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Analysis and Evaluation of Reduction of Impact Force in a
Coupler when a Long Freight Car Brakes
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ABSTRACT

In long freight trains, there is a brake time delay in the neighboring freight cars that causes damage and
fractures of couplers, especially the knuckle of them. If there is a problem for couplers in the cars, this
could cause a derailment and lead to damage of human life and property damage. In this study, maximum
forces on the couplers are studied when a long freight car brakes, with brake delay time and coupler gap.
We have made a dynamic model of 50 freight cars and couplers, applying contact between couplers and a
characteristic curve for expressing force and displacement of buffers with SIMPACK, a multi-body dynamics
program. We use EN 14531-2 from the British Standards Institution, a standard of freight car brakes for the
verification of the dynamic model. We also use a simplified method to analyze the dynamic model of 50
freight cars. With changing coupler gap and brake delay time, we do comparative analysis with AAR M-201
from the Association of American Railroads, a standard of AAR couplers. From this result, we find that the
standard on fatigue limit is satisfied, such that the brake delay time is within 0.06 second if the coupler gap
of the AAR coupler is within 20 millimeters.

Key Words : Long Freight Car(ZCHEFX}), Coupler(24Z7(), Brake Delay(M-&X[9d), Impact Force(E2Zi21),
Coupler Gap(23Z7| M)
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2.2. AAR E& A&7 & =M Hot

7y
AAR E¥ 927]9] AZE M-201 Grade EE A}
&3t o] AL 7|AA AL [Table 1], &3H4
A4 [Table 219} 2T}

Table 2 Chemical property of AAR E Coupler

Proper .
ty C Si Mn P S vV | C
M-201 | 0.32 1.5 1.85 | 0.04 | 0.04
Grade- | Max | Max | Max | Max | Max - -
E 0] | [%] | [%] | [%] | [%]
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Table 3 AAR E Coupler requirement

Item Value Note
Breaking strength:
Coupler
bod 408 [ton], 4002 [kN] AAR
(C;) ];/) Permanent set: 0.76 [mm], M-211
T.
317.5 [ton], 3114 [kN]
Breaking strength:
Knuckle | 294 [ton], 2884 [kN] AAR
(Gr.E) | Permanent set: 0.76 [mm], M-211
181.4 [ton], 1800 [kN]
1300, —Compression
—Release
E‘ 800

Displacement [mm]

Fig. 3 Force & Displacement curve of Steel Draft
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Table 4 Results and conditions of an example of 3

Gear freight cars in EN 14531-2
Ist 65.6 [ton]
Table 1 Mechanical property of AAR E Coupler Car mass 2nd 63.6 [ton]
. ) ; 3rd 87.6 [ton]
Property Tensile strength Yield point Tnitial speed 200 [knvh]
M-201 Stonpi
824 [MPa 686 [MPa pping
Grade-E [MPa] [MPa] otanos 1656.68 [m]
. Reduction of Young's Stopping
Elongation area modulus . 58 [sec]
time
14 % or more | 30 % or more | 2x10° [MP Equivalent
- - [(MPa] 1 . 0.931 [m/s?]
Poi 'S rati Densit Thermal deceleration
oisson's ratio ensity expansion Tst 61073 [ton]
03 7.85x 1076 1.2%107° Braking force 2nd 59211 [ton]
' [kg/mm?] [1/C] 3rd 81555 [ton]
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Table 5 Freight cars mass

Locomotive - 132 [ton]
Empty 22 [ton]

Freight cars
Full 88 [ton]
Bogie - 3.8 [ton]

<Top View>
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[al [c] [B]
<Side View:>
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Fig. 5 Simulation models of AAR E coupler
and steel draft gear
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Fig. 6 Characteristic curve for an rotation of
AAR E coupler

Table 6 Characteristic curve values for
an rotation of AAR E coupler

Angle [rad] Force [N]
-P1/53.32 -200
-P1/60 0
-1.00E-05 0
1.00E-05 0
PI/60 0
PI/53.32 200
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Table 7 Comparisons of the results in 3 freight car's
simulation

Braking . .
. Braking time
distance
EN 14531-2 1656.68 [m] 58 [sec]
Simpack
. . 1686.76 [m] 61 [sec]
simulation
Error 1.8 [%] 5.17 [%]
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Fig. 7 General model and Box model of Freight
cars

Table 8 Comparisons of maximum impulsive forces
to the couplers in 5, 10, 15 freight cars

Maximum impulsive force
5 freight of Coupler [kN]
cars General Simple
230 228
Error 0.86 [%] based on 4th coupler
10 Maximum impulsive force
. of Coupler [kN]
freight
ce General Simple
cars 416 423
Error 1.64 [%] based on 9th coupler
s Maximum impulsive force
. of Coupler [kN]
freight
ce General Simple
cars 623 628
Error 0.86 [%] based on 14th coupler

ARl 2 §3H= A
Ao 12 %) 23t

&2 A3} [Table 8] #o]
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Table 9 Conditions for simulation analysis of 50
freight cars

Locomotive 132 [ton] Fig. 9 Boundary conditions of AAR coupler
Train weight knuckle for fatigue analysis
Frieght car 88 [ton]
Velocity before braking 80 [km/h]
Deceleration 0.931 [m/s]
Locomotive 123 [kN]
Braking force
Frieght car 82 [kN]
Braking delay 0.1 [sec]
Brake equivalent response time 4 [sec]
Coupler gap 20 [mm] Fig. 10 Results of AAR coupler knuckle for

fatigue analysis
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