fuse indicates an overload or short circuit outside the flasher. The fuses
in the B-1 can be used to localize this problem to the individual circuit involved ( i.e. right or
left, amber or red lamp circuit). Locate and repair the short before replacing a blown fuse.
Basic operation of the flasher can be checked quickly with only two connections
and a 24-inch clip lead (24‖ wire with alligator clips on each end. Connect a ―hot‖
lead to the terminal marked ―MASTER SWITCH.‖ Connect the terminal marked
―GROUND‖ to ground. Clip one end of the clip lead to the ―hot‖ lead and
momentarily touch the other end to the terminal marked ―START SWITCH.‖
You should hear the flasher energize and click at the normal flash rate.
Disconnect the clip lead from the flasher (the flasher will continue to click) and
connect one end of the clip lead to ground. Connect the other end of the clip lead
to the terminal marked ―DOOR SWITCH.‖ You should hear another distinct click as
the flasher switches into the red mode. When you remove the clip lead, the flasher
will de-energize and the clicking will stop.

GENERAL NOTES
All wiring is 14 ga., UNLESS SPECIFIED OTHERWISE.
W/L operation on diagram & production order may not coincide, if
not, wire per production order.
Flasher unit is RAC 760506, w/internal jumper connected to
―sequential‖.
Warning light operation shown: Manual.
Stepwell is wired into marker light circuit.
Switch panel lights to be on same circuit as headlights.
Refer to option in production data book for wiring of all other optional
electrical equipment.
All circuit breakers 20 amp. unless specified otherwise.
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1155241 -- SWITCH, Manual
1126176 -- SWITCH, MOMENTARY, SPST, NC. CARDINAL 4033346
E D 1374149 -- FLASHER SYSTEM, 8 LAMP, RAC 760506
2006112 -- BREAKER, CIRCUIT, 20 AMP
2006799 -- LIGHT, PILOT, AMBER LENS, PL-19
2006807 -- LIGHT, PILOT, RED LENS, PL-19
1.
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1.
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3. RAC System
Introduction
The RADIO ACCESSORY COMPANY 760506, 8 Way Light Warning System is a
multifunction device designed to control the operations of the warning signals on a
school bus.
The following details all the operations and functions of the unit, although
all the following may not be applicable to a specific user’s applications.
Features
Two-mode operation (Sequential and Non-Sequential).
Four SPDT palladium relays to control power switching.
Four 20 Amp blade type fuses to provide short circuit protection.
All relays and fuses are socketed for easy replacement.
Military specification timer design provides minimal parts count, high
reliability, and good temperature and frequency stability.
Reliable operation down to 8.0 Volts.
Fiberglass G-10 circuit board material for added mechanical support.
Optional Override and Manual switch to bypass electronics of latch circuit
in case of failure or special circumstances.
Easy accessibility to all external connections.
Functional Description
The RAC 760506, 8 Light Warning System comes packaged as a
complete unit. Some external hardware is required to control its
operations.
The unit has twelve, 0.250 male spade terminals, for external connections.
These terminals are easily accessible from the top of the unit, and no
disassembly is required. All the following references will be made to these
numbers and/or labels.
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Listing of terminal connectors:
1. DOOR SWITCH
5. AMBER LAMP
6. AMBER LAMP
7. RED LAMP
8. RED LAMP
9. OVERRIDE SWITCH
10. STOP ARM
12. POWER
13. (not used)
14. START SWITCH
16. GROUND
MANUAL
The unit’s main function is to provide sequencing between paired Amber Lamps or
paired Red Lamps, so that either set of pairs will flash alternately. This means that
for a single set of paired lamps there will be opposite conditions on the lamps.
While one is ―on‖ the other will be ―off.‖ This will occur at a rate of approximately 90
flashes per minute per lamp, (+/-30%). There is also the option of controlling a
solenoid activated stop arm.
The set of paired lamps which are ―flashing‖ are controlled by which input is
activated, and which mode the unit is operating in.
Modes of Operation
Non-Sequential Mode
Placing the SEQ/NON-SEQ jumper on the terminal marked NON-SEQ sets NonSequential Mode operation. This is the standard configuration of the unit when
shipped from the factory. (See MODE OPERATION drawing on pg. 2B)
Non-Sequential operation is so designated because in this mode either set of lamps
(Amber or Red) may be activated at any time, and in any order (i.e. Amber first
then Red, or Red first then Amber).
In this mode, the lamps may be activated by any one of the following four
inputs:
Start Switch (14)
Door Switch (1)
Manual
Override Switch (9)
Start Switch (14)
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When activated, power is placed on the START
SWITCH (14) terminal. This causes RLY1 to be energized,
sending power to the timing circuit, starting the Amber Lamp
flashing sequence. Once the start switch is de-activated the
Amber Lamps will remain flashing until either the Door or
Manual switches are activated.
Door Switch (1)
When activated, a ground is placed on the DOOR
SWITCH (1) terminal. This causes RLY1 and RLY2 to
energize, sending power to the timing circuit, causing the
Red lamps to flash sequentially. At this time the STOP ARM
(10) terminal will become a source of power so that a stop
arm solenoid may be activated (if so desired) whenever the
Door Switch is actuated. Once the Door Switch is deactivated the Red Lamps will cease flashing, and the STOP
ARM terminal will lose power.
Manual Switch
When activated, a ground is placed on the MANUAL
terminal. This causes RLY1 to be energized, sending power
to the timing circuit, causing the Amber Lamps to flash
sequentially. Once the Manual Switch is de-activated the
Amber Lamps will cease flashing.
Override Switch (9)
When activated, power is placed on the Override Switch (9)
terminal. This bypasses all the relay control logic and
provides power directly to the timing circuit. This will cause
the Amber Lamps to flash sequentially. Once the Override
Switch is de-activated the Amber Lamps will cease flashing.
Summary
In the Non-Sequential mode, any one of three inputs (Override Switch (9),
Start Switch (14) or Manual) when activated will cause the Amber Lamps to
flash sequentially. Only the Start Switch (14) allows continuous operation,
of the Amber Lamps, after it is de-activated.
The Door Switch (1) is the only input that will cause the Red Lamps to flash
and the Stop Arm (10) to become a source of power. This will occur only
while the Door Switch (1) is actuated.
Any of the above operations may occur in any sequence with the same
results (only in the Non-Sequential mode).
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Sequential Mode
Sequential mode operation is set by placing the SEQ/NON-SEQ jumper on the
terminal marked SEQ (see Mode Operation drawing on pg. 2B).
Sequential mode operation is so designated because in this mode the Amber
Lamps must be activated, and be flashing, before the Red Lamps are allowed to be
operated by the Door Switch (1).
In the Sequential mode the four inputs are:
Start Switch (14)
Door Switch (1)
Manual
Override Switch (9)
Operate as follows:
Start Switch (14) - Same as in the Non-Sequential mode (see previous section).
Override Switch (9) - Same as in the Non-Sequential mode (see previous section).
Manual Switch - The Manual Switch does not operate in the Sequential mode.
Door Switch (1) - In the Non-Sequential mode the Door Switch's function is similar
to its function in the Sequential Mode. The only difference is that the Start Switch
(14) or the Override Switch (9) must be activating the Amber Lamps while the Door
Switch is being activated. If this condition is not met then the Door Switch will have
no effect on the circuits operation and the Red Lamps will not ―flash‖ not will the
Stop Arm (10) become active.
Relay Control Summary
RLY1: Power ―on‖ relay. Provides power to the timing circuit and the lamps.
(bypassed with the Override switch)
RLY2: Red/Amber lamp selector relay
RLY3: Red lamp flash relay
RLY4: Amber lamp flash relay
F1, F2: Red lamp fuse protection (20 Amp)
F3, F4: Amber lamp fuse protection (20 amps)
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Connections and Applications
(Refer to 760506 Connection Drawing)
Connections and applications depend on a particular user’s needs. The
following explanation (and related drawing) is for the optimum connection
scheme and may be varied as a user sees fit.
Start Switch (14)
Terminal is connected via SW1 to the terminal marked (13). SW1 is a
normally open, momentary, push button switch. Terminal (13) is provided
as a power terminal for the Start Switch and is not meant to have power
connected directly to it. This is an optional connection. The same result
may be obtained by connecting SW1 between the Start Switch (14)
terminal and external power (+12 volts DC).
Manual
The manual terminal is connected via SW2 to chassis ground. SW2 is a
normally open, two position switch (not applicable for Sequential Mode
operation).
Door Switch (1)
Terminal is connected via SW3 to chassis ground. SW3 is a normally
open, two position switch. For most applications this switch would be built
into the door mechanism, so that whenever the door is opened SW3 would
be actuated.
Override Switch (9)
Terminal is connected via SW4 to external power (+12 volts). SW4 is a
normally open two-position switch.
Power (12)
Terminal is connected to a switched, external power source (+12 volts).
Ground (16)
Terminal is connected directly to chassis ground.
Stop Arm (10)
Terminal may be connected to an external stop arm solenoid, so that the
stop arm will be activated whenever the Door Switch SW3 is activated.
This is not a required connection.
Red Lamp (8)
Terminal is connected via the right front red lamp, and the right rear red
lamp, to chassis ground.
Red Lamp (7)
Terminal is connected via the left front red lamp, and the left rear red lamp,
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to chassis ground.
Amber Lamp (6)
Terminal is connected via the right front amber lamp, and the right rear
amber lamp to chassis ground.
Amber Lamp (5)
Terminal is connected via the left front amber lamp, and the left rear amber
lamp to chassis ground.
NOTE: All connections can be made though the unit’s cover, so no disassembly
is required.
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8- Light Warning System Troubleshooting Guide
POSSIBLE CAUSE

SYMPTOM

Start Switch & Manual
inoperative, Override is OK

RLY1

Stop Arm inoperative

RLY2

Red lamps inoperative,
Amber lamps are OK

RLY3
F1, F2

Amber lamps inoperative,
Red lamps are OK

RLY4
F3, F4

Amber and Red lamps
inoperative

RLY1
Bad power and/or
ground connection

Override Switch
inoperative, Door
Switch is OK

Door Switch
inoperative

RLY4

RLY2
Jumper set in Seq. mode

Amber lamps flash
continuously

RLY1

One Amber lamp
inoperative

RLY4
F3, F4

One Red lamp
inoperative

RLY3
F1, F2

NOTE: Replace individual components one at a time until the fault is found.
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RAC 760506, 8 LIGHT WARNING SYSTEM, REPLACEMENT GUIDE
The RAC 760506, 8 Light Warning System, can be used to replace any factory
installed 8 light warning system. The following gives replacement procedures
for two of the more common units, the Aeroflash 165-0018 and the BaaderBrown 6404-88-1920.
AEROFLASH 165-0018:
The RAC 760506 will directly replace the Aeroflash 165-0018. The terminal
numbering on the RAC unit is identical to that on the Aeroflash unit. The only
modification required is new mounting holes for the smaller RAC unit.
When exchanging units, make connections one at a time from one unit to the
other as follows:
Aeroflash terminal ------------------ to -----------------RAC terminal
9-Override 9 Override Switch
14-To Start Switch ........................................................... 14 Start Switch
1-To Door Switch ............................................................ 1 Door Switch
5-To Left Amber .............................................................. 5 Amber lamp
6-To Right Amber ........................................................... 6 Amber lamp
7-To Left Red .................................................................. 7 Red lamp
8-To Right Red................................................................ 8 Red lamp
10-To Stop Arm Solenoid ................................................ 10 Stop Arm
16-To Ground .................................................................. 16 Ground
12-To Master Switch ........................................................ 12 Power
NOTE: The SEQ/NON-SEQ jumper on the RAC 760506 must be placed on the
terminal marked NON-SEQ if the Aeroflash unit's jumper is placed on the terminal
marked "N". If the same jumper is on the Aeroflash terminal marked "S" then the
RAC jumper must be placed on the terminal marked "SEQ".
BAADER-BROWN 6404-88-1920:
The RAC 760506 will replace the Baader-Brown 6404-88-1920 with only a few
minor wiring changes.
Wiring connections are as follows:
Baader-Brown terminal ---------to--------- RAC terminal
3*............................................................................ 10 Stop Arm
8 ............................................................................. 1 Door Switch
11** ......................................................................... 14 Start Switch
1 ............................................................................. 7 Red Lamp
7 ............................................................................. 8 Red Lamp
6 ............................................................................. 5 Amber Lamp
12 ............................................................................ 6 Amber Lamp
9 ............................................................................. 12 Power
*** ............................................................................ 16 Ground
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3*

Connect only the stop arm solenoid to the RAC terminal marked (10. Stop
Arm). For applications where the Baader-Brown unit has a Failsafe Switch
and a Red Pilot lamp connected to its terminal marked (3), proceed as
follows:
Using a double pole, single throw switch, connect the RAC terminal
marked (9. Override Switch) through one pole to 12 Volts. Use the
other pole to connect the RAC terminal marked (1. Door Switch) to
chassis ground. This switch may now be used as a direct Red
Switch. Connect the Red Pilot Lamp to the RAC terminal marked (8.
Red Lamp).

11**

Connect only the Initiate Switch to the RAC terminal marked (14. Start
Switch). Connect the Amber Pilot Lamp to the RAC terminal marked (6.
Amber Lamp).

***

Connect the RAC terminal marked (16. Ground) directly to chassis ground.

****

The RAC 760506 is equipped with a SEQ/NON-SEQ jumper. For direct
replacement of the Baader-Brown unit, this jumper should be placed in the
NON-SEQ position. This setting may vary depending on a particular state's
requirements.

NOTE: If any problems are encountered, or additional information is needed, contact:
Radio Accessory Co.
Engineering Dept.
8939 F Street
Omaha, NE 68127
(402) 592-4270
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4. Weldon 7000 System
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ALTERNATOR SYSTEMS
Prestolite/Leece Neville Systems

Technical Services

Troubleshooting Leece-Neville Alternators

A Step-By-Step Approach To Electrical Systems Problems

Finding problems in your vehicles electrical system doesn't need to be a difficult
process. By following the logical process of investigation described in the service
bulletin, you can track down and fix most of the commonly encountered electrical
problems and particularly those related to the electrical system.
Step 1. Check the Battery Condition

A. Before beginning the battery test, make sure that the batteries are 95% - 100%
charged. Use a battery charger, if necessary.
B. Shut off all electrical accessories in the vehicle and run the engine at
approximately 1000 - 1200 RPM.
C. Connect a DC voltmeter to the battery terminals and measure the voltage.
Compare the values to those specified by the battery manufacturer. If the voltage is
above the manufacturers specification, an OVERCHARGE condition exists. If the
measured voltage is below the manufacturers specification, an UNDERCHARGE
condition exists.
Step 2. Overcharge and Undercharge Tests

Battery overcharge and undercharge conditions each require a specific set of
procedures to be performed. The following diagram shows the order in which the
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procedures are performed. A more detailed description of these procedures follows.

