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Locomotive Braking Systems 

Rationale 
Why is it important for you to learn this material? 

This module will help you set up and use the braking systems so that you can safely and 
effectively slow, control and stop locomotive and train movement. 

Learning Outcome 
When you complete this module you will be able to… 

Detail the operation of the locomotive braking systems. 

Learning Objectives 
Here is what you will be able to do when you complete each objective. 

1. Describe Dynamic Braking, its components and operation. 

2. Identify the components of the locomotive air brake system. 

3. Describe the operation of the independent brake. 

4. Describe the operation of the automatic brake. 

5. Explain the difference between the emergency brake and penalty application and 
the recovery procedures. 

Prerequisites 
• Locomotive Overview 

• Locomotive Cab Controls and Equipment 

• Locomotive Operations 
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OBJECTIVE ONE 
When you complete this objective you will be able to… 

Describe the components and the operation of the dynamic brake system. 

Learning Activity 
Complete each of the Learning Activities listed below. 

1. Study the Learning Material. 

2. Complete Exercise One. 

Learning Material 

What is Dynamic Braking? 

Dynamic braking is a method of braking used to control train speed on descending grades 
and to reduce train speed when stopping. This is accomplished by changing mechanical 
power, developed by the momentum of a moving locomotive, into an effective retarding 
force. Electrical circuits are set up to change the traction motors into generators. It is 
characteristic of a generator (traction motor) to resist rotation when it is producing 
electricity. The resistance set up in each traction motor is a magnetic field through which 
the traction motor armature must rotate. The movement of the dynamic brake handle 
controls the strength of the magnetic field and the braking effort. Rotation of the armature 
through the magnetic field generates braking current. This current is sent to the resistor 
grids that are fan cooled, where the excessive electrical current is dissipated as heat. 

Use of Dynamic Brake 

Dynamic braking can often be used to effectively control train speed on descending 
grades during slow downs and stops. Because dynamic braking concentrates the retarding 
force at the head end of a train, similar to independent braking, there are practical limits 
to the amount of braking that should be done with the dynamic brakes. Extreme care must 
be exercised to avoid the development of excessive buff forces. 

A heavy concentration of braking forces can also create high levels of lateral force which 
will, in effect, develop high L/V (lateral /vertical) ratios. Excessive forces developed by 
this may result in a derailment or gradual deterioration of the track structure. If the forces 
occur at turnouts, crossovers, points of sharp curvature, or other types of track 
irregularity, the impact magnifies. Train makeup can have a substantial impact on these 
forces and consequently merit attention by the engineer. Any combination of light cars, 
long cars, coupled to heavy short or long cars, or couplers misaligned, specifically at 
locations near the engines, will increase the possibility of damage or derailment if care is 
not exercised.  
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Figure 1 - Dynamic Brake Components 

Dynamic Braking Control 

The Locomotive Engineer controls the amount of dynamic braking by moving the 
dynamic brake handle. The load meter/tractive effort gauge shows how much 
amperage/retardation the traction motors are developing. The higher the 
amperage/reading-on-the-gauge, the more retarding force is being developed. 

Components (See Figure 2) 

1. Traction motor (gear driven by a turning wheel) 

2. Dynamic brake control handle.  

3. Resistor grids 

4. Grid blower motor and fan (to cool resistor grids) 
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Figure 5 depicts DB capability of standard range locomotives, extended range 
locomotives, and also the capabilities of modern AC locomotives that we 
currently have in our fleet. It should be noted the ability of the AC locomotives to 
generate retarding forces down to zero miles per hour. This offers the engineer the 
option of using dynamic brake to control train operation during slow downs and 
stops on both level track and descending grade territories. 

 
 

Figure 5 - Dynamic Braking capabilities of various locomotives  
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E. Length of the Train 

You must be aware of the length of the train as it influences the application and release of 
the brakes, as well as the handling of the train on different grades.  

Example: A short heavy train will shift its weight rapidly as it interacts with 
the track structure while a long light train will take longer to shift its weight 
as it interacts with the track structure.  

F. Weight of the Train 

The weight of the train is affected by the following: 

• The number of loads. 

• The number of empties. 

• The distribution of loaded or empty cars. 

• The total tonnage of the train. 

• The effect of the total train weight (same car count, different 
tonnage). 

• The tons per operative brakes. 

Example: Gross tonnage divided by total number of cars with operative 
brakes equals tons per operative brake 

 
6000 Tons / 100 cars = 60 Tons per Operative Brake 

 
Tons per operative brake should be calculated before the start of each trip. 

G. Braking Characteristics of the Train 

Determining the braking characteristic of a train is essential as no two trains handle the 
same. Consider the following: 

• The braking ratio (the total braking force available on the car 
divided by the weight). 

• The percentage of operative train brakes. 

Note: When calculating the percentage of operative train 
brakes, include both locomotives and cars. 
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A. Draft Force 

This is the tension that exists between the couplers when a train is stretched (as with the 
initial movement of starting a train). It is caused by tractive effort and also occurs when 
locomotives are pulling a train up an ascending grade or from stretching any slack 
condition. 

B. Stringlining 

This is the tendency of cars to pull to the inside of curves, attempting to create a straight 
line when in high draft conditions. 

C. Buff Force  

This is the compression that exists between couplers when the train is bunched. It is 
created by: 

• a run-in of slack 

• back up movements 

• retarding forces in dynamic brakes 

• retarding forces in air brakes, automatic or independent. 
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D. Retarding Force 

This is any force which acts to retard the speed of your train, grade, curvature or wind. 
This can develop  through the use of the dynamic brake or air brakes, which retard or 
slow the train. Retarding forces are measured in pounds. The retarding force from the 
dynamic brake varies. A retarding force due to the air brakes gradually increases as the 
speed decreases.  

E. Vertical Force  

The weight of the freight cars or locomotive(s) is transmitted to the rail by the wheels. 
The force that is created by this weight is called the vertical force and it is necessary for 
adhesion. In general, the wheel tread transmits the vertical force. Vertical forces between 
the wheel and the rail are measured in pounds of pressure.  

F. Adhesion 

Adhesion is used to describe the capability of the wheel to hold the rail without slipping. 

Adhesion is affected by the condition of the rail, curves, weather and wheel wear.  

G. Tractive Effort 

Tractive effort is the force exerted by a locomotive on the track to get a train moving and 
to keep it moving. It is measured in pounds. It decreases as the speed increases in a given 
throttle position.  Different locomotives develop tractive effort at a different rate. 

Note: Tractive effort developed by today’s high horsepower 
locomotive(s) can be in excess of what draft gear can 
withstand. 

 
H. Lateral Force 

Lateral force is the force between the wheel and the rail at a right angle to the vertical 
force. It is the lateral force that causes a wheel to follow the rail around a curve. In 
general the wheel flange transmits the lateral force to the rail. The lateral force between 
the wheel and the rail is measured in pounds of pressure. Light or empty cars are more 
easily affected by high lateral force.  Speed is the largest factor in developing lateral 
force. 

I. Harmonic Rock and Roll 

This is the side to side rocking motion that shifts the car weight alternately from one rail 
to the other. This problem primarily relates to high capacity/high center of gravity cars. 
This can cause load shift, derailment, and wear of the truck components. This most often 
happens on jointed rail, at speeds between 13 and 21 mph.  
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J. Truck Hunting 

An unstable wheel set, weaving side to side along the track with the flange striking the 
rail. It occurs most frequently on empty, high center of gravity equipment operated over 
continuous welded rail at speeds above 45 mph. 

K. Centrifugal 

Centrifugal refers to the outward force that is transmitted to the outside wheel on a curve. 

L. Jackknifing 

A condition involving two coupled rail vehicles in which there is excessive center sill 
misalignment and coupler angularity.  Jackknifing is caused by high buff forces in the 
train, such as when excessive tractive effort is used to shove a train or when excessive 
retarding force is used to slow a train. 

M. Road Structure 

In an effort to make sense of dynamic forces and their relation to your train handling 
strategy, you must also be aware of the road structure.   

Road structure is the awareness of the track you are operating the train on. This includes 
being aware of approaching track grades or changes in grade, curvature, switches, speed 
restrictions etc..  A Track Profile provides you with an overview of the area of track you 
are operating on and specifies grade, curvature of the track, signal locations, mileage, etc.  

 

Figure 5 – Track Profile 

N. Track Grades 

Track grades influence the reaction of dynamic forces. The specific track grades are 
illustrated as follows: 
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Undulating Grade 

 

Figure 6 – Undulating Grade 

An undulating grade refers to a track with grade changes so often that an average train 
passing over the track has some cars on three or more alternating ascending and 
descending grades. The train slack is always adjusting, as cars on the descending grades 
tend to roll faster than those on the ascending grades. 

Ascending Grade 

 

Figure 7 – Ascending Grade 

13 
Canadian Pacific Railway © July 2006 Train Handling Strategies 
07 1837 v1e pg [let train handling strategies]r2.4 Locomotive Engineer Training 



 
An ascending grade describes track where elevation increases. An ascending grade is 
considered light when the grade is less than 0.8%, heavy when the grade is between 0.8% 
and 1.8%, and a mountain grade when the ascent is greater than 1.8%.  

A 1% grade = a one foot rise in elevation for every 100 foot run of track. 

Descending Grade 

 

Figure 8 – Descending Grade 

A descending grade describes a track where elevation declines. A descending grade is 
considered a mountain grade when the descent is greater than 1.8%, heavy when the 
grade is between 1.8 % and 0.8%, and light when the grade is less than 0.8%. 
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Cresting Grade 

 

Figure 9– Cresting Grade 

A cresting grade is a long ascending grade which rapidly changes to a long descending 
grade, both of significant magnitude, (usually on heavy grades), requiring a change in the 
train handling strategy when the grade is topped. 
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Sag or Dip 

 

Figure 10 – Sag or Dip 

A sag or dip refers to a track with a rapid decrease in grade followed by an increase in 
grade sufficient to result in abnormal slack adjustment.  
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Exercise Two 

1. Explain the difference between an undulating grade and a cresting grade. 

2. An ascending grade is considered light when it is less than _________%. 

3. A descending grade is considered heavy when it is between __________% and 
_________%. 

4. A descending grade is considered a mountain grade, when the descent is greater 
than _________%. 

5. Tractive effort developed by today’s high horsepower locomotive(s) can exceed the 
limits of draft gear. 

 True False 
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1) Automatic Brake 

Whenever practicable, to ensure the release of all freight train brakes after a brake 

application, the total brake pipe reduction should be 10 psi or more before the release is 

made. An overall reduction of less than 10 psi should therefore be increased to 10 psi or 

more before releasing.  

During service automatic air brake application, the locomotive independent air brake 

must not be allowed to apply. 

Should the locomotive brake pipe pressure be reduced below 48 psi during service brake 

operation, the train must be stopped and the brake system recharged. 

When commencing a service application and the train air brake system is fully charged, 

the initial equalizing reservoir reduction must not be less than 5-7 psi. 

To avoid an undesired release of train brakes, when commencing a service application 

and the train air brake system is NOT FULLY charged, one of the following methods 

must be used: 

a) Determine the amount of false gradient, reduce equalizing reservoir pressure 7 

psi plus the amount of false gradient 

Note: The following explains the true and false gradient 

concepts. 

