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 This Standard Bus Procurement Guidelines – Low Floor CNG is the technical 

portion of the Standard Bus Procurement Guidelines (SBPG) for low floor CNG buses.  

This document has been developed through an open and inclusive industry consensus 

process, funded by the Transit Cooperative Research Program (TCRP) and under the 

guidance of the American Public Transportation Association (APTA).  These 

specifications will provide benefits to the entire industry for years to come. 

 

 The Low Floor CNG Technical Specifications are the culmination of many hours 

of work by the CNG Working Group, under TCRP Project C-12.  With the dedicated 

efforts and guidance of the Co-Chairs, the Working Group did an outstanding job in 

preparing a document that will provide substantial and long reaching benefits to the 

Transit Industry.  This effort and the cooperation exhibited by the members of the CNG 

Working Group are to be commended. 

 

 For the procurement of heavy duty, low floor CNG buses this Part 5 – Technical 

Specification is intended to be used with Parts 1-4 of the Standard Bus Procurement 

Guidelines - Commercial Terms and Conditions (which can be downloaded from the 

APTA web site at www.apta.com). 

 

 Regular reviews and revisions are planned to keep these specifications current.  

This document will be revised to add the specification being developed by the Operator 

Workstation and Electrical Interface working groups when those specifications are 

finalized.  Other technical specifications available include the 35/40-foot heavy duty, low 

floor diesel and the 35/40-foot heavy duty, high floor diesel.  These specifications are 

available on the APTA web site as well.  Additional specifications and revisions will be 

posted at this site, as they become available. 
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available and applicable.  Color of switches and controls shall be dark with contrasting typography or 

symbols.  Red type on a black or gray field (or vice versa) shall not be used.  Mechanical switches and 

controls shall be replaceable, and the wiring at these controls shall be serviceable from the vestibule or 

the operator's seat.  Switches, controls, and instruments shall be dust and water resistant consistent with 

the bus washing practice described in Section 5.4.4.1. 

 

5.4.6.1.3.1 Normal Bus Operation 

 

Operator Controls - The following list for Normal Bus Operation identifies bus controls used to operate 

the bus safely and efficiently.  These controls are frequently used or they are critical to the operation of 

the bus.  They should be located within easy reach of the operator.  The operator should not be required 

to stand or turn his/her body to view or to actuate these controls that include: 

 

  Engine Start Switch or Button  Four Position Master Run Switch 

  Transmission Shift Select  Parking Brake 

  Door     High Beam 

  Turn Signals    Hazard Lights 

  Defroster    Kneel Ramp Control 

  Windshield Wiper   Instrument Panel Lighting Intensity 

 

Accelerator and brake pedals shall be designed for ankle motion.  Foot surfaces of the pedals shall be 

faced with wear-resistant, nonskid, replaceable material. 

 

5.4.6.1.3.1.1 Master Run Switch 

 

The run switch shall be a four-position rotary switch with the following functions: 

 
 OFF  - All electrical systems off, except power available for the passenger interior 

lighting, stoplights, turn lights, hazard lights, radio, silent alarm, horn, fare box, 

fire detection equipment, engine compartment lights, auxiliary heater, if 

provided and electronic equipment that require continuous energizing.  If the 

bus is not operated for a period of 3 days, the total electric load due to devices 

that require continuous energizing shall not cause the battery to be discharged 

below the level necessary to start the engine. Electrical loads resulting from the 

Procurement Agency’s devices, such as, fare box, GPS, radio, etc., shall not 

exceed 1.5 amps with the master run switch in the OFF position. 

 

 CL/ID  - All electrical systems off, except those listed in OFF and power to destination 

signs, interior lights and marker lights. 

 

 RUN  - All electrical systems and engine on, except the headlights, parking lights and 

marker lights.  Daytime running lights (DRL), if provided, shall be on. 

 

 NITE/RUN - All electrical systems and engine on. 
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5.4.6.1.3.1.2 Door Control 

 

Doors shall open or close completely in not more than 3.5 seconds from the time of control actuation 

and shall be subject to the closing force requirements of Section 5.4.5.3.7 and the adjustment 

requirements of Section   5.4.5.3.8. The door control shall be located on the street side of the 

operator’s area within the hand reach envelope described in SAE Recommended Practice, J287, 

Driver Hand Control Reach.  The front door shall remain in commanded state position even if power 

is removed or lost. 

 

Operation of, and power to, the passenger doors shall be completely controlled by the operator. Power 

to rear doors shall be controlled by the operator. 

 

 Baseline: Use for operator- controlled front and rear doors. 

 

Operation of, and power to, the passenger doors shall be completely controlled by the operator. 

 

 Alternative:  Use for operator-controlled front and passenger-controlled rear doors. 

 

Operation of, and power to, the front passenger doors shall be completely controlled by the 

operator. Power to rear doors shall be controlled by operator. The opening of rear doors shall 

be controlled by passenger via touch-bars. An alarm shall sound whenever the rear door is 

opened or attempted to be opened when rear doors are not powered.   Doors shall 

automatically close when touch-bars are released. 

 

A control or valve in the operator's compartment shall shut off the power to, and/or dump the power 

from, the front door mechanism to permit manual operation of the front door with the bus shut down.  A 

master door switch which is not within reach of the seated operator when set in the "Off" position shall 

close the doors, deactivate the door control system, release the interlocks, and permit only manual 

operation of the doors. 

 

5.4.6.1.3.1.3 Operator Interior Lights 

 

The operator's area shall have a light to provide general illumination and it shall illuminate the half of 

the steering wheel nearest the operator to a level of 10 to 15 foot-candles.  This light shall be operator 

controlled by a toggle switch located on the operator's control panel or other approved location. 

 

(1) A three-position toggle switch, labeled "Interior Lights; On (at top), Off, Normal" shall control the 

lights. 

 "On"" turns on all lights in any Master Switch position 

 "Off" turns off lights except as noted in (2) and (3) 

 "Normal" turns on all lights in "Night Run" and "Night Park" except as noted in (2). 

 

(2) The first light on each side (behind the Operator and the front door) is normally turned on only 

when the front door is opened, in "Night Run" and "Night Park."  As soon as the door closes, these 
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lights shall go out.  These lights shall be turned on at any time if the toggle switch is in the "On" 

position.  (If non-extinguishing light modules are in effect as per Section 5.4.4.6, this requirement 

shall not apply.) 

 

(3) To help eliminate windshield reflection on suburban roads where street lighting is at a low level, 

the second light on each side, when "Night Run" or "Night Park" is selected, shall be controlled by 

the toggle switch; off in "Off" and on in "Normal."  (These lights shall be turned on at any time if the 

toggle switch is in the "On" position.) 

 

 (4) All interior lighting shall be turned off whenever the transmission selector is in the reverse and 

engine run switch is in the "On" position.  The interior lighting design shall require the approval of 

the Procuring Agency. 

 

5.4.6.1.3.2 Special Controls 

 

Operator Controls - The following list of Special bus controls identifies the controls to initiate system 

diagnostics, aid the physically handicapped passenger, and control mirrors and speakers, etc.  They are 

less often used than those in Normal Bus Operation.  These controls should be within easy reach for 

viewing and actuation by the operator: 

 

  ABS Diagnostics Test  Engine Diagnostic Test 

  Stop Engine Override  Chime 

  Drivers Fan   Fast Idle 

  Mirror Heater (Opt.)  Public Address System 

  Drivers HVAC   Diagnostic Light Panel Test 

  Fire Suppression (Opt.) Destination Sign On/Off (Opt.) 

  Hill Holder   Remote Mirror Control (Opt.) 

  Retarder   Kneel/Ramp Control 

  Heater Blower Interlock 

 

5.4.6.1.3.3 Passenger Comfort Controls 

 

Operator Controls - The following list of Passenger Comfort Controls identifies the bus controls for the 

interior bus temperature, lighting, air circulation, etc.  The settings of these controls are changed 

infrequently.  The operator should be able to see and actuate these controls with minimal effort. 

 

  Climate Control  Temperature Select 

  Interior HVAC   Blower 

  Interior Lights   Dome Lights 

  Aisle Lights 

 

5.4.6.1.3.4 Controls Location 

 

Figure 1 below is provided as an illustrative guide to instrument and control grouping: 
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Area 1: Operational gauges - speedometer, air pressure (primary and secondary), voltmeter(s), 

 fuel and diagnostics shall be located immediately in front of the operator's field of view. 

Area 2: Operational controls and switches, including but not limited to emergency controls and 

 flashers, transmission controls, and lighting switches, located adjacent the left side of the 

 instruments. 

Area 3: Operational controls and switches, including but not limited to washer controls, kneel 

 and ramp switches, operator's climate controls, located adjacent the right side of the 

 instruments. 

Area 4: Secondary operating controls including door, mirror and engine controls, located to the 

 left of the operator ahead of the Seat Reference Point (SRP) of the 5 percentile female. 

Area 5: System function controls, including destination sign keypad, cabin climate controls, fire 

 suppression, located on the operator's centerline, above the operator's upper sight cutoff 

 line. 
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5.4.6.1.4 Operator Foot Controls 

5.4.6.1.4.1 Accelerator 

5.4.6.1.4.1.1 Accelerator Pedal Angle 

 

The angle of the accelerator pedal shall be determined from a horizontal plane regardless of the slope 

of the cab floor. 

 

The accelerator pedal shall be positioned at an angle of 27-35 degrees at the point of initiation of 

contact, and extend downward to an angle of 10-18 degrees at full throttle. 

 

5.4.6.1.4.1.2 Accelerator Pedal Dimensions 

The floor mounted accelerator pedal shall be 10" - 12" long and 3" - 4" wide. 

 

5.4.6.1.4.1.3 Accelerator Pedal Force 

 

The force to depress the accelerator pedal shall be measured at the midpoint of the accelerator.  The 

accelerator force shall be no less than 7 foot pounds and no more than 9 foot pounds. 

 

5.4.6.1.4.1.4 Accelerator Interlock 

 

To preclude movement of the bus, an accelerator interlock shall lock the accelerator in the closed 

position and a brake interlock shall engage the service brake system when the rear door control is 

activated.  The braking effort shall be adjustable with hand tools.  Rear doors shall not open until bus 

speed is below 2 m.p.h. 

 

 Baseline: No requirements for accelerator interlock whenever front doors are open. 

 

 Alternative:  Use for requiring accelerator interlock whenever front doors are open. 

 

An accelerator interlock shall lock the accelerator in the closed position whenever front doors 

are open. 

5.4.6.1.4.2 Brake 

5.4.6.1.4.2.1 Brake Pedal Angle 

 

The angle of the brake pedal shall be determined from a horizontal plane regardless of the slope of the 

cab floor.  The brake pedal shall be positioned at an angle of 27-35 degrees at the point of initiation of 

contact, and extend downward to an angle of 20-28 degrees at full depression. 
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5.4.6.1.4.2.2 Brake Pedal Dimensions 

The floor mounted brake pedal shall be 10" - 12" long and 3" - 4" wide. 

 

5.4.6.1.4.2.3 Brake Force 

 

The force to depress the brake pedal shall be measured at the midpoint of the brake pedal.  The brake 

pedal force shall be no less than 10 foot pounds and no more than 50 foot pounds. 

 

5.4.6.1.4.2.4 Relative Position Between Accelerator Pedal and Brake Pedal 

 

The accelerator and brake pedals shall be positioned such that the spacing between them, measured at 

the heel of the pedals, is between 1" and 2". 

 

5.4.6.1.4.2.5 Accelerator and Brake Pedal Location and Lateral Angle 

 

The location of the brake and accelerator pedals shall be determined by the manufacturer, based on 

space needs, visibility, lower edge of windshield, and vertical H-point.  The brake pedal shall have a 

0-degree lateral angle, and the accelerator shall have a 12-degree lateral angle to coincide with the 

position of the operator's leg as it moves outward to operate the accelerator pedal. 

 

5.4.6.1.4.3 Operator Foot Switches 

5.4.6.1.4.3.1 Turn Signal Platform 

 

The angle of the turn signal platform shall be determined from a horizontal plane, regardless of the 

slope of the cab floor.  The turn signal platform shall be angled at a minimum of 10 degrees and a 

maximum of 28 degrees.  It shall be located no closer to the seat-front than the heel point of the 

accelerator pedal. 

 

5.4.6.1.4.3.2 Turn Signal Controls 

 

Turn signal controls shall be floor-mounted, foot-controlled, waterproof, heavy-duty, momentary contact 

switches. 

  

5.4.6.1.4.3.3 High Beam, Hazard, and PA Controls 

 

May be floor mounted (Optional) with the same requirements as the Turn Signal controls. 
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5.4.6.1.5 Instrumentation 

 

The speedometer, air pressure gauge(s), and certain indicator lights shall be located in Area 1 Instrument 

Panel immediately ahead of the steering wheel.  The steering wheel spokes or rim shall not obstruct the 

operator's vision of the instruments when the steering wheel is in the straight-ahead position.  

Illumination of the instruments shall be simultaneous with the marker lamps.  Glare or reflection from 

the windshield, side window, or front door windows from the instruments, indicators, or other controls 

shall be minimized.  Instruments shall be easily readable in direct sunlight or shielded in such a manner 

that sunlight does not adversely affect legibility.  Instrument covers shall be non-reflective, without 

electrostatic qualities that attract and hold dust, and shall be resistant to scratching or hazing as a result 

of cleaning.  Text shall be a minimum of 11 points.  Extremely condensed or italic type fonts shall not 

be used.  The color of the display field shall be dark with contrasting typography.  Indicator lights or 

illuminated symbols or typography immediately in front of the operator shall be restricted to those 

concerned with the operation of the vehicle, as identified in the following table. 

 

Visual Indicator Audible Alarm Condition 

Back-Up  Backup Alarm Reverse gear is selected 

Hazard Click Four-way flashers activated 

DRL None Daytime Running Lights 

High Beam None Headlamp high beams activated 

Kneel Kneel Horn Suspension kneeling system activated 

Left Turn Signal Click Left turn signal activated 

Parking Brake None Parking brake is activated 

Rear Door None Rear passenger door is not closed and locked 

Right Turn Signal Click Right turn signal activated 

Stop Request Chime Passenger stop request has been activated 

Wheelchair Request Double Chime Passenger wheelchair stop request has been 

activated 

 

The instrument panel shall include an electronic speedometer indicating no more than 80 mph and 

calibrated in maximum increments of 5 mph.  The speedometer shall be a rotating pointer type, with a 

dial deflection of 220 to 270 degrees and 40 mph near the top of the dial.   The speedometer shall be 

sized and accurate in accordance with SAE Recommended Practice J678. 
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 Baseline: Speedometer with no odometer. 

 

 Alternative: Use for speedometer with integrated odometer. 

 

The speedometer shall equipped with an odometer with a capacity reading no less than 999,999 

miles. 

 

  Baseline: Use for hubodometer. 

 

The bus shall be equipped with a hubodometer mounted at the curbside of the rear axle.  The 

hubodometer shall have a capacity reading no less than 999,999 miles. 

 

  Alternative: No hubodometer required. 

 

The instrument panel shall also include air brake reservoir pressure gauge(s) with indicators for 

primary and secondary air tanks and voltmeter(s) to indicate the operating voltage across the bus 

batteries.  The instrument panel and wiring shall be easily accessible for service from the operator's 

seat or top of the panel.  The diagnostic panel shall be separately removable and replaceable without 

damaging the instrument panel or gauges.  Wiring shall have sufficient length and be routed to permit 

service without stretching or chafing the wires. 

 

5.4.6.1.6 Visual and Audible Alarms 

 

The bus shall be equipped with visual and audible alarms linked to an on-board diagnostic system that 

will indicate conditions that require immediate action by the operator to avoid an unsafe condition or 

prevent further damage to the bus. The indicator panel shall be located in Area 1 of the Instrument 

Panel.  The intensity of visual indicators shall permit easy determination of on/off status in bright 

sunlight or shielded in such a manner that sunlight does not adversely affect legibility.  Indicator 

illumination shall not cause a visibility problem at night.  All indicators shall have a method of 

momentarily testing their operation.  The audible alarm shall be tamper resistant and shall have an outlet 

level between 80 and 83 dBA when measured at the location of the operator's ear.  Wherever possible, 

sensors shall be of the closed circuit type, so that failure of the circuit and/or sensor shall activate the 

malfunction indicator.   

 

To avoid unnecessary confusion and anxiety on the part of the operator, on-board displays visible to the 

operator should be limited to indicating the status of those functions described herein that are necessary 

for the safe operation of the bus and protection of assets. All other indicators needed for diagnostics and 

their related interface hardware shall be concealed and protected from unauthorized access.  Data 

communications requirements for Drivetrain diagnostics are identified in Section 5.5.5.2.2. 

 

Malfunction and other indicators listed in the following table shall be supplied on all buses. 
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Visual Indicator Audible Alarm Condition or Malfunction 

ABS None ABS System Malfunction 

A/C Stop None Compressor stopped due to high/low pressure 

or loss of refrigerant 

Check Engine None Engine Electronic Control Unit detects a 

malfunction 

Check Transmission None Transmission Electronic Control Unit detects 

a malfunction 

Fire Bell Over-temperature condition in engine 

compartment 

Alternator Fail None Loss of alternator output 

Hot Engine Buzzer Excessive engine coolant temperature 

Low Air Buzzer Insufficient air pressure in either primary or 

secondary reservoirs 

Low Oil Buzzer Insufficient engine oil pressure 

Low Coolant Buzzer Insufficient engine coolant level 

Wheelchair Ramp Beeper Wheelchair ramp is not stowed and disabled 

Methane Gas 

Detection (optional) 

Bell Significant level of methane detected 

Low Fuel Optional Less than 500 psi fuel pressure 

 

5.4.6.2 WINDSHIELD WIPERS 

 

The bus shall be equipped with a variable speed windshield wiper for each half of the windshield.  

For non-synchronized wipers, separate controls for each side shall be supplied.  A variable 

intermittent feature shall be provided to allow adjustment of wiper speed for each side between 

approximately 5 to 25 cycles per minutes.  If powered by compressed air, exhaust from the wiper 

motors shall be muffled or piped under the floor of the bus.  No part of the windshield wiper 

mechanism shall be damaged by manual manipulation of the arms.  At 60 mph, no more than 10 

percent of the wiped area shall be lost due to windshield wiper lift.  Both wipers shall park along the 

edges of the windshield glass.  Windshield wiper motors and mechanisms shall be easily accessible 

for repairs or service and shall be removable as complete units.  The fastener that secures the wiper 

arm to the drive mechanism shall be corrosion resistant. 
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5.4.6.3  WINDSHIELD WASHERS 

 

The windshield washer system shall deposit washing fluid on the windshield and, when used with the 

wipers, shall evenly and completely wet the entire wiped area.  If powered by compressed air, all fluid 

shall be purged from the lines after each use of the washers. 

 

The windshield washer system shall have a minimum 3-gallon reservoir, located for easy refilling 

from outside of the bus and protected from freezing.  Reservoir pumps, lines, and fittings shall be 

corrosion-resistant, and the reservoir itself shall be translucent for easy determination of fluid level. 

 

5.4.6.4 OPERATOR’S SEAT 
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Head Rest 

Seat Back 

Arm Rest 

Seat Belt 

Seat Base 

Seat Pan 

Cushion 

Seat Back 

Lumbar 

Support 

 



 

 

                 Standard Bus Procurement Guidelines – Low Floor CNG 

Technical Specifications - 07/03/01 99  

 

 

 

5.4.6.4.1 Dimensions 

 

The operator's seat shall be comfortable and adjustable so that persons ranging in size from the 95th-

percentile male to the 5th-percentile female may operate the bus.  While seated, the operator shall be 

able to make seat adjustments by hand without complexity, excessive effort, or being pinched.  

Adjustment mechanisms shall hold the adjustments and shall not be subject to inadvertent changes.  

Graphical symbols shall conform to SAE Recommended Practice (Proposed) J1458, Universal 

Symbols for Seat and Suspension Adjustments. 

5.4.6.4.1.1 Seat Pan Cushion Length 

 

Measurement shall be from the front edge of the seat pan to the rear at its intersection with the seat 

back.  The adjustment of the seat pan length shall be no more than 16.5" at its minimum length and 

no less than 20.5" at its maximum length.  

