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Abstract

The bogie plays a crucial role in high-speed trains. Continuous research on lightweight design can fur-
ther improve the train’s performance, reduce energy consumption, and lower costs. Therefore, this pa-
per establishes a finite element model of a built-in bogie frame, using ANSYS to analyze static strength
under five operating conditions and fatigue under four fatigue conditions. Based on the structural stress
method, the fatigue life of four weld seams in high-stress regions of the fatigue conditions is analyzed.
Then, size optimization is carried out based on the strength analysis results and sensitivity. After
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optimization, the bogie achieves a 4.8% reduction in weight while meeting fatigue strength require-
ments. The optimized model is subjected to dynamic analysis through ANSYS-Simpack co-simulation.
The simulation results show that the lateral vibration acceleration, vertical vibration acceleration,
derailment coefficient, and wheel load reduction rate all meet the standards specified in GB/T 5599-
2019. The lightweight goal is achieved, and the vehicle’s running stability and safety also meet the
requirements.

Keywords

Built-In Bogie, Weld Fatigue Analysis, Sensitivity, Size Optimization, Rigid-Flexible Coupling

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

It 5 ] ek B B (HISR) i BE AT MR 5 A A0 AT RR 587 1d B EOR T SR T, i ki R 4
CLZE [ B SO T A2 X 2% () G BER AR 70« AEIX—RRRGEH, B 2R 1VE AN Rk 4 % O R 3
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PIJT IR AR bR, 23 7Tk . A28 {8 HyperMesh #1375 r) ZE 04 42 1 SEAR AT PR
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FANR 7 B BEAT 1 3 M. ST 1 1 B A SRR G R SR AL L, R R B R BOR B  B
R T IRGER ST, A RERTE TP ST IR . d Tl EAARAB IR AT 1 B U A A ) 4R
PR, AKAE EN 13749 brAEBTE T 12 SR 07 8 i, B4 T R T AR i A 57 SR B R, O
SERCT A R T . DHTE A REIR: AR SRR R O BN T 1 RFEET B DR

EHER, BEEARICEN BT Z N, et £ TR Uk -h AR B 2. fifb it
TR LA B, B RS IA AR SE PR L, B SRS AT & Bk B s m i . JCHAZ
FEPRAETT %, EAERFFEMGINEIRAZ AR T, HEBSWI RS SHEE . 5125, LUEFI
WHERER HAs . PR o, MERHBARAL BT, R aS M RCR Ak RE .

AT R AMEAL . RATIRAE TIRTEAE RS AL S5 2 M. fEA SO, RTILAL[4] ik
FHER EZRRATF B, R B AR S5, ORI RV BERF I . R[S 12E T am B o i
MgR, SE MBI S RITINE, EE R mse i M 2T T RS i), 1
RS AT B, sl Etl, FUEIRAC 14.8%. W[5 T T M E T as R, 1EIRIER
QR RA —E ZAREIA L, XN R AT T RS . MU T AT T
SR LA 57 1R R IR AL TH AR, G5 RARH], B AR O T P 0 57 s L B EOR . UL, WIS E R,
BT 6%, HEE. SR 7R FERE MRS A A BT X R, T JISE 4207 FrAEEAT T #9R
FEIIMT AR 57 73 AT o SIS B R fE S T 000, SR DU A S adons Wy AT RO AL ) LRI 1 6.5%.
23t AL, DUAL)S, ERIREERE ST R LI RF AR AEEOR, S TR SR EACKI B . B, (THR8R
JHE T o0 7 g T AP T 9, DA e MUST A AAL F AR, 0 AT 1 TSR AL . BRI SEBL T 100%1K)
FEEME, JREERSLT 2 kg M EAL.
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BB AN R, @it HyperMesh #A0 Hdb T ARR G EERE, %8 EN 13749-2011 5 UIC 615-4
MIERE 9 M LAERAT, 1EH ANSYA B0 AT H# R, FFAHE T B 45 500 O BB AT i
fAbEE . FR A% T HyperMesh H1) OptiStruct B Hab AT R~F ik, Ll s/, UAEHFH
RLIMEAENLIR B bR, FIZE SR R A N B AR &, 8 Id OptiStruct AEH AT AL .

