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Background

« Air brake systems are known to have a loss in performance with a drop in
ambient temperature — this is typically attributed to air leakage.

« This performance decrease has been known for as long as the modern
railway air brake system has existed.

« Understanding of temperature effect on air brake operations is not well
documented - industry practice is to adjust operating conditions, sacrificing
productivity, dependant on past experience to maintain safety.
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Research Objectives

» What is the performance changes the complete air brake
system at low temperatures?

* Include all major air brake system components:

« service and emergency portions, pipe bracket, and pipe fittings
and portion gaskets

* brake cylinder

* empty-load valve

* retainer

* reservoir tanks (auxiliary and emergency) with fittings

» Objective is to be able to understand all these components
operating as a whole system under extreme cold
conditions.
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NRC Cold Weather Air Brake Research Lab

Goal: To test multiple freight cars at one time under controlled temperatures.
The solution: build a compact arrangement of brake system components.
 testing of brake systems and understanding of interactions of systems as
they would experience in a train.
* modular system of multiple brake units.



Design: Compact modular brake system

Modular system: compact arrangement of all
key brake system components into a compact
space:

« air reservoir tank

* brake valve

 EL-valve

* retainer valve

* Dbrake cylinder

» 40 feet of brake pipe

e connecting hoses, angle cocks, gland hands
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Design: Fully instrumented
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Data recorded throughout testing:

brake pipe pressure (PrBP)

Auxiliary reservoir pressure (PrAux)
Emergency reservoir pressure (PrEmer)
brake cylinder pressure (PrBC)

Brake cylinder force

piston displacement

Air flow into test setup (SCFM)



What this research is intended to be:

This research IS intended to:

« Learn about the performance capabilities of freight air brake systems in cold
temperatures.

« Better understand, possibly quantify, the change in operational risk due to cold
temperatures.

» Discover diagnostic tools to identify when a component should be repaired or
replaced.

* Report findings to industry to improve safety, reliability and efficiency.
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What this research is NOT

This research is not intended to be or to be used as:
* An audit of brake component manufacturers.

» An audit of brake rebuilding facilities, processes or procedures.
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Inaugural Research: Hudson Bay Railway
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12 functional service worn systems from HBR

visual
Unit ("#1") SCABT | reason | Est. AGE
1 pass pass 10
< 2 pass pass 11
S 3 pass pass 6
g 4 pass fail  [>225CIm 9
5 pass pass unknown
6 pass pass 13
7 pass pass unknown
" 8 pass fail >225 CIM|funknown
S 9 pass pass unknown
8 10 pass pass 5
11 pass pass unknown
12 pass fail retainer [[unknown

12 functional service worn systems from HBR
Sent in 2 groups of 6 systems

All systems pass visual brake inspection: piston

extends with service brake application

SCABT at NRC found 3 ‘fail’:

2 for excessive leakage (systems function but
require more than 225 CIM air flow to charge.

1 system failed during retainer test (with new
retainer).
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Overview of Test Conditions

The systems were tested at temperatures of:

- +10°C, 0°C, -10°C, -20°C, -30°C, -40°C

« The electronic air control system made consistent and repeatable air brake
applications at each test temperature.

* 90 psi representing a front of train brake pipe pressure

« 75 psi representing a rear of train brake pipe pressure (allowable 15 psi loss
of pressure to rear of train)
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Repeated for all systems, from +10C to -40C

288 data cycles

:.mﬁ SO e [ |

: > / ( 4% - 82,75 and 90 psi BPP
[rowcn _—ren 40

1 - - 1872 brake applications
. B = ‘ 2 :

nﬂ Syl i(

1152 brake application data
points (75psi and 90psi)

* Qualitative and quantitative

[ Mﬂ \{ ﬂ look at the data
m &m 15 mz'n
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Brake Application Tests
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At each brake pipe pressure, brake

applications resulting from brake

pipe reductions of 6, 12 and 26 psi

were completed,;

a 26 psi full service application
followed by an emergency brake
application, held for 1 hour;

an emergency brake application
from fully charged state, held for
6+ hours.