True Gradient:  After charging or recharging, if brake 

pipe pressure (BPP) on the rear car has stopped rising, 

then the train air brake system is considered fully 

charged (true gradient).  For example, the rear car has 

reached 88 psi and will not increase any more. 

False Gradient:  During charging or recharging, if 

BPP on the rear car is still rising, then the train air 

brake system is not fully charged (false gradient).  For 

example the rear car has reached 85 psi, but the 

pressure is still rising.  False gradient is anytime the 

rear car of the train is not fully charged. 

 

Amount of False Gradient:  equals true gradient minus false gradient. 

For example: 

88 psi  highest/normal rear car BPP (true gradient) 

- 85 psi current rear car BPP (false gradient) 

=  3 psi  (amount of false gradient) 

 

Example: The amount of false gradient is 3 psi (see above explanation). When you 

reduce the equalizing reservoir pressure 7 psi plus the amount of false gradient, 

the result is 7 +3 = 10 psi. 



 

OBJECTIVE THREE 
When you complete this objective you will be able to… 

Determine the operating conditions that will affect your selection of the safest, most 
effective train handling strategy. 

Learning Activity 
Complete each of the Learning Activities listed below. 

1. Study the Learning Material. 

2. Complete Exercise Three. 

Learning Material 
After you have considered the equipment you are working with and evaluated the 
dynamic forces present in your working environment, you must determine how each of 
these will interrelate with one another, affecting the overall operating conditions. 
Knowledge of all of these elements and how they relate will help you to develop a 
successful overall train handling plan.   

A. Throttle Operation 

1. Initial Movement 
The initial movement refers to starting trains. Factors to be considered when doing so are: 

• Tractive effort of locomotives in consist. 

• The throttle response characteristics of the locomotive consist.  

• The weight and length of the train.  

• The amount of slack in the train.  

• The weather conditions.  

• The grade of the track.  

• The conditions of the rail. 

• The proximity of curves in relation to the head-end of the train.  

• The marshalling of the train. 
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b) When the rear car brake pipe pressure is known, make an equalizing reservoir 

reduction of at least 7 psi below the rear car brake pipe pressure. 

c) When the rear car brake pipe pressure is not known, use the equalizing reservoir 
gauge, and measure at least a 7 psi reduction from the point where the heavy 
service exhaust starts to blow. 

Note: In Locotrol operation, the sound of the heavy service 
exhaust must not be used to measure a service 
reduction. 

 

Note:  In the application of paragraphs (a) and (b) above, if 
TIBS fails to display rear car brake pipe pressure and it 
is necessary to apply the brakes with the train air brake 
system not fully charged, and equalizing reservoir 
reduction of at least 5 psi more than the last reduction 
must be made. 

 
Do not make a running release if excessive brake pipe leakage is indicated or severe slack 
action occurs on the brake application.  

The speed at which a running release may be satisfactorily made depends on conditions 
such as the amount of the brake pipe reduction, grade conditions, brake pipe leakage, and 
the number of cars in the train. 

After a running release has been made and the speed of the train has been reduced to the 
point that it is evident the train will stall, an additional service brake application must be 
made to stop the train.  

When making running releases of service applications, it is important to allow sufficient 
time for the release of the brakes throughout the train before increasing the power. 
Applying too much power too soon after initiating the release can result in a break-in-two 
if the slack conditions are not favorable.  

Reporting Undesired Brake Releases 

Locomotive Engineers are responsible for reporting undesired brake releases immediately 
to the RTC/Dispatcher and to record the location of the occurrence by subdivision and 
mile, as well as by the description of the use of the automatic brake prior to the release, 
for furtherance to the Road Manager/Road Foreman. 

26 
Train Handling Strategies Canadian Pacific Railway © July 2006 
Locomotive Engineer Training 07 1837 v1e pg [let train handling strategies]r2.4 



 
Minimizing Sticking Brakes 

To minimize sticking brakes: 

• The train brake system must not be overcharged above the standard pressure for 
that train, unless otherwise specified as per special instructions.  

• The brake pipe pressure on the locomotive handling cars to be placed in the rear 
portion of the train during switching operations, should be 15 psi or less than the 
standard pressure for that train. 

• Whenever an angle cock is closed in a train such as when changing a defective 
air hose, a build up of brake pipe pressure in the cars ahead of the closed angle 
cock will result. In order to eliminate this build up of pressure (overcharge 
condition) from causing sticking brakes, a full service brake pipe reduction must 
be made before the angle cock is closed.  

• When a running release of the train brakes is to be made, have the brake pipe 
pressure reduced at least 10 psi and the brake pipe exhaust stopped at least 20 
seconds before releasing.  

• When air brakes are used to stop a train, if a 15 psi brake pipe reduction has not 
been made, it must be increased, when practicable, to that amount before 
releasing the train brakes. The brakes should not be released until at least 20 
seconds after the brake pipe exhaust has stopped.  

Emergency and Penalty Brake Applications 

An emergency brake application must not be made unless it is necessary. In cases that 
require stopping in the shortest possible distance, such as to avoid imminent contact with 
someone or something that could result in harm to members of the public, employees or 
property, or when contact has been made, an emergency brake application must be made. 

Emergency application must be made by placing the automatic brake handle into the 
emergency position, activating the Emergency Switch on the head end display unit and 
opening the emergency brake valve on the conductor’s side of the locomotive cab. 

You must activate the Emergency Switch on the head end display unit even if the head 
end display unit indicates no communication. 

When an emergency brake application occurs from any source, the Locomotive Engineer 
must immediately place the automatic brake valve handle in the emergency position and 
leave it there until the movement stops. On trains so equipped, the TIBS emergency brake 
feature must also be activated. 

In the event of a penalty or emergency brake application occurring while moving, the 
Locomotive Engineer must regulate the locomotive brake cylinder pressure to obtain the 
shortest possible stop required by the situation. Care and good judgment must be 
exercised to avoid locomotive wheel slide and severe in train forces. Excessive 
locomotive brake cylinder pressure may degrade or nullify the extended range of the 
dynamic brake.  
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Excessive Speed on Descending Grade 

All crew members on trains operating on the grades listed in the following table  must 
take action to stop the train with an emergency application of the brakes should the train 
exceed the maximum authorized speed by 5 MPH. 

Grades   

Subdivision Railroad MP Location 

Merriam Park Subdivision CPR MP 416 to MP 410 

Midway Subdivision BNSF MP 5.0 to MP 430 

St. Paul Subdivision BNSF MP 5.0 to MP 430 

 
Table 5-11 Grades 
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Dynamic brakes on locomotives are not to be considered as superseding the requirements 
for automatic or independent air brakes. Dynamic brakes must not be relied upon to stop 
or slow a light locomotive as failure of the dynamic brakes would create a hazard. 

When entering a siding or crossover and the dynamic brake factor of the lead locomotive 
consist is 14 or greater, the dynamic brake handle must not be placed in a position higher 
than No. 5 when reaching the turnout and not increased until at least half of the train has 
entered the siding or crossover. 

When entering temporary speed restrictions and the DB factor of the locomotive consist 
is 14 or greater, the DB handle must not be placed in a position higher than No. 5 one 
half mile prior to reaching the beginning of the restriction and while moving through the 
restriction. 

This instruction also applies when moving on any yard track in Canada 

I the US when moving through yards the DB handle cannot be in a position higher than 5. 

When operating through turnouts, crossovers, passing tracks curves and temporary speed 
restrictions particular care must be exercised to control the amount of dynamic braking 
effort. The high dynamic forces involved may easily derail cars and for this reason, the 
speed should be reduced to the maximum permissible speed, or lower if necessary, prior 
to the start of the restriction, so the dynamic brake level can be reduced while passing 
through these locations. This is particularly important when the dynamic brake alone is 
used entirely for controlling the speed of the train and the train has empties, light loads or 
long overhang cars on the head end, and heavy loads, on the rear end. 

When cresting a grade the throttle should be decreased as the head end crests the grade. 
Speed should be below maximum to allow the Locomotive Engineer time to adjust slack 
gently when making the transition from power to braking. 

Changes in power output or retardation effort within the limits of curves should be made 
very cautiously, as any change could possibly result in undesirable dynamic forces. 

The total braking effort from the dynamic and air brakes should be kept at the lowest 
practical level when slowing or controlling a train in curved territory. 

When slowing or controlling trains using the dynamic brakes or the dynamic brakes and 
the automatic air brakes, the maximum dynamic brake factor can never be over DB20. 

When changing from motoring to dynamic braking when the train is in motion, pause for 
ten seconds with the throttle in idle. 

When moving into the braking zone, pause at the minimum braking position long enough 
to adjust the train slack, then move the handle slowly within the braking zone to obtain 
the desired braking effect. 

After releasing the dynamic brake in preparation for applying power, the throttle must be 
advanced with care to ensure gradual adjustment of the train slack.  
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When commencing the descent of grades with the train slack stretched and it is known 
that both the dynamic brake and the automatic air brake will be used to control the train, 
automatic air brakes must be applied first. The degree of the application is to be sufficient 
to control the train speed throughout all but the steeper portions of the descent where the 
dynamic brake is to be increased to whatever degree is required to provide the additional 
braking needed to control the train speed. 

4) Braking System Combination 

The automatic air brakes and the dynamic brake may be used in conjunction with each 
other. To avoid skidding locomotive wheels during this operation, the locomotive brakes 
must be bailed off.  

When the release of an automatic air brake application is to be followed by a dynamic 
brake application or an increase in the dynamic braking effort:  

• The dynamic brake should be applied before releasing the 
automatic air brake.  

• The train speed should be reduced, allowing for the dynamic brake 
to be reduced for at least two minutes after releasing the automatic 
air brake which prevents heavy run-in of slack.  

The high dynamic forces produced by the dynamic brake at the head end of a train may 
also be present when the independent brake valve is used. For this reason, the use of the 
independent brake valve must be used with caution to prevent the build-up of excessive 
brake cylinder pressure. The potential of high head-end forces increase with the number 
of axles in the locomotive consist. 

Particular care must be taken when stopping in curved territory because various 
combinations of curvature, dynamic or automatic air brakes, and train marshalling will 
generate lateral forces during deceleration. The total braking effort from the dynamic 
brakes and the automatic air brakes should be kept at a practical level when stopping in 
curved territory.  

C. Control of Train Speed 

Speed has the greatest influence on stopping distances. This is because the stopping 
distance versus the deceleration of a train does not take place at a constant rate. 

