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Fig.1 XRD stress analysis: (a) schematic of experimental setup, (b) typical 20— sin’ ¢ plots
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Tab. 1 Diffraction peak data and 2 values in the tests

o 0° 24, 2° 35.3° 45°
Test 1 127.5 127.7 127.8 128.0
Test 2 127.5 127.7 127.8 128.0
Test 3 127.5 127.7 127.9 128.0
Test 4 127. 5 127.7 127. 8 128.0
Test 5 127.4 127.6 127.8 128.0
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Fig. 2 SEM images of ring cutting sample and its surface deformation after layer by layer etching.
From left to right, from top to bottom., the first layer, the second layer until the
sixth layer were etched. Unit: pixel, 1pixel=2. 2nm.
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Tab. 2 The principal stress and principal direction analyzed by ring-core method

Layer or (MPa) o, (MPa) Q)
1 3301.9 860. 6 —59.6
2 —774.3 —2808. 6 35.7
3 2828.3 777.9 —55.7
1 —1091.7 —2938.8 50. 6
5 —1122.9 —2324.8 —29.1
6 3114. 2 2147. 2 35.8

2 Sm5ie

MESCEE R LUF 3] XRD B 53 R € (B AR 20MPa 0RO 15 9000502 I 4 79 25 SR AR 22 L 0e
TEHERR 1T REAFAE 0 0 B R R 22 b, 2 S A0 15 DA i ik 448 SR a0 SR R I i 5k 1 3 P LA R
RERA K. NN ERGE  AEFRA N3 5387 JCH RS /N ROBE A4 RE I, BR b 5 322 0] LA = 38 45 Wi
P EE 2 R BOF AT RE ™ AR BRI R 22 . I T, AR SR PRI I 18 B AR J7 3k B9 (I 25 PF S i R
2.1 tFmJLAHER T

£ it B LT R AR QLG PS5 T . e — SRR A BB B, JE R o 0 7 6 B LA R IR S5 R B 4. 4
T T AL B R T 52 A 0 JUAT R B I, LNk 58 04 0k 22 FL A L 2 00 R 5™ A 25 AT 532 Mg 0k 45
XF T 2 BE I 2070k L [ARE A Bk N S AIRA Y Rl . 2 TR A0 B0 A () X S I S5 SR AT S . XF T AT A
SIS AT TV W I 2 R A TS O R T s o TR IR HEURS 0 R RE S 45 5 i Ak
55 BRZB/N AR T SLH 50 Mo X8 T 0 BUER L RS B2 X 1 A8 55 5 il 26 T A 45 45 5 B2 A — 7 Y 3
My o I L2 52 0 2 PR A F- 88 S5 DA i 52 10 7 g R T A 155 0

SR it T I 14 3 TR A — e B0 A R T Y R PR S IR A AR B4 R AR L TR R AT A
S5 R R e - R B ORI O TR B e w2 T — > 2 P TR o A RS X XRD Ay
B AR AT T L SCRRCO T o o BRGESE T AR S B I R T ERE A AR A I ) Rl i
REROTH AT B B P S(E L R 22 5 R A RO S Ry b i A AR A5G o e f] S A LA O 28, T LA 5 iy
RZEEM RN (/R B, Horb d W FIR BAR, ROV R aR il Ao 42

JUARTASAE 19 5 — T T 2 B o 310 AR 09 AfRERRAE o dfRL A /N JIRUIE) SR X AT SR 5 N ) R T i
AEAFRIE XA . T XRD AR I R A AU 2L 43 2 i HL A /4 foks BE A58 70 1 77 28
{5 RSF SO /N U BEHIL , LLORIE T 35 D0 8 A9 25 A J7 [ 80 A R 95 A AT 515 5 . — B0 ol 4 kL
RAFAE 30pm LUR I AT LABEAT X BEERATHTSC80 . O3 — 7 1, ok A BETC R A /0N o 705 DU A7 S e 2 92 53
(A5 DA (L A 2 07 A IR HE o A R oA — s B DI S BB UL 25 SR X5 2 5 ot A PN 1 o T S T A AT
YRR I B T 0 L R B G I UK Y R e L R DDA T AT SR R OR B A . X T
TIRETTTHE » dtRL B R/ IN U] 5 5 WA A 2 S BUL IR 7 H6 B R R AR R S R B BUE A P i . i T 58
S0 77 1 A 5 I T e P AR SR AR DA 2 50 A AR ME I BEIE b EAT B IE . RS AN L R 2538 B A A T L R
A LA i — 5 B T R AT o R R O AR ARG G R A B 1) A PR AT A BR T SR SR
ABIEIGIE A TR ZE . 21 FhRL H BRI A7 IS 2 A PR ER A A — A~ AioRL b a8 Ak T IR ST UL Y L
FEH 3 I A RL A A 2% o) S M 2o 0 25 SR A WD AR5 ) A SR A% 1] S S BT UL s o DB
PR T LAAE SR AT B /N B RE iy Al 98 & TGS T 28 BT LA . 2 R R /DN BRI | 4% 1) S R
PESE T I F7 73 B L 24 3 F 22 KA R RS



%5 MO BRAYIE T oA 7 vk HUH XS AT SR S N ) e 649

FRATTXERE S HEAT 13 5 XS LA S 20 B 52 56 LA K F 1 1 BUS CEBSD) 70 52 56, %E 1R T 1A dh
Y ORI ] 5 R 25 R iR 3 S 1E] 4,

[——ring

160000
140000 -
120000 J

100000 i\

g
2

dODDD-‘ f

20000

2-theta

&3 B A XA S 7 T P A S R PR TR ARG 5 0 G A U (1 2o I PR 3 4% B 08D
Fig. 3 Geometry of transmission X-ray diffraction analysis and the ring integral

of diffraction intensity and diffraction ring photograph
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Fig. 4 EBSD grain orientation scanning and grain size statistics
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Comparison of Residual Stress Analysis Methods:
X-Ray Diffraction Method vs Stress Release Method

JIN Peng, LI Xi-de

(Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China)

Abstract: Residual stress analysis methods can be coarsely cataloged into the following types:
diffraction method, stress release method, and sound, light, magnetic method, etc. Among them, X-
ray diffraction and hole-drilling technique are two of the most mature and most widely used methods.
When the stress is uniform and the value is small, these two methods can give similar results.
However, when the sample is small and its microstructure is complex, there will be a significant
difference between the results given by both of the mentioned methods. In this paper, residual stress
on the surface of the same pure copper sample is analyzed by X-ray diffraction and ring-core method,
the analysis results are compared and the related factors are discussed. The applicability of X-ray
diffraction method and ring core method is discussed: the former is suitable for crystal material and in
non-destructive examination, and the latter is more suitable to reflect current stress level. In addition,
the purpose of stress testing should be taken into account in method selection.

Keywords: residual stress; X-ray diffraction; ring core method



