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MODULE 1 

GENERAL INSPECTION AND MAINTENANCE 

Outline 
1-1 Overview 
1-2 Maintenance Schedules 
1-3 PM Sheets 
1-4 Keeping Records 
1-5 Summary 

Purpose and Objectives 
The purpose of this module is to provide participants with an overview to the principles of 
maintenance when working on a rail vehicle’s propulsion system. 

Upon completing this module, the participant should be able to complete the following 
objectives with an accuracy of 75% or greater: 

• Explain agency’s schedule of inspection and maintenance for rail car’s propulsion and 
dynamic braking system. 

• Demonstrate ability to read electrical schematics of a rail car’s propulsion system and 
dynamic braking system 

• Demonstrate knowledge of three-phase motors 

• Demonstrate knowledge of capacitor charge 

• Demonstrate knowledge of electrostatic discharge 

• Demonstrate proper use of thermal compound 

• Demonstrate knowledge of pulse width modulation 
 

Key Terms 
• Preventive Maintenance (PM) Sheets 
• Periodic Inspection (PI) Sheets 
• Portable Test Equipment (PTE) 
• Line Replaceable Unit (LRU) 
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Line Replaceable Units 

A line replaceable unit (LRU) is a component on the rail vehicle that is designed to be replaced 
quickly by the maintainer. Sometimes these are called “modules” and are designed by OEMs so 
they can be easily removed and replaced with a similar part.  

Depending on the configuration and OEM design, some common LRUs are located in the 
propulsion logic unit and in the high voltage assemblies. For example, on CTA’s 5000 series cars 
the line reactor is a separate LRU shown in Figure 1.1. 

 
Figure 1.1 Line Reactor LRU –courtesy CTA 

Diagnostic-based Maintenance 

Diagnostic-based maintenance is facilitated by the rail vehicle’s propulsion logic system. Recall 
from Course 103 that propulsion logic refers to the communication platform which manages and 
controls the flow of information both on board the rail vehicle and between the vehicle and 
ground. The propulsion logic system is housed in the propulsion control unit (PCU) which some 
technicians refer to as the “brain” of the train’s propulsion system. Depending on OEM design, 
PCUs are housed in electrical enclosures located under the car, lockers inside the vehicle, or in 
other locations on the rail car. The propulsion logic system allows for efficient and reliable train 
operation and the car monitoring unit allows for computerized diagnostics-based maintenance. 
The basic functions of the propulsion logic system are therefore to execute, monitor, protect, 
annunciate, and communicate. Propulsion logic systems and related nomenclature vary across 
vehicle types, manufacturers, and rail transportation agencies. They also vary in location on the 
rail vehicle.  

PCUs are designed with some kind of computer-based interface through which rail vehicle 
technicians can diagnose, test, and report faults on the operation of the propulsion system. The 
exact design, configuration, software, and diagnostic capabilities vary by OEM. Essentially, 
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diagnostic-based maintenance allows the rail car technician to connect portable test equipment1 
(PTE), such as a notebook, to the car monitoring unit to gain status of the propulsion sub-
systems. In order for this to happen there must be software which interprets sub-systems status 
and reports functionality and faults to the technician as well as a communication link between 
the PTE and the car monitoring unit. Diagnostic software allows the rail car technician to check 
the status of the propulsion system and to isolate particular faults. It typically includes the ability 
to download a snapshot and data of the propulsion system at time of inspection.  

Figure 1.2 is a schematic representation of a propulsion diagnostic system in use at Denver RTD 
on their Siemens 0700 rail vehicles. Siemens diagnostic system on this type of rail car is SIBAS-
32. 

 
Figure 1.2 Propulsion System Connected to PTU –courtesy Denver 
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Rail car technicians are expected to check reports from the propulsion diagnostic system as part 
of their standard inspection and maintenance procedures. The participant should receive training 
on their agency-specific diagnostic system.  
                                                 
1 Also known as portable test units or PTUs for short. 
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Figure 1.6 OEM-prepared PM Sheet –courtesy LA Metro 
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Figure 1.7 OEM-prepared PM Sheet
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Learning Application 1B 
With the help of your instructor, examine the checklists for inspection and 
maintenance that you agency uses for the rail car’s propulsion and dynamic braking 
system. 