5.4.6.4.1.2 Seat Pan Cushion Height 

 

 

 Baseline:  Measurement shall be from the cab floor to the top of the level seat at its center 

midpoint.  The seat shall adjust in height from a minimum of 14" to a maximum of 20", with a 

minimum of a 6" range of adjustment 

 

 Alternative Measurement: The reference point for seat height shall be determined by establishing 

the H-point. 

 

 Alternative Specification: The seat shall have a minimum height adjustment range of 6". 

5.4.6.4.1.3 Seat Pan Cushion Slope 

 

Measurement is the slope of the plane created by connecting the two high points of the seat, one at the 

rear of the seat at its intersection with the seat back and the other at the front of the seat just before it 

waterfalls downward at the edge.  The slope can be measured using an inclinometer and shall be 

stated in degrees of incline relative to the horizontal plane (0 degrees).  The seat pan shall adjust in its 

slope from no less than plus 12 degrees (rearward "bucket seat" incline), to no less than minus 5 

degrees (forward slope). 

5.4.6.4.1.4 Seat Base Fore/Aft Adjustment 

 

Measurement is the horizontal distance from the heel-point to the front edge of the seat.  The 

minimum and maximum distances shall be measured from the front edge of the seat when it is 

adjusted to its minimum seat pan depth (approximately 15").  On all low-floor buses, the seat-base 

shall travel horizontally a minimum of 9".  It shall adjust no closer to the heel-point than 6".  On all 

high-floor buses, the seat-base shall travel a minimum of 9" and adjust no closer to the heel-point 

than 6". 
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5.4.6.4.1.5 Seat Pan Cushion Width  

 

Measurement is the horizontal distance across the seat cushion.  The seat pan cushion shall be 17" - 

21" across at the front edge of the seat cushion and 20" - 23" across at the side bolsters.  

5.4.6.4.1.6 Seat Suspension 

 

The operator's seat shall be appropriately dampened to support a minimum weight of 380 pounds.  

The suspension shall be capable of dampening adjustment. 

 

5.4.6.4.1.7 Operator Area Depth 

 

The measurement is the horizontal distance from the heel-point to the barrier at the height at which 

the top of the seat back reclines.  For all low-floor buses, the operator area depth shall be a minimum 

of 45" and be able to accommodate the full range of seat adjustment and travel (for a seat with the 

specifications as described in these guidelines).  For all high-floor buses, the operator area depth shall 

be a minimum of 43". 

 

5.4.6.4.1.8 Seat Back Width 

 

Measurement is the distance between the outer-most points of the front of the seat back, at or near its 

midpoint in height.  The seat back width shall be no less than 19". 

 

5.4.6.4.1.9 Seat Back Lumbar Support 

 

Measurement is from the bottom of the seat back at its intersection with the seat pan, to the top of the 

lumbar cushioning.  The seat back shall provide adjustable depth lumbar back support in at least two 

locations, within a minimum range of 7" - 11". 

 

5.4.6.4.1.10 Seat Back Angle Adjustment 

 

The seat back angle shall be measured relative to a level seat pan, whereas 90 degrees is the upright 

position and 90 degrees-plus represents the amount of recline.  The angle can be measured using a 

protractor (or its equivalent) with the X-axis being the horizontal plane of a level seat pan, and the Y-

axis the upright plane of the seat back.  The angle is created by the intersection of the two planes, 

with the upright plane parallel to the frame of the seat back. 

 

The seat back shall adjust in angle from a minimum of no more than 90 degrees (upright) to at least 

105 degrees (reclined), with infinite adjustment in between. 
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5.4.6.4.1.11 Seat Belt Adjustment 

 

The Type I seat belt shall attach at a point that moves with the assembly. 

  Baseline: Standard (lap only) seat belt. 

Required Type I seat belts shall be fastened to the seat so that the operator may adjust the seat without 

resetting the seat belt.  Seat belts shall be stored in automatic retractors. 

 

  Alternative: Three-point (lap and shoulder) seat belt. 

Seat belts shall be provided across the operator’s lap and diagonally across the operator’s chest.  The 

operator shall be able to use both belts by connecting a single buckle on the right side of the seat cushion.  

The belts shall be fastened to the seat and/or the bus structure so that the operator may adjust the seat 

without resetting the seat belt.  Seat belts shall be stored in automatic retractors. 

 

  Baseline: No requirement for extended length seat belts. 

 

  Alternative: Requirement for extended length seat belts. 

Seat belts shall be extended length to accommodate operators of all sizes. 

 

5.4.6.4.2 Seat Structure and Materials 

 

The operator's seat shall be contoured to provide maximum comfort for extended period of time.  

Cushions shall be fully padded with at least 3 inches of closed-cell polyurethane foam or material 

with equal properties, in the seating areas at the bottom and back.  Upholstery shall be ventilated, 

transportation grade material. 

 

All visually exposed metal on the operator's seat, including the pedestal, shall be unpainted aluminum 

or stainless steel. 

 

The seat and seatbelt assemblies as installed in the bus shall withstand static horizontal forces as 

required in FMVSS 207 and 210.  The seat shall withstand 10,000 impacts of a 40-pound sandbag 

dropped from a height of 12 inches without visible deterioration.  The seat shall be tested in the 

lowest vertical position and repeated with the seat in the top vertical position.   

 

The 40-pound sandbag shall be suspended on a 36-inch pendulum and shall strike the seat back 

10,000 times from distances of 6, 8, 10, and 12 inches.    Seat cushion shall withstand 100,000 

randomly positioned 3-1/2-inch drops of a squirming, 150-pound, smooth-surfaced, buttocks-shape 

striker with only minimal wear on the seat covering. 

 

At the request of the Procuring Agency, the Bus Manufacturer shall provide a certified test report 

fully documenting compliance with all the requirements defined above.  The test report shall contain 

a record of all testing activities, test diagrams, testing equipment, as well as test data related to loads, 

deflections and permanent deformation of the seat assembly.  The report shall include a statement of 

compliance with the requirements of this section of Part 5: Technical Specifications. 

 

Color of the operator's seat is defined in the attachments to Part 5: Technical Specifications. 
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5.4.6.5 MIRRORS 

5.4.6.5.1 Exterior Mirrors 

 

The bus shall be equipped with a corrosion-resistant, outside rearview mirror on each side of the bus.  

Mirrors shall permit the operator to view the roadway along both sides of the bus, including the rear 

wheels.  The curbside rearview mirror shall be mounted so that its lower edge is no less than 80 

inches above the street surface. 

  

  Baseline: Use for mirrors on both sides 

The bus shall be equipped with 2 outside mirrors of unit magnification (flat), each with not less 

than 50 sq. in. of reflective surface.  The mirrors shall be corrosion-resistant and be installed 

with stable supports on each side of the bus.  The mirrors shall be located so as to provide the 

operator a view to the rear along both sides of the bus and shall be adjustable both in the 

horizontal and vertical directions to view the rearward scene.  The curbside rearview mirror 

shall be mounted so that its lower edge is no less than 80 inches above the street surface. The 

roadside rearview mirror shall be mounted lower on the bus body so that the operator's line of 

sight is not obstructed. 

 

  Alternative: Use of a closed circuit television camera and monitor in addition to required 

mirrors. 

In addition to the required mirrors, a video camera shall be mounted on the curbside of the bus 

and connected to a monitor visible to the operator.  The monitor image shall be not less than 8 

inches when measured diagonally.  The video system shall permit the operator to view to the 

rear along curb side of the bus.  The location of the video camera and monitor shall be 

approved by the Procuring Agency. 

 

   Baseline: Standard curb-side mirror (without remote adjustment) 

 

  Alternative: Remote adjustment of curbside mirror. 

 

The operator shall be able to adjust the curbside mirror remotely while seated in the driving 

position.  The control for remote positioning of the mirror shall be a single switch or device. 

 

  Baseline: Non-heated exterior mirrors. 

 

  Alternative: Heated exterior mirrors. 

 

All exterior mirrors shall be electrically heated.  The heaters shall be energized whenever the 

operator’s heater and/or defroster is activated. 

 

Mirrors shall be firmly attached to the bus to minimize vibration and prevent loss of adjustment, but 

not so firmly attached that the bus or its structure is damaged when the mirror is struck in an accident.   

Mirrors shall retract or fold sufficiently to allow bus washing operations.  Additional details on 

external mirrors, including size, location and mounting, are contained in Attachments to Part 5: 

Technical Specifications. 
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5.4.6.5.2 Interior Mirrors 

 

Mirrors shall be provided for the operator to observe passengers throughout the bus without leaving 

his seat and without shoulder movement. The operator shall be able to observe passengers in the 

front/entrance and rear/exit areas, anywhere in the aisle, and in the rear seats. 

 

Additional details on external mirrors, including size, location and mounting, are contained in 

Attachments to Part 5: Technical Specifications. 

 

 

5.4.7 WINDOWS 

5.4.7.1 GENERAL 

 

  Baseline: Use with 40-ft length. 

 

A minimum of 10,000 square inches of window area, including operator and door windows, 

shall be required on each side of the standard configuration bus. 

 

  Alternative: Use with 35-ft length. 

 

A minimum of 8,000 square inches of window area, including operator and door windows, 

shall be required on each side of the standard configuration bus. 

 

5.4.7.2 WINDSHIELD 

 

The windshield shall permit an operator's field of view as referenced in SAE Recommended Practice 

J1050.  The vertically upward view shall be a minimum of 15 degrees, measured above the horizontal 

and excluding any shaded band.  The vertically downward view shall permit detection of an object 3-

1/2 feet high no more than 2 feet in front of the bus.  The horizontal view shall be a minimum of 90 

degrees above the line of sight.  Any binocular obscuration due to a center divider may be ignored 

when determining the 90-degree requirement, provided that the divider does not exceed a 3-degree 

angle in the operator's field of view.  Windshield pillars shall not exceed 10 degrees of binocular 

obscuration.  The windshield shall be designed and installed to minimize external glare as well as 

reflections from inside the bus. 

 

The windshield shall be easily replaceable by removing zip-locks from the windshield retaining 

moldings.  Bonded-in-place windshield shall not be used.  The windshield glazing material shall have 

a 1/4-inch or 6-mm nominal thickness laminated safety glass conforming to the requirements of ANSI 

Z26.1 Test Grouping 1A and the Recommended Practices defined in SAE J673.  The glazing material 

shall have single density tint.  The upper portion of the windshield above the operator's field of view 

shall have a dark, shaded band with a minimum luminous transmittance of 6 percent when tested in 

accordance to ASTM D-1003. 
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5.4.7.3 OPERATOR’S SIDE WINDOW 

 

The operator's side window shall be the sliding type, requiring only the rear half of sash to latch upon 

closing and shall open sufficiently to permit the seated operator to easily adjust the street side outside 

rearview mirror.  When in an open position, the window shall not rattle or close during braking.  The 

entire assembly shall be hinged and have a single release for Emergency Egress.  This window section 

shall slide in tracks or channels designed to last the service life of the bus.  The operator's side 

window shall not be bonded in place and shall be easily replaceable.  The glazing material shall have 

a single density tint.   

 

  Baseline: Design must prevent sections from freezing closed in the winter.  Light transmittance 

shall be 75% on the glass area below 53" from the operator platform floor. 

 

 Alternative: The glazed area above 53" may have maximum 5% light transmittance. 

 

The operator's view, perpendicular through operator's side window glazing, should extend a minimum 

of 840 mm (33 inches) to the rear of the Heel Point on the accelerator, and in any case must 

accommodate a 95
th

 percentile male operator.  The view through the glazing at the front of the 

assembly should begin not more than 560 mm (26 inches) above the operator's floor to ensure 

visibility of an under-mounted convex mirror. Operator's window construction shall maximize ability 

for full opening of the window. 

 

The operator’s side window glazing material shall have a 1/4 inch nominal thickness laminated safety 

glass conforming with the requirements of ANSI Z26.1 Test Grouping 2 and the Recommended 

Practices defined in SAE J673. 

  

5.4.7.4 SIDE WINDOWS 
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5.4.7.4.1 Configuration  

 

 Baseline:  Fixed side windows. 

 

All side windows shall be fixed in position, except as necessary to meet the emergency escape 

requirements. 

 

  Alternative: Use for all openable side window configurations. 

 

All side windows, except windows in passenger doors and those smaller than 500 square 

inches, shall have window panels that are openable by passengers.  Openable window panels 

shall be equipped with latches that secure the window in the fully open and fully closed 

positions.  The requirements for stops limiting the window opening travel and the window 

opening area are defined in Attachment to Part 5: Technical Specifications.  

 

Procuring Agency shall then specify one of the following options: 

 

  Openable windows with inward-opening transom panels:  

 

Each openable side window shall incorporate an upper transom portion.  The transom shall be 

between 25 and 35 percent of the total window area.  The lower portion of the window shall be 

fixed.  The transom portion shall be hinged along the lower edge and open inward. 

 

  Openable windows with sliding transom panels. 

 

Each openable side window shall incorporate an upper transom portion.  The transom shall be 

between 25 and 35 percent of the total window area.  The lower portion of the window shall be 

fixed.  The transom portion shall consist of two horizontally sliding panels. 

 

  Openable windows with a fixed transom panel and sliding lower panels. 

 

Each openable side window shall incorporate an upper transom portion.  The transom shall be 

between 25 and 35 percent of the total window area.  The transom portion of the window shall 

be fixed.  The lower portion shall consist of two horizontally sliding panels. 

 

  Openable windows with openable transom panel and sliding lower panels. 

 

Each openable side window shall incorporate an upper transom portion.  The transom shall be 

between 25 and 35 percent of the total window area.  The transom portion of the window shall 

be hinged at lower edge and open inward.  The lower portion shall consist of two horizontally 

sliding panels.  

 

  Openable windows with full-height sliding panels. 

 

Each openable side window shall consist of two full-height horizontally sliding panels. 
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All side windows shall be easily replaceable without disturbing adjacent windows and shall be 

mounted so that flexing or vibration from engine operation or normal road excitation is not apparent. 

 

The windows shall be designed and constructed to enable a 3M mechanic to remove and replace two 

windows in less than 10 minutes. 

 

 Baseline:   No requirements for cyclone cleaner. 

 

 Alternative:  Requirement for cyclone cleaner. 

 

An opening in the rear of the bus shall be provided to accommodate a cyclone cleaner.  An 

openable rear window may be used if the window cannot be accidentally closed during the 

cleaning operation.  Minimum size of this opening is defined in attachment to Part 5:  

Technical Specifications. 

 

5.4.7.4.2 Materials 
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  Baseline: Use for safety glass glazing panels. 

 

Side windows glazing material shall have a 1/4-inch nominal thickness tempered safety glass.  

The material shall conform to the requirements of ANSI Z26.1 Test Grouping 2 and the 

Recommended Practices defined in SAE J673 

 

 Alternative: Use for polycarbonate glazing panels 

  

Side window glazing material shall have a 1/4-inch nominal thickness.  The material shall 

conform with the requirements of ANSI Z26.1-1977 Standard for Type AS-5 Safety Glazing 

Materials except for Test Number 17 which shall subject the specimens to 1000 cycles and the 

arithmetic mean of the percentages of light scattered shall not exceed 5 per cent.  Windows 

shall be polycarbonate sheet with an abrasion resistant coating on both sides of the window 

 

  Alternative: Use for acrylic glazing panels. 

 

Side window glazing material shall have a 1/2-inch nominal thickness.  The material shall 

conform with the requirements of ANSI Z26.1-1977 Standard for Type AS-5 Safety Glazing 

Materials except for Test Number 17 which shall subject the specimens to 1000 cycles and the 

arithmetic mean of the percentages of light scattered shall not exceed 5 per cent.  Windows 

shall be cell cast acrylic sheet with an abrasion resistant coating on both sides of the window. 

 

 Alternative: Use for laminated glazing panels.  

 

Side windows glazing material shall have ¼-inch nominal thickness laminated safety glass. 

The material shall conform to applicable requirements of ANSI Z26.1 and the Recommended 

Practices defined in SAE J673. 

 

  Alternative:  Use for laminated and tempered safety glazing with anti-vandalism polyester 

sacrificial film.  

 

All glazing material that is aft of the standee line shall be equipped with 6 mil laminated 

polyester film.  This material shall be easily installed and removed without the use of 

specialized tools. Polyester film shall adhere to the window and be resistant to peeling, curling 

and discoloration by ultra violet rays.  The film shall withstand normal cleaning operations.  

 

  Alternative:  Use for Anti-vandalism sacrificial liner (“storm window type”). 

 

All glazing material aft of the standee line shall be equipped with necessary bracketry, 

fasteners and clear acrylic liner that shall be easily removable in the event of vandalism. The 

acrylic material shall be clear and shall have minimal effect the transmittance of the underlying 

glazing. This material shall not be adversely affected by ultra-violet rays and shall withstand 

normal cleaning practices. The installation of the liner shall prevent clouding or fogging. A 

mechanic without the use of any specialized tools shall be able to easily remove and replace 

the acrylic liner in 5 minutes or less. 
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Windows on the bus sides and in the rear door shall be tinted a neutral color, complementary to the 

bus exterior.  The maximum solar energy transmittance shall not exceed 37 percent, as measured by 

ASTM E-424, and the luminous transmittance shall be no less than 16 percent as measured by ASTM 

D-1003.  Windows over the destination signs shall not be tinted. 

 

5.4.7.5 REAR WINDOW 

 

  Baseline:  No requirement for rear window.  

 

 Alternative:  Use for Rear Window requirement.  Note that requirement for a rear-mounted 

HVAC unit will preclude a rear window. 

 

A rear window shall be provided.  The rear window shall be glazed with same material 

(including anti-vandalism provision if required) and tint as side windows. The glazing shall be 

set in rubber channels or be pushout type to meet FMVSS 217.  If pushout type, it shall be 

one-piece, rugged sash design, meeting specifications for side windows. 

 

 

5.4.8  HEATING VENTILATING AND AIR CONDITIONING 

5.4.8.1 CAPACITY AND PERFORMANCE 

 

The Heating, Ventilation and Air Conditioning (HVAC) climate control system shall be capable of 

maintaining the interior of the bus at the temperature and humidity levels defined in the following 

paragraphs. 

  Baseline:  HVAC equipped.  (See below for configuration) 

 

  Alternative:  No requirements for cooling. All requirements relevant to the HVAC cooling 

mode contained in this section as well as throughout this Specification need not apply. 
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  Baseline: Allow either roof or rear-mounted HVAC unit. Note that a rear-mounted unit will 

preclude a rear window and that the term “roof-mounted unit” includes units mounted on top 

of beneath the roof surface. 

 

The HVAC unit may either be roof or rear-mounted.  

 

  Alternative: Require roof-mounted HVAC unit.  Note that the term “roof-mounted unit” 

includes units mounted on top or beneath the roof surface. 

 

The HVAC unit shall be roof-mounted.   

 

  Alternative:  Require rear-mounted HVAC unit. 

 

The HVAC unit shall be rear-mounted.  

 

Accessibility and serviceability of components shall be provided without requiring maintenance 

personnel to climb-up on the roof of the bus. 

With the bus running at the design operating profile with corresponding door opening cycle, and 

carrying a number of passengers equal to 150 percent of the seated load, the HVAC system shall 

maintain an average passenger compartment temperature within a range between 65o and 80oF, while 

controlling the relative humidity to a value of 50 percent or less. The system shall maintain these 

conditions while subjected to any outside ambient temperatures within a range of 10o to 95o F and at 

any ambient relative humidity levels between 5 and 50 percent. 

When the bus is operated in outside ambient temperatures of 95o  to 115oF, the interior temperature 

of the bus shall be permitted to rise one degree for each degree of exterior temperature in excess of 

95oF. 

When bus is operated in outside ambient temperatures in the range of -10o to +10oF, the interior 

temperature of the bus shall not fall below 55oF while bus is running on the Design Operating 

Profile. 

System capacity testing, including pulldown/warm-up, stabilization and profile, shall be conducted in 

accordance to the APTA Recommended Instrumentation and Performance Testing for Transit Bus Air 

Conditioning System. Temperature measurements shall be made in accordance to this document with 

the following modifications: 

The three primary locations used for temperature probes are (1) 6 inches aft of front wheelhousing, 

(2) centered between the two axles and (3) 6 inches aft of rear wheelhousing. At each primary 

location, the nine (9) temperature sensing devices shall be (A) 72 inches above floor level, (B) 6 

inches above top surface of seat cushion and (C) 6 inches above floor. 