For OVERCHARGE Condition
Overcharge batteries (output over 14.2 volts for most 12-volt systems, or over 28.4
volts for 24-volt systems) can be caused by a defective battery (usually indicated by
excessive gassing), a defective diode trio, or a defective or improperly adjusted
voltage regulator.
After testing the batteries for shorts, perform the "Diode Trio Test" procedure in this
bulletin, followed by "Voltage Regulator Adjustment" procedure, if necessary.
For UNDERCHARGE Condition
To avoid unnecessary work, always check for loose belts, a defective battery, and
damaged or corroded wires and connections first. If the battery, belts, and wiring are
in good working condition, perform the "Diode Trio Test" procedure. If the diode trio is
in good shape, perform the "Full Field Test."
Diode Trio Test (on units equipped with a diode trio)
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1. Remove the diode trio from the alternator.
2. Connect the negative (-) ohmmeter test lead to the diode trio lead terminal as
indicated in the diagram. Connect the positive (+) test lead to each of the three
copper contact pads, one at a time. Observe the resistance at each contact pad and
write down the resistance for each contact for later reference.
3. Reverse the leads so the positive (+) test lead is connected to the diode trio lead
terminal and the negative (-) test lead connects to the contact pads. Again observe
the resistance at each of the contact pads and record the results for each contact.
NOTE: The diode trio is OK when a LOW resistance reading is observed in one
direction and a HIGH resistance is observed in the other direction. Occasionally the
diode trio malfunctions under operating conditions only.
4. If the diode trio is malfunctioning, replace it. Otherwise, reinstall the diode trio on
the alternator.

Full Field Test

1. Run engine at approximately 1000 RPM with all electrical accessories "OFF".
Measure the output voltage across the alternator terminals and write it down for later
reference.
NOTE: Use a digital voltmeter with .01-volt reading capabilities or any good
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voltmeter.
2. Attach a short jumper to a 2" piece of stiff wire (a paper clip is suitable).
3. Connect the other end of the jumper to the negative (-) alternator output terminal
and insert the wire in the FULL FIELD ACCESS HOLE (see photo). Hold the wire
firmly against the brush terminal inside the housing. (Also flashes Field.)
4. With the jumper in place, connect a voltmeter across the alternator terminals and
run the engine at approximately 1000 RPM. Compare this voltage reading with the
voltage reading obtained in Step 1.
5. With the jumper still hooked up and the wire in the FULL FIELD ACCESS HOLE,
connect an AC voltmeter across terminals 1&2, 1&3, and 2&3, and note the voltages.
If all of the voltages are approximately the same, they are considered "balanced."
6. Remove the jumper and wire from the alternator. If the voltage in Step 4 is higher
than the voltage in Step 1, and the voltages measured in Step 5 are balanced, the
stator and alternator are OK and you should proceed to the "Voltage Regulator
Adjustment" procedure
If the voltage in Step 4 is higher than the voltage in Step 1, and the voltages
measured in Step 5 are not balanced, the alternator stator or rectifier(s) defective.
Repair or replace alternator.
If the voltage in Step 4 is lower or equal to the voltage in Step 1, and the voltages
measured in Step 5 are balanced, the alternator is defective. Replace alternator.
If the voltage in Step 4 is lower or equal to the voltage in Step1, and the voltages
measured in Step 5 are not balanced, alternator stator or rectifier(s) are defective.
Replace the alternator.
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Voltage Regulator Adjustment

Leece-Neville alternators are equipped with one of two regulators. The Fully
Adjustable Regulator has a flat cover plate. The Three Step Regulator has a finned,
curved cover plate. Use the following test procedure that is appropriate for you
regulator type.
Fully Adjustable Regulator
NOTE: Battery must be at least 95% charged prior to this procedure. Also make sure
wire connections and belt tension are OK.
1. Shut off all electrical accessories and run the engine at approximately 1000 RPM.
2. Connect a voltmeter to the alternator outputs.
3. Remove the plastic screw from the regulator (see photo) and insert a small
screwdriver in the hole. Engage the screwdriver blade in the slotted adjustment
screw inside the regulator.
CAUTION: The adjustment potentiometer screw has high and low stops. DO NOT
exert excessive pressure on the screwdriver or you may damage the regulator.

4. Turn the screwdriver clockwise to raise the voltage, counterclockwise to lower the
voltage. Set the voltage between 14.0 and 14.2 volts (28.0 to 28.4 volts for 24-volt
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units).
CAUTION: DO NOT force the screwdriver past the set stops at either end of the
adjustment range to avoid regulator damage.
5. Remove the screwdriver and voltmeter and install the plastic screw in the
adjustment screw access hole.
Three-Step Adjustable Regulator

1. Stop the engine and disconnect the battery ground cable.
2. Remove the #10-32 nuts and lockwasher from the regulator terminal and
disconnect the diode trio lead (if alternator is equipped with a diode trio).
3. Remove the four screws from the regulator cover. Lift the regulator out of the
housing and move it out of the way as far as the leads will permit. Inspect the two
regulator brush contact pads (see photo). If dirt or corrosion is noted, clean the pads
with #600 or finer sandpaper.
NOTE: In some cases, dirty or corroded contact pads can cause a low charge
condition and voltage adjustment may not be necessary.
4. Inspect and reinstall the brushes.

5. To adjust the voltage, remove and reinstall the adjustment strap in one of three
positions: between terminals A and B (low), between terminals A and C (medium), or
between terminals B and C (high). Each change in the strap will result in an increase
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or decrease in the alternator output voltage of approximately .4 volts.

Installation Instructions
Voltage Regulator 102200
These instructions cover the removal and installation of the 102200 voltage regulator,
which is used on the 12 volt "JC" alternators.
The 102200 regulator has an "AC/DC" circuit built in which will allow it to be used on
12 volt "JB" and "JC" style alternators equipped with or without a diode trio. For
alternators without a diode trio install a jumper wire from the regulator terminal on the
alternator to one of the "AC" terminals (this will excite the alternator), the use of an
ignition wire is no longer necessary. On alternators with a diode trio the regulator may
be
installed in the normal fashion.
Regulator Removal
1. Disconnect battery ground cable.

2. Remove four screws from regulator cover. Remove the two #10 nuts from the
terminal
located on the regulator holder to disconnect the diode trio lead (if alternator is equipped
with a diode trio), or the jumper wire connected to the A/C tap. Tilt regulator up and
remove the 10-32 square head screw to disconnect regulator blue lead (also white with
blue tracer) (Figure 1).
3. Remove the brushes and visually inspect them. If brushes appear burned, cracked,
or
damaged, then brushes must be replaced. Inspect the springs and the shunt lead within
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the
spring for damage. Replace brushes if necessary. Check brush length. If brush is less
than
half its original length (or about 3/8"), then replace brush.
4. Inspect the Red, Black, and White leads which were disconnected from the regulator.
If insulation is damaged so bare wire is noticed, then alternator should be disassembled
and the leads replaced.

Regulator Installation
1. Clean each of the two brushes with a spray electrical contact cleaner of the type that
does not contain silicone. Silicone attacks brushes and will cause short brush life. Clean
brush contact caps with #600 grade (or finer) sand paper.
2. Insert a brush in each of the two brush openings. Compress the springs and retain
with
a pin inserted through the access hole in the regulator holder. A suitable pin can be
made
of a 1/16" drill or brazing wire (Figure 2).
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If the original brushes are being reused, then the wear pattern of each brush must be
matched with the radius of the slip rings (Figure 3).

3.
Insure that regulator gasket is in good condition and in position around the regulator
circuit board. Align regulator with the holder so when installed the words "LeeceNeville" on the cover face away from the alternator.
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Regulator Voltage Adjustment
NOTE: Before any adjustments are made insure that the batteries, terminal, wiring, and
alternator drive belt(s) are in good working condition, and are properly tightened.
Batteries must be at least 95-100% charged.
1. "Flash" field as follows:
With the engine off, connect a short jumper to the alternator NEGATIVE output terminal
and to a piece of stiff wire or 1/16" drill. Insert the drill in the "full field access hole" as
far as it will go for 1-2 seconds. This will restore the residual magnetism in the rotor
(Figure 4).

2. Run
engine at 1000-1200 rpm with an accurate voltmeter connected across the battery
terminals and make a note of the voltmeter reading. Compare to vehicle manufacturer's
voltage setting specification. If voltage is outside values specified, the continue with
instructions listed below for adjusting regulator.
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Regulator Adjustment
1. Stop engine and disconnect battery ground cable.
2. Remove #10-32 nuts and lockwasher from regulator terminal and disconnect diode
trio
lead (if alternator is equipped with a diode trio), or the jumper wire connected to the A/C
tap.
3. Remove the four screws from the regulator cover. Lift regulator out of housing and
move it out of the way as far as the leads will permit. Inspect the two regulator brush
contact pads. If dirt or corrosion is noticed then clean pads with #600 sand paper (or
finer) (Figure 5).
NOTE: In some cases dirty or corroded pads can cause a low charge condition, and
voltage adjustment may not be necessary.

4.
Inspect and reinstall brushes as described in "Regulator Removal" and "Regulator
Installation" sections in this instruction sheet.
5. To adjust voltage remove and reinstall voltage adjustment strap in any of the three
positions available: A & B (High), A & C (Medium), or C & B (Low).
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Each change in position of adjustment strap will result in an INCREASE or DECREASE
in voltage of approximately .4 volts.
Example:
a) Voltage at battery with engine at 1000-1200 rpm 13.6 Volts
b) Vehicle manufacturer spec. for voltage setting 14.0+ .1 Volt
c) Voltage adjustment strap position A & C
Necessary Adjustment: Voltage adjustment strap should be changed to "C & B" position
to increase voltage by (approximately) .4 volts to 14.0 volts.
Regulator Static Test Values
For static (bench) test purposes the regulators are factory set at the following: Low
13.60
+ .15, Med 14.00 + .10, High 14.40 + .15. These values should not be confused with
voltages above which are taken at the battery and will vary due to voltage drops.
CAUTION: Recommended torque for the #4 cross head screws used for securing
voltage
adjustment strap is 4-5 in. lbs. Overtightening these screws may cause them to break
and
the regulator would become unusable.
6. Complete regulator installation as described in "Regulator Installation" section.
7. Reinstall battery ground cable and repeat Steps 1 and 2 in "Regulator Voltage
Adjustment" section to insure proper voltage.
8. Place regulator in holder. Apply a small amount of downward pressure on the
regulator
and REMOVE PIN from access hole to release brush springs. Hold down regulator and
secure it with four #8-32 x 7/16" long screws (Figure 6).

CAUT
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ION: The pin used to retain the brushes during regulator assembly MUST BE
REMOVED BEFORE the regulator is secured to avoid regulator damage. WARRANTY
IS VOID ON ANY REGULATOR RETURNED WITH "PIN" DAMAGE!
9. Reconnect ground cable to battery.
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ADDITIONAL INFORMATION
1. Web Sites
www.acdelco.com
www.centralstatesbus.com
www.delphi.com
www.exide.com
www.littlefuse.com
www.hgmakelim.com
www.interstatebatteries.com
www.penntexusa.com
www.prestolite.com
www.thomasbus.com
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2.

