
NRC Publications Archive
Archives des publications du CNRC

Freight car air brake system performance in cold temperatures
Toma, Elton; Jahagirdar, Alok; Mackie, Stephen; Wahba, Albert

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version
acceptée du manuscrit ou la version de l’éditeur.
 

Publisher’s version  /   Version de l'éditeur: 

Proceedings of the 2nd Canadian & Cold Regions Rail Research Conference, pp.
40-47, 2024-04-09

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=d16ef978-327c-4429-b8a6-94dc76c1ea8c
https://publications-cnrc.canada.ca/fra/voir/objet/?id=d16ef978-327c-4429-b8a6-94dc76c1ea8c

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez
la première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous
n’arrivez pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

https://nrc-publications.canada.ca/eng/view/object/?id=d16ef978-327c-4429-b8a6-94dc76c1ea8c
https://publications-cnrc.canada.ca/fra/voir/objet/?id=d16ef978-327c-4429-b8a6-94dc76c1ea8c
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


 

 
 

 

Freight car air brake system performance in cold temperatures 

Elton Toma, Alok Jahagirdar, Stephen Mackie, & Albert Wahba 
National Research Council Canada, Ottawa, Ontario, Canada 

 
ABSTRACT 

This paper presents results from controlled laboratory testing of the operational performance of 23 service worn and 21 
refurbished freight car brake systems at temperatures ranging from +10°C to -40°C.  The 44 systems were tested using 
service brake applications, and emergency brake applications from brake pipe pressures of 75 psi and 90 psi. Forces after 
10 minutes are compared for service brake applications, forces after 10 and 90 minutes are compared for emergency 
brake applications. Air flow demand is compared.  Findings are that service worn brake systems require up to 5 times more 
air at -40°C compared to a new brake system at the same temperatures; service worn brake systems demonstrate 
degraded performance at colder temperatures.  The brake force degradation, both in maximum achieved peak force and 
the length of time the force is held has implications for rail operations during service braking, emergency braking, and 
during the recovery from emergency brake applications. 
 
 

1 INTRODUCTION 
 
Freight rail car air brakes form an interconnected system 
in a train which is controlled under normal operating 
conditions solely by the locomotive engineer. The air 
system depends on compressed air supplied by the 
locomotives to flow through the brake pipe to the 
individual freight cars. Each freight car stores air in 
reservoir tanks, and the air pressure within the brake 
pipe is controlled by the engineer who sends brake pipe 
pressure commands to control the brake actions within 
the train as a whole. The system critically depends on the 
brake pipe pressure and the air brake equipment 
installed on each freight car to work properly. A failure of 
the train line brake pipe will affect the entire train, while 
the failure of components on a single car may affect only 
that car, cars near to it, or possibly the entire train. 
Adequate air pressure in the train line brake system and 
the operation of each rail car is critical for safe train 
operation, and maintaining it depends on the proper 
functionality of many air brake components in the 
system. 

An accident in Canada in February 2019 has 
tragically brought attention to an operational problem 
that North American railways have been dealing with 
since the advent and adoption of pneumatically 
controlled train braking systems: loss of air brake 
effectiveness in cold weather conditions. Loss of air 
brakes under any weather condition is a serious safety 
concern to onboard rail crew and passengers, as well as 
the surrounding environment and communities, as it 
nearly always results in an unintended and uncontrolled 
movement of the rail cars. In some cases, complete loss 
of air brake pressure can result in a “run-away” train, 

which can lead to disastrous circumstances. As noted by 
Transportation Safety Board (TSB) of Canada in Report 
R16W0242 (TSB 2019a): 
 “…while equipment runaways are generally considered 
low frequency, they can also be high-risk events and 
have extreme consequences, particularly if they involve 
dangerous goods…”.  

Uncontrolled movements continue to be a serious 
safety risk, as summarized in the TSB 2022 Watchlist 
(TSB 2022) on unplanned and uncontrolled movements 
of rail equipment, where it is stated that in Canada since 
2013 the TSB has published 18 investigation reports 
involving uncontrolled movements in which eight 
employees lost their lives and two employees were 
seriously injured. 

