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Abstract Cargo train braking uses the pressure changes in the air braking pipe to operate the braking
tightening and releasing service repeatedly. Air-braking release failure means partial braking caused by
a failure of the variable load valve after the driver handling the brake release. This phenomenon causes
wheel flaws while driving a wagon, resulting in wheel breakage or train derailment. This study developed
the air-braking release failure proof valve considering the technical requirements of the railway
operation corporations. In addition, a durability test of the valve was carried out using a braking
performance simulator, and its operating performance was evaluated from the pneumatic history under
cyclic braking conditions. The warranty life of this valve was assessed by performing 160,000 cycles of
testing of 12 prototypes in accordance with the zero-failure test method, considering the number of
braking cycles while driving the wagon. During the durability test, the pneumatic input time, output time,
and release velocity were almost constant. The warranty life of this valve was 59,860 times the 95%
confidence level, which means that it can be operated without trouble for four years when the valve is

installed in the bogie of the wagon.
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Fig. 1. Schematic diagrams of malfunction of the air
brake release
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Table 1. Technical requirements of the air-braking
release failure proof valve of cargo train

Production requirements

- Simple to install without major modification of existing
equipment

- Minimize weight

- Operate by mechanical mechanism

- Demonstrate a minimum warranty life of 4 years

Functional requirements

- Easy to maintain

- Possible to be installed on vehicles currently in
operation

- Minimize poor braking or malfunction of the brake
release

- All brake control valves are available regardless of type

BP
(brake
pipe)

BC
(brake
cylinder)

Fig. 2. Installation example of BP and BC in air
brake device
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BC Exhaust

(a) Baking position

(b) Release Position

Fig. 3. Operating mechanisms of the prototype valve
to troubleshoot the air brake release
malfunction of cargo Train
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Module to prevent the
Release Failure

A/D Converter

(a) Testing machine

Pressure
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Data
recorder
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brake device
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Air supply
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~

Checkvalve3 [ prototype valve to troubleshoot

the air brake release malfunction
of cargo Train

(b) Composition diagram

Fig. 4. Durability test equipments of the air-braking
release failure proof valve

Table 2. Design specifications of components

Item Contents
Voltmeter M4Y-AV-6, AC220[V]
Power switch [KG SERIES KGF-NMIR, AC220[V]
Power Emergency switch KG SERIES KGE-N4RIR,
supply gency ¢ AC220[V]
Timer FX4S, AC220[V]
Touch pannel 7linch]
L Type : SPSA
Pneumatic | Digital pressure Power: 12~24[VDC]+10%
pressure sensor Current : < 50[mAl
control
Pneumatic valve AC220[V]
Braking cylinder Diameter: 14[inch]
Air brake Auxili ir
test ary a Capacity : 170IL]
simulator reservoir
Air filter TAF4000-04

220[V1/60[Hzl, 2.4[kW]
Capacity : 90[L],
Pressure: 6~8lkg/cm’]

Type : PA-21S,
Range : 0~10 [bar]
Output : 1~5[V]
Power : DC 15[V]

Air compressor

Pneumatic sensor
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Fig. 5. Pneumatic histories of the prototype valve
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Fig. 6. Analysis results of the operational information
recorder for cargo train
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Table 3. Zero failure test time calculation for
durability test of the prototype valve for
cargo train

1. Warranty life : 59,860 cycle (Bm life)

confidence level CL= 95%
ﬁ(shape parameter in Weibull 1
distribution)
No. of sample n=12
2. Zero-failure test acceptance cycle
—0.95 1
t, =50,860 « | (nhf m(l (lof‘:)).l) JT= 141834 cycle

3. durability test cycle

zero-failure test cycle : 141,834 — 160,000 cycle
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Table 4. Operating times and speeds of the

prototype valve during the durability test

1 10,000 80,000 160,000
cycle cycle cycle cycle
Bréking 11.5[sec] 11.5[sec] 11.6[sec] 11.6[sec]
Time
Release cc -
Ti 5.5[sec] 5.5[sec] 5.5[secl 5.6lsec]
me
Release | 1 ootm/sl | ~1.07lm/s] | ~1.07im/s] | -1.08m/s]
Velocity
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Fig. 7. Pneumatic histories of the prototype

valve during the durability test

(b) Spool

(a) Body

Fig. 8. Major parts status after end of test
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