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ABSTRACT: This paper presents results from controlled climatic testing of 29 service-worn and 26 new /
refurbished freight railcar air brake systems at temperatures from +5°C to -40°C. These systems were subjected
to both service and emergency brake applications, at nominal brake pipe pressures of 90 psi and 75 psi. Service-
worn systems were also analysed to observe effects of system age and time since refurbishment on brake per-
formance. Findings show that service-worn systems held less force at the end of pre-determined hold times than
new / refurbished systems, and this loss of force increased with decreasing temperature. Brake performance
was also shown to decline with system age, and this was exacerbated by cold temperatures. Several service-
worn systems which pass the industry standard automated single car air brake test failed to operate at colder
temperatures, with different failure modes observed. Results demonstrate the loss of brake force at low temper-
atures, which affects freight train stopping distances, and could have implications for rail operation safety as

well as for positive train control (PTC) algorithms in low temperature locations.

1 INTRODUCTION

Freight railcar air brakes form an interconnected sys-
tem in a train which is controlled under normal oper-
ating conditions solely by the locomotive engineer.
The air system depends on compressed air supplied
by the locomotives to flow through the brake pipe to
individual freight cars. Each freight car stores air in-
side reservoirs, and the air pressure within the brake
pipe is controlled by the engineer who sends air pres-
sure commands to control the brake actions within the
train as a whole. The system critically depends on the
brake pipe pressure and the equipment installed on
each freight car to work properly. A failure of the
brake pipe will affect the entire train, while the failure
of components on a single freight car may affect only
that car, cars near to it, or possibly the entire train.

Cold weather exacerbates the air pressure leakage
experienced by an air brake system, and the greater
the amount of leakage the higher probability of an oc-
currence of loss of brake effectiveness. This is recog-
nized by the industry, and the railways have proce-
dures in place for dealing with winter conditions in all
aspects of freight operations. For example, as outlined
in their Winter Contingency Plan, Canadian Pacific
Kansas City Railway (CPKC) reduced train length
and lowered train speeds when the temperatures
dropped below -25°C (CPKC, 2024).
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This helps to reduce delays in waiting for brake sys-
tems to recharge, keeps air pressures within allowable
limits for the train length, and reduces overall braking
demands by using lower tonnage trains.

A full understanding of the air brake system and its
associated deficiencies in cold weather conditions is
lacking. The Association of American Railroads
(AAR) performed a test in 2015 of 20 railcars under
cold conditions, however these tests were completed
outdoors in uncontrolled conditions at temperatures
which ranged from -8.3°C to 13.9°C. Furthermore be-
low -12.2°C is when the Federal Railroad Admin-
istration (FRA) requires the railways to have cold
weather operating procedures to cover safe train op-
erations during cold weather (US-DOT-FRA, 2012).
A second investigation conducted by the Transporta-
tion Safety Board of Canada (TSB) found that during
the testing of air brake systems from 13 grain cars at
cold temperatures, the service brake cylinder pressure
was 56% of the expected maximum (and was drop-
ping quickly), and that the emergency brake pressure
at application was 86% of the expected maximum. As
well, the holding ability of the emergency brake ap-
plication after 180 minutes was only 60% of the ex-
pected value (TSB, 2022). However, this was a field
test, temperatures were limited to those occurring nat-
urally, and limited to the available test cars.
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Quantifying the performance of freight car air
brakes under controlled and repeatable conditions re-
quires the control of the temperature of the air brake
components as operated on a freight car, and with a
controlled method of air brake applications. To allow
for such testing, the National Research Council Can-
ada (NRC) built a Cold Weather Air Brake (CWAB)
research facility to study freight car air brake systems
under temperature-controlled conditions.

2 TEST METHODOLOGY

2.1 Cold Weather Air Brake Facility

The CWAB facility was designed and built by the
NRC to allow for the testing of multiple freight car air
brake systems with climate-controlled conditions in a
space saving arrangement. The facility is currently
able to operate up to 14 complete working freight car
air brake systems at one time, representing approxi-
mately 600 feet of train length. The air brake systems
are installed in a compact arrangement where each
test rack has more than 40 feet of standard air brake
piping, with cars connected using standard end-of-car
hoses and mating glad hands. The brake components
which can be installed in the facility for testing are the
car control valve (brake pipe bracket, emergency por-
tion, and service portion); body-mounted (founda-
tion) brake cylinder; empty/load proportioning valve;
and retaining valve. Each brake system is instru-
mented to collect brake pipe pressure (BPP), auxiliary
reservoir pressure (ARP), emergency reservoir pres-
sure (ERP), brake cylinder pressure (BCP), brake
force at the piston (BF), and brake piston displace-
ment. The facility is able to perform standard braking
operations as would occur in a train in service using
an electronically controlled pneumatic air delivery
system that allows for repeatable brake applications.
The supply air is filtered, dried and cooled to the test
temperature before entering the brake systems.