Voltage Drop Test
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a.
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e.
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g.
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DIESEL ENGINES
1. Purpose
All type A, B, C, and D buses equipped with a diesel engine must conform to
CDE and FMVSS standards for the year of vehicle manufactured. Re-powers
must meet or exceed the same standards.
Diesel engines provide low RPM-high torque power with fuel efficiency. The
vehicle must be geared to allow engine RPM to be maintained within the
manufactures specification at all times.
Diesel engines must meet the Colorado Department of Health opacity
requirements for the area they travel within.
NOTE: A diesel-powered vehicle traveling to an area where the opacity standards
are more rigid than the Colorado Department of Health standards, must meet the
stricter standards of that area.
Engine heaters may be installed in the block or coolant lines, or a
thermostatically controlled engine lubricant oil pan heater may be permanently
installed.
2. Inspection Procedure
Check thoroughly for oil leaks.
Check thoroughly for fuel leaks.
Inspect fuel lines for wear, cracking, kinking, etc.
Check air cleaner for restriction. Replace the filter or repair the
restriction if it is more than 8 inches of water or it the
manufacturer’s maximum restriction specification occurs.
Check for excessive smoking. All diesel engines must meet
Colorado Department of Health standards set for the areas in
which it travels (See above note).
Check that the engine RPM's remain within the manufacturer’s
specifications at both maximum (high idle, if equipped) and idle
speeds.
Inspect motor mounts for cracks and broken, or missing, bolts.
Check that rubber insulators have not deteriated and are not
missing.
Check that auxiliary components are securely mounted to the
engine (ie: alternators, air compressor, starter, etc.).
Cooling system inspection (See Section 10 on the Cooling
System).
Fuel system inspection (See Section 15 on the Fuel System).
Exhaust system inspection (See Section 14 on the Exhaust
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System).
Inspect drive belts for proper adjustment, and replace if worn or
cracked.
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DIESEL ENGINE TROUBLESHOOTING
1. Engine Fails to Start
Fuel tank empty
Plugged filter or fuel lines
Defective transfer pump or injection pump
Air in fuel lines
Low cranking speed
Glow plugs not functional
Defective engine kill solenoid, wiring, or cable
Check oil level (International)
NOTE: Do not use starting fluid on engines equipped with glow plugs or intake
heaters!
2. Engine Starts Hard
Cranking speed too low
Improper fuel
Water in fuel
Improper injection timing
Poor compression
Glow plugs or glow system are not functional
Engine block heater malfunctioning
3. Low Power Output, No Smoke
Accelerator linkage travel restricted or out of adjustment
Governor high idle adjustment incorrect (governor gap on 8.2
Detroit engines)
Low fuel pressure
Low fuel supply pressure
Improper maximum fuel setting
Air cleaner restriction
Improper injection timing
Exhaust system restriction
Improper rack setting
Fuel shut-down system adjustment
4. Engine Smokes, Lacks Power
Air cleaner restricted
Low compression in one cylinder
Injection pump out of time
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Leaking injector nozzles
Fresh air hose to cleaner not loose, disconnected or torn
Injector spray pattern bad or clogged
5. White Smoke
Cold temperature outside
Long idle periods
Poor fuel quality
Air in fuel system
Valve adjustment not correct
Misfiring cylinder
6. Blue Smoke
Indicates engine is burning oil
Oil levels too high
Valve guides / seals worn or defective
Rings worn or defective
Worn cylinder walls
Worn or blown seals in the turbo or supercharger
Wear or damage to pistons
7. Black or Gray Smoke/Engine Runs Smooth
Indicates engine may be running rich
Engine under load
Air cleaner restricted
Improper valve adjustment
Fuel injection timing is incorrect
Poor fuel quality
Exhaust restriction
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GAS ENGINES
1. Purpose
All type A, B, C, and D buses equipped with a gasoline engine must conform
to CDE and FMVSS standards for the year of vehicle manufactured. Repowers must meet or exceed the same standards.
Gasoline engines provide torque power through internal combustion. Vehicles
must be geared to allow engine RPM's to be maintained within manufacturers
specifications at all times.
Engine heaters maybe installed in the block or coolant line, or a
thermostatically controlled engine lubricant oil pan heater may be permanently
installed.
Gasoline powered vehicles must meet Colorado Department of Health
Emission requirements for the areas they travel within.
NOTE: A gasoline powered vehicle traveling to an area where the Air Care Colorado
emissions testing program is enforced does not have to comply with the program
rules for an occasional trip. However, there are two exceptions - visible smoke and
traveling within the nine-county Air Care Colorado program area (basically Denver,
Boulder and the northern Front Range) more than 90 times per year.
2. Inspection Procedure
Check thoroughly for oil leaks.
Check thoroughly for fuel leaks.
Inspect fuel lines for wear, cracking, kinking, etc.
Check air cleaner for restriction. Replace the filter or repair the
restriction if it exceeds the manufacturers maximum restriction
specification.
Check for excessive smoking. All vehicles operating within the
nine-county Air Care Colorado program area must meet the
Colorado Department of Health standards for the area in which
they travel (see also above note).
Check emissions controls. All vehicles must be equipped with
the factory installed emission controls and they must all be
operational.
Inspect motor mounts for cracks and broken, or missing, bolts.
Check that rubber insulators have not deteriorated and are not
missing.
Check that auxiliary components are securely mounted to the
engine (i.e.: alternators, air compressor, starter, etc.).
Cooling system inspection (See Section 10 on the Cooling
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System).
Fuel system inspection (See Section 15 on the Fuel System).
Exhaust system inspection (See Section 14 on the Exhaust
System).
Inspect drive belts for proper adjustment, and replace if worn or
cracked.
Perform all tune-up procedures in accordance with the
manufacturer’s procedure.
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GAS ENGINE TROUBLESHOOTING
1. Engine Fails To Start
Fuel tank empty
Plugged filter or fuel lines
Defective carburetor (if equipped)
Defective fuel pump
Primary or secondary ignition
2. Engine Hard Starting
Cranking speed too slow
Incorrect ignition timing
Poor compression
Carburetor needs adjustment (if equipped)
Low fuel pressure
3. White Smoke
Cold temperatures outside
Valve adjustment
Blown head gasket
Defective vacuum modulator
4. Blue Smoke
Oil levels too high in engine
Worn valve guides or seals
Worn rings
5. Electrical Ignition System – Engine Fails To Start
Module defective
Insufficient voltage
Faulty wiring harness
Computer components defective (if equipped)
Pick up coil broken or defective (if equipped)
Rotor shorted or defective
Spark plugs or wires faulty
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ADDITIONAL INFORMATION
Web Sites
www.aircarecolorado.com
www.cat.com/maintenance-and-support
www.cummins.com
www.deere.com
www.detroitdiesel.com
www.donaldson.com
www.hortonww.com
www.internationaltrucks.com
www.pacbrake.com
www.thomasbus.com
NOTE:
CAT - Register for your account at www.cat.com/on-highway-transportation
If you have problems contact your local CAT rep.
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EXHAUST SYSTEM
General Components

................................................................................. Page #

1.

Exhaust System
a.
Purpose .............................................................................. Page 2
b.
Inspection Procedure ......................................................... Page 2
c.
Repair Procedure ............................................................... Page 3

2.

Additional Information
a.
Web Sites ........................................................................... Page 4
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EXHAUST SYSTEM
1. Purpose
All type A, B, C, and D school buses must have an exhaust system capable of
directing the discharge of harmful combustion fumes to the atmosphere and
must conform to Colorado Minimum Standards, 301-25, for the year of vehicle
manufacture.
Exhaust pipe, muffler, and tail pipe shall be outside the passenger portion of
the bus body and attached to the chassis.
2. Inspection Procedure
Hangers
Exhaust system may use hangers, which permit required
movement due to expansion and contraction caused by heat of
the exhaust and relative motion between the engine and chassis
of the bus.
Muffler
Muffler shall be heavy-duty truck type of aluminized or stainless
steel, or ceramic coated to offer maximum resistance to
corrosion or oxidation. Exhaust backpressure shall not exceed
the engine manufacturer's maximum requirement for that
make/model.
Emissions Control Systems
DOC - Diesel Oxidation Catalyst
Must offer maximum resistance to corrosion or oxidation.
Exhaust backpressure shall not exceed the engine
manufacturer's maximum requirement for that make/model and
must meet standards for vehicle year if installed by
manufacturer. DOC replacement is not required if properly
maintained unless there is a component failure.
DPF - Diesel Particulate Filter
Computer controlled device that has a series of warning lamps
to indicate defective equipment. See manufacturer service
manual for specific details and must meet standards for vehicle
year if installed by manufacturer.
WARNING: REMOVAL OF EMISSIONS CONTROLLED SYSTEMS IS
PROHIBITED IF FACTORY INSTALLED.
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Tail pipe
Tail pipe shall be constructed of seamless or electrically welded
tubing of 16 gauge steel or equivalent, and shall extend at least
five inches beyond chassis frame with sufficient length to reach
the bumper or to the left side of bus, but not to extend beyond
the rearmost part of the bumper.
Where frame is extended to rear bumper, 5-inch extension is not
required. Type A school buses may have exhaust pipe route to
right or left behind rear axle. Diameter of tail pipe shall not be
reduced after it leaves the muffler. The rear end of the tail pipe
must be located at least 20 inches to the right or left of the
centerline of the chassis. Baffle style tail pipe can be used with
DPF application.
NOTE: Exhaust temps can reach up to 1200 degrees Fahrenheit while in the
regeneration cycle.
Shields
Exhaust system shall be insulated from fuel tank and fuel tank
connections by a securely attached metal shield at any point
where it is 12 inches or less from the fuel tank or fuel
connections.
3. Repair Procedure
No part of the exhaust system may be temporarily repaired with wrap or
patches. No part of the exhaust system shall leak or discharge at any point
forward of or directly below the driver/passenger compartments.
The exhaust system must be securely fastened to the vehicle.

73 of 343

CSPTA Reference Manual 2013 – REVIEW ONLY

ADDITIONAL INFORMATION
Web Sites
www.aircarecolorado.com
www.airflo.com
www.catalyticexhaust.com
www.cumminsfiltration.com
www.dieselnet.comwww.donaldson.com
www.enginecontrolsystems.com
www.freightlinertrucks.com
www.internationaltrucks.com
www.mandrelbending-tubefabrication.com
www.nelsonexhaust.com
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FUEL SYSTEM
General Components
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1.
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a.
Purpose .............................................................................. Page 2
b.
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2.
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a.
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FUEL SYSTEM
1. Purpose
The typical fuel system consists of a storage tank, transfer pump, lines and
filter(s), and a way to meter exact amounts of fuel. The fuel system must
conform to Colorado Minimum Standards and FMVSS for the year of vehicle
manufacture.
Fuel tank
Fuel tank shall be filled and vented entirely outside the
passenger compartment. Type B, C, and D buses shall have
a drain plug of at least 1/4 inch in diameter and shall be
located in the lowest level of the tank.
No fuel supply line shall be mounted below the fuel tank. Fuel
tank shall be securely mounted and have an approved cage
(where required).
Fuel filters
Fuel filters are used to keep the fuel as clean as possible at all
times.
Transfer pump
The transfer pump moves fuel from the storage tank to the rest
of the system at low pressure. Depending on manufacturer's
preference, several types of pumps can be used and may be
part of the injection pump or it can be a separate unit.
Injection pump/injectors
The injector pump and/or injectors must perform the following
tasks:
- Measure (meter) exact amounts of fuel.
- Time the instant of fuel injection.
- Control the rate of fuel mixture.
- Break up (atomize) fuel into tiny particles.
- Distribute the metered/atomized fuel to the engine’s
individual combustion chambers.
Lines
Fuel lines may be metal or an approved flexible hose. Every
fuel line must be long enough and flexible enough to
accommodate normal movements of the parts to which it is
attached without incurring any damage. Lines must be secured
against kinking or other causes of mechanical damage.
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2. Inspection Procedure
Check for fuel leaks.
Check fuel tank mounting/cage/shields.
Check fuel lines for proper routing and condition.
Check filler cap seal and retaining chain if applicable.
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ADDITIONAL INFORMATION
Web Sites
www.dieselnet.com
www.internationaltrucks.com
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PARTS CONTROL SYSTEMS
General Components

Page #

1.
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b.
Carrying Costs ................................................................... Page 2
c.
Computerized Systems ...................................................... Page 2
d.
Inventory Parameters......................................................... Page 3
e.
Inventory Factors ............................................................... Page 3
f.
Parts Stocking Suggestions ............................................... Page 4

2.

Tire Tracking
a.
Purpose .............................................................................. Page 5
b.
Manual Tracking/Computer Tracking ................................ Page 5
c.
Cost Per Mile ...................................................................... Page 5
d.
Cost per 32nd .................................................................... Page 6

3.

Cost Negotiations
a.
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b.
State Bids ........................................................................... Page 7

4.
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a.
Vehicle Cost Per Mile Formula .......................................... Page 8
b.
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INVENTORY SYSTEMS
1. Purpose
The purpose of this section is to share ideas and introduce concepts that will aid
in managing inventory, rather than simply keeping track of it. Any inventory
control system that one uses will provide answers to these questions:
What do we have on hand?
How much have we used and where?
How much did it cost?
An inventory management system, however, incorporates all of the control
data to answer questions like:
What do we need?
What haven’t we used?
How can we save?‖
2. Inventory Carrying Costs
One widely cited estimate of inventory carrying costs is approximately 25 percent
per year of the total value. So if an inventory’s total value is $10,000.00, it costs
an additional $2,500.00 per year to hold it on a shelf. The components used to
arrive at this figure are as follows:
Insurance…………………………………………………………. 0.75
Storage facilities…………………………………………………. 0.25
Taxes……………………………………………………………… 0.50
Transportation……………………………………………………. 2.00
Handling costs…………………………………………………… 5.00
Depreciation……………………………………………………… 2.50
Interest……………………………………………………………. 6.00
Obsolescence…………………………………………………… 8.00
TOTAL…………………………………………………………….25.00%
NOTE: Components may vary, such as taxes (most school districts are tax exempt)
and interest. Despite these variables, the carrying costs are substantial.
3. Computerized Systems
Regardless of the size of the fleet, maintenance requires parts inventory, and a
system to manage it. A computerized system is advisable if:
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The inventory is in more than one location.
The fleet is large enough to make parts tracking and cost analysis
difficult.
When the cost of the system justifies the efficiency it will create.
4. Inventory Parameters
Parts inventory parameters are the same in computerized or manual systems.
Part Number
Any number that defines that part, such as a manufacturer’s
number or your own system number.
Part Description
Brief definition and application (i.e.: air compressor leak kit,
recapped tire).
Location
Where the part is (i.e.: basement, shed, row 5 bin 2).
Cost
Should reflect current cost and if possible, indicate a price history.
Vendor
Preferred source. Vendors will often work with you to stock items
that you order from them. They also need to be made aware of
state bid prices and fleet discounts, to negotiate the best price.
Always use reputable vendors.
Usage History
Should indicate how often the part is used and on what types of
vehicles. Usage history and cost are necessary to determine cost
per mile analysis.
5. Inventory Factors
One of the difficult things to determine in parts inventory is what to stock, and
how many. The review cycle, the time between order dates, can be managed so
that the order frequencies are based on ordering the minimum size required to
get the best terms. Suggested factors for determining what parts to stock and
stock amounts are:
Cost
Need to balance the necessity of the item against the cost. If you
choose not to stock an item for cost reasons have an available
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source for when you need it.
Critical
Safety aspect of the part. Although, an air compressor governor
may be changed infrequently, a vehicle can’t safely be driven
without it, so it is usually stocked.
Lead Time
The amount of time the part takes to get in once it has been
ordered.
Frequency of Use
Stock used in preventative maintenance checks, service intervals,
and other established needs.
Review Cycle
Parts needed more than twice during its determined review cycle,
should be stocked. Different parts may have different review
cycles.
Shelf Life
Certain parts (tires, hoses, batteries, belts, DEF) have a shelf life.
Be aware of your expiration times and frequency of use. You may
need to adjust your maximum inventory levels.
6. Parts Stocking Suggestions
Parts that are available from nearby sources need not be stocked.
Add or reduce inventory levels at the time of vehicle additions or
disposal.
Have rebuilt components in stock to reduce downtime.
Establish a good rapport with your vendors. They can be very
helpful.
The higher the cost of an item the shorter the review time and the
smaller the order.
Minimize number of suppliers.
Decentralization keeps the buyer closer to the inventory resulting in
shorter review cycles and lead times.
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TIRE TRACKING
1. Purpose
Tire tracking can be a very useful tool to a school district as we are all aware of
the rising costs of tires. It is important to remember that sizes of fleets may differ
substantially and the use of tire tracking and its value may vary from district to
district. There are many different kinds of tires and many variables to consider
when tracking tires such as:
Types of Roads
Types of Terrain
Drivers’ Tendencies
Types of Tires

