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Detection of Residual Stress in Aluminum Alloy Carbody of
High-Speed Train Using X-ray Diffraction Technology
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Abstract: In order to test the surface residual stress in the aluminum alloy carbody of high-speed
trains accurately, quickly, and non-destructively, the tensile test of an equal strength rod was used to
calibrate the measurement of X-ray diffraction (XRD) method. The residual siress values of welded
joints in the aluminum alloy carbody of a high speed train were detected separately by XRD method
blind hole-drilling method, and finite element method ( FEM), and then compared with each other.
The results show that during the tensile test of the equal strength rod sample, the stress value measured
by XRD method well accords with the tensile loading stress in the range of 10 to 70 MPa, and hence
the XRD method can be used for testing the residual stress in the key parts of the aluminum alloy
carbody of high speed trains. In addition, the numerical values of residual stress detected by XRD
method are slightly higher than those obtained by theoretical calculation and electrical measuring
method. The maximum residual stress of welded joints in high speed train aluminum alloy vehicle roof
is approximately 146. 3 MPa. The residual siress results detected by XRD method are in good
agreement with those by the equal strength rod tensile calibration, blind hole-drilling method, and
FEM.
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Tab.1 Test parameters of XRD method for residual stress
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Fig.1 Tensile calibration of XRD method for
residual stress test
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Fig.2 Relationship between main parameters and temperature
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Fig.3 Tensile calibration results for

AS5083P-O aluminum alloy
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Tab.2 Residual stress results tested by XRD method for AS083P-0O aluminum alloy

BE BN S LR AR P Mg BIRENT X GHRATEHER J)/MPa
/kN /MPa 1 2 3 4 5 6 N AR E{H /MPa Pearson Cauchy
1 8.33 98 88 83 80 93 93 89.17 5.53 7. 64 8.90
2 16.67 239 216 204 188 219 218 214.00 13.27 14.92 17.81
3 25.00 390 344 325 308 357 354 346.33 21.47 25.71 28.88
4 33.33 523 467 442 419 483 479 468. 83 29.07 35.00 34.45
5 41.67 662 600 570 535 619 612 599.67 37.18 42.17 43.01
6 50.00 799 731 700 651 755 748 730.67 45.30 52.52 53.19
7 58.33 952 889 872 771 912 918 885.67 54.90 61.90 62.88
8 66.67 1136 1097 1144 924 1134 1194 1104.83 68.49 76.13 73.61
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Fig.4 Residual stress distribution of welding joints in the vehicle roof of high speed train
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Fig.5 Residual stress distribution of welding joints in the vehicle roof obtained by XRD and FEM

M T SE PR & S AR A5 A BROT LA A A2
SHZ R Z SRR . SRR R SRRk
ZIERERR AZ Y B IR, R e
Fraid 8, 1532 B YR sh B LA B A AT B 1
RN IS VUINL I SN S PSSR i S
HAIR], B, 8 B AL R A ZE R R

4 4 it

(1) SFaATH i e dn E k2 R LU, 1
10 ~70 MPa JEFEI P, B35 L i 204y U380, X 5
LRTHES BB R —Bk, X STEA
SHIEBRARRL ) B BB I R T B TSR E A



622 H & X @ F ¥ R 547 %
‘H‘%{E 7020[J]. Journal of Chinese Society for Corrosion and

(2) X B sis FALE A RuER

SRR, FIB S SR SRR AR R A E]
146.3 MPa. 1 TSEPR AR50 & SR H A T IR
TCIUMENEE 8 2 [H] B9 22 57 , A BROTIS AT 58 4%
RUERT X G GEGE R UKL T LB

(3) X Sefnihk S5 |mFinE ik 54

A ROTH BRI A BRI 8RR T8
Y B —Bdk, T RAR T XRD A7 57 X 42 4 5 g 7R
BERE PR HAT IR A

SELMK:

[1]

(2]

(3]

(4]

[5]

[6]

EOUR AR, AR, BEeeRTARELRK
FHEE(T]. BENL,2005,35(9) : 14-18.

WANG Yuanliang, ZHOU Youlong, HU Jiufu. Al-alloy
lighten vehicle and its development of new welding
technology[ J]. Electric Welding Machine, 2005,
35(9): 14-18.

