ML IC & 5 7FiE O AERTRE It 70 i

Evaluation of Residual Stresses in Welded Part using Hard Synchrotron X-Rays
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The spiral slit-system and DSTM (diffraction spot trace method) are under development in order to evaluate
internal stresses of materials with coarse grains. The spiral slit-system was improved so that the length of the
gauge volume is independent of the diffraction angle. The bending stress in the specimen with coarse grains was
measured in order to confirm performance of this advanced spiral slit-system. The distribution of the measured
bending stress coincided with the applied bending stress. As a result, it was proved that the combination of the
advanced spiral slit-system and the DSTM is useful for the internal stress measurement of materials with coarse
grains. The welded specimen of a Mg-alloy plate was prepared by melt-run with TIG welding. The residual
stress map in the cross-section of the specimen was made using the DSTM. On the other hand, the residual
stresses of the welded specimen were simulated by a finite element method. Although the measured residual
stresses were similar to the simulated results, the residual stresses due to extrusion were measured also using
the DSTM. The DSTM is an excellent technique for the stress measurement of weld parts.
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Fig. 1. Bending specimen.
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Fig. 2. Welding specimen.

Fig. 3. Cross section of welding specimen.
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Fig. 4. Experiment of bending stress measurement.
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Fig. 5. Distribution of bending stress.
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Fig. 6. X-Ray diffraction image of Mg bending speci-
men by PILATUS-300K.
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Fig. 7. Measured residual stresses in cross section of
welding specimen using DSTM.
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(a) Temperature in welding process
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(b) Displacement after welding

Fig. 9. Simulation of welding process.
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Fig. 10. Simulation results of welding residual stress
by finite element method.

BEATICRE Vo DFAEL, I 6 ITHNS 25 RANE
AN AR >TE D, ZoOEAFHIERRE & &L
T3, FEHITREE, WEHKRETIE (x,2) = (17,5)
DT BIREHIG I 3 b, IHEICBRL 2wk
BIGHMH 52 E%#RB LT3,

AT OIRRIE 0y IOV THD L, ¥ 3al—
va v Eiug, EEERICRE LHEREEIC I 03T A L,
ZNEWY T X ) IS BEIREBHIS I FEL T
W5, X7 (b) LT 2 E, HERSETIHIRERD
BIRIERIG EE DS S a2 L —vav kDKL, o
(x,z) = (17,5) DHEIC S FIEREEIC B H 5. D
ko, L =72y 7 AEEM T, NEBIC
BRIGHZFL, 2000335 v 2 2o T 03T
b b,

PLED X 912, DSTM I & 2 INERIG 3l o fs H 1,
WIEFH DT o = 0 OIS ZAKE L TV 223,
BRI IZS S 2L —v a v s —% L 7. (7,
DSTM I & 2 PRI/l e kK aug, L LT
RAELLBASTOMELH L Z L TE S,

4. % B

AWFZETIX, KR LZASAL IV Ay b E XU
B2 Rt Hias PILATUS % ¢, AR ZRfo~ 2/
P27 AEENTOMITIE T B X CEHEEOEREIS T
G374 % BT BE DB L (DSTM) Ic X Dl L7z, 55
NrfREzELD5E, UTDXHICHR D,

(1) Hin kBRI X » BEEI O T IS % G- 2 75k B o
JE1534i % DSTM CHIlE L 72 & 2 5, 1ZIFAMIGH &
HELWIBHOMEES 2 LB TE, DSTM IFHIAR %
FOoMBlONIMIS IHEERE L L THITHh L 2 L 25



AETE.

(2 EE 10 mm D~ 7 %27 A &L TRIC TIG 7A#
ZHEL 23R 2 87E L, DSTM IC X WA E X O
HRKLZ RO RMINE ORI 1A 2 R L, 1582
MR L CTH DSTM @A TE 2 2 & Z2HER L 7%,

(3) VAR DFRREIG 112D W T REEMTIC X
¥ 3Ial—varEfrol. DSIMIC X hllE X i
BRI AL, & 2aL—savic k3504 &
MeRE A3 L 722, 512, DSTM I2 X hllE S 1L
REREIGHTIE, Y Ialb—YaviizuifiLimIic
EDFRAELLEBASTORZA S 2 LM TE, DSTM D
B2 ERTE 7.