Compliance with speed restriction (either permanent or temporary) has been established 
for many reasons. These include operating, legal, and technical considerations, such as 
limitations of the equipment, track or structures. Permanent speed restrictions are usually 
listed in the timetable. Temporary speed restrictions are applied because of track or 
bridge repairs, emergency situations, equipment considerations, etc., and are generally 
imposed by GBO or a track bulletin.  
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	Locomotive Braking Systems
	Rationale

	This module will help you set up and use the braking systems so that you can safely and effectively slow, control and stop locomotive and train movement.
	Learning Outcome

	Detail the operation of the locomotive braking systems.
	Learning Objectives

	1. Describe Dynamic Braking, its components and operation.
	2. Identify the components of the locomotive air brake system.
	3. Describe the operation of the independent brake.
	4. Describe the operation of the automatic brake.
	5. Explain the difference between the emergency brake and penalty application and the recovery procedures.
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	 Locomotive Overview
	 Locomotive Cab Controls and Equipment
	 Locomotive Operations
	OBJECTIVE ONE
	Describe the components and the operation of the dynamic brake system.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise One.
	Learning Material

	What is Dynamic Braking?
	Dynamic braking is a method of braking used to control train speed on descending grades and to reduce train speed when stopping. This is accomplished by changing mechanical power, developed by the momentum of a moving locomotive, into an effective ret...
	Use of Dynamic Brake
	Dynamic braking can often be used to effectively control train speed on descending grades during slow downs and stops. Because dynamic braking concentrates the retarding force at the head end of a train, similar to independent braking, there are pract...
	A heavy concentration of braking forces can also create high levels of lateral force which will, in effect, develop high L/V (lateral /vertical) ratios. Excessive forces developed by this may result in a derailment or gradual deterioration of the trac...
	Figure 1 - Dynamic Brake Components
	Dynamic Braking Control
	The Locomotive Engineer controls the amount of dynamic braking by moving the dynamic brake handle. The load meter/tractive effort gauge shows how much amperage/retardation the traction motors are developing. The higher the amperage/reading-on-the-gaug...
	Components (See Figure 2)
	1. Traction motor (gear driven by a turning wheel)
	2. Dynamic brake control handle.
	3. Resistor grids
	4. Grid blower motor and fan (to cool resistor grids)
	Figure 2 - Dynamic Brake Components
	When setting up dynamic braking, all control stands must have their throttle in the IDLE position for 10 seconds before moving handle into dynamic brake SET UP position.
	Dynamic Brake Handle Positions
	Dynamic brake handle has a rheostatic action.
	Figure 3 – Location of Dynamic Brake Handle on AAR 105 Control Stand
	Figure 4 – Location of Combined Power Handle on Desktop Control Stand
	Dynamic Brake Cut-Out (DBCO) Switch on the Engine Control Panel
	The dynamic brake cut-out switch on the engine control panel can be used to cut-out the dynamic brake on that particular locomotive.
	When it is necessary to cut out the dynamic brake on an individual locomotive, the dynamic brake cut-out switch must be moved to the CUT-OUT position. Locomotives not having a cut-out switch must be isolated. Report the use of this switch on the requi...
	Dynamic Brake Circuit Breaker (DBCB) on Control Stand
	The dynamic brake circuit breaker on the control stand must be in the ON position in the lead locomotive to enable dynamic braking throughout the consist.
	Two-speed Dynamic Brake
	This system, designed for fuel conservation, maintains normal engine idling speed during dynamic braking until additional traction motor cooling is required. At this time, engine speed will automatically increase, when the grid current drops, the engi...
	Maximum Retarding Force

	The retarding force produced by locomotives operating in dynamic will vary between locomotive models. For example, at low speeds, the SD60,’s AC4400’s and SD90MAC’s extended range dynamic brake is noticeably different than a SD40’s standard range brak...
	Types and Characteristics of Dynamic Brakes

	Locomotives with dynamic brakes will utilize either a TAPER or FLAT type dynamic brake system. The Flat system is much more common among locomotive types.  Knowledge of these types of dynamic brakes and how they perform within a locomotive consist is ...
	The amount of retarding force developed with the taper system is determined by the speed of the locomotive (mph) and the position of the dynamic braking lever as noted in Figure 1 below. The retarding force developed in any dynamic braking lever posit...
	Figure 1 – Typical Braking Effort Curves – Taper System
	The amount of retarding force developed with the flat system is controlled by the position of the dynamic braking handle for any given speed as shown in Figure 2 below. As you can see, retarding force with the flat system is different for each dynamic...
	Figure 2 – Typical Braking Effort Curves –Flat System
	It should be noted that with the flat system the engineer can regulate the braking effort by changing the position of the braking lever without having to consider the speed at which the locomotive is traveling. This is not true with the taper system b...
	Example
	Mixing Taper and Flat Systems

	In the locomotive consist, each unit’s dynamic brake will operate as it was designed. At speeds below 23 mph the dynamic braking effort for any given dynamic brake handle position will be approximately the same for both systems. Simply, the taper and ...
	Locomotive engineers should know that at speeds above 23 mph a unit equipped with the taper system in the lead and the flat system trailing, the brake handle must be advanced to obtain an increase in dynamic braking on the trailing units even though t...
	Standard Range & Extended Range

	Locomotives equipped with dynamic brakes have either a standard or extended range system.
	Most older locomotives (SD 40s & SD 40-2s) are equipped with standard range dynamic brakes.  The standard dynamic brake will peak at 23 mph and lose capability rapidly below and above that speed.
	Figure 3 – Typical Braking Effort Curves – Standard Range
	Maximum retarding force on SD 60 locomotives will occur between 6 & 23 mph and they  lose  effectiveness rapidly above and below that speed range. The newer AC locomotives are capable of dynamic retarding force between 0 and 23, losing effectiveness a...
	Figure 4 – Typical Braking Effort Curves –Extended Range
	Figure 5 - Dynamic Braking capabilities of various locomotives
	Standard Capacity & High Capacity Dynamic Brakes

	The amount of dynamic brake, or dynamic brake capacity, is expressed as ‘pounds of retarding force’. The amount of retarding force is determined by the capacity of the dynamic brakes and the number of axles. A dynamic brake retarding force of 10,000 p...
	Older locomotives, such as SD40 & SD40-2s, are generally equipped with standard capacity dynamic brakes that can produce up to 10,000 pounds of retarding force per axle or, 60,000 pounds of force in a 6 axle unit (or a DB factor of 6).
	Newer locomotives such as SD60s and GE AC 4400s are equipped with high capacity dynamic brakes and can generate up to 13,500 & 16,300 pounds of retarding force per axle, respectively. This means SD60s can produce 81,000 pounds and GE AC 4400s 98,000 p...
	All information regarding dynamic braking capabilities and other information pertinent to the locomotive consist must be recorded on the Crew to Crew Form Q-8065.
	Independent and Dynamic Brakes

	The dynamic brake and the independent brake must not be used together except at very low speeds, when starting or stopping the train. The retarding force developed by either the dynamic brake or independent brake is generally lower than the available ...
	Example, a six axle locomotive moving at 15 mph with good rail conditions could develop an adhesion ratio of 17%. This percent of adhesion will support 45,000 pounds of retarding force. The standard range dynamic brake can produce 36,000 pounds of ret...
	Independent Pressure Switches

	GE AC4400
	AC4400’s are not equipped with an Independent Pressure Switch, the locomotive computer will monitor wheel rotation.
	SD90MAC
	Independent Pressure Switches are set at 10, 15, and 23 psi. This means that if locomotive is in DB and if locomotive brake cylinder rises above 15 psi DB is reduced. If pressure continues to rise to 23 psi, DB is removed entirely. If pressure is lowe...
	DC Traction Motor Locomotives
	Independent Pressure Switches are set at 10 psi and 15 psi.
	DB Holding

	Locomotives equipped with DB Holding allow dynamic braking to remain in effect after an emergency or penalty application. On locomotives so equipped, if an emergency or penalty brake application occurs for any reason, the PC switch will open immediate...
	DB Holding is dependent upon the controlling locomotive being equipped with this device. If the controlling locomotive is not equipped with continuous dynamic braking the dynamic brake will drop out on all units after an emergency or penalty applicati...
	Operation of Dynamic Brake

	 Reverser handle in direction of movement.
	 Throttle must be in idle position.
	 Pause 10 seconds in idle in order to prevent:
	 strong surge of braking current resulting in a traction motor flashover
	 harsh run-in of train slack
	 The 10 second pause will allow slack to bunch as the locomotives have more rolling resistance
	 Move dynamic brake handle to Set Up.
	 Gradually move brake handle to 300 amps or 30 klbs to bunch the train and then gradually increase braking strength to desired level.
	 Maximum amperage on DC locomotives is automatically limited to:
	On AC locomotives dynamic braking effort would max out at 98,000 lbs.
	Warning Systems

	When using dynamic braking on DC locomotives and the Wheel-Slip Light flashes on and off slowly and repeatedly, the dynamic braking force should be reduced. If the condition continues the train should be stopped immediately and an investigation must b...
	With automatic regulation of maximum braking current the Brake Warning Light on the control stand should seldom give indication of excessive braking current. If the brake warning light does flash on, advancing the brake handle should be stopped until ...
	If the light fails to go out after several seconds move the dynamic brake handle back slowly until the light goes out. After the light goes out the handle may again be advanced to increase braking effort. The brake warning light circuit is trainlined,...
	Note:  If condition persists investigation must be made to determine whether all wheels on the locomotive are rotating freely.
	Exercise One

	OBJECTIVE TWO
	Identify the components of the locomotive air brake system.
	Learning Activity

	Complete each of the Learning Activities listed below.
	1. Study the Learning Material.
	2. Complete Exercise Two.
	Learning Material
	The Locomotive Air Brake System