EAEME, 200, FEGHE S SREBRIIRLT]. B
B ST A, 1993(2) - 3741

YAN Chuanpeng, MO Bin. A study on the welding
technique for new Zn-Al alloys[J]. Joumal of
Southwest Jiaotong University, 1993(2) ; 37-41.
JE&l, EUR, B, a4 6063 (R kR
[T PRESTERFEIR ,1993(2) « 22-25.

QU Jinshan, WANG Yuanliang, LEI Wanjun. Analysis
of welded joint properties for aluminum alloy 6063[ J].
Journal of Southwest Jiaotong University, 1993(2) ; 22-25.
MREA , EIUR. $EBETZXY LDI0 455 & TR AR
JIRR [ J]. PR Al R, 1997,32(2)
198-202.

CHEN Mingming, WANG Yuanliang. The effect of heat
treatment procedures on residual stresses of LDIO
aluminum alloy[ J]. Journal of Southwest Jiaotong
University, 1997, 32(2) ; 198-202.

AFAE IETCEFE AEABREEEFRERRS
JE i B B R 4 [T 1. JE 5 B 47, 2009,
30(6) : 359-365.

ZHENG Qifei, SUN Shuangqing, WEN Junguo.
Atmospheric corrosion and its influencing factors of
aluminum and aluminum alloys[ J]. Corrosion and
Protection, 2009, 30(6) : 359-365.

ER BER,FERE,F. 7020 e EEHR
FREESHET]. & E 5 B4 2 i, 2008,
28(4) ; 240-245.

WANG Rong, YAN Guoqiang, LI Guofu et al. Failure

analysis of cracking of coupler beam of aluminum alloy

(7]

(8]

[9]

[10]

[11]

(12]

(13]

(14]

(15]

Protection, 2008, 28(4) ; 240-245.
B XNER, R E. HENE R RBORES
RNIBE R TN & R[], BEYR,
2009,30(4) ; 81-83.
LU Hao, LIU Xuesong, MENG Lichun, et al. Residual
stress evaluation of high speed train body structure by
ultrasonic method and verification[ J]. Transactions of
the China Welding Institution, 2009, 30(4) ; 81-83.
WRE, H ERL. BRARN S X BN E Jr BT
BUARTT]. JoBiteil,2001,23(1) : 19-22.
CHEN Yuan, ZHOU Shanggi. The state of the study on
residual stress measurement by X-ray analysis[J].
Nondestructive Test, 2001, 23(1); 19-22.
F R ATEIR 4. ST ER e S B HERIR
JREEFRRN I [T]. VORI S8 RagsE 4R, 2011 ,46 (1§
) : 130-134.
JI Hua, CHEN Hui, GOU Guoqing, et al. Research on
residual stresses for friction stir welding on aluminum
Journal
Jiaotong University, 2011, 46( Sup. ) ; 130-134.
American Society for Testing and Materials. ASTM
E915—96 Standard test method for verifying the
alignment of X-ray diffraction instrumentation for
residual Philadelphia .
American Society for Testing and Materials Press, 1996.
FEMR T EAR. QF 2916—97 FRRAEER
TAFRARN B X FHRME (8], dbst P E
YEL At , 1998.
JI Hua, CHEN Hui, GOU Guoqing, et al. Research

on stress calibration technology on aluminum of high-

alloys of new-type train[J]. of Southwest

stress  measurement[ S .

speed train body structure by nondestructive X-Ray

method  measurement[ J]. Advanced  Materials

Research, 2011, 189. 734-742.

ALBERTINI G, BRUNO G, DUNN B D, et al
Comparative hole-drilling and X-ray residual stress
measurements on steel welded plate[J]. Materials
Science and Engineering, 1997, 224 157-162.
OWEN R A, PRESTON R V, WITHERS P J, et al.
Neutron and synchrotron measurements of residual
strain in TIG welded aluminum alloy 2024[]].
Materials Science and Engineering, 2003, 24 (346) ;
159-167.

H EARAR ok B4 H]. CB 3395—92 BRARNE 7K
Jr¥k LRI R RERE (S ], Abat: o E AR E AR
#,1993.

(YXp#h:%F W EXHH:

e

#®E)