Cold weather exacerbates the problem, as cold 
conditions increase the amount of air pressure leakage 
in the brake systems, and the greater the amount of air 
pressure leakage the greater the probability of an 
occurrence of loss of air brake effectiveness. The 
industry recognizes this, and the railways have 
procedures in place for dealing with winter conditions in 
all aspects of freight operations. For example, as 
outlined in their 2023-2024 Winter Contingency Plan 
Canadian Pacific Kansas City (CPKC) reduces train 
length, weight, and speeds when temperatures drop 
below -25°C (CPKC 2023). This helps to reduce delays 
in waiting for brake systems to recharge, keeps air 
pressures within allowable limits for the train length, and 
reduces braking demands by using lower tonnage trains.  

Despite these and other operational rules, a full 
understanding of the air brake system and its associated 
deficiencies in cold weather conditions is lacking. Two 
previous air brake tests were identified that give a partial 



 

 
 

picture of the brake performance in cold weather 
conditions, but neither fully address the issue of the 
operating performance of the approximately 1.4 million 
freight cars operating in North America. The Association 
of American Railroads (AAR) performed a test in 2015 
of twenty railcars under cold weather conditions, 
however these tests were completed outdoors in 
uncontrolled conditions at temperatures which ranged 
from -8.3°C to +13.9°C. The conclusion of the AAR was 
that “There was no change in the brake system 
performance of any of the 20 cars throughout the course 
of the testing, regardless of the air temperature or off-air 
time prior to the test” (TSB 2022).  

This range of temperatures is far above what many 
railways consider to be normal cold weather conditions 
during winter operations, and is above the -12.2°C 
temperature at which the Federal Railroad 
Administration (FRA) requires a railway to have cold 
weather operating procedures in place (USDOT 2012).  
These results are also not supported by the significant 
experience of the railways, or by tests completed by the 
TSB in support of investigation R19C0015. In this 
investigation, the TSB used thirteen grain hopper cars 
recovered from the February 2019 accident site, and 
tested the air brake performance at cold temperatures. 
Testing was completed in the field at a location near the 
original accident site (TSB 2019b). The TSB found that 
for the grain hopper cars tested, the service brake 
cylinder pressure was 56% of the expected maximum 
(and was dropping quickly), and that the emergency 
brake pressure at application was 86% of the expected 
maximum. As well, the holding ability of the emergency 
brake application after three hours was only 60% of the 
expected value.   

The TSB field experiment proved that under cold 
weather conditions, the air brakes on the cars tested did 
not hold brake force as high as expected, or for as long 
as required. As well, the TSB found that all thirteen grain 
hopper cars failed additional brake testing using an 
automated single car test device (ASCTD) when the 
ambient temperatures during testing ranged between 
−21°C to −26°C. As this was a field test, temperatures 
were limited to those occurring naturally, and testing was 
limited to only the available test cars. 

In a later published engineering analysis of the 
situation, as TSB Rail Safety Advisory (RSA) 617-04/19 
(TSB 2019c), the TSB concluded that: 
“In most operating scenarios, some leakage is expected 
and it will not initially compromise safety. However, it can 
create a reduced margin of safety when a train brake 
system is relied upon for an extended duration. The 
determination of an extended duration will depend on 
factors such as ambient temperatures, anticipated brake 
cylinder leakage rates and the percentage grade at the 
location where the train is stopped. If a critical loss of 
brake cylinder pressure occurs due to leakage effects, 
an uncontrolled movement can result.” 

Brake system leakage, or loss of brake cylinder 
pressure is controlled by specifications set by the AAR. 
AAR Specification S-401 (Brake Design Requirements) 
allows brake cylinder leakage of up to 4 psi in 10 minutes 
on any new freight car built for North American 

interchange service, and AAR Specification S-486 
(Code of Air Brake System Tests for Freight Equipment 
– Single Car Test) specifies that a brake cylinder is 
condemned if the leakage is greater or equal to 1 psi per 
minute (as measured 3 minutes after reducing brake 
pipe pressure from 90 psi to 80 psi) (TSB 2019c). These 
specifications set limits for new and service worn brake 
cylinders, however these leak-down rates are measured 
within the first 3 and 10 minutes of pressurization, 
whereas brake systems are relied on to hold pressure 
for much longer both under typical service conditions 
and following emergency brake application. 