Results

Qualitative analysis: assign a pass, pass/fail, or fail to a system based on
what an inspector would see

Pass: brake piston extended and remained extended
Pass/fail: brake extended, but data shows an issue, or possible fault

Fail: visual inspection shows no brake piston extension (“#1” brake test)
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Qualitative analysis: grading system

s

T

| No brake N
piston
extension
| h : }‘ :
6000 8000 10000 | . 10000 12000 14000 16000
Fail Pass/Fail Pass

00 =



.w_.r_PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
2l
m.DI%33_-__-_3:_-_3::33:33::33:33:33::33::_-_33_-_:
- =
- &

=

2|7 ¢ 5
]

= &8PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPW;

B =

= Q

M W_.r_PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPn_.DnDnn_.Pd

- =
a2 e ]
B[ =
;.JW_Ilﬂ33DDD:DD::33:33::33:33:33::33::DDDD:b

=

_...m 3
m-bFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFW
m

= m | n m m m n m m m m n =

M.E_u_l_u_lFF_u_l_._l_._rFFFFFFFFFFFFFFFFFFFFFFFFFFFFFH

= o
o || & 2

[T w [T wlwfw wo|w | w w || w U [ W U | VR VA JVE N wo|w | w w
AR EEEE EEEEEEE S RS EE A SRR EE B
T_M. =
o w w wofw |w|w w w [T (T T W fwfw wofwl|w TRITH
Pw_l.ﬂ_JFF_._FF_.__J::FF::::::::::::MMMMMM::3:::%
mh =

m msFFFFFF_m.FPFFFPPFPFFPPFPFFPFPPFFPFPPFFm
@
; -
H MEx.FFFx.FFPF:F_J_.FFPFP__"_rFPPFP_JFFPP__"_rPx.FPPx.P__u_rFGD.
&
SS..W.- (=]
2
n e |l n n | n wlw |w n wlw | n [V T T T T | w [ @
T I el Bl e o e e o B S o e e A S S e s e Y A S e S S R A s £
B8 5
o [T w [T W fwfw |8 [T W [T ofw | w W fue pupuw | wfw Wl
ﬁﬂﬂ_JF_._P:F_._:::DF:PDP_._::P:P:::P:::_.__.__.__JP_._:..C
- =
[l e
w wlw w wlw wlw wlw wlw wlw wlw w Wl
BEPFFFFFPPPPFFPPPPPPPPPPPPPPPPPPPPPPPPH
(=]
4 =]
.m_...8G,_uuuq_/_?EG._uWQ...SS.UWQ_...SGﬂ._u__zTaGﬂ.WQ,..SG,_UWQ.W
2 o~
o
[
N F—
2 =
O =] 2 S 2 & =} .
§E b ? o _ = - g
= (=]
=
b
B w ffo e oo foe B fle e o e fe o flofe jo e o e flo e o e e e e e e e o fo e fefefo]e]o
i1
205 ® fofo|ofo|o|ofo|o oo o |5d]e]e|o|o]o|o]o|o e oo oo oo (o |e]e] e e|efs
Ta
e fl&| ¥ |lo|o|o|o|o|ofe|e|o oo B oo o] o jo]o] e (oo oo (oo e oo fo]e]e] oo
<170 %
& I~
ﬂ _H_..bPPFFPFPPPPPT_.PPPPPPPPPPPPPPPPPPPPPPPP
4
5 -
m .WEPPPPPx.PPPPPx.PPPPPPPPPPPPPPPPPPPPPPPP
® 2

mP
ﬁmHPP__u__.PP__u__.PPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
=

ol oo |ole|o|ble|ofe|oo| oo oo fo]o]lo]o oo o foe|o]o|e|ofefefe]e|e]a
n - [ [

=2

[l

g e |lo o o fo | e e fo o e [ e e oo fo o ffo e fo oo fo oo oo e jofe]oeofo|o]|o.

MEFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
L
R R R Y Y S Y Y O S S Y A O I S Y Y S A S Y Y A S A e
als
ﬁ.m.ﬂ::F_._F_._::F::_.___u__.:F:::x.:F:::::F:::__u.r:F:::

o
A

m mBPPFPFPPPFPFPPPFPPPPPFPPPPPFPPPPPFPPP
=
)
H HEE A O E RO D E OO AR S RO O A E OO O e e
1 a
3 2
218
mmmFPFPFPFPFPFPFPFPPPPPPPPPFPPPPPFPPPPP
=
g e
wfl & ¥ oo juoe|uofe|e|w|o|ejefble|ee|eje|ble|e|e|e|efeofe|we|jefe|jefofe|e|e|of.
S F
[
BEFFFPFFPPFPFPPPFPFPPPFPPPPPFPPPPPFPPP
h
-}
R G R G R R A A G R R L R A R A e e R e R A e T I e s
=
[
sl 9 3 8 2 6 e
R




Quantitative

« Air flow into the system (6 units)
* Full service brake forces
 Emergency brake forces

 Emergency brake 60 minute pressure loss
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Air Flow

2.5 « Air flow entering the brake pipe
for 6 systems

« Air flow is measured at the fully
charged state (90 and 75 psi)

 all air hoses are new

Average flow per unit (SCFM)

« new gland hand gaskets

Temperature (°C)

—8—90(RF) -e-75(RF) —m—90(SW) -e-75(SW)
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Effect of Temperature on Emergency Brake Force
(Group A 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems

Brake Force (Ib)
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Emergency Brake Force after 60 minutes: Service Worn
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Emergency Brake Force after 60 minutes: Refurbished
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Effect of Temperature on Full Service Brake Force
(Group A 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems
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Full Service Brake Force after 13 minutes: Service Worn
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Effect of Temperature on Emergency Brake Cylinder
Pressure Loss Rate

(Group A 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems

Brake Cylinder Pressure Drop Rate (psi/min)
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Emergency Brake Air Pressure Drop Rate: Service Worn
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Emergency Brake Air Pressure Drop Rate: Refurbished
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Effect of Temperature on Emergency Brake Force
(Group B 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems
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Emergency Brake Force after 60 minutes: Service Worn

| 14

°
o
H —
//’.‘
°
°
.
-30 -20 10 0 10

Temperature (°C)

Brake Force (Ib)

6000

5000

4000

3000

2000

1000

-a0

Emergency Brake Force after 60 minutes: Refurbished
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Effect of Temperature on Full Service Brake Force
(Group B 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems
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Full Service Brake Force after 13 minutes: Service Worn
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Effect of Temperature on Emergency Brake Cylinder

Pressure Loss Rate
(Group B 6 units, 75 and 90 psi BPP)

Service Worn Systems

Refurbished Systems

Brake Cylinder Pressure Drop Rate (psi/min)
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Emergency Brake Air Pressure Drop Rate: Service Worn
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Summary

Refurbished brake systems performed as well at colder temperatures as warm.

For service-worn systems, air flow demands were high, and when below -30°C
were over 10x greater than at 10°C.

In contrast, air flow demands of refurbished systems were low and rose only
slightly with lower temperatures.

Service worn systems (of various ages) showed drop of in performance with
temperature, without a distinct cut-off or break point temperature.

As temperatures dropped, new leaks occurred at flanges and connections —
tightening fasteners would remove of reduce these leaks.
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Conclusions

Recommendations to HBR that resulted from these tests:

 Even when cars pass the SCABT (at temperatures above -20°C), replace older
brake systems that exhibit poor performance in extreme cold with new or
refurbished systems.

* Follow all AAR maintenance practices: replace gaskets, filters, etc. as required
when replacing portions. (eg, do not re-use portion gaskets.)

* Maintain the locomotive air compressor system: clean dry air is a
requirement in cold conditions.

Do not rely on service or emergency brake to hold cars or trains — always

apply hand brakes.
pPply 00 -



Thanks to:
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Thank You!

National Research Council Canada

Automotive and Surface Transportation Research
Centre

2320 Lester Road, Ottawa, ON
Dr. Elton Toma

Elton.Toma@nrc-cnrc.qgc.ca
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