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Table 1 Cross-sectional area matrix with different parameters mm’
I d/mm
mm
50 75 80 100 115 130 150 170

60 8.64x10°

75 2.45x10°

80 3.06x10° 6.09x107
100 5.89x10° 3.44x10° 2.83x10°
115 8.42x10° 5.97x10° 5.36x10° 2.53x10°
130 1.13x10* 8.85x10° 8.25x10° 5.42x10° 2.89x10°
150 1.57x10* 1.33x10* 1.26x10* 9.82x10° 7.28%10° 4.40x10°
170 2.07x10* 1.83x10* 1.77x10* 1.48x10* 1.23x10* 9.42x10° 5.03x10°
190 2.64x10* 2.39x10* 2.33x10* 2.05%x10* 1.80x10* 1.51x10* 1.07x10* 5.63x10°

22 A[FZHT R AR R
Table 2 Area moment of inertia matrix with different parameters mm*
o d/mm
mm
50 75 80 100 115 130 150 170

60 3.29x10°

75 1.25x10°

80 1.70x10° 4.57x10°
100 4.60x10° 3.36x10° 2.90x10°
115 8.28x10° 7.03x10° 6.57x10° 3.68x10°
130 1.37x10’ 1.25x107 1.20x107 9.11x10° 5.43x10°
150 2.45%107 2.33x10’ 2.28x107 1.99x107 1.63x10’ 1.08x10’
170 4.07x10’ 3.94x107 3.90x107 3.61x107 3.24x107 2.70x10’ 1.61x107
190 6.37x10’ 6.24x10’ 6.20x10’ 5.91x107 5.54x107 5.00%107 3.91x107 2.30%107

SRRl T, M8 D=115 mm. d=100 mm i},
FFAE I L il 5 B 4 D=80 mm . d=50 mm [} $2& F} 8 it
20%, JEHIS/INERIL 40%. ZEAAA U R IR
) 100 mm ¥ 140 mm E28 0, K E /A b bsfE GB/
T 17395—2024"", GB/T 8162—2018". ISO 4200:
1991%1 EN 10297-1:2003V 45 4 77 1) B J& 15 SR 2 B
WIS D=114 mm. =8 mm. d=98 mm ML ER ], (a) HZET|FF
FEIRET T SRR 7 B TR S 50 E

2 RS

SRS RURE T I L 9 R, AU AR BT
JRE i 2 5 e RS S P LT« IR P T L AR A

SHO250 KN, HTECE DT AR +200 kN; %2 N
G RR R A, i A B A/ T 480 ' e I
MPa. 43 5 % 57 28 2| AF i AT FS AT RS 7 . 4] 4 Fig. 4 Mesh illustration of coupler shank
B N, SERERMEG IR KA R

2.1 BREE 2.2 [EER5EE

P 50 5 i T 58 B BT 2 R0 I an 5 L P 6 i Fa st — X AR TE S HOIR S I (1 Al R 2 5 7 BB



34 it et

2025 47 A

S, Mises

CE¥: 75%)

+4.392E+02

+4.051E+02

+3.711E+02

+3.370E+02

+3.029E+02

+2.689E+02

+2.348E+02

+2.008E+02

+1.337E+02

+1327E+02

e ;
+3.048E+01 Zngey

. F3/MPa

(a) BUAZ5 AT

S, Mises
CE¥: 75%)
+4.818E+02
+4.420E+02
+4.022E+02
+3.623E+02
+3.225E+02
+2.827E+02
+2.429E+02
+2.031E+02
+1.633E+02
+1.235E+02
+8.365E+01 Y
+4.384E+01 z y
+4.023E+00 x
W J1/MPa

(b) JFA=51FF
KIS A AT AT e L0 25 2R

Fig. 5 FEA results of static tensile strength for coupler shank
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Fig. 6 FEA results of static compressive strength for coupler
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Fig. 7 Simulation model of buckling strength
for a pair of couplers
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Table 3 Comparison of results with different diameters

o 200 KNZAT B 250 KN # i —F
%5 d/mm D/mm JEHE/kg

GES GEES
1 50 80 90 1.00 0.80
2 98 114 85 2.00 1.60
3 92 114 100 2.28 1.82

3 H, SRAMMASE (D=114 mm, d=98
mm) [, AR 85 kg, 200 kN JE45 24 T I
M4 280N 2.0;5 RIMEARSZ 250 kN 2007, i il 25047
i )£ EN 12663-1:2010+A2:2023 2Rk (=1.5), FHiZ
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Fig. 9 Test bench with a pair of couplers
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Table 4 Static compressive strength result

ZH LIS 205 3R 405

VAR BL4E
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(wm'm™)

-40  -638 -514 273
-14  -665 =532 276
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Table 5  Static tensile strength result
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Table 6 Load under critical buckling kN
[/mm
D(d)/mm
300 900 1 500 2100 2700 3300 3 840
80 (50) 3.85x10* 4.28x10° 1.54x10° 7.86x10° 4.75x10° 3.18x107 2.35%10°
114 (98) 8.50x10* 9.45x10° 3.40x10° 1.73x10° 1.05x10° 7.03x107 5.19x10°
114 (92) 1.08x10° 1.20x10* 431x10° 2.20x10° 1.33x10° 8.91x10” 6.58x107
it l/s Je 28K Ao 5 A R LA G o e R B R R R

0 50100150 200250300350400450500550600650700

B e B AR K
Fig. 11 Test data of displacement
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Research on optimization of tram coupler parameters

based on buckling analysis

ZHAO Hai, ZHANG Jianqi

(Coupler and Draft Gear System R&D Center, CRRC Brake System Co., Ltd., Qingdao, Shandong 266031, China)

Abstract: To meet coupler requirements for yield strength and buckling strength while aligning with the lightweight design con-

cept, this paper presents a parameter optimization model for the primary load-bearing members of tram couplers and draft gears. This

model directly links members’ cross-sectional parameters to coupler yield strength, buckling strength and total mass. Specifically, the

cross-sectional area is directly related to the mass, while the area moment of inertia directly affects the buckling strength of the coupler

and draft gear system when coupled. This paper proposes to use the area moment of inertia as the evaluation index for optimizing mem-

ber parameters. With a fixed total coupler length, the optimal cross-sectional form and parameters of the coupler shank are determined by

establishing correlations between the cross-sectional area and the area moment of inertia. The final cross-sectional parameters are initial-

ly selected taking into account the dimensions of common profiles, and then optimized through three-dimensional yield strength and

three-dimensional buckling strength calculations. The optimized results are then verified by the yield strength and buckling strength tests

conducted on entire couplers. The proposed method provides a reference for the parameter optimization of similar coupler and draft gear

devices.

Keywords: tram; coupler; buckling; parameters; optimization; simulation; finite element
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