2. BN RREER
2.1. RENERNTE

ASSCRI A )2 — R S35502 W (H) fef 56 B AW AR T F IR R 540 o M SRR By TR s R AL LR
HATEESE By R R BOMRIRAE . MR 1, FrERAP R SEA T 22 PR RE S T4 1

Figure 1. Structure diagram of the built-in bogie

1. REREEREHE

Table 1. Basic mechanical properties of materials

F 1. MREKRNFEEEE

A Ak i AR5 3 /MPa B o8 5/ MPa
P ZEERBAR )& < 16 mm S35512W (H) >355 490~680
16 < RIS <40 S355712W (H) >345 490~680
TG Q345E >345 470~630
3l i e Q345E >315 (4 A+ E & 80~100 mm) 470~630
— RIENLHE Q345E >345 470~630
7] 1E 4% Q345E >345 470~630

2.2. BIRTEBREL

B UG ) 2R PR oA R a7 =R 7 B e S5 SE AR B e 45 A, BT RSTIR 8 =K, il 3l 17 B
R ) 1024 R R LM A T IR 2 K FH Sk e, HoAh ¥ N 5E Bt . TR SRRl N T — AN e BRI H IR e A,
HoAr 35 SR B0 242,981, HITRECN 1,325,948, HrR sk BT EUE N 606,430, 7R ICEUE N 719,518,
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Figure 2. Finite element model of the built-in bogie

E 2. AERFERRERTER

3. BmE TR BBk
3.0, ETRAEE

AT SR % oW B R RS, HEN 7100kg, 3L 576 FEAL, GG 10 AN SSENAL . 28 A2
RLAN 538 AN AR AL, T RBHAET B EE GO T, BRI 7508 206 kKN/mm A1 215 kN/mm, 3
1) D41 7 23 R0 B A A 5 VO R 40 30 375 KIN/mm A1 501 KN/mm, 42 £ b5 i) 42 2 6] (1 f KBRS &y 70,
BRI G IARL 18 m?, HLEMNRE RECH 0.15, JUZERECH 0.2.

TR 0 PR B AR 1 0 R SR S R AE AR SR AT 8 7K B B AT R, L R BN A LA T AT AR
M AT E . 22T A R AR A B SR G AE

1) W)
14g*(M, +P—2m")
F o = (D
4
2) MR EAT(E A 4450 ):
Fymax :104+—(MV+R)*g (2)
12

TR FIAERRAS 2 BB (R i 00 -

F,=K,*D, 3)
R FAERE ) a3 (R 1 28 A
F=2%(F,, ~F,) @)
3) S
F,=m"*5g &)
4) FEEEON IR SR TR A -
F;clmax =01*(F;max +m+ *g) (6)

TEFTEREAF5e b, WARSRE LSRG, AR HIAERE M SR S0
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F, =2400*1% ™

BB BT R 1% A #A, REE I 2400 mm, N AR HA RO TE AR O 24 mm.

N F NIRRT RBUE KN ¢ NEIEEHE; M, REPTHINIRE; B RRRBIT
B m" RN E; F,, NERMFERG T F F, 20508, Jes e 8 8l K =2
TRBIERIRIA NI D, & AR TR SRR B KRR B F, AT BRI 3T SR F s
Fy NPEANE 5] SRR 2 B BAT IR F o NEETERAT IR Fy 9 i3

et S5 B B AU F AR AT Tl s, 3309 2.