	Description
	There are two air-braking systems on a locomotive. The Independent Air Brake System and the Automatic Air Brake System.  The independent air brake controls the locomotive brake only. The automatic air brake controls both the locomotive and the car air...
	Many of the components found on the Freight Car Air Brake System are also found in the Locomotive Air Brake System. For example, freight cars all have control valves. The locomotive also has a control valve, which is called the 26F.  In addition to co...
	Purpose
	To transform air pressure into mechanical power and through mechanical linkage (rigging), force one or more brake shoes against each wheel to slow or stop the locomotive and train.
	Components of the 26L Air Brake System
	Automatic Brake Components
	Independent Brake Components
	Automatic Brake Valve
	Independent Brake Valve
	Automatic Brake Valve Cut-out Valve
	MU-2A Valve
	Regulating Valve
	Regulating valve
	Brake Pipe (BP)
	Independent Application and Release (IAR)
	26F Control Valve
	Actuating (ACT)
	Cut-out Cock and Strainer
	Auxiliary and Equalizing Reservoirs
	Components Common to Both
	Main Reservoir Air
	Gauges
	Brake Cylinders and gauge
	Brake Cylinder Cut-out cocks (Self Bleeding)
	Double check valve
	J-Relay valve
	Quick-release valve
	Key Terms
	 Automatic Application  An application of the brakes caused by reducing brake pipe pressure. An automatic application will apply the brakes on all cars and locomotives in the train.
	 Brake Pipe  A section of air brake piping on a car or locomotive which acts as a supply pipe for the reservoirs and as a signal for the control valve, by which the air brakes are controlled by the Locomotive Engineer.
	 Brake Pipe Reduction  A reduction in brake pipe pressure that causes a brake application throughout the train.
	 Charging  The opening of a port or passage to allow air pressure to enter a pipe or reservoir. If the opening is maintained, the pressure will continue to flow until all parts are charged to the same pressure.
	 Graduated Release  A release of the brakes in steps or graduation. Only passenger brake equipment and the locomotive independent brake are set so that the brakes can be partially released.
	 Pressure Maintaining  An automatic brake valve feature that will maintain brake pipe pressure against the effects of brake pipe leakage.
	Locomotive Main Reservoir System
	Locomotive Air is generated from an air compressor that takes air from the atmosphere and compresses it. Air for the locomotive air system is compressed in two (2) stages: a low-pressure stage and high-pressure stage.
	During the first stage, atmospheric air enters the low-pressure inlet cylinders and is compressed to 40 psi (first stage of compression). After the first stage, air that has been pressurized is piped to the intercooler which cools the pressurized air ...
	After being compressed a second time (second stage), pressurized air is then piped through the aftercooler, which is a series of pipes and cooling coils located near or above Main Reservoir # 1 which reduces the temperature to the outside temperature....
	Compressed Air Use
	During compression, heated air has the characteristic of creating and holding a great deal of moisture. As the air cools in the aftercooler the excess  moisture condenses and collects  in Main Reservoir # 1. The compressed air enters into Main Reservo...
	Compressor Mechanics
	Air compressors that are used in today’s locomotives are either shaft driven or operated by an electric motor which is monitored by an on board CAX computer. On locomotives that are shaft driven, the compressor turns at all times during engine operati...
	The "unloader piston" monitors and controls the compressing action. Drawing air into the unloader line causes it to expand and hold the intake valve open on both the downstroke and upstroke so no pressure develops. Each cylinder has an unloader. When ...
	As a safety precaution two safety pressure relief valves are utilized in the air compressor system. The compressor safety valve located on the compressor compartment will release pressure if the unloader piston fails and pressure exceeds 175 psi. The ...
	The air compressor has its own lubricating oil system. Oil is measured with either a dipstick or a sight glass. Units with the screw in ball type dipsticks can be checked with the engine running. Blade style dipsticks require the engine to be shutdown...
	Compressor Control Panel
	The switches and valves that load or unload the compressor are located in the Air Compressor Control Panel. On older traditional locomotives, this panel is located on the engineers side about 3/4 of the way to the rear of the car body.  The air gauge ...
	The compressor control air strainer removes water and dirt from the compressor control air. Also within this compressor control compartment there are three valves that monitor and control the operations of the compressor. The Shutter Magnet Valve (MV-...
	Each main reservoir has some type of drain valve attached to it that is designed to expel the moisture to atmosphere:
	1. Automatic - air operated
	2. Automatic - electrically operated
	3. Manual
	Each locomotive is equipped with a safety valve located on the air compressor discharge line and a safety valve located between the main reservoirs. The safety valves prevent an accumulation of excessive pressure in the system.
	Charging
	The following examples relate to the flow of air pressure and the operation of a locomotive equipped with 26L brake equipment. This operation can be for a single locomotive or the lead locomotive in a consist, in other words, the automatic brake valve...
	Compressed air at 130 to 140 pounds per square inch (psi) is piped from the air compressor to No 1 main reservoir and to the main reservoir equalizing line. A one-way check valve separates the main reservoirs and permits air to flow in one direction f...
	1. The No 1 main reservoir supplies the air for all of the auxiliary devices on the locomotive.
	2. The No 2 main reservoir supplies the air for all of the air brake equipment on the locomotive.  No 2 MR is split, supplying air to:
	a. The J-Relay valve where it is used for locomotive brake cylinder air.
	b. The regulating valve where it is reduced to required brake pipe pressure which charges equalizing pressure and in turn the brake pipe.
	c. The independent brake valve where it is again split, supplying air to:
	 the actuating pipe when bailing off locomotive brakes 130 to 140 psi.
	 the regulating valve where it is reduced to 45 psi for the independent brake applications (IAR).
	Figure 5 - Locomotive Air Brake System
	Figure 6 - Source of Air
	Air Gauges
	On most locomotives, air brake gauges at the control stand are connected to specific pipes and components to monitor air pressure. Air gauges are used on the locomotive to display the pressure in the main reservoir, equalizing reservoir, brake pipe, a...
	Figure 7 – Air Brake Gauges (IFD Screen)
	Figure 8 – Air Brake Gauges (ICE Screen)
	Figure 9 – Duplex Air Brake Gauges
	Air Flow Indicators/Meter
	Air flow indicators are used to measure the rate at which the air flows into the brake pipe from the main reservoir through the 26-C automatic brake valve during charging of the train. They are also used to detect brake pipe leakage in the train. The ...
	Air flow meters (AFM) and cubic feet per minute (CFM) indicators have replaced the older air flow indicator. CFM indicators measure the air flow into the brake pipe in cubic feet per minute, as indicated on the gauge.
	Figure 10 - Air Flow Meter (direct CFM measure) and Air Flow  Indicator (calibrated CFM measure)
	New Style  (Laminate) Air Brake Equipment Rack
	On old style air brake equipment, the major air brake components are piped under the locomotive cab floor.
	This type of air brake equipment rack has considerably less piping, reducing the amount of failures due to broken or leaking pipe connections.
	This air brake equipment rack is pneumatically connected to the locomotive air brake system by means of an air brake header.
	Figure 11 – LUM Air Brake Rack
	Cut-out Cock and Strainer
	The combined cut-out cock and strainer functions to assist in preventing dirt and moisture, which may be carried by the air from the brake pipe, from entering the components of the air brake equipment. This component is mounted on the air brake equipm...
	Figure 12 - Cut-out Cock and Strainer
	Figure 12a – Dead Engine Fixture
	The Dead Engine Fixture, when in the DEAD position, will allow brake pipe air to flow into #2 main reservoir.  This allows the brakes to apply on a locomotive when it is dead in train/hauled in tow.
	26-F Control Valve
	Capable of responding to service rate or emergency rate changes in brake pipe pressure, the control valve develops a corresponding reference pressure to the brake cylinder J-relay valve to control application of the brakes.
	26-F Control Valve - Quick Release Portion
	When it is desired to apply the train brakes, but not the locomotive brakes, the locomotive brakes can be prevented from applying by actuating (depressing the handle) the independent brake valve. When the independent brake valve handle is depressed, #...
	The quick release valve vents any air pressure from the J-Relay Valve, which in turn causes any air pressure in the brake cylinders to escape to atmosphere. If there is no air pressure in the J-Relay valve, no brake cylinder pressure will develop. Onc...
	Double Check Valve
	The two separate air brake systems (Automatic Air Brake System and Independent Air Brake System) connect at the Double Check Valve. The double check valve is a "T" shaped flow valve with an internal sealing slug or ‘Shuttle’. Air can enter through two...
	Figure 15 - Double Check Valve
	J-Relay Valve and Brake Cylinder Pressure
	On a freight car, when the brake cylinder(s) are supplied with air from the cars auxiliary reservoir, the cars brakes apply. On a locomotive there are 4 - 8 brake cylinders, and the auxiliary reservoir by itself is not large enough to supply air to al...
	When the locomotive's 26F control valve senses a brake pipe reduction, auxiliary reservoir air, (small volume of air), is directed into the J-Relay Valve. The J- Relay Valve will then allow air from the # 2 Main Reservoir to flow into the brake cylind...
	The amount of air entering the brake cylinder is proportional to the type of J-Relay Valve. The J-1 Relay Valve will develop a 1 - 1 pressure ratio with the brake cylinders. A 45-psi reference pressure would equal a 45-psi brake cylinder pressure. The...
	45 psi x 1.6 would equal 72 psi of brake cylinder pressure.
	The type of J-Relay Valve required is dependent on the particular requirements for that locomotives brake rigging.
	Brake Shoe and Control Pressure
	J-Relay Valve
	brake cylinder pressure on locomotives equipped with cast iron brake shoes is 100% of the control pressure
	J-1 (4 axle)
	example: 45 psi control = 45 psi brake cylinder
	for composition brake shoes in a double clasp rig, brake cylinder pressure is at 60% of control pressure
	J-46 (4 axle)
	example: 45 psi control = 27 psi brake cylinder
	for composition brake shoes, brake cylinder pressure is at 80% of control pressure
	J-86 (4 axle)
	example: 45 psi control = 38 psi brake cylinder
	for composition brake shoes, brake cylinder pressure is at 160% of the control pressure
	J-1.6-16 (6 axle)
	example: 45 psi control = 72 psi brake cylinder
	Brake Cylinders
	Brake cylinders on locomotives transform air pressure into mechanical power and through mechanical linkage (rigging) force one or more brake shoes against each locomotive wheel to slow or stop the locomotive.
	Figure 17 - Brake Cylinder
	Air Brake Control
	Air brakes are controlled by the automatic and independent brake valve handles:
	1. Automatic brake is operated by manually moving the brake handle to reduce or increase brake pipe pressure.
	2. Independent brake is operated by manually moving the brake handle to increase or decrease brake cylinder pressure on locomotives.  As well, moving the independent brake handle to “bail” position releases independent brake cylinder build up as a res...
	Figure 18 – Automatic/Independent Brake Valves
	Figure 18 shows four different types of automatic/independent brakes.
	 26-C common on older locomotives
	 30 ACDW common on SD60M and CP 9000 locomotives
	 EPIC 3102 and CCB II common on AC locomotives
	EPIC 3102 and CCB II Microprocessor Air Brake Control Systems
	The EPIC 3102 and CCB II are microprocessor controlled electro-pneumatic systems, which replace pneumatic system valves and relays with electronic controls that require locomotive battery power to function.  The Electronic Air Brake Computer circuit b...
	Exercise Two

	60 %
	J1
	composition brake shoe (4 axle)
	160 %
	J46
	cast iron brake shoe (4 axle)
	100 %
	J1.6-16
	composition brake shoe (6 axle)
	OBJECTIVE THREE
	Describe the operation of the independent brake.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Three.
	Learning Material
	Independent Air Brake System

	The locomotive brakes may be applied independently from the automatic brake system by using the Independent Brake Valve. # 2 main reservoir air pressure at 140 psi is directed to the independent brake valve where it is then reduced by an internal spri...
	Moving the independent handle towards the release position readjusts the spring setting and reduces the braking pressure. The ability to apply and release various pressures is called graduated application and release.
	The independent brake valve is also used to actuate (bail) an automatic brake application on the locomotive. Depressing the independent handle directs 140 psi main reservoir air pressure to the Quick Release Valve which is located on the 26F control v...
	With pneumatic equipment the independent brake is conditioned to be a lead or trailing locomotive by the MU-2A valve.
	On AC locomotives, the operation of the independent brakes is similar, with air pressure still being used to apply the brakes. However, the affected components are controlled electronically instead of pneumatically.
	With AC locomotives the brake valve is conditioned using the IFD, FIRE or ICE screens.
	MU - 2A Valve

	The Independent Application and Release (IAR) and Actuating (ACT) pipes are cut in or cut out by the MU-2A valve.
	Figure 19 - MU - 2A Valve
	Independent Brake Operations

