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Figure 13-2 
Vehicle Dynamic Clearance Limits from Amtrak 1355 Revision E 
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Figure 13-3 
Vehicle Undercar Curve Clearance Limits from Amtrak 1355 Revision E 
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13.2.4 Performance 

This section defines the acceleration, braking, and route travel performance 
expected of the train consists. Performance limits are applicable to all proposed 
train consist arrangements of EMUs and DMUs from two cars to eight cars in 
length.  

13.2.4.1 General 

Cars shall be designed for the following speeds: 

Table 13-5 
Design Speeds 

Condition Speed 

Maximum revenue operating speed 79 mph (worn wheels) 

Design speed 90 mph (new wheels) 

13.2.4.2 Route Performance 

Simulations shall be performed of AW1-loaded consists, sized from two to 
eight cars, traveling the intended alignment, based on the latest grade, 
curvature, and speed limit data available from RTD. Intermediate station 
dwells shall be modeled at 35 seconds. Simulation results shall be 
submitted to RTD for review and approval. If route travel times do not 
meet RTD’s operational planning and expectations, RTD may request 
increased trainset performance levels. 

The consists shall have a maximum end-of-route turn time of 7 minutes. 
The turn time shall allow the operator to disable and leave one cab, walk 
to the other end of the consist, set up that cab, perform an FRA-compliant 
Class II brake test (49 CFR 238), and be ready to depart the station. 

13.2.4.3 Service Brake Requirement 

The service brake requirements for EMUs and DMUs are defined in 
Sections 13.10 and 13.11. 

13.2.4.4 Emergency Brake Requirements 

The emergency brake requirements for EMUs and DMUs are defined in 
Sections 13.10 and 13.11. 

These rates shall be met under all weather conditions and with all wheel 
diameters from new to fully worn wheels on level, tangent track. 
Emergency braking shall not be jerk-limited and shall be irretrievable 
down to at least the no-motion detection speed. For emergency brake 
calculations, the consist may not benefit from train resistance forces. 
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The emergency brake control system shall be designed in a fail-safe 
manner. It may blend friction and dynamic braking, with friction braking 
providing the fail-safe default. The specified emergency braking rate shall 
be achieved in blended and friction-only applications. 

13.2.4.5 Minimum Safe Brake Rate 

The service and emergency braking system shall be designed and built 
so that it produces a minimum full service and emergency braking rate of 
no less than 1.0 mphps on level, tangent track under any single-
component failure condition. 

13.2.4.6 Jerk Limits 

Changes in propulsion and braking effort shall develop smoothly. 

Changes in tractive effort shall be jerk limited. The jerk limit rate shall be 
software-adjustable between 1.0 mphpsps and 3.0 mphpsps, and shall 
initially be set to 1.5 mphpsps, +/- 10%. The loss of tractive effort due to 
unexpected loss of traction power shall not be jerk limited. 

Changes in service braking effort shall be jerk limited. The jerk limit rate 
shall be 3.0 mphpsps, +/- 10%. 

Emergency brake applications shall not be jerk limited. 

13.2.4.7 Spring Applied Parking Brake 

A spring applied parking brake system shall be capable of holding a train 
consist loaded to AW3 + 10% on a 5% grade indefinitely under all 
allowable wheel and brake conditions. The parking brake system shall 
apply in a fail-safe manner and be remote controlled from the active cab. 

13.2.4.8 Mode Change Response Times 

Mode change dead times shall not exceed the following: 

Table 13-6 
Maximum Mode Change Dead Times 

Mode Change Maximum Response Time 

Power to Brake 600 ms 

Power to Coast 600 ms 

Coast to Brake 300 ms 
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Mode change dead times from coast to power and brake to power shall 
be kept as short as possible. 

Mode change dead time shall be measured from the time that the 
applicable control signal changes state until the vehicle acceleration or 
deceleration reaches 90% of the old commanded value for transitions 
from Power to Coast or Brake to Coast or 10% of the new commanded 
value for transitions from Coast to Brake, Power to Brake, Coast to 
Power, or Brake to Power from a stop. 

13.2.5 Adhesion Management 

A system shall be provided to detect and correct wheel spin and slide on each 
car whether random or synchronous on an individual truck basis, both in 
acceleration and braking. 

Efficiency shall be at least 90% in acceleration and in braking for adhesion levels 
above 5%. Sanders may be used to control adhesion. 

13.2.6 No-Motion Detection 

A system to detect zero speed shall be provided to be used in conjunction with 
the door control system for the purpose of preventing the opening of train doors 
while the train is in motion. The system shall detect vehicle speed down to at 
least 2.0 mph. 

13.2.7 Overspeed Protection 

Vehicles shall be prevented from exceeding a maximum track speed. The 
speedometer in the active cab shall give visual and audible warning to the 
operator if the overspeed limit is reached. If the operator does not reduce speed 
within a fixed amount of time, consist tractive effort shall be cut and a penalty 
brake automatically applied. The overspeed limit shall be software selectable and 
initially set at 83 mph. Overspeed setting shall be limited by hardware or software 
keys/passwords. 

13.2.8 Positive Train Control 

Each married pair and/or single vehicle shall be fitted with a Positive Train 
Control (PTC) system fully compliant with the Rail Safety Improvement Act of 
2008. The PTC system inclusive of Automatic Train Control (ATC) and Cab 
Signal will likely include, at minimum, a control electronic enclosure, an onboard 
display unit in each cab, and propulsion and brake system interfaces. Space 
shall be allocated for the control enclosure in an onboard electrical locker 
assuming a 19-inch rack-mounted unit at least 12-inches tall. The display unit 
shall be located in the cab, preferably adjacent to the windshield, but not 
obstructing the operator’s normal forward view. Interfaces with the propulsion 
and brake system shall be defined in the design specification, but functionally 
should, at minimum, allow the cab signal system to cut out tractive effort and 
apply a penalty brake. 
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13.2.9 Duty Cycle Rating 

The car shall be capable of continuous operation on the alignment without 
exceeding the continuous rating of any equipment, under the following 
conditions: 

• A constant AW2 load; 
• A dwell time of 35 seconds at each intermediate station; 
• Acceleration and braking at maximum service rate; 
• Operation to maximum posted track speeds; and 
• A seven minute layover at each end of the line. 

In addition, one eight-car train with an AW3 load shall be capable of pushing or 
pulling another train of equal length with an AW3 load from the point of failure to 
the next station, where passengers would be unloaded. Rescue would continue 
with both trains at AW0 to the end of the line, at reduced performance if need be, 
without damage or reduction in equipment life. The point of failure shall be 
considered to be at the farthest location on any line such that the worst load is 
imposed on the equipment. The train will be dispatched to the nearest end of the 
line. 

The thermal duty cycle of the friction brake system shall allow an AW3 consist 
between two and eight cars to operate indefinitely over the route using only the 
friction brake system, without wheel temperatures exceeding 600°F for new 
wheels and 800°F for worn wheels, and/or without disc temperatures exceeding 
900°F, and without the need to restrict operating speed. This requirement shall 
be reviewed by the friction brake system supplier; temperature limits may be 
lowered but not increased. 

13.2.10 Electromagnetic Emissions 

The vehicles shall be designed and constructed so that it does not cause 
objectionable electrical interference with its own equipment or with any wayside 
equipment. 

Electromagnetic emissions shall meet FCC and ANSI (C63.12.1987) 
requirements and guidelines. 

Vehicles shall be tested to demonstrate compliance with the emission limits 
defined below, using UMTA-MA-06-0153-85-8. The intent is to ensure these 
emissions do not adversely affect track signals. 

These limits apply to all possible train lengths from two to eight cars in length. 
The emission limits apply to stationary and moving trains. 
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13.2.10.1 Radiated Emissions Limits 

The radiated emission limits per train shall not exceed the following 
values, measured 100 feet from the track centerline. Emission limits are 
stated as dB microvolts per meter per Megahertz (dBµV/m/MHz) versus 
log frequency. The “/MHz” refers to the fact that the broadband signal 
must be analyzed over 1 MHz bandwidths. The term dBµV/m refers to 
electric field signal strength. Magnetic fields are typically limited to the 
same values, with the term dBµA/m. Only the electric field values are 
stated here. 

• At 14 kHz, the lower limit, a level of 120 dBµV/m/MHz. 
• A straight line from 120 dBµV/m/MHz at 14 kHz to 75 dBµV/m/MHz at 

200 MHz. 
• A straight line from 75 dBµV/m/MHz at 200 MHz to 90 dBµV/m/MHz 

at1,000MHz. 
• 90 dBµV/m/MHz from 1,000 MHz to 6,000 MHz. 

13.2.10.2 Conductive Emissions Limits 

The conducted emissions shall not exceed the following limits when 
measured per UMTA-MA-06-0153-85-6 suggested test method: 

• 0.9 amp from 90 Hz to 205 Hz 
• 0.3 amp from 206 Hz to 355 Hz 
• 0.038 amp from 356 Hz to 20 kHz 

13.2.10.3 Inductive Emission Limits 

The induced emissions shall not exceed the following limits per car when 
measured per UMTA-MA-06-0153-85-8 suggested test method. 