Weather
Type of Bus
Wheel Position

Tire tracking can be done either manually or by computer if your software is set
up to do so. Choose a method that works best for your district to see how tires
are wearing and what they are costing. The cost of tires can be tracked by either
cost per 32nd of tire tread or cost per mile.
NOTE: At the end of this section is a sample form used by various school districts that
may be beneficial.
2. Manual/Computer Tire Tracking
In most cases, the reason for tracking tires manually is lack of access to a
computer program to do so. Although manual tire tracking is slower, it is still
important to determine the best performance of the tire.
Tire tracking by computer can be very beneficial for several reasons:
Speed.
Access to records.
Computer generated printout of cost and usage that computes cost
automatically instead of manually.
Accuracy.
3. Cost Per Mile (CPM)
The cost per mile is determined by dividing the price of the tire (minus any
retread value) by the total mileage.
Example:
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Equals CPM……………………………………….....$0.01/mile
4. Cost Per 32nd
The cost per 32nd is determined by dividing the price of the tire (minus any
retread value) by the 32nd’s of tread use.
Example:

New tire price……………………………………..$246.93
Minus residual casing value…………………….. –35.00
Equals cost of tire…………………………………$211.93
Divided by 32nds of tread used
(24 new, 6 replaced)………………………………
18
Equals cost per 32nd ………………………..……$11.77/32nd

NOTE: Cost per 32nd is most useful when comparing the performance of specific
brands or types of tires.
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COST NEGOTIATIONS
1. Negotiations
Positive supplier relationships through courtesy and impartiality are part of good
negotiating. District purchasing agents demonstrate loyalty and enhance their
proficiency by maintaining current technical knowledge and high standards of
ethics. Here are some negotiating points for success:
Be flexible.
If necessary, compromise.
Don’t leave any details until later.
Don’t negotiate on the phone, if you can do it in person.
Time pressure could cause you to lose.
Always maintain the power to walk away.
Always document your agreements.
2. State Bids
There is also the option of using the state bid awards to purchase parts. This is
done by the State of Colorado, Division of Purchasing and some of the items are
throughout the state. You can receive copies of these awards by calling the
State Purchasing Division at (303) 866-6464. Currently there are bids available
for the following:
Batteries
Tires (statewide)
Vehicles
Parts
Fluids
The parts bid is with many vendors and lines, and there is a copy of the vendors
currently participating. The bid itself is simple to understand and is usually good
for one year. The parts bid in the metro area has more than one vendor, giving
you an option on the brand and price you want to use. These are just price
agreements and other suppliers may be checked to make sure it’s the best deal
for your district.
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GENERAL
1. Vehicle Cost Per Mile Formula
Costs per year divided by the annual mileage. Vital fluids, fuel, preventative
maintenance and repairs should be computed separately for clearer comparisons
and trouble-shooting. It is easy to see how these analyses can help to set and
achieve fleet goals. Spot failure in parts or design and success in requesting
assistance from manufacturers.
Example: A school bus (a 48 passenger wheel chair bus) traveled 11564.0 miles
in a year. This vehicle cost $1191.70 during preventative maintenance and
services and an additional $1309.69 in repairs during the school year. Total cost
(parts and labor) was $2501.39 (2501.39 divided by 11564 = .216) so this vehicle
cost $0.22 per mile for maintenance. This same vehicle averaged 6 miles per
gallon of fuel. The average price for fuel for that year was $0.65/gallon. So the
fuel cost was $0.11 per mile. This vehicle cost $0.33 per mile in fuel and
maintenance. Vital fluids for this vehicle (oil, antifreeze and additives) cost
$57.60 or approximately 2.25 % of the total annual costs.
2. Warranties
Part warranties will often pay for themselves. For example, there is a new
alternator on the market that fits most buses. It has a two-year warranty, with
limited mileage, including removal and installation.
Tracking Warranties
There are different ways to track warranties, manually or
electronically. Manual/computer spreadsheets (even magnetic
wallboards for quick reference) can be updated and used. Some
software programs have the capability to track warranties. Another
idea is to attach a tag to the item or write warranty information on
the item itself.
3. Failure Analysis
Occasionally a particular part will fail on a series of vehicles. Regardless of
design flaws, inadequate parts, or any other reason, vehicle manufacturer
warranties are implied. Sometimes another part or design flaw will make a part
continually fail. For example, a block heater hose needed to be re-routed.
Failure analysis requires documentation of the vehicles involved and work
performed. Communication and cooperation among technicians, other districts
and manufacturers are necessary.
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4. Liabilities
Whenever you are purchasing parts or equipment, safety and liability must be
considered first. You must also consider purchasing parts that are either OEM or
aftermarket, taking into consideration the quality of the part, price, availability and
warranties. When deciding on new or rebuilt parts replacement, make sure to
first check on existing warranties.
5. Communication
When you are having trouble with a specific part, share you discoveries. School
districts get better pricing for buying collectively and should be explored more
often. Published state bids should be requested to indicate what a good price is.
There are no benefits to keeping this information to yourself. If you are
contemplating a change (like investing in a computer inventory system,
alternative fuels, etc.) check with suppliers and other school districts. Ask
questions, compare notes. Remember, the power of information is in sharing!
Visit the Colorado State Pupil Transportation Association web site at
www.cspta.org to submit obsolete parts lists or any other communication you
might deem important. The Colorado Department of Education supplies a list of
certified vehicle manufacturers annually. Their web site can be found on the
Additional Information page of this section.
There is ASE parts specialist certification available to counter people. There is
testing on light duty and medium/heavy parts. Test times and locations can be
found online at www.ASE.com.
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ADDITIONAL INFORMATION

1. Web Sites
www.acdelco.com
www.carquest.com
www.cde.state.co.us
www.chalks.com
www.directbus.com
www.jasperengines.com
www.maesco.com
www.napaonline.com
www.necentral.net
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2. Tire Tracking Form

TIRE INSTALL/REPLACE FORM
Bus Number: ___________________
Number of Tires: ________________

___New

___Used

___Recap

Part Number:
____________________________________________________________
Size: __________________________ Brand: ______________________________
LF Serial #:_____________________ RF Serial #: _________________________
LRO Serial #:___________________ LRI Serial #: ________________________
RRI: Serial #:___________________ RRO Serial #: _________________________
LF Tread Depth: ________________ RF Tread Depth: ______________________
LRO Tread Depth: _______________ LRI Tread Depth: _____________________
RRI Tread Depth: _______________ RRO Tread Depth: ____________________
LF Tire Pressure: ________________ RF Tire Pressure: _____________________
LRO Tire Pressure: _______________ LRI Tire Pressure: ____________________
RRI Tire Pressure: _______________ RRO Tire Pressure: ____________________
Mechanic: _____________________ Hours:_______________________________
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General Components
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4.
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RETARDERS
1. Purpose
Retarders may be used for descending grades, in city traffic, approaching
stoplights, and in general, wherever vehicle slowing is required. This
leaves the normal service brake system cooler for emergency stops and
prolonging brake life. There are different types of retarders available;
hydraulic, electric, and engine.
2. Electric Retarder
The electric retarder is a self-contained unit that fits in the driveline. It consists of a
number of simple yet powerful electromagnets fixed to the retarder frame.
When switched on, the electromagnets exert a very strong drag force on the
two-iron disc (rotors) attached to the drive shaft of the vehicle. There is no
actual contact so there is no wear.
The electric retarder operates on the eddy current principle. It is even simpler
than an electric motor. Electric retarders use a number of powerful
electromagnets to create a very strong force for reducing the vehicle motion.
The electromagnets are progressively switched on by a multi-position control
mounted on the steering column, dashboard or connected with the brake pedal.
The type that operates in conjunction with the brake pedal is automatic and
functions when the operator begins to engage the brake pedal. The driver
actuates the hand control manually. A monitor light comes on when the retarder
is operated. A master switch turns the system on and off.
The electric retarder is available in different sizes and capacities.
The retarder system is composed of a control switch, a relay box, and
retarder.
Control Switch
The control switch activates a relay for each stage of the
retarder. This switch is not user serviceable and must be
replaced as a unit.
Relay Box
The relay box switches power directly from the battery to the
retarder. The user serviceable items in the relay box are the
fuses, contacts, coils, power protective diode assembly, and
indicator light protective diode assembly.
Retarder
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The retarder slows the driveline through the use of opposing
magnetic fields. Repairs to the retarder consist of
replacement of the bearings, seals, coils, and internal wiring
repairs.
3. Maintenance
Maintenance of the retarder system consists of greasing the retarder, washing the
retarder, and routine checking of the retarder system components.
4. Inspection Procedure
Check for abnormal rotor end play.
Check air gap.
Check for leaking seals.
Check U-joint condition.
Check retarder mounting, tightness, rubber shock mounts.
Check relay box and retarder ground connections.
Check relay box electrical connections and contact condition.
Check amperage draw of each stage.
Check light operation for each stage.
Check speed switch if applicable.
NOTE: Always road test for proper operation.
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ADDITIONAL INFORMATION
Web Sites
www.allisontransmission.com
www.jakebrake.com
www.klamamerica.com
www.schoolbusfleet.com
www.telma.com
www.truckinginfo.com
www.truck.eaton.com
www.voith.com
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MOBILITY AID LIFT AND SPECIAL EQUIPMENT
General Components

................................................................................. Page #

1.

Mobility Aid Lift and Special Equipment
a.
Purpose .............................................................................. Page 2
b.
Inspection Procedure .......................................................... Page 2

2.

Additional Information
a.
Web Sites ........................................................................... Page 4
b.
Lift Service Schedule .......................................................... Page 5
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MOBILITY AID LIFT AND SPECIAL EQUIPMENT
1. Purpose
The primary purpose of the power lift is to facilitate safe and efficient loading
and unloading of mobility aid confined or special needs passengers by only
one operator.
The lift shall be of sufficient capacity to lift the wheelchair, occupant and
attendant. The controls shall be located so that the lift can be activated from
inside or outside the bus. For more information, see also Section 3 –
Colorado Minimum Standards in this manual.
2. Inspection Procedure
Lift Door
Check:
Seal and weather-strip flange for cracking, leaking and age.
Latches and hinges, interior and exterior, for looseness.
Windows for cracks and visibility.
Open door fastening device.
Warning systems.
Power Lift
Check:
Mounting to chassis and/or floor - for cracks, looseness, and
deterioration of mounting hardware.
Electrical operation and hand control.
Operating and warning decals for proper usage.
Manual operations and ramp safety stop.
Hinge pin for wear, welds and framework.
Non-skid material.
Hydraulic system for leaks.
Side rails and safety strap, if equipped.
Load capacity check - refer to manufacturer's specifications.
Check cables for condition; not broken, bent or stretched.
Check spring condition.
Check inner and outer roll stops operation.
Check all adjustments.
Electrical
Check:
Warning light or buzzer located in the driver’s area.
Main power lines and circuit breakers.
Door opening light (dome and exterior light).
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Safety shut-off switches, manual or door-operated.
Condition of the hand control and cables (cords).
Check warning lights
NOTE: See also Section 3 – Colorado Minimum Standards FMVSS 403, 404. Create link
Passenger Compartment Area
Check:
Floor rails, floor mounts and wall mounts.
Mobility aid securement straps.
Occupant restraint straps and devices (seat belts).
Stanchion chairs (if equipped) and elevator lift.
Open holes in the floor.
Aisle width for easy access for wheelchair movement.
Seat barriers for looseness.
Accessories
Check:
Special needs identification emblems.
Securement strap and belt cutter.
Bodily fluids clean-up kit.
Evac aid is present and in good condition.
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ADDITIONAL INFORMATION
1. Web Sites
www.braunability.com
www.ezlock.net
www.ezonpro.com
www.maxonmobility.com
www.nhtsa.dot.gov
www.qstraint.com
www.riconcorp.com
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2. Lift Service Schedule
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General Components
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STEERING
1. Purpose
Basically, there are two general types of steering systems: Manual and Power.
In the manual system, the driver's effort to turn the steering wheel is the primary
force that causes the front wheels to turn to left or right on the steering knuckles.
With power steering, a hydraulic assist multiplies the driver’s turning efforts.
2. Inspection Procedure
Inspect the steering knuckles, kingpins, steering arms, and tie rod arms. Replace if
any indications of weakness, cracks, or excessive wear are found. Cracks can be
located by die check, magnetic particle, or fluorescent particle inspection performed
by a qualified mechanic.
Check spindle/wheel bearing diameters, size, and condition. Replace spindle if
bearing diameters are under specification, discolored from heat, or severely scored.
If the tie rod end or steering arm has been removed, inspect tapers for fretting pits.
Replace as needed.
Check condition of kingpin and bushing.
Check the condition of all steering linkage connections.
For units with sealed knuckle pins, check the seal for rips, tears, and excessive
wear. Do not remove the seals from the steering knuckle unless replacement is
necessary, or the knuckle is to be re-bushed.
Remove the thrust bearing seal from the thrust bearing case and inspect the seal
for wear, rips, and tears.
NOTE: For aluminum axles with integral seals, DO NOT REMOVE THE SEAL.
Check the thrust bearing.
Check the knuckle pin bushings for wear, flaking, or scoring. Compare diameters
with the correct specifications, if any diameter is 0.010" greater than the new
bushing dimension, replace the bushings.
Check the axle center bore for condition and size. Replace center if bore is 0.001"
greater than specification.
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WARNING: Any indication of looseness in the total steering linkage under normal steering
loads is sufficient cause to immediately check all pivot points for wear. Steering linkage
pivots should be checked each time the axle assembly is lubricated.
NOTE: It is impossible to over stress the importance of careful and thorough inspection of
the steering knuckle components prior to assembly. A thorough visual inspection for
indications of wear or stress, and the replacement of such parts as are necessary, this will
eliminate costly and avoidable front end difficulties.
3. Tie Rod And Tie Rod End Inspection Procedure
Check the seals visually for any indication of damage. Check that the seal is
securely seated on the socket. If the tie rod end has a grease fitting replace any
damaged seals. Tie rod ends that do not have grease provisions, should be
replaced if seals/boots are damaged or loose.
No lateral or vertical movement should be found in any tie rod assembly when
checked by hand. Leverage, or prying with a tool, can produce vertical movement in
most tie rod ends, which is inherent in their design. Use of tools for checking free
play is not recommended.
Permanently lubricated, and extended tube end assemblies should be replaced if
found below specifications. Serviceable models should be rebuilt.
Any tie rod tubes found to be cracked, bent, or dented should be replaced.
4. Steering Gear Maintenance Tips
Prevent internal bottoming of the steering gear. Carefully check axle stops to be
sure that they meet the manufacturer's specifications.
CAUTION: Consult manufacturer’s specifications and procedures. Some gear boxes can
be damaged if adjustment isn’t performed correctly.
Regularly check the fluid condition, filter and level in the power steering reservoir.
Keep the tires inflated to correct pressures.
Always use a puller to remove the pitman arms. Never use a hammer or a torch.
Investigate, and immediately correct the cause of any play, rattle, or shimmy in any
part of the steering linkage or steering mechanism.
Do not attempt to weld any broken steering component. Replace the component(s)
with original equipment or OEM approved products only.
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Always clean around the reservoir filler cap before you remove it to prevent dirt and
other foreign matter from entering the hydraulic system.
Investigate and correct any external leaks.
5. Troubleshooting guide for abnormal noises
If the power steering pump is belt driven, a squealing noise may indicate that the
belt(s) should be tightened or replaced.
A thumping noise heard during a turn, or when changing directions, may indicate
that some component is loose and shifting under load.
A change in the normal noise of the pump may indicate that air has been induced
into the system, or that the fluid level is low.
6. Steering Troubleshooting Tables
ROAD WANDER

Possible Cause
Tire pressure incorrect or unequal from left to right.
Components in the steering linkage are loose or worn.
Wheel bearings improperly adjusted or worn.
Front end alignment out of specification.
Steering gear mounting bolts loose.
Pitman arm to output shaft bolt loose.
Steering gear improperly adjusted.
Looseness in the rear axle assemblies.

