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Abstract: For the welding deformation of rail vehicle thin-plate structures, the traditional flame heating
straightening process suffers from issues such as high noise, loose plate body, and unstable straightening effects.
This paper proposes the application of a high-frequency induction heat source to the straightening process of
vehicle thin-plate structures. A corresponding induction heating power equipment and specialized tooling were
designed, and numerical simulations and experimental studies were conducted on the straightening process of
the roof and sidewall thin-plate structures. The results indicate that the flatness of the thin plates after induction
heating straightening meets the process etrror requirements. Finally, workshop tests of the induction
straightening process for thin-plate structures demonstrated that the induction heat source offers advantages
such as a small heating spot diameter, effective plate surface tightening, and no overheating phenomena, which
is suitable for correcting welding deformation in vehicle thin-plate structures.
Keywords: Vehicle thin-plate; Flame straightening; Induction heat source; Flatness

BEAN LIS 220 4 4k 22 SR IR A AN S5 4, JERDAS S AR 4 T e A % K 4 T o £ A 2
mm /SN, 5 5 IR R R R D9 OR B AR RE R, H A SR A OB I RE AT
BT FAAR T2, TN AR s OB B A A AL, I i 00 5 A 0% KA L P LA
— INFATEER A AN, A3 AR S i AR 1B o 2 THUHEAR UL R FH B4 K R N 4 Ja SL BRI 15 3Rt AT
MBI T ZER, SEREFIREZ N600~750°C, MBSV Z o PR Z<1.5 mm/m, & J51R<3~4
mm/m; TP R ZERN<3 mm/m. % T2 AERZEHINACE . W, JFRE SIS JHEER . B
11 P28 v B AR RN R 36 SRR R

FL LSRN IEBOR A e i R " RERIARR K, CAEMMRIE S5 AT HF IE h 43 21 % . Mark

WS HHR: 2025-10-25
ELTH: ERAARNZES (51779043) ; FEFUHAERARADRAALLESTE (KYHT012202300211)



IR K AR

Journal of East China Jiaotong University

WellsZPVEFXF8 mm DA MR AR 1) 8 IEAFF T BH, IR RN CRAR T4 48 KM@ IE ;. McPherson5(67)
WA BRI AR S5 BA S B R . T r AR RN I R SRR RN, 303 32 AR v T AR
Rz, AISCHUMBGR L ORGSR, RIIZEORAE M AR AR S M T IE RS 8 7T 2 N, JCHE T
S B PR BO ORTAR AR [ BE S 45 K AR TRAE 150,

P AR A K O IE 2 BT 9 ARTY, R A AR A A AR 48 TS T HEAT R LRI A, TR
REARBNZRIR, DU SRR TR ER M “ihe” 1.2, BARMRA TZEMENY, M T, BREE
T 7R P B AN AR TSR R e 22 ik Ty 2, X5 M AR S5 A4 (R 2PN IR 1L T2 A7 4 2
& Xl

FERRANPUE 2 AR S5 A IE 7 TR, FNEE U VB0 O RE AR 45440, 0BT 17 A R G ER BSEAR A B S 1 K
Fa R T, Rl 42 AR I UG UE 1 ARG i 242 ) o G s BT S U2 T 1 AR e i
TErh 2 AR B N BT TR B AR R T RO RE IR o 25 TSR RS I A B AR g m#A, xk
RS G ST R TG IERE SEUERAL, JFE 1R T ES 8. bR FIINIE T
PRGN ERRRTE . AN, TRH . EHREIO0 T ik LA S J IE T
Ztkg . LIUIE 1 52 Bk 5 AT T2, JFaa ARSI fOTRE 7 TN .

SR, IR TR AT AR A, W3l AR R R INFARIRAR S AR SR RORAS 55
IS8 SPINE el K DO R ey AN IR N R RIS ()1 WSS S = ER A VA s sl T D 2 N )
FATE R Z

NG, AT T 8 T A AR R T (R SN I A F Y A B AT Ak, ST T AR A TR
TOAEAY A AT i PR T IR S A AT O, IRl RS IE 1% TERIA R, LIS 24
VAR SRR SR L 2R

B 1 SEARRE RN AR
Fig. 1 Thin plate induction heating

1 ZESREAREE A B i B N N PR S T3

N SE Tt AR S5 A NI, AR FUR ] T — BT A T4, 12 ARG LASPY3-40-PLCRY BN i g
POZG, F&FRAmAk (D S MEE LA, SCRREin g El. REEUE D5 40KW,
FAgInFAm 18] B izl hae, AP E TR b FHr ek 7 X0 SRR A 5 TR T,
A AR PIAS fiAL, BT IACkAFER A E M BHA3DITEN T2, R R,
FRR T (SRR i e TR T s B A 2 A, i B C A 7 s s QA A IR 2%