• 100 millivolts from 0 to 500 Hz 
• 20 millivolts from 501 Hz to 20 kHz 

13.2.10.4 Cab Signal Interference (CSI) 

The vehicle must not produce emissions which adversely affect the on 
board cab signal receiver system. In general, the CSI shall be 12 dB 
below the receiver sensitivity level. The CSI shall not exceed any of the 
following limits when measured at the output of the track receiver coils in 
terms of equivalent rail amps: 

• 300 milliamps from 90 Hz to 105 Hz 
• 150 milliamps from 240 Hz to 260 Hz 
• The Train Control susceptibility level as measured per laboratory test 

(statically at a signal hut). 
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13.2.11 Noise 

13.2.11.1 Interior, Passenger Area 

Interior noise in the passenger area shall not exceed the following: 

Table 13-7 
Interior Noise Limits 

Vehicle State Maximum 
Noise Level Notes 

Vehicle 
stationary 70 dBA 

Windows and doors closed, all auxiliaries operating 
simultaneously under normal operating conditions, no 
passengers. 

Vehicle moving 75 dBA Car operating on any line at any speed except in tunnels 

13.2.11.2 Interior, Cab 

The noise level exposure in the cab during normal operation shall not 
exceed 75 dBA for twelve (12) hours exposure per day. The absolute 
upper noise level limit, including operation of air horns, bell, or air brake 
exhaust, shall be 115 dBA per 49 CFR 229.121. 

13.2.12 Shock and Vibration 

All vehicle equipment shall be designed to operate without damage or 
degradation of performance when subjected to vibration and shocks encountered 
during normal service at all speeds up to 10% above maximum running speed. 
Carbody-mounted components and equipment shall be designed and tested to 
withstand continuous vibrations in accordance with IEC 61373, 1999, “Railway 
Application, Rolling Stock Equipment, Shock and Vibration Tests.” 

Vibrations anywhere on the vehicle floor, walls, ceiling panels and seat frames 
shall not exceed the following: 

Table 13-8 
Vibration Limits 

Frequency Range Limiting Parameter Maximum Value 

Below 1.4 Hz Maximum deflection 
(peak to peak) 0.1 in 

1.4 Hz to 14 Hz Peak acceleration 0.01 g 

Above 14 Hz Peak velocity 0.45 in/sec 
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13.2.12.1 Carbody-mounted Components 

• Vibrations up to 0.4 g peak to peak, at frequencies up to 100 Hz. 
• Impact loads of 4 g lateral, 4 g vertical, and 8 g longitudinal. 

13.2.12.2 Truck-frame-mounted Components 

• Vibrations up to 4 g peak to peak at frequencies up to 100 Hz. 
• Impact loads up to 20 g each applied individually on any major axis. 

13.2.12.3 Truck-axle-mounted Components 

• Vibrations up to 10 g peak to peak at frequencies up to 100 Hz. 
• Impact loads up to 50 g each applied individually on any major axis. 

13.2.13 Ride Quality 

The RMS acceleration values shall not exceed the "four hour, reduced comfort 
level (vertical)" and "2.5 hour, reduced comfort level (horizontal)" boundaries 
derived from ISO 2631-1:1997(E) over the range of 1 Hz to 80 Hz, for all load 
conditions AW0 to AW3, and track classes 1 to 4. 

13.2.14 Reliability 

The vehicle shall be designed to maximize Mean Time Between Failures 
(MTBF).  

13.2.15 Maintainability 

The vehicle will be designed to minimize Mean Time To Repair (MTTR).  

13.3 CARBODY 

13.3.1 Car Structure 

The vehicles shall be designed and manufactured to be in compliance with 49 
CFR 238 requirements applicable to Tier I Passenger Equipment and with all 
applicable APTA and AAR standards and recommended practices. 

The carbody shall meet the latest 49 CFR 238 and APTA SS-C&S-034, 
“Standard for the Design and Construction of Passenger Railroad Rolling Stock,” 
Section TS 5.1.1.1 applied longitudinally on the centerline of draft to the coupler 
or drawbar anchor of a carbody loaded to AW0. 

Carbody cab end areas shall be designed for controlled crushing of the structure 
in the case of a head-on collision. 

The vehicle body shall consist of the roof, the side frames, the underframe, and 
the end frames. The underframe shall consist of two end underframes, two side 
sills, body bolsters, and floor beams. Intermediate body sills may be used in the 
underframe, if necessary. 
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RTD will consider cab ends constructed with fiberglass reinforced plastic panels 
to provide stylized end contours, provided the design meets all structural 
requirements in this section and applicable FRA regulations. 

13.3.2 Exterior Equipment 

A horn shall be provided at the cab-end of each vehicle, with controls located on 
the cab console. Horns shall comply with 49 CFR 229.129 and be located on the 
vehicle roof. They shall be tilted and be provided with a shield or deflector to 
prevent accumulation or packing of debris in the cone. 

The cab-end of each car shall have headlights and auxiliary lights complying with 
APTA and 49 CFR 229.125 requirements. The auxiliary lights shall wag 
(alternatively flash) when the horn is sounded. 

A snow plow or a snow-plow type pilot shall be provided under the cab-end of 
each vehicle. The lower two inches of the pilot shall be easily replaceable with 
fasteners. The minimum height of the pilot above top-of-rail, as measured 
statically on level, tangent track at any weight between AW0 and AW3 and any 
state of wheel wear, shall be 6 inches. 

The pilot shall resist a longitudinal load of up to 20,000 lbs without permanent 
deformation. The pilot support structure shall be designed to yield at a maximum 
of one half the yield load of the associated undercar structure. 

Cars shall be equipped with red end-of-car marker lights, lighted car number 
signs, and passenger destination signs. One three-light indicator shall be located 
on each side of each car to signal brake and door status. 

Each car shall be equipped with safety appliances fully compliant with 49 CFR 
231. 

13.3.3 Passenger Doors 

Each passenger vehicle shall have four high level door openings, two on each 
side, directly across from each other. Doorways shall be located just inboard of 
the trucks. 

Clear width of all doorways shall be at least 50 inches. Doorway height, 
measured from the vehicle floor level to the bottom of the door header, shall be a 
minimum of 78 inches. 

Doors shall be of the sliding pocket or plug type and cover the entire height of the 
door opening. Two-panel designs shall be used. Panels shall not protrude more 
than 3 inches from the vehicle side during any portion of the opening or closing 
cycle. All door equipment shall be interchangeable. 

Doors and doorways shall be designed and constructed in accordance with 49 
CFR 238.235 and APTA RP-C&S-012-99, “Recommended Practice for 
Passenger Door Systems for New and Rebuilt Passenger Cars”, unless 
otherwise specified in this section. Doors shall also serve and be marked as an 
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additional emergency exit in accordance with APTA SS-PS-002-98, latest Rev., 
“Standard for Emergency Signage for Egress/Access for Passenger Rail 
Equipment. 

The doors shall be microprocessor controlled and use an electric operating 
mechanism. The controller shall respond to external commands, monitor door 
positions and status, and provide diagnostic and status information to portable 
test units (PTUs). Basic door operating parameters shall be adjustable via the 
PTU. 

The door control system shall be designed in accordance with the safety 
requirements. Trainline door control signals shall allow the conductor to open and 
close all consist doors from any door control station. Each car shall be equipped 
with at least two door control stations, one on the vehicle left and one on the 
vehicle right. The conductor shall have a clear view along the length of the 
consist from each door control station. Door control stations shall have 
appropriate key locks and interlocks to prevent unauthorized use while 
maintaining door emergency exit functionality. 

All door control units shall be linked together with a serial data connection such 
that the status of all doors may be monitored at a single location in the vehicle. 

Vehicle end doors shall be single panel, manually operated, hinged-inward units. 
Each door shall be designed and built in compliance with vehicle endwall 
standards. Cab end doors shall be latched with at least three rotary “dog” latches 
and one passenger-operable latch. The conductor shall be able to lock the door 
closed to prevent unauthorized use when the door is in the leading or trailing 
position of the consist. The door should be equipped with an emergency window, 
but not necessarily an emergency latch. 

13.3.4 Floor Height 

The vehicle floor shall be nominally level, without interior steps or ramps to 
change elevation, and shall provide level boarding with platform description in 
Section 5. 

Floor height shall be adjustable through the vehicle suspension and maintain 
high-level boarding compatibility through the expected range of vehicle loading 
and wear. 

13.3.5 Floor Covering 

The floor covering under the seat areas and in the aisles shall be smooth grade 
rubber sheeting 

13.3.6 Seating Arrangement 

Passenger seats shall be arranged in rows of transverse seat pairs, with seats to 
the left of carbody centerline and seats to the right. The majority of seating 
should accommodate two passengers (2x2 seating), though limited use of three-
position seats (3x2 seating) will be considered if required to meet the target car 
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seating capacity. Seats should face the nearest exit, with the majority of seats in 
a front-to-back orientation. Some longitudinal and flip-up seats may be used near 
interruptions in car interior and wheelchair accommodations. 

Seating arrangement should coordinate with vehicle side window spacing. 

13.3.7 Seats 

Standard passenger seats shall be a pair of seats, attached to the vehicle interior 
sidewall and through a single pedestal foot to the floor structure. Arm rests shall 
be provided on the exterior edges but not between seats. The aisle armrest 
should be foldable to assist seat egress. Seat backs should be tall and 
supportive with head rests, but do not need to recline. Hand holds shall be 
provided near the seat headrests along the aisle. 

Longitudinal and flip-up seats should be significantly similar to the standard 
passenger seats, but adapted to local design constraints. 

Seats shall be a proven design used in rail transit applications. They shall 
conform to APTA SS-C&S-016-99, “Standard for Seating in Commuter Rail 
Cars,” including structural testing for seat strength and structural attachment. 

Seats shall have modular, replaceable, cloth covered seat cushions, back rests, 
and head rests. No footrests or tray tables shall be provided. 