The time required for a brake cylinder to lose 
pressure for various leakage rates was investigated by 
the TSB in RSA 617-04/19 (TSB 2019c). As reported in 
(TSB 2019c), the time taken to lose 50% initial brake 
cylinder pressure of 78 psi resulting from an emergency 
brake application was approximately 3 hours and 10 
minutes for a brake cylinder with an initial leak rate of 0.5 
psi/min, and from the data presented in (TSB 2019c) it 
can be estimated that a brake cylinder with 1 psi/min 
initial leak down rate will take approximately 1 hour 40 
minutes to leak down to 50% of the initial pressure. 
Although the data provided in (TSB 2019c) can be used 
to estimate the time a train will take to lose brake force 
on a grade before becoming an uncontrolled movement, 
it does not inform the industry, regulators or 
investigators what the performance of freight car brake 
systems are in-service in cold weather conditions.  

Quantifying the performance of freight train air 
brakes under controlled and repeatable conditions 
requires the control of the external temperature of the air 
brake components as installed and operated on a freight 
car, and a controlled method of brake applications. To 
allow for such testing in controlled conditions, the 
National Research Council (NRC) Canada has built a 
Cold Weather Air Brake (CWAB) research facility to 
study freight car air brake systems under temperature-
controlled conditions. The main goal of this research is 
to better understand the performance and operations of 
freight train air brakes under controlled and repeatable 
cold weather conditions. 
 

2 MATERIALS AND METHODS 
 

The CWAB facility was built by the NRC to allow for the 
testing of multiple freight car air brake systems in 
climate-controlled conditions in a space saving 
arrangement. The lab is currently able to operate up to 
fourteen complete working freight car air brake systems, 
representing approximately 600 feet of train length. The 
air brake systems are installed in a compact 
arrangement where each brake system test module has 
piping installed which equals forty feet of standard air 
brake train line, with cars connected using standard end-
of-car hoses and glad hands. The air brake components 
which can be installed in the facility for testing are the car 
control valve (bracket, emergency portion, and service 
portion); body-mounted (foundation) brake cylinder; 
empty/load valve; and retainer valve. Each brake system 
is instrumented to collect brake pipe pressure (BPP), 
auxiliary reservoir pressure (ARP), emergency reservoir 



 

 
 

pressure (ERP), brake cylinder pressure (BCP), brake 
cylinder force (BF), and brake piston displacement. The 
facility is able to perform standard air brake operations 
as would occur in a train in-service using an 
electronically controlled pneumatic air delivery system 
that allows for repeatable brake applications. The brake 
system supply air is filtered, dried and cooled to the test 
temperature before entering the individual air brake 
systems. 
 

3 TEST PROCEDURE 
 

Air brake systems presented in this research were tested 
in six separate testing rounds at the NRC’s CWAB facility 
between November 2021 and February 2023. The 
service and emergency portions and brake cylinders 
were provided by partner short line railways and from the 
NRC’s stock of air brake components. The first partner 
short line railway (denoted as RR1 in Table 1 and Table 
2), provided components primarily from box and flat cars 
used to transport mixed freight, while the second short 
line railway (RR2) provided components from hopper 
cars used in iron ore service.  The partner railways 
removed brake systems from cars which had recently 
passed air brake inspections. The ages of the air brake 
components were estimated from the dates of last 
service found on the service and emergency portions, 
and where these dates could not be found the NRC 
estimated the ages based on discussions with the 
providing railway.  

The air brake components were installed in the brake 
system test modules, after which all air brake systems 
were tested with an AAR approved automated single car 
test device (ASCTD) as a complete and working air 
brake system prior to testing to verify their functionality 
against the single car air brake test (SCABT). The 
systems were then tested for a minimum of 7 hours each 
day at five temperatures: 0°C, -10°C, -20°C, -30°C and  
-40°C. An electronically controlled pneumatic air delivery 
system was used to make consistent and repeatable air 
brake applications at each test temperature. Test data 
was collected on a continuous basis for the duration of 
each test session at a sample rate of 200 Hz. The BPP 
was 90 psi (representing a front of train BPP) for one test 
day and 75 psi (representing a rear of train BPP) for a 
second day of testing. The air brake applications tested 
and discussed here include:  
 

1. Minimum service brake application of 6 psi 
from fully charged (brakes released) state; 

2. Full service brake application of 26 psi from 
fully charged state; 

3. Emergency brake application, held for 10 
minutes; and 

4. Emergency brake application from fully 
charged state, held for 90 minutes. 

 
After completing the testing of the service worn units 

the air brake systems were sent to an AAR approved 
facility for refurbishment where all worn components 
were replaced. The refurbished units were then installed 
in the CWAB facility and tested again under the same 

temperature conditions with the same series of air brake 
applications. Although a unit-to-unit comparison can be 
made from the data collected, the results presented in 
this paper will summarize the results of new and 
refurbished brake systems as a group in comparison to 
service worn systems as a group. A total of 44 brake 
systems are discussed: 23 service-worn systems and 21 
refurbished systems.  
 