The recommended locations of temperature probes are only guidelines and may require slight 

modifications to address actual bus design. Care must be taken to avoid placement of sensing devices 
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in immediate path of air duct outlet. In general, the locations are intended to accurately represent the 

interior passenger area.  

 

Additional testing shall be performed as necessary to ensure compliance to performance requirements 

stated herein. 

 

 Baseline:  Capacity and performance requirements 

 

The air conditioning portion of the HVAC system shall be capable of reducing the passenger 

compartment temperature from 110o to 90oF in less than 20 minutes after engine start-up.  

Engine temperature shall be within the normal operating range at the time of start-up of the 

cool-down test and the engine speed shall be limited to fast idle that may be activated by an 

operator-controlled device.  During the cool-down period the refrigerant pressure shall not 

exceed safe high-side pressures and the condenser discharge air temperature, measured 6 

inches from the surface of the coil, shall be less than 45oF above the condenser inlet air 

temperature. The appropriate solar load as recommended in the APTA “Recommended 

Instrumentation and Performance Testing for Transit Bus Air Conditioning System,” 

representing 4 P.M. on August 21, shall be used. There shall be no passengers on board, and 

the doors and windows shall be closed. 

  Alternative: For hotter ambient conditions 

The test procedure as described in Section 8 of the APTA document, “Recommended 

Instrumentation and Performance Testing for Transit Bus Air Conditioning System,” shall be 

used for the purposes of the following pulldown requirements. The air conditioning portion of 

the HVAC system shall be capable of reducing the passenger compartment temperature as 

defined in the referenced test procedure from 110o to 70oF ± 3oF in less than 30 minutes after 

start-up of A/C system.  A greater variance may be allowed for the sensor closest to the return 

air vent. 

During the cool-down period the refrigerant pressure shall not exceed safe high-side pressures 

and the condenser discharge air temperature, measured 6 inches from the surface of the coil, 

shall be less than 45oF above the condenser inlet air temperature.    No simulated solar load 

shall be used. There shall be no passengers on board, and the doors and windows shall be 

closed. 

  Alternative: For cold ambient conditions 

The pullup requirements for the heating system shall be in accordance with Section 9 of 

APTA’s “Recommended Instrumentation and Performance Testing for Transit Bus Air 

Conditioning.” With ambient temperature at –20oF, and vehicle cold soaked at that 

temperature, the bus heating system shall warm the interior passenger compartment to an 

average temperature of 70o ±2oF within 70 minutes. 
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Additional HVAC system and performance requirements are contained in Attachments to Part 5: 

Technical Specification. The air conditioning system shall meet these performance requirements 

using: 

   HFC R22     HFC R134a     HFC  R407c       Other (Specify)____________ 

The climate control blower motors and fan shall be designed such that their operation complies with 

the interior noise level requirements as specified in Section 5.1.5.6.1. 

5.4.8.2 CONTROLS AND TEMPERATURE UNIFORMITY 

 

The HVAC system excluding the operator's heater/defroster shall be centrally controlled with an 

advanced electronic/diagnostic control system with provisions for extracting/reading data. 

 

  Baseline: Use for manual mode selection of climate control system. 

 

After manual selection and/or activation of climate control system operation mode, all interior 

climate control system requirements for the selected mode shall be attained automatically to 

within  ±2oF of specified temperature control set-point. 

 

  Alternative:  Use for fully automatic climate control system. 

 

The climate control system shall be fully automatic and control the interior average 

temperature to within ±2oF of specified temperature control set-point. 

  Baseline: Use for single control set point at 70oF 

The temperature control set-point for the system shall be 70oF.  

 

  Alternative: Use for dual temperature control set-point 

 

The temperature control set-point for the system in the cooling mode shall be ___oF 

[Procuring Agency to fill-in] and ___oF [Procuring Agency to fill-in] in the heating mode. 

 

  Alternative: Manually adjustable temperature control set-point 

 

The climate control system shall have the provision to allow operator to adjust the temperature 

control set-point at a minimum of between 68o and 72oF. From then on, all interior climate 

control system requirements shall be attained automatically, unless re-adjusted by operator.  
 

The operator shall have full control over the defroster and operator's heater.  The operator shall be 

able to adjust the temperature in the operator's area through air distribution and fans. The interior 

climate control system shall switch automatically to the ventilating mode if the refrigerant compressor 

or condenser fan fails. 
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Interior temperature distribution shall be uniform to the extent practicable to prevent hot and/or cold 

spots. After stabilization with doors closed, the temperatures between any two points in the passenger 

compartment in the same vertical plane, and 6 inches to 72 inches above the floor, shall not vary by 

more than 5oF with doors closed.  The interior temperatures, measured at the same height above the 

floor, shall not vary more than ± 5oF, from the front to the rear, from the average temperature 

determined in accordance to APTA Recommended Instrumentation and Performance Testing for 

Transit Bus Air Conditioning System.  Variations of greater than ± 5oF will be allowed for limited, 

localized areas provided the majority of the measured temperatures fall within the specified 

requirement. 

 

5.4.8.3 AIR FLOW 

 

5.4.8.3.1 Passenger Area 

 

The cooling mode of the interior climate control system shall introduce air into the bus at or near the 

ceiling height at a minimum rate of 25 cubic feet per minute (cfm) per passenger based on the 

standard configuration bus carrying a number of passengers equal to 150 percent of the seated load. 

Airflow shall be evenly distributed throughout the bus with air velocity not exceeding 100 feet per 

minute on any passenger.  The ventilating mode shall provide air at a minimum flow rate of 20 cfm 

per passenger. 

 

Airflow may be reduced to 15 cfm per passenger (150 percent of seated load) when operating in the 

heating mode.  The fans shall not activate until the heating element has warmed sufficiently to assure 

at least 70oF air outlet temperature.  The heating air outlet temperature shall not exceed 120oF under 

any normal operating conditions. 

 

  Baseline: No “fresh air” requirements.  Procuring Agencies who have type of operating 

profile where door opening cycle results in effectively providing an adequate “fresh air” 

mixture. 

 

  Alternative: Requirement for 20% “fresh air” mixture. 

 

The air shall be composed of no less than 20 percent outside air. 

 

5.4.8.3.2 Operator's Area 

 

The bus interior climate control system shall deliver at least 100 cfm of air to the operator's area when 

operating in the ventilating and cooling modes.  Adjustable nozzles shall permit variable distribution 

or shutdown of the airflow.  Airflow in the heating mode shall be reduced proportionally to the 

reduction of airflow into the passenger area.  The windshield defroster unit shall meet the 

requirements of SAE Recommended Practice J382, Windshield Defrosting Systems Performance 

Requirements, and shall have the capability of diverting heated air to the operator's feet and legs.  The 
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defroster or interior climate control system shall maintain visibility through the operator's side 

window.  

5.4.8.3.2.1 Controls for the Climate Control System (CCS) 

 

The controls for the operator's compartment for heating, ventilation, and cooling systems shall be 

integrated and shall meet the following requirements. 

 

(1) The heat/defrost system fan shall be controlled by a separate switch that has an "Off" position and 

at least two positions for speed control.  All switches and controls shall preclude the possibility of 

clothing becoming entangled and shields shall be provided, if required. If the fans are approved by 

the Procuring Agency, an "On-Off" switch shall be located to the right of or near the main 

Defroster switch. 

 

(2) A manually operated control valve shall control the coolant flow through the heater core. 

If a cable operated manual control valve is used, the cable length shall be kept to a minimum to 

reduce cable seizing.  Heater water control valves shall be "positive" type, closed or open.  The 

method of operating remote valves shall require the concurrence of the Project Manager Procuring 

Agency. 

5.4.8.3.2.2 Operator's Compartment Requirements 

 

A separate heating, ventilation, and defroster system for the operator's area shall be provided and shall 

be controlled by the operator.  The system shall meet the following requirements: 

 

(1) The heater and defroster system shall provide heating for the operator and heated air to 

completely defrost and defog the windshield, operator's side window, and the front door glasses 

in all operating conditions.  Fan(s) shall be able to draw air from the bus body interior and/or the 

exterior through a control device and pass it through the heater core to the defroster system and 

over the operator's feet.  A minimum capacity of 100cfm shall be provided.  The operator shall 

have complete control of the heat and fresh airflow for their area. 

 

(2)  The defroster supply outlets shall be located at the lower edge of the windshield.  These outlets 

shall be unbreakable and shall be free of sharp edges that can catch clothes during normal daily 

cleaning.  The system shall be such that foreign objects such as coins or tickets cannot fall into 

the defroster air outlets.  Adjustable ball vents shall be provided at the left of the driver's 

operator's position to allow direction of air onto the side windows.  Two additional ball vents 

shall be located on the vertical front dash panel adjacent to the front door to allow direction of air 

onto the door windows and/or entrance area 

 

A ventilation system shall be provided to ensure operator comfort and shall be capable of providing 

fresh air in both the foot and head areas. Vents shall be controllable by the operator from the normal 

driving position.  Decals shall be provided indicating "operating instructions" and "open" and 

"closed" positions as well.  When closed, vents shall be sealed to prevent the migration of water or air 

into the bus. 
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5.4.8.3.2.3 Operator's Cooling 

 

 Baseline: Requirements for operator's cooling shall be consistent with specifications noted in 

section 5.4.8.1 

 

 Alternative: Separate Dedicated Evaporator 

 

Using a separate, dedicated evaporator, the CCS shall be designed to maintain the operator's 

compartment temperatures within the range specified for the passenger compartment.  The unit shall 

operate when the Climate Control switch is in the "Cool" position.  It shall have a separate 

thermostatic control.  A separate fan unit shall provide 100cfm of air to the operator's area through 

directionally adjustable nozzles and an infinitely variable fan control, both of which shall be located 

above and ahead of the operator. 

 

5.4.8.4 AIR FILTRATION 

 

Air shall be filtered before discharge into the passenger compartment.  The filter shall meet the 

ANSI/ASHRAE 52.1 requirement for 5 percent or better atmospheric dust spot efficiency, 50 percent 

weight arrestance, and a minimum dust holding capacity of 120 gram per 1,000 cfm cell.  More 

efficient air filtration may be provided to maintain efficient heater and/or evaporator operation.  Air 

filters shall be easily removable for service.  

 

  Baseline: Requirement for cleanable filters. 

 

Air filters shall be cleanable. 

 

  Alternative: Disposable type filters. 

 

Air filters shall be of disposable type. 

 

5.4.8.5 ROOF VENTILATORS 

 

  Baseline:     One roof ventilator required 

 

One ventilator shall be provided in the roof of the bus approximately over the rear axle. 

 

  Alternative:     Two roof ventilators required 

 

Two roof ventilators shall be provided in the roof of the bus, one approximately over or just 

forward of the front axle and the other, approximately over the rear axle.  

 

Each ventilator shall be easily opened and closed manually by a 50
th

 percentile female.  If roof 

ventilator(s) cannot be reached by a 50
th

 percentile female, then a tool shall be provided to allow this.  
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When open with the bus in motion, this ventilator shall provide fresh air inside the bus.   Ventilator 

shall cover an opening area no less than 425 square inches and shall be capable of being positioned as 

a scoop with either the leading or trailing edge open no less than 4 inches, or with all four edges 

raised simultaneously to a height of no less than 3-1/2 inches.   An escape hatch shall be incorporated 

into the roof ventilator. Roof ventilator(s) shall be sealed to prevent entry of water when closed. 

5.4.8.6 MAINTAINABILITY 

 

Manually controlled shutoff valves in the refrigerant lines shall allow isolation of the compressor and 

dehydrator filter for service.  To the extent practicable, self-sealing couplings utilizing O-ring seals 

shall be used to break and seal the refrigerant lines during removal of major components, such as the 

refrigerant compressor.  Shut-off valves may be provided in lieu of self-sealing couplings.  The 

condenser shall be located to efficiently transfer heat to the atmosphere, and shall not ingest air 

warmed above the ambient temperature by the bus mechanical equipment, or to discharge air into any 

other system of the bus. The location of the condenser shall preclude its obstruction by wheel splash, 

road dirt or debris. HVAC components located within 6 inches of floor level shall be constructed to 

resist damage and corrosion. 

 

Note: The Procuring Agency may include the following sections if Alternative for colder ambient 

performance is specified above. 

 

5.4.8.7 ENTRANCE/EXIT AREA HEATING 

 

 Baseline: No requirements for entrance/exit area heating. 

 

 Alternative:  Entrance/exit area heating. 

 

Heat shall be supplied to the entrance and exit areas to prevent accumulation of snow, ice, or 

slush with bus operating under design operating profile and corresponding door opening 

cycle. 

 

5.4.8.8 FLOOR LEVEL HEATING 

 

 Baseline: No requirements for floor level heating. 

 

 Alternative:  Floor level heating. 

 

Sufficient floor level heaters shall be provided that evenly supply heated forced air through 

floor ducts across the length of bus.  Floor ducts may be discontinued at the upper level but 

additional provisions to prevent cold floor and ensure temperature uniformity shall be 

included. Control of the floor level heating shall be through the main heating system 

electronic control. 
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5.4.9 SIGNAGE AND COMMUNICATION 

5.4.9.1 DESTINATION SIGNS 

 

If selected in section 5.5.5.4.3, a destination sign system shall be furnished on the front, on the right 

side near the front door, and on the rear of the vehicle. 

 

The sign located near the front door shall not block the operator’s critical horizontal line of sight. 

Display areas of destination signs shall be clearly visible in direct sunlight and/or at night.  Signs shall 

be installed to allow replacement by a 3M mechanic within 30 minutes.  Parts shall be commercially 

available.  

 

All signs shall be controlled via a single Human Machine Interface (HMI). In the absence of a single 

Mobile Data Terminal (MDT), the HMI shall be conveniently located for the bus operator in Area 5 

of the Operator’s Workstation Control and Instrument Array, mounted in such a manner that will not 

pose any safety hazard.  

 

The destination sign compartments shall be designed to meet the following minimum requirements: 

1. Prevent condensation and entry of moisture and dirt. 

2. Prevent fogging of both compartment window and glazing on unit itself. 

3. Access shall be provided to allow cleaning of inside compartment window and unit glazing. 

4. Front window shall have an exterior display area of no less than 8.5”h by 56”w. 

  

5.4.9.2 PASSENGER INFORMATION AND ADVERTISING 

5.4.9.2.1 Interior Displays 

 

Provisions shall be made on the rear of the operator's barrier for a frame to retain information that is 

sized  (Procuring Agency to specify width) inches wide and (Procuring Agency to specify height) 

inches high posted by the Procuring Agency, such as routes and schedules.  Advertising media 11 

inches high and 0.09 inches thick shall be retained near the juncture of the bus ceiling and sidewall.  

The retainers may be concave and shall support the media without adhesives.  The media shall be 

illuminated by the interior fluorescent light system. 

 

Additional requirements for interior advertising and passenger information displays are defined in the 

Attachments to Part 5: Technical Specifications. 

5.4.9.2.2 Exterior Displays 

 

Provisions shall be made to integrate advertising, which may be specified by the Procuring Agency, 

into the exterior design of the bus.  Advertising media, frames, or supporting structures shall not 

detract from the readability of destination signs and signal lights, and shall not compromise passenger 

visibility.  Advertising provisions shall not cause pedestrian hazards or foul automatic bus washing 
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equipment, and shall not cover or interfere with doors, air passages, vehicle fittings, or in any other 

manner restrict the operation or serviceability of the bus. 

 

Additional requirements for exterior advertising are defined in the attachments to Part 5: Technical 

Specifications. 

 

5.4.9.3 PASSENGER STOP REQUEST/EXIT SIGNAL 

 

  Baseline: Use for touch tape passenger signal. 

 

A passenger "Stop Requested" signal system that complies with applicable ADA requirements 

defined in 49 CFR, Part 38.37 shall be provided.  The system shall consist of a touch tape, 

chime, and interior sign message.  The touch tape shall be located the full length of the bus on 

the sidewalls, towards the ceiling. It shall be easily accessible to all passengers, seated or 

standing.  Vertical touch tape shall be provided at each window mullion and adjacent to each 

wheelchair parking position and priority seating positions. 

 

  Alternative: Use for pull cord passenger signal. 

 

A passenger "Stop Requested" signal system that complies with applicable ADA requirements 

defined in 49 CFR, Part 38.37 shall be provided.  The system shall consist of a heavy-duty pull 

cable, chime, and interior sign message.  The pull cable shall be located the full length of the 

bus on the sidewalls at the level where the transom is located. If no transom window is 

required, height of pull cable shall approximate this transom level and shall be no greater than 

63 inches as measured from floor surface.  It shall be easily accessible to all passengers, seated 

or standing. Pull cable(s) shall activate a solid state or magnetic proximity switch(es).  At each 

wheelchair parking position and priority seating positions additional provisions shall be 

included to allow a passenger in a mobility aid to easily activate “Stop Requested” signal.  

 

An auxiliary passenger “Stop Requested” signal shall be installed at the rear door to provide 

passengers standing in the rear door/exit area convenient means of activating the signal system.  The 

signal shall be a heavy-duty push button type located above rear door on the rear door actuator 

compartment access panel. Button shall be clearly identified as “Passenger Signal.” 

 

  Baseline: No requirements for additional Stop Request button on rear door stanchion. 

 

 Alternative: Use for requirements for additional Stop Request button on rear door 

stanchion. 

 

A heavy-duty “Stop Request” signal button shall be installed on modesty panel stanchion 

immediately forward of rear door and clearly identified as “Passenger Signal.” 

 

A single "Stop Requested" chime shall sound when the system is first activated.  A double chime 

shall sound when the system is first activated from wheelchair passenger areas. 
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Exit signals located in the wheelchair parking area shall be no higher than 4 feet above the floor. 

Instructions shall be provided to clearly indicate function and operation of these signals. 

 

5.5 ELECTRICAL, ELECTRONIC AND DATA COMMUNICATION SYSTEMS 

5.5.1 GENERAL REQUIREMENTS 

This section encompasses electrical, electronic and data communication systems installed on-board 

the vehicle. 

 

General requirements for the electrical system shall be as specified in Subsection 5.5.3.  The 

Electrical System consists of the vehicle batteries and all other equipment that generate, distribute and 

use battery power throughout the vehicle (e.g., generator, voltage regulator, wiring, relays, and 

connectors). 

 

General requirements for electronics shall be as specified in Subsection 5.5.4. Electronics are those 

components of the electrical system made up of discrete solid-state devices such as transistors, 

resistors, capacitors and diodes that are part of individual vehicle systems.  Electronics also include 

the integrated circuits that are part of microprocessors that allow individual vehicle systems to 

process and store data. 

 

Data Communication Systems shall be as specified in Subsection 5.5.5.  These systems consist of the 

bi-directional communications networks that electronic devices use to share data with other electronic 

devices and systems.  Communication networks are essential to integrating electronic functions both 

onboard the vehicle and off. 

 

Data Communications Systems are divided into three levels to reflect the use of multiple data 

networks. 

 

1) Drivetrain Level – Components related to the drivetrain including the engine, 

transmission, and anti-lock braking system (ABS), which may include traction 

control.  

2) Multiplex Level – Electrical devices controlled through input/output signals such 

as discrete, analog, and serial data information (i.e., on/off switch inputs, relay or 

relay control outputs).  Multiplexing is used to control components not typically 

found on the Drivetrain or Information Levels such as lights, wheelchair lifts, 

doors, and heating, ventilation, air conditioning (HVAC) systems. 

3) Information Level –Components whose primary function is the collection, control 

or display of data that is not necessary to the safe driveability of the vehicle (i.e., 

those functions, that when inoperable, will still allow the vehicle to operate).  

These components typically consist of those required for automatic vehicle 

location (AVL) systems, destination signs, fare boxes, passenger counters, radio 

systems, automated voice and signage systems, video surveillance, and similar 

components. 
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Central Data Access, a concept where all on-board data is made available at one location, is detailed 

in Subsection 5.5.6. 

 

Responsibilities for system integration and testing by the Procuring agency, vehicle manufacturer, and 

the sub-system supplier or other third party integrator shall be as specified in Subsection 5.5.7. 