B2, TR GBI TR 24 42 B8 501 T B AE i 3 At
FAFI 3 (No. 2012A-E02, No. 2012B-E12) D {EB) %
7z, F7e, BRI, AT HRER i 2 i
7% N0.24656083 "I 7E RS o> PN BRI 773~ oD PRI
Kk2b0Ths, Db, FHLTOLEDEHPL B
E3
SE X

[1] PJ. Withers, "Use of synchrotron X-ray radia-
tion for stress measurement”, in: Analysis of
Residual Stress by Diffraction using Neutron
and Synchrotron Radiation, ed. by M.E. Fitz-
patrick and A. Lodini, Taylor & Francis, 2003,
pp- 170-189.

[2] BwREGA, ENHECA, WEiSE, BIIFE, "2 %ot
B AR IS & 2 WO ARHIIE”, R, Vol.11,
No. 2, 2012, pp. 99-106.

[3] S.E Nielsen, A. Wolf, H.F. Poulsen, M. Ohler, U.
Lienert and R.A. Owen, ” A conical slit for three-
dimensional XRD mapping”, J. Synchrotron
Rad.,7-2, 2000, pp. 103-109.

[4] R.V. Martines and V. Honkiméki, "Depth re-
solved strain and phase mapping of dissimi-
lar friction stir welds using high energy syn-
chrotron radiation”, Texture and Microstruc-
tures, 35-3/4, 2003, pp. 145-152.

[5] R.V. Martins, “Residual stress analysis by
monochromatic high-energy X-rays”, in: Neu-
trons and Synchrotron Radiation in Engineering
Materials Science, ed. by W. Reimers, A.R. Pyza-
lla, A. Schreyer and H. Clemens, Wiley-VHC,
2008, pp. 177-194.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

R.V. Martins, C. Ohms and K. Decroos, "Full 3D
spatially resolved mapping of residual strain
in a 316L austenitic stainless steel weld spec-
imen”, Material Science & Engineering, Vol.
A527,2010, pp. 4779-4787.

BN, 1T, "4 X =2 259 I (5h
D 2 KoukRitigR)”, G, Vol. 22, No. 5, 2009,
Pp. 256-263.

HTERAEARRR, PR, SRR, P&, 3
Mz, ANgeTekE, “mx FoL X —BEEZ Al
O AAF v = v 7RI X BRS04
i, HARE: 2SR A, Vol. 71, No. 711,
2005, pp. 1530-1537.

http:/ /x-ray.ed.niigata-u.ac.jp/xdatabase
/Kroner_model /kroner_h.html

L.J. Slutsky and C.W. Garland, ”Elastic con-
stants of magnesium from 4.2 K to 300 K”, Phys-
ical Review, Vol. 107, No. 4, 1957, pp. 972-976.
H. Watanabe, T. Mukai, M. Sugioka and K.
Ishikawa, ”Elastic and damping properties
from room temperature to 673 K in an AZ31
magunesium alloy”, Scripta Materialia, Vol. 51,
2004, pp. 291-295.

SPEPORL, AURRRZ, SRR, /NG R
B & 2 o MR tEoMlE”, B LT,
Vol. 52, No. 608, 2011, pp. 1002-1006.

D.L. Yin, KEZhang, G.FE Wang and W.B.Han,
"Warm deformation behavior of hot-rolled
AZ31 Mg alloy”, Materials Science and Engi-
neering, Ser. A-392, 2005, pp. 320-325.

A. Belhadj, J. Bessrour, J-E. Masse, M. Bouhafs
and L. Barrllier, “Finite element simulation of
magnesium allys laser beam welding”, Jour-
nal of Matrials Processing Technology, Vol. 210,
2010, pp. 1131-1137.

H. Yang, L. Huang and M. Zhan, "Hot form-
ing characteristics of magnesium alloy AZ31
and three-dimen-sional FE modeling and sim-
ulation of the hot splitting spinning process”,
Magnesium Alloy — Design, Processing and
Properties, Ed by F. Czerwinski, In-Tech, 2011,
pp. 367-388.