13.3.8 Wheelchair Accommodations 

Each vehicle shall have at least two priority wheelchair parking spaces, located 
adjacent to the non-cab end side entry doors. Such locations shall provide 
adequate floor space and structural attachments for mobility device restraint. The 
passenger seats closest to these locations shall have adequate access to allow a 
passenger to transfer between a wheelchair and the seat, and shall 
accommodate companion seating. 
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13.3.9 Lighting 

Interior lighting shall be provided predominantly by two rows of overhead 
fluorescent lights, recessed and integrated into the interior finish. High-frequency 
inverter ballasts shall power the fluorescent fixtures. Passenger area light levels 
shall comply with APTA RP-E-012-99, “Recommended Practice for Normal 
Lighting Design.”  Lighting shall be supported by the vehicle low voltage power 
supply (LVPS) to minimize flickering and interruption due to temporary loss of 
traction power supply. Except for interior passenger lighting, headlights, roof 
lamps, and cab ceiling lights, all lights shall be LED based. 

The interior lights shall also comply with 49 CFR 238.115 and APTA SS-E-013-
99, “Standard for Emergency Lighting System Design.”  Emergency lights may 
be a subset of the normal interior lights or independent installations. The 
fluorescent fixture adjacent to each doorway, as well as other specified light 
fixtures, will be powered directly from the battery to provide emergency lighting 
during LVPS failure. 

13.3.9.1 Low-Location Exit Path Marking 

The vehicle shall be equipped with a low-level exit path marking per 
APTA SS-PS-004-99, latest Rev., “Standard for Low-Location Exit Path 
Marking,” to illuminate the emergency exit path .  A passive or active 
solution may be presented to RTD for approval. 

13.3.10 Windows and Glazing 

All exterior windows in the car shall be certified as meeting the requirements of 
49 CFR 223 and 49 CFR 238.221. The certifications shall indicate that all end-
facing windows meet the requirements of Type I testing, and that all side-facing 
windows meet the requirements of Type II testing. Glass or polycarbonate may 
be used. 

A minimum of four side-facing emergency exit windows shall be provided 
meeting the requirements of 49 CFR 238.113. It is strongly preferred that at least 
four emergency exit windows be provided per vehicle side rather than the FRA-
minimum of four per vehicle. Each emergency exit window shall provide an 
unobstructed opening of at least 26 inches horizontally and 24 inches vertically. 

13.3.11 Operator’s Cab 

The operator’s cab shall provide control devices for operating the train in an 
ergonomic, climate-controlled environment. The operator’s cab shall provide 
mechanical door locks and electronic key switches to prevent unauthorized 
access and use. 

The operator’s cab shall be located at one end of each vehicle to allow maximum 
flexibility in consist sizing and make-up. The cab shall be located on the right side 
of the carbody with its own walls and access door. The cab shall have one 
forward facing fixed window and one side-facing, opening window. 
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The cab shall provide a desk-like console for the throttle and brake controls. The 
operator’s seat shall swivel to assist access. It shall have vertical and longitudinal 
adjustments to accommodate operator’s ranging between 5th and 95th percentile 
US males and females, as defined by Military Standard MIL-STD-1472, latest 
revision. It shall also provide vertical suspension and damping. Seat adjustments 
shall be electronic or manual. The seat shall comply with APTA and FRA 
strength requirements. 

An observer’s cab shall be provided in the forward left corner of each vehicle, 
also with its own walls and two windows. Observer controls shall be less than the 
operator, but shall, at minimum, include a speed indicator, a horn actuation 
switch, and an emergency brake application handle. 

The operator’s and observer’s side-facing windows shall meet the requirements 
of 49 CFR 238.113 for emergency exit windows and shall provide an 
unobstructed opening of at least 26 inches horizontally and 24 inches vertically. 
These windows shall not be assumed accessible to passengers and shall not 
count toward the emergency exit window criteria stated in Section 13.3.10. 

An outside mirror shall be provided near the operator’s and observer’s cab side 
windows to allow rearward sight down the side of the consist. Mirrors shall be 
electronically heated, independently adjustable, and comply with the vehicle 
clearance specifications. 

The operator’s and observer’s cab shall be arranged to allow passenger access 
to the vehicle end door when the cabs are not occupied. Cab doors may be 
arranged to prevent passengers from being in the space between cabs while the 
cabs are occupied. 

13.3.12 Equipment Lockers 

Limited equipment lockers are anticipated to be located within the passenger 
area of the vehicle. Lockers should be located to minimize the impact on 
passenger movement and seating arrangement. Adequate mechanical protection 
shall be provided to prevent unauthorized access and to protect passengers and 
employees from potentially dangerous electronic equipment. 

Lockers shall be located and arranged to allow ample access by maintenance 
personnel. Equipment voltages shall be adequately labeled in compliance with 
APTA standards. 

  



RTD Design Guidelines & Criteria  Section 13 – Commuter Rail Vehicles 
Commuter Rail Design Criteria  April 2009 

Page 26 of 57 

13.3.13 Special Requirements 

13.3.13.1 Bicycle Stowage 

At least four bicycle stowage locations shall be provided in each vehicle. 
These locations may use the same floor space as the wheelchair parking 
locations, with priority given to wheelchairs in cases of conflict. Stowage 
locations shall provide positive restraint of the bicycle, compliant with the 
carbody impact, shock, and vibration criteria.  

13.3.13.2 Luggage Stowage 

Cars shall be equipped with luggage bins located above the passenger 
seats.  

13.4 COUPLER 

The coupler system shall be service proven and meet the requirements of 49 CFR 
229.61, 229.141, 238.203, 238.205, and 238.207, as well as all applicable APTA and 
AAR Standards and Recommended Practices. Standard car-to-car connections are 
preferred to use an automatic coupler system that will make all mechanical, pneumatic, 
and electrical trainline connections when mated. Intermediate mechanical connections 
within a married pair may use a semi-permanent drawbar. Intermediate electrical and 
pneumatic connections shall use connectors that allow the two halves of a married pair 
to be separated in a shop environment. 

The coupler connections shall permit operation of up to eight cars in a train under normal 
conditions through electric and pneumatic train-lines. Coupler controls shall be located in 
each operator’s cab and outside the vehicle near each automatic coupler. 

Coupler electrical connections shall transmit trainline control signals, as defined by the 
Contractor. Minimum trainline controls shall include propulsion commands, car-to-car 
communications, and door controls. The coupler electrical connections shall also 
transmit auxiliary power to supply on-board utilities like lighting and HVAC. Trainlined 
auxiliary power shall be sufficient to allow one shop power feed to support a train consist 
in layover mode. 

The coupler and draft gear shall have the strength needed to allow, under emergency 
conditions, a train of eight cars with an AW3 passenger load to push or pull an 
inoperable train of up to eight cars with an AW3 passenger load, without damage to the 
coupler or its anchorage. 

Each coupler shall have a carrier that maintains nominal coupler height while allowing 
vertical dynamic motion. Each coupler shall have an automatic horizontal centering 
device that aligns an unloaded coupler to carbody centerline. The coupler carrier and 
centering device shall be adjustable to allow maintenance personnel to correct for wheel, 
truck, suspension, and carbody wear. The coupler location shall be maintained within 1-
1/2 inches vertically and 1-1/2 inches horizontally of its nominal position on level, tangent 
track under all static conditions from AW0 to AW3. Coupler adjustment shall not be 
required more frequently than 92-day intervals. 
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Coupler gathering range shall be a minimum of 3-3/4 inches of misalignment between 
opposing coupler centerlines. The coupler gathering range shall be sufficient for two cars 
to automatically couple on tangent track when each coupler is maintained within the 
above stated tolerance.  Likewise, two cars shall be able to couple on a 12.5 degree 
horizontal curve. 

Each car shall be equipped with one coupler adapter to allow the commuter rail vehicles 
to be connected to a conventional AAR type-E, F, or H coupler. The removable adapter 
shall have a maximum weight of 65 pounds and be normally stored on the F-end pilot. It 
shall be able to withstand 100,000 pounds in buff or draft without permanent 
deformation. The operator shall be able to manually install or remove the adapter alone 
and without tools. The adapter is anticipated to be used only during emergency or 
rescue situations. 

13.5 TRUCKS AND WHEELS 

13.5.1 Trucks 

Each car shall be equipped with two, two-axle trucks. The trucks shall be built as 
four-wheel, outside frame, fully flexible, bolster supported, roller journal bearing 
trucks. Truck weight shall be kept to a minimum consistent with the strength, 
performance, and maintenance accessibility requirements of these Design 
Criteria. The suspension shall be designed to support safe, comfortable and 
stable riding at all speeds as described in the performance section above. 

The design of the primary suspension shall be such that the resonant frequency 
is less than 5 Hz. Primary and secondary suspensions shall be designed to be 
compatible with vehicle weight, track characteristics, ride quality requirements, 
and level boarding requirements. 

Power car trucks shall be specifically designed to accommodate the specified 
propulsion equipment, with a strong history of commuter rail service. 

13.5.2 Wheels, Axles, Bearings 

Wheels shall be wrought steel, E-40 design, Class B, 1:40 tread taper, with a 
narrow flange. The carbuilder shall develop a wheel profile that supports the 
vehicles operating characteristics to optimize the ride quality. The recommend 
profile must meet the parameters of the UPRR and the BNSF. 

Axles shall comply with AAR Specification M-101 grade “F”. 

Journal bearings shall be greased, lubricated roller bearings or equivalent with 
plug access hole to facilitate wheel truing. 
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13.6 FRICTION BRAKES 

The friction brake system shall function in coordination with the propulsion system. The 
system shall provide independent brake pressure control on each truck. The brake 
system shall comply with 49 CFR 238.231. In this section, dynamic brake shall mean a 
wear-free electric or hydrodynamic brake. 