Additional information and guidance concerning the application and integration of advanced 

electronics can be found in the Appendix. 

 

5.5.1.1 MODULAR DESIGN 

 

Design of the electrical, electronic and data communication systems shall be modular so that each 

major component, apparatus panel, or wiring bundle is easily separable with standard hand tools or by 

means of connectors.  Each module, except the main body wiring harness, shall be removable and 

replaceable in less than 1 hour by a 3M mechanic.  Power plant wiring shall be an independent wiring 

module.  Replacement of the engine compartment wiring module(s) shall not require pulling wires 

through any bulkhead or removing any terminals from the wires. 

 

5.5.2 ENVIRONMENTAL AND MOUNTING REQUIREMENTS 

The electrical system and its electronic components shall be capable of operating in the area of the 

vehicle in which they will be installed as recommended in SAE J1455, except as modified by the 

temperature requirements provided in the table “Temperature Extreme Summary Heavy – Duty 

Transit Bus” and figure “Heavy – Duty Transit Bus”, found in the Appendix A.  

 

Electrical and electronic equipment shall not be located in an environment that will reduce the 

performance or shorten the life of the component or electrical system.  No vehicle component shall 

generate, or be affected by, electromagnetic interference or radio frequency interference (EMI/RFI) 

that can disturb the performance of electrical/electronic equipment as defined in SAE J1113. 
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The Procuring Agency shall follow recommendations from bus manufacturers and subsystem 

suppliers regarding methods to prevent damage from voltage spikes generated from welding, jump  

starts, shorts, etc. 

5.5.2.1 MOUNTING 

 

All electrical/electronic hardware shall be accessible and replaced by a 3M mechanic in 30 minutes.  It 

shall be mounted on an insulating panel to facilitate replacement.  The mounting of the hardware shall 

not be used to provide the sole source ground, and all hardware shall be isolated from potential 

EMI/RFI. 

 

All electrical/electronic hardware mounted in the interior of the vehicle shall be inaccessible to 

passengers and hidden from view unless intended to be viewed.  The hardware shall be mounted in 

such a manner as to protect it from splash or spray. 

 

All electrical/electronic hardware mounted on the exterior of the vehicle, that is not designed to be 

installed in an exposed environment, shall be mounted in a sealed enclosure. 

 

All electrical/electronic hardware and its mounting shall comply with the shock and vibration 

requirements of SAE J1455. 

 

 

 

 

 

 

 

 

 

5.5.3 GENERAL ELECTRICAL REQUIREMENTS 

5.5.3.1 BATTERIES 

5.5.3.1.1 Main Power Supply 
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   Baseline:  Two 8D Battery Units 

 

Two 8D battery units conforming to SAE Standard J537 shall be provided.  Each battery shall 

have a minimum of 1150 cold cranking amps.  Each battery shall have a purchase date no more 

than 120 days from date of release, and shall be fully maintained prior to shipment to the 

Procuring Agency.   

 

   Alternative:  Four Group 31 Maintenance Free Batteries 

 

Four Group 31 Series deep cycling maintenance free battery units shall be provided.  Each 

battery shall have a minimum of 700 cold cranking amps.  Each battery shall have a purchase 

date no more than one year from date of release for shipment to the Procuring Agency.   

 

 

 

Positive and negative terminal ends on the Baseline 8D batteries shall have different size studs to 

prevent incorrect installation.  The battery terminal ends and cables shall be color-coded with red for the 

primary positive, black for negative, and another color for any intermediate voltage cables.  Battery 

cables shall be flexible and sufficiently long to reach the batteries with tray in the extended position 

without stretching or pulling on any connection and shall not lie directly on top of the batteries.  Except 

as interrupted by the master battery switch, battery and starter wiring shall be continuous cables with 

connections secured by bolted terminals; and shall conform to specification requirements of SAE 

Standard J1127 –Type SGT or SGX and SAE Recommended Practice J541.   

 

 Baseline:  No requirements for jump-start connector. 

 

 Alternative: Use for requirements for jump-start connector. 

Jump-start connector shall be provided in the engine compartment equipped with dust 

cap and adequately protected from moisture, dirt and debris.  See Attachments to 

Section 5 for details on type of connector required. 

 

5.5.3.1.2 Dedicated Electronic Power Supply 

 

If required, gel-pack, or any form of encased batteries used for auxiliary power, are allowed to be 

mounted on the interior of the vehicle if they are contained in an enclosed, non-airtight compartment 

and accessible only to maintenance personnel. This compartment shall contain a warning label 

prohibiting the use of lead-acid batteries. 

 

5.5.3.1.3 Master Battery Switch 

 

A single master switch shall be provided near the battery compartment for the disconnecting of all 

battery positives (12V & 24V) except for safety devices such as fire suppression system and other 

systems as specified.  The location of the master battery switch shall be clearly identified on the exterior 

access panel, be accessible in less than 10 seconds for de-activation, and prevent corrosion from fumes 

and battery acid when the batteries are washed off or are in normal service. 
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Turning the master switch “OFF”, with the power plant operating, shall not damage any component of 

the electrical system. The master switch shall be capable of carrying and interrupting the total circuit 

load.  Any equipment that requires power with the master battery switch “OFF” shall be listed in 

attachments to Part 5: Technical Specifications. 

 

   Baseline: Single switch 

 

The batteries shall be equipped with a single switch for disconnecting both  12V & 24V power. 

 

   Alternative: Separate switches 

 

The batteries shall be equipped with separate switches for disconnecting 12V & 24V power. 

 

5.5.3.2 POWER GENERATION AND DISTRIBUTION 

 

The power generating system shall maintain the charge on fully charged batteries, except when the 

vehicle is at standard idle with a total alternator load exceeding 70 percent of the alternator nameplate 

rating. Use of fast idle shall maintain a charge on fully charged batteries so long as the total alternator 

load does not exceed 90 percent of the alternator nameplate rating. 

 

NOTE: These percentages will typically allow operation of the HVAC, lights, wipers, and some 

selected additional systems at fast idle. Table 20 provides a representative value of various 

examples. 

 

The vehicle manufacturer shall provide to the procuring agency both at time of bid and actual 

production an analysis of the estimated electrical load for each system. 
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TABLE 20 – REPRESENATIVE EXAMPLES OF STATIC ELECTRICAL LOADS 

  (With batteries fully charged) 

Footnote Components 24V Load 

Amps 

12V Load 

Amps 

1 Interior Lights (all)   22.8 8.5 

1 Intercom (inside and outside)   8.5 6.6 

1 Turn Signal (right)  10.6 10.4 

1 All Hazard Flashers  12.7 12.9 

2 Radio, Farebox, Destination Signs, Rear Camera, 

and Step Well Lights 

 26.1 11.8 

3 HVAC and all applicable devices 150.0 N/A 

    

 

1 - Engine off and Master Run Switch in the “day run” position 

2 - Engine off and Master Run Switch in the “night run” position 

3 - Engine running and Master Run Switch in the “day run” or “night run” position  

 

Alternator over-voltage output protection shall be provided. 

 

Power distribution to all equipment requiring dedicated power and ground wiring to the batteries shall 

be accomplished by using power bus bars consisting of either a solid copper bar or heavy-duty 

terminal strip.  One bus bar for each voltage potential, including ground, shall be located as close to 

the source of the potential as possible. Cabling from the bus bars to the equipment must be sized to 

supply the total current requirements with no greater than a five percent volt drop across the length of 

the cable. 

 

5.5.3.3 CIRCUIT PROTECTION 

 

All branch circuits, except battery-to-starting motor and battery-to-generator/alternator circuits, shall be 

protected by circuit breakers or fuses sized to the requirements of the load.  Electronic circuit protection 

for the cranking motor shall be provided to prevent engaging of the motor for no more than 30 seconds 

at a time to prevent overheating. The circuit breakers or fuses shall be easily accessible for authorized 

personnel. Fuses shall be used only where it can be demonstrated that circuit breakers are not 

practicable. Any manually re-settable circuit breakers shall provide visible indication of open circuits.  

 

Circuit breakers or fuses shall be sized to a minimum of 15 percent larger than the total circuit load 

current.  The current rating for the wire used for each circuit must exceed the size of the circuit 

protection being used.  Wire and cable ampacity for wire sizes 18 AWG and larger shall be in 

accordance with the Wire Ampacity Chart found in Appendix B. 

 

5.5.3.4 GROUNDS 

 

The battery shall be grounded to the vehicle chassis/frame at one location only, as close to the batteries 

as possible.  When using a chassis ground system, the chassis shall be grounded to the frame in multiple 
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locations, evenly distributed throughout the vehicle to eliminate ground loops. No more than four 

ground connections shall be made per ground stud. Electronic equipment requiring an isolated ground 

to the battery (i.e., electronic ground) shall not be grounded to the chassis. 

 

5.5.3.5 WIRING AND TERMINALS 

 

All power and ground wiring shall have double electrical insulation, shall be waterproof, and shall 

conform to specification requirements of SAE Recommended Practice J1127, J1128 and J1292. Double 

insulation shall be maintained as close to the junction box, electrical compartment, or terminals as 

possible.  

 

Wiring shall be grouped, numbered, and color-coded. Wiring harnesses shall not contain wires of 

different voltage classes unless all wires within the harness are insulated for the highest voltage present 

in the harness. Kinking, grounding at multiple points, stretching, and exceeding minimum bend radius 

shall be prevented. 

 

Strain-relief fittings shall be provided at points where wiring enters all electrical compartments.  

Grommets or other protective material shall be installed at points where wiring penetrates metal 

structures outside of electrical enclosures.  Wiring supports shall be protective and non-conductive at 

areas of wire contact and shall not be damaged by heat, water, solvents, or chafing. 

 

To the extent practicable, wiring shall not be located in environmentally exposed locations under the 

vehicle.  Wiring and electrical equipment necessarily located under the vehicle shall be insulated from 

water, heat, corrosion, and mechanical damage.  Where feasible, front to rear electrical harnesses 

should be installed above the window line of the vehicle. 

All wiring harnesses over five feet long and containing at least five wires shall include 10 percent 

(minimum one [1]) excess wires for spares.  This requirement for spare wires does not apply to data 

links and/or communication cables.  Wiring length shall allow end terminals to be replaced twice 

without pulling, stretching, or replacing the wire.  Except for large wires such as battery cables, 

terminals shall be crimped according to connector manufacturers recommendations for techniques and 

tools to the wiring and may be soldered only if the wire is not stiffened above the terminal and no flux 

residue remains on the terminal. Battery cable connectors shall be crimped and soldered.  

 

Terminals shall be crimped, corrosion-resistant and full ring type or interlocking lugs with insulating 

ferrules. When using pressure type screw terminal strips, stranded wire only shall be used.  Insulation 

clearance shall ensure wires have a minimum of “visible clearance” and a maximum of two (2) times 

the conductor diameter or 1/16 “, whichever is less.  When using shielded or coaxial cable, upon 

stripping of the insulation, the metallic braid shall be free from frayed strands that can penetrate the 

insulation of the inner wires.  

 

For shielding and coaxial requirements refer to Section 5.5.4.1.2. 

 

Ultra-sonic and T-splices may be used with 7 AWG or smaller wire. When a T-splice is used it shall 

meet these additional requirements: include a mechanical clamp in addition to solder on the splice; the 

wire supports no mechanical load in the area of the splice; and the wire is supported to prevent flexing.  
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All splicing shall be staggered in the harness so that no two splices are positioned in the same location 

within the harness. 

 

For wiring harness connectors, pins shall be removable, crimp contact type of the correct size, and rated 

for the wire being terminated. All supply-side terminations shall end in a socket, not a pin. Unused pin 

positions shall be sealed with sealing plugs.  Adjacent connectors shall either use opposing pin genders, 

different insert orientations, or different connectors to prevent incorrect connections.  All cable 

connectors shall be placed to provide adequate space for ease of removal and disconnection. All 

electrical connectors subjected to environmental exposure outside the passenger compartment shall be 

corrosion resistant and splash proof. 

 

5.5.3.6 ELECTRICAL COMPONENTS 

 

All electrical components, including switches, relays, flashers, and circuit breakers, shall be heavy-duty 

designs with either a successful history of application to heavy-duty vehicles, or design specifications 

for an equivalent environment.  These components shall be replaceable in less than 5 minutes by a 3M 

mechanic. 

 

All electric motors shall be either heavy-duty brushless type where practical, or have a constant duty 

rating of no less than 40,000 hours (except cranking motors). All electric motors shall be easily 

accessible for servicing. All motors to be brushless are listed in attachments to Section 5: Technical 

Specifications. 

 

5.5.3.7 ELECTRICAL COMPARTMENTS 

 

All electrical components, including switches, relays, flashers, and circuit breakers, shall be heavy-duty 

designs with either a successful history of application to heavy-duty vehicles, or design specifications 

for an equivalent environment.  These components shall be replaceable in less than 5 minutes by a 3M 

mechanic. 

 

All electric motors shall be either heavy-duty brushless type where practical, or have a constant duty 

rating of no less than 40,000 hours (except cranking motors). All electric motors shall be easily 

accessible for servicing. All motors to be brushless are listed in attachments to Section 5: Technical 

Specifications. 
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5.5.4 GENERAL ELECTRONIC REQUIREMENTS 

If an electronic component has an internal clock, it shall provide its own battery backup to monitor 

time when battery power is disconnected.   

 

All electronic component suppliers shall ensure that their equipment is self-protecting in the event of 

shorts in the cabling, and also in over-voltage and reverse polarity conditions.  If an electronic 

component is required to interface with other components, it shall not require external pull-up and/or 

pull-down resistors. 

 

5.5.4.1 WIRING AND TERMINALS 

 

Kinking, grounding at multiple points, stretching, and exceeding minimum bend radius shall be 

prevented. 

 

5.5.4.1.1 Discrete I/O (Inputs/Outputs) 

 

All wiring to I/O devices, either at the harness level or individual wires, shall be labeled, stamped or 

color-coded in a fashion that allows unique identification.  Labels shall be resistant to rubbing (hot 

stamped tubing and protected printing are service-proven examples of acceptable labels). Wiring for 

each I/O device shall be bundled together. If the I/O terminals are the same voltages, then jumpers 

may be used to connect the common of each I/O terminal. 

 

5.5.4.1.2 Shielding 

 

All wiring that requires shielding shall meet the following minimum requirements. A shield shall be 

generated by connecting to a ground, which is sourced from a power distribution bus bar or chassis. A 

shield shall be connected at one location only, typically at one end of the cable.  However certain 

standards or special requirements, such as SAE J1939 or RF applications, have separate shielding 

techniques that shall also be used as applicable. Note: A shield grounded at both end forms a ground 

loop, which can cause intermittent control or faults. When using shielded or coaxial cable, upon 

stripping of the insulation, the metallic braid shall be free from frayed strands, which can penetrate 

the insulation of the inner wires. To prevent the introduction of noise, the shield shall not be 

connected to the common side of a logic circuit. 

 

5.5.4.1.3 Communications 

 

The data network cabling shall be selected and installed according to the selected protocol requirements.  

The physical layer of all network communication systems shall not be used for any other purpose other 

than communication between the system components, unless provided for in the network specifications.  

Further information on the physical wiring requirements associated with some available communication 

protocols in common use can be found in Appendix C. 
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Communications networks that use power line carriers (e.g. data modulated on a 24V-power line) 

shall meet the most stringent applicable wiring and terminal specifications. 

 

5.5.4.1.4 Radio Frequency (RF) 

 

RF components, such as radios, video devices, cameras, global positioning systems (GPS), etc, shall 

use coaxial cable to carry the signal.  All RF systems require special design consideration for losses 

along the cable.  Connectors shall be minimized, since each connector and crimp has a loss, which 

will attribute to attenuation of the signal.  Cabling should allow for the removal of antennas or 

attached electronics without removing the installed cable between them. The corresponding 

component vendors shall be consulted for proper application of equipment including installation of 

cables. 

 

5.5.4.1.5 Audio 

 

Cabling used for microphone level and line level signals shall be 22 AWG minimum with shielded 

twisted pair. Cabling used for amplifier level signals shall be 18 AWG minimum. 

 

5.5.4.2 MULTIPLEXING 

 

5.5.4.2.1 General 

 

All vehicles shall be equipped with a multiplexing system. The primary purpose of the multiplexing 

system is control of components necessary to operate the vehicle. This is accomplished by processing 

information from input devices and controlling output devices through the use of an internal logic 

program.  This system shall meet the network communications requirements of Section 5.5.5.3. 

 

Versatility and future expansion shall be provided for by an expandable system architecture.  The 

multiplex system shall be capable of accepting new inputs and outputs through the addition of new 

modules and/or the utilization of existing spare inputs and outputs.  All like components in the 

multiplex system shall be modular and interchangeable with self-diagnostic capabilities.  The modules 

shall be easily accessible for troubleshooting electrical failures and performing system maintenance. 

Multiplex input/output modules shall use solid-state devices to provide extended service life and 

individual circuit protection.   

 

Ten percent (10%) of the total number of inputs and outputs (or at least one each) at each zone 

location shall be designated as spares. Zone locations are: (1) behind the rear bulkhead; (2) forward of 

the bulkhead above the window line; and (3) forward of the bulkhead below the window line. 
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5.5.4.2.2 System Configuration 

 

Multiplexing may either be distributed or centralized.  A distributed system shall process information 

on multiple control modules within the network.  A centralized system shall process the information 

on a single control module.  Both systems shall consist of several modules connected to form a 

control network. 

5.5.4.2.3 I/O (Input/Output) Signals 

The input/output for the multiplex system may contain three types of electrical signals: discrete, 

analog, or serial data.  

 

Discrete signals shall reflect the on/off status of switches, levers, limit switches, lights, etc.  Analog 

signals shall reflect numerical data as represented by a voltage signal (0-12V, 10-24V, etc) or current 

signal (4-20ma).  Both types of analog signals shall represent the status of variable devices such as 

rheostats, potentiometers, temperature probes, etc.  Serial data signals shall reflect ASCII or 

alphanumeric data used in the communication between other on-board components. 

 

 

5.5.5 DATA COMMUNICATIONS 

5.5.5.1 GENERAL 

 

All data communication networks shall be either in accordance with a nationally recognized interface 

standard such as those published by SAE, IEEE, or ISO, or shall be published to the Procuring Agency 

with the following minimum information: 

1. protocol requirements for all timing issues (bit, byte, packet, inter-packet timing, idle line timing, 

etc.) packet sizes, error checking, and transport (bulk transfer of data to/from the device) 

2. data definition requirements that ensure access to diagnostic information and performance 

characteristics 

3. the capability and procedures for uploading new application or configuration data 

4. access to revision levels of data, application software and firmware 

5. the capability and procedures for uploading new firmware or application software. 

Any electronic vehicle components used on a network shall be conformance tested to the corresponding 

network standard. 

 

All components on the Drivetrain network shall communicate data over the network as specified in 

Section 5.5.5.2.  The Multiplex Level shall use a communications network that meets the requirements 

of Section 5.5.5.3.  Components integrated on the Information Level shall communicate data over the 

network selected in Section 5.5.5.4. 
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5.5.5.2 DRIVETRAIN LEVEL 

5.5.5.2.1 General 

 

Drivetrain components, consisting of the engine, transmission, retarder, anti-lock braking system, and 

all other related components shall communicate data using a combination of the SAE Recommended 

Communications Protocols J1939 and/or J1708/J1587, or other open protocols as referenced in 

Section 5.5.5.1. 

5.5.5.2.2 Diagnostics and Fault Detection 

Drivetrain performance, maintenance and diagnostic data, and other electronic messages shall be 

formatted and transmitted on the communications networks. 

 

The Drivetrain Level shall have the ability to record abnormal events in memory and provide 

diagnostic codes and other information to service personnel.  At a minimum, this network level shall 

provide live/fail status, current hardware serial number, software/data revisions, and uninterrupted 

timing functions. 

 

5.5.5.2.3 Data Access 

 

Drivetrain performance, maintenance and diagnostic data, and other electronic messages shall be 

formatted and transmitted on the communications networks. 

 

The Drivetrain Level shall have the ability to record abnormal events in memory and provide 

diagnostic codes and other information to service personnel.  At a minimum, this network level shall 

provide live/fail status, current hardware serial number, software/data revisions, and uninterrupted 

timing functions. 