4 RESULTS 
 
Results for tests on 44 brake systems are presented: 23 
service-worn systems and 21 refurbished systems.  Each 
brake system was subjected to a minimum of twelve 
brake applications each day at two BPP (75 and 90 psi) 
and five test temperatures, resulting in data collected 
from over 5,280 controlled brake applications.  The 
results are presented as the measured brake cylinder 
force, measured at the active end of the brake piston rod. 
Note that this force is not equal to the brake shoe force 
as would be seen on a freight car at the wheel as the 
applied brake shoe force is dependant on the type of and 
condition of the brake rigging installed. 
 
4.1 Service Braking, Minimum and Full Service 
Applications 
 
Figure 1 shows the brake force after 10 minutes following 
a minimum (6 psi) service brake application from 90 psi 
BPP for the service worn systems. Figure 2 shows the 
results for the refurbished systems. The new and service 
worn systems both produce forces which diminish with 
lowered temperatures, but the service worn systems 
display a greater variance in the force. New systems 
perform consistently to temperatures of -20°C and lose 
approximately 30% average braking force at -40°C. 
Service worn systems have lost on average 
approximately 30% average braking force, but over 60% 
lower than the force of a new system at 0°C. 
 

 
Figure 1. Minimum (6 psi) service brake force after 10 
minutes (90 psi BPP): service worn systems 
 



 

 
 

 
Figure 2. Minimum (6 psi) service brake force after 10 
minutes (90 psi BPP): refurbished systems 
 
Figure 3 shows the brake force 10 minutes after a full 
service (26 psi) brake application was made from 90 psi 
BPP the service worn systems. Figure 4 shows the 
results for the refurbished systems. The larger brake 
application more clearly shows the difference in 
performance of the new systems compared to the 
service worn systems. New systems perform 
consistently to temperatures of -20°C and lose 
approximately 20% average braking force at -40°C. At 
the same temperature service worn systems have lost on 
average approximately 30% braking force, but the force 
is 40% lower than the new system force at 0°C and with 
considerably more scatter, with several systems losing 
all braking force after the 10 minute holding time. 
 

 
Figure 3. Full service brake force after 10 minutes (90 psi 
BPP): service worn systems 
 

 
Figure 4. Full service brake force after 10 minutes (90 psi 
BPP): refurbished systems  
 
Figure 5 shows the brake force after 10 minutes following 
a full service (26 psi) brake application from 75 psi BPP 
for the service worn systems. Figure 6 shows the results 
for the refurbished systems. With a lower BPP, the peak 
forces observed are lower, however the trend of loss in 
performance at lower temperatures remains. New 
systems perform consistently to temperatures of -30°C 
and lose approximately 10% average braking force at -
40°C.  Service worn systems have lost on average 
approximately 45% braking force, but with considerably 
more scatter with several systems losing all braking force 
after the 10 minute holding time. 
 

 
Figure 5. Full service brake force after 10 minutes (75 psi 
BPP): service worn systems 
 



 

 
 

 
Figure 6. Full service brake force after 10 minutes (75 psi 
BPP): refurbished systems  
 
4.2 Emergency Braking: 10 minutes after application 
 
During an emergency brake application, the train may 
take several minutes to completely stop. The available 
braking force in this time period is captured by the test 
data for the brake force 10 minutes following the initial 
emergency brake application. 

Figure 7 shows the emergency brake force after 10 
minutes from 90 psi BPP for the service worn systems. 
Figure 8 shows the results for the refurbished systems. 
New systems perform consistently to temperatures of       
-20°C and lose approximately 20% average braking 
force at -40°C. Service worn systems have lost on 
average approximately 40% braking force, but are 
almost 50% lower than the new system force at 0°C and 
with considerably more scatter, with several systems 
losing all braking force after the 10 minute holding time. 
 