NO RECOVERY
(Return to Center)

Possible Cause
Tire pressure low.
Front end components binding.
Front end alignment out of specifications.
Kingpins lack sufficient lubrication.
Steering column binding.
Pump flow insufficient.
Steering gear improperly adjusted.
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SHIMMY

Possible Cause
Worn or unevenly worn tires.
Improperly mounted tire or wheel.
Wheel bearings improperly adjusted or worn.
Steering linkage components loose or worn.
Wheels or brake drums out of balance.
Front end alignment out of specifications.
Air in the hydraulic system.
Possible Cause

OVERSTEERING
or
DARTING

Front end components binding or loose.
Steering column binding.
Steering gear improperly adjusted.
Steering gear control valve spool or sleeve is tight or
improperly adjusted.
Rear axle mounts are loose or improperly positioned.
Possible Cause

HIGH STEERING
EFFORT
in
ONE DIRECTION

Unequal tire pressure.
Vehicle overloaded.
Hydraulic system pressure is low.
HIGH STEERING
EFFORT
in
BOTH DIRECTIONS

Possible Cause

Tire pressure too low.
Vehicle overloaded.
Hydraulic fluid level is low.
Pump pressure is low.
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Steering system components binding.
Restriction in, or too small of a return line.

LOST MOTION
(lash)
at
STEERING WHEEL

Possible Cause

Steering wheel loose on the shaft.
Loose connection between the steering gear, intermediate
column, and the steering column.
Steering gear is loose on the frame.
Pitman arm is loose on the output shaft.
Steering components are loose or worn.
Steering gear is improperly adjusted.
EXCESSIVE HEAT
(150 degrees F. over
ambient)

Possible Cause

Excessive pump flow.
Vehicle is overloaded.
Hose or line is kinked, severely bent, restricted, or internally
blocked.
Replacement hose or line is too small.
Limited return to center of the gear valve caused by column
bind, or side load on the input shaft.
EXTERNAL OIL
LEAKAGE

Possible Cause
Finding the location of a leak may be difficult. Oil may run
away from the leak source causing suspicion of the wrong
part. A leak from the vent plug at the side cover indicates
failure of the sector shaft oil seal inside the side cover.

7. Repair Procedure
Refer to the appropriate service manual for specific repair procedure.
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SUSPENSION SYSTEMS
1. Purpose
Basically, suspension refers to the use of front and rear springs to suspend a
vehicle's frame, body, engine, and power train above the wheels. These relatively
heavy assemblies constitute what is known as ―sprung‖ weight. ―Unsprung‖ weight
includes wheels and tires, brake assemblies, the rear axle assembly and any other
structural member not supported by the springs.
Springs are engineered in a wide variety of types, shapes, sizes, rates and
capacities. Types include leaf springs, coil springs, air springs, rubber springs, and
torsion bars. They are used in sets of four per vehicle, or they are paired off in
various combinations attaching to the vehicle by a number of different mounting
techniques.
There are two types of front suspensions in general use: the independent systems
and the solid axle system.
Independent suspension usually operates through heavy duty coil springs or torsion
bars and direct, double-acting shock absorbers.
In solid axle construction, the axle beam and wheel assemblies are connected to
the vehicle by leaf springs and direct or indirect-acting shock absorbers. With the
solid axle setup, the steering knuckle and wheel spindle assemblies are connected
to the axle beam by kingpins, or spindle bolts, which provide pivot points for each
front wheel.
Modern independent front wheel suspension systems use ball joints, or spherical
joints, to accomplish this purpose. The swiveling action of the ball joints allows the
wheel and spindle assemblies to be turned left or right, and to move up and down
with changes in road surface.
2. Leaf Springs
Front leaf (or plate) springs are used in conjunction with solid axle beams in most
truck applications. Rear leaf springs are used on trucks and some passenger cars.
Single leaf or multi-leaf springs are usually mounted longitudinally over the front
axle beam and over the rear axle housing.
The spring center bolt fastens the leaves together, and its head locates the spring
in the front axle beam or saddle on the rear axle housing. U-bolts clamp the spring
firmly in place and keep it from shifting. Eyebolts, brackets and shackles attach it to
the frame at each end. In many cases, leaf springs are used at the rear of the
vehicle in combination with another type spring in front.
3. Coil Springs
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Many independent front suspension systems incorporate compression type coil
springs mounted between the lower control arms and the spring housing in the
frame. Others have the coil springs mounted above the upper control arms,
compressed between a pivoting spring seat bolted to the control arm and a spring
tower formed in the front end sheet metal.
Generally, the upper control arm pivots on a bushing and shaft assembly, which is
bolted to the frame. The lower arm pivots on a bushing and shaft assembly or on a
bolt in the frame cross member. When the lower control arm is not the A-frame
type, it is supported by a strut, which runs diagonally from the lower control arm to a
bracket attached to the frame.
4. Air Ride
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5. Inspection Procedure
Axle Parts/Members
Check all U-bolts, spring hangers, or any other axle positioning parts for
cracks, breaks, loose or missing parts resulting in shifting of an axle from its
normal position.
Spring Assembly
Check for:
Any broken leaf(s) in the leaf spring assembly.
Cracked or broken coil spring.
Rubber spring missing or deteriorated.
One or more leaves displaced in a manner that could result in contact
with a tire, rim, brake drum or frame.
Cracked, bent, or broken torsion bar spring in torsion bar suspension.
Deflated air suspension system failure, leak, etc.
Torque, Radius or Tracking Components
Check for:
Any part of a torque, radius or tracking component assembly
or any part used for attaching same to the vehicle frame or
axle that is cracked, loose, broken or missing (including
missing or loose bushings in torque or track rods).
Frame
Check for:
Any cracked, loose, sagging, or broken frame member
permitting shifting of the body onto moving parts or other
condition indicating an imminent collapse of the frame.
Any cracked, loose, or broken frame member adversely
affecting support of functional components such as the
steering gear, engine, transmission, body parts, and
suspension.
6. Suspension Troubleshooting Tables
FRONT END NOISE

Possible Cause
Loose or worn wheel bearings.
Worn shock absorbers or mounts.
Worn struts or strut mountings.
Loose or worn suspension components.

187 of 343

CSPTA Reference Manual 2013 – REVIEW ONLY

Loose steering gear to frame bolts.
Lack of ball joint lubrication.
FRONT WHEEL SHIMMY OR
VIBRATION

Possible Cause
Tires or wheel out of balance.
Incorrect wheel alignment.
Propeller shaft may be unbalanced.
Loose or worn wheel bearings.
Loose or worn tie rod ends.
Wheel loose or uneven lug nut torque.
Worn ball joints.
Worn shock absorbers.
Worn strut bushings.

VEHICLE LEANS OR SWAYS
ON CORNERS

Possible Cause
Loose stabilizer bar.
Faulty shock absorbers.
Broken or weak springs.

ABNORMAL SPRING NOISE

Possible Cause
Loose U-bolts.
Loose or worn suspension bushings.

ABNORMAL TIRE WEAR

Possible Cause
Improper tire balance.
Sagging or broken springs.
Improper wheel alignment.
Faulty shock absorbers.
Improper suspension parts.

VEHICLE PULLS TO ONE
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SIDE
Mismatched or uneven tires.
Broken or sagging springs.
Loose or worn strut bushings.
Improper wheel alignment.
Power steering gear not centered.
Improper steering gear adjustment.
Brakes dragging.
Improper wheel bearing adjustment.
SCUFFED TIRES

Possible Cause
Improper wheel alignment.
Bent suspension parts or frame.

CUPPED TIRES

Possible Cause
Faulty shock absorbers.
Worn ball joints.
Loose or worn wheel bearings.
Wheel and tire out of balance.

SPRINGS BOTTOM OR SAG

Possible Cause
Bent or broken springs.
Faulty shock absorbers.

"DOG" TRACKING

Possible Cause
Broken spring or centering bolt.
Bent rear axle housing.
Frame bent or misaligned.

SHOCK ABSORBER NOISE

Possible Cause
Loose shock absorber mounts.
Worn shock absorber bushings.

SHOCK ABSORBERS
1.

Purpose
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The operating principal of a direct-acting hydraulic shock absorber consists of
forcing fluid through restricting orifices in the valves. The restricted flow serves to
slow down and control the rapid movement of the vehicle springs as they react to
road irregularities. Generally, spring-loaded valves control fluid flow through the
piston.
The hydraulic shock absorber automatically adapts itself to the severity of
the shock. If the axle moves slowly, resistance to the flow of fluid will be
light. If the axle movement is rapid or forceful, the resistance is much
stronger. More time is then required to force fluid through the orifices
causing more absorption of the shock.
By these hydraulic actions and reactions, the shock absorbers permit a
soft ride over small bumps and provide firm control over spring action for
cushioning large bumps. The double-acting units are made to operate
efficiently in both directions, since spring rebound can be almost as
violent as the original action that compressed the shock absorber.
2.

Inspection Procedure
Check For:
Bent or broken shock.
Bent or broken shock mount.
Oil leaking from shock

NOTE: Shock absorbers cannot be repaired and must be replaced. Qualified personnel
can repair some struts, but extreme care must be taken, due to the spring tension.
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I-BEAM TYPE FRONT AXLE
1. Axle Identification
For optimal tire wear on crowned road surfaces, the right and left kingpin bores in
the beam are machined to slightly different kingpin angles. The front of the beam
must be installed toward the front of the vehicle. The front of the beam may be
marked by an identification tag and/or a white paint stripe on the left (driver's side
end) of the beam. If the paint stripe or identification tag are missing, mark the front
of the beam for correct installation.
NOTE: I-Beam axles should NEVER be welded. Re-sizing of kingpin bores by qualified
personnel is acceptable.
2. Inspection Procedure
Any indication of looseness in the steering system, hard steering, unusual noise,
or tire wear is sufficient cause to inspect all pivot points of the steering linkage.
Make sure all fasteners are tightened to the specified torque. Use a torque
wrench to check the torque in a in a tightening direction. As soon as the
fastener starts to move, record the torque. Correct if necessary. Replace
any worn or damaged fasteners.
Inspect all parts of the axle for wear and damage. Look for bent or cracked parts.
Replace all worn or damaged parts.
Make sure looseness does not exist at the pivot points. Make sure pivot points are
lubricated.
Make sure all the parts move freely through the complete turning radius.
Inspect the tires for wear patterns that indicate suspension damage or
misalignment.
Inspect steering knuckle bushings for wear and vertical end play. Also inspect the
tie rod ends for looseness.
3. Maximum Limits For Front Axle Kingpins
This procedure is for determining if the front axle kingpin bushing wear (side play)
and spindle vertical end play exceeds the maximum wear limits for normal service.
The following is one approved method of checking kingpin bushings for wear:
Set the park brake or block the rear wheels to prevent the vehicle
from moving. Position the front axle on floor stands with the wheels
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off the floor.
Check the upper knuckle bushing for wear. Install a dial indicator so
that the base is on the I-beam and the tip is against the side of the
knuckle on top.
Set the dial indicator on zero (0).
Move the top of the tire side-to-side towards and away from the
vehicle. If the dial indicator moves a total of 0.010 inch (0.254 mm),
the upper bushing is worn or damaged. Replace both bushings.
Check the lower knuckle bushing. Install the dial indicator so that the
base is on the I-beam and the tip is against the side of the knuckle on
the bottom.
Set the dial indicator on zero (0).
Move the bottom of the tire side-to-side towards and away from the
vehicle. If the dial indicator moves a total of 0.010-inch (0.254 mm)
the lower bushing is worn or damaged. Replace both bushings.
NOTE: Some of the newer vehicles have a higher tolerance; check manufacturer
specifications.
4. Measuring Spindle Vertical End Play
Raise and support the axle.
Lift the wheel and tire (spindle only if wheel is removed) so that all clearance is
taken up between the steering knuckle and the axle kingpin boss.
Using a feeler gauge, measure the clearance. If the measurement is more than
0.060 (1.5 mm) add shims as needed to reduce the clearance to 0.005 - 0.010-inch
(0.1270 - 0.2540 mm)
NOTE: Refer to the appropriate service manual for additional methods to measure for
kingpin wear. When replacement of any axle or suspension part has been made, it is
recommended that an alignment be done.