 

5.5.5.2.4 Programmability (Software) 

 

The Drivetrain Level components shall be programmable by the Procuring Agency with limitations as 

specified by the sub-system supplier. 

 

5.5.5.3 MULTIPLEX LEVEL 

5.5.5.3.1 Data Access 

 

At a minimum, information shall be made available via a communication port on the multiplex 

system. The location of the communication port shall be easily accessible. A hardware gateway 

and/or wireless communications system are options if requested by the Procuring Agency in 

Worksheet 5.5.5.4.4.1. The communication port(s) shall be located as specified by the Procuring 

Agency in attachment to Part 5: Technical Specifications. 

5.5.5.3.2 Diagnostics and Fault Detection 
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The multiplex system shall have a proven method of determining its status (system health and 

input/output status) and detecting either active (Online) or inactive (Offline) faults through the use of 

on-board visual/audible indicators. 

 

In addition to the indicators, the system shall employ an advanced diagnostic and fault detection 

system, which shall be accessible via either a personal computer (PC) or a hand held unit. Either unit 

shall have the ability to check logic function. The diagnostic data can be incorporated into the 

Information Level Network (5.5.5.4.3.1.2) or the Central Data Access System (5.5.6). 

 

An optional Mock-Up Board can be used for diagnostics, design verification, and training.  

 

  Baseline:  No requirement for Mock-Up Boards  

 

 Alternative:  A Mock-Up Board, where key components of the multiplexing system are replicated on a 

functional model, shall be provided as a tool for diagnostic, design verification, and training purposes. 

 

 

5.5.5.3.3 Programmability (Software) 

 

The multiplex system shall have security provisions to protect its software from unwanted changes.  

This shall be achieved through any or all of the following procedures: password protection, limited 

distribution of the configuration software, limited access to the programming tools required to change 

the software, and hardware protection that prevents undesired changes to the software. 

 

Provisions for programming the multiplex system shall be possible through a PC/laptop. The 

multiplex system shall have proper revision control to insure that the hardware and software is 

identical on each vehicle equipped with the system.  Revision control shall be provided by all of the 

following: hardware component identification where labels are included on all multiplex hardware to 

identify components; hardware series identification where all multiplex hardware displays the current 

hardware serial number and firmware revision employed by the module; and software revision 

identification where all copies of the software in service displays the most recent revision number, 

and a method of determining which version of the software is currently in use in the multiplex 

system. 

5.5.5.4 INFORMATION LEVEL COMPONENT INTEGRATION 

5.5.5.4.1 General 

 

The purpose of this section is to assist the Procuring Agency in specifying which Information Level 

components are to be installed, and provide a consistent integration interface. 

 

Information Level components are those components whose primary function is the transmission of 

data to a system outside the vehicle; and/or the collection, control or display of data on the vehicle, 

none of which is necessary to the safe operation of the vehicle.   
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Information Level components can function independently of each other, or can be integrated with 

other components through a communications network to achieve greater functionality. 

NOTE: Sub-section 5.5.5.4.2 is a guideline specification for the common functionality for all 

Information Level components.  The remainder of the Information Level section is NOT to be 

considered as a specification, but is instead a series of checklists that the Procuring Agency can  use 

to select a communications network, pre-wired cabling, and specific Information Level components 

with optional features. 

 

The process of selecting Information Level components begins with a single checkbox found in sub-

section 5.5.5.4.3. It provides an overall indication of the Information Level features and components 

that the Procuring Agency wants installed. Individual Worksheets in sub-section 5.5.5.4.4 are then 

used to indicate: 

 

• components to be installed as part of this procurement, or into these vehicles at a later time by 

the Procuring Agency or third-part supplier;  

• if the component is to be integrated on a communications network; 

• if the Human Machine Interface (HMI) is to be a separate device or integrated with other 

networked components; and 

• how the component is to be programmed. 

 

5.5.5.4.2 General Component Specifications 

 

All Information Level components selected by the Procuring Agency shall be networked on the 

Information Level, unless otherwise specified on the corresponding Worksheet, and have the 

capabilities as outlined in the following sub-sections. 

 

5.5.5.4.2.1 Upgrade Ability 

 

All programmable components shall be capable of upgrade without replacing the component.  This is 

commonly done through EEPROM (flash), or replacement of EPROM(s).  The flash upgrade shall be 

performed by either connecting a hand-held device, by contact-less device, PC Card, or via the 

network. 

 

5.5.5.4.2.2 Mobile Data Terminal (MDT) 

 

Note: The current practice is to use separate Human/Machine Interface (HMI) devices (e.g., keypads) 

for each component, which requires the operator to interact with many HMI devices and adds clutter 

to the operator’s workstation. The use of a single MDT, while not common today, is suggested to 

reduce the proliferation of distinct HMI devices.  

 

Instead of using separate Human/Machine Interface (HMI) devices, the components shall share the 

MDT. This typically consists of both a display screen and a method of accepting operator input, 

usually via keypad and/or touch-screen. 
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5.5.5.4.2.3 Diagnostic Data 

 

Component diagnostic data shall be available upon request of the network.  If an error condition is 

self-detected on a component, then that condition, and any relevant diagnostic data, shall immediately 

be broadcast on the network. 

 

5.5.5.4.2.4 Automatic/Manual Override 

 

Any component that is controlled from the network shall have a means of providing an override.  This 

override will then allow the operator to manually set/configure the device.  This type of override is 

typically for disabling automatic update of route-displays and/or voice annunciation.  If a Mobile Data 

Terminal (MDT) is specified, it shall provide this override functionality. 

 

5.5.5.4.2.5 Power Requirements 

 

To prevent battery drain, power shall not be supplied from the unswitched side of the Master Battery 

Switch.  Unless otherwise specified, all components shall receive their power source from either a 

circuit enabled with the master-run switch, or have an internal timer that is configurable to place the 

component into a deep-sleep mode. 

 

Unless otherwise specified, every component shall be designed to operate at 12V and 24V with 

required power filtering provided by the individual component. 

 

When multiple microprocessor-based components require a minimum sustained voltage of 9V, and 

also a clean (filtered) power source, it may be more cost effective to specify a shared DC/DC 

converter and/or dedicated electronic power supply as specified in 5.5.3.1.2. Requirements for a 

shared DC/DC converter are contained in attachments to Part 5: Technical Specifications. 

 

5.5.5.4.2.6 Real Time Clock 

 

Any networked component that maintains its own time shall allow that time to be updated via the 

network. 

 

5.5.5.4.3 Information Level Components 

 

The Procuring Agency shall use the following checkbox to select the Information Level features and 

components to be installed.  After selecting component(s), the Procuring Agency then completes the 

corresponding worksheet(s), which further define the options for each component. 
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    VEHICLE AREA NETWORK (VAN)  5.5.5.4.3.1 

    ELECTRONICS (RADIO) BOX 5.5.5.4.3.2 

    MOBILE DATA TERMINAL (MDT) 5.5.5.4.3.3 

    RADIO 5.5.5.4.3.4 

    EXTERNAL ROUTE DISPLAY (ERD) 5.5.5.4.3.5 

    VOICE ANNUNCIATION AND SIGNAGE SYSTEM (VASS) 5.5.5.4.3.6 

    PASSENGER STOP REQUEST SIGN 5.5.5.4.3.7  

    COVERT EMERGENCY ALARM 5.5.5.4.3.8 

    PUBLIC ADDRESS SYSTEM (PA) 5.5.5.4.3.9  

    AUTOMATIC VEHICLE LOCATION (AVL) 5.5.5.4.3.10  

    AUTOMATIC PASSENGER COUNTER (APC) 5.5.5.4.3.11  

    AUTOMATED FARE COLLECITON (AFC) 5.5.5.4.3.12  

    CLOSED CIRCUIT TV (CCTV) 5.5.5.4.3.13  

    TRANSIT SIGNAL PRIORITY (TSP) 5.5.5.4.3.14  

    WIRELESS AREA NETWORK (WAN) 5.5.5.4.3.15  

 

    Other: __________________________________________________________________ 

 

 

5.5.5.4.3.1 Vehicle Area Network (VAN) 

If selected, complete Worksheet: 5.5.5.4.4.1. 

 

The Information Level network shall consist of an open and published data protocol that allows 

component manufacturers to interface to the network and communicate with other components. 

 

NOTE: The FTA recommended Vehicle Area Network is SAE J1708/J1587, which is used 

as the baseline in the corresponding worksheet. Alternative networks may be specified 

due to considerations such as component cost, compatibility, availability, and data 

transmission speeds. Any alternative network selected shall comply with the requirements 

of Section 5.5.5.1.  

 

Due to the evolving nature of on-board communications networks and Intelligent 

Transportation System (ITS), Procuring Agencies are requested to keep informed of the 

most recent guidance concerning on-board communications networks. 
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5.5.5.4.3.1.1 Network Cabling 

If selected, complete Worksheet: 5.5.5.4.4.1. 

 

The cabling shall be as required by the specifications of the selected VAN protocol.  Pre-wiring the 

vehicle with data communications cabling will minimize the cost of installing the cabling and 

additional Information level components after delivery.  

 

Note:  For the FTA recommended VAN protocol of SAE J1708/J1587, the cabling shall 

meet the requirements of SAE J2496. 

 

Network access points shall be located as specified by the Procuring Agency in the corresponding 

worksheet. 

5.5.5.4.3.1.2 Integration With Other Networks 

If selected, complete Worksheet: 5.5.5.4.4.1. 

 

There shall be a gateway installed between the Information Level network and all other vehicle 

networks. 

 

The gateway(s) shall provide a translation between network protocols of information specified in the 

worksheet; and a filter to prevent overloading of any network level, and to prevent network 

transmissions to the Drivetrain Level. 

5.5.5.4.3.2 Electronics (Radio) Box 

If selected, complete Worksheet: 5.5.5.4.4.2. 

 

A location shall be provided for installing Information Level equipment, including the radio. The 

Electronics Box shall be located as agreed upon between the Procuring Agency and vehicle 

manufacturer.  It shall be sealed against moisture from road spray or washing equipment if located in 

an exposed area. This location shall provide: 

1) securable sliding mounting rack(s) that can accommodate a minimum of three (3) components 

with component dimensions of 17”x 24”x 6” 

2) supplied “clean” power as specified in the corresponding worksheet 

3) VAN network connection (if pre-wired) 

4) keyed access as specified in the corresponding worksheet 

5.5.5.4.3.3 Mobile Data Terminal (MDT) 

If selected, complete Worksheet: 5.5.5.4.4.3. 

 

The MDT shall consist of a display area, input keys, and shall be mounted in accordance with 

sections 5.4.6.1.3 and 5.4.6.1.5. The MDT shall be of sturdy construction and sealed against moisture 

from washing equipment. 
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5.5.5.4.3.4 Radio 

If selected, complete Worksheet: 5.5.5.4.4.4. 

 

The radio includes an operator speaker, handset and cradle, and shall be programmable with multiple 

channels. A location convenient to the operator shall be provided for the radio control head, speaker, 

handset, and cradle.  The location shall conform to SAE Recommended Practice J287  “Driver Hand 

Control Reach.” 

Provisions for attaching an antenna to the roof and routing an antenna lead to the radio compartment 

shall be provided. Antenna mounting shall conform to the electromagnetic suppression requirements of 

SAE J551. A roof mounted radio antenna requires a ground plane to prevent electronic noise being 

generated inside the vehicle.  A metal roof can serve as a sufficient ground plane, however a fiberglass 

roof requires either a metallic surface, or an antenna with a virtual ground plane.  To test and repair 

antenna connections, quick access shall be provided inside the vehicle at the point where the antenna is 

mounted to the roof and where the antenna cable attaches to the antenna. 

5.5.5.4.3.5 External Route Display (ERD) 

If selected, complete Worksheet: 5.5.5.4.4.5. 

 

An ERD shall provide capabilities for front, side, and rear signs, and will meet all applicable Federal 

ADA requirements. The ERD shall be installed into the vehicle as specified in Section 5.4.9.1. 

 

The front sign shall have a displayable area no less than 8”h by 50”w, and allow display of at least 12 

alphanumeric characters of 7” height.  The side sign shall have a displayable area no less than 2.7”h 

by 30”w, and allow display of at least 12 alphanumeric characters of 2.5” height.  If optional curtain 

type signs are not selected, the rear sign shall have a displayable area no less than 6”h by 11”w, and 

allow display of at least 4 alphanumeric characters of 5” height. 

 

An optional “Block” sign can be specified for placement on the dash. If selected it shall be capable of 

displaying at least four alphanumeric characters of 4” height. 

 

A complete listing of sign messages, for initial configuration by the manufacturer, is provided in 

attachments to Part 5: Technical Specifications. 

 

Baseline signs will be of electronic design, with the following requirements. 

1. The bus “Master Run” switch shall control power to the ERD, and shall be operable in all 

switch positions except "Off". After the “Master Run” switch is placed in the “Off” position, 

all signs shall blank within 30 seconds, before powering down. 

 

2. An emergency message may be specified by the Procuring Agency, which will only be 

displayed on exterior signs and not the HMI, initiated by method(s) specified by the procuring 

Agency, and reset by method(s) as specified by the Procuring Agency in Worksheet 

5.5.5.4.4.8 

 

3. Via the sign programming software, each sign shall be separately configurable, with an option 

for all signs to be consistently configured from a single alphanumeric message.  Signs shall 

have alternating message capability with selectable transition effects. 
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4. The front sign shall have pixel elements of at least 16 rows by 105 columns.  The side sign 

shall have pixel elements of at least 7 rows by 80 columns.  The rear sign shall have pixel 

elements of at least 7 rows by 23 columns. 

 

5. LEDs and LCDs shall not fade or discolor for the life of the coach, and shall have a rated life 

of at least 100,000 hours. 

 

Optionally, signs can be of a curtain design. If curtain signs are selected, selections for front and side 

signs shall be powered and controlled with a switch conveniently located near the inspection window 

of each sign or shall be manually operated.  The switch on the side sign shall be capable of being 

deactivated from the operator’s compartment. Each sign box or housing shall have an inspection 

window for the operator to monitor sign selection.  

5.5.5.4.3.6 Voice Annunciation and Signage System (VASS) 

If selected, complete Worksheet: 5.5.5.4.4.6. 

 

The VASS system shall be capable of providing visual and audible announcements that meet all 

applicable “Federal ADA” requirements.  There shall be a capability to make announcements both 

inside and outside the vehicle by utilizing the Public Address System (section 5.5.5.4.3.9).  The 

Passenger Stop Sign (section 5.5.5.4.3.7) may be integrated with the VASS to minimize the number 

of onboard customer information displays.  Automatic gain control shall be provided both internally 

and externally to adjust audio volume based on ambient noise levels. At least one internal sign shall 

be visible from any passenger area inside the vehicle. 

 

The VASS usually requires some form of on-board AVL, and shall not duplicate this functionality if 

it is already provided by another on-board AVL system. 

5.5.5.4.3.7 Passenger Stop Request Sign 

If selected, complete Worksheet: 5.5.5.4.4.7. 

 

Specific requirements for touch tape, pull cord and push button activated Passenger Stop Request 

Signs are defined in Section 5.4.9.3.  

 

A "Stop Requested" message in red letters shall be illuminated when the passenger "Stop Requested" 

signal system is activated.  The message shall remain visible until one or both passenger doors are 

opened.  The message shall be visible to the seated operator and seated passengers.  As an option, this 

sign could be integrated with other passenger displays. 

 

The operator shall be able to deactivate the signal system from the operator's area.  A green light shall 

be mounted above the rear door, approximately on center of the rear door actuator compartment 

access panel, to indicate when the rear doors have been unlocked.  

 

5.5.5.4.3.8 Covert Emergency Alarm 

If selected, complete Worksheet: 5.5.5.4.4.8. 
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The Covert Emergency Alarm is for the operators use in dangerous situations.  The alarm can be 

integrated with many of the Information Level components: the radio can transmit audio from a 

listen-in microphone as well as location data from the AVL; the External Route Display can signal an 

emergency; and the CCTV can tag and save recordings. 

5.5.5.4.3.9 Public Address System (PA) 

If selected, complete Worksheet: 5.5.5.4.4.9. 

 

A public address system shall be provided that complies with the ADA requirements of 49 CFR, Part 

38.35 and enables the operator to address passengers either inside or outside the bus.  Inside speakers 

shall broadcast, in a clear tone, announcements that are clearly perceived from all seat positions at 

approximately the same volume level.   A speaker shall be provided so announcements can be clearly 

heard by passengers standing outside the bus near the front door.  An operator-controlled switch shall 

select inside or outside announcements.  A separate volume control shall be provided for the outside 

system if volume adjustment would otherwise be necessary when switching from inside to outside.  

The system shall be muted when not in use. A provision shall be provided to secure the microphone 

in a stored position when not in use.  An input jack and mounting clip shall be provided in the 

operator's area for a hand held microphone. 

 

Additional requirements for the PA system are defined in attachments to Part5: Technical 

Specifications. 

 

 Baseline: Flexible gooseneck microphone. 

 The microphone shall be vandal resistant, mounted on a heavy-duty, flexible gooseneck, 

which is secured with tamper-proof fasteners and will allow the operator to comfortably speak 

into it without using his/her hands. 

 

 Alternative: Built-in, hands-free microphone. 

 

  

5.5.5.4.3.10 Automatic Vehicle Location (AVL) 

If selected, complete Worksheet: 5.5.5.4.4.10. 

 

The on-board AVL system shall calculate current location data, and provide that information to the 

network at a specified interval, from the time a vehicle leaves the garage to when it returns to the 

garage.  A Global Positioning Satellite (GPS) system shall be used as one source of location input. 

The AVL system should provide at least one other location referencing method, such as dead 

reckoning (odometer), gyroscope, and/or signposts. The system shall be able to provide accurate 

location data when traveling through all environments, including urban canyons and dense tree 

coverage. 

 

NOTE: All on-board AVL systems require an extensive back-end system to configure and 

update the scheduled route information. This should be a consideration in the selection of 

an AVL system. 
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If more than one on-board system is location driven, only one shall be designated as the master. 

5.5.5.4.3.11 Automatic Passenger Counter (APC) 

If selected, complete Worksheet: 5.5.5.4.4.11. 

 

The APC shall be capable of providing passenger counts, both ingress and egress, for every passenger 

doorway. 

5.5.5.4.3.12 Automated Fare Collection (AFC) 

If selected, complete Worksheet: 5.5.5.4.4.12. 

 

An AFC system shall be capable of storing cash and/or electronic payment transaction data.  In the 

case of electronic payment, the AFC shall be capable of reading from and writing to the fare media. 

 

A 15-amp minimum, specified on Worksheet 5.5.5.4.4.12, DC, protected circuit shall be available to 

power the fare box.  This power service shall include a grounded lead with both wires enclosed in a 

flexible conduit. Installation requirements for the AFC shall be as specified in Section 5.4.4.7. 

 

5.5.5.4.3.13 Closed Circuit TV (CCTV) 

If selected, complete Worksheet: 5.5.5.4.4.13. 

 

The CCTV system shall include cameras, control system, and a recording storage device.  The 

number of cameras and their location shall be specified in the Worksheet.  The system shall have the 

capability of marking and saving an event as specified by the Procuring Agency. The system module 

shall be located in a secured location. 

 

The vehicle shall be equipped with a sufficient number of cameras (no less than two) to allow 

continuous monitoring of the vehicle. The cameras shall be mounted to provide a clear view of the 

entire passenger compartment, and be protected to prevent tampering and vandalism. 

 

The system shall have a recording capacity of no less than 72 hours and shall be programmable to 

automatically tag events, such as panic button activation or a hard deceleration/impact. Tagged events 

shall be stored, and when a recording is retrieved the tagged events shall be easily identifiable. 

5.5.5.4.3.14 Transit Signal Priority (TSP) 

If selected, complete Worksheet: 5.5.5.4.4.14. 

The Procuring Agency must specify the TSP component model. TSP will only work in an area where 

the necessary equipment is specified and allowed by regional Traffic Engineers. 
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5.5.5.4.3.15 Wireless Area Network (WAN) 

If selected, complete Worksheet: 5.5.5.4.4.15. 