 
Figure 7. Emergency brake force after 10 minutes (90 psi 
BPP): service worn systems 
 

 
Figure 8. Emergency brake force after 10 minutes (90 psi 
BPP): refurbished systems 
 

Figure 9 shows the emergency brake force after 10 
minutes from 75 psi BPP the service worn systems. 
Figure 10 shows the results for the refurbished systems. 
New systems perform consistently to temperatures of       
-20°C and lose almost 20% average braking force at         
-40°C. Service worn systems have lost almost 50% 
average braking force, but are almost 55% lower than the 
new system force at 0°C and with considerably more 
scatter, with several systems losing all braking force after 
the 10 minute holding time. 
 

 
Figure 9. Emergency brake force after 10 minutes (75 psi 
BPP): service worn systems (left) 
 



 

 
 

 
Figure 10. Emergency brake force after 10 minutes (75 
psi BPP): refurbished systems  
 
4.3 Emergency Braking: 90 minutes after application 
 
Following an emergency brake application, the crew of 
the train must perform operations to secure the train (TC 
2021) and may need to investigate the cause of the 
emergency brake event. They must also perform 
operations to recover the train from the emergency brake 
application, which may include the application of hand 
brakes to freight cars, and/or the application of the 
retainer valve to be set to “hold pressure” (HP). These 
operations require time, and available braking force in 
this time period is captured by the test data for the 
emergency brake force 90 minutes following the initial 
emergency brake application.  

Figure 11 shows the emergency brake force after 90 
minutes from 90 psi BPP for the service worn systems. 
Figure 12 shows the results for the refurbished systems.  
The results show that service worn systems decline in 
brake holding force of over 60% at -40°C and are 70% 
lower than the new system force at 0°C. New or 
refurbished systems on average have lost approximately 
25% of the braking force at -40°C after 90 minutes. 
Comparison with the results seen in Figures 4 and 5, 
which show the emergency brake force after 10 minutes 
of holding, shows that the service worn systems lose 
brake force more rapidly, and the loss in force continues 
immediately following the brake application. 
 

 
Figure 11. Emergency brake force after 90 minutes (90 
psi BPP): service worn 
 

 
Figure 12. Emergency brake force after 90 minutes (90 
psi BPP): refurbished systems 
 
4.4 Effect of Time Since Refurbishment on Performance 
 
Figure 13 shows the emergency brake force after 90 
minutes for three age groups: systems where the time 
since refurbishment or manufacture of service worn 
systems was greater than fifteen years, less than fifteen 
years, and new/refurbished brake systems. Results for 
0°C, -20°C, and -40°C are shown. The results show that 
new and refurbished systems provide as expected brake 
performance even at colder temperatures, and that air 
brake system performance does progressively decline 
with age. The range of performance decline is evident at 
-20°C, where systems up to fifteen years old have lost on 
average 50% emergency braking force after 90 minutes 
at -40°C, and systems older than fifteen years have lost 
on average over 80% of brake force. Note that all 
systems shown in these results passed the SCABT at 
temperatures of approximately 10°C or warmer. 



 

 
 

 
Figure 13. Emergency Brake Force after 90 minutes for 
2 service worn age groups (>15 and <15 years) and 
new/refurbished brake systems; at 3 temperatures -40°C 
(blue), -20°C (yellow), and 0°C (grey) 
 
4.5 Effect of Temperature on airflow requirements 
 
Figure 14 shows the average air flow requirements for 6 
service worn (SW) and 6 refurbished (RF) brake systems 
at 75 and 90 psi BPP. All tests are performed with new 
brake hoses and glad hands gaskets, therefore the 
differences in airflow shown can be attributed solely to 
increase in air leakage through the control valve portions. 
The implication of this result is that a train which passed 
the air flow test at warmer temperatures will likely fail the 
test if it travels into a location with significantly colder 
temperatures. 
 