	SA-26 Independent Brake Valve
	The independent brake valve is located on the control stand below the automatic brake valve and is used for locomotive brake only.
	The independent brake valve has three positions or zones. They are
	 Release
	 Application
	 Bail (or automatic bail)
	Figure 20 - SA26 Independent Brake Valve Positions
	Figure 22 – Desktop Independent Brake Valve Positions
	Release Position
	When in this position the brakes are released and the locomotive can be moved.
	Application Position
	This position is a zone that begins immediately to the right of the release position and extends to the extreme right of the quadrant. As the independent brake valve handle is moved to the right from the release position, pressure gradually begins to ...
	Bail Position
	After the automatic brake application has been made, the independent brake handle is placed in bail position. This releases the air brakes on the locomotive consist after an automatic brake application has been made. Hold in bail position four to six ...
	Independent Application (J1-Relay Valve)
	1. With the MU-2A valve in lead position, movement of the independent brake valve handle into the application zone allows MR air to flow into the IAR pipe at 45 psi maximum and through the double check valve to the J1-Relay Valve.
	2. J1-Relay valve reacts to 45 psi reference pressure and allows MR air to flow into brake cylinders until brake cylinder pressure is also 45 psi.
	3. Trailing locomotives receive 45 psi reference pressure through independent application and release pipe IAR.
	Figure 23 - J1-Relay Valve
	Trailing Locomotive

	Independent Application
	1. Placement of MU-2A valve in trail position closes off connection from the independent brake valve to independent application and release pipe.
	2. Air from the controlling locomotive comes through IAR pipe and flows to the J-Relay valve.
	3. J-Relay valve reacts to this control pressure and allows MR air to flow into brake cylinders.
	Figure 24 - Trailing Locomotive Independent Application
	Independent Application

	Composition Brake Shoes
	J1.6-16 Relay Valve
	1. With the MU-2A valve in the lead position, movement of the independent brake valve handle into the application zone allows MR air to flow into IAR pipe at 45 psi maximum and through the double check valve to the J-Relay valve.
	2. J1.6-16 has 2 connections from the IAR pipe: one connection through the double check valve, one connection directly to the J1.6-16 Relay valve. This connection allows MR air to flow into brake cylinder at 1.6 times the pressure in IAR pipe.
	Figure 25 - Full Independent J1.6-16
	Release Position
	Release position is located to the extreme left of the brake valve handle quadrant that will release the locomotive brake cylinder pressure.
	Figure 26 - Independent Release
	Independent Release
	1. Movement of the independent brake valve handle to the release position allows air in the IAR pipe to exhaust at the independent brake valve.
	2. The J-Relay valve reacts and allows air in the brake cylinders to exhaust at the Relay valve.
	Figure 27 - Actuate or Bail
	Locomotive Brake Release following an automatic application (Actuate or Bail)
	1. Brake pipe reduction in effect and brakes applied.
	2. Depressing the independent brake valve handle allows MR air to flow into the ACT pipe at 130-140 psi. The quick release portion of the control valve reacts to this air pressure and allows air from the J-Relay valve to go to exhaust at the control v...
	3. The J-Relay valve allows brake cylinder air to exhaust and locomotive brakes release.
	4. MR air in the ACT pipe goes to each locomotive in the consist releasing an automatic brake application in the same manner.
	Exercise Three

	OBJECTIVE FOUR
	Describe the operation of the automatic brake.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Four.
	Learning Material

	Automatic braking is initiated by reducing brake pipe pressure. Any brake pipe reduction  will apply the brakes on all cars and locomotives.
	Automatic Brake Components

	Regulating Valve
	The Regulating Valve is where main reservoir air enters the equalizing portion of the system. The amount of air entering into the equalizing side can be regulated by using the regulating valve (feed valve) knob.
	The air that passes through Regulating Valve enters into the equalizing reservoir and gauge, and then into one side of the Relay Valve. Moving the automatic brake valve handle into the service zone can also reduce this setting. Where the position of t...
	The regulating valves on some locomotives are preset and covered to prevent adjustment by non-mechanical personnel.  On AC locomotives, equalizing reservoir pressure is adjusted using the air brake setup screen (i.e. IFD, ICE, FIRE).
	Automatic Brake Valves/Controllers
	The automatic brake is located on the control stand. The use of the automatic valve by the Locomotive Engineer causes locomotive and car brakes to apply and release as desired. Canadian Pacific Railway locomotives use a variety of automatic brake mode...
	 26C
	 30 ACDW
	 EPIC
	 CCB II
	Automatic Brake Valve
	Figure 28 – 26C Automatic Brake Valve
	Automatic Brake Valve Handle
	The 26C, 30 ACDW, EPIC 3102 and the CCB II automatic brakes have various handle positions or zones arranged from left to right (26C) or from back to front (30 ACDW, EPIC 3102 and CCB II).  These are outlined in the table below.
	Automatic Brake Positions
	CCB II
	EPIC 3102
	30ACDW
	26C
	Release
	Release
	Release
	Release
	Minimum Reduction
	Minimum Reduction
	Minimum Reduction
	Minimum Reduction
	10 psi
	10 psi
	na
	na
	Service Zone
	Service Zone
	Service Zone
	Service Zone
	Suppression
	Suppression
	Suppression
	Suppression
	Extended Zone Service
	Extended Zone Service
	Extended Zone Service
	Extended Zone Service
	Handle Off
	Handle Off
	Handle Off
	Handle Off
	Emergency
	Emergency
	Emergency
	Emergency
	The Minimum Reduction, 10 psi, and the Service Zone are the positions that are normally used to make train brake applications. When the automatic brake handle is moved from the Release position to either the Minimum Reduction position or into the Serv...
	The 26C, 30 ACDW, EPIC 3102 and CCB II automatic brake are the self-lapping type. After a brake pipe reduction has been made brake pipe exhaust will automatically cease, when brake pipe pressure reaches the level determined by the equalizing reservoir...
	Pressure maintaining is a feature of the automatic brake. It will overcome normal leakage and maintain brake pipe pressure the same as the equalizing reservoir.
	To test the equalizing reservoir system for leakage, the Locomotive Engineer can place the automatic brake handle in service position, leave it for an extended length of time and observe the equalizing reservoir gauge. If the equalizing reservoir gaug...
	Brake Valve Cut-out Valve
	This cut-out valve is located on the front of the automatic brake valve and is used for cutting in or cutting out the automatic brake valve. It is a spring-loaded, two-position valve that must be depressed or pushed in to turn. The two positions are i...
	Figure 29 – 26C Automatic Brake Valve Cut-out Valve
	Figure 30 - 30 ACDW Cut-out Valve
	Automatic Brake Handle Positions

	Release Position
	The Release Position is at the extreme left of the quadrant and is the normal position in which the automatic brake is positioned when the locomotive is moving and the brakes are released. It is used for charging the air brake equipment and releasing ...
	If it is necessary to increase or decrease equalizing reservoir pressure it should be done with the automatic brake handle in the Release Position.
	Figure 31 - Release Position
	Minimum Reduction Position
	This position is located to the right of the release position where the automatic brake handle reaches the first lobe or notch on the quadrant. When the automatic brake valve handle is moved to this position, the equalizing reservoir pressure is reduc...
	Figure 32 - Minimum Reduction Position
	Service Zone Position
	This position consists of a zone on the brake quadrant, located immediately to the right of the minimum reduction position. Moving the automatic brake handle from left to right in this zone decreases equalizing reservoir pressure and subsequently the ...
	Figure 33 - Service Zone Position
	Suppression Position
	This position is located with the automatic brake handle against the second lobe or notch on the brake quadrant and to the extreme right of the service zone position. This position is used to suppress or recover a penalty brake application initiated b...
	Figure 34- Suppression Position
	Extended Service Zone and Handle Off Position
	The extended Service Zone is the position on the brake quadrant between suppression and Handle Off and is not self-lapping. Equalizing reservoir pressure will reduce at a service rate as the handle is moved to the right through this zone.
	The Handle Off position is located by the quadrant notch to the right of the Suppression position, equalizing reservoir pressure  will go to 0 psi. The handle must be placed in this position and removed on trailing locomotives of a multiple-locomotive...
	Figure 35 - Handle Off Position
	Emergency Position
	This position is located at the extreme right of the brake quadrant and is used to vent brake pipe air to atmosphere and reduces the BP pressure to 0 psi at an emergency rate.
	Emergency position is also used to recover from an emergency brake application.
	An emergency brake application will occur when the automatic brake handle is placed in the EMERGENCY position, even if the brake valve cut out valve is in the OUT position.
	Figure 36 - Emergency Position
	Figure 37 - 30 ACDW Brake Valve Positions
	Figure 38 – EPIC 3102 Brake Valve Positions
	Figure 39 – CCB II Brake Valve Positions
	Automatic Brake Valve

	The automatic brake valve is a self-lapping pressure maintaining brake valve which controls air pressure in the brake pipe. The Automatic Brake Valve is cut "in" or "out" using the Automatic Brake Cut Out Valve or the ICE, FIRE or IFD screen.
	By moving the handle into the service zone the Locomotive Engineer reduces equalizing reservoir pressure, and in turn, brake pipe pressure, causing train brakes to apply. By placing the handle in the release position the Locomotive Engineer increases ...
	The brake pipe is connected to the branch pipe, which connects to the 26F control valve. Each of these devices on a locomotive operates and functions similarly to their freight car counterparts.  .
	Components of the are as follows:
	Relay Valve

	Air entering the system from Main Reservoir # 2 is adjusted to the regulating valve setting. This becomes our equalizing side of the system. The relay valve is connected to equalizing air pressure on one side, and to the main reservoir pressure on the...
	Vent Valve and Emergency Applications

	The vent valve ensures an emergency application of the brakes by venting brake pipe pressure locally to atmosphere when sensing brake pipe airflow at an emergency rate. This is why it is imperative to monitor brake pipe pressures to avoid not being ab...
	Safety Features

	The automatic brake incorporates several built in safety valves. These valves will prevent accidental releases of the brakes.
	The Equalizing Reservoir Cut-off Valve is designed to prevent an accidental release of an automatic brake application if the automatic brake valve handle is accidentally moved or bumped towards the release position.
	The P-2A Valve is the penalty application valve and power knock down. It is designed to stop the train by making a service application of the train brakes in the event that the Locomotive Engineer has become inattentive, or incapacitated.
	To reset the P-2A valve:
	 Place the throttle and dynamic brake handles in IDLE / OFF
	 Place the automatic brake valve handle in SUPPRESSION
	 Operate any system reset if equipped.
	 Wait for the brake pipe exhaust to cease or the PCS light to extinguish.
	 After PCS resets, return the automatic brake handle to RELEASE.
	The A-1 Pilot Charging Cut Off Valve is activated anytime the brake pipe pressure is reduced at a rapid rate initiating an emergency application. When the A-1 pilot charging cut off valve senses an emergency application, several features are activated...
	To reset the A-1 pilot charging cut-off valve;
	 Placing the automatic brake valve handle in the emergency position for 60 seconds resets the A-1 pilot charging cut off valve.
	 Move the automatic brake handle to RELEASE, pausing briefly in handle-off to ensure PC recovers.
	The Brake Pipe Cut-off valve prevents the relay valve from sending main reservoir air into the brake pipe, which would cause the train brakes to release.
	Automatic Brake Operation