2.2 Test Procedure

Air brake systems presented in this research were
tested in 8 separate testing rounds at the NRC’s
CWAB facility between November 2021 and January
2024, comprised of both service-worn and new/refur-
bished systems. With regards to service-worn sys-
tems, the service and emergency portions, as well as
brake cylinders were provided by partner Canadian
shortline railways and from the NRC’s stock of air
brake components. Following installation in the
CWAB facility, these systems were subject to an
AAR-approved single car air brake test (SCABT) to
ensure functionality prior to climatic testing. Table 1
summarizes the service-worn systems that were
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tested, and their service and emergency portion types.
The first shortline railway (denoted as RW1 in Table
1), provided components primarily from box and flat
cars used to transport mixed freight, while the second
shortline railway (RW2) provided components from
cars used in iron ore service. RW3 and RW4 provided
components from hopper cars, used to transport grain
and aluminum products, respectively.

Many of the service-worn systems in Table 1 were
sent to an AAR-approved facility for refurbishment
and then tested again in the CWAB facility. In addi-
tion to these, 4 new/refurbished systems from NRC’s
stock were also tested. The total new/refurbished sys-
tems tested are summarized in Table 2.

Table 1. Summary of service-worn systems

Provider System Summary

Number Service Portion Emergency Portion
RW1 13 ABD ABD/ABDW
RW2 6 ABDX ABDS
RW3 5 ABD/ABDT ABD/ABDW
RW4 4 ABDX/DB-10 ABDX/ABDW
NRC 1 ABDX ABDX
Total 29 - -

Table 2. Summary of new/refurbished systems

System Summary

Number Service Portion Emergency Portion
Refurbished 24 ABD/ABDX  Various*
New 2  ABDX/DB-10C ABDX/DB-20
Total 26 - -

*Included ABD, ABDX, ABDS, and ABDW portions

The systems in Table 1 and Table 2 were subject to
controlled climatic testing at 5 temperatures: 0°C, -
10°C, -20°C, -30°C and -40°C. In later testing rounds
a temperature of +5°C was used instead of 0°C, and
in this paper these combined results are denoted as
0°C+. An electronic air delivery system was used to
make repeatable air brake applications at each tem-
perature using an automated program that could con-
trol brake pipe pressure of the system. Test data was
collected on a continuous basis for the duration of
each test at a sample rate of 100 Hz. Brake pipe pres-
sures of 90 psi (representing a front of train BPP) and
75 psi (representing a rear of train BPP) were both
tested. The brake applications tested include:

— minimum service brake application of 6 psi from
fully charged (brakes released) state;

— full-service brake application from fully charged
state;

— emergency brake application, held for 10 minutes;
and

— emergency brake application from a fully charged
state, held for 90 minutes.
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3 RESULTS

3.1 Minimum, Full-Service, and Emergency
Applications

Three brake applications were conducted and held for
10 minutes for both the service-worn and new/refur-
bished sets of systems, at both 90 and 75 psi BPPs.
Figure 1 shows a box plot compiling the results of the
3 brake applications for the service-worn systems for
each tested temperature. The average brake forces for
each application are shown with the straight line
across the box representing the median. The whiskers
of the plot reach the maximum and minimum values
of the dataset, not including outliers. Any point out-
side 1.5 times the range is considered an outlier and
is marked with an X. It can be seen that a decrease in
brake force occurs with decreasing temperature, spe-
cifically with regards to the full-service and emer-
gency applications. When the results of the 0°C+ ap-
plications are compared to those at -40°C, a decrease
in force of 34% is seen for full-service applications,
and 41% for emergency applications.
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Figure 1. Force after 10 minutes, 90 psi BPP, service-worn

Figure 2 shows the results of the same brake appli-
cations for new/refurbished systems. Until -20°C, the
forces for all 3 brake applications remain consistent.
A decrease in force is seen at colder temperatures,
most notably at -40°C, however this decrease is less
than that seen for service-worn systems. When com-
paring the 0°C+ results to those at -40°C, a decrease
in force of 24% is seen for full-service applications,
and 18% for the emergency applications.
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Figure 2. Force after 10 minutes, 90 psi BPP, new/refurbished

Generally, a system that applied brakes after being
charged to a BPP of 75 psi was shown to exert less
force when compared to being charged to a BPP of 90
psi. However, it should be noted that a significant dif-
ference was not seen for the minimum service brake
application. For a 90 psi BPP at 0°C+, the new/refur-
bished systems yielded an average force of 5516 lbf
and 4633 1bf, for an emergency and full-service ap-
plication, respectively. For a 75 psi BPP, these forces
were 4554 1bf and 3822 Ibf, respectively. This results
in a 17% decrease in force for a full-service applica-
tion and 18% decrease for an emergency application.