Table 2. Extraordinary operating conditions combination table

#=2 BEIAABAER

! T 3T - - o
T e 71 B A7 » N LE= ] 11 Ay B2
A e b4
1 - F;max
2 -F +1F
zmax 2 Xsb

3 e +F 5
4 i +F, + + 1
5 -F +Fy

zmax

3.2. BEILRWWHEESR S

TERR AT TR, 22 R &4t Von-Mises W /73554 MEHA R IRSREE, 4B i148 45 S
3 P, oA N B KB IR B T AR 5] SRR N AR IX 8, S JI{E N 232.742 Mpa, N )z Bl A
3 B

Contour Plot
Stress{vonMises, Max, CornerData)
Global System
Advanced Average
2327E+H02
2.069E+02
1.810E+02
1.552E+02
1.293E+02
1.034E+02
7.758E+01
5172E+H01
258BE+01
2143614

]| |

Max = 2.327E+02
MNode 287265
Min= 2.143E-14
MNode 45432

265
Dynamic Max. Value = 232.742

Figure 3. Maximum values of Von Mises in the frame under extraordinary operating condition 2
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Table 3. Maximum stress values and their locations for each operating condition

F#3. EIRAKRANNEUARBIME

T >INV A B KR J1{E/MPa AR R 5 /M Pa
1 WHE b 360 7 5 pe b7 202.008 345
2 5| 3R A R 232.742 345
3 A2 T| 3¢ J8E A FR A 2 232.490 345
4 IGE b5 bR 2 SR N Uy 232 345
5 WGE b5 iR 2 SR N 7 203.583 345

4. MBREFHEGSR
4.1. EHFELTREEE

FR 4 P Bk B R UIC 615-4 FRifE, 5 55 SILU0 27 32 B2 70 DA 58 [m) 2507 RS [ 04 P 38 20 o 08 [ 27
e Er O LPS) O R N D5 s O ) R a0 v T e W 9 S S e L N D E S R TR B A b= AL 1 Ny NP
BEAE T IR A i T CAAS T2 1 o B ) oy (0 FE HEBR S AN B AS TR AN 4, VR R E B m) 3L iR ) 194 |

1) WEFRASTE [ 2340

Fo=F,=ta*F (8)

2) YA A
F,, =+025%(F,,, +0.5%m" *g) ©)

3) BN A e
Fg=Fg,=1p*F . (10)

R, F v F,« F,~ F 00 MERFS T Horr . ERF SR B . Shas I ) 4 A A 2D i HUE
KA, a=01+ p=0245 5 vIEE I E 55 RN I E T

e ) F A B R A IR R, FE AL EGIN S, A A 57 . AR H AR 95 e 2k
ISV 55 Bger Tk, Wik 4 Fis.

Table 4. Fatigue operating conditions combination table

T4 BHELRAER

e E] A=)
T
FZ] FZZ FYI FYZ
1 £, —Fyn 0 0
2 —Fz —F, 0 0
3 0 0 Fy, 0
4 0 0 0 Fy,

4.2. BT EMNNERERFHEW I

SER ISl i AR AU MSS THEJ7VERT SN 2R, R A R TIIIEH 2 1) P R R 1 9 5 A
i, SOHR 1A SN RERJRR . SRR AR AN B R AT TR, AAREIL T AR AR XN BT I A . 52

DOI: 10.12677/dsc.2025.142011 99 1RG5


https://doi.org/10.12677/dsc.2025.142011

FKRIK, FKIE

AR, SRR R TR T 22 R EHE S, SR G5 18 T 2 MR, HIHEUE 50557 % ar s VIR .
W57 KU = A B T RSIEIR G, UWE T T B BOAR A 7 A . AR AR IR ST T
DUIMEEOL, B ANSYS BAFTHEE 1A PP IR A S L B M ) 7T ARVPAL R 1 DU 26 AR 4R 3EAT 73
A, LEHXPYAS T BB B R — A 00, AR TR AR 4% 1 R K S5 B M BLE TS 50508 207617
Kb s 45 4% 2 (R385 R S5 A6 R A HHIAE 5 /050 21171 Kb SR 4% 3 I K S5 44 Rt BFE TS /55 207498
by JREE 4 (R EBORES R E LR ST 21290 Ab,  PRIEREHR L DY AN Y mORBEAT 1Pl . HAARTHRZE R
PRI 50 ARIEZE 5 MM, ARG 2Bt ES N T 1, REVRGERIPUR 57 VEREAT & ER