 

The Information Level network shall extend from the vehicle to a remote location. This is frequently 

done by using low-power radios, or by using an infrared communications system.  The purpose of the 

WAN is to offload collected operational data and/or to upload new configuration data such as 

schedules and audio/visual messages.  By definition, the WAN shall have no interfaces, except as a 

link between the Information Level network and the remote location. 

 

5.5.5.4.4 Information Level Components Worksheets 

Note: The specification of brand name and model is for the purpose of illustrating the functionality 

required, and shall be in all cases deemed to include the phrase "Or Approved Equal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

                 Standard Bus Procurement Guidelines – Low Floor CNG 

Technical Specifications - 07/03/01 140  

 

 

 

5.5.5.4.4.1 Vehicle Area Network (VAN) 

  Baseline:  SAE J1708/J1587 

 

 Alternative: CAN based networks (select one) 

 DeviceNet (IEC – 62026) 

 LonWorks (IEEE – 1473-L) 

 SAE J1939 

 SAE J2284 High Speed CAN 

 SAE J2411 Single Wire CAN 

 

 Alternative: TCP/IP 

 

 Other Alternative: Specified: __________________________________________________ 

 
 

 Baseline: SAE J2496 cabling with Device Access Boxes (DABs) at the following specified 

locations (check only those required): 

 Inside Radio/Electronics Box 

 Inside Dash Area 

 Front Overhead Sign Compartment 

 Above Front Door 

 Above Rear Door 

 Others: ________________________________________________________________ 

 

 Alternative: Other pre-wired. 

Specify cable type: ___________________________________________________________ 

With connections at the following specified locations: 

 Inside Electronics Box 

 Inside Dash Area 

 Front Overhead Sign Compartment 

 Above Front Door 

 Above Rear Door 

 Others: ________________________________________________________________ 

 

 Alternative: Not pre-wired 
 

 Baseline: Gateway(s) between Information Level and 

Multiplex Level (Attach translation requirements) 

Drivetrain Level (Attach translation requirements) 

 

 Alternative: No gateway(s) installed 
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5.5.5.4.4.2 Electronics (Radio) Box 

 

 Baseline: Interior Location 

 

 Alternative: Exterior Location.  Corrosion and weather-proof 

 

AND 

 12V required                 24V required                    Either 12V and 24V 

 

Power:            ignition-run switch                    battery 

 

AND 

 Baseline: Keyed 

Specify loc      Specify model and key number:  

 

 Alternative: Not Keyed 

 

 

 

5.5.5.4.4.3 Mobile Data Terminal (MDT) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
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5.5.5.4.4.4 Radio 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached 

 

AND 

 Provided by Procuring Agency 

 Or Vendor Provided 
 

 Baseline: The radio is controlled by a networked component 

 

 Alternative: The radio is not controlled by a networked component 
 
Antenna 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 Location: _____________________________________________________________ 

 

AND 

 Provided by Procuring Agency 

 Or Vendor Provided 

 

Antenna Cable 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 Connector - Antenna Side: ______________________________________________ 

 Connector – Radio Side: ______________________________________________ 

 

AND 

 Provided by Procuring Agency 

 Or Vendor Provided 
 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Additional Specifications Attached  

 

AND 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with Radio 

 

 Alternative: No HMI 
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5.5.5.4.4.5 External Route Display (ERD) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 

 Baseline: The ERD is networked 

 Alternative: The ERD is not networked 

 Alternative: Curtain style ERD 

 

 

 Baseline: Electronic Block Number Sign 

 Alternative: Manual Block Number Sign 

 Alternative: No Block Number Sign is required 

 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.6 Voice Annunciation And Signage System (VASS) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The VASS is networked 

 

 Alternative: The VASS is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with VASS 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.7 Passenger Stop Request Sign 

 

 Specified Name and Model:___________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: Is networked 

 

 Alternative: Is not networked 

 

 

5.5.5.4.4.8 Covert Emergency Alarm 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: Is networked 

 

 Alternative: Is not networked 
 
Specify other components to respond to Covert Emergency Alarm: 

___________________________________________________________________________ 

 

 

Specify the method and/or sequence of events required to enable/activate an emergency alarm. 

___________________________________________________________________________ 

 

___________________________________________________________________________ 

 

 

Specify the method and/or sequence of events required to disable an activated emergency 

alarm. 

___________________________________________________________________________ 

 

___________________________________________________________________________ 
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5.5.5.4.4.9 Public Address System (PA) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

Baseline: The PA is networked 

 

 Alternative: The PA is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with PA 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.10 Automatic Vehicle Location (AVL) 

 

  Specified Name & Model: ___________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The AVL is networked 

 

 Alternative: The AVL is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached  

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with AVL 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

  Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.11 Automatic Passenger Counter (APC) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The APC is networked 

 

 Alternative: The APC is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with APC 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.12 Automated Fare Collection (AFC) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached  

 12V required                        24V required                         12 and 24V DC 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The AFC is networked 

 

 Alternative: The AFC is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with AFC 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.13 Closed Circuit TV (CCTV) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Additional Specifications Attached  

 

AND 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The CCTV is networked 

 

 Alternative: The CCTV is not networked 
 

 Baseline: Human Machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached  

 

AND 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with CCTV 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 
Specify the number of cameras, and for each camera provide a description of the desired view 

or provide a sketch showing the camera location. 

______________________________________________________________  

 

 Baseline: An adequate number of decals/signs notifying passengers of surveillance cameras 

on-board shall be installed in plain view throughout the bus. 

 

 Alternative: No decals/signs installed. 
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 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.14 Transit Signal Priority (TSP) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 

 Baseline: The TSP is networked 

 

 Alternative: The TSP is not networked 
 

 Baseline: Human machine Interface (HMI) provided by other networked component 

 Manual Network Override 

 

 Alternative: Separate HMI 

 Specified Name & Model: _________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 

 Or Provided with TSP 

 

 Alternative: No HMI 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.5.4.4.15 Wireless Area Network (WAN) 

 

 Specified Name & Model: ____________________________________________________ 

 Or Specifications Attached 

 

AND 

 

 Provided by Procuring Agency 

 Or Provided by Vendor 
 
 

 Baseline: Programmable via network messages and also via plug-in module 

 

 Alternative: Programmable via specified: (Choose all that are required) 

 Network 

 Contact-less Device 

 PC Card 

 Plug-In Device 

 Chip replacement 
 

 Baseline: Vendor provided plug-in devices for programming and/or diagnosing 

Quantity: ________________________________________________________________ 

 

 Alternative: No required devices 
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5.5.6 CENTRAL DATA ACCESS 

5.5.6.1 GENERAL 

 

Central Data Access is a concept where data from several on-board communications networks 

and non-networked devices are accessible at one location.  Making data available at a single 

location assists the Procuring Agency in uploading and downloading data/software, simplifies the 

process of sharing data between electronic systems and devices, and assists with fault detection 

and diagnostics. 

 

Central Data Access could be accomplished in one of two ways.  One option is through the use of 

physical connector port(s) where individual networks/devices are accessed at one location.  The 

other is accomplished through a centrally located microprocessor-based device such as an on-

board personal computer. 

 

NOTE:  Central Data Access is a new concept in its early stages of development.  It 

is not a proven practice.  As a result, it is not feasible to describe in detail the 

specifications that could be used by a Procuring Agency.  Instead, this section will 

serve as a knowledge platform to help promote the design and implementation of a 

future system that will simplify access to data and help facilitate electronic 

integration.  This section addresses known parameters without limiting the 

application of new technology.  Additional information on centralized data access 

can be found in Appendix D.  

 

The figure below illustrates the concept of Central Data Access. 
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5.5.6.2 CONNECTOR PORT OPTION 

 

The connector port option is an extension of what is already provided on transit vehicles today.  

Presently, all vehicles have a large assortment of connector ports in multiple locations throughout 

the vehicle with which to access diagnostic and online information (i.e., from the engine, 

transmission, multiplexing, HVAC, doors, etc.).  This option is capable of bringing all of the 

connector ports to a central location for easy access.  This could be achieved by replacing the 

existing ports, or by running another set of parallel ports to one central location.  Once positioned 

at a central location, the ports could remain as individual ports or be merged into one 

standardized connector adopted by the industry.  A laptop computer or diagnostic reading device 

could then be used to access the required diagnostic or logged data/information from this one 

location. 

 

5.5.6.3 MICROPROCESSOR-BASED OPTION 

 

In a physical sense, the microprocessor-based approach is an extension of the connector port 

option, where the microprocessor-based device (i.e., PC) is connected to all communications 

ports on-board the vehicle.  Most electronic devices and systems provide some type of computer 

interface; therefore, implementing a microprocessor-based device becomes an extension of what 

is already provided today.  The device could be a ruggedized computer with or without a 

monitor, keyboard and mouse. 

 

 

5.5.7 RESPONSIBILITIES FOR SYSTEMS INTEGRATION & TESTING 

5.5.7.1 GENERAL 

 

This section identifies the responsibilities of the Procuring agency, vehicle manufacturer and 

subsystem supplier or other third party integrator concerning the integration and testing of 

electronic equipment. 

 

Upon bid award, the vehicle manufacturer shall provide to the Procuring Agency, preferably in 

PDF format, a representation of the multiplex logic program.  The Procuring Agency will return 

to the vehicle manufacturer any required markups or corrections to the multiplex logic not later 

than 90 days prior to the start of production. The vehicle manufacturer shall bear the 

responsibility of ensuring that the Procuring Agency’s logic requirements will result in the safe 

operation of the vehicle, and shall make the Procuring Agency aware of any inconsistencies 

regarding normal vehicle operations. 
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5.5.7.2 PROCURING AGENCY'S RESPONSIBILITIES 

 

The Procuring Agency shall provide softcopy of the complete Section 5 technical specification to 

the vehicle manufacturer in PDF format.  Hardcopy is optional. 

 

Upon request from the vehicle manufacturer, the Procuring Agency shall be responsible for 

providing, at least 30 days prior to bid closure, technical specifications that contain a clear and 

concise description of the operational and functional requirements expected from the multiplex 

system and the integration of Procuring  Agency-specified electronic systems and components. 

Any changes to such electronic systems or components shall be communicated to the vehicle 

manufacturer not less than 120 days before start of production (including initial production, 

subsequent lots, or exercise of options).  If needed, the Procuring Agency shall ensure that 

contact information is provided to both the subsystem supplier and the vehicle manufacturer. 

 

5.5.7.3 MANUFACTURER'S ROLE AND RESPONSIBILITY 

 

5.5.7.3.1 Specification Adherence 

 

The vehicle manufacturer shall analyze and become familiar with the Procuring Agency's 

specifications, functional requirements and vehicle operational characteristics, as described in 

Section 5, herein. 

 

When the integration requirements and specifications requested by the agency have not been 

engineered into a previous vehicle configuration, the vehicle manufacturer shall inform the 

agency.  The vehicle manufacturer shall then create for its own purposes the necessary design 

requirements and performance specifications that will insure integration of the product(s) needed 

to achieve the functional requirements as specified by the Procuring Agency. 

 

5.5.7.3.2 Requirement Analysis 

 

Based upon the analysis of the Procuring Agency's requirements, the vehicle manufacturer shall 

provide the subsystem requirements to the subsystem supplier as may be needed to ensure proper 

functioning of those subsystems and their integration with other vehicle subsystems.  (i.e., 

Procuring Agency specifications and/or manufacturer’s specific requirements) 

 

Upon request by the subsystem supplier, the vehicle manufacturer shall provide a complete 

softcopy (hardcopy is optional) specification, PDF format. 
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5.5.7.3.3 Inspection & Approval 

 

Prior to inspection, approval and installation of the subsystem integration, the vehicle 

manufacturer shall obtain the written approval from all subsystem suppliers that their products 

meet, and are being installed in accordance with, all applicable integration and interface 

requirements and that the product(s) installed will function properly as intended. 

 

The vehicle manufacturer shall demonstrate proper integration of all on-board subsystems in 

accordance with the Procuring Agency's specification requirements. 

 

Should manufacturing requirements and/or additional changes requested by the Procuring 

Agency that affect the installation and integration of the subsystem occur after initial approval, 

the sub-system supplier or third party integrator shall be notified and again have the opportunity 

to inspect such changes, and sign off and approve changes that may effect their systems. 

 

5.5.7.4 SUBSYSTEM SUPPLIER OR OTHER THIRD PARTY INTEGRATOR 

RESPONSIBILITIES 

5.5.7.4.1 Qualification Testing and Specification Adherence 

 

The subsystem supplier or third party integrator is responsible for providing products that have 

been qualified or validated to meet current applicable standards as incorporated in the 

specification by reference, and for designing the product to integrate into basic vehicle 

configurations as defined by the vehicle manufacturer. 

 

The subsystem supplier shall be responsible for providing to both the Procuring Agency and the 

vehicle manufacturer, at least 30 days prior to bid closure, technical specifications that contain a 

clear and concise description of the operational and functional requirements provided by their 

system. Any changes to such electronic systems or components shall be communicated to the 

Procuring Agency and vehicle manufacturer not less than 120 days before start of production 

(including initial production, subsequent lots, or exercise of options). 

 

The subsystem supplier or other third party integrator shall provide to the Procuring Agency and 

the vehicle manufacturer the testing and interface information required regarding system 

integration, or shall be required to demonstrate how system integration was performed. 

5.5.7.4.2 Interface Information 

 

Not later than 120 days prior to the start of production, the subsystem supplier or third party 

integrator shall provide the vehicle manufacturer with the communications interface 

specifications and installation requirements.  The subsystem supplier or third party integrator 

shall: 

 

1) ensure that the vehicle manufacturer has all necessary documentation, drawings, and/or 

product information necessary to review product integration 
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2) provide product samples upon the vehicle manufacturer's request for testing and integration 

purposes 

3) work with vehicle manufacturer on any design changes required to integrate the system into 

vehicle configuration 

 

5.5.7.4.3 Installation Approval / Sign-Off 

 

Prior to inspection, approval and installation of the subsystem integration, the subsystem supplier 

shall provide to the vehicle manufacturer written approval that their products meet, and are being 

installed in accordance with, all applicable integration and interface requirements and that the 

product(s) installed will function properly as intended. 

 

 

5.6 ATTACHMENTS TO PART 5, TECHNICAL PROVISIONS 

PROCURING AGENCY SPECIFICATIONS 

The following is a list of those subsections of Part 5, Technical Specifications, which call for each 

Procuring Agency to attach additional detail 
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5.1  GENERAL 

 

5.1.2  Definitions  

 

(20) Design Operating Profile [Procuring Agency can provide additional operating characteristics to 

expand on the above Design Operating Profile definition] 

 

(21) Class of Failures In attachments to Part 5: Technical Specifications, the Procuring Agency may 

relate the skill levels and ratings of mechanics in its operation to the above definitions 

 

(22)  Maintenance Personnel Skills In attachments to Part 5:  Technical Specifications, the Procuring 

Agency may relate the skill levels and ratings of mechanics in its operation to the above definitions. 

 

5.1.5   Overall Requirements 

 

5.1.5.4.2.1 Maintenance and Inspection Equipment  Any special tools required to maintain the bus shall be 

provided in quantities as specified in attachments to Part 5: Technical Specifications. Additional 

requirements for Maintenance and Inspection Equipment are also provided in these attachments. 

[Shown below is a sample list of such equipment. Items and quantities are suggested. Procuring 

Agency shall identify additional equipment as required.] 

 

Item        Quantity* 

 

Compartment access door keys (5/16" square key)   one per bus 

Radio Box Key (#CH751)      one per bus 

W/C Belt Box Key (#WN03)     one per bus 

 

A minimum of 3 of the following special tools shall be provided plus the number shown on the 

right. 

 

Towing adapters       1 per 100 buses 

Jacking adapters        1 per 100 buses 

Break out boxes for engine     1 per 100 buses 

Break out boxes for transmission     1 per 100 buses 

Destination sign PCMCIA programming cards   1 per 100 buses 

Engine tune up kit including belt tension gauge,seal installers/removers, 

 injector timing gauge,valve lash gauges, etc    1 per 100 buses 

Wheel alignment tools       1 per 100 buses 

Handheld diagnostic readers w/ printers for engine   1 per 50 buses 

Handheld diagnostic readers for transmission   1 per 50 buses 

Diagnostic readers for HVAC system    1 per 50 buses 

Portable hand held readers for troubleshooting 

of the multiplex system      1 per 50 buses 

 

*Fractional quantities shall be rounded up to nearest whole number. 

 

5.1.5.5   Operating Environment  Procuring Agency may include additional details of operating 

environment including climatic and service/duty conditions. 

 

    PROPULSION SYSTEM 

 
5.2.2    Drivetrain 

 

5.2.2.1.    Power Plant 
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5.2.2.1.1   Engine: The requirements for specific cold weather starting aids are included in attachments to Part 

5: Technical Specifications 

 

5.2.2.2    Mounting 

 

5.2.2.2.1  Service: An oil sampling and fill provision compatible with the Procuring Agency’s equipment and 

defined in attachments to Part 5: Technical Specifications, shall be included in the engine 

compartment. 

 
5.2.2.2.3   Hydraulic Systems  (Alternative): Specific systems for which low hydraulic fluid level sensors are 

required are included in attachments to Part 5: Technical Specifications. 

 
5.3  CHASSIS 

 

5.3.1  Suspension 

 
5.3.1.2.3  Lubrication:  Additional requirements for lubrication are contained in Attachments to Part 5: 

Technical Specifications. 

 

5.3.4     Pneumatic System 

 

5.3.4.1   General: A quick disconnect fitting specified in attachments to Part 5: Technical Specifications shall 

be easily accessible and located in the engine compartment and near the front bumper area for 

towing. 

 

5.4    BODY 

 

5.4.1  General 

 

5.4.1.4    Corrosion: Additional requirements for corrosion protection are contained in attachments to Part 

5: Technical Specifications. 

 

5.4.3               Exterior Panels and Finishes 

 

5.4.3.2 Alternative: Additional requirements for anti-graffiti/vandalism treatments for exterior surfaces are 

contained in attachments to Part 5: Technical Specifications 

 

5.4.3.8.1  Access Doors (with locks): The locks shall be standardized as defined by the Procuring Agency 

 in the attachments to Part 5: Technical Specifications so that only one tool is required to open all 

 major access doors on the bus. 

 

5.4.3.10   Finish And Color:  Colors and paint schemes shall be in accordance with the attachments to Part 5: 

Technical Specifications. 

 

5.4.3.11   Numbering And Signing:  The exact wording, size, color, and location for these signs are found with 

requirements for other special signs in attachments to Part 5:  Technical Specifications. 

 

5.4.3.12   Exterior Lighting:  Specific number and mounting requirements are defined in attachments to Part 5:  

Technical Specifications. 

 

5.4.4    Interior Panels and Finishes 

 

5.4.4.1 Alternative: Additional requirements for anti-graffiti/vandalism treatments for interior surfaces are 

contained in attachments to Part 5: Technical Specifications 
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5.4.4.3   Rear End: Colors, patterns, and materials are defined in attachments to Part 5:  Technical 

Specifications. 

 

5.4.4.4    Interior Panels 

 
5.4.4.4.1   General: Colors, patterns, and materials for the interior trim are defined in attachments to Part 5:  

Technical Specifications. 

 

5.4.4.4.5   Headlining: Colors, patterns, and materials for the headlining are defined in attachments in Part 5: 

Technical Specifications. 

 

5.4.4.5   Floor Covering: Color and material of the floor covering is defined in attachment to Part 5:  

Technical Specifications. 

 

5.4.4.7 Fare Collection: The fare box, including make, model, size, weight, and meter locations, is described 

in attachments to Part 5: Technical Specifications.  Transfer equipment is also defined in 

attachments to Part 5:  Technical Specifications. 

 
5.4.5     Passenger Accommodations 

 

5.4.5.1    Passenger Seating 

 

5.4.5.1.1  Bid Evaluation Factor Procuring Agency may include bid evaluation factor here. Suggested wording 

is shown below: 

 

A bid evaluation factor in the amount of   $             per seated passenger position will be 

considered to encourage maximized seating. For each seated passenger position provided above 

the required minimum capacity specified above,  $               will be deducted from the bidder’s 

proposed price per bus so long as seating layout and installation is in conformance to all 

requirements stated herein. Note that this shall only be for purposes of bid evaluation. 

