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• Cold weather exacerbates the air pressure leakage seen by air brake system, 
reducing effectiveness – this is well known in the industry

• Many railways have winter operation plans or procedures to help mitigate this

• The effect of cold weather on air brake systems has been studied in a limited 
fashion, but a full understanding of the deficiencies associated with cold 
weather conditions is lacking

• The NRC built a cold weather air brake facility to quantify the effect of cold 
weather on freight air brake systems, under controlled and repeatable 
parameters

Introduction



Cold Weather Air Brake Facility (CWAB)



• Over time, the NRC tested numerous service-worn and new/refurbished systems in 
the CWAB facility

• Service-worn systems were provided to the NRC by partner shortline railways
• All systems were subject to a single car air brake test prior to testing in the CWAB 

facility, to ensure functionality 
• Controlled climatic testing was performed at 5 temperatures, in some tests, 0°C 

was replaced with 5°C (41°F): 
0°C (32 °F)      -10°C (14°F)      -20°C (-4°F)      -30°C (-22°F)      -40°C (-40°F) 

• Brake applications were conducted at 2 nominal brake pipe pressures: 90 and 75 
psi, representing cars at the front and rear of a train

• Brake applications included: a minimum service application, a full-service 
application, and emergency application, each held for 10 minutes, as well as an 
emergency brake application held for 90 minutes

Test Procedure



Units Under Test

Partner 
Railway

No. 
Systems

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 1 – Service-worn system summary
Condition No. 

Systems
Service 
Portion

Emergency 
Portion

Refurbished 24 ABD/ABDX Various*

New 2 ABDX/DB-10C ABDX/DB20

Total 26 - -

Table 2 – New/refurbished system summary

*Included ABD, ABDX, ABDS, ABDW portions

RW1 refers to the first partner railway, etc.



Results: Minimum, Full-Service, and 
Emergency Applications

Figure 1 – Force after 10 minutes, 90 psi BPP, service-worn Figure 2 – Force after 10 minutes, 90 psi BPP, new/refurbished 



Results: Minimum, Full-Service, and 
Emergency Applications

Figure 3 – Force after 10 minutes, 75 psi BPP, service-worn Figure 4 – Force after 10 minutes, 75 psi BPP, new/refurbished 



Results: 90-Minute Emergency Application

Figure 5 – Emergency Brake Force after 90 minutes



Results: Effect of System Age and 
Temperature 

Insert your 
Company logo

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



• In addition to the general decrease in performance at cold temperatures, other 
failure modes were observed during testing

• These included, but were not limited to:
• Over-braking, where a larger-than-expected brake cylinder pressure and 

force for a given brake application was observed
• The loss of emergency reservoir pressure during service brake applications
• No response to brake pipe pressure changes, and a failure to pressurize the 

brake cylinder
• The examples shown come from systems that passed the single car air brake 

test prior to testing in the CWAB facility

Modes of Failure



Modes of Failure – Over-braking

Figure 7 – Time history showing over-braking instances at -40°C



Modes of Failure – Loss of 
Emergency Reservoir Pressure

Figure 8 – Time history showing loss of emergency reservoir pressure during service brake applications at -40°C



Modes of Failure – No Response to Brake
Pipe Pressure Changes

Figure 9 – Time history showing failed brake applications at -40°C



• Controlled climatic testing on 29 service-worn freight railcar air brake systems 
showed a decreased performance with decreasing temperature

• Of the tested temperatures, the highest performance losses were seen at 
-30°C and -40°C

• Generally, new/refurbished systems maintained consistent force levels down to a 
tested temperature of -20°C, showing some signs of performance loss at -30°C 

• A decrease in performance was observed with increasing age, or time since 
refurbishment 

• Reduced brake forces at lower temperatures will affect stopping times during 
service and emergency braking 

Conclusions and Recommendations



• The time that sufficient emergency brake force is held to secure a train 
decreases with brake system age and decreasing temperatures

• Cold temperatures combined with system age were shown to result in failure 
modes not detectable by visual inspection or by the single car test

• Railways should be aware of air brake failure modes that appear only in cold-
weather conditions and therefore would not be flagged by single car tests 
performed at warmer temperatures

Conclusions and Recommendations
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