Table 5. Fatigue damage values and life times of four welds under the equivalent structural stress approach

5. FHEMRNTET 4 FIREREF RGEMNE R

BT R0 E

IREESS TR ISE At W57 5
T 1 T2 T3 TH 4
1 207617  1.39241E-14 1.2188E-13  6.61537E-16 1.51512E-15 1.37981E—-13 6.0427E+07
2 21171 2.06848E—09 1.81069E—08 4.3876E—11 4.61806E—11 2.02654E-08 5.3897E+07
3 207498  2.05600E—09 1.79976E-08 4.57340E—11 4.34451E-11 2.01428E—08  5.42366E+07
4 21290 1.37439E-14 1.20310E-13 1.52613E-15 9.70148E-16 1.3655E—13 6.04166E+07

5. RPE SRR

B ER R FsR v DUE H, EMZE B g R B T R I I S . EAR, R R e
SRR, (HIRELE T LR T B A BRI R R, AR R R DT LM Rt BRI, B PS4k
DABEANEL [ B N R B, W S EE N AR &, 2T RN, I OptiStruct 347 RH AL,
I8 F ek 1 H 1.

5.1. R RBUETHT

¥ HyperMesh H1 ] ANSYS #REe#43 4 OptiStruct 55, EH & BMEUEM, HIWK TN Ed
W R T R A T b A3 BT S SRR T RE IR, G B ) 2R A B BT A IR S R X, R E
VB 5, DASPRHEVE R R /IME R LR, DL ) 42 1) it & fe/ME N B AR SR IEAT REBUE 4. % 6 A4
BRI E TR E .

Table 6. Locations corresponding to design variables

6. R ZENNHMLE

B AR H g 5 it R B B B S it R B
1 A G2 ThT AR 7 BN 334K
2 2R AR 8 T b AT DR 25 A
3 02 A 358 AR 9 T o ] SR
4 2 | 2 4% 10 T o ] JEEHEAR
5 U JEAR 11 M AR
6 TG Py A AR 12 88 1 1 P4
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R 12 HBOHAR RN/ REUE BT RN 2 7 s,
B 7 IR RBUE RN AT AE . AR 64 7. 8+ 94 11 M REUAREL N, N T ARIER S {H A
AN, B DA BOX TR 1 D et 22 ok AT RO AL

Table 7. Stress sensitivity analysis results for 12 sets of design variables

F 7. 2 BT EENNRYESHER

BT AR RS JS /) R (Mpa/mm) BT AR RS IS 73 R % (Mpa/mm)
1 0.00E+00 7 5.19E-03
2 ~2.50E-01 8 7.28E-03
3 ~5.04E-02 9 3.30E-03
4 ~1.15E+01 10 —4.08E-02
5 ~8.84E-02 11 1.70E-02
6 ~8.62E-03 12 ~7.13E-03

5.2. RRSTAKL

TESTARAY AR, ARG B AR IR JE B BT AR &, BRUSERE IR BN PRI AN o SR AR ARSI 20%
FEXT A BRI 50 e K I o T 2 N, SRS (1 e K S Ak S M S ) AN 22 4 R0 1.1 AR
F87) 314 MPa, Jf H AN ¥ & H AR R BO T & /. HAReREn

Min:¥ =3V (1) (11)
Sub.to: [6] 20,
o 26200 i =1,2,3,4, 1

min >

qrbe [o] A RHVERIN M8 o, &N BUERIEUE: v .
SRJ5, 12 Hypermesh Hf] OptiStruct BT RHRAL, A BT & S5 L S 06 R 5,
WHEIIFARE, REHEHATRME. KB EMERUTE 8 Fis.