	Charging
	1. No 2 Main Reservoir air flows into brake pipe at regulating valve setting when the automatic brake handle is in the release position.
	2. Auxiliary Reservoir charges from brake pipe through the control valve.
	3. Brake pipe connects to locomotives or cars and air flows to all.
	Figure 40 -  Automatic Brake Charging
	Application
	1. Movement of automatic brake valve handle to the service zone reduces brake pipe pressure.
	2. The control valve senses a brake pipe reduction and allows auxiliary reservoir air to flow through the double check valve to the J-Relay valve.
	3. The J-Relay valve reacts to the air pressure from the auxiliary reservoir and allows main reservoir air to flow to the brake cylinders.
	4. The reduction of brake pipe pressure is transmitted through the train.
	Figure 41 - J-1 Relay Valve
	Release
	1. Movement of automatic brake handle to the RELEASE position allows air from main reservoir to flow into brake pipe at regulating valve setting.
	2. The control valve reacts to the increase in brake pipe pressure and allows air from the J-Relay valve to go to exhaust.
	3. The J-Relay valve reacts and allows brake cylinder air to flow to exhaust.
	4. Brake pipe pressure increases to regulating valve setting.
	Figure 42 - Automatic Brake Release
	Figure 43 – Locomotive Braking System – Brakes Released
	Figure 44 – Independent Application J-1.6
	Figure 45 - Full Service Automatic Brake Application  With Independent Fully Applied
	When a full service brake application is made in conjunction with the independent fully applied, the portion of IAR pipe pressure that goes directly to the J Relay valve is in addition to the higher pressure from the control valve, resulting in brake ...
	Exercise Four

	Instructions: Answer the following questions.
	17. Describe the pressure maintaining feature of the Relay Valve? OBJECTIVE FIVE
	Explain the difference between an emergency brake application and a penalty application, and the recovery procedures for each.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Five.
	Learning Material
	Exercise on recovery of each using the simulator. Emergency Brake Application

	An Emergency Brake application is generated by a rapid reduction of brake pipe pressure causing the control valves to move to emergency position.
	Causes of an Emergency Brake Application
	Any one of the following will cause the Power Cut-off Switch (PCS) to operate in conjunction with an emergency brake application:
	 placing the automatic brake handle in emergency position
	 Opening an emergency valve on the locomotive or other equipment
	 Undesired emergency (UDE) “kicker”
	 Broken brake pipe or hose
	 Closing the angle cock before air has stopped exhausting at the locomotive
	 Opening an angle cock too quickly
	 Any rapid reduction in brake pipe pressure
	 Emergency braking feature of the Train Information Braking System (TIBS)
	Recovery Following an Emergency Brake Application
	Refer to GOI or ABTHR for procedures to recover from an emergency brake application.
	Penalty Brake Application
	An automatic brake application at service rate caused by operation of a safety control device resulting in a full service brake application. The equalizing reservoir will continue to drop below full service.
	Causes of a Penalty Brake Application
	Any one of the following conditions will cause the PCS switch to operate in conjunction with a penalty brake application:
	 timing out of the RSC
	 the safety control foot pedal release
	 exceeding the maximum permissible speed of the locomotive.
	Recovery of a PCS Following a Penalty Brake Application
	Refer to GOI or ABTHR for procedures to recover a PCS following a penalty brake application on a locomotive equipped with an RSC.
	Exercise Five

	Car Air Brake System
	Rationale

	Skill in using braking systems in different situations is essential to safely and efficiently operate locomotives and trains.
	Learning Outcome

	Describe the function and operation of the freight car air brake system and its features.
	Learning Objectives

	1. Identify and explain the purpose of each major component of a freight car air brake system.
	2. Describe how the relation between volume and pressure affects the operation of various control valves.
	3. Describe the effect brake pipe gradient has on brake pipe reduction given different states of charge.
	4. Describe the purpose of retainers and the situations in which they are used.
	5. Demonstrate how to use the car air brake system under various operating situations.
	Prerequisites

	 Locomotive Braking Systems
	OBJECTIVE ONE
	Identify and explain the purpose of each major component of a freight car air brake system.
	Learning Activity

	1. Watch the video, WABCO: "Evolution of the Air Brake."
	2. Study the Learning Material.
	3. Complete Exercise One.
	Learning Material

	The main components of a freight car air brake system and their purposes are described as follows:
	Angle Cocks and Brake Pipe

	The angle cock is a valve located at each end of locomotives and cars. It is used to open or close the brake pipe. The handle is hinged so as to lock in either the open or closed position. A flexible hose and coupling (gladhand) is attached to the ang...
	1 1/4 inch pipe, which runs the length of all cars and locomotives.
	Figure 1 - Angle Cock and Brake Pipe
	Branch Pipe and Combined Dirt Collector and Cutout Cock
	The branch pipe is a one-inch pipe, which connects the brake pipe to the control valve. The combined dirt collector and cutout cock is positioned on the branch pipe. The purpose of the dirt collector is to prevent entrance of foreign particles into th...
	Figure 2 - Combined Dirt Collector and Cutout Cock
	Control Valve
	The main function of the control valve is to control the flow of air into and out of the brake cylinder.  It also controls the charging of the reservoirs. The control valve consists of 3 portions:
	1. service portion
	2. pipe bracket
	3. emergency portion
	Figure 3 - Control Valve
	Two-compartment Reservoir
	The two-compartment reservoir contains the auxiliary and emergency reservoir volumes. The auxiliary reservoir supplies air pressure for service brake applications and both reservoirs supply air pressure for emergency applications. The emergency reserv...
	Brake Cylinder
	The brake cylinder is a cylinder in which compressed air pressure acts on a piston to transmit the force of the compressed air to the associated brake rigging.
	Figure 5 - Brake Cylinder
	Pressure Retainer Valve
	The pressure retainer valve comes in two configurations, 3 position and 4 position.  With either configuration, the pressure retainer valve is connected by a pipe to the control valve.
	When placed in the direct exhaust position, air will exhaust freely from the brake cylinder.
	When the handle is placed in the high pressure retaining position, brake cylinder pressure will exhaust but retain 20 lbs. of pressure in the brake cylinder.
	There is also a position that allows a Slow Direct release.   The 4 position retainer adds a Low Pressure setting which retains 10 lbs. of brake cylinder pressure.  Low Pressure and Slow Direct is not utilized on CPR.
	Figure 6 - Pressure Retainer Valve
	Exercise One

	Description
	Component
	A.
	B.
	C.
	D.
	E.
	F.
	G.
	H.
	OBJECTIVE TWO
	Describe how the relation between volume and pressure affects the operation of various control valves.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Two.
	Learning Material

	It is essential for the locomotive engineer to know the features and understand the basic operation of the control valves described below.
	Figure 7 - Inner Workings of a Control Valve
	The following figures represent a complete cycle: charging, application, lap, and releasing/recharging.
	Figure 8 - Control Valve Charging
	Higher air pressure on the brake pipe side moves the piston to allow air to flow to the Auxiliary reservoir until air pressure equalizes
	Figure 9 - Control Valve Application
	When brake pipe pressure is reduced, the higher pressure on the Auxiliary reservoir side moves the piston to open a path to the brake cylinder.
	Figure 10 - Control Valve Lap
	When the air on both sides of the piston equalizes, the path to the brake cylinder  is closed off
	Figure 11 - Control Valve Release and Recharge
	Higher air pressure on the brake pipe side moves the piston to allow air flow to recharge the Auxiliary reservoir and opens the brake cylinder to atmosphere through the retainer
	Relationship Between Air Volume and Pressure
	The car air brake system works on the relationship between the volume (size) of a container and the pressure inside that container. When a volume is charged with air pressure, that pressure will be equal on all sides.
	Figure 12
	In Figure 13 - Air will flow from one volume to another volume when there is a difference in pressure between the two volumes and when the connection between the two volumes is open. Air will stop flowing between two volumes when the pressure in the v...
	Figure 13
	Figure 14 shows state of the air brake system when all volumes have equalized or charged.
	Figure 14 - Freight Car Equipment System Charged - Brakes Released
	Figure 15 shows the affects on volume when the brakes are applied.  Volume A, the Auxiliary reservoir, is 2.5 times larger than Volume B, the Brake cylinder. Air pressure will enter Volume B at 2.5 pounds for every 1 pound from A.
	Figure 15
	A brake pipe reduction causes the pressure in the auxiliary reservoir to be reduced an equal amount, which in turn causes brake cylinder pressure to increase by 2.5 psi for every 1psi brake pipe reduction.  The Quick Service feature diverts some of t...
	Approximate Brake Cylinder
	Emergency Reservoir
	Auxiliary Reservoir
	Brake Pipe
	0
	90 psi
	90 psi
	90 psi
	Fully Charged
	10 – 12
	90 psi
	83 psi
	83 psi
	Min-Reduction (Quick Service)
	20
	90 psi
	80 psi
	80 psi
	Additional Service Application
	35
	90 psi
	75 psi
	75 psi
	50
	90 psi
	70 psi
	70 psi
	64
	90 psi
	64 psi
	64 psi
	Full Service(Equalization)
	64 psi
	90 psi
	64 psi
	50 psi
	Extended Service
	Brake Application (Pressure Comparison)
	When brake pipe pressure is reduced, the control valve allows auxiliary reservoir pressure to flow into the brake cylinder and apply the brake. Emergency reservoir air will not flow to the brake cylinder unless an emergency application occurs.
	Figure 16 - Brake Pipe Pressure Reduced at Locomotive 15 psi
	Higher pressure in volume A (e.g. the Auxiliary Reservoir)  will only make a difference in volume B (e.g. the Brake Cylinder) when the pressure in volume A is greater than in volume B. When the valve between volume A and volume B is opened, the highe...
	Figure 17
	After volume A and B equalize, any further reduction in brake pipe pressure will not result in any increase in brake cylinder pressure. Should locomotive brake pipe pressure be reduced to less than 48 psi during service brake operation, the train mus...
	Figure 18 - Brake Pipe Pressure Reduced at Locomotive to Full Service or Equalization (64 psi)
	Emergency Brake Application
	When a larger third volume is added, this will result in a higher equalization pressure.
	Figure 19 - Volume 5
	When additional brake cylinder pressure is required, (i.e. more than 64 psi in full service) an emergency brake application should be made. Such an application introduces a third larger volume of pressure into the system from the Emergency reservoir.
	Approximate Brake Cylinder
	Emergency Reservoir
	Auxiliary Reservoir
	Brake Pipe
	0
	90 psi
	90 psi
	90 psi
	Fully Charged
	77 psi
	77 psi
	77 psi
	0
	Emergency Brake Application
	Emergency Brake Application (Pressure Comparison)
	Assume the brake system is fully charged to 90 psi. If brake pipe pressure is reduced suddenly from 90 to 0 psi, this would result in a 20% more brake cylinder pressure than full service provides.  Because the Emergency reservoir is almost equal to t...
	Figure 20- Emergency Brake Application
	Quick Service
	Quick service is a feature of the control valve that provides an accelerated service rate of brake application whenever an initial brake pipe reduction is made.  This is accomplished by venting a portion of the brake pipe air at each car, referred to ...
	Figure 21 - Quick Service
	Accelerated Application Valve (AAV)
	One of the major differences between ABD and ABDW is the AAV (Accelerated Application Valve).
	The purpose of this valve is to speed up subsequent brake pipe reductions and consequently improve brake cylinder pressure buildup time.  It works during service applications to assist the brake pipe pressure reduction by venting the brake pipe locall...
	Figure 22 - Accelerated Application Valve (ABDW) and Newer Valves
	After initial quick service, small reductions in 2 to 3 psi increments will allow the air to vent locally, resulting in a more even brake application, which would reduce the possibility of severe slack action.
	Accelerated Service Release
	When brake pipe pressure is increased 1.5 to 2 psi above auxiliary reservoir pressure, the control valve reacts by initiating a release.  At the same time, emergency reservoir air flows into the brake pipe and auxiliary reservoir to assist in rechargi...
	To ensure release of all freight train brakes after a brake application, the total brake pipe reduction must be 10 psi or more before the release is made.
	Figure 23 - Accelerated Service Release System Recharging  from a Full Service Application
	Accelerated Release Following an Emergency
	For example, if the air brake system is charged to 90 psi, and an emergency application occurs, the following pressures are reached;
	Brake Pipe 0
	Auxiliary Reservoir 77 psi
	Brake Cylinder 77 psi
	Emergency Reservoir 77 psi
	On recovery of an emergency application, as the brake pipe pressure supplied by the locomotive reaches approximately 15 psi, auxiliary reservoir and brake cylinder air are both directed into the brake pipe causing pressure to quickly rise to 54 psi. T...
	When brake pipe pressure reaches a point that is 1.5 to 2 pounds (65.5 to 66 psi) above what is in the auxiliary reservoir, the control valve will initiate release and the accelerated service release feature will occur utilizing additional air supplie...
	Following an Emergency Brake Application, Brake Pipe pressure is restored:
	0 - 15 psi Locomotive supplied air only
	15 - 54 psi Brake Cylinder and Auxiliary back dump air into the Brake Pipe
	55 - 66 psi Locomotive supplied air only
	66 - 71 psi Emergency Res. dumps air into the Auxiliary and Brake Pipe
	71 - 90 psi Locomotive supplied air only
	Figure 24 - Accelerated Release Following an Emergency
	Exercise Two
	Exercise Two