 

5.4.5.1.4  Construction and Materials: Color of the seat material and optional safety padding is defined in 

attachments to Part 5:  Technical Specifications.   

 

5.4.5.4    Accessibility Provisions 

 

5.4.5.4.1   General: Specific requirements, including the number of wheelchairs to be accommodated, the 

tiedown and securement devices, and fold-down seats, are provided in attachments to Part 5:  

Technical Specifications. 

 

5.4.6    Operator Provisions 

 

5.4.6.1  Operator’s Area 

 

5.4.6.1.1   General: Additional provisions for operator’s area are included in attachments to Part 5: 

Technical Specifications. 

 

5.4.6.5.2   Structure and Materials: Color of the operator's seat is defined in the attachments to Part 5:  

Technical Specifications. 

 

5.4.6.6.1 Additional details on exterior mirrors, including size, location and mounting, are contained in 

Attachments to Part 5: Technical Specifications. 
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5.4.6.6.2 Additional details on interior mirrors, including size, location and mounting, are contained in 

Attachments to Part 5: Technical Specifications. 

 

5.4.7    Windows 

 

5.4.7.4.1   Dimensions (Cyclone cleaner opening):  Minimum size of this opening is defined in attachment to 

Part 5:  Technical Specifications. 

 

5.4.8    Heating, Ventilating, and Air Conditioning 

 

5.4.8.1 Additional HVAC system and performance requirements are contained in Attachments to Part 5: 

Technical Specification. 

 

5.4.9.2.1  Interior Displays: Additional requirements for interior advertising are defined in the attachments 

to Part 5: Technical Specifications. 

 

5.4.9.2.2          Exterior Displays: (Additional requirements for exterior advertising may be defined in the 

attachments to Part 5: Technical Specifications.) 

 

5.5 ELECTRICAL, ELECTRONIC AND DATA COMMUNICATION SYSTEMS 

 

5.5.3.1.1  Main power supply: provide details of Jump Start connector if required. 

 

5.5.3.1.3 Master Battery Switch: Any equipment that requires power with the master battery switch "off" shall 

be listed in attachments to Part 5: Technical Specifications. 

 

5.5.3.6 Electrical Components.  Procuring Agency to list specific brushless motor requirements. 

 

5.5.5.3.1 Data Access.  Procuring Agency to specify location of communication port(s). 

 

5.5.5.4.2.5 Power requirements.  Specify requirements for a shared DC/DC converter. 

 

5.5.5.4.3.5 External Route Display (ERD) 

A complete listing of destination sign readings for initial sign programming by the manufacturer 

are provided in attachments to Part 5: Technical Specifications. Also complete Worksheet 

5.5.5.4.4.8 and 5.5.54.4.5.  

 

5.5.5.4.3.9   Public Address System: Additional requirements for the PA system are provided.  Also see 

Worksheets  5.5.5.4.4.6 and 5.5.5.4.4.9. 

 

5.5.5.4.3.13 Closed Circuit TV (CCTV): Complete Worksheet 5.5.5.4.4.13. 
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5.7 OFFEROR VEHICLE TECHNICAL INFORMATION      

The Offeror shall submit for review by the Procuring Agency a completely filled-in Vehicle 

Technical Information form below to confirm his proposed vehicle and components are in 

compliance with the requirements of Part 5: Technical Specifications. 

 

 

A. BUS MANUFACTURER___________________________________________ 

Bus Model       __________________ 

 

B. UNDERSTRUCTURE  MANUFACTURER_____________________________ 

Model Number  __________________ 

 

C. BASIC BODY CONSTRUCTION 

1. Type _____________ 

 

2. Tubing or frame member Thickness & Dimensions 

a. Overstructure _____________ 

b. Understructure _____________ 

 

3. Skin Thickness and Material 

a. Roof  _____________ 

b. Sidewall _____________ 

c. Skirt Panel _____________ 

d. Front End _____________ 

e. Rear End _____________ 

 

 

D. DIMENSIONS 

1. Overall Length 

a. Over Bumpers  ________Ft.________In. 

b. Over Body        ________Ft.________In. 

 

  2.       Overall Width 

           a.          Over Body excluding Mirrors _________In. 

           b.          Over Body including Mirrors - driving position _________In. 

           c.          Over Tires Front Axles  _________In. 

           d.          Over Tires Rear Axles   _________In. 

 

  3.        a.          Over all Height (maximum)  _________In. 

            b.          Overall Height (main roof line)  _________In. 

 

  4.        Angle of Approach   _________Deg. 

  5.        Breakover Angle   _________Deg. 
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   6.     Angle of Departure _________Deg. 

7. Doorway Dimensions Front Rear 

 

  A. Width Between Door Posts ______ in _____ in 

   B. Door Width Between Panels ______ in _____ in  

   C. Clear Door Width ______ in _____ in  

   D. Doorway Height ______ in _____ in 

   E. Knuckle Clearance ______ in _____ in 

 

 

 

8. Step Height from Ground(measured at center of doorway) 

 

 

 

Front Doorway, Empty Ramp Angle  Rear Doorway, Empty 

(Kneeled) a.________inches  R1________ deg.   a._____________inches 

(Unkneeled) b.________inches  R2 ________deg.   b. ____________ inches 

 

9. Interior Head Room (center of aisle) 

a. Front Axle Location  _________In. 

b. Drive Axle Location  _________In. 

 

10. Aisle Width Between Transverse Seats (minimum)  _________In. 

 

11.  Floor Height Above Ground (centerline of bus) 

a. at Front door      _________In. 

b. at Front Axle      _________In. 

c. at Drive Axle      _________In. 

d. at Rear door      _________In. 

 

12.   Minimum Ground Clearance (between bus and ground, with bus unkneeled) 

a. Excluding Axles     _________In. 

b. Including Axles     _________In. 

 

R1 R2
a

b
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13. Horizontal Turning Envelope(see diagram below) 

a. Outside Body Turning Radius, TR0 

   (including bumper)  ________Ft. _________In. 

b. Front Inner Corner Radius, TR1  ________Ft. _________In. 

c. Front Wheel Inner Turning Radius, TR2 ________Ft. _________In. 

d. Front Wheel Outer Turning Radius, TR3 ________Ft. _________In. 

e. Inside Body Turning Radius, TR4 

     (including bumper)   ________Ft. _________In 

 

14. Wheelbase         _________In. 

        

15. Overhang, Centerline of Axle Over Bumper 

a. Front      ________Ft. _________In. 

b. Rear      ________Ft. _________In. 

16. Floor 

a. Interior Length    ________Ft. _________In. 

b. Interior Width (excluding coving)  ________Ft. _________In. 

c. Total Standee Area    _________Sq. Ft. 

d. Minimum distance between Wheelhouses: 

                Front:     _________In. 

                Rear:     _________In. 

e. Maximum interior floor slope 

  (from horizontal) _________Deg. 

17. Passenger Capacity Provided 

TR0

TR2 TR3

TR1

TR4
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a. Total Maximum Seating    _________ 

b. Standee Capacity     _________ 

c. Minimum Knee to Hip Room    _________In. 

d. Minimum Foot Room     _________In. 

 

E. WEIGHT OF BUS 

  
 
 

 
No. of 

People 

 
Front Axle 

Left        Right      Total 

 
Rear Axle 

Left        Right      Total 

 
TOTAL 

BUS 
 
Empty Bus 

Full Fuel and 

Farebox 

 
0 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Fully Seated 

Full Fuel and 

Farebox 

 
_____ 

 

+ 

Driver 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Fully Loaded 

Standee and 

Fully Seated 

Full Fuel and 

Farebox 

 
_____ 

 

+ 

Driver 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Crush Load 

(1.5xFully 

Loaded) 

 
 

_____ 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
GVWR 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
GAWR 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

F. ENGINE, MAIN 

  1. Manufacturer                   _________________________________ 

           2. Type                           _________________________________ 

  3. Model Number                  _________________________________ 

  4. No. of Cylinders              _________________________________ 

  5. Bore                                _________In. 

  6. Stroke                             _________In. 

  7. Displacement                       _________Cu. In. 

  8. Compression Ratio              ________________________________ 

  9. Injector Type and Size         _________________________________ 

10. Net S.A.E. Horsepower          _________HP at  _________RPM 

 11. Net S.A.E. Torque        _________lb. ft. at  _________RPM 

12. Crankcase Oil Capacity  

a.  New Engine, dry  ________  gals. 

b.  New Engine, wet  ________  gals. 

 

13. Turbocharger, Make & Model _________________________________ 



 

 

                 Standard Bus Procurement Guidelines – Low Floor CNG 

 
 
 

Technical Specifications - 07/03/01 168  

 

 

 

14. Maximum Speed, no load  _________RPM 

 

 

 

15. Maximum Speed, full load  _________RPM 

 

16. Speed at Idle    _________RPM 

17. Speed at Fast Idle    _________RPM 

18. Engine Information/graphs to be attached with this form: 

 

Engine speed vs. road speed 

Torque vs. engine speed 

Horsepower vs. engine speed 

Fuel consumption vs. engine speed.  

Vehicle speed vs. time  (both loaded and unloaded) 

Vehicle speed vs. grade (both loaded and unloaded) 

Acceleration vs. time 

Change of acceleration vs. time. 

 

G. TRANSMISSION 

1. Manufacturer    _________________________________ 

2. Type     _________________________________ 

3. Model Number   _________________________________ 

4. Speeds     _________________________________ 

5. Gear Ratios                      Forward ____________ Reverse ______________ 

6. Shift Speeds 

a. 1st - 2nd               _____________ mph 

b. 2nd - 3rd               _____________ mph 

c. 3rd - 4th               _____________ mph 

d. 4th - 5th (if applicable)            _____________ mph 

e. 5th - 6th (if applicable)            _____________ mph 

7. Fluid Capacity  [Including  

   heat exchanger and filter(s)] _________________________________ 

 

H. VOLTAGE REGULATOR   

1. Manufacturer    _________________________________ 

2. Model    _________________________________ 

 

I. VOLTAGE EQUALIZER 

1. Manufacturer    _________________________________ 

2. Model    _________________________________ 
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J. ALTERNATOR 

1. Manufacturer    _________________________________ 

2. Type    _________________________________ 

3. Model    _________________________________ 

4. Output at Idle     _____________Amps 

5. Output at Maximum Speed  _____________Amps 

6. Maximum Warranted Speed  _____________rpm 

7. Speed at Idle    _____________rpm 

8. Drive Type    _____________ 

 

K.  STARTER MOTOR 

1. Manufacturer    _________________________________ 

2. Type     _________________________________ 

3. Model     _________________________________ 

 

L. AIR COMPRESSOR 

1. Manufacturer    _________________________________ 

2. Type     _________________________________ 

3. Rated Capacity   _____________cfm 

4. Capacity, at Idle   _____________cfm 

5. Capacity, at Maximum Speed _____________cfm 

6. Maximum Warranted Speed  _____________rpm 

7. Speed Idle    _____________rpm 

8. Drive Type    _____________rpm 

9. Governor 

  a) Cut-in Pressure   _____________psi 

 b) Cut-Out Pressure   _____________psi 

 

M. AXLE, FRONT 

1. Manufacturer    _________________________________ 

2. Type     _________________________________ 

3. Model Number   _________________________________ 

4. Gross Axle Weight Rating  _____________lbs. 

5. Axle Load    _____________lbs. 
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N. AXLE, REAR 

1. Manufacturer    _________________________________ 

2. Type     _________________________________ 

3. Model Number   _________________________________ 

4. Gross Axle Weight Rating  _____________lbs. 

5. Axle Load    _____________lbs. 

6. Axle Ratio    _____________ 

 

O. SUSPENSION SYSTEM 

 

1. Manufacturer   _________________________________ 

2. Type:  Front  _________________________________ 

          Rear  _________________________________ 

3. Springs: Front  _________________________________ 

    Rear  _________________________________ 

 

 

P. WHEELS AND TIRES 

1. Wheels 

a. Make   _________________________________ 

b. Size   _________________________________ 

c. Capacity  _________________________________lbs. 

d. Material  _________________________________ 

 

2. Tires 

a. Manufacturer   ___________________________ 

b. Type    ___________________________ 

c. Size    ___________________________ 

d. Load Range/Air Press. ___________________________lbs/p.s.i. 

 

Q. STEERING, POWER 

1. Pump 

 a. Manufacturer & Model No. _________________________________ 

  b. Type    _________________________________ 

c. Relief Pressure  ______________psi 

 

2. Booster/Gear Box 

  a. Manufacturer & Model No. _________________________________ 

b. Type    _________________________________ 

c. Ratio    _________________________________ 

3. Power Steering Fluid Capacity _____________gals 

 

 4. Maximum Effort at Steering Wheel _____________lbs 

 (unloaded stationary coach on dry asphalt pavement) 

 

 5. Steering Wheel Diameter   _____________in. 
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R. BRAKES 

1. Make of Fundamental Brake System  __________________________ 

2. Brake Chambers Vendor's Size & Part No. 

  a. Front   ________________________________ 

  b. Rear   _________________________________ 

3. Brake Operation Effort _________________________________ 

4. Slack Adjuster's Vendor's Type & Part No. 

a.  Front 

    1)  Right _________________________________ 

2)  Left _________________________________ 

b.  Rear 

1)  Right _________________________________ 

2)  Left _________________________________ 

c.  Length 

1)  Front Take-up _____________In. 

2)  Rear Take-up _____________In. 

5. Brake Drums/Discs 

a. Front 

1) Manufacturer  _____________________________ 

2) Part Number   _____________________________ 

3) Diameter   _____________in. 

b. Rear 

1) Manufacturer  _____________________________ 

2) Part Number  _____________________________ 

3) Diameter  _____________In.  

6. Brake Lining Manufacturer   _____________________________ 

         Type    _____________________________ 

7. Brake Lining Identification 

a. Front 

1) Forward  _____________________________ 

2) Reverse  _____________________________ 

b. Rear 

1) Forward  _____________________________ 

2) Reverse  _____________________________ 

8. Brake Linings Per shoe 

a. Front    _____________________________ 

b. Rear    _____________________________ 

9. Brake Lining Widths 

a. Front    _____________In. 

b. Rear    _____________In. 

          10. Brake Lining Lengths  

a. Front    _____________In. 

b. Rear    _____________In. 

11. Brake Lining Thickness    _____________In. 

12. Brake Lining Area Per Axle 
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a. Front   _____________Sq. In. 

b. Rear   _____________Sq. In. 

 

S. COOLING SYSTEM 

1. Radiator/Charge Air Cooler 

a. Manufacturer    ______________/_______________ 

b. Type     ______________/_______________ 

c. Model Number   ______________/_______________ 

d. Number of Tubes   ______________/_______________ 

e. Tubes Outer Diameter     __________In./__________In. 

f. Fins Per Inch                      ________ Fins/__________Fins 

g. Fin Thickness          __________In./__________In. 

2. Total Cooling and Heating System Capacity  _____________Gals 

3. Radiator Fan Speed Control    _____________Type 

4. Surge Tank, Capacity     _____________Qts. 

5. Engine Thermostat Temperature Setting 

  a. Initial Opening _____________ F 

 b. Fully Closed  _____________ F 

6. Overheat Alarm Temperature Sending Unit Setting _____________ F 

7. Shutdown Temperature Setting   _____________ F 

 

T. AIR RESERVOIR CAPACITY 

1. Supply Reservoir   _____________Cu. In. 

2. Primary Reservoir    _____________Cu. In. 

3. Secondary Reservoir    _____________Cu. In. 

4. Parking Reservoir          _____________Cu. In. 

5. Accessory Reservoir          _____________Cu. In. 

6. Other Reservoir Type          _____________Cu. In. 
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U.  HEATING, VENTILATING AND AIR CONDITIONING EQUIPMENT 

1. Heating System Capacity  _____________B.T.U. 

2. Air Conditioning Capacity  _____________B.T.U. 

3. Ventilating Capacity  _____________cfm 

  4. Compressor 

a. Manufacturer & Model ___________________ 

b. No. of Cylinders  ___________________  

c. Drive Ratio   ___________________ 

d. Maximum Warranted Speed _________________r.p.m. 

e. Operating Speed  _________________r.p.m. 

f. Weight    _________________lbs. 

g. Oil Capacity 

1) Dry   ______________gals. 

2) Wet   ______________gals. 

h. Refrigerant   ____________Type  ______________Lbs. 

5. Condenser 

a. Manufacturer & Model _______________________________ 

b. No. of Rows   _____________________________ 

c. No. of Fins/In.  _____________________________ 

d. O.D. of Tube ________________In. 

e. Fin Thickness ________________In. 

6. Condenser Fan  

a. Manufacturer & Model _____________________________ 

b. Fan Diameter   _______________In. 

c. Speed Maximum  _______________RPM 

d. Flow Rate (maximum) _______________CFM 

7. Receiver 

a. Manufacturer & Model ____________________________________ 

b. Capacity   _______________Lbs. 

8. Condenser Fan Drive Motors 

a. Manufacturer   _____________________________ 

b. Model    _____________________________ 

c. Type    _____________________________ 

d. Horse Power   ________________HP 

e. Operating Speed  ________________ r.p.m. 

9. Evaporator Fan Drive Motors 

a. Manufacturer   _____________________________ 

b. Model    _____________________________ 

c. Type    _____________________________ 

d. Horse Power   ________________HP 

e. Operating Speed  ________________r.p.m. 
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10.Evaporator(s) 

a. Manufacturer & Model  _____________________________________ 

b. Number of Rows  _____________________________ 

c. No. of Fins/In.  _____________________________ 

d. Outer Diameter of Tube  ______________In. 

e. Fin Thickness   ______________In. 

f. Number of Evaporator ______________ 

11.Expansion Valve  

Manufacturer & Model ______________________________________ 

12. Filter-Drier 

Manufacturer & Model ______________________________________ 

13. Heater Cores 

a. Manufacturer & Model ______________________________________ 

b. Capacity    _____________B.T.U. 

c. Number of Rows   _____________ 

d. Number of Fins/In.  _____________ 

e. Outer Diameter of Tube _____________In. 

f. Fin Thickness   _____________In. 

g. Number of Heater Cores _____________ 

14. Floor Heater Blowers 

a. Heater Blower Motors 

1) Manufacturer & Model ____________________________________ 

2) Horsepower   _________________HP 

3) Speed(s)   _________________r.p.m. 

b.  Heater Blower Wheel 

   Manufacturer & Model ____________________________________ 

 Capacity   _____________cfm 

         c.  Cores 

 Manufacturer & Model ____________________________________ 

 Capacity   _________B.T.U. 

 Number of Rows  _____________ 

 Number of Fins/In.  __________Fins 

 Outer Diameter of Tube _________In. 

 Fin Thickness   _________In. 

 Number of Heater Cores _____________ 

15. Controls 

a. Manufacturer & Model  ____________________________________ 

b. Type     _____________________________ 
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16. Driver's Heater 

a. Manufacturer    _____________________________ 

b. Model No.    _____________________________ 

c. Capacity    __________B.T.U. 

17. Ventilation System 

Type   _____________________________ 

18. Coolant Heater 

Make & Model  __________________________ 

Capacity(B.T.U)  __________________________ 

 

V.  INTERIOR LIGHTING 

 1. Manufacturer  _____________________________ 

 2. Type   _____________________________ 

 3. Number of Fixtures _____________ 

 4. Size of Fixtures _____________ 

 5. Power Pack  _____________ 

 

W.  DOORS 

 1. Front 

a. Manufacturer of Operating Equipment __________________________ 

b. Type of Door            __________________________ 

c. Type of Operating Equipment 

2. Rear   

a. Manufacturer of Operating Equipment __________________________ 

b. Type door       __________________________ 

c. Type of Operating Equipment  __________________________ 

 

X.  PASSENGER WINDOWS 

 1. Manufacturer   __________________________ 

 1. Model    __________________________ 

 2. Type    __________________________ 

 3. Number: (Side)  _____________ 

 (Rear)  _____________ 

 4. Sizes: _____________ _____________       _____________ 

 5. Glazing: Type  _____________________________ 

 Thickness _____________________________ 

 Color of Tint _____________________________ 

 Light Transmission _____________________________ 
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Y. MIRRORS 

     Size Type Manufacturer Mfg. Part # Model No. 