192 of 343

CSPTA Reference Manual 2013 – REVIEW ONLY

TIRES
1. Purpose
Tires provide traction for moving and stopping the vehicle. Properly inflated, tires
will absorb irregularities in the road surface, give a safe and comfortable ride, and
provide a reassuring grip to the road at all speeds.
2. Inspection Procedure
Tire Service
Excessive or uneven tread wear results from under inflation, rapid stops, fast
acceleration, misalignment, and unbalanced conditions. Road surface condition will
also affect tire life. Gravel roads and rough-finished concrete will wear tires quickly.
Smooth concrete and asphalt surfaces aid in promoting maximum tire life. Normal
wear causes the tire tread to be reduced evenly and smoothly.
3. Tire Wear Patterns Due To Misalignment
Toe Wear
The typical wear pattern that develops from excessive toe is
a feather edged scuff across the crown. Excessive toe is usually
seen on both steer tires.
Camber Wear
.. If the spindle has excessive positive camber, the tire will scrub off
the outside shoulder. If the spindle has excessive negative
camber, the tire will scrub off the inside shoulder. Camber wear is
usually seen on just one tire.
Cupping Wear
........... Any loose or worn component in the steering or suspension
systems can cause odd wear, cupping, and flat spots. Check for
loose wheel bearings, excessive steering gear lash, worn tie rod
ends, and worn kingpins. Check for worn shock absorbers. Check
for improper tire inflation or balancing.
Flat Spotting Wear
Localized wear across the tread width. Causes include brake lockup,
brake imbalance, out of round brake drums, axle hop or skip. This
type of wear pattern can also be caused by a tire being parked on a
surface containing hydrocarbon oils, chemicals, and solvents. The
affected area of the tread will wear more rapidly, leaving a flat spot.
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Diagonal Wear
Localized wear diagonally across the tread width. Side forces
imposed by a combination of toe and camber create diagonal stress
in the footprint of the tire. Localized wear patterns tend to follow this
same direction creating diagonal wear. Causes include excessive
toe setting, axle misalignment, excessive steering system elasticity,
incorrect steering angle in turns, and excessive camber setting.
4. Rim And Wheel Maintenance During Tire Inspections
Check all metal surfaces thoroughly while making tire inspections, including the
areas between the duals and on the inboard side of the wheel. Watch for:
Excessive rust or corrosion build-up.
Cracks in metal.
Bent flanges, resulting from road obstructions.
On bud type wheels check for damage/wear to mounting holes.
Pull damaged rims or wheels.
Replace damaged parts.
NOTE: Insure that replacements are made with the proper size and types of rims.
Inflate tires only to recommended air pressure. If manufacturer provides
recommended tire pressure range for a specific vehicle type, guidelines should be
followed.
5. Rim And Wheel Maintenance During Tire Changes
Check for cracks in the rim base, in the back flange, and in the gutter areas. These
are caused by deep rim tool marks, overloading, over inflating tires, and using
larger than recommended tire sizes.
Check for cracks in the wheel disc, between the stud holes or hand holes. These
are caused by loose wheel nuts, improper installation procedures, and the use of
incorrect sizes or types of attaching parts.
Check for cracks through the side ring, spreading laterally through the entire
section. These are caused by improper mounting and dismounting techniques, and
impact with road obstructions.
Paint the rim by brush or spray with fast-drying metal primer. Surfaces should be
clean and dry prior to painting. Insure that any bare metal areas on the outside or
the tire side of the rim are covered.
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Lubricate the tire side of the rim base just prior to mounting the tire. Avoid the use
of any lubricant, which contains water, or solvent that is injurious to rubber. A
combination lubricant and rust-preventive compound is preferable.
Inflate tires only to recommended air pressure.
6. Wheels/Rims
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ADDITIONAL INFORMATION
1. Web Sites
www.babsteering.com
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2. APPENDIX G
A vehicle does not pass an inspection if it has one of the following defects or
deficiencies:
7.

8.

Steering Mechanism
a.
Steering wheel free play (on vehicles equipped with power steering the
engine must be running).
Manual steering
Power steering
Steering Wheel diameter ....................................................................... system
16" ............................
2"
4 1/2"
18" ............................
2 1/4"
4 3/4"
20" ............................
2 1/2"
5 1/4"
22" ............................
2 3/4"
5 3/4"
b.

Steering Columns
(1) Any absence or looseness of U-bolt(s) or positioning part(s).
(2) Worn, faulty or obviously repair welded universal joint(s).
(3) Steering wheel not properly secured.

c.

Front Axle Beam and All Steering Components Other Than Steering
Column.
(1) Any crack(s) in gear box or mounting brackets.

d.

Pitman Arm. Any looseness of the pitman arm on the steering gear output
shaft.

e.

Power Steering. Auxiliary power assist cylinder loose.

f.

Ball and Socket Joints.
(1) Any movement under steering load of a stud nut.
(2) Any motion, other than rotational between any linkage member and its
attachment point of more than 1/4 inch.

g.

Tie Rods and Drag Links.
(1) Loose clamp(s) or clamp bolt(s) on tie rods or drag links.
(2) Any looseness in any threaded joint.

h.

Nuts. Nut(s) loose or missing on tie rods, pitman arm, drag link, steering
arm or tie rod arm.

i.

Steering System. Any modification or other condition that interferes with
free movement of any steering component.

Suspension.
a.
Any U-bolt(s), spring hanger(s), or other axle positioning part(s) cracked,
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broken, loose or missing resulting in shifting of an axle from its normal
position. (After a turn, lateral axle displacement is normal with some
suspensions. Forward or rearward operation in a straight line will cause the
axle to return to alignment.)
b. Spring Assembly
(1) Any leaves in a leaf spring assembly broken or missing.
(2) Any broken main leaf in a leaf spring assembly, (include assembly with
more than one main spring).
(3) Coil spring broken.
(4) Rubber spring missing.
(5) One or more leaves displaced in a manner that could result in contact
with a tire, rim, brake drum or frame.
(6) Broken torsion bar spring in a torsion bar suspension.
(7) Deflated air suspension, i.e., system failure, leak, etc.
c.

9.

Torque, Radius, or Tracking Components. Any part of a torque, radius or
tracking component assembly or any art used for attaching the same to the
vehicle frame or axle that is cracked, loose, broken or missing. (Does not
apply to loose bushings in torque or track rods).

Frame.
a.
Frame Members.
(1) Any cracked, broken, loose, or sagging frame member.
(2) Any loose or missing fasteners including fasteners attaching functional
component such as engine, transmission, steering gear, suspension, body
parts, and fifth wheel.
b.
Tire and Wheel Clearance. Any condition, including loading that
causes the body or frame to be in contact with a tire or any part of the wheel
assemblies.
c.
(1) Adjustable axle assemblies (Sliding Subframes). Adjustable
axle assembly with lockingpins missing or not engaged.

10.

Tires.
a.
Any tire on any steering axle of a power unit.
(1) With less than 4/32 inch tread when measured at any point on a major
tread groove.
(2) Has body ply or belt material exposed through the tread or sidewall.
(3) Has any tread or sidewall separation.
(4) Has a cut where the ply or belt material is exposed.
(5) Labeled "Not for Highway Use" or displaying other marking , which would
exclude use on steering axle.
(6) A tube-type radial tire without radial tube stem markings. These
markings include a red band around the tube stem, the word "radial"
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b.

11.

embossed in metal stems, or the word "radial" molded in rubber stems.
(7) Mixing bias and radial tires on the same axle.
(8) Tire flap protrudes through valve slot in rim and touches stem.
(9) Regrooved tire except motor vehicles used solely in urban or suburban
service (see exception in 393.75(e)).
(10) Boot, blowout patch or other ply repair.
(11) Weight carried exceeds tire load limit. This includes overloaded tire
resulting from low air pressure.
(12) Tire is flat or has noticeable (e.g., can be heard or felt) leak.
(13) Any bus equipped with recapped or retreaded tire(s).
(14) So mounted or inflated that it comes in contact with any part of the
vehicle.
All tires other than those found on the steering axle of a power unit:
(1) Weight carried exceeds tire load limit. This includes overloaded tire
resulting from low air pressure.
(2) Tire flat or has noticeable (e.g. can be heard or felt) leak.
(3) Has body ply or belt material exposed through the tread or sidewall.
(4) Has any tread or sidewall separation.
(5) Has a cut where ply or belt material is exposed.
(6) So mounted or inflated that it comes in contact with any part of the
vehicle. (This includes a tire that contacts its mate.)
(7) Is marked "Not for highway use" or otherwise marked and having like
meaning.
(8) With less than 2/32 inch tread when measured at any point on a major
tread groove.

Wheels and Rims
a.
Lock or Side Ring. Bent, broken, cracked, improperly seated, sprung or
mismatched ring(s).
b.
Wheels and rims. Cracked or broken or has elongated bolt holes.
c.
Fasteners (both spoke and disc wheels). Any loose, missing, broken,
cracked, stripped or otherwise ineffective fasteners.
d.
Welds.
(1) Any cracks in welds attaching disc wheel disc to rim.
(2) Any crack in welds attaching tubeless demountable rim to adapter.
(3) Any welded repair on aluminum wheel(s) on a steering axle.
(4) Any welded repair other than disc to rim attachment on steel disc
wheel(s) mounted on the steering axle.
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AUTOMATIC TRANSMISSIONS
1. Purpose
Automatic transmissions transfer engine torque to the driveline.
2. Inspection Procedure
Inspect external transmission filters, and lines for visible leakage, mounting, and
fluid level.
NOTE: Filter changes should be in accordance with manufacturer’s specifications.
Maintaining proper fluid level is very important. Transmission fluid is used to
apply the various clutch packs and to lubricate and cool the transmission. A fluid
level that is too low or too high can cause damage.
NOTE: Two types of fluid level checks are possible - a hot check and a cold check.
Use of the hot check is recommended. Transmission fluid level is checked at
normal operating temperatures with the engine at idle and on level ground. For
cold checks, refer to manufacturer’s recommendations.
Inspect for proper shift cable adjustment.
Check mounting for loose or missing bolts and brackets.
Inspect mechanical actuator adjustment or vacuum modulator operation.
If any of the following problems are found, it is recommended that they be repaired
before the unit is put back into service:
Shift problems or clutch slippage.
Visible leakage.
Improper fluid level.
Loose or missing bolts and brackets.
Improper converter lock-up (if equipped).
Current transmission fault codes.
Check all wiring and electrical connections.
3. Repair Procedure Tips
Start with the simplest checks first (such as improper fluid levels and plugged filters).
Next, refer to the manufacturer’s manual or the troubleshooting section on the
following page.
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PREVENTATIVE MAINTENANCE AND TROUBLESHOOTING TIPS
1. Fluid Level Checks
Maintaining the proper fluid level is very important. Transmission fluid is used to
apply the various clutch packs and to lubricate and cool the transmission. A fluid
level that is too low can cause damage. If the fluid level is too high, aeration and
overheating will occur. Always check the transmission fluid level at least twice to
ensure a proper reading.
Hot Check
Check fluid level at operating temperature with the
engine at idle, the transmission in neutral, and the vehicle on
level ground. This is the preferred method.
Cold Check
A cold check is to be done only when there is a need to
determine that sufficient fluid is in the transmission to operate
the vehicle.
NOTE: Clean debris and dirt from the dipstick area before checking the fluid level.
Check that the dust cap is secure to the dipstick, and sealing properly. If Inconsistent
readings occur, check for proper venting of the transmission.
2. Filter Changes
Fluid must be handled in clean containers, funnels, etc. This prevents
contamination. Keep all filters and replacement parts in their original cartons
until ready for use. Filter change intervals depend on a variety of factors,
such as driving conditions, and can vary from district to district. A good place
to start is with the manufacturer’s guidelines.
Internal Filter Change
When changing the internal filter, be sure to remove the old oring from the oil filter intake tube. Lubricate and install the new
o-ring with the proper ATF or the manufacturer's recommended
lubricant. Install the filter using care not to introduce dirt, or
foreign material into the fluid area. Tighten the retaining screw,
or bolt, to the manufacturer’s specification.
NOTE: When changing the internal filter, this is a good time to check for loose mounting
bolts, leaking oil lines, the condition of the cables and/or linkage, and the vacuum
modulator hose and line. Check the pan for any unusual material. Clean the pan, and
straighten the mounting (gasket) surface on a flat surface. Install the oil pan by hand,
taking care not to disturb the gasket, then torque the pan bolts to the manufacturer's
specification.
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Auxiliary Filter Change
These service intervals depend on a variety of factors, such as
driving conditions, and can vary from district to district.
Whenever possible, change the filters during a major PM, or
follow the manufacturer’s guidelines.
Breather Filter
Keep the breather clean. Follow the manufacturer’s guidelines
or clean the breather during a major PM.
3. Shift Linkage
For best performance, proper adjustment of the shift linkage is essential. Failure
to obtain the proper detent in drive, neutral, and reverse will result in improper
clutch application, thus causing premature failure.
Visual Check
Check the linkage for bent, loose, or worn parts. Check for
accumulation of grease and dirt. Moving parts should be clean
and slightly lubricated.
Adjustment
The manual selector lever is adjusted to move freely, and give a
crisp detent feeling in each gear selection. If the linkage is
adjusted properly, the stops in the manual selector will match the
detents in the transmission. After proper adjustment, the pin,
which engages the shift linkage at the transmission, can be moved
freely in each range.
4. Throttle Modulation
For efficient performance, it is very important that the mechanical actuator or
vacuum modulator is operating properly.
Mechanical Actuator Adjustment
With the engine off, the throttle is placed in the full throttle position.
The mechanical actuator cable will also be in the full throttle
position. Check that the clevis pin fits freely through the hole in the
clevis. For additional specifications, check the manufacturer’s
service manual.
Vacuum Modulator
Inspect the vacuum line/hose for leaks, proper routing, and overall
condition. If any transmission fluid is present in the line/hose, the
modulator is defective. A modulator can be tested with a vacuum
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pump, or using slight air pressure. Refer to the manufacturer’s
service manual for testing procedures.
Electronic Controls
Refer to the manufacturer’s service manual for testing procedures.
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TEST PROCEDURES
1. Road Test
Perform a road-test by simulating the conditions reported by the driver. In
addition, do a full throttle test checking up shift points. Generally shift points are
as follows:
1 to 2 will be within 400 rpm’s of the engine governed speed
2 to 3 will be within 300 rpm’s of the engine governed speed
3 to 4 will be within 200 rpm’s of the engine governed speed.
NOTE: Check the manufacturer's manual for exact specs. On some transmissions, if the
shift does not occur within the parameters, the shift signal valves can be adjusted up or
down.
2. Stall Test
A stall test is performed, in a forward gear, to determine when a power package
(engine/transmission) is performing inadequately. The stall test will determine
whether the problem lies with the engine or the transmission.
Apply the service brakes fully, block the vehicle securely, shift the selector into
a forward range, and accelerate the engine to full throttle. After the engine
RPM’s stabilize, record your reading, release the throttle, shift the
transmission into neutral, and then maintain 1000 RPM's for at least two
minutes to cool the transmission.
Compare your test results to the established norm for that unit. If the engine
RPM was below the specifications, the problem is associated with the engine.
If the engine RPM was above specifications, the problem lies with the
transmission.
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ADDITIONAL INFORMATION
Web Sites
www.allisontransmission.com
www.eaton.com
www.meritor.com
www.roadranger.com
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MANUAL TRANSMISSIONS
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MANUAL TRANSMISSIONS
1. Purpose
The manual transmission transfers engine torque from the engine to the driveline in
different forward and reverse gears.
2. Inspection Procedure
Inspect rear yoke, yoke retention nut, and flange for looseness.
Remove the inspection plate.
Check for excessive clutch material.
Lubricate the throw out bearing (if equipped).
Inspect for signs of leakage in the clutch housing area.
Check the fluid level and condition.
Lubricate the linkage at the pivot points, or cross shaft ball.
Ensure that the return spring(s) are in place and in good condition.
Check for any external leakage.
Check for loose or missing mounts and mounting hardware.
Check the shift tower and shift lever condition.
Road test to ensure proper shift action and that each gear stays in place without
popping out of gear.
NOTE: Repair as to meet or exceed standards and recommendations as outlined by the
manufacturer. For additional troubleshooting, refer to the clutch section.
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ADDITIONAL INFORMATION
Web Sites
www.allisontransmission.com
www.drivetrain.com
www.edmunds.com/car-technology/manual-transmission-basics.html
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RECCOMMENDED TOOLS AND EQUIPMENT
FOR COMPLETING ANNUAL INSPECTIONS
*Required by CDE
NOTE: All equipment should be commensurate in size & capacity to the vehicle being
inspected.
Equipment
Hoist or a Bumper Jack
Rolling Floor Jack*
Jack Stands or Supports*
Headlight Testing Equipment
Measuring Tools
Brake Drum Micrometer*
Brake Disc Rotor Micrometer*
Dial Indicator
Tire Tread Depth Gauge*
Tire Inflation Gauge*
Tape Measure/Ruler*
Miscellaneous Tools
Tire Inflation Tool*
Pry Bars
Spanner Sockets
Seal Removal Tools
Seal Installation Tools
Brake Shoe Removal Tools
Brake Shoe Installation Tools
Wheel Removal/Installation Tools
Torque Wrenches
This list is very brief, and should be adequate for doing inspections. We hope that all
districts and outside facilities are far beyond this minimum.
The Colorado Department of Education does not have a required tool list, but does
require that the inspecting site have adequate tools and measuring tools to perform the
inspection. The adequate tools will still be checked during CDE inspections.
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APPENDIX G
General Components
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