The friction brake system shall perform the following basic functions: 

• Capable of stopping the train with a service application from its maximum authorized 
operating speed within the track signal spacing 

• Supplement dynamic braking and provide service braking under all vehicle loadings, 
when the dynamic brake is not available. 

• Provide emergency braking 
• Incorporate a parking brake system. 

The friction brake system shall have the following configuration: 

• Each axle shall have a load-weight-compensated friction brake to provide the braking 
effort needed to have an evenly distributed adhesion coefficient for all trucks in a 
train. 

• Each truck shall be controlled independently by its own brake control unit for the 
purpose of redundancy. 

• Each electronic control unit shall be resiliently mounted on the carbody adjacent to its 
respective truck. The units shall be mounted in a protected location to prevent 
damage from dirt, dust, wheel splash and unusual heating conditions. 

The friction brake system is assumed to be pneumatically actuated. Brake pipes shall 
allow air connections through all vehicles in the consist for the purpose of brake control 
pressure and for system charging. Air supply can be from one or multiple sources within 
the consist. At a minimum, each car shall supply clean, dry, cool, oil-free air to its local 
brake system and, optionally, to the entire consist. The air supply system and reservoirs 
shall be sized to support the local married pair or car and one additional married pair or 
car of equal size, but with an inoperable air supply system. The air supply system shall 
be modular and interchangeable between like vehicles. The system shall be service 
proven or built of service-proven components. 

The air supply unit may couple a 480VAC, 3-phase, 60-Hz electric motor with an air 
compressor and filter/dryer. Alternatively, an air supply unit may be coupled to a diesel 
engine, either at the auxiliary power generator or the main propulsion engines. 

A sanding system may be provided that deposits sand immediately in front of the leading 
wheels of the motor trucks. Sand hoppers, if provided, shall be located near the vehicle 
outer corners and easily accessible for filling. 
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13.7 ELECTRICAL 

All electrical systems shall conform to basic AAR, NEMA, IEEE and NEC standards. 
Rotating electrical components shall follow IEEE Standard 11-1980 for rail and road 
vehicles. 

13.7.1 Voltages 

The auxiliary train power voltage shall be 480VAC. As a goal, no more than a 
total of 75KVA may be drawn from the car's auxiliary power, under conditions of 
the heaviest demand of heating, air conditioning or combination HVAC and all 
auxiliary loads. 

The auxiliary train power voltage shall be used to run the motors of the air-
conditioning compressors, condenser and evaporator fans. It shall also furnish 
energy for floor and overhead heat. 

The auxiliary train power voltage shall be reduced, by means of transformers on 
each car, to 120VAC for lighting, convenience outlets, air conditioning and 
heating controls, etc. 

A battery charging rectifier system fed from the 480VAC and a 72VDC battery 
shall provide for low voltage power. 

13.7.2 Auxiliary Power Supply 

The auxiliary power system (APS) shall comply with IEC 1287 and IEC 60574 
and provide the following voltages: 

• 480V +/- 5%, 60 +/- 2%Hz, Three Phase 
• 120V +/- 5%, 60 +/- 2%Hz, Single Phase 
• 72V +25% -30%, Direct Current, for train line interfaces/controls  

All auxiliary motors shall be of a brushless design. 

13.7.3 Low Voltage Power Supply (LVPS) 

The low-voltage system shall supply the marker, emergency and vestibule lights, 
headlights, cab signal/ATC, communicating signal, PA, radio and intercom 
communication, wheel slide protection, door operators, etc. The LVPS shall be 
powered from the 480VAC supply. It shall be possible to start the LVPS upon 
establishment of the 480VAC in the absence of battery voltage (dead battery 
start.) 

Alternative options with one battery and dc/dc converter to provide power for 
specific applications may be proposed. 
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All low voltage loads shall function normally whenever the low voltage supply is 
+25% -30% of the nominal battery voltage. 

A back-up power system in accordance with 49 CFR 238.115 shall also be 
provided. 

13.7.4 Transients 

All equipment capable of generating electrical transients shall include 
suppression devices. 

13.7.5 Battery and Battery Charger 

LVPS support batteries shall be nickel cadmium units using a proven non-
combustible transparent or translucent case which complies with NFPA 130 and 
NFPA 70. The load cycles shall be based on an ambient temperature of 14°F (-
10°C). Batteries shall be rated for the indicated operating environment over a 
normal service life of not less than 10 years. 

Other battery types may be proposed as an alternative. If lead acid batteries are 
proposed, an under-voltage protection scheme shall be presented. Nickel 
cadmium batteries will provide back-up low voltage power in the event of LVPS 
failure. 

13.7.6 Shop Power 

A weatherproof external auxiliary supply receptacle shall be provided on each 
side of the vehicle at a convenient location to permit an external 480VAC, 60 Hz, 
3-phase supply to be connected to the auxiliary system. The receptacle shall 
include interlock contacts to control switchgear on the vehicle and in the external 
power supply, and shall be accessible from the side of the vehicle from TOR 
level and from high platform level. 

The shop power supply shall be sized for approximately 75kVA per vehicle. 

13.7.7 Communications Equipment 

The car communication equipment will be comprised of on board train radios, 
public address (PA), the automatic announcement system (AAS) and passenger 
emergency intercom (PEI). It shall function with a passenger information system, 
which includes exterior destination signs and automatic announcement system. 
Closed Circuit Television (CCTV) equipment shall also be provided for car 
interior surveillance.  

Radios shall be commercial units functionally compatible with the existing RTD 
radio system and those of local railroads. The radios shall be integrated into the 
cab console. 

The public address system shall allow one-way communication between the 
operator and passengers via the interior and/or exterior speakers. 
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A passenger emergency intercom system shall allow two-way communications 
between individual passengers and the operator. Each vehicle shall have two 
intercom stations. A passenger will hail the operator by pressing a button on the 
station, which sounds a tone in the cab. The operator establishes, and controls, 
the communication link. 

The Automatic Announcement System (AAS) will control all prerecorded audible 
announcements. The audio messages will be stored in digital form, and played 
over the PA system. All functions of the AAS will be train line. 

The PA and AAS shall be configured as two independent systems. Each system 
shall have a dedicated amplifier. 

Destination or route designations will be displayed on the end and side signs. 
CCTV cameras shall be supplied in all cars and shall record to a removable 
media. 

13.8 HEATING, VENTILATION AND AIR CONDITIONING (HVAC) 

Each car shall include two separate, unitized, roof-mounted HVAC units that shall be 
capable of maintaining a temperature nominally between 68°F and 75°F (20-24°C) and 
relative humidity not to exceed a nominal 55% under all ambient conditions. Each HVAC 
unit will function independently of the other, including logic and thermostat controls. 
Floor perimeter heat may be used to supplement overheat heat. 

Each HVAC unit shall have a layover heating and cooling mode supported by 480VAC, 
3-phase, 60 Hz wayside power, capable of maintaining vehicle conditions during no-
passenger, extended layovers. 

13.9 SYSTEM SAFETY REQUIREMENTS 

13.9.1 Flammability and Smoke Emissions 

All materials used in the construction of the car shall meet the requirements of 
NFPA 130, Sections 4.1, 5.2, 5.4 and 5.6, and 49 CFR 238.103 and 49 CFR 238 
Appendix B. 

The floor structural assembly shall meet a 30 minute minimum endurance rating 
in accordance with ASTM E119. The ceiling structural assembly shall meet a 15 
minute minimum endurance rating in accordance with ASTM E 119. 

13.9.2 Emergency Equipment 

Each car shall have emergency equipment and a first aid kit in compliance with 
49 CFR 239.101 and RTD emergency preparedness policy. 
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13.9.3 Exterior Safety Decals 

Each car shall be equipped with exterior safety decals to assist emergency 
personnel during rescue operations, in compliance with 49 CFR 238.114 and 
APTA SS-PS-002-98 latest Rev., “Standard for Emergency Signage for 
Egress/Access of Passenger Rail Equipment.”  At minimum, all emergency exits, 
both doors and windows, shall be marked. 

13.9.4 Emergency Signage 

The car interior shall be equipped with high performance photo-luminescence 
signage indicating locations of emergency exits and breakout equipment, in 
compliance with APTA SS-PS-002-98 latest Rev., “Standard for Emergency 
Signage for Egress/Access of Passenger Rail Equipment. 

13.10  ELECTRIC MULTIPLE UNITS 

This section lists the specific vehicle requirements applicable to EMUs in RTD commuter 
rail service. Sections 13.1 through 13.9 are also applicable to EMUs as they describe 
general vehicle parameters. Any deviation from these values requires RTD approval. 
Preliminary EMU general arrangement drawings are provided in Figures 13-4 and 13-5. 
As stated in 13.1.2, a married pair is assumed composed of an A-car and a B-car. The 
single car is referred to as a C-car. 

 

Figure 13-4 
Preliminary General Arrangement of Typical EMU Married Pair 
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Figure 13-5 
Preliminary General Arrangement of Typical EMU Vehicle 

 

 

13.10.1 Dimensions 

EMUs shall comply with the general dimensions stated in Section 13.2.1 with the 
following exceptions. 

13.10.1.1 Pantograph Dimensions 

This section defines pantograph dimensions. Section 9 defines the 
overhead contact system, with which the pantograph must interface.  
Alternate values will be accepted if shown to coordinate with the OCS 
design. 