Figure 3 and Figure 4 show the 75 psi BPP results
for the service-worn and new/refurbished systems, re-
spectively. When comparing the 0°C+ results to those
at -40°C, a decrease in force of 44% for both full-ser-
vice and emergency applications was seen for ser-
vice-worn systems. For new/refurbished systems, a
decrease of 16% was seen for the emergency applica-
tion, while a decrease of 12% was seen for the full-
service application.
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Figure 3. Force after 10 minutes, 75 psi BPP, service-worn
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Figure 4. Force after 10 minutes, 75 psi BPP, new/refurbished

3.2 Ninety-Minute Emergency Application

In railway operations, the crew must secure the train
following an emergency brake application on a grade
and may need to investigate (TC, 2021). The train
must also recover from the emergency brake applica-
tion, which may include the application of hand
brakes to freight cars which takes time. To quantify
the emergency brake force available in this critical
time, brake force 90 minutes after the emergency ap-
plication was studied.

Figure 5 shows the force 90 minutes after an emer-
gency brake application (90 psi BPP only). It can be
seen that the service-worn systems experienced a
larger decrease in force with decreasing temperature
than new/refurbished. Comparing the 0°C+ applica-
tions to those at -40°C, a decrease in force of 62% for
the service-worn and 21% for new/refurbished. At
-30°C and -40°C, multiple service-worn systems held
no braking force after the 90 minutes. New/refur-
bished systems held a consistent force until -20°C.
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Figure 5. Emergency brake force after 90 minutes
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3.3 Effect of System Age on Performance

The NRC, where possible, estimated the age of ser-
vice and emergency portions based on the dates of last
refurbishment found on the portions themselves, as
well as the age found on the portion gaskets. The
NRC also used discussions with providers to estimate
ages for some systems. Using these methods, the
NRC could estimate ages for 21 of the 29 service-
worn systems in Table 1. These systems were sorted
by age and are summarized in Table 3.

Figure 6 shows a box plot of the force held by each
group of systems after 90 minutes following an emer-
gency brake application. Note that the new/refur-
bished systems consist of the 26 systems in Table 2.
It can be seen that the force held decreased with tem-
perature, but also with age of the system. At -40°C,
systems greater than 15 years of age held 28% less
force than systems less than 15 years of age, and 57%
less than new/refurbished systems. At 0°C+, all
groups of systems held within 7% force of each other.

Table 3. Summary of service-worn system ages

Provider System Age Summary
>]5years  <l5years Estimate not available
RWI1 8 3 2
RW2 - 4 2
RW3 3 - 2
RW4 - 3 1
NRC - - 1
Total 11 10 8
6000
, ! =
5000 ? l? 1
=
£ 4000
8
2 3000
% ~ -40°C
o 20°C
= 2000 20
1000
0 1
>15 <15 New/Ref
Age (years)

Figure 6. Comparison of brake force for different system age
groups over varying temperature

3.4 Modes of Failure

Throughout the multiple testing rounds conducted by
the NRC, various modes of failure were seen in addi-
tion to the general decrease in performance observed
at cold temperatures. These included, but were not
limited to:
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— Over-braking, where a larger brake cylinder pres-
sure and force for a given brake application was
observed;

— The loss of emergency reservoir pressure during
service brake applications; and

— No response to brake pipe pressure changes, and a
failure to pressurize the brake cylinder.

Over-braking was seen in some systems for brake ap-
plications at cold temperatures. Figure 7 shows a time
history of 5 brake applications at -40°C for System 6,
a service-worn system tested in October, 2023. The
ARP, ERP, BCP, and BPP of System 6 are all shown.
The BCP of System 7, as shown by the dashed line in
the figure, is provided as a reference of what brake
cylinder pressures should typically be observed. It
can be seen that that for the three smaller brake pipe
pressure reductions (6, 15, and 20 psi, respectively),
the BCP of System 6 was much higher than expected,
as outlined by the circles in the figure. For example,
a minimum service application resulted in a BCP
greater than 80 psi for System 6, though System 7
shows approximately 12 psi of BCP for the same ap-
plication. The full-service and emergency brake ap-
plications did not show this over-braking trend. It
should be noted that System 6 passed a single car air
brake test prior to testing.