................................................................................. Page #

Brake System................................................................................. Page 2
Coupling Devices ........................................................................... Page 5
Exhaust System ............................................................................. Page 7
Fuel System ................................................................................. Page 7
Lighting Devices............................................................................. Page 7
Safe Loading ................................................................................. Page 7
Steering Mechanism ...................................................................... Page 8
Suspension ................................................................................. Page 8
Frame
................................................................................. Page 9
Tires
................................................................................. Page 9
Wheels and Rims ......................................................................... Page 10
Windshield Glazing ...................................................................... Page 10
Windshield Wipers ....................................................................... Page 11

Minimal formatting has occurred in Section 24 – Appendix G in order to preserve
the integrity of the U.S. DOT Federal Motor Carrier Safety Administration’s
original document.
For more information, see also the Federal Motor Carrier Safety Administration’s
web site: www.fmcsa.dot.gov
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Appendix G to Subchapter B—Minimum periodic inspection standards
Regulations current to Feb. 23, 2012
Appendix G to Subchapter B—Minimum periodic inspection standards
A vehicle does not pass an inspection if it has one of the following defects or
deficiencies:
1. Brake System.
a. Service brakes.
(1) Absence of braking action on any axle required to have brakes upon
application of the service brakes (such as missing brakes or brake shoe(s)
failing to move upon application of a wedge, S-cam, cam, or disc brake).
(2) Missing or broken mechanical components including: shoes, lining, pads,
springs, anchor pins, spiders, cam rollers, push-rods, and air chamber
mounting bolts.
(3) Loose brake components including air chambers, spiders, and cam shaft
support brackets.
(4) Audible air leak at brake chamber (Example-ruptured diaphragm, loose
chamber clamp, etc.).
(5) Readjustment limits. (a) The maximum pushrod stroke must not be greater
than the values given in the tables below and at §393.47(e). Any brake stroke
exceeding the readjustment limit will be rejected. Stroke must be measured
with engine off and reservoir pressure of 80 to 90 psi with brakes fully applied.
Clamp-Type Brake Chambers
Type
Outside Diameter

6
9
12
16
20

4 1/2 in.
5 1/4 in.
5 11/16 in.
6 3/8 in
6 25/32 in.

Brake
Readjustment
Limit
(Standard
Stroke)
1 1/4 in.
1 3/8 in.
1 3/8 in.
1 3/4 in.
1 3/4 in.

24

7 7/32 in.

1 3/4 in.

30
36

8 3/32 in.
9 in.

2 in.
2 1/4 in.

*
**

Brake
Readjustment
Limit
(Long Stroke)

1 3/4 in.
2 in.
2 in. (50.8 mm).
2 1/2 in. (63.5
mm)*
2 in. (50.8 mm).
2 1/2 in. (63.5
mm)**
2 1/2 in.

For type 20 chambers with a 3-inch (76 mm) rated stroke.
For type 24 chambers with a 3-inch (76 mm) rated stroke.
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Bendix DD–3 Brake Chambers
Type
Outside Diameter
8 1/8 in.

30

Bolt-Type Brake Chambers
Type
A
B
C
D
E
F
G

Outside Diameter

6 15/16 in.
9 3/16 in.
8 1/6 in.
5 1/4 in.
6 3/16 in.
11 in.
9 7/8 in.

Rotochamber-Type Brake Chambers
Type
Outside Diameter
9
12
16
20
24
30
36
50

4 9/32 in.
4 13/16 in.
5 13/32 in.
5 15/16 in.
6 13/32 in.
7 1/6 in.
7 5/8 in.
8 7/8 in.

Brake Readjustment
Limit
2 1/4 in.

Brake Readjustment
Limit
1 3/8 in.
1 3/4 in.
1 3/4 in.
1 1/4 in.
1 3/8 in.
2 1/4 in.
2 in.

Brake Readjustment
Limit
1 1/2 in.
1 1/2 in.
2 in.
2 in.
2 in.
2 1/4 in.
2 3/4 in.
3 in.

(b) For actuator types not listed in these tables, the pushrod stroke must not
be greater than 80 percent of the rated stroke marked on the actuator by the
actuator manufacturer, or greater than the readjustment limit marked on the
actuator by the actuator manufacturer.
(6) Brake linings or pads.(a) Lining or pad is not firmly attached to the shoe;(b)
Saturated with oil, grease, or brake fluid; or(c) Non-steering axles: Lining with
a thickness less than 1/4 inch at the shoe center for air drum brakes, 1/16
inch or less at the shoe center for hydraulic and electric drum brakes, and
less than1/8inch for air disc brakes.(d) Steering axles: Lining with a thickness
less than 1/4 inch at the shoe center for drum brakes, less than 1/8 inch for
air disc brakes and 1/16 inch or less for hydraulic disc and electric brakes.
(7) Missing brake on any axle required to have brakes.
(8) Mismatch across any power unit steering axle of:(a) Air chamber sizes.(b)
Slack adjuster length.
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Wedge Brake Data—Movement of the scribe mark on the lining shall not exceed 1/16
inch.
b. Parking Brake System. No brakes on the vehicle or combination are applied upon
actuation of the parking brake control, including driveline hand controlled parking
brakes.
c. Brake Drums or Rotors.
(1) With any external crack or cracks that open upon brake application (do not
confuse short hairline heat check cracks with flexural cracks).
(2) Any portion of the drum or rotor missing or in danger of falling away.
d. Brake Hose.
(1) Hose with any damage extending through the outer reinforcement ply.
(Rubber impregnated fabric cover is not a reinforcement ply). (Thermoplastic
nylon may have braid reinforcement or color difference between cover and
inner tube. Exposure of second color is cause for rejection.
(2) Bulge or swelling when air pressure is applied.
(3) Any audible leaks.
(4) Two hoses improperly joined (such as a splice made by sliding the hose ends
over a piece of tubing and clamping the hose to the tube).
(5) Air hose cracked, broken or crimped.
e. Brake Tubing.
(1) Any audible leak.
(2) Tubing cracked, damaged by heat, broken or crimped.
f. Low Pressure Warning Device missing, inoperative, or does not operate at 55 psi and
below, or 1/2 the governor cut-out pressure, whichever is less.
g. Tractor Protection Valve. Inoperable or missing tractor protection valve(s) on power
unit.
h. Air Compressor.
(1) Compressor drive belts in condition of impending or probable failure.
(2) Loose compressor mounting bolts.
(3) Cracked, broken or loose pulley.
(4) Cracked or broken mounting brackets, braces or adapters.
i. Electric Brakes.
(1) Absence of braking action on any wheel required to have brakes.
(2) Missing or inoperable breakaway braking device.
j. Hydraulic Brakes. (Including Power Assist Over Hydraulic and Engine Drive Hydraulic
Booster).
(1) Master cylinder less than 1/4 full.
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(2) No pedal reserve with engine running except by pumping pedal.
(3) Power assist unit fails to operate.
(4) Seeping or swelling brake hose(s) under application of pressure.
(5) Missing or inoperative check valve.
(6) Has any visually observed leaking hydraulic fluid in the brake system.
(7) Has hydraulic hose(s) abraded (chafed) through outer cover-to-fabric layer.
(8) Fluid lines or connections leaking, restricted, crimped, cracked or broken.
(9) Brake failure or low fluid warning light on and/or inoperative.
k. Vacuum Systems. Any vacuum system which:
(1) Has insufficient vacuum reserve to permit one full brake application after
engine is shut off.
(2) Has vacuum hose(s) or line(s) restricted, abraded (chafed) through outer
cover to cord ply, crimped, cracked, broken or has collapse of vacuum
hose(s) when vacuum is applied.
(3) Lacks an operative low-vacuum warning device as required.
2. Coupling Devices.
a. Fifth Wheels.
(1) Mounting to frame.
(a) Any fasteners missing or ineffective.
(b) Any movement between mounting components.
(c) Any mounting angle iron cracked or broken.
(2) Mounting plates and pivot brackets.
(a) Any fasteners missing or ineffective.
(b) Any welds or parent metal cracked.
(c) More than 3/8 inch horizontal movement between pivot bracket pin and
bracket.
(d) Pivot bracket pin missing or not secured.
(3) Sliders.
(a) Any latching fasteners missing or ineffective.
(b) Any fore or aft stop missing or not securely attached.
(c) Movement more than 3/8 inch between slider bracket and slider base.
(d) Any slider component cracked in parent metal or weld.
(4) Lower coupler.
(a) Horizontal movement between the upper and lower fifth wheel halves
exceeds 1/2 inch.
(b) Operating handle not in closed or locked position.
(c) Kingpin not properly engaged.
(d) Separation between upper and lower coupler allowing light to show
through from side to side.
(e) Cracks in the fifth wheel plate. Exceptions: Cracks in fifth wheel
approach ramps and casting shrinkage cracks in the ribs of the body of
a cast fifth wheel.
(f) Locking mechanism parts missing, broken, or deformed to the extent
the kingpin is not securely held.
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b. Pintle Hooks.
(1) Mounting to frame.
(a) Any missing or ineffective fasteners (a fastener is not considered
missing if there is an empty hole in the device but no corresponding
hole in the frame or vice versa).
(b) Mounting surface cracks extending from point of attachment (e.g.,
cracks in the frame at mounting bolt holes).
(c) Loose mounting.
(d) Frame cross member providing pintle hook attachment cracked.
(2) Integrity.
(a) Cracks anywhere in pintle hook assembly.
(b) Any welded repairs to the pintle hook.
(c) Any part of the horn section reduced by more than 20%.
(d) Latch insecure.
c. Drawbar/Towbar Eye.
(1) Mounting.
(a) Any cracks in attachment welds.
(b) Any missing or ineffective fasteners.
(2) Integrity.
(a) Any cracks.
(b) Any part of the eye reduced by more than 20%.
d. Drawbar/Towbar Tongue.
(1) Slider (power or manual).
(a) Ineffective latching mechanism
(b) Missing or ineffective stop.
(c) Movement of more than 1/4 inch between slider and housing.
(d) Any leaking, air or hydraulic cylinders, hoses, or chambers (other than
slight oil weeping normal with hydraulic seals).
(2) Integrity.
(a) Any cracks.
(b) Movement of 1/4 inch between subframe and drawbar at point of
attachment.
e. Safety Devices.
(1) Safety devices missing.
(2) Unattached or incapable of secure attachment.
(3) Chains and hooks.
(a) Worn to the extent of a measurable reduction in link cross section.
(b) Improper repairs including welding, wire, small bolts, rope and tape.
(4) Cable.
(a) Kinked or broken cable strands.
(b) Improper clamps or clamping.
f. Saddle-Mounts.
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(1) Method of attachment.
(a) Any missing or ineffective fasteners.
(b) Loose mountings.
(c) Any cracks or breaks in a stress or load bearing member.
(d) Horizontal movement between upper and lower saddle-mount halves
exceeds 1/4 inch.
3. Exhaust System.
a. Any exhaust system determined to be leaking at a point forward of or directly below
the driver/sleeper compartment.
b. A bus exhaust system leaking or discharging to the atmosphere:
(1) Gasoline powered—excess of 6 inches forward of the rearmost part of the
bus.
(2) Other than gasoline powered—in excess of 15 inches forward of the rearmost
part of the bus.
(3) Other than gasoline powered—forward of a door or window designed to be
opened. (exception: Emergency exits).
c. No part of the exhaust system of any motor vehicle shall be so located as would be
likely to result in burning, charring, or damaging the electrical wiring, the fuel supply, or
any combustible part of the motor vehicle.
4. Fuel System.
a. A fuel system with a visible leak at any point.
b. A fuel tank filler cap missing.
c. A fuel tank not securely attached to the motor vehicle by reason of loose, broken or
missing mounting bolts or brackets (some fuel tanks use springs or rubber bushings to
permit movement).
5. Lighting Devices.
All lighting devices and reflectors required by Section 393 shall be operable.
6. Safe Loading.
a. Part(s) of vehicle or condition of loading such that the spare tire or any part of the
load or dunnage can fall onto the roadway.
b. Protection Against Shifting Cargo—Any vehicle without a front-end structure or
equivalent device as required.
c. Container securement devices on intermodal equipment—All devices used to secure
an intermodal container to a chassis, including rails or support frames, tiedown bolsters,
locking pins, clevises, clamps, and hooks that are cracked, broken, loose, or missing.

226 of 343

CSPTA Reference Manual 2013 – REVIEW ONLY

7. Steering Mechanism.
a. Steering Wheel Free Play (on vehicles equipped with power steering the engine must
be running).
Steering Wheel Free Play
Steering Wheel
Diameter
16 in.
18 in.
20 in.
22 in.