	ABDW, ABDX, ABDXL, DB 60
	ABD Control Valve
	Feature
	Yes
	Yes
	Quick service
	Yes
	No
	Accelerated Application Valve
	Yes
	Yes
	Accelerated Service Release
	Yes
	Yes
	Accelerated Release Following an Emergency 
	Refer to Figure 15 to answer questions 1-3.
	OBJECTIVE THREE
	Describe the effect brake pipe gradient has on brake pipe reduction given different states of charge.
	Learning Activity

	1. Study the Learning Material.
	2. Watch the videotape, "Bottling the Air” and complete the Video Viewing Guide.
	3. Complete Exercise Three
	Learning Material
	Brake Pipe Gradient

	Brake Pipe Gradient is the difference between brake pipe pressure on the locomotive and brake pipe pressure on the rear of the train.
	Gradient is affected by:
	 Length of train
	 Weather conditions
	 Type of equipment
	 Amount of leakage
	There are two (2) types of brake pipe gradient commonly referred to in air brake terminology. They are, "true gradient" and "false gradient."
	True Gradient is the difference between the head end and tail end brake pipe pressure of a fully charged train (i.e. Air flow is at the lowest point possible and rear car brake pipe has reached maximum obtainable pressure). This is the ideal state of ...
	When making a brake application in state of true gradient, brake pipe reductions are made based on the brake pipe pressure at the locomotive.
	False Gradient exists whenever the brake pipe pressure at the rear of the train is not fully charged. (i.e. Air flow is not at the lowest point possible and rear car brake pipe has not reached maximum obtainable pressure.)  It is always present immedi...
	"False Gradient" is a condition that must be given due consideration when operating with a pressure maintaining type brake valve. Following a release of the brakes, the amount of time required to recharge the equipment must be taken into consideration...
	When making a brake application in a state of false gradient, it is important to know the brake pipe gradient. Any brake application must be sufficiently below the tail end brake pipe pressure to ensure an effective minimum application throughout the ...
	False gradient is affected by:
	 Amount of recharge time between brake applications
	 The amount of the previous reduction
	 Length of brake pipe
	 Temperature
	The Pressure Maintaining Brake Valve, when properly used and understood, is an excellent tool that provides great flexibility in train control.
	The pressure maintaining brake valve controls or holds the brake pipe pressure at a given level that is determined by the equalizing reservoir reduction in effect.
	When making a brake application it is important to consider the state of charge and to make the reduction sufficient enough to compensate for the condition of "false gradient."
	If the brake application is not sufficient enough it is possible that the brakes at the rear of  the train may not apply or may cause an undesired release.
	Amount of False Gradient – equals true gradient minus false gradient.
	Example:   88 psi highest normal rear car BPP (true gradient)
	- 85 psi current rear car BPP (false gradient)
	= 3 psi  (amount of false gradient)
	Full Service from Various States of Charge
	The extended service zone is the position on the quadrant between suppression and handle off.  Equalizing pressure will reduce at a service rate as the handle is moved to the right through this zone.
	The amount of false gradient will dictate how much extended service may be required to ensure an effective reduction.
	Using the following table, determine the amount of brake pipe reduction required to obtain full service.
	Brake Cylinder
	Auxiliary Reservoir
	Full Service
	Equalizing Reservoir
	Brake Pipe
	50
	50
	20
	50
	70
	53
	53
	22
	53
	75
	57
	57
	23
	57
	80
	60
	60
	25
	60
	85
	64
	64
	26
	64
	90
	67
	67
	27
	67
	95
	71
	71
	29
	71
	100
	75
	75
	30
	75
	105
	78
	78
	32
	78
	110
	Relationship between Various Brake Pipe Pressures and Full Service
	Example 1
	If your train is fully charged to 90 psi with a true gradient of 0, to obtain maximum brake cylinder pressure on the rear of the train you would make a 26 psi reduction which would yield 64 psi brake cylinder pressure.
	Example 2
	If your train is in a state of recharge (i.e. false gradient) with 90 psi in your equalizing reservoir and 75 psi on rear of train you need to make a 37 psi reduction in order to obtain 53 psi brake cylinder pressure.
	Video Viewing Guide

	Title
	________________________________________________________________________
	Main Theme
	________________________________________________________________________
	________________________________________________________________________
	________________________________________________________________________
	Key Points
	________________________________________________________________________
	________________________________________________________________________
	________________________________________________________________________
	Summarize the main points covered in the video.
	Exercise Three

	Instructions - Answer the following questions.
	OBJECTIVE FOUR
	Describe the purpose of retainers and the situations in which they are used.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Four.
	Learning Material
	Retainer Valves

	All freight cars and passenger cars are equipped with retainer valves. The valve is located at the “B” end of the car or at the side of the car near the control valve.
	Purpose
	The positions of the retainer valve handle controls the exhaust of brake cylinder pressure and may be used to either:
	a) allow brake cylinder pressure to exhaust to atmosphere, or
	b) retain 20 psi of brake cylinder pressure to aid in retarding the train on descending grades while the air brake system is being recharged, or allow a slow direct and complete exhaust of the brake cylinder pressure.
	Figure 25 - Retaining Valve Set to High-Pressure With Brake Pipe Fully Charged
	Figure 26- Retaining Valve Set to High-pressure, Minimum Reduction
	When the retaining valve is set and brake cylinder pressure is being retained, any additional brake application will result in an additional 2.5 to 3 psi increase in brake cylinder pressure for every 1 psi reduction in brake pipe pressure.
	There are two types of retainer valves used on freight cars and the handle positions are as follows:
	Figure 27 - Retainer and Retaining Valve
	Exercise Four

	Four Position
	Three Position
	1. (EX) – DIRECT EXHAUST POSITION (HANDLE TURNED DOWNWARD)
	1. (EX) – DIRECT EXHAUST POSITION (HANDLE TURNED DOWNWARD)
	 Allows unrestricted passage of brake cylinder pressure to exhaust to atmosphere
	 Allows unrestricted passage of brake cylinder pressure to exhaust to atmosphere
	2. (HP) – HIGH PRESSURE POSITION (HANDLE 45 DEGREES BELOW HORIZONTAL)
	2. (HP) – HIGH PRESSURE POSITION (HANDLE 45 DEGREES BELOW HORIZONTAL)
	 Restricts exhaust of brake cylinder pressure at controlled rate to provide blowdown time of approximately 90 seconds from 50 psi to 20 psi and then retains 20 psi brake cylinder pressure.
	 Restricts exhaust of brake cylinder pressure at controlled rate to provide blowdown time of approximately 90 seconds from 50 psi to 20 psi and then retains 20 psi brake cylinder pressure.
	3. (LP) – LOW PRESSURE POSITION (HANDLE HORIZONTAL)
	3. (SD) – SLOW DIRECT EXHAUST POSITION (HANDLE 45 DEGREES ABOVE HORIZONTAL)
	 Restricts exhaust of brake cylinder pressure at a controlled rate to provide a blowdown time of 60 seconds from 50 psi to 10 psi and then retains 10 psi brake cylinder pressure.
	 Restricts exhaust of brake cylinder pressure at a controlled rate to provide a blowdown time of approximately 86 seconds and continues to exhaust until all pressure is vented to atmosphere.
	4. (SD) – SLOW DIRECT EXHAUST POSITION (HANDLE 45 DEGREES ABOVE HORIZONTAL)
	 Restricts exhaust of brake cylinder pressure at a controlled rate to provide a blowdown time of approximately 86 seconds and continues to exhaust until all pressure is vented to atmosphere.
	OBJECTIVE FIVE
	Demonstrate how to use the car air brake system under various operating situations.
	Learning Activity

	1. Complete Exercise Five on the Simulator.
	Learning Material
	Exercise Five

	reset simulator, make a minimum reduction and halt when brakes start to apply on last car; note time
	Quick Service:
	1.
	complete application and note the even brake cylinder pressure on all cars
	Limiting valve:
	2.
	reset, make a 15 psi reduction and halt when brakes start to apply on the last car; note the time and the heavy brake cylinder pressure on the head end
	High HE BC pressure:
	3.
	recharge system and make a minimum reduction; continue to 10 and 15 psi noting the even brake cylinder pressure
	Split Reduction:
	4.
	reset time and release, stop when rear car starts to release, note time 
	Accelerated Service Release:
	5.
	once brakes are released, reduce brake pipe sufficient to start an application i.e. 8 - 10 psi
	False Gradient
	6.
	recharge system and make a 15 psi reduction and release; once the brakes have released make a 7 psi reduction below last car pressure
	Effective Minimum:
	7.
	recharge system and make an emergency application, release; note the rear car pressure, when released
	Release Pressure following an Emergency:
	8.
	train with retainers set to HP make a 15 psi reduction, release once charged make a minimum reduction note the high brake cylinder pressure on cars with retainers set.
	High Brake Cylinder Pressure when Retainer Set
	9.
	From a fully charged system demonstrate the following on the simulator:
	1. Initial Movement
	2. Locomotive Load Meter
	3. Operating Load Meter in the Red Portion of the Meter
	4. Short Time Rating Zone
	5. Operating Requirements
	6. Short Time Rating is Not Cumulative
	7. Exceeding Short Time Rating
	G. Fuel Conservation
	Transfer Movements

