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Residual Stress Distribution in the Sub-Surface Region of
Shot-Peened Ceramics

Keisuke TANAKA™*?, Yoshiaki AKINIWA and Yusuke MORISHITA

*3 Department of Mechanical Science and Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

The surface of silicon nitride ceramics was modified by fine particles bombarding (FPB) of high
strength steel with 50 pm in diameter and by ultrasonic shot peening (USP) of tungsten carbide shots
with 1.1 mm in diameter. The residual stress in the sub-surface region measured by the X-ray
diffraction method was compression. For FPB surfaces, the sin” ¢ diagram was nonlinear, indicating
a steep gradient of the residual stress distribution in the sub-surface region. The distribution of the
residual stress was determined by the constant-penetration-depth method. The stress on the surface
was a large compression of about —1.5 GPa and diminished 5 pm below the surface. The compres-
sive stress increased with the shot pressure for FPB. For USP surfaces, the compressive stress was
nearly constant with in the layer of 10 pm and increased up to —1.5 GPa with the peening time. The
half value breadth of diffraction profiles increased nearly proportionally with the magnitude of the
compressive residual stress. The fracture toughness measured by the Vickers indentation method
also increased with the compressive residual stress.

Key Words: X-Ray Stress Measurement, Residual Stress, Silicon Nitride, Shot Peening, Fracture

Toughness

1. #&

3

XT3y 2 AR, mEE RN, MEREXED
BN 7 OEETM & U TORHEDEZD DD
HBH, FORMEIINTINENEENTNS, 5
3y 7 ADKEBBEIIREIEIICE > TRE  ZHLE
N3 7 O EHRE IS % REE W EBAICEAT S
L& o T, MR & ORERE O EHSEIRET
%35,

EEMEHICBLWTRAALEL LTy ay b E—=
YORERFAINRTWS, E—=2 i1, &
BEREICIIERBRECIPBASNS L &b TTE
bz L > TESBEZENVRKELHMET RV, ZOF
HE3L7 Iy 7 AERT A5G, Rk THLy 3
v INPET Iy AKRANERT LI EICLD ER
EORMEHEA SN AREENTFHEIN S 120, fEkK
FEEA R EN TR,

1,

Pfeifer 5@® ZE T WRB I U7V F ORME-

WObmMmMEEOWCR2yay b —=v 7 Lz k

* FRaZAT 200543 A 22 H.

*ER, ABARETEFER(® 464-8603 HEEH TER
TER]).

2 HEBERERER TERTR.

E-mail : ktanaka@mech.nagoya-u.ac.jp

& REBICREERAICNPEAINS e ® X
BMHEEL T3, ZOFEEREILIEYay VEAE
EHITHAL, FRRFICEMIE LR T 22 L 28EL
TWw3, &5, Tomaszewski 5® L, 7 3+
06256 1. 1mmEBEZEDOWC 2EBEHE—=>77F
BIEICEVEMERECHPKRE LS kDI L 2HEL
Twa Y, FICEREOY — =2 7 TRERE»S>D
BB SRET L2 L 2BELTWw3, 1, Ito
503, BLITWEBIUTZAVIFOEY I —RAFEZ
AEIC X DHGEMEED, Y3y bE—= V2L
WAL ZERREL TS,

DED k>, I TEDZH, Y2y hE—=>
W&o TET 3y 7 AR IZEMREHRE ISP EA
Xh, REBESELT S ENREIATWS, L
L, BRICHOSMIRERHE TR <, LBEIE
HeFKEHRE LFOBBRLHES L TR WL, &5, E
— SV IR Lo THRBRCRBHSEASIN LGS
bHY, KEEEILT2-0DREDE —= > 7 &M
BT a4 Tid e,

KR T, Bl VwECE—= > 70\ E Lz &
EOBRECNAAE X MTHERBERET 2 F k%6
RTDrEbic, E—= v RGEOBREIENNTE, B
SUKHOMRAOEEERN T2, 51, Ev i

—110—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

Vay bE—=Y Lk T Iy AOKRE FOREIGNSTR 1715

—AEIAFER L DWEHAULHET LI 06, &
BEOE —= > 7 & emits 5,

2. X BB K/ &

2:1 MHEEIVE-ZTFE EEMEICE,
HALBERE SN BT WwER [HARRERREE D &
EC141] =AWz, #EOY >~ 7K 320GPa, "7V
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-y 7 AR (D) EARNCL 2 TFE—= >
7" (Fine Particle Bombarding : FPB) & (2)&@8 & ¥
¥ — = 7 (Ultrasonic Shot Peening: USP)® 2 f&
HThHs, FPB T, ¥a v MIEEEMN(ER 50
wm) # AV, BHR Ty ay ME#0.1~0.8 MPa ®
P TITo 72, &7z, USPTldy 3y i WC(E
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BETHD, X BFIIEHE XBCr-Ke g2 ERL, 8-
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(a) SisN, 411 diffraction by Cr-Ka
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_ sin® §—sin® ¢
z-w2/zsin€cos¢lox (1)
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_sin®@—sin® o
= 94-sin 6 cos ¢o (2)

—H, o eTFEL, xickVEMAzELLEE S &,
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_sinf e
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T p=424.7 em™, HEET £#=36.05cm ™ TH 5,

X-ray : 12.4 keV
' Diffraction : Si;N, 301
: Diffraction angle : 26, = 33.16 deg
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(b) SisN, 301 diffraction by synchrotron X-rays

Fig.1 Relation between penetration depth and sin® ¢ for SisN
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‘(a) Pressure p=0.1 MPa

(b) Pressure p=0.6 MPa

Fig.2 SEM micrograph for fine particle bombarding
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Fig.3 Relation between surface roughness and shot
pressure for fine particle bombarding
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(a) Peening time £=2 min

(b) Peening time {=4 min

Fig.4 SEM micrographs for ultrasonic shot peening
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Fig.5 Change of surface roughness with peening time
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Fig.6 26-sin®¢ diagram for specimen peened by fine
particle bombarding at pressure 0.6 MPa
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Fig.7 Relation between residual stress and shot pres-
sure for fine particle bombarding
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Fig.8 26-sin® ¢ diagram of specimen modified for 4
min by ultrasonic shot peening
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Fig.9 Relation between residual stress and peening
time for ultrasonic shot peening
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Fig. 10 268-sin® ¢ diagram for fine particle bombarding
at p=0.6 MPa (Cr-Ka)
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Fig.11 26-sin® ¢ diagram for fine particle bombarding
at p=0.6 MPa (Synchrotron)
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Fig.12 Distribution residual stress for fine particle
bombardment at p=0.6 MPa
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Fig. 13 Distribution of residual stress for fine particle
bombardment
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Fig. 14 Relation between half-value breadