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Foreword

The American Public Transportation Association is a standards development organization in North America.
The process of developing standards is managed by the APTA Standards Program’s Standards Development
Oversight Council (SDOC). These activities are carried out through several standards policy and planning
committees that have been established to address specific transportation modes, safety and security
requirements, interoperability, and other topics.

APTA used a consensus-based process to develop this document and its continued maintenance, which is
detailed in the manual for the APTA Standards Program. This document was drafted in accordance with the
approval criteria and editorial policy as described. Any trade name used in this document is information given
for the convenience of users and does not constitute an endorsement.

This document was prepared by the Electrical Working Group as directed by the Passenger Rail Equipment
Safety Standards Policy and Planning Committee.

This document represents a common viewpoint of those parties concerned with its provisions, namely transit
operating/planning agencies, manufacturers, consultants, engineers and general interest groups. The
application of any recommended practices or guidelines contained herein is voluntary. APTA standards are
mandatory to the extent incorporated by an applicable statute or regulation. In some cases, federal and/or state
regulations govern portions of a transit agency’s operations. In cases where there is a conflict or contradiction
between an applicable law or regulation and this document, consult with a legal adviser to determine which
document takes precedence.

This document supersedes APTA PR-E-RP-014-99, Rev. 1, which has been revised. Below is a summary of
changes from the previous document version:

* Updated working group roster; format updated to latest APTA standards format.

* Addition of Summary section.

* Added new Section Foreword.

*  Added applicability language in the Introduction.

* Merged former sections 1.1, Scope, and 1.2, Purpose, into Scope and Purpose.

* Moved former section 2, References, to the new sections Related APTA standards and References.

* Moved former section 3, Definitions, abbreviations and acronyms into new sections Definitions and
Abbreviations and Acronyms.

* Renumbered former section 4, Blended brake system philosophies, to new section 1. Removed
allowance for supplemental type philosophy.

* Renumbered former section 5, Blended brake setup, to new section 2. Dynamic brake interlock (DBI)
reference has been eliminated. Added load preference when both dynamic braking and blended
braking are requested simultaneously.

© 2026 The American Public Transportation Association. No part of this publication may be reproduced in any form, in an electronic
retrieval system or otherwise, without prior written permission of APTA.
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Introduction

This introduction is not part of APTA PR-E-RP-014-99, “Diesel—Electric Passenger Locomotive Blended
Brake Control.”

This recommended practice applies to all:

* railroads that operate intercity or commuter passenger train service on the general railroad system of
transportation; and

* railroads that provide commuter or other short-haul rail passenger train service in a metropolitan or
suburban area, including public authorities operating passenger train service.

This recommended practice does not apply to:

* rapid transit operations in an urban area that are not connected to the general railroad system of
transportation;

* tourist, scenic, historic, host railroads or excursion operations, whether on or off the general railroad
system of transportation;

* operation of private cars, including business/office cars and circus trains unless otherwise required by
other standards or regulations; or

* railroads that operate only on track inside an installation that is not part of the general railroad system
of transportation.

Scope and purpose

This recommended practice covers diesel—electric locomotives equipped with blended brakes. The blended
brake system described herein coordinates the concurrent application of both dynamic brakes and friction
brakes on a locomotive.

The purpose of this recommended practice is to provide a common design basis for the control and
configuration of blended brake systems, as well as to promote standardization. This recommended practice
does not address the design and functionality of dynamic braking circuits as such, nor the protective features
required by the dynamic braking function.

Diesel—electric passenger locomotive units that include blended brake operation (whether single unit or

multiple operation) should have electrical and friction braking controls that meet the provisions of this
recommended practice.

© 2026 American Public Transportation Association | v
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Diesel Electric Passenger Locomotive Blended Brake Control

Diesel-Electric Passenger Locomotive Blended
Brake Control

1. Blended brake system philosophies

Blended brakes are commonly used to reduce thermal stress on locomotive wheels and/or braking disks, and
extend locomotive brake shoe/pad life. For the purposes of this recommended practice, the friction braking
system is designated as the primary brake, and the dynamic braking system as the secondary brake. These two
systems operating together make up the blended brake systems described herein.

A blended brake system will need to be designed so the locomotive will arrive to a stop within the design
limits of a friction-brake-only application.

Operation of the blended brake system is to remain local to each locomotive, not linked to any electrical
trainline command.

Deceleration rates used in determination of stopping distance can be calculated one of two ways:

a=vf—vi/t or a=-0.733vi?/d

where:

a = deceleration in mph/s,

vi = the initial velocity in mph,

vf = the final velocity in mph (0 mph),

d = stopping distance in feet

t = elapsed time in seconds from initiation of braking, until locomotive is completely stopped

For all deceleration rates used in this recommended practice, the —0.733vi*/d formula should be used, as this
method properly accounts for the nonlinear nature of locomotive stopping action.

2. Blended brake setup

Blended brake operation is controlled by changes in brake pipe pressure, initiated by the movement of the
automatic brake valve handle or lever (i.e., it is not MU trainline controlled). Provided that the throttle is in
“idle” position and the dynamic brake handle (if so equipped) is in the off position, a nominal 10 1bf/in.? (but
at least 5 1bf/in.?) of brake cylinder pressure should be applied when the brakes are applied. This 10 1bf/in.?
pressure (often referred to as “inshot” pressure) may be retained until brakes are released. This approach
keeps the wheel treads clean and prevents snow or ice buildup on brake shoes/pads in inclement weather. It
also makes for a smoother reapplication of friction retarding force when dynamic brake retarding force
diminishes.

If both dynamic braking mode and blended braking mode are requested simultaneously, the highest electric
brake demand will be in control of the electric brake command.

© 2026 American Public Transportation Association 1
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Upon entry to blended brake, dynamic brake mode of operation will be initiated, without the energization of
MU trainlines #17, #21 and #24 (APTA PR-E-RP-017-99).

3. Blended brake control

3.1 Service braking
For service brake applications, blended brake is to operate in “dynamic priority,” as described below.

The response of the blended brake system is to be such that the interpreted amount of requested braking effort
(from the brake pipe pressure) minus the inshot pressure required for minimal friction braking (typically
10 Ibf/in.?) sets a reference value of dynamic brake retarding force required.

For a service braking request, the air portion of the blended braking effort is regulated as follows:

* Brake cylinder inshot pressure is initiated.

*  Dynamic braking is used to satisfy the remainder of the braking request.

* Ifinsufficient dynamic braking is available, devices that interpret the braking request will develop a
brake cylinder pressure sufficient to satisfy the shortfall. The braking effort rate increase is to be
limited by a maximum jerk rate established by agreement between the manufacturer and purchaser to
reach full braking.

For full-service blended brake operation, dynamic brake should be used to the extent possible and be
supplemented by friction brake as necessary to meet the required braking rate.

The response of the dynamic brake excitation and power circuits to the dynamic brake retarding force
reference is to be such that grid current is held within the ampacity rating of the braking grids and the
resultant dynamic brake retarding force does not exceed the reference, at any speed.

The relationship between the friction and dynamic brake systems are as follows:
* At high locomotive speeds, the dynamic brakes are limited by grid resistor capacity.
* In the middle speed range, dynamic brake effort is regulated to give the requested braking effort.
* At lower speeds, dc locomotives have traction motor field current as the sole constraint on dynamic
brake effort generated (See Figure 1). Ac locomotives have no such constraint and have a controlled

brake effort as in the middle speed range.

Wheel slide detection and management should be incorporated with the blended brake system.

© 2026 American Public Transportation Association 2
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FIGURE 1
Typical Speed-Braking Effort Curve for a dc Locomotive — Blended Brakes
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3.2 Emergency braking

For emergency brake applications, blended brake is to operate in “friction priority,” as outlined below.

Upon initiation of an emergency braking request, full friction braking consistent with an emergency brake
application is to be applied.

Dynamic braking may be added to the friction brakes if desired, to augment locomotive stopping performance
within the maximum deceleration rate established by agreement between the manufacturer and purchaser. The
dynamic braking must be designed so there is no negative safety consequence on the emergency brake
application.

3.3 Blended brake lockout

A blended brake lockout (BBL) function provides for the automatic default to “friction only” braking mode
upon detection of loss of proper control of the system.

An alarm is to signal a locked-out condition and continue until either the condition is reset or the blended

brake is cut out. The alarm signal should further energize trainline wire #2 under failure modes that affect
operational performance.

© 2026 American Public Transportation Association 3
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4. Qualification testing

Type tests are to be conducted on new/modified systems to confirm that braking performance meets the
specified requirements. These tests should take place on dry, tangent track having minimal (ideally, no)
grades. The track is to be suitably marked either physically, via a known wayside point, or inferred via
onboard data captured during the test to provide a datum for braking initiation. Multiple tests are to be
completed for each condition in both directions along the given section of track, to ensure repeatability of
results and minimize environmental condition impacts.

NOTE: In the case of modified systems, if software and/or hardware is changed, a safety analysis must
be performed in order to assess to what extent the type tests must be performed.

NOTE: These tests do not qualify the braking system for operation with low adhesion track conditions.

NOTE: These tests do not qualify the operative thermal loading of the brake system (e.g., successive
emergency brake applications).

4.1 Test procedure

Locomotive testing should be performed using a pair of locomotives, coupled back-to-back, in full MU. This
method tends to mitigate the wind effects (for push—pull operation), allows for optimal movement of
equipment used in the test, and provides a convenient location for test equipment and personnel.

With the locomotives at desired speed, the throttle is moved to “idle” just prior to the locomotive reaching the
designated datum mark or point of intended brake application.

The automatic brake handle or lever is to be moved to the required braking position as the locomotive crosses
the mark or point of intended brake application. The tests are to be timed, beginning when the handle is
moved out of the “release” position.

The following data is to be recorded in continuous, real-time form:

* elapsed time from brake handle movement to stop
* speed

* brake cylinder pressures

* brake pipe pressure

e distance

* dynamic brake force

Tests are to be conducted for any speeds as may be required to show response for property-specific signal
spacing/safety conditions and maximum operating speed.

Tests are to be conducted for each of the following conditions:
e full service, blended brakes
* full service, friction braking only

* emergency, blended brakes (if applicable)
* emergency, friction braking only

© 2026 American Public Transportation Association 4
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Related APTA standards

APTA PR-E-RP-006-99, “Diesel-Electric Passenger Locomotive Dynamic Brake Control”
APTA PR-E-RP-017-99, “27-Point Control and Communication Trainlines for Locomotives and Locomotive-
Hauled Equipment”

Definitions

blended brake: The coordinated combination of two or more modes of braking (e.g., dynamic brake and
friction brake) to produce the desired total retarding effort.

dynamic brake: A mode of operation of the propulsion system in which retardation is provided through the
use of traction motors as generators, converting the kinetic energy of the vehicle or train into electrical

energy.

primary brake: The mode of braking system chosen to provide sufficient braking to meet railroad operating
requirements.

secondary brake: Any braking mode or combination of modes used to provide braking supplemental to the
designated primary braking system; not needed in order to meet railroad stopping requirements.

Abbreviations and acronyms

ac alternating current
dc direct current
MU multiple unit

Document history

Document Working Grou Public Comment/ Policy &
- g P Technical CEO Approval Planning Publish Date
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Oversight Approval
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The passenger rail industry phased this recommended practice into practice over the six-month period from
July 1 to December 31, 1999. The recommended practice took effect January 1, 2000.
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