1. Attach a copy of a blank checklist to your class notes. 

2. Check which areas of your checklist shows you how to perform tests following 
specific procedures provided by your agency. 

3. Where are these procedures (or manuals) stored in your agency’s maintenance shop? 

4. While working on the rail car how will you access these procedures? 

5. In the space below, write down other specific instructions regarding written 
procedures for completing the inspection and maintenance checklist. 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

PREVIEW O
NLY



COURSE 203: INSPECTION AND OVERVIEW TO PROPULSION AND DYNAMIC BRAKING SYSTEMS 
MODULE 2: AC PROPULSION 

 

FIRST DRAFT ● Intended For Use by Rail Car Training Consortium Members Only 
© 2017 Transportation Learning Center  Page 14 

MODULE 2 

AC Propulsion    

Outline 
2-1 Overview 
2-2 Propulsion Logic 
2-3 Propulsion Container Ventilation 
2-4 Switching and Filtering 
2-5 Dynamic Braking 
2-6 Power Inversion 
2-7 Motors 
2-8 Summary  

Purpose and Objectives 
The purpose of this module is to provide participants with framework of the steps involved in 
inspecting, maintaining, and testing major components of an AC propulsion system on rail cars 
used in major U.S. transportation agencies. 

Following the completion of this module, the participant should be able to complete the 
objectives with an accuracy of 75% or greater:  

• Inspect and maintain propulsion inverter 
• Inspect and maintain master controller   
• Inspect and replace IGBTs    
• Inspect and maintain propulsion blower 
• Inspect and replace filter capacitors   
• Inspect and clean choke/ line inductor   
• Inspect and maintain high speed circuit 

breaker 
• Inspect, test, replace ground fault sensor 
• Inspect and maintain contactor/arc chutes 

• Check resistance with multimeter 
• Clean and lube knife switch 
• Inspect and maintain DC link Inspect, clean, 

lube traction motor and traction motor blower
   

• Inspect and maintain speed sensors/tach 
sensors   

• Inspect and maintain speed sensor cable 
• Check contacts  
• Inspect and clean braking resistors 
• Inspect brake choppers 

Key Terms 
 

• Arc Chute • Master Controller  
• Blowout Coil •  
• Car Monitoring Unit • Propulsion Logic 
• Contacts • Traction Container 
• Line Breaker Shunt • Trip Coil 

PREVIEW O
NLY



COURSE 203: INSPECTION AND OVERVIEW TO PROPULSION AND DYNAMIC BRAKING SYSTEMS 
MODULE 2: AC PROPULSION 

 

FIRST DRAFT ● Intended For Use by Rail Car Training Consortium Members Only 
© 2017 Transportation Learning Center  Page 19 

2-4 BLOWER FOR PROPULSION CONTAINER 

The propulsion blower provides cooling air for the propulsion container. Air is drawn in through 
screens and grilles on the sides of the vehicle and passed over the cooling fins of the IGBT 
modules and Line Reactor. This cooling air is necessary to maintain the temperature of the 
IGBTs. A rise in temperature outside of the IGBTs limits will result in a reduced performance 
and will directly affect the propulsion system. 

If there is a failure of the propulsion blower while the train is in operation, the resulting increase 
in temperature in the propulsion system will cause the Traction Control Unit (TCU) to signal a 
restricted speed mode for the vehicle.  

Propulsion Blower Inspection and Maintenance 
General Recommendations Agency Requirements 
• Check for voltage at the blower motor. 

• Check that blower and housing are 
secured to the OEM recommended 
tightness. 

• Check for dirt build up on the blower 
blades. 

• Check clearance between blower and 
housing and examine for bearing 
failure. 

• Check that motor shaft is not bent. 
Listen for excessive bearing noise. 

• Check and clear inlet and exhaust 
screens, ducts, and filters. 

• With power removed, check wiring 
with an ohm meter. 
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High Speed Circuit Breaker (HSCB) 

Newer rail vehicles rely on high speed circuit breakers to 
protect them from disastrous situations. HSCBs have two 
major functions: 

1. Provide short circuit protection to the propulsion 
system. 

2. Connect the power source (e.g. catenary, third rail) 
voltage to main voltage of the propulsion system and 
disconnects from that power source when faults that 
may cause currents in excess of line switch opening 
capacity to occur. 

At best, a faulty HSCB unit can cause the trains to stand still; 
at worst, a faulty unit can blow up parts of the rail vehicle’s 
propulsion infrastructure potentially leading to human 
causalities. 

Proper testing, regular inspection, and accurate maintenance 
of HSCBs are therefore critical functions of a rail car 
maintainer’s duties.  

 
Figure 2.5 Side view of a High Speed 

Circuit Breaker –courtesy PATCO 

With assistance from your instructor or in addition to hands-on lessons, list your agency’s With 
assistance from your instructor or in addition to hands-on lessons, list your agency’s 
requirements for inspection or maintenance of the HSCB next to the general recommendations in 
the following table. 

High Speed Circuit Breaker (HSCB) Inspection and Maintenance 
General Recommendations Agency Requirements 
• Adjust high-speed circuit breaker 
• Check for and remove excessive dust and 

debris. 
• Inspect and clean arc chute 
• Ensure all components are secure and 

serviceable. 
• Check all small wiring and cable insulation for 

overheating and damage. 
• Inspect high-speed circuit breaker contactors. 
• If indicated, overhaul high-speed circuit breaker 

following recommendations by OEM and 
agency. 
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2-6 DYNAMIC BRAKING 

During dynamic braking, the traction motors act as generators, converting the energy of the 
rotating wheels into electrical current. The conversion of kinetic energy into electricity slows the 
rail car. This module has a section dedicated to the inspection and maintenance of AC motors 
and in this section the focus is on two major components: braking resistors and brake choppers. 

Braking Resistors 

Braking resistors dissipate dynamic braking energy and discharge the filter capacitors. The 
following lists separate steps for inspection, cleaning and testing braking resistors. 

Braking Resistors Inspection 
General Recommendations Agency Requirements 
• Make sure components securing brake 

resistors such as cables, mechanical 
parts, or shields, are not loose or 
damaged. Repair or replace if necessary. 

• Make sure screws fastening braking 
resistor to car underframe are secure 
and torque mark is present. If not, 
torque to OEM-recommendations and 
apply torque seal as recommended. 

• Perform a megger test to ensure 
suitability of component. 

o Check for cracked or broken 
mounting insulators. Even if 
crack is suspected, in the 
insulator ceramic spacer for 
example, perform megger test. 

o Check braking resistor for 
abnormal overheating, burned 
open, distorted, or sagging 
elements. 

• Make sure wiring insulation is 
undamaged, i.e.: no cracks or abrasion 
damage are present. 

• Inspect resistor assembly grillwork and 
remove any objects (paper, plastic bags, 
etc.) that may restrict cooling air flow. 

• Make sure no excessive accumulation of 
dirt or contaminating materials are 
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The following case study shows the application of an LED-indication system that indicates the 
condition of the brake chopper modules. 

Case Study 2.7: Denver Regional Transportation District (RTD) 

Configuration of brake chopper modules on RTD’s SD-160 LRV manufactured by Siemens©  

Brake Chopper Configuration: Each inverter has a brake chopper module. Each brake chopper 
has eight IGBTs which are mounted in two rows of 4 on each module board. The four IGBTs in 
each row are connected in parallel. The brake chopper board has 4 terminal posts. 

LEDs indicate the condition of the IGBTs. Using a IGBT phase module tester which plugs 
directly into the brake chopper module’s 15-pin test plug receptacle, the rail car technician can 
test the circuit. 

 
Figure 2.8 Brake Chopper Module –courtesy RTD 
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2-7 POWER INVERSION 

The participant should recall from Course 103 that power inversion refers the capability of 
certain devices in the propulsion circuit that change the high speed DC input voltage to AC 
voltage for output to the AC motors. The two major components in power inversion are 
propulsion logic control unit and the propulsion inverter. 

Propulsion Logic Control Unit 

The propulsion control unit (PCU) is the housing for the propulsion logic controller.  

Propulsion Logic Control Unit Inspection and Maintenance 
General Recommendations Agency Requirements 
• Remove connection to main power 
• Verify that all mounting and supporting 

hardware is firmly fastened. 
• Inspect all connectors and wires for wear, 

corrosion, or any other visible change. 
• Inspect for dirt or debris. 
• If necessary, clean with non-conductive 

cloths. 

 
 
 
 
 
 

 

Case Study 2.8: Chicago Transit Authority (CTA) 
Procedures for inspecting the Logic Control Unit and components on CTA’s 5000 Series Rapid 
Transit Cars. Numbers in parentheses refer to Figure 2.9 

1. Verify all mounting screws (2) are firmly fastened on VCU-C unit (1), MIO1 unit (6), 
MIO2 unit (7), and battery holder (8). 

2. Verify ground strap (3) is securely fastened to ground screw (4) on VCU-C (1), MIO1 
unit (6), MIO2 unit (7), and to ground stud on mounting panel. Make sure that ground 
strap (3) is not abraded or corroded. 

3. Verify battery holder cable is securely fastened to connectors on battery holder (8) and 
VCU-C (1) and that cable is not abraded or corroded. 

4. Ensure that male and female Multifunction Vehicle Bus (MVB) termination plugs (5) are 
fastened securely to VCU-C (1) and MIO1 unit (6). 

5. Inspect all connectors and wires for wear, corrosion, or any other visible damage.  
6. Inspect for dirt or debris. Clean, if necessary, as follows: 

a. Use soft cloth to wipe dust off unit, related components, and connecting 
hardware. 

b. Verify air holes behind unit face are unobstructed.  
c. If necessary, use soft brush to remove dust buildup in air holes or between cooling 

fins of unit. 
 

PREVIEW O
NLY



COURSE 203: INSPECTION AND OVERVIEW TO PROPULSION AND DYNAMIC BRAKING SYSTEMS 
MODULE 2: AC PROPULSION 

 

FIRST DRAFT ● Intended For Use by Rail Car Training Consortium Members Only 
© 2017 Transportation Learning Center  Page 39 

2-8 AC TRACTION MOTORS 

AC traction motors convert the electrical energy produced by the propulsion inverter into 
mechanical energy which is then used to propel the train forward. The motors can also be used as 
generators which convert the kinetic energy of the train back into electrical energy to slow the 
train via dynamic braking.  

AC Traction Motor Inspection and Maintenance 
General Recommendations Agency Requirements 

• Air inlet and outlets 
o Clean 
o Inspect for debris or damage 

• Speed senor 
o Clean 

• Traction Motor Assembly 
o Inspect for external damage 
o Check external connections 
o Inspect for signs of condensation 
o Overhaul per OEM and agency 

recommended procedures 

• Bearings 
o Re-lubricate 
o If indicated, replace per OEM 

and agency recommended 
procedures. 
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Case Study 2.9: Bombardier 5000 Series A- and B- Cars, Chicago Transportation 
Authority (CTA) 
 
Inspect Traction Motor 

1. Inspect speed sensor (1) and cable for damage or signs of burning and overheating. 
Replace cables and/or speed sensor if necessary. 

2. Inspect coupling flange bolts (2). Verify torque mark on fastener, washer and mounting 
surface is clearly visible and all segments are aligned. Replace any loose, missing, or 
damaged attaching hardware. 

3. Inspect truck cable leads (3) for damage or signs of burning and overheating. Replace 
cables if necessary. 

4. Inspect traction motor mounting assembly including motor mount hardware and motor 
mount bushings (4). Verify torque mark on each fastener, washer, and mounting surface 
is clearly visible and all segments are aligned. Replace any loose or missing hardware. 

5. Check air inlet duct (5) for damage. Replace if required. 
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MODULE 3 

DC Propulsion  

Outline 
3-1 Overview 
3-2 Master Controller 
3-3 Propulsion Container Ventilation 
3-4 Switching and Filtering 
3-5 Traction Control and Dynamic Braking 
3-6 Motors 
3-7 Summary  

Purpose and Objectives 
The purpose of this module is to provide participants with an understanding of the steps involved 
in inspecting, maintaining, and testing major components of an DC propulsion system on rail 
cars used in major U.S. transportation agencies. 

Following the completion of this module, the participant should be able to complete the 
objectives with an accuracy of 75% or greater: 

• Inspect and maintain chopper 

• Inspect and maintain cam control   
• Inspect and maintain master controller  

• Inspect and maintain propulsion logic control unit   

• Inspect and maintain ventilation system   

• Inspect and maintain high speed circuit breaker  

• Inspect and maintain contactor/arc chutes 

• Inspect and maintain resistance banks 

• Inspect and maintain knife switch  

• Inspect and maintain overcurrent protection 
 

Key Terms 

• Main chopper circuit 
• Braking chopper circuit 
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3-1 OVERVIEW 

A DC propulsion system is one that uses cam controllers or chopper circuits to supply power to 
direct current (DC) traction motors thereby providing the means to accelerate the rail car and 
provide dynamic braking. It is a complex system with many components. 

This course has organized the DC propulsion system into four functional areas: switching, 
filtering, traction control and dynamic braking, and motors (Figure 3.1). Within each of the four 
areas, this module describes standard maintenance procedures of the main components as well as 
some of their sub-components. These procedures may not be specific to the rail cars the 
participant is expected to inspect and maintain at their rail transportation agency. This course 
should supplement further training either in the classroom or on the job on rail vehicles specific 
to participant’s agency.  

 
Figure 3.1 DC Propulsion Overview 

This course helps the participant examine maintenance procedures that can be modeled in their 
approach to inspecting and maintaining major components of a rail vehicle’s propulsion system. 

In order to incorporate these variations in the rail car’s propulsion system, this module uses a 
three-part approach in listing recommended practices for inspection and maintenance: 

1. An overview of the propulsion component given a general layout as shown in Figure 3.1. 
2. A guide showing general recommended inspection and maintenance of that component 

beside which the participant can note their agency-specific inspection and maintenance 
requirements for that component. 

3. A case study from a Consortium rail agency listing the steps that agency follows for 
inspecting and maintaining that component. 
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3-2 MASTER CONTROLLER 

During revenue service the master controller is operated by the train operator in the cab. The 
master controller requests drive and/or braking rates via manipulation of a p-signal evaluated by 
the propulsion logic control unit. 

 
Figure 3.2 Master Controllers Manufactured by Schaltbau www.schaltbau-gmbh.com 

Master Controller Inspection and Maintenance 
General Recommendations Agency Requirements 
• Remove connection to main power 

• Vacuum and clean surface 
components. 

• Test the handle mechanical 
interlocks. 

• Visually inspect movement steps to 
verify contact movements and 
connections. 

• Using PTE and software interface, 
verify signals received to the logic 
control unit. 

• Clean contacts using non-corrosive 
cleaner and non-conductive cloths. 

• Tighten connections as needed. 

• Inspect connection harness. 

• Replace Master Controller when all 
maintenance is exhausted and unit 
continues to fail (rare) 
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Case Study 3.2: Niagara Frontier Transportation Authority (NFTA) 

1. Seal all air leaks at the inlet and outlet sides of the blower to prevent the entrance of dirt 
or loss of air. 

2. Change filters per OEM recommendations and agency guidelines. 
3. Check motor brushes per OEM and agency recommendations. 
4. Check for damage of wheel of the fan. 
5. Check fan wheel balance. If vibration is noticed, check: 

a. Bearing and drive alignment 
b. Shaft straightness 
c. Wheel loose on shaft 
d. Loose or worn bearings 
e. Loose mounting bolts 
f. Motor out of balance 
g. Worn or corroded wheel 
h. Accumulation of material on wheel 

6. Check for wear on fan blades. Replace or rebuild per agency recommendations. 
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The line input to the propulsion container consists of a line contactor, a pre-charging circuit, and 
the line reactor. The pre-charging circuit functions to slowly charge the DC link capacitor up to 
required voltage with the pre-charging resistor. Together with the DC link capacitor, the line 
reactor forms the line filter. 

Line Contactor 

The line contactor acts as the main high 
voltage connection for the propulsion 
container. Its task is to activate and deactivate 
the charge switch. With the line contactor 
open, the power flows through the pre-
charging contactor and pre-charging resistor to 
charge the uncharged link capacitors. It can 
(and does) operate under load in order to shut 
off supply voltage, in both normal operation as 
well as some emergency situations. 

 
Figure 2.4 Siemens™ Line Contactor with Arc Chute-
courtesy SDMTS. 

 

Line Contactor Inspection 
General Recommendations Agency Requirements 
• Visually inspect line contactor. 

• Check contact tips and arc chute. 