IR AT R AR
Journal of East China Jiaotong University

VAR 485 A0 PRV BN IR R 22 A 30, BN I FA st 240 4 P R e I 7 2 P o 2% P Fh B A2 3mmn O 44
i GE R, AMELIN16mme. SEEA 2k BB 1] PR 5 40mm, 0 FE s N 2% 5 AR 2 I R R
IR, DAB RN AIMES T 2Rt
2 EREHRRNMAERENRES TG E

TEHUERI T, e AH S B SR EH I E G KRR, WG TR MRRI 5 5 5 K
T G55V R M5 ) . 5T PR3 TR 40830 A AT i v P AR R T BB T T R X I, AR R
T3 TR E RS FE RN, AR FOR KR ISR SO VR T I s XS I R, SR -5 & 1 7 5 &
TR RS % 0l b T SR 0 R TR, TEORUE RS RURE 2 10 [R] B R A T T H SRR 7 R
2.1 RESHERTELR

VAR S D AT T DR ] = AR R M I 25 v 5 O R R R I AR 2 o iR BE 3, LA 5 2

or o(.or\ o(,or) o(.er
—=—|A—|+—| A= |+=| A= |+
" &(&j@(aJ &(&jq (D

BEAL K PR SR E G AF RO PRI A AR, ST NRL R 7 V2 BT

[19-20]

Cp§%§}~FV(—ﬂV{T})={q} (2)

X: o(T) ABERERILLR, T(x, y,2) ABER RRAGRREY, P ONEE, A(T) MR ERN
fRE SRR {q) IR B
FE RS- IE A BROTRLAU AR 3R T 5 ) BN 155 2 ) (%) A i e Sl o 2 SO 5 AR S R
Fhor AT . — MR A BT IR B U 8 20°C, N5 58 S 4 I 0 T 46 A mT 3R IR Sy DL s il g F2):
q.=h(T,-T,) (3)
q,=Ce (T -1,") 4
K g WXTRAEDR, g, AFKBERNRIARE, T ovERRmEE, T, WIHEEE, g, Ak
%%ﬁ%m%,C%%%%ﬂ%%%ﬁﬁ,5WMWWU@ﬂKﬂ,8%%%$,WﬁQ@4wo
Ak, FESEBRMBGE R, AR AR BT o5 EE IR, DRI AE F5 2 AR R N i AR (R FR RS, T A
20
2.2 RRRIAR B AIRAEE
58K RS 9250 mm x 150 mm x 2 mm i E9Q3 S0EWL 1 AR AT, 28 X0 2R R 23 I #4451
REWER2FTR . R E MM A65 A, MRN8 s, IN#AGE A G LRI FE 7w KA 2. R H
Raytek-MARATHONZ! 5 Z 2L #MIIE A IR YERI300 °C~1500 °C) XHRHRIR BB, N7 H T
i, EREE2Rg TN 17 B FA S A7 B O SA, SR XA R - TR il 2 AT AR
13BN IA DX S TS50 R, i b A ST AR R T (1 B S AR D R AR 21 A ) T 35T FE AR A T R R A
9
[ yat
AT =1—=473.2C ©)
BRI R R BT F RN : O=cmAT =cpV AT, Hovm Jffii; ¢ Jytah, 4507 /kg-C;
ATHIETE: P EE, 1880kg/m’ o P IS B TR N H 1 A B A .



IR K AR

Journal of East China Jiaotong University

qz%zllxlogW/m3 (6)
WARERIRHE S, R AT 2 DU AR TR 2 n T g, ey T 5 P2 07 o F T P AR BE AR /DN

AR AT AR O AR AT A, HAEREN 210 W / o PSP IEIE TH HAG B R Ay
WRIERANTTRE (1D BEATSRME, A TTIRAHE AR SN #A S B 5 R

B —
115 225 33¢ 445

2 SERRRIMAENR A 3 EIRIER R KA AR
Fig. 2 Photo of the thin plate after induction heating  Fig. 3 Thin plate model and water cooling area

2.3 EIR AN AR PR TR E

BT EIRIEN IR TT IR, RITANSYSH IRICHAESL 1 MR REA IR T AR AR o AR
M EHQ3S0EWLL, 37 70 A i RS AR, (5 RE XS i MR 2P v A e e, £ AR %3 T it
TIAR LI B SRR R EL,  FRE NP B I I R K A £ X (13D kA et R 8. % REOUE
2 W SCHRUR R A 0 I e e, 139 5X10% /W (mm® - C) KA IR R~F A 5540 mm. K80 mm, A
AT EAT RN T B3 Py Bl o 2 MR TSR ORGSR DA X M A8 1) SR A A AR, i i B2 AT
DA A B A A 22 SR

THERSCRETRY R T WS XA JEAT R 7 BT ) i) 70 = T2 W AR BE AT B8 B2 7 1) FR X A% 2425 mm.e
P42 A rUi BRI (E 5 THEE RIRT LG, PR PR RHR 22 £0799.05% o IS kBt iils 2 0 i = 1, B
reiitn BEAE T L X, A LSRN IN A R SR 3 AR o

