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Transverse compressive pre-stress method for controlling welding
hot cracking of aluminum thin-plate

ZHOU Guang-tao, LIU Xue-song, YANG Jian-guo, YAN De-jun, FANG Hong-yuan

(National Key Laboratory of Advanced Welding Production Technology, Harbin Institute of Technology,
Harbin 150001, China)

Abstract: A new technique was presented to prevent welding hot cracking of aluminum thin plate by employing
transverse compressive pre-load(TCPL)during welding. A proper transverse compressive load that is applied to the weld
metal in brittle temperature range (BTR) can reduce the transverse tensile stress and strain when the weld metal is
contracted during its solidifying so as to limit its total strain below the minimum plastic value, and the mechanical
condition of welding hot cracking is changed. The model of TCPL was established and the principle of preventing
welding hot cracking was illuminated by means of elasto-plastic finite element method. The cracking rates of
conventional welding and welding with transverse compressive pre-stress were compared with each other. The
experimental results of fish-bone samples show that with the TCPL increasing, the compressive stress in weld increases
and the cracking length and cracking rate are reduced when the load region has a given value. When TCPL reaches a
certain value (0.30¢,), the cracking is prevented completely.
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Fig.1 Model of transverse compressive pre-stress
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Fig.2 Hot cracking production condition and prevention

mechanism
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Fig.7 Effects of different pre-load on transverse stress of

position AB
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Table 1 Processing parameters of pre-load

Arc length/mm Diameter/mm  Angle/(°) Distance/mm
2 2 30 50
Pre-load 1 Pre-load 2 Pre-load 3
0.109, 0.20¢, 0.309,

0¢2 1s yield strength of LY12CZ, 6,=285 MPa.
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Fig.9 Transverse pre-stress experiment equipment

33 R R

TR0 LT R AR AN PIUE WY A LT 2L
AR, UL 10 JITam o AR 5 T N ) AR AR 8%
WRFTLUE H, EMFEESECR, W RRRRark
J5E W S LTI N R K. T 10@) TS, A6 R
BT, RHaKERK, 48 45 mm, JLTEERK
PR 2 il 10(b) s, 45t kIS [ s
0.100, BiAg iy, HECKEHERCN, K19 mm; i
DRI R Bidaf Ky 0.200, B, RESCKSELH 3 mm; M
IR R B R 0300, B, G, WKl 10(c)
AT A T BHHZI AR, S2gtHh ARGUR



9519 & 400

ST, S BUARR IR G 3AHA AR & SO R L 617

B 10 JREERLsML
Fig.10
Pre-load=0.30;

L%l R G 1) P s Fabs,  REU% 0] RoR R4l
KREEMAGCRK LM LA, BRI 0
LTy 36%, TUE N ST 0.20, I 7 MALUK 2.8%,
0.30, NN %, REGERN K, R MBGHK AR
U I PR3 0 45 2 B A1

4 HISHE

RS R RN, RS BT R A R
T SCHRE I A K T, KR B BC R IR i
TREGAEMIA T BRI — DR, WS ERE
AR/ T 2% oA JEE T e e FIR Y AR A rp o 1
an g b, TR T ARSI I s o
FRER A e A7, XA IRA (K0 B 3 Lk DAy Jfg 1 ik
JEDC I o A 2 DX ) B S DL 1 i Al P Vi
B, G SR B < i A G PR DX ] A 52 B T )
YRR, s o) OB TR I A T RER RT3 ECREU
L, DI, gd/ NN L A T R N gt m] AT 1E A
HAGTE. TR G SRS LR IE AT
b ERRRR LR ) S BN, KR, N R 1
T HSPHUEL N 3 A58 BE A2 T BOR B AE

X R LI 7 TR T e i A Ay O B, 3
i/, RN AR A AR % Y ) AN A2 RA T R 7 5%
BB WCAR BT RS2 R 7, TETki Br AR

Appearance comparison of welding cracking: (a) Without pre-load; (b) Pre-load=0.lo; (c) Pre-load=0.20; (d)

PR B B G, SRS AR AR R T A N ) T
B, AR BB, R AEIRAUN
A R EIE T BTR W8 U NI, #ORMK SR
SREES SRR, JmARGEEEMSEPERCE S R, REAK
58 52 AR N R A IR AR, N ITTRETT AL
(IRURAIR L XA, BTk RGO B (F A [ I
B AGEIL R, RSO ERE i, AT
PR o A% TR AT AR AR AR I S
J1, PTUARSERIEIRAT . TR A P
JSE DT 10 Je AR st BEAR AT, P i (K0 40 0 I B 5 iRt e 7
S ETA CHvA e DS 1 W SO A R ) s S L VN
Mm@, fE5 Bk T IRRE ™. Ak
iR, R PV ST IE R 0.30, I, RLGGE
AR, VEWIAE 0~0.300, ZIAMFAE— DM A B E, 35
FHZAA M T FEHIREE SEHE N, AT Erp
[A) AR (R A o 0 FOUE 5 s 280w 72 BT 1 AR R S
BT RAFRCR . H R TR Rl N S R E PR AN 5
WE, Prehim Ak M LA e, X R AR Kt
BRI N

5 %ig

1) A6 1o F00EL BF s 280 4o A 3 A O G 7 B X Ak T
BTR [R5z e 7 AR 1o 45 0 7, 9 i DA Rt s Wi 4 32



618 v A 4 2 AR 2009 4 4 A

IJE/J }iﬁi}ff jj /‘}\ [Lipiss: \%%QXFL A avoiding welding hot cracking of thin plate with trailing peening
2) TEINE T — e i), BGRB8 B s 30 Aar 1 489 [J]. Welding & Joining, 2002(3): 17-19.
B, LEIESRAN P 2 IR N S B ok, (B 1 (71 HEE, SRR, IRICSE. BARBIA XS LY12CZ 6 St
INTAMINER G R E—En, Bk i RG] IFIE[I]. WUAREL T2, 1998, 28(5): 48-52.