(12)

Table 8. Results of plate thickness after size optimization

# 8. RIYMUZEHEMRELER

AR JR 4618/ mm - BR{E/mm T FRAE/mm A/ mm
6 10 16 6 14
7 14 22 8 8
8 14 22 8 8
9 13 22 8 15
11 12 22 8 11

WAL Z 5 R BB A LT 2 BT 1 4.8%, WKIEIRALZ BT T, RHARFE ERE, AT
FFOR L DL SRR ST i, AR R I 4, BARR 90 4210,
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Contour Plot

Stress(vonMises, Max)

Global system

Advanced Average
270175

[ 240.156
210.136

— 180.117

= 150.097

= 120.078

90.058
60.039
30.019
0.000

Max = 270.175
Node 26802
Min = 0.000
Node 56407

Figure 4. Maximum values of Von Mises in the optimized frame under extraordinary operating condition 2

4. AL EHIZEEE TR 2 Von Mises & K{E

Table 9. Maximum stress values and their locations under optimized extraordinary operating conditions

=9 MUEBELARANEARLIGLE

TS > INVPL A % KR/ {H/MPa AR R 5 /M Pa
1 WGE b b s 2 e E 7 244.429 345
2 M b 25 iR R AL 270.175 345
3 M T 36 0R 25 5 B T 7 280.701 345
4 M b 236 HR 25 5 B T 7 281.610 345
5 WGE b5 i s 2 e Dy 246.509 345

Table 10. Fatigue damage values and life times of 4 welds under the equivalent structural stress method after optimization

F10. MUZEFHREBNNTET 4 FRERIE S A ERMF R

WREES S RS AL R it W57 75 i
TH1 T2 T3 TH 4
1 207617  1.07048E—-14 9.37068E—-16 1.75503E—15 3.19506E—-15 1.6592E-14  1.88716E+07
2 21171 6.62572E-09  5.79995E-08 1.39977E-10 1.47663E—-10 6.49129E-08  1.64406E+07
3 207498  6.58466E—09 5.76400E-08 1.46244E-10 1.38606E-10 6.45095E-08 1.35471E+07
4 21290 9.76311E-17 8.54632E-16 3.21604E—-15 1.77016E—-15 5.93846E—-15 1.88434E+07

6. BENNFIR

AR R BRI AKCTAEZEE BT, X R IR EOR O™, s AT Th SR IR B B
T VERERE M SE N R 2 o T IR X RSB AR AT B D02 0T, RERIE A AR R T SR O SRR A, )
Bk Ze et s B 4k g
6.1. MIRBSREE

T SN 1) AR AT A BR O AL ], SRJSTE HyperMesh HORHSIAY (it 3 17 s EAT R EL, LAY 47 1Y
e B 5 WIVERS TR o ) mark X2, IEARRRE o (R AL s 2 225 A 1) SRS TR i g AR B 2R AR ) (88 279 o
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[I%F N, 7E HyperMesh F3EHL T 1103 D55 H Set fiFoR, SRJGE ANSYS HIRHET 7450 14 %,
SR A 2 i KT JEURR R R S 0 T 25 AN 10% [9], R £E Simpack HAE SRR K. fboi SCEAT
B, £ 11 NARET RSN L.

Table 11. Comparison of model modes before and after reduction

= 11. GERAT R R RARS I

(U AR AT RS S HZ AR SR HZ RZE %
7 65.162 65.153 0.14
8 94.333 94316 0.18
9 103.907 103.88 0.26
10 132.406 132.33 0.57
11 134.388 134.32 0.51
12 157.414 157.2 0.136
6.2. INFEHEER
I [ YR B I FE BRI
0.4
0.2 0.3
0.2
011 .
& 0.1
£ )
0.0 2 0.0
R = -0.14
0.1
0.2
0.2 031
T T T T T T T T T T T > 0.4 T T T T T T T T T T >
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
i1 (s) RS 1E] (s)
Figure 5. Vibration acceleration results
& 5. fREhinEELERE
BB Tt ph % %
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.1
0.2
0.3
0.4 - T T T T T T T T T T L T T T T T T T T T T Ll
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 10 12 14 16 18 20 22
I fa] (s) I 1] (s)