800 20
700 95.0897
600 170.179
245,269
g 500
= 320.359
400
% 395.448
300 o
200 470.538
100 545,628
0 1 1 1 1 1 1 1 1 1 620.717
0 1 2 3 4 5 6 7 8 9 10 11
L/ §95.807
B4 A SIRET L B 5 MNAWBEESHEE
Fig. 4 Curve of temperature change at point A Fig. 5 Temperature contour of the small test plate

3 ETUEMRGSHIRRN AR TR R E D

3.1 S ER AR B S MR AT e

TRI6 FH 1 4= TR 45 R4 3% H CR200J30 44051 45, AFRN2 mm E M EEIQ3S0EWLL, {345 1) )~F N 1100
mmx450 mmx2 mmZ= TR, R 128000 mm, WIKI6HTN, AR HAR P IR Z2 (1 WA 458 K 4 NE
FIANBRMS X 35 IS () L3 R 50~60 A, IR 8] 1.5~1.8s, #RE650~750°C .



LY B liPNCE o

Journal of East China Jiaotong University

LA R SR PRI 228, I R e 2 RZ AT A &
s FINFAIFE]156 s AN RO R S Rk

ok

W

s, Eit208 NN

AR AR IS B TR o 9o M AR TR T 1~ T L PR AR A
B, AP R (GERD Be & 28 RO B A s 72N
VM%%?&%

- I FEHH ﬁ%ﬁﬁ@

LY {f

6 EAWE

Fig. 6 Experimental structure of the vehicle roof
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Fig. 8 Flatness in the direction of the arc of the vehicle roof structure
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Fig. 9 Flatness in the length direction of the roof structure
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Fig. 15 Flatness in the X direction of the side wall structure
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Fig. 19 Measurement process of side wall structure by 3D scanner

10267

079632

056589

033546

0.10504

-0.12538

-0.35581

-0.58624

-081667

-1142

& 21 EELBEE

70785
I 63143
555

47857
40214

32571

249.28

17286
96428

20

20 MIEEEHRERE 7T

wall structure surface

31624

I 28123
24623

2123
I 17622
14122

= 10622

nanw
36214

12119

E 22 BRFYIEA=E

Fig. 20 Temperature distribution diagram of side

Fig. 21 Contour of the vertical displacement Fig. 22 Contour of equivalent stress of thin plate
4
—a— U 15| —— YR
PRI . =R
—O— s N
BUE TR o éﬁl{éilﬂ‘j%i
3+
1.0
E E
E
~2r ~
i st
= =
1+ 0.0 |
of 05
21000 0 100 200 300 400 500 600 700 800 0 100200 300 400 500 600 700 800
y/mm X/ mm

23 JWE = FHEEITEE (x=530)

Fig. 23 Comparison of flatness at the measuring point (x = 530)

24 N2 = S EXTLE (y=170)

Fig. 24 Comparison of flatness at the point (y = 170)

K 21 AEREERLE A, oTBE IR EARE M AR, 2RSSl as R A
—EL BORFEAAILEL DY 2.1 mm. B 22 yEROINAE FISERN S o3 AT AT AR IR XS A7 AR R
RSB Sy o SRR B EAAE THRIE LA, [R5 AR SR TR R B AR X S P

MY IEBUE ARG R 5 = e e A R S B i) — Bk, AW TR P AR TR S5 R G — Bt oy T
FEHHEHEAT X L. 1] 23 B 24 23530 9 25 D 4 b %0 P T RE RO UG L . R 23 op =44 F s



IR AT R AR
Journal of East China Jiaotong University

BACFIIES 2.2 mm, FETHELE R 2.6 mm, P s ACFTERARN R ZE R 18%, HAMEHALFR
PN IERS: B 24 h =45 CF RSN 1.2 mm, BUETE N 1.3 mm, HAHHREZEN 8.3%,
2% I 2R AR B AW & R 47

gr b, ARSCHTESLIA FR O R R A AT AR S5 M AR TEAT A, B i) TR E A .

5 PR MARTIRLE
FEN B ZEAR SR8 2R A AR 2 A T e 1 SRR 2R 50 . 1B 25 it o 2 T AR 45 44 Sk S

TR (0 SE PR ERAE S 5t D PP TR AR X S SRR S A8 2 18] R T B A Iy A D B A 3
BN G AR L BAIBR I T i, S5 AR IR AR B At “PENE ™ S, BA AR AT 31 5 SR A

B 25 ZETRRNMAETRA [ 26 MsERRR N AGE TR

Fig. 25 Photo of the roof induction heating correction  Fig. 26 Photo of the Side wall induction heating correction

Fig. 27 Spot diameter comparison
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