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Evaluation of Residual Stress Distribution in Shot-Peened Steel
by Synchrotron Radiation
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The in-depth distribution of residual stresses in shot-peened steels was measured by using high energy X-rays
from a synchrotron radiation source. The relation between the 26 and sin’ y was obtained with the side- 1nchnat10n
method (y diffractometer). The distribution of residual stresses was first evaluated by the nonlinearity of the sin” Y
diagram by a simplex method. The estimated stress agreed with the distribution determined through the sin’® v
method by using Cr-Ko radiation combined with the conventional surface removal method. A new method was pro-
posed to estimate the stress value of the distributed residual stress. The new method was a combination of the side-
inclination method and the iso-inclination method (o diffractometer) to maintain the penetration depth constant. The
sinzy/ diagram could be approximated by the linear relationship. The evaluated stress distribution agreed well with
the distribution obtained by the surface removal method.
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Table 1. Condition of shot peening.

Specimen Nominal shot Air pressure Coverage
Pe diameter (mm) (MPa) (%)
HP(No.2) 0.8 0.3 100
MP(No.1) 0.4 0.15 60~70
LP(No.3) 0.1 0.1 100

Table . Xray conditions for stress measurement by Cr-

Ko radiation.

Method Paraliel beam method

Characteristic X-ray Cr-Ka
_ Diffraction line 211

Diffraction angle (deg) 156.41

Filter A\

Tube voltage kV) 30

Tube current (mA) 200

Scanning speed (deg/min) 1

Preset time (sec) 2

4 ;f; Detector

Soller slit g 20

g Slit

X-ray
Fig. 1. Experimental setup.
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Table . X-ray conditions for stress measurement by

synchrotron radiation.
Wave length (nm) 0.01718 (0.01697)
Monochromatic crystal Si3li
Diffraction plane Fe 321 Fe 633, 552,721
Diffraction angle
20, (deg) 12.88 (12.72) | 25.45(25.14)
Detector Scintillation counter
Solar slit (deg) Divergence 0.03
Preset time (sec) 10 (4)
Scan speed (deg/step) 0.02

() : Condition for buffed specimen.

Table V. Conditions of polishing.

Specimen Removal depth  Roughness
z (pm) Ra (um)

0 0.615
HP 9.5 0.352
MP 0 0.469
‘ 6.5 0.147
LP 0 0.375
8.8 0.135
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Fig. 2. Penetration of X-rays.
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Fig. 3. Residual stress distribution measured by Cr-Kea
radiations.
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Fig. 4. Relation between diffraction angle and sinzyL

DD, X MBAFXMIEIERHE 55 633, 552, 721[H
ok, MEOENKREL 55, ZOEAIZMMOMET
LR TH 72, ZOFREE LT, EEMHEIIZES X
R E DZAL R T OB OBE £ % 5h5 %2 2T,
RIZEE &S THIEBIZ & - T Table VISR B2 B
frEL-BOBEIEET -7, HP, MP #4122\ T 633,
552, 721 BT ©1% 57z 20-sin"y X % Fig. 5127
T, Ty FEAL APENDETF—2DIE50%
BREVY, ERERLHEERIILIFTS. Zh
XD REOH X BKREWBEOIEFEEITIITER LSS
BChHBILRbrD, &k, 22 THWERELHS
WIS THBIC L AEAREZZRE L THIELELZS
DTH5. NTFHEBICELTIE, BAaF LD CrKo
12k BHIE (sin®y =0~ 0.6) 12k T, BEGHAEA
INBENT L EFERL TS,

EESHICAE 5 MR 4 20-si"y MR A B 21T, B
BIS AR ORI 41T o 7=, BITICiE, JEER
SHZETH B 633, 552, 721 BIITOERBER A Hw -
Fig. 612 HP, MPMIx{§ 28t ERER AR T. RhE
BHEEERTHS. (2 D HP#MTIE, 100um BLFD
FHEEE TETERBEOH BERISRZ VA, PREITEER
BLUBREBIMEERT2HESE L —KTS. b)) D



768 PRERF, HRE, SRS, YNEbIt, FRtE, MR, BAKER, HHMX

25.18 T T
HP Fe 633,552,721
Buffed
25.17 o
25.16 —
25'15(— O Measured | |
—— Calculated
25.14 ' ‘ [ I
0.0 0.2 0.4 0.6 0.8 1.0
sinz\y
(a) HP
100 T I T
HP
Buffed

Residual stress, o, MPa
1
R
(=]
o
I

O Measured
2200 ® Corrected |
[ 2o} —— Calculated by

f@&o Fe 633,552,721
_300 | 1 1

0 100 200 300 400

Depth, z um
(a) HP

25.165 T T
MP
Buffed

Fe 633,552,721 0

25.160

Diffraction angle, 20 deg
[ ]
(9,
*
wn

O Measured j »
— Calculated| | -

25.145 ——1 1
00 02 04 06 08 10
sin
(b)MP

50 I I
MP ® 9
& 0 ~Buffed
=
o 50—
g 100
5 - .
g -150 . O Measured
% ® Corrected
e -200 —— Calculated by/[T
| Fe 633,552,721
-250
0 50 100 150 200
Depth, z ym
(b) MP

Fig. 6. Residual stress distribution.
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Fig. 8. Residual stress distribution as a function of
penetration depth.
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