High brake cylinder pressures and forces for small
brake pipe pressure reductions are not desirable in
railway operations. These over-braking instances
could potentially lock rotating wheels, creating flat
spots due to wheel sliding which may lead to higher
wheel impact loads. These defects could have further
safety and economic implications for operators (Niel-
sen et al, 2023).
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Figure 7. Time history showing over-braking instances at -40°C

Figure 8 shows time history of 4 brake applications
at -40°C for System 4, another service-worn system
tested in October, 2023. The loss of ERP during these
brake applications is outlined by the box in the figure.
The ERP of System REF1 is provided as a reference
as to what the typical ERP should be during these
brake applications, as shown by the dashed line in the
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figure. System 4 passed a single car air brake test
prior to testing. In railway operations, a decrease in
emergency reservoir pressure could have an adverse
effect on the brake cylinder pressure and force should
an emergency event occur while the reservoir is de-
pleted. Note that the loss of ERP during service-brake
applications can also be seen in Figure 7.
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PrBP_4 PrEmer_4
== == PrEmer REF_1
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Figure 8. Time history showing loss of ERP during service brake
applications at -40°C

Figure 9 shows the time history for 5 brake
applications at -40°C for System 9, a service-worn
system tested in January, 2024. It can be seen that the
BCP for System 9 could not be sustained for any
significant time, regardless of the brake application,
as shown by the circles in the figure. The dashed line
shown represents the BCP of System 5 as a
comparison of theexpected BCP levels should be.
System 9 passed a single car air brake test prior to
climatic testing.
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Figure 9. Time history showing failed brake application at -40°C

4 DISCUSSION

Controlled climatic testing on 29 service-worn freight
railcar air brake systems showed a decreased perfor-
mance, in terms of brake cylinder pressure and brake
piston force, with decreasing temperature. These
trends were specifically seen in the analysis of full-
service and emergency brake applications. Of the
tested temperatures, the highest performance losses
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were seen at -30°C and -40°C. Though decreased per-
formance was also seen in the 26 new/refurbished
systems at cold temperatures, it was not equal to the
magnitude of decrease seen in service-worn systems.
Generally, new/refurbished systems maintained con-
sistent force levels down to a tested temperature of -
20°C.

The NRC also estimated the ages for 21 service-
worn systems and analysed the emergency brake
force after 90 minutes for systems greater than 15
years of age and less than 15 years of age. These re-
sults were compared to new/refurbished systems. A
decrease in performance was observed with increas-
ing age, or time since refurbishment. Additionally,
the oldest systems were most affected by cold tem-
peratures, and this effect was less apparent at 0°C+.

During the course of testing, the NRC observed
several different modes of failure, including over-
braking, the loss of ERP during service brake appli-
cations, and the complete inability to apply any brak-
ing force at cold temperatures. These failure modes
were always seen in service-worn systems, and gen-
erally did not occur, or were less apparent, at warmer
tested temperatures. All service-worn systems passed
a single car air brake test prior to climatic testing.

5 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the controlled climatic testing
of multiple freight railcar air brake systems, the NRC
has made the following conclusions:

— New/refurbished systems maintained consistent
force levels down to a tested temperature of -20°C,
showing signs of some performance loss at -30°C.
This is consistent with railway rules and regula-
tions recognizing -25°C as a temperature where
winter operational changes take effect.

— In cold temperatures, increased system age and
time since last refurbishment results in decreased
brake force, and this loss in performance is signif-
icantly greater at temperatures approaching -40°C.
Reduced brake forces at lower temperatures will
affect stopping times during service and emer-
gency braking.

— The time that sufficient emergency brake force is
held to secure a train decreases with brake system
age and decreasing temperatures, and this affects
the time required to perform operations and apply
sufficient hand brakes on grades following emer-
gency brake applications. Trains with higher per-
centage of cars with older air brake systems, even
those passing the single car test, will be at higher
risk of loss of holding force at colder temperatures.
Operators in cold regions should account for loss
of time to secure the train in emergency braking
when compared to summer operations.
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— Service-worn systems experienced a decrease in
performance at cold temperatures higher than that
of new/refurbished systems. Systems older than 15
years showed a significantly higher loss of perfor-
mance compared to systems under 15 years in-ser-
vice. A time-based component replacement prac-
tice may be required to avoid cold-weather related
air brake issues. An example of this has been im-
plemented by the AAR (AAR, 2024).

— Cold temperatures combined with system age were
shown to result in failure modes not detectable by
visual inspection or by SCABT. Over-braking at
force levels exceeding emergency brake force ap-
plications were observed — such failures in-service
could lead the formation of wheel flats and poten-
tially high wheel impact loads. In-service wayside
testing methods may be required to detect the over-
braking failure mode, as visual inspection is inef-
fective. The findings of this research indicate that
railways be aware of air brake failure modes that
appear only in cold-weather conditions and there-
fore would not be flagged by single car tests per-
formed at warmer temperatures, and that as noted
above time-based maintenance practices may be
required when operating in colder climates.
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