TIAN Xi-tang, GUO Shao-qing, XU Wen-li. Effect of follow-up

BEIN, AEIRGEAL I B K N P, AE N T P
I BRI 60% I, 3K B G rh L ) R N (i

rapid cooling on welding hot cracking susceptibility of LY 12CZ
aluminum alloy[J]. Aerospace Materials & Technology, 1998,

SEAVIE R TP 28(5): 48-52.

3) AL A 1) FO0E I T3 (R, SR EUIK LR [8] CICALA E, DUFFET G, ANDRZEJEWSKI H. Hot cracking in
\IJZ‘K% IS%%EE » 03002 E@*ﬁﬁi @E}Wjj ?)Eﬂ U\ﬁ%? /J:J:IEII:BT( Al-Mg-Si alloy laser welding-operating parameters and their
\%ééﬁ effects[J]. Mater Sci Eng A, 2005, 395: 1-9.

[91 ZIVKOVIC D, ANZULOVIC B. The fatigue of 5083 aluminium
REFERENCES alloy welds with the shot-peened crater hot-cracks[J]. Materials
and Design, 2005, 26: 247-250.

. . . , o [10] HO S K, WHITE R N, LUCAS I. A vision system for automated
[11 RADAIJ D. SRR WG, RN, ZIE[M]. BEEE

A, B dbnt HUBCTAR AL, 1997: 328-330.
RADAIJ D. Heat effects of welding: temperature fields, residual

crack detection in welds[J]. Measurement Science and
Technology, 1990, 1(3): 287.

. ) . [11] ANKARA A, ARI H B. Determination of hot crack
stress, distortion[M]. XIONG Di-jing, transl. Beijing: China

Machine Press, 1997: 328-330.

[2]  XUfRF, HEG S, SRIEE. —RPs s sm i & S A gL
FEAERB R AR, 1995, 16(2): 106-110.
LIU Wei-ping, TIAN Xi-tang, ZHANG Xiu-zhi. A new method

susceptibility in various kinds of steels[J]. Material and Design,
1996, 17(5/6): 261-265.

[12] JMSRE, Bh 45, BUHISK. 7TAS2EN & & E AR B BE BRI I],
15 €642 23], 2006, 16(6): 964-969.

) ) ) ZHOU Peng-zhan, ZHONG Jue, HE Di-qiu. Friction stir
for prevention of weld hot cracking[J]. Transactions of The

China Welding Institution, 1995, 16(2): 106—110.

[3] BORLAND J C. Fundamentals of solidification cracking in
welds(Part2)[J]. Welding and Metal Fabrication, 1979, 3:
100-107.

[4] KARLSSON L. Mathematical models approximating butt

welding on thick plate of 7A52 aluminum alloy[J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(6): 964—969.

[13] LIU Gang, WANG Li-liang, YUAN Shi-jian. Compressive
formability of 7075 aluminum alloy rings under hydrostatic
pressure[J]. Trans Nonferrous Met Soc China, 2006, 16(5):
1103-1109.

welding process cause and prevention of hot cracking[C]//
[14] LI Jing, YIN Yan-sheng, LIU Ying-cai, MA Lai-peng. Fractal

Proceedings of IIW International Conference on Advances in
Welding and Allied Technologies, II W-X-806-76. Tokyo,
2006: 59-68.

[51 MR e, BRgin, £ . KRE&GEE (U ERSUR TN T
SRR T EA 4R, 2004, 14(S1): 811-812.
CHEN Xiao, CHEN Yan-tang, WANG Lei. Microstructure of

analysis of crack paths in Al,O3-TiC-4%Co composites[J]. Trans
Nonferrous Met Soc China, 2006, 16(4): 795—799.

[15] LIU Ren-pei, DONG Zu-jue, PAN Yong-ming. Solidification
crack susceptibility of aluminum alloy weld metals[J]. Trans
Nonferrous Met Soc China, 2006, 16(1): 110—116.

[16] ZACHARIA T. Dynamic stresses in weld metal hot cracking[J].
Welding Journal, 1994, 7: 164s—172s.

[17] DUDAS J H, COLLINS F R. Preventing weld cracking in high
strength aluminum alloys[J]. Welding Journal, 1966, 45(6):
241-249.

large heat input welding steel low susceptivity to weld cracking
[J]. The Chinese Journal of Nonferrous Metal, 2004, 14(S1):
811-812.

[6] BEIH, HEAR P, ARDCAL. BRI B AR R R AL
T zﬁﬂﬁi[] FEE, 2002(3): 17-19.
FANG Hong-yuan, DONG Zhi-bo, XU Wen-li. Process of

(w8 35E)