 
Figure 14. Airflow requirements for service worn (SW) 
and refurbished (RF) brake systems 
 
4.6 Observed Failure Modes 
 
Although loss of brake force is the concern in colder 
temperatures, the observed failures of the service worn 
brake systems at colder temperatures did not always 
occur in this manner. Other failure modes observed 
during testing include: 
 

1. No response to brake pipe pressure changes, 
failure to pressurize the brake cylinder; 

2. Initial pressurization of brake cylinder followed 
by immediate depressurization (release); 

3. Proper brake cylinder pressurization soon 
followed by premature release; 

4. Proper brake cylinder pressurization, followed 
by slow loss of brake cylinder pressure; 

5. Loss of emergency reservoir pressure during 
service brake applications; 

6. Proper brake cylinder pressurization, followed 
by continued pressurization of the brake 
cylinder (over braking); and 

7. Complete loss of system response to brake 
pipe pressure commands, with air from the 
brake pipe pressurizing the reservoirs and 
brake cylinder at all times.   
 

These observed failure modes were typically not 
consistent in their occurrence. An exception was mode 5 
listed above – once a system reached a temperature 
where the emergency reservoir pressure was dropping 
with the auxiliary reservoir pressure during service brake 
applications the system continued to do so at colder 
temperatures. This is a flaw in that the emergency 
reservoir air is to be reserved for when an emergency 
brake application is demanded, and a loss of emergency 
reservoir air pressure during service brake applications 
is not standard. 

For all the systems observed to fail in the modes 
listed above, these failure modes no longer occurred 
when the systems were operated again at warmer 
temperatures, proving that these are low temperature 
induced failures and not permanent failures of the 
systems which occurred during testing. New or 
refurbished systems did not display any of these failure 
modes during testing. 

5 DISCUSSION 
 
The brake systems tested and reported on in this paper 
were removed from working in-service freight cars 
owned by two short line railways in Canada. The 
complete systems were installed into the NRC’s CWAB 
facility. Prior to testing at a range of temperatures, the 
brake systems were tested with an AAR approved 
ASCTD and found to pass the SCABT. Therefore, all the 
results presented here at a range of temperatures are 
from freight car air brake systems that would be 
considered to be typical of in-service systems and would 
not be considered out of specification for railway 
operation. The service worn systems varied in time since 
refurbishment of three years to greater than twenty. 

The results show that the service worn brake 
systems showed a consistent loss of brake force at 
colder temperatures, and for the emergency brake forces 
where data was collected for considerable lengths of 
time, showed a decrease in holding force with time. This 
loss in performance was also seen to depend on time in-
service. These lower brake forces have several relevant 
consequences for freight train operations: 

 
1. Stopping distances in colder temperatures will 

be longer, as brake force will be lower than it 



 

 
 

would be under comparable at warmer 
temperatures;  

2. Lower available brake force when using the 
automatic (train) air brake system may require 
increased use of the locomotive independent 
brake or dynamic brake to control train speeds; 

3. An emergency brake event will take longer for 
the train to stop compared to the same stop in 
warmer conditions; 

4. Once stopped the crew will have less time 
compared to similar conditions at higher 
temperatures to set hand brakes to recover the 
train from the emergency brake situation before 
braking force is diminished; and  

5. Use of the retainer valve may not hold the train 
or control train speed in the same manner as it 
would at warmer temperatures.  

 
With the data collected by the NRC to date with 23 
service worn systems the difference in performance with 
system age is clearly seen, with systems older than 
fifteen years showing an 80% reduction in emergency 
brake holding time at -40°C after 90 minutes compared 
to new air brake systems at the same temperature. As 
stated above, the time window to secure a train following 
an emergency brake application in winter compared with 
summer is shortened considerably with air brake 
systems of greater age. The loss of brake force may also 
have implications regarding the effective use of positive 
train control (PTC) systems, where estimated or 
modelled stopping distances are used as part of the PTC 
system (Shad 2019). 

 
6 CONCLUSIONS 
 
From the over 5,000 air brake applications recorded, the 
following are conclusions which can be made based on 
the results of testing at NRC concerning freight car air 
brake systems operating at colder temperatures: 

1. New and refurbished systems do not lose 
performance to the same extent as service worn 
systems;  

2. The time that sufficient emergency brake force 
is held to secure a train decreases with 
decreasing temperatures – consideration 
should be made for the time required to apply 
sufficient hand brakes on grades following 
emergency brake applications and; 

3. Reduced air brake forces at lower temperatures 
will affect stopping times during service braking, 
as well as holding time following an emergency 
brake application.  
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