	U.S. Air Brake Rules and Tests
	Rationale

	It is essential for the Locomotive Engineer to comply with FRA regulations by being able to assess the working condition of air brake equipment.
	This module has been designed to ensure you understand the requirements and application of Canadian Pacific Air Brake Tests and Procedures and Canadian Pacific Air Brake Rules.
	Learning Outcome

	Detail the procedures for conducting different brake tests and relate the operations in accordance with the Rules.
	Learning Objectives

	1. Define brake pipe terminology and state the standard brake pipe and minimum main reservoir pressures to move and operate a locomotive.
	2. Describe the procedure for performing a locomotive air brake test.
	3. Identify the two types of leakage tests and state the qualifications, requirements and procedures to perform each type.
	4. Identify the situations when air brake tests are required and the procedures for each test.
	5. State the percentage of operative brakes required on a freight train, the number of cars that can be cut out together as well as the number of operative brakes required on the rear.
	OBJECTIVE ONE
	Define brake pipe terminology and state the standard brake pipe and minimum main reservoir pressures to move and operate a locomotive.
	Learning Activity

	1. Study Learning Material.
	2. Complete Exercise One.
	Learning Material
	Scope

	A. Roles and Responsibilities of Employees performing Train Brake Test Inspections. Each train must have the air brakes in effective operating condition, and at no time shall the number and location of operative air brakes be less than permitted by Fe...
	B. Supervisors are jointly responsible with inspectors, Locomotive Engineers, and train service employees for the condition of air brakes on locomotives and cars to the extent that it is possible to detect defective equipment by required air brake tests.
	C. While air brake tests are being made, trains are under the jurisdiction of employees making such tests, and must not be moved until authorized to do so by them. Before such authority is confirmed, it must be known that all concerned are not endange...
	D. During standing air brake tests, brakes must not be applied or released until the proper signal is given.
	E. The employee in charge of the air brake test is responsible for giving the signal to apply brakes. Unless authorized by person in charge, an engineer must not apply or release the brakes without signal or move the train before the air test is compl...
	Standard Air Pressure Settings

	Unless otherwise specified by timetable or general order, air pressure regulating devices on locomotives and cars must be adjusted for the following standard pressures:
	A. Locomotives
	B. Movement of Locomotives
	Locomotives must have the main reservoir charged to a minimum of 100 psi and brake equipment must be properly positioned before any movement is to be made. The locomotive air brake test must be performed prior to movement and it must be determined tha...
	Exercise One

	OBJECTIVE TWO
	Describe the procedure for performing a locomotive air brake test.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Two.
	Learning Material
	A locomotive air brake test is required when:

	 Locomotive consist is coupled together;
	 Adding or removing locomotives;
	 Changing ends;
	 When first taking charge of a locomotive on a tie up track
	Exception:
	Locomotive air brake test will not be necessary if notified the test has been performed
	Locomotive Air Brake Test
	Exercise Two

	Read the following scenario and then answer the questions.
	Engineer Fife is reporting for service on a yard terminal transfer job and is to be using the SOO 1532 and the SOO 1555.  Both have been inspected by mechanical forces and signed for that calendar day but need to be coupled together and MU’d. Upon com...
	When Required
	Procedure

	OBJECTIVE THREE
	Identify the two types of leakage tests used, and state the requirements and procedures to perform each type.
	Learning Activity

	1. Study Learning Material.
	2. Complete Exercise Five.
	Learning Material

	Air brake tests must be performed on every train as specified below:
	Test brake pipe leakage using the:
	1. Air Flow Method (AFM); or
	2. Brake Pipe Leakage Method. (Non-AFM)
	1. Air Flow Method (AFM)
	2. Brake Pipe Leakage Method
	Exercise Three

	OBJECTIVE FOUR
	Identify the situations when air brake tests are required and the procedures for each test.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Three.
	Learning Material

	Train air brake tests are performed at different locations by qualified employees. The main purposes of these air brake tests are to ensure that each car(s) brake system is fully operational and comply with the parameters of federal regulations.
	Definitions:

	Qualified person  (QP) – A trainman given fundamental training on freight car inspections and air brake tests. All CPR trainmen are Qualified Persons in the application of these rules.
	Qualified Mechanical Inspector  (QMI) - A person, such as a carman, with more extensive training in air brake testing and maintenance that provides for more detailed inspection.
	Trains given inspection by a QP may travel up to 1,000 miles before further testing is required. Trains given an inspection by a QMI may travel up to 1,500 miles before additional inspections are required.  (Extended Haul Trains)
	Standard Brake Pipe Pressures
	Charging Time Chart

	The standard brake pipe pressure for:
	75 psi
	Yard service
	(
	90 psi
	Freight service
	(
	Trains consisting entirely of CPR business cars(s) or passenger equipment
	90 psi
	(
	When the brake system is uncharged use ABTHR Section 3 Rules 5.2 to determine the minimum and maximum charging times.
	Inspecting for Leakage or Obstruction
	Inspection of Train Before or During Air Brake Test
	Procedure for Class I Air Brake Test
	Class I

	Engineer Fife and Conductor Andy have reported to work on train 486 at 0415. The temperature is –30 degrees F. and the train had just been finished being made up. They have a locomotive consist of 3 units and a train with 97 cars totaling 7950 feet. A...
	Exercise:
	Procedure
	Class I Air Brake Test Performed with yard Test Plant.
	Emergency Application Capability from Rear of Train.
	Class IA 1,000 Mile Air Brake Test

	Performed on-through freight trains at designated locations, but not to exceed 1,000-miles except on designated extended haul trains. Test is performed by:
	 Qualified Person, or
	 Qualified Mechanical Inspector
	Class IA – Another Possibility

	Engineer Fife’s through freight train is approaching the 1,500 miles indicator and is categorized as “Extended Haul”. It is necessary to complete the Class IA air brake test. See ABTHR Sec 3, Rule 9.0, Rule 14.0
	Procedure

	1. List the steps to perform the required brake test when power is left attached and train is unattended.
	2. List the steps to perform the brake test if separation of train is necessary or power is detached from the train.
	Class II (Intermediate Air Brake Test)

	Scenario
	Procedure
	Class II Procedure to Conduct an Intermediate Air Brake Test
	Class III Air Brake Test-Application and Release & Continuity
	Scenario
	Procedure

	Class III Air Brake Test Procedure:
	Transfer Air Brake Test
	Scenario

	Engineer Fife is reporting for service on a yard terminal transfer job and is to be using the SOO 1544 and the SOO 1535. His instructions were to deliver 45 cars to a local yard 18 miles away. He had tied onto his train and was waiting to complete the...
	Procedure
	Running Air Brake Tests
	Extended Haul Trains
	Crew to Crew Report Form Q-8065

	When performing air brake tests, the following reports must be completed:
	In reference to the Crew-to-Crew Form both conductors and engineers must provide applicable information when required in the spaces provided.
	1. Crew to Crew Report
	At locations where a train receives an Air Brake Test conductor must record the following information on the Crew-to-Crew Report,   (Form Q-8065):
	 Train Number
	 Number and Initials Lead Locomotive
	 Marker Light Number (SBU#)
	 Location
	 Date and time of SBU Test
	 Name of person conducting test
	a) Updating Report
	Prior to arriving at crew change point or final terminal, Conductors and Engineers must update the Crew to Crew Report indicating the following:
	 Date
	 Total Number of Cars in Train
	 Conductor’s Name
	 Number and Initials of Cars Cut-Out or
	 Other Defects
	 Location (Crew change point)
	b) If there are no defects or cars that are cut out, write, “OK” in the column indicated.
	c) The Conductor, or in their absence, the Locomotive Engineer, is responsible to ensure the Crew to Crew Report is updated prior to delivering the form to the next crew or interchange point.
	d) The requirement to record the Train Brake Status or complete the Crew-to-Crew Report does not change any other reporting requirements.
	e) The Crew-to-Crew Report will be left on the controlling locomotive unless another point is specified.
	f) If the outbound Conductor cannot locate the inbound Crew-to-Crew Report, the train dispatcher must be contacted to determine which, if any cars have the air brakes cut out. The Conductor and Engineer must then make up a new report. Delays due to me...
	2. Train Brake Status Report (Initial Terminal Brake Test)
	a) A qualified person who performed the initial terminal brake test and inspection must indicate results to the Locomotive Engineer on Crew-to-Crew Form or verbally that the air brake test has been completed satisfactorily.
	b) Notification will be reported on:
	 The Crew to Crew Form Q-8065   Section 5-Train Brake Status Report
	 Computer printout Form TBSS-1
	Notification will show:
	 Location Who test conducted by
	 Time and date Total Number of cars tested
	c) Crews who perform the initial terminal air brake test at locations where car department personnel are not available must report the results in the designated area on the Crew-to-Crew Form. (Train Brake Status - Part 5 on Crew-to-Crew Form)
	d) Written notification will be left on the controlling locomotive unless another point is designated for that location by the Road/Yard Manager Notice.
	Application and Release of Rear Car:

	a) The SBU (Sensing and Braking Unit) may be used to determine if the brakes apply and release on the rear car when conducting the following air brake tests;
	 Class II air brake tests – Adding cars not pre-tested, except if those cars are added to the rear of the train.
	 Class III air brake test:
	o Adding a solid block of cars pre-tested.
	o Cut-off and re-coupled same locomotive and train.
	o Cut-off cars, change locomotive and/or caboose.
	o Continuity Test.
	b) Use the head-end display to determine if the brakes apply and release on the rear car by verifying that:
	 Rear brake pipe pressure decreases minimum of 5 psi.
	 Rear brake pipe pressure increases minimum of 5 psi.
	Exercise Four

	OBJECTIVE FIVE
	State the percentage of operative brakes required on a freight train, the number of cars that can be cut out together as well as the number of operative brakes required on the rear.
	Learning Activity

	1. Study the Learning Material.
	2. Complete Exercise Four.
	Learning Material

	1. At an initial terminal and when cars are added to a train, 100% of the air brakes must be operative.
	2. Trains on the road must have the air brakes on all cars in effective operating condition, except in the case of an emergency, but at no time shall the number of operative air brakes be less than 85% of the total.
	Handling Cars or Locomotives-Air Brakes Cut Out

	A. A car having inoperative air brakes must not be the rear car of a train. In the event brakes on the rear car become inoperative en-route, the train may be moved to the first point where the car can be switched into the train with an employee riding...
	B. If it is necessary to cut out the air brakes on three or more consecutive cars in a freight train, such cars must be separated by one or more cars with operative brakes. There must not be more than two cars with inoperative brakes placed together a...
	C. The rear car of a freight train must have operative air brakes. If it is necessary to handle a car or locomotive hauled in tow on a freight train in which the air brakes are inoperative due to a broken brake pipe, the car must be handled behind the...
	Exercise Five


