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ABSTRACT

In long freight trains, there is a brake time delay in neighboring freight cars, which causes damage and
fractures in the couplers, especially at their knuckle. A problem in the couplers of the cars can cause derailment
and damages of human life and property. In this study, maximum forces on the couplers are studied when a
long freight car brakes with the brake delay time and coupler gap. We make a dynamic model of 50 freight
cars and couplers, applying contact between the couplers and a characteristic curve to express the force and
displacement of the buffers using SIMPACK, which is a multi-body dynamics program. We use EN 14531-2,
which is a standard of freight car brakes, to verify the dynamic model. Then, we compare the analyzed impact
force with the coupler knuckle standard after applying the two carriages of a locomotive in the model based on
the dispersed double head control system. The result shows that all coupler gap conditions satisfy the infinite
lifetime of the material when the brake delay time is 0.1 second.

Key Words : Long Freight Car(ZCHZFAl), Coupler(24Z71), Brake Delay(M&X|21), Coupler Gap(G1Z7| SAN),
Distributed Control Braking System (&=2XHK| 01K S A|AE)
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Fig. 1 AAR E coupler drawing
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Table 1 Mechanical property of AAR E coupler

P . Tensile Yield point
roper ie oin
pery strength P
M-201
824 [MPa] 686 [MPa]
Grade-E
. Reduction of Young's
Elongation
area modulus
14 % or 30 % or 5
2 10° [MPa]
more more
. . . Thermal
Poisson's ratio Density .
expansion
03 7.85x10°° 1.2x107°
' [kg/mm®] [1/C]

1600 -

1200

Compression
Release

©
t=1
S

-

Force (kN)

/—/

400

40

—_—

60 80

Displacement (mm)

Fig. 2 F-D curve of steel draft gear
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Fig. 4 Dynamic models of coupler and draft gear
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Table 2 Freight cars mass Eddel AHeE si4 =UE Table 3041 21l
_ 5 & F ow, Table 4 34 AHAE A 3ATh
Locomotive — 1232 [E“’r;] A A= EN 1453129 AEALE 1656.68 m
Freight cars ;Il I;ly 33 [tZE] ATAE 58 sec, HT BA AFAZE
Bogic - 3.8 [ton] 1686.76 m A|FAIZEE 61 sec ©|t}. EN 145312 U

Table 3 Results and conditions of an example of 3
freight cars in EN 14531-2

Ist 65.6 [ton]

Car mass 2nd 63.6 [ton]

3rd 87.6 [ton]
Initial speed 200 [km/h]
Stopping distance 1656.68 [m]

Stopping time 58 [sec]

Equivalent deceleration 0.931 [m/s?]

Ist 61073 [ton]

Braking force 2nd 59211 [ton]

3rd 81555 [ton]

Table 4 Comparisons of the results in 3 freight car's
simulation

Braking . .
. Braking time
distance

1656.68 [m]

EN 14531-2
Simpack

58 [sec]

1686.76 [m] 61 [sec]

simulation
Error

1.8 [%] 5.17 [%]
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Table 5 Comparisons of maximum impulsive forces

Table 6 Conditions for simulation analysis of 50

to the couplers in 5, 10, 15 freight cars freight cars
Maximum impulsive force . . Locomotive 132 [ton]
Train weight -
5 of Coupler [kN] Frieght car 88 [ton]
freight General Simple Velocity before braking 80 [km/h]
cars 230 28 Deceleration 0.931 [m/s?]
Braking f Locomotive 123 [kN]
0 raking force
Error 0.86 [%] based on 4th coupler g Fricght car 82 [kN]
Maximum impulsive force Braking delay 0.1 [sec]
10 of Coupler [kN] Brake equivalent response time 4 [sec]
freight
8 General Simple Coupler gap 20 [mm]
cars
416 423
1200
Error 1.64 [%] based on 9th coupler Coupler 1
10004 coeeeeeeenn Coupler 10 /\’\ ’\
Maximum impulsive force — — - Coupler 29 Y
s 8004 —.—-Coupler 40 e
of Coupler [kN] % — = Coupler 49 V)
freight =~ 600 -
c18 General Simple g
cars £ 0]
623 628
2004
Error 0.86 [%] based on 14th coupler
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Fig. 6 Results of coupler forces in 50 freight cars
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Table 7 Experiment results about brake delay

Emergency Brake delay Brake equivalent
brake time response time
Locomotive 0.4 [sec] 1.8 [sec]
lcar 0.2 [sec] 2.8 [sec]
10car 0.7 [sec] 4.3 [sec]
20car 1.2 [sec] 5.8 [sec]
30arr 1.7 [sec] 7.0 [sec]
50car 2.9 [sec] 8.7 [sec]
2000
| Permanet strain of AAR coupler kuckle /. 1904
1800
1600
—~ 1400 /
z ] / 930
o 1200
Q
S ol 930 953 /
= 1 887 P ¢ o5
800
| Fatigue limit of AAR E coupler material
600
T T T T T
0 10 20 30 40 50 60

Coupler gap (mm)

Fig. 7 Results of maximum coupler force according
to experiment data
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