Right Side Exterior  ____ ____ __________ __________ __________ 

Left Side Exterior                ____ ____ __________ __________ __________ 

Left Side Exterior                 ____ ____ __________ __________ __________ 

Center Rearview                  ____ ____ __________ __________ __________ 

Front Entrance Area              ____ ____ __________ __________ __________ 

 Upper-Right Hand Corner       ____ ____ __________ __________ __________ 

Rear Exit Area                    ____ ____ __________ __________ __________ 

 

Z. SEATS 

 1. Manufacturer _________________________________ 

 2. Model  _________________________________ 

 3. Type  _________________________________ 

 

AA. PAINT 

   Manufacturer _________________________________ 

   Type  _________________________________ 

 

BB. WHEELCHAIR RAMP EQUIPMENT  

 1. Manufacturer & Model No. _________________________________ 

 2. Type  _________________________________ 

 3. Capacity   _____________Lbs. 

 4. Dimensions 

   a.   Width of Platform   ____________In. 

   b.   Length of Platform  ____________In. 

 5. System Fluid Capacity  _____________Qts. 

 6. Type Fluid Used   _____________ 

 7. Operating Hydraulic Pressure _____________ 

 8. Hydraulic Cylinders   _____________psi 

       a.   Size   _____________ 

  b.   Number   _____________ 

 

CC. WHEELCHAIR SECUREMENT EQUIPMENT 

 

 1. Manufacturer & Model No. __________________________________ 
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DD.  DESTINATION SIGNS 

 1. Manufacturer _________________________________ 

 2. Type  _________________________________ 

 3. Character Length  

Front Destination   _____________ In. 

Front Run Number   _____________ In. 

Side Destination   _____________ In. 

Rear Route    _____________ In. 

 4. Character Height 

Front Destination   _____________ In. 

Front Run Number   _____________ In. 

Side Destination   _____________ In. 

Rear Route    _____________ In. 

 

 5. Number of Characters 

Front Destination   _____________ In. 

Front Run Number   _____________ In. 

Side Destination   _____________ In. 

Rear Route    _____________ In.    

     Rear     _____________ In. 

 

 6. Message Width 

Front Destination   _____________ In. 

Front Run Number   _____________ In. 

Side Destination   _____________ In. 

Rear Route    _____________ In. 

 

DD. ELECTRICAL 

 1. Multiplex System 

  a. Manufacturer  ________________________ 

  b. Model No.  ________________________ 

 

12. Batteries 

a. Manufacturer  ________________________ 

b. Model No.  ________________________ 

c. Type   ________________________ 

 

EE. PASSENGER INTERIOR LIGHTING 

 Manufacturer _______________________ 

 Model No. _______________________ 
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FF. COMMUNICATION SYSTEM 

 

1. GPS 

a. Manufacturer  __________________ 

b. Model No.  __________________ 

  

2. P.A. System 

   Manufacturer  Model No. 

a. Amplifier ___________  ____________ 

b. Microphone ___________  ____________ 

c. Int. Speakers ___________  ____________ (number ___) 

d. Ext. Speaker ___________  ____________ (number ___)   
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APPENDIX A - OPERATING TEMPERATURES FOR HEAVY DUTY TRANSIT BUS 

COMPONENTS 

 
TEMPERATURE EXTREMES SUMMARY - HEAVY-DUTY TRANSIT BUS (1) 

  Operating Temperature (3, 4) Storage Temperature (3, 4) 
  

Location (2) 

Temperatures 

MIN 

Transit Bus 

MAX 

Temperature 

MIN 

Temperatures 

MAX 

ENGINE (5): 1a Underhood – Lower -20 °F 185 ° F  -40 °F 212 °F 

      

 1b Underhood – Upper  -20 °F 212° F(5)  -40 °F 221°F 

      

 1c Underhood – Bulkhead -20 °F 185 ° F  -40 °F 212 °F 

      

INTERIOR, 

OCCUPIED: 

2a Floor (7) -20 °F 158 ° F -40 °F 185 °F  

      

 2b Instrumental Panels  -20 °F 158 ° F(6) -40 °F 185 °F 

      

 2c Headliner (7) -20 °F 158 ° F -40 °F 185 °F 

      

 2d Doors (7) -20 °F 158 ° F -40 °F 185 °F 

      

INTERIOR, 

UNOCCUPIED: 

3a Battery Box  -20 °F 158 ° F -40 °F 185 °F 

      

 3b Signage Enclosure  -20 °F 158 ° F -40 °F 185 °F  

      

 3c Enclosure, Other -20 °F 158 ° F -40 °F 185 °F 

      

 3d Enclosure, Near Engine  -20 °F 185 ° F -40 °F 212 °F 

      

CHASSIS: 4a Forward (7) -20 °F 158° F -40 °F 185 °F 

      

 4b Rear (7) -20 °F 185° F -40 °F 212 °F 

      

EXTERIOR:  5a Underfloor -20 °F 158 ° F  -40 °F 185 °F 

      

 5b Rear  -20 °F 158 ° F  -40 °F 185 °F 

      

 5c Doors (7) -20 °F 158 ° F  -40 °F 185 °F 

      

 5d Top -20 °F 158 ° F  -40 °F 185 °F 

      

NOTES: 

1. This table is based on TABLE 1A in SAE J1455 (AUG94); The J1455 information has been revised for Transit Bus 

Applications by APTA Electrical Interface Working Group, 2000. 

2. See following page for Pictorial Description of Locations. 

3. If temperature characterization has been performed on the target vehicle, then the measured temperature may be substituted for 

the values in the Operating columns of the Table. 

4. Maximum ambient temperature may reach 158 °F. Minimum ambient is –40 °F. The MAX Storage temperatures are based on 

the ambient and an estimate of the effects of thermal soakback. 

5. Exhaust Manifold and Turbo surfaces can reach 1500 °F. Mount electronic control units and other electronics at least 18” away 

from these surfaces and at least 6” away from the Engine unless mounting instructions allow otherwise. 

6. Direct Sunlight surface temperature can be 185°F. 

7. Suggested limits for areas where no significant data is recorded. See notes above. 
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APPENDIX B - WIRE AMPACITY CHARTS 

 

Wire Gauge 0000 - 0 
 DISTANCE IN FEET/METERS 

OHMS 0.04901 0.06182 0.07793 0.09825 

AMP 
LOAD 

WIRE GAUGE 

0000 000 00 0 

10 1763 537 1398 426 1109 338 880 268 

20 882 269 699 213 554 169 440 134 

30 588 179 466 142 370 113 293 89 

40 441 134 349 107 277 84 220 67 

50 353 107 280 85 222 68 176 54 

60 294 90 233 71 185 56 147 45 

70 252 77 200 61 158 48 126 38 

80 220 67 175 53 139 42 110 34 

90 196 60 155 47 123 38 98 30 

100 176 54 140 43 111 34 88 27 

110 160 49 127 39 101 31 80 24 

120 147 45 116 36 92 28 73 22 

130 136 41 108 33 85 26 68 21 

140 126 38 100 30 79 24 63 19 

150 118 36 93 28 74 23 59 18 

160 110 34 87 27 69 21 55 17 

170 104 32 82 25 65 20 52 16 

180 98 30 78 24 62 19 49 15 

190 93 28 74 22 58 18 46 14 

200 88 27 70 21 55 17 44 13 

210 84 26 67 20 53 16 42 13 

220 80 24 64 19 50 15 40 12 

230 77 23 61 19 48 15 38 12 

240 73 22 58 18 46 14 37 11 

250 71 21 56 17 44 14 35 11 

260 68 21 54 16 43 13 34 10 

270 65 20 52 16 41 13 33 10 

280 63 19 50 15 40 12 31 10 

290 61 19 48 15 38 12 30 9 

300 59 18 47 14 37 11 29 9 

310 57 17 45 14 36 11 28 9 
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Ampacity Expressed in Length of Cable (1 Ga - 18 Ga) 

Temperature:  60°C  Voltage Drop: 1V 

Wire Gauge 1 - 18 
 DISTANCE IN FEET/METERS 

OHMS 0.1239 0.1563 0.2488 0.3952 0.8281 0.9988 1.59 2.52 4.02 6.39 

AMP  WIRE GAUGE 

LOAD 1 2 4 6 8 10 12 14 16 18 

5 1395 425 1106 337 696 212 437 133 275 84 173 53 109 33 69 21 43 13 27 8 

10 697 213 553 168 348 106 219 67 138 42 87 26 54 17 34 10 21 7 14 4 

15 465 142 369 112 232 71 146 44 92 28 58 18 36 11 23 7 14 4 9 3 

20 349 106 276 84 174 53 109 33 69 21 43 13 27 8 17 5 11 43 7 2 

25 279 85 221 67 139 42 87 27 55 17 35 11 22 7 14 4 9 3 5 2 

30 232 71 184 56 116 35 73 22 46 14 29 9 18 6 11 3 7 3 5 1 

35 199 61 169 48 99 30 62 19 39 12 25 8 16 5 10 3 6 2 4 1 

40 174 53 138 42 87 26 55 17 34 10 22 7 14 4 9 3 5 2 3 1 

45 155 47 123 37 77 24 49 15 31 9 19 6 12 4 8 2 5 1 3 1 

50 139 43 111 34 70 21 44 13 28 8 17 5 11 3 7 2 4 1 3 1 

55 127 39 101 31 63 19 40 12 25 8 - - - - - - - - - - 

60 116 35 92 28 58 18 36 11 23 7 - - - - - - - - - - 

65 107 33 85 26 54 16 34 10 21 6 - - - - - - - - - - 

70 100 30 79 24 50 15 31 10 20 6 - - - - - - - - - - 

75 93 28 74 22 46 14 29 9 18 6 - - - - - - - - - - 

80 87 27 69 21 43 13 27 8 17 5 - - - - - - - - - - 

85 82 25 65 20 41 12 26 8 16 5 - - - - - - - - - - 

90 77 24 61 19 39 12 24 7 15 5 - - - - - - - - - - 

95 73 22 58 18 37 11 23 7 14 4 - - - - - - - - - - 

100 70 21 55 17 35 11 22 7 14 4 - - - - - - - - - - 

105 66 20 53 16 33 10 21 6 13 4 - - - - - - - - - - 

110 63 19 50 15 32 10 20 6 13 4 - - - - - - - - - - 

115 61 18 48 15 30 9 19 6 12 4 - - - - - - - - - - 

120 58 18 46 14 29 9 18 6 11 3 - - - - - - - - - - 

125 56 17 44 13 28 8 17 5 11 3 - - - - - - - - - - 

130 54 16 43 13 27 8 17 5 11 3 - - - - - - - - - - 

135 52 16 41 12 26 8 16 5 10 3 - - - - - - - - - - 

140 50 15 39 12 25 8 16 5 10 3 - - - - - - - - - - 

145 48 15 38 12 24 7 15 5 9 3 - - - - - - - - - - 

150 46 14 37 11 23 7 15 4 9 3 - - - - - - - - - - 

155 45 14 36 11 22 7 14 4 9 3 - - - - - - - - - - 

160 44 13 35 11 22 7 14 4 9 3 - - - - - - - - - - 

165 42 13 34 10 21 6 13 4 8 3 - - - - - - - - - - 

170 41 13 33 10 20 6 13 4 8 2 - - - - - - - - - - 

 

 

APPENDIX C - SELECTION OF A COMMUNICATION NETWORK 
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 Protocol Comparisons 

 
Subject Area         J1939                              J1587/J1708             J2284 High Speed CAN            J2411 Single Wire CAN           DeviceNet                                                         Lon Works 

Line Driver                        Differential Bus     Modified RS-485     Differential Bus          Single Wire Bus                         Differential Bus                   Differential Bus 

      Differential Bus             (random laid) 

 

Baud Rate                          250 Kbps     9.6 Kbps     500 Kbps          40 Kbps (note 3)                       125Kbps, 250Kbps, 500Kbps supported           1.25 Mbps 

Network Access                Random     Random     Random          Random                       Random                    Random 

Arbitration Non-destructive     Destructive     Non-destructive          Non-destructive                       Non-destructive                    Non-destructive 

Identifier 29-bit     8-bit     11-bit (note 1)          11 or 29-bit                       11-bit                    48-bit unique ID/node 

Maximum nodes 30     30     16          32                       64                    32, 385 (see notes 4&5) 

 

Max. Bus Length 40 meters     40 meters     30 meters (note 2)          40 meters                      500m, 250m, 100m supported                    2000m 

Max. Stub Length 1 meter     40 meters     1 meter          N/A                      3 meters (156m collectively)                    Physical layer dependent 

Bus Termination 2 120 Ohms Parallel      None required     2 120 Ohms Parallel          N/A                      2 120 Ohms parallel                    Physical layer dependent 

 

Bus Wire STP     UTP     UTP - Optional Shield          Single Unshielded                     2 STP plus Shield                    TP, Power Lines, RF, IR, 

                  Coax, Fiber Optic 

Bus Configuration Linear w/Stubs     Non-Linear     Linear w/Drops          Ring, Star or Both                     Linear                     Bus, star, ring, combination 

Data Link Connector SAE J1939/11     SAE J1962     SAE J1962          SAE J1962                      See DeviceNet Specification                     See Specification 

 (3 pin unshielded) 

Max. Bus Voltage +16 volts     +5 volts     +16 volts          +16 volts                      +11 volt to +25 volt                     Physical layer dependent 

    (node input) 

Nom. Bus Voltage 2.0 volt differential      +5 volts      +2.0 volt differential          +4.0 volt                       +2.0 volt differential                      Physical layer dependent 

Application Layer             Defined      Not Specified      Not Defined          Not Defined                       Defined                      Defined 

 

 
Note 1 Modules that support OBDII requirements must also support 29-bit 

 

Note 2a Maximum distance between any two ECUs on the bus, including cable stubs and any off-board node (tool). The maximum distance between any two on-board ECUs is 25 meters (SAE 

J2284) 

 

Note 2b SAE J2284 specifies a unique bus configuration for a single on-board ECU.  The maximum distance from DLC (Data Link Connector) and the on-board. ECU is 5 meters. Likewise, the 

maximum distance from the DLC and the off-board node (tester) is 5 meters 

 

Note 3 High speed is 80 Kbps.  SAE J2411 uses a normal operation baud rate of 40 Kbps.  The high-speed mode for the test tool is 80 Kbps, for rapid downloading to modules.  Manufacturing, 

however, may utilize more than one high-speed baud rate for programming various modules 

 

Note 4 Subnets/domain (255)  times nodes/subnet (127) = 32,385 nodes/domain.   Domain is a logical collection of nodes on one or more channels 

 

Note 5 Channel Types  Medium  Data Rate  Max Nodes  Max Distance 

 TPIXF1250       TP, bus  1.25Kbps                 64/channel          125m 

                TPIXF – 78                 TP, bus                    78Kbps                    64/channel                                   1330m 
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Selecting a Communications Network 

 

The Guideline Specification strongly encourages the use of an open communications network where 

the rules, or protocols, that define how messages are coded and transmitted on the network are 

documented to the public.  Closed networks are proprietary in nature because most, if not all, of the 

communications protocols are restricted to licensed vendors. 

 

The degree to which networks are open or closed depends upon how they interface with seven layers 

of an Open Systems Interconnection (OSI) reference model developed by the International Standards 

Organization (ISO).  This model was developed to standardize the communication between 

computer-based systems.  A fully open network is one where documentation for all layers is available 

to the public, while a completely closed network does not publish any of its interface protocols to the 

public. 

 

The concept of pen networks is important because it allows components from several different 

manufacturers to be used on the network in a "plug-and-play" fashion, giving agencies a variety of 

products to choose from at competitive prices.  Conversely, components integrated on a closed 

network may restrict choices and result in higher equipment costs.  Additionally, the Procuring 

Agency may find itself with unsupportable equipment if the vendor should leave the market. 

 

Prior to selecting a network, Procuring Agencies are advised to become aware of its capabilities and 

limitations.  In particular, agencies should determine the extent to which a network is open, and if any 

network components are proprietary and only available through select vendors.  Procuring Agencies 

are also advised to consider pre-wiring transit buses at time of manufacture with data/power cabling 

to facilitate future expansion of Information Level components. 

 

The Protocol Comparison Chart shown on the preceding page provides information on essential 

characteristics of the more common communications networks available today.
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APPENDIX D - CENTRAL DATA ACCESS 

 

As described in Section 5.5.6, Central Data Access is a concept where data from several on-

board communications networks and non-networked devices are accessible at one location. The intent 

of this concept is to simplify the process of sharing data between electronic systems and devices both 

onboard the vehicle and off. In the absence of a nationally recognized approach, the information 

below provides additional guidance to agencies seeking to implement the concept of Central Data 

Access. 

 

General 

 

Virtually all new electronic systems and devices are designed with a diagnostic/information 

connector port that allows connection to a portable device for diagnostics and programming. This 

portable device typically consists of a laptop computer or diagnostic reader that contains proprietary 

diagnostic software to provide real time diagnostics, and the ability to upload/download data or 

software. The objective of Central Data Access, using either the Connector Port Option or the 

Microprocessor Based Option, is to make data available at one vehicle location.   

 

 

Connector Port Option 

 

Advantages and Disadvantages 

 

This is a low-cost solution that will aid in the development of the Single Port Microprocessor 

Based system. It does not, however, eliminate the need to purchase laptops and multiple connectors 

and cables, but allows the technician to access all required data without having to move about the 

vehicle to multiple locations.  

 

When choosing this option the Procuring Agency must consider the following: 

 

Location - what would be the most central and logical point to access this information? Keep in mind 

the technician must still access certain switches and controls while troubleshooting the vehicle. 

 

Access Device - what will the technician use to access this information, a laptop or diagnostic data 

reader (DDR).  Most systems provide a Windows Based diagnostic software package that will give 

the technician a user-friendly diagnostic tool. Additionally, some systems have developed emulating 

software packages that provide the technician with virtual system capabilities. The DDR is a very 

proven system with very limited capabilities.  Most DDRs require multiple cards that must be 

plugged into the reader and only provide logged data that must be translated. 
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MICROPROCESSOR BASED OPTION 

 

Advantages and Disadvantages 

 

This system provides several opportunities for the Procuring Agency, manufacturer, and 

vendor. Using this system allows the Procuring Agency to perform multiple forms of historical data 

logging, upload/download new or stored information, a method of storing important vehicle 

information (licenses, serial numbers, etc.), and removes the need for a laptop computer in the shop. 

The manufacturer can design systems that can be remotely accessed from any location, which would 

provide immediate access to individual vehicles for troubleshooting or loading upgraded software. 

The vendor has a system it can access without having to provide a method or means of 

uploading/downloading their individual systems information, and can begin to standardize their 

diagnostic software packages. 

 

When choosing this option the Procuring Agency must consider the following: 

 

Location - what would be the most central and logical point to access this information.  Keep in mind 

the technician must still access certain switches and controls while troubleshooting the vehicle. 

 

Microprocessor-Based System - which one to use. It is not necessary to implement a complete 

computer system onboard the vehicle. However, implementing a system without a keyboard and 

monitor will require the technician to carry a keyboard and monitor with them in the shop. What size 

hard drive, how much RAM, what type of operating system, and is it upgradeable? These are all 

questions that the Procuring Agency should ask the manufacturer/vendor when considering this 

system.  

 

System Elimination - Now that there is a permanently based Microprocessor Based System onboard 

the vehicle, the Procuring Agency and manufacturer/vendor can begin to assess what systems can be 

replaced using this new approach. The following are some examples of possible replacements: 

 

The Onboard Multiplex Controller.  Most multiplex systems are controlled using some form of a 

Microprocessor-Based System.  Is this now necessary? Any historical data logging systems - many 

Procuring Agencies are currently implementing many forms of historical data logging system, Could 

this function be performed using the on-board system? 

 

Remote Access Systems.   Many vendors/Procuring Agencies are moving towards using a high-speed 

remote access system. Could this now be performed using the on-board system? 

 

Video Surveillance Computers.  This is just one example of a system that requires a computer to 

download stored data. Could this be a function of the new onboard system? 

 

 

 

 

 

Summary 
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When implementing Central Data Access, it is important that all parties -- manufacturer, 

vendor, and Procuring Agency – understand how this technology will effect their particular system. It 

is also imperative that all parties begin to work together to develop this concept in unison. 