Figure 6. Wheel load reduction rate and derailment coefficient results
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TEBEAT BN DA N, BRSO HBR 4L, SRS AR (GB/T 5599-2019) [10]%0f =k 47 1847
Fate DA A GE o il 2 22 A PR T TR 0T o

Xt R AT PR AT R AR 2R 2R EE I, 7E SIMPACK "B H2R2R KK 3000 m, TEHESLLREL LY
50 m AbTFAE TN PUE RS, BUF RO 5, IFAE 3000 m Abgh

WEIT R4 M 222 A, 7R v — 2%t 56 BE B WU 1) il R 2R K o B SR 2 bR A A 2EL A
B 28(200 m)-Z2F1 il 28 (400 m)-[3 #£8(1000 m)-Z2 1 i1 28 (400 m)- E £k(200 m), ASZREKK N 2200 m, [5] i
42N 7500 m, FF HAEHIE 30~2200 m AT II S EUNIE, A SO RS AT L[] E A 200
km/he ¢ 12 R FLEE A, IR B o H i i K fE
Table 12. Model simulation results
12, IRBUFEER

BERENINEE  EFIRSIINERE B Sperling &) Sperling  REPLARE  FEMIEZE
NIZER A A 0.26728 m/s 0.16677 m/s> 1.20913 1.06864 0.108564 0.577345

HRPEAR 17 LK T [ SR Bl s BE (1] 5) B BUEL, S5 A bndE (GB/T 5599-2019) R )iHHT7 T LS -1
Ttk fabr(Sperling) B /N T 2.50, ARFEARAE R FICLB YT REME S S0 1 4, PRESE ROV, ) Juid
BB TR R, RS ER PR A BOE, k] AT SA AR ER R I EUE (K 6),
AR KA 0.577345, EIRARM bRiEHUE fbniE, (EEEBOR, LR B 7C h Z0% B 8
Pt AR i KAE N 0.108564, AGEREFRAE TR AOEE, AL KU B

7. &

i FIR VR AT A, T REUZ I ok E SRR TR R T E R AR R AT . ETEK
Rk P BRE, BATIUA R R M ARTT 13— M 12 DUBIR 57 oMo AEREH 00 2 ™ 2%
PETR S RV e 1) 2R S (AR B T OU A BT T8, SR Tk e A P40 4 2 L2 A R 0 Je Al B2 VS T 2 A
SEARAT AR, IX R I AAE It I A e 17 ZRAEARF IR 00N [0 2 A PR AT ) S 3 Bl 0 1T 5200

MGERE I i TN I B3 55 75 i (T SRS RO, e m R DY S5 AR A8 I S G (B2 /0 T 1, IR Hos
A3 /N TR . X S R 5 Ul W AR R AR R 07 R REAE AT BT R AT RIS, ity
Ja Bt — D BTG R AN SE KR 55 A7 a1 B SRR AN G T

B3 —IEHR, Fer2erefii)a s seBl 7R Hox, MET IR E IR ILE] T 4.8%, XM
RA RS 7R R R, ACF BT R T AR B RERE, RREE R HIRTY
A B BE

BEAR, JA T NI AR e fy e 1) R B o A, Wi AT AT T 3 1. e 8 R EOR,
IBAT P RNE AL AT R A MR S TP AR BUE S A TS BVEH 2 Y, X RRE S 1A SR AL AN AR 45
Fey iR FE AN 57 VERETT T AUAS T RAFAIRCR, I AR B 22 30 Sy 2 Ve e AR A R, B R T 4R 4AE
KPR AT I RE T AR E TR 22 Ak

SEEk
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