Manual Steering
System
2 in.
2 1/4 in.
2 1/2 in.
2 3/4 in.

Power Steering System
4 1/2 in.
4 3/4 in.
5 1/4 in.
5 3/4 in.

b. Steering Column.
(1) Any absence or looseness of U-bolt(s) or positioning part(s).
(2) Worn, faulty or obviously repair welded universal joint(s).
(3) Steering wheel not properly secured.
c. Front Axle Beam and All Steering Components Other Than Steering Column.
(1) Any crack(s).
(2) Any obvious welded repair(s).
d. Steering Gear Box.
(1) Any mounting bolt(s) loose or missing.
(2) Any crack(s) in gear box or mounting brackets.
e. Pitman Arm. Any looseness of the pitman arm on the steering gear output shaft.
f. Power Steering. Auxiliary power assist cylinder loose.
g. Ball and Socket Joints.
(1) Any movement under steering load of a stud nut.
(2) Any motion, other than rotational, between any linkage member and its
attachment point of more than 1/4 inch.
h. Tie Rods and Drag Links.
(1) Loose clamp(s) or clamp bolt(s) on tie rods or drag links.
(2) Any looseness in any threaded joint.
i. Nuts. Nut(s) loose or missing on tie rods, pitman arm, drag link, steering arm or tie rod
arm.
j. Steering System. Any modification or other condition that interferes with free
movement of any steering component.
8. Suspension.
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a. Any U-bolt(s), spring hanger(s), or other axle positioning part(s) cracked, broken,
loose or missing resulting in shifting of an axle from its normal position. (After a turn,
lateral axle displacement is normal with some suspensions. Forward or rearward
operation in a straight line will cause the axle to return to alignment).
b. Spring Assembly.
(1) Any leaves in a leaf spring assembly broken or missing.
(2) Any broken main leaf in a leaf spring assembly. (Includes assembly with more
than one main spring).
(3) Coil spring broken.
(4) Rubber spring missing.
(5) One or more leaves displaced in a manner that could result in contact with a
tire, rim, brake drum or frame.
(6) Broken torsion bar spring in a torsion bar suspension.
(7) Deflated air suspension, i.e., system failure, leak, etc.
c. Torque, Radius or Tracking Components. Any part of a torque, radius or tracking
component assembly or any part used for attaching the same to the vehicle frame or
axle that is cracked, loose, broken or missing. (Does not apply to loose bushings in
torque or track rods.)
9. Frame.
a. Frame Members.
(1) Any cracked, broken, loose, or sagging frame member.
(2) Any loose or missing fasteners including fasteners attaching functional
component such as engine, transmission, steering gear, suspension, body
parts, and fifth wheel.
b. Tire and Wheel Clearance. Any condition, including loading, that causes the body or
frame to be in contact with a tire or any part of the wheel assemblies.
c. (1) Adjustable Axle Assemblies (Sliding Subframes). Adjustable axle assembly with
locking pins missing or not engaged.
10. Tires.
a. Any tire on any steering axle of a power unit.
(1) With less than 4/32 inch tread when measured at any point on a major tread
groove.
(2) Has body ply or belt material exposed through the tread or sidewall.
(3) Has any tread or sidewall separation.
(4) Has a cut where the ply or belt material is exposed.
(5) Labeled ―Not for Highway Use‖ or displaying other marking which would
exclude use on steering axle.
(6) A tube-type radial tire without radial tube stem markings. These markings
include a red band around the tube stem, the word ―radial‖ embossed in metal
stems, or the word ―radial‖ molded in rubber stems.
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(7) Mixing bias and radial tires on the same axle.
(8) Tire flap protrudes through valve slot in rim and touches stem.
(9) Regrooved tire except motor vehicles used solely in urban or suburban
service (see exception in 393.75(e).
(10) Boot, blowout patch or other ply repair.
(11) Weight carried exceeds tire load limit. This includes overloaded tire resulting
from low air pressure.
(12) Tire is flat or has noticeable (e.g., can be heard or felt) leak.
(13) Any bus equipped with recapped or retreaded tire(s).
(14) So mounted or inflated that it comes in contact with any part of the vehicle.
b. All tires other than those found on the steering axle of a power unit:
(1) Weight carried exceeds tire load limit. This includes overloaded tire resulting
from low air pressure.
(2) Tire is flat or has noticeable (e.g., can be heard or felt) leak.
(3) Has body ply or belt material exposed through the tread or sidewall.
(4) Has any tread or sidewall separation.
(5) Has a cut where ply or belt material is exposed.
(6) So mounted or inflated that it comes in contact with any part of the vehicle.
(This includes a tire that contacts its mate.)
(7) Is marked ―Not for highway use‖ or otherwise marked and having like
meaning.
(8) With less than 2/32 inch tread when measured at any point on a major tread
groove.
11. Wheels and Rims.
a. Lock or Side Ring. Bent, broken, cracked, improperly seated, sprung or mismatched
ring(s).
b. Wheels and rims. Cracked or broken or has elongated bolt holes.
c. Fasteners (both spoke and disc wheels). Any loose, missing, broken, cracked,
stripped or otherwise ineffective fasteners.
d. Welds.
(1) Any cracks in welds attaching disc wheel disc to rim.
(2) Any crack in welds attaching tubeless demountable rim to adapter.
(3) Any welded repair on aluminum wheel(s) on a steering axle.
(4) Any welded repair other than disc to rim attachment on steel disc wheel(s)
mounted on the steering axle.
12. Windshield Glazing.
(Not including a 2 inch border at the top, a 1 inch border at each side and the area
below the topmost portion of the steering wheel.) Any crack, discoloration or vision
reducing matter except:
(1) coloring or tinting applied at time of manufacture;
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(2) any crack not over 1/4 inch wide, if not intersected by any other crack;
(3) any damaged area not more than 3/4 inch in diameter, if not closer than 3
inches to any other such damaged area;
(4) labels, stickers, decalcomania, etc. (see 393.60 for exceptions).
13. Windshield Wipers.
Any power unit that has an inoperative wiper, or missing or damaged parts that render it
ineffective.

[53 FR 49411, Dec. 7, 1988; 53 FR 49968, Dec. 12, 1988, as amended at 73 FR 76827,
Dec. 17, 2008; 77 FR 46639, Aug. 8, 2012; 77 FR 59829, Oct. 1, 2012]
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Webasto Heaters
1. Heater Maintenance
Inspect heater for functionality and complete possible tune-up before winter.
Run heater monthly for at least 10 minutes during off-season.
Inspect mounting hardware for loose or missing items. Remove accumulated
debris from around the heater. Pay close attention to the air intake and exhaust
outlet.
Check exhaust tubing for cracks, blockages, missing sections and loose clamps.
Repair corroded or damaged wiring and connections. Inspect fuses and
switches. Clean battery connections and check condition of the vehicle’s
batteries.
NOTE: All Webasto heaters should operate at +12 Volts to optimize performance.
Inspect the system for leaking or damaged coolant lines, clamps and
connections. Check for proper routing and attachment to vehicle. Inspect the
coolant circulation pump for damage or seal leakage.
Run the unit. Make sure all coolant valves are open for proper coolant flow
throughout the entire system.
NOTE: Be sure to keep the manufacturer’s service manuals for heater-specific
inspection information or repairs.
2. Heater Lockout Reset Procedure – TSL17
Find the main weather-pack fuse holder (usually located behind the heater).
Remove Fuse F1 (15 amp) and wait 10 seconds before reinserting. This
prepares the control unit for resetting.
Reinsert Fuse F1 and wait an additional 10 seconds. Now turn the heater on
using the on/off switch.
Wait 10 seconds after turning the heater on and remove fuse F1 again.
Wait 30 seconds and then turn the heater off at the switch.
Reinsert fuse F1 after waiting 3-10 seconds of shutting off the heater.
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Wait a further 10 seconds and turn the heater back on again.
The lockout mode should now be canceled and the heater operating normally.
3. Setting the Timer – ISS
The ISS time is a 7-day NOI (No Operator Interface) timer. This means you can
set the timer to specific needs and the timer will do the rest. This timer has
battery backup and will hold its memory if the vehicle battery is disconnected and
it will recharge when 12 volt power is restored.
To set the timer clock:
Press and hold the ―Clock‖ button and by pressing the ―hour‖ and ―min‖
buttons set the clock appropriately.
In the upper left corner you will see the ―am‖ or ―pm‖ sign.
Setting the timer on/off functions:
Press the ―timer‖ button one time. You will see the screen now says
―1‖ ―on‖ using the day button select the appropriate day or days.
Look in the upper left hand corner for the ―am‖ or ―pm‖ sign. Using the
day button you can select one or multiple days.
After you have selected the proper day/days and set the appropriate
on time, push the ―timer‖ button once again.
You should now see ―1‖ ―off‖ using the day button select the
appropriate days again.
NOTE: Be sure the days selected match the same days you selected for Timer ―1‖
―On.‖
Now set the timer to the appropriate ―off‖ time.
After you have set the timer functions needed, push the ―clock‖ this will
save your settings and return to the clock.
NOTE: These steps can be repeated six more times giving you multiple on and off
settings. It is very important that you set this timer to the specific needs of each vehicle
to optimize the heater’s efficiency.
The largest button on the timer is the ―manual‖ button. At the bottom of the
―LCD‖ screen you will see a small line that moves as you push this button.
Underneath the small line you will see the corresponding function ―on‖ ―auto‖
―off‖.
The manual button can be used as a toggle switch to operate the heater or after
you have programmed the timer for automatic service, push the manual button
until the line is over ―auto‖ on the timer. The timer will now turn the heater on and
off at the times preset earlier.
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The toggle switch will illuminate green when the heater has an ―on‖ signal. If the
toggle switch is in the ―off‖ position and the timer has turned the heater on the
toggle will illuminate green.
This is an easy way to identify the heater is in operation. While the timer is ―on‖
the toggle switch will NOT operate the heater. The toggle switch is a master
switch while the timer is not in operation.
4. Timer Wiring Diagram

5. Troubleshooting Tables
When troubleshooting any Webasto heater eliminate the following possible
causes first:
Power supply to the heater is less than 10.5 volts at the main power
connections located at the vehicle battery. (Charge batteries and
perform a load test) Proper battery voltage is important. Use no less
than 12 volts at the main power leads.
Blown fuses. Always check the main power supply fuses located at
the 12-volt positive connection.
Corrosion on the battery terminals for heater, electrical wiring,
connections and fuses.
Loose contacts or connectors, wrong crimping on connectors.
Ensure that the 7-day timer has been set properly and is in the
automatic mode.
If equipped, check and re-set the inertia switch.
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6. Operating Specifications
Engine Only Preheater
Variable Heat Rating:
Input:
Full:
20,960 Btu/h (6.1 kW)
Reduced:
10,480 Btu/h (3.0 kW)
Output:
Full:
Reduced:
Fuel type:

17,200 Btu/h (5.0 kW)
8,600 Btu/h (2.5 kW)
Diesel #1, #2,Arctic, ULSD, Alternative Bio Diesel Fuels

Fuel consumption:
Full:
0.16 gal/h (0.61 l/h)
Reduced:
0.08 gal/h (0.30 l/h)
Rated voltage:
12V
Power consumption @ 12V
Full:
3.8 Amps (46 W)
Reduced:
2.6 Amps (32 W)
Water Flow:
2 gal/minute @ 1.9 PSI (450 l/h @ 0.13 bar)
Dimensions:
Weight:

L 9.1‖ x W 4.1‖ x H 6.4‖
L 232mm x W 105mm x H 163mm
7.0 lbs (3.2 kg)

NOTE: Technical data is subject to +/- 10% variance.
Engine/Passenger Compartment Preheater
Variable Heat Rating:
Input:
52,400 Btu/h (15.2 kW)
Output:
45,000 Btu/h (13.1 kW)
Fuel type:
Diesel #1, #2,Arctic, ULS, Alternative Bio Diesel Fuels
Fuel consumption:
0.4 gal/h @ full operating cycles
Rated voltage:
12V
Power consumption:
9.5 amps @ 12V (114 W) w/ high capacity coolant pump
Dimensions:
L 23‖ x W 8.1‖ x H 10‖
L 584mm x W 205mm x H 228mm
Weight:
Approx 65 lbs (29.5 kg)
NOTE: Technical data is subject to +/- 10% variance.
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DROP CHAINS
1. Onspot Automatic Tire Chains
Operation
The Onspot Automatic Tire chain offers the traction of a single set of
conventional snow chains at the flip of a switch, without having to stop the
vehicle.
An electric switch mounted in the cab provides 12 volts to an air solenoid
mounted on the vehicle’s frame rail. Compressed air to the solenoid is supplied
from either the vehicle’s onboard air system or a 12-volt compressed air kit.
When the dashboard switch is activated, the solenoid opens allowing
compressed air to enter the air chamber and lower the chainwheel so it contacts
the inside of the tire. The friction between the tire and the rubber-covered
chainwheel causes the chainwheel to rotate, creating enough centrifugal force to
flail the chains out in front of the tire.
Six lengths of chain spaced at 60-degree intervals on the chainwheel ensure that
there are always two chains between the tire and road surface whether you are
accelerating, braking or are in a wheel lockup condition. The traction from the
chainwheel is obtained in forward OR reverse.
When the dashboard switch is turned off, the solenoid exhausts the air provided
to the chain units and return springs in the air chambers bring the chainwheels
back to their resting position.
Inspection Procedure
(as recommended by Onspot)
Start the vehicle.
Move forward at 3 to 5 MPH and turn on the Onspot Chains.
Count to five and turn the chains off.
The chains should lower and pass between the tire and the road
surface. On a dry surface the operator should be able to feel the
chains under the tire.
The chains should retract up and out of the way when turned off and
the chains should NOT be dragging on the ground in the resting
position.
NOTE: This procedure can be done in dry weather conditions. Snow or ice need not be
present to verify drop chain operation.
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FUTURE REVISIONS
Future revisions of this manual will include greater information on other accessory
systems such as Camera Systems, GPS units, and the Air Top Scholastic auxiliary
heaters.
In the meantime, the best course of action for a technician would be to visit the unit
manufacturers’ web sites for their district’s specific brand.
A list of web sites is available in the Additional Information part of this section.
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ADDITIONAL INFORMATION
1. Web Sites
www.busvision.com
www.instrumentsales.com
www.onspot.com
www.rudchain.com
www.webasto.us
www.zonarsystems.com
2. TSL 17 Diagram
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