 
 
 

 

Case Study 3.4: Port Authority Transit Corporation (PATCO) 
 
Inspect Line Contactor 
1. Unlock and open the circuit breaker panel behind the operator in the cab and turn off the 

PROPULSION BRAKE ELECTRONICS circuit breaker. 
2. Open the covers of the high voltage cubicle. 
3. Remove the arc chute. 
4. Visually check the condition of the contacts. 

a. If the contacts are worn to their limit, replace the contacts per OEM 
recommendations. 

b. Re-install the arc chute. 
c. Re-install the high voltage cubicle. 
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8. The Field Module Testing lists four steps. On the photo below, circle and label the 
following as “a”, “b”, and “c”: 

 
a. The disconnected cable from terminal F11 
b. The jumper wire from the positive battery lead to terminal F11. 
c. Load resistor connection at terminal F12. 
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During dynamic braking, the traction motors act as generators, converting the energy of the 
rotating wheels into electrical current. The conversion of kinetic energy into electricity slows the 
rail car. This module has a section dedicated to the inspection and maintenance of AC motors 
and in this section the focus is on two major components: braking resistors and brake choppers. 

Braking Resistors 

Braking resistors dissipate dynamic braking energy and discharge the filter capacitors. The 
following lists separate steps for inspection, cleaning and testing braking resistors. 

Braking Resistors Inspection 
General Recommendations Agency Requirements 
• Make sure components securing brake 

resistors such as cables, mechanical 
parts, or shields, are not loose or 
damaged. Repair or replace if necessary. 

• Make sure screws fastening braking 
resistor to car underframe are secure 
and torque mark is present. If not, 
torque to OEM-recommendations and 
apply torque seal as recommended. 

• Perform a megger test to ensure 
suitability of component. 

o Check for cracked or broken 
mounting insulators. Even if 
crack is suspected, in the 
insulator ceramic spacer for 
example, perform megger test. 

o Check braking resistor for 
abnormal overheating, burned 
open, distorted, or sagging 
elements. 

• Make sure wiring insulation is 
undamaged, i.e.: no cracks or abrasion 
damage are present. 

• Inspect resistor assembly grillwork and 
remove any objects (paper, plastic bags, 
etc.) that may restrict cooling air flow. 

• Make sure no excessive accumulation of 
dirt or contaminating materials are 
present. Steam clean, if necessary. 
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Case Study 3.7: Denver Regional Transportation District (RTD) 
Steps to Inspecting DC Motor Brush 
Note: The surface of the commutator should be evenly colored, smooth, and clean. 
 

1. Inspect condition of the copper segment edges. If necessary, deburr them with a copper 
brush. If undercutting between the copper segments is less than 0.8 mm deep, rescrape. 

2. If the insulating slots are less than 0.8 mm deep, rescrape and break the edges with a 
deburring too. 

3. Flashover tracks indicate poor brush contact. If flashover is present, commutator must be 
ground or skimmed. 

 
Figure 3.6 Commutator Segments -courtesy Denver RTD 

 
 

 

Learning Application 3E 
With direction from your instructor or workplace mentor, compare the illustration 
below to the type of DC traction motor you will be working on in the rail car 
maintenance facility at your agency. Circle which 

1. What is the main objective of this bulletin? 
 

2. List the six materials and tools needed during the maintenance procedures. 
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Reverser 

The reverser changes the direction of rotation of the traction motors by reversing the direction of 
the current through the motor fields. Generally, the rail car technician is expected to test the 
reverser operation during a complete check of the other motorized driving direction switches. 
Reversers may require other inspection and maintenance procedures such as lubrication of its 
drum with OEM recommended lubricants. 

 
Figure 3.7 Reverser Components, Photo and Drawing –courtesy BART 

Reverser Inspection and Maintenance 
General Recommendations Agency Requirements 
• Visually inspect reverser contacts for 

wear. 
• Clean if indicated. 
• Lubricate reverser drum following 

OEM and agency recommendations. 

 
 
 
 

 
Case Study 3.8: Bay Area Rapid Transit (BART) 
Steps to Lubricating Reverser 
1. Operate one magnetic valve to move drum. 
2. Use acid brush to apply a light coat of lubricant to drum. Use only OEM-specific 

recommendations for acid brush and lubricant. 
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