Pantographs shall be located on the roof, vertically over the truck center 
pin. 
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Table 13-9 
Pantograph Dimensions 

Dimension Value 

Maximum pantograph lock-down height 14 feet, 8 inches 

Minimum pantograph working height 15 feet, 3 inches 

Maximum pantograph working height 26 feet 

Maximum pantograph extended height 26 feet, 5 inches 

Minimum pantograph collector head length 6 feet, 3 inches 

Maximum pantograph collector head length 6 feet, 6-¾ inches 

Minimum pantograph collector head height 6 inches 

Maximum pantograph collector head height 9.9 inches 

Minimum pantograph collector carbon strip length 47 inches 

Maximum pantograph collector carbon strip radius 33 feet 

Minimum pantograph collector head angle 140 degrees 

Maximum carbon strip wear 1 inch 

Maximum lateral displacement of collector head relative to 
frame 1-½ inches 

Nominal pantograph static force 20 pounds 

Pantograph static force adjustment range 16 to 23 pounds 

13.10.1.2 Wheel Dimensions 

EMUs shall be allowed the following wheel dimension exception: 

Table 13-10 
EMU Wheel Dimensions 

Dimension Value 

Minimum new wheel diameter 36 inches 
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13.10.1.3 Track Characteristics 

The EMU vehicles shall operate over these limiting track characteristics: 

Table 13-11 
EMU Limiting Track Characteristics 

Dimension Value 

Minimum design cant deficiency per 49 CFR 213.57(d) 4 inches 

Maximum gradient 4% 

13.10.2 Car Weight and Passenger Loading 

The following weights are applicable to EMU vehicles: 

Table 13-12 
EMU Car Weight and Passenger Loading 

Weight Condition lbs 

AW0 (rejection) 147,500 

AW1 161,000 

AW2 176,200 

AW3 183,750 

13.10.3 Clearances 

13.10.3.1 Pantograph Clearance Envelope 

The pantograph clearance envelope shall be calculated based on a 
failed-spring carbody roll angle of 4.0 degrees relative to top-of-rail, a 
pantograph horizontal sway allowance of 1-1/2 inches each side of 
carbody centerline, and the other factors listed above including vehicle 
horizontal shift, vehicle bounce, pantograph uplift, track and track gauge 
tolerances, and electrical static and dynamic clearances. 
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13.10.4 Catenary Voltage 

The EMU shall be compatible with an overhead contact system (OCS) operating 
at a nominal 25 kVAC, 60 Hz, single phase. No other nominal system voltages or 
frequencies need be considered. The vehicle should be designed for: 

Table 13-13 
EMU Catenary Voltage Requirements 

Nominal 
Voltage Frequency 

Emergency 
Minimum 
Voltage 

Minimum 
Voltage, 
Normal 

Operation 

Maximum 
Voltage, 
Normal 

Operation 

Maximum 
Voltage 
During 

Regeneration

25,000 VAC 60 Hz 17,500 VAC 20,000 VAC 27,500 VAC 28,500 VAC 

The vehicles shall maintain specified propulsion performance for all voltages 
between 20.0 kVAC and 27.5 kVAC.  Per AREMA Chapter 33, Section 3.4, the 
vehicles shall be capable of working at voltages as low as 17.5 kVAC, albeit with 
degraded performance. 

Regenerative braking power shall be controlled by on-car equipment with 
software-selectable parameters. Regeneration current shall taper linearly when 
the voltage at the pantograph reaches 28.0 kVAC and stop completely at 28.5 
kVAC. Regenerative braking is defined in Section 13.10.10.6. 

13.10.5 Performance 

This section defines the acceleration and braking performance expected of the 
EMUs. Tractive effort must meet stated performance levels for OCS voltages 
ranging between 20.0 kVAC and 27.5 kVAC. Braking performance must be 
maintained for all OCS voltages down to 0 VAC. 
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13.10.5.1 Acceleration 

The acceleration performance specified below shall be met for an AW2-
loaded married pair on dry, level, tangent track, from a standing start with 
the master controller in the coast position and brakes released. The 
acceleration rate shall be constant to a minimum of 30 mph, and then 
may decrease inversely proportional to speed. At weights other than 
AW2, acceleration may vary proportionately with vehicle weight. 

Table 13-14 
EMU Acceleration Requirements 

Speed (mph) Instantaneous Acceleration 
Rate (mphps) 

Time to Reach Speed from 
Stop (seconds) 

0 2.5 0.0 

30 2.5 14.0 

50 1.4 25.0 

79 0.4 65.0 

13.10.5.2 Service Brake Requirement 

EMUs shall be equipped with a friction brake system and a dynamic 
brake system incorporating the propulsion system components. The 
service brake rate shall be maintained whether achieved through friction 
braking or a blend of friction and dynamic brake. 

The braking system shall produce an average full service braking rate of 
2.5 mphps for all vehicle weights up to AW3, for all speeds up to 50 mph, 
under all weather conditions and with all wheel diameters from new to 
fully worn wheels, on level, tangent track. The net braking rate may 
decrease linearly from 2.5 mphps at 50 mph to 2.15 mphps at 80 mph. 
The instantaneous brake rate shall not vary from the average rate by 
more than +/- 10%. 

Dynamic braking shall blend regeneration to support auxiliary loads, 
regeneration to supply the OCS, and rheostatic braking. The dynamic 
brake controller shall seamlessly blend these modes to support friction 
braking throughout the range of expected vehicle speeds. Section 
13.10.10.6 more fully describes dynamic braking. 
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13.10.5.3 Emergency Brake Requirement 

The emergency braking system shall produce an average braking rate of 
3.0 mphps, after initial buildup, for all vehicle weights up to AW3, for 
speeds up to 50 mph. Buildup time to this minimum rate shall not exceed 
two seconds. Above 50 mph, the average emergency brake rate shall be 
as determined by the characteristics of the friction material, but in not 
case less than 2.15 mphps at 80 mph. The instantaneous brake rate shall 
not vary from the average rate by more than +/- 20%. 

As stated in Section 13.2.4.4, emergency braking may blend friction and 
dynamic braking as long as friction braking is the fail-safe, default mode 
and can achieve the specified performance levels. 

13.10.6 Noise 

13.10.6.1 Exterior, Wayside Noise 

Exterior noise, 5 feet above the ground, shall not exceed the following: 

Table 13-15 
EMU Exterior Wayside Noise Limits 

Vehicle State Maximum 
Noise Level Notes 

Vehicle 
stationary 65 dBA 

Windows and doors closed, all auxiliaries operating 
simultaneously under normal operating conditions, 
measured 50 feet from track centerline. 

Vehicle 
stationary 75 dBA 

On a station platform with no canopy or vertical obstruction, 
with all doors and windows open, and all auxiliary systems 
including the air compressor and HVAC system in operation, 
measured 8 feet from track centerline. 

Vehicle moving 85 dBA 
Car operating in open country on any line at any speed and 
in any mode (power, coast, or brake), measured 50 feet 
from track centerline. 

Vehicle moving 75 dBA 
Car operating in open country on any line at any speed 
between 0 and 30 mph in any mode (power, coast, or 
brake), measured 50 feet from track centerline. 

Vehicle moving 78 dBA 
On a station platform, car accelerating or decelerating 
between 0 and 15 mph, measured 8 feet from track 
centerline. 
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13.10.7 Elderly and ADA Accessibility 

EMUs will serve high-level stations only. Vehicle floor and suspension design 
shall comply with ADA level boarding requirements. If accessibility ramps are 
required to comply with the car-to-station horizontal or vertical gap requirements, 
ramps must obey width and slope requirements of the ADA. Access ramps may 
be manually deployed and stored on the vehicles. 

13.10.8 Restrooms 

Restrooms shall not be provided on EMU vehicles. 

13.10.9 Auxiliary Power Supply 

APS power for each car shall be supplied from a local 480VAC, 3-phase, 60 Hz 
inverter which shall be energized by the DC intermediate link power. One 
auxiliary power supply shall be supplied per married pair, and one per single 
EMU.  Alternate APS architectures may be proposed. 

13.10.10 Propulsion/Dynamic Brakes 

13.10.10.1 General 

Traction shall be inhibited unless all doors in the train consist are safely 
closed and the friction brake system is sufficiently charged and 
operational. 

13.10.10.2 Vehicle Traction Power 

The pantograph shall be coupled to a main transformer and rectifier that 
will receive 25 kVAC traction power and produce DC intermediate link 
power. This link voltage shall be proposed by the carbuilder and approved 
by RTD. The intermediate link shall power the traction inverters and 
auxiliary inverter. The traction inverters shall provide a variable voltage, 
variable frequency (VVVF) output to drive the traction motors. Each VVVF 
shall drive two traction motors in one truck. 

The rectifier shall be a four quadrant converter capable of compensating 
for normal overhead line voltage variations, capable of drawing a unity 
power factor load, and capable of controlled return of regenerated braking 
energy to the main transformer and the overhead line within receptivity 
limits. 

Pantographs and the high-voltage traction power collection system shall 
be designed and isolated in such a manner that traction power current 
cannot flow between any two pantographs through an on-car circuit path. 

A high-voltage bus may be provided between cars to supply traction 
power from a car with a working pantograph to a car with a disabled 
pantograph. 
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The concessionaire shall submit a design report verifying pantograph 
isolation in all operating modes, whether or not a high-voltage bus is 
provided. 

Alternative pantograph isolation and high-voltage bussing schemes will 
be accepted if shown to provide system safety and to coordinate with the 
OCS design. 

13.10.10.3 Inverter 

Power semi-conductor devices, their drivers and associated assemblies 
shall be grouped in readily removable phase modules that are designated 
as line replaceable units. 

The Contractor shall have responsibility for the complete sizing, 
coordination and integration of the inverter system with the diesel 
generator, controls, input filtering, loads, load management, fault 
condition control and annunciation and fault protection. 

Inverter unit cooling shall be accomplished by passive means or forced 
air-cooling. No external air shall pass over energized surfaces. 

13.10.10.4 Traction Motors 

Each vehicle shall have four identical traction motors, one per axle. 
Traction motors shall be 3-phase AC units with characteristics as 
necessary to achieve the vehicle performance requirements of this 
document. Motors shall be force ventilated by a carbody mounted blower, 
self ventilated by an internal fan, or totally enclosed fan cooled (TEFC). 
The motor enclosure and ventilation system shall be designed for 
potential undercar environmental conditions and water spray. Traction 
motors shall be of a service-proven design with a strong history of 
commuter rail service. 

The motor shall be designed in accordance with IEEE Std 11-2000, 
“Standard for Rotating Electric Machinery for Rail and Road Vehicles,” 
and IEC Std 60349-2, “Electric Traction-Rotating Electrical Machines for 
Rail and Road Vehicles-Part 2: Electronic Converter-Fed Alternating 
Current Motors.”  The motor shall have a safe speed that meets the 
requirements of Section 9 of IEEE Std 11-2000 and Section 6.3 of IEC 
60349-2. In the event of discrepancies between these two standards, the 
requirements of IEEE Std 11-2000 shall govern unless advised by RTD. 

Each traction motor shall be resiliently mounted to the truck frame and 
connected to the axle through a parallel-drive reduction assembly. Gear 
units shall be purpose-built and designed for the load parameters of the 
traction motors, including torsional shock loading. An oil lubrication 
system shall be provided that insures adequate lubrication flow under all 
conditions of rotation, speed, load, temperature and weather, in both 
forward and reverse operation. 
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Traction motor enclosure, assembly, and mounting shall work together to 
maximize service life while minimizing service failures, periodic 
maintenance, and repair time. Motors shall be designed with a minimum 
of 5-year lubrication cycle, with the preferred frequency to correspond 
with motor rebuild. Motor unit bearings shall be designed for a minimum 
L-10 life of 750,000 miles of service. Traction motor mounting and wiring 
shall allow a two-person work team to disconnect mechanical and 
electrical connections between traction motors (two on a common truck) 
and the vehicle in less than 5 minutes using standard hand tools. 
Complete truck removal may require additional time and tasks. 

Traction motors and motor windings shall be sized to meet both 
propulsion and dynamic brake system requirements. The traction motors 
shall comply with the wayside noise requirements of 13.10.6.1, 
specifically audible noise resulting from high frequency current switching 
patterns when operating from the propulsion inverter. 

The motors and motor controllers shall allow all performance 
characteristics to be met with wheel diameter differences up to at least 
two percent of the nominal wheel diameter between axles on a truck. 

Motor insulation shall be Class H insulation system or better. Propulsion 
motor temperature rise for the normal duty cycle shall be limited to the 
allowable temperature rise for one class less than the actual insulation 
class provided. In case the abnormal duty cycle represents the worst-
case condition, the traction motor abnormal duty rating may be based on 
the temperature rise allowed for its actual insulation class. 

13.10.10.5 Gear Drive 

Each powered axle shall be driven by a service-proven parallel-drive gear 
unit designed and manufactured for bidirectional service. Gear units shall 
have a minimum oil level check interval of 30,000 miles and a minimum 
oil addition interval of 60,000 miles. They shall be designed and applied 
to require inspection and adjustment no more frequently than once in 
every 375,000 miles. Bearings shall be designed for a minimum L-10 life 
of 750,000 miles of service. 

13.10.10.6 Dynamic Brake System 

The vehicle shall have a dynamic brake system incorporating the 
propulsion system traction motors. The dynamic brake system shall 
automatically blend with the pneumatic brakes to provide a braking effort 
corresponding to the level of brake pipe reduction. The dynamic brakes 
will not need to be applied through independent operator command. 
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The automatic brake blending shall maximize use of dynamic brake and 
minimize use of pneumatic tread brake to produce the required service 
braking rates. The dynamic braking effort may vary with vehicle speed, 
but should provide measurable braking force down to at least 5 mph. The 
dynamic brakes should work regardless of the presence or absence of 
primary power. 

It shall be possible to cut out the dynamic brakes by means of a sealed 
switch. 

The dynamic brake system shall be capable of regenerating traction 
power to support on-board auxiliary loads and feed the OCS during 
braking. Priority shall be given to auxiliary loads. The dynamic brake 
system shall also have a rheostatic means of dissipating braking energy. 
The brake system shall blend regenerative and rheostatic feeds based on 
auxiliary and OCS receptiveness and maximum OCS system current and 
voltage limitations. 

The dynamic brake system shall have the capability to return regenerated 
power equivalent to at least 80 percent of the car’s instantaneous electric 
braking power measured at the gear unit quill for any speed from 80 mph 
to the electric brake fade speed. 

If a phase break is anticipated, the propulsion system shall switch from 
motoring to a low level of regenerative braking to support auxiliaries and 
maintain DC-link capacitor charge. Auxiliary support shall be provided 
without interruption regardless of the operating mode of the propulsion 
equipment at the moment the break is encountered, up to and including 
operation at full accelerating tractive effort. The level of braking effort 
produced shall be selected to avoid problems getting through breaks at 
low speeds. After traveling through the phase break, the propulsion 
system shall automatically return to motoring. Transitions in and out of 
motoring shall be as smooth as possible to avoid jerking. 

It shall be possible to disable auxiliary support and DC-link support 
individually through software parameters, which shall be adjustable and 
non-volatile. 

Rheostatic braking shall supplement regenerative braking when the 
auxiliary loads and line are not sufficiently receptive to accept all the 
electrical braking energy being developed. Blending of regenerative and 
rheostatic braking shall be smooth and transparent to the operation and 
performance of the vehicle. Rheostatic braking shall limit the DC-link 
voltage to a level that is safe for all connected equipment. 
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Brake resistors shall be assembled in frames of convenient size for 
natural ventilation. Forced ventilation shall not be permitted. All resistor 
frames, heat shields, and hardware shall be made of stainless steel. The 
resistors shall have sufficient capacity to provide power dissipation during 
operation at full service rheostatic-only braking over the specified profile 
and passenger loadings up to, and including AW3, assuming no 
regeneration to the auxiliaries. 

The resistors shall be isolated from their frames, and the frames from the 
carbody, with high-temperature insulators. Resistor mounting shall be 
designed to allow for expansion and contraction from heat cycling without 
damage to, or fatiguing of, the resistors or the mounting. Maximum 
operating temperature of any brake resistor shall not exceed 1,100 oF 
(593 oC). 

The brake resistor assembly and associated cabling shall be low 
inductance, designed to minimize EMI generation and the coupling of EMI 
into track circuits. 

Brake resistors may be roof mounted. If roof mounted, the resistors shall 
be mounted within an auxiliary roof structure. All parts of the auxiliary 
roof, including roof walkway, screens and other guards shall have 
sufficient strength to withstand, without permanent deformation, 
concentrated loads of 250 pounds spaced 30 inches apart, such as might 
be applied by maintenance personnel working on the roof. Heat shields, 
as required, shall be provided for the resistors in order to avoid damage 
to, or reduction in service life of, adjacent components. 
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13.11  DIESEL MULTIPLE UNITS 

This section lists the specific vehicle requirements applicable to DMUs in RTD commuter 
rail service. Sections 13.1 through 13.9 are also applicable to DMUs as they describe 
general vehicle parameters. Any deviation from these values requires RTD approval. A 
preliminary DMU general arrangement drawing is provided in Figure 13-6. 

Figure 13-6 
Preliminary General Arrangement of Typical DMU 

 

 

13.11.1 Dimensions 

DMUs shall comply with the general dimensions stated in Section 13.2.1 with the 
following exceptions. 

13.11.1.1 Track Characteristics 

The DMU vehicles shall operate over the track characteristics in Section 4 
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13.11.2 Car Weight and Passenger Loading 

The following weights are applicable to DMU vehicles: 

Table 13-16 
DMU Car Weight and Passenger Loading 

Weight Condition Lbs 

AW0 (rejection) 160,500 

AW1 174,000 

AW2 189,200 

AW3 196,750 

13.11.3 Performance 

This section defines the acceleration and braking performance expected of the 
DMUs. 

13.11.3.1 Acceleration 

The acceleration performance specified below shall be met for an AW2-
loaded two-car consist on dry, level, tangent track, from a standing start 
with the master controller in the coast position and brakes released. At 
weights other than AW2, acceleration may vary proportionately with 
vehicle weight. 

Table 13-17 
DMU Acceleration Requirements 

Speed (mph) Instantaneous Acceleration 
Rate (mphps) 

Time to Reach Speed from 
Stop (seconds) 

0 1.60 0.0 

10 1.60 11.0 

30 0.70 31.0 

50 0.35 75.0 

79 0.12 240.0 
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13.11.3.2 Service Brake Requirement 

The DMUs shall be equipped with a friction brake system and a dynamic 
brake system incorporating the propulsion system components. The 
service brake rate shall be maintained whether achieved through friction 
braking or a blend of friction and dynamic brake. 

The braking system shall produce an average full service braking rate of 
2.0 mphps for all vehicle weights up to AW3, for all speeds up to 50 mph, 
under all weather conditions and with all wheel diameters from new to 
fully worn wheels, on level, tangent track. The net braking rate may 
decrease linearly from 2.5 mphps at 50 mph to 2.1 mphps at 80 mph. The 
instantaneous brake rate shall not vary from the average rate by more 
than +/- 10%. 

13.11.3.3 Emergency Brake Requirement 

The emergency braking system shall produce an average braking rate of 
3.0 mphps, after initial buildup, for all vehicle weights up to AW3, for 
speeds up to 50 mph. Buildup time to this minimum rate shall not exceed 
two seconds. Above 50 mph, the average emergency brake rate shall be 
as determined by the characteristics of the friction material, but in not 
case less than 2.1 mphps at 80 mph. The instantaneous brake rate shall 
not vary from the average rate by more than +/- 20%. 

As stated in Section 13.2.4.4, emergency braking may blend friction and 
dynamic braking as long as friction braking is the fail-safe, default mode 
and can achieve the specified performance levels. 
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13.11.4 Noise 

13.11.4.1 Exterior, Wayside Noise 

Exterior noise, 5 feet above the ground, shall not exceed the following: 

Table 13-18 
DMU Exterior Wayside Noise Levels 

Vehicle State Maximum 
Noise Level Notes 

Vehicle 
stationary 68 dBA 

Windows and doors closed, all auxiliaries operating 
simultaneously under normal operating conditions, 
measured 50 feet from track centerline. 

Vehicle 
stationary 75 dBA 

On a station platform with no canopy or vertical obstruction, 
with all doors and windows open, and all auxiliary systems 
including the air compressor and HVAC system in operation, 
measured 8 feet from track centerline. 

Vehicle moving 85 dBA 
Car operating in open country on any line at any speed and 
in any mode (power, coast, or brake), measured 50 feet 
from track centerline. 

Vehicle moving 78 dBA 
Car operating in open country on any line at any speed 
between 0 and 30 mph in any mode (power, coast, or 
brake), measured 50 feet from track centerline. 

Vehicle moving 78 dBA 
On a station platform, car accelerating or decelerating 
between 0 and 15 mph, measured 8 feet from track 
centerline. 

13.11.5 Passenger Doors 

DMU side entry passenger doors shall accommodate both high-level and low-
level boarding. High-level boarding shall be similar to the EMU, with an entry 
threshold height of 51 inches above TOR. Low-level boarding shall provide a 
stair tread no more than 18 inches above TOR. 

Stepwells shall be located at the four side entry locations. Each stepwell shall 
have three steps with non-skid surfaces; clear width shall be a minimum of 42 
inches but no more than the clear door panel opening. The tread depth shall be a 
minimum of 10 inches. All step edges shall have a permanent band of color(s) 
running the full width of the step, which contrasts from the step tread and riser or 
adjacent floor by 70%. 
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Manual trap doors shall be fitted over the stepwells to accommodate both high- 
and low-level boarding. The trap door panels may be split, but shall have a coil 
spring and hinge arrangement which will allow the trap door to open (lift) 15° to 
20° when the trap door latch is pushed to release the trap door. The spring shall 
also assist in lifting the trap door to the open, latched position. 

The stepwell must be fully enclosed to carbody exterior conditions when not in 
use. This may be accomplished with a sliding pocket or plug type door panel that 
covers the entire height of the step well. These lower door panels may be integral 
to the upper door panels, or may be independent units. Lower door panel 
construction, actuation, and controls must be significantly similar to the upper 
door panels. 

13.11.6 Elderly and ADA Accessibility 

DMUs shall provide ADA-compliant access at both high-level and low-level 
stations. 

For high-level boarding, vehicle floor and suspension design shall comply with 
ADA level boarding requirements. If accessibility ramps are required to comply 
with the car-to-station horizontal or vertical gap requirements, ramps must obey 
width and slope requirements of the ADA. Access ramps may be manually 
deployed and stored on the vehicles. 

For low-level boarding, each car shall be equipped with an on-board lift capable 
of raising or lowering an individual between the TOR height and the vehicle floor 
height. The lift shall provide a flat surface large enough to accommodate a 
standard wheelchair. Minimum lift capacity shall be 350 lbs. The lift shall store in 
the vehicle, clear of the doorway, when not in use. 

13.11.7 Restrooms 

Restrooms shall not be provided on DMU vehicles. 

13.11.8 Auxiliary Power Supply 

A rotating field, 480VAC, 3-phase, 60-Hz generator powered by a matching 
diesel engine may be proposed by the Contractor. This auxiliary power unit shall 
be operational independent of all other diesel engines and power generating 
equipment. It shall be possible to start the diesel generator if starter battery 
power is available. 

A stand-alone diesel generator may share starting batteries and a fuel tank with 
the main propulsions diesel engines on the same vehicle. The generator diesel 
engine shall comply with 40 CFR 89 Tier 4 emissions levels. 
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Alternatively, a static inverter may be proposed, supplied by the main propulsion 
engines through the intermediate DC link power. The static inverter shall be 
suitable to provide full output power at a constant 60 Hz over the whole range of 
the traction power intermediate link voltages. If used with an electric traction 
motor configuration, regenerated brake energy shall be used to operate the 
auxiliary inverter in dynamic braking. 

13.11.9 Propulsion/Dynamic Brakes 

13.11.9.1 General 

Traction shall be inhibited unless all doors in the train consist are safely 
closed and the friction brake system is sufficiently charged and 
operational. 

The DMU shall be equipped with either a diesel electric or diesel 
hydraulic drive system. 

The smallest revenue service DMU consist shall be two vehicles. 
Between those two vehicles, the consist shall have a minimum of two 
independent propulsion systems. In the event that one propulsion system 
fails, the consist shall be able to complete its run at reduced performance. 

13.11.9.2 Diesel Engine for Traction Power 

All traction power diesel engines shall be identical and fully 
interchangeable with one another. The diesel engine shall deliver 
sufficient power to meet the performance requirements of these design 
criteria. 

The diesel engines shall have the following basic design features: 

• Water cooled 
• Turbo-charged 
• Electronic fuel injection 
• Self protection 
• Low temperature starting capability 
• EPA certified 

Diesel engines shall be of a service-proven design. The diesel engines 
shall not require a major overhaul (engine disassembly) within fewer than 
18,000 service hours, when operating the vehicle according to the 
planned duty cycle. Oil change shall not be necessary more often than 
every 1,000 service hours or 45 days. 
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The diesel engine shall be mounted on a structural sub frame for modular 
removal from the vehicle. The engine shall be resiliently mounted to the 
sub frame and the sub frame resiliently mounted to the vehicle. The 
mounting system shall meet the shock and vibration criteria stated in 
Section 13.2.12 while minimizing noise and vibration transmitted into the 
passenger areas. 

The engine shall be packaged to allow easy access to all elements 
scheduled for service less than or equal to every 180 days. Here, easy 
access shall be defined as not requiring the removal of any belts, fluid-
containing elements, or exhaust system components not directly related 
to the scheduled maintenance task. Engine compartment access shall be 
provided through removable access panels on either side of the vehicle 
and from below. Test ports shall allow service personnel to collect 
samples of engine oil and coolant while kneeling beside the vehicle. All 
polluting components such as oil, grease, and coolant shall be done from 
the outside of the vehicle passenger area. At a minimum, the following 
items shall be easily serviced through side access doors: 

• All fuel, engine oil, and transmission oil filter elements;  
• Engine oil level dip stick and oil fill port;  
• Engine start panel;  
• Water and lubricating oil pumps;  
• All visual indicators, gauges, protective devices and test connection 

points for engine coolant, lubricating oil, fuel oil and combustion air 

13.11.9.2.1 Starter Battery 

A 24VDC battery system shall be provided for diesel engine 
starting. Batteries may be nickel cadmium or lead acid. The 
start batteries may be charged by the LVPS, but shall not draw 
from the LVPS support batteries so that engine starting does 
not compromise emergency lighting and other LVPS functions. 

The start batteries shall have the capacity to start one auxiliary 
power generator (if applicable) and two diesel propulsion 
engines sequentially. Engine start batteries shall be capable of 
supplying engine starting current, as defined by the engine 
supplier, over the full range of environmental conditions 
defined in Section 1 of these design criteria. Batteries shall be 
sized to allow a diesel propulsion engines to be cranked for 10 
seconds, rested for 20 seconds, cranked for 10 seconds, 
rested for 20 seconds, and cranked for 10 seconds without 
being recharged during this time. 

13.11.9.2.2 Engine Cooling 

Each engine shall have its own cooling unit. If diesel hydraulic 
propulsion is proposed, the cooling unit shall handle engine 
and transmission/retarder cooling. 
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The cooling unit shall consist of the radiators, expansion tank, 
temperature sensors, controllable valves and fans to regulate 
the cooling air volume. The cooling controls shall keep the 
engine temperature in the specified optimum operating range 
under all operating conditions. 

The cooling media shall consist of a mixture of water and 
corrosion inhibitor/antifreeze. Filling and draining valves shall 
be easily accessible. 

Coolant shall flow in stainless steel, copper, or brass piping. 
No flexible hoses shall be used except for direct connection to 
the engine and radiator to allow stress free expansions. 
Swivel-threaded, hydraulic-type hose assemblies shall be 
used for such applications. 

The radiators shall be of service proven design, made of either 
copper or aluminum. Connections shall be provided with 
couplings to facilitate removal and replacement. 

The cooling unit shall be designed to work in the 
environmental conditions as described in Section 1 of these 
design criteria and allow for a minimum of 25% blocking of the 
cooling surface due to pollution. 

13.11.9.2.3 Preheating 

A preheat unit shall heat the cooling water to the temperature 
needed to start the engine safely, as specified by the engine 
supplier. The preheat unit can be powered either electrically by 
the shop power or by diesel fuel from the onboard tank. If a 
diesel burner is used, the unit shall be fully functional with the 
available onboard power. 

The engine supplier shall determine if the charge air needs to 
be pre-heated to avoid excessive exhaust emissions during 
the engine start at the lowest temperature specified in Section 
1 of these design criteria. The engine supplier shall state the 
lowest temperature, at which it is possible to start the engine 
without preheating in case of an emergency. 
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13.11.9.2.4 Charge Air Cooling 

An air-to-air charge air cooler shall be used, dimensioned 
according to the diesel engine requirements and the 
environment conditions as described in Section 1 of these 
design criteria. The cooling surface shall be sized for a 
minimum of a 25% contamination. 

The cooler and the turbo charger connections shall be 
equipped with service proven flexible connections, which shall 
provide vibration isolation through the range of the charge air 
pressure. 

13.11.9.2.5 Engine Exhaust System 

The exhaust pipes and silencers shall be constructed of 
stainless steel. The exhaust piping system shall allow for heat 
expansion. All connections shall allow an easy exchange of 
the exhaust system parts. 

Approved non-asbestos high temperature insulation shall be 
applied where required to minimize thermal radiation to heat-
sensitive equipment or where the exhaust tubes may present a 
safety hazard to passengers, service personnel or equipment. 

The exhaust gases shall be released to the environment in a 
suitable location on the roof. Exhaust gases shall not interfere 
with any fresh air intake under all vehicle-operating conditions. 

An exhaust after treatment device is expected to be installed 
as part of the diesel engine emissions compliance. The 
Contractor is encouraged to combine the silencer with the after 
treatment device, as current product technology allows. 

13.11.9.2.6 Fuel System 

The fuel system shall comply with 49 CFR 238.223 and 49 
CFR 229.93/95. Fuel tank venting shall be in accordance with 
49 CFR 229.95. 

The fuel system shall consist of a fuel tank, common to all 
engines on one car, two fuel filler pipes (one on each side of 
the vehicle), equipped with RTD approved fuel level switches 
for the automatic fuel pump shut-off valve, two analogue fuel 
level gauges (one per side) adjacent to the filler pipe, fuel 
filters and interconnecting piping. 

The fuel tank capacity shall be sufficient to ensure continuous 
operation on the line specified in the general section for one 
day refueling. 
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13.11.9.2.7 Engine Control System 

Engine operation shall be controlled by an electronic control. 
The control unit shall have a connector for a portable test unit 
(PTU) to permit static testing, access to diagnostics and 
monitoring of the traction system during vehicle operations. All 
major operating parameters, such as engine temperature and 
rpm as well as fault conditions, shall be reported to the vehicle 
diagnostic and monitoring system. 

13.11.9.2.8 Fire Protection System 

Temperature sensors near the engine shall detect excessive 
heat levels. If the trip level is reached, an automatic fire 
suppression system shall be discharged. Upon fire detection, 
all engines on the affected vehicle shall be immediately shut 
down and the fuel supply stopped at the fuel tank. A trainlined 
fire alarm shall be displayed in the active cab. 

13.11.9.2.9 Emission Control 

Emission from the diesel engines shall comply with the 40 
CFR 89 Tier 4 levels. 

13.11.9.3  Diesel Electric Drive 

If a diesel electric drive is proposed, the traction power diesel engine shall 
be coupled to a matching generator, providing AC power which will be 
rectified to form a DC intermediate link. The intermediate link shall power 
the traction inverters and auxiliary inverter. The traction inverters shall 
provide a variable voltage, variable frequency (VVVF) output to drive the 
traction motors. Each VVVF shall drive two traction motors in one truck. 

13.11.9.3.1 Generator 

The generator unit shall consist of the excitation circuit, output 
rectifier, protection circuits and the corresponding controls. 
The excitation shall be provided by the vehicle battery, at 
72VDC or 24VDC nominal and shall be functional over the full 
battery voltage range (+ 25% -30%). 

The generator controls shall be part of the vehicle controls to 
allow an optimum control of the power generation, as needed 
by the traction and auxiliary inverters. Any fault conditions or 
irregularities shall be reported to the vehicle controls and 
diagnostic system. 

13.11.9.3.2 Inverter 

DMU inverters shall comply with Section 13.10.10.3. 
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13.11.9.3.3 Traction Motors 

DMU traction motors shall comply with Section 13.10.10.4 and 
the wayside noise requirements of 13.11.4.1. 

13.11.9.3.4 Gear Drive 

DMU gear drive for electric traction motors shall comply with 
Section 13.10.10.5. 

13.11.9.3.5 Dynamic Brake System 

DMU electric dynamic brakes shall comply with Section 
13.10.10.6. Regenerative power shall be blended between 
auxiliary loads and rheostatic braking. 

13.11.9.4 Diesel Hydraulic Drive 

If a diesel hydraulic drive is proposed, the traction power diesel engine 
shall be coupled to a hydraulic torque converter/transmission, which in 
turn, is coupled to the drive axle(s) by a cardan shaft and final drive gear 
unit. Each transmission shall drive one or more axles on one truck. 

13.11.9.4.1 Hydraulic Torque Converter/Transmission 

If proposed each transmission shall be designed and 
manufactured for bidirectional service. It shall have a strong 
service record in the commuter rail environment, with similar 
speed and torque loading as projected for RTD service. 

Each torque converter/transmission assembly shall be 
resiliently mounted to the underframe of the vehicle. Safety 
straps, tabs or hangers shall be provided, as required, to 
prevent dropping the transmission unit below the vehicle 
clearance line in the event of mount failure. The combination 
of mounts and safety straps shall allow the transmission to 
remain operational when exposed to the service vibration 
levels defined above, and to remain attached to the vehicle 
during the impact loading defined above. 

The torque converter/transmission assembly shall have 
openings with removable plugs located with easy access for 
filling and draining. Plugs shall be suitably located and be of a 
type that will not be damaged by obstacles on the track, in 
order to prevent the resultant loss of lubricant. Plugs shall be 
secured by lock wires, lock tabs or other approved means to 
prevent loosening in service. 

Oil change shall not have to take place more often than every 
155,000 mi (250,000 km) or 5,000 operating hours. The filler 
plug opening shall be arranged to provide an indication of oil 
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level and also to prevent overfilling. Transmission operating 
fluid shall be available in North America from more than one 
supplier. 

A major overhaul shall take place only after at the minimum of 
750,000 mi (1,207,008 km) or 18,000 operating hours. 

The transmission shall have an electronic control that senses 
all important operating conditions and prevents the 
transmission from operating outside of its design values. The 
control unit shall have a fault memory, which stores all 
abnormal operating conditions and keeps track of service 
condition of the transmission. It shall be possible to view and 
download the fault memory using a PTU. 

The transmission electronic controls shall signal the level of 
fault to the central railcar controls and, if possible, shift the 
transmission into a safe state so that the vehicle can be towed 
to the end-of-line and to a maintenance facility. 

13.11.9.4.2 Final Drive Gear Units 

Each final drive gear unit shall be designed and manufactured 
for bidirectional service. Gears shall be designed and applied 
to require inspection and adjustment no more frequently than 
once in every 500,000 miles (804,672 km) and have a life of at 
least 1,000,000 mi (1,609,340 km). 

Gear units shall be oil lubricated and provided with sufficient 
baffles, dams, and passages to ensure an adequate flow of 
lubricant to bearings and gears under all conditions of speed, 
load, temperature, and weather, including continuous 
operation in either direction at maximum speed. Gear units 
shall be designed to prevent infiltration of moisture into the 
lubricant from any and all sources. The gear unit shall not 
require replenishment of oil at a rate in excess of one liter for 
every 100,000 mi (160,934 km). 

13.11.9.4.3 Cardan Shafts 

If proposed the cardan (drive) shafts shall have a double 
universal joint, splined arrangement, and shall be torsionally 
resilient to cushion torsional shocks between the truck and the 
transmission. The damping characteristics and power rating 
selected shall meet the transmission manufacturer's 
recommendations. The cardan shaft shall be designed for the 
worst-case track curvature and route-specific speed/curvature 
profile. 

The drive shaft safety hangers shall be provided and shall 
meet the requirements of 49 CFR 229.99. 
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13.11.9.4.4 Control Electronics 

All logic units controlling traction and/or braking functions shall 
be based on service-proven microprocessors and associated 
peripherals and I/O, as required to meet all of the specified 
functions and performance criteria. The control units shall 
provide self-diagnostic routines, fault monitoring of internal and 
external devices, and user programmable operating 
characteristics. 

13.11.9.4.5 Dynamic Brake System 

The vehicle shall have a dynamic brake system.  If proposed a 
hydrodynamic retarder integral to the transmission shall be 
provided. The dynamic brake system shall automatically blend 
with the pneumatic brakes to provide a braking effort 
corresponding to the level of brake pipe reduction. The 
dynamic brakes will not need to be applied through 
independent operator command. 

The automatic brake blending shall maximize use of dynamic 
brake and minimize use of pneumatic tread brake to produce 
the required service braking rates. The dynamic braking effort 
may vary with vehicle speed, but shall provide measurable 
braking force down to at least 10 mph. 

It shall be possible to cut out the dynamic brakes by means of 
a sealed switch. 

If proposed the transmission retarder shall convert vehicle 
kinetic energy into heat by means of fluid shear within the 
transmission operating fluid. This heat shall be rejected to the 
transmission cooling system and ultimately to an air-to-water 
or air-to-oil heat exchanger.  The retarder should be rated for 
steady state operations of at least 60% of the maximum 
tractive effort rating of the drive train.  The transmission 
cooling system shall be designed with enough fluid volume to 
handle single vehicle stopping efforts well in excess of the 
rated, steady-state retarder output. 

The transmission cooler, if not the same as the engine 
radiator, shall follow the same design criteria as stated above. 

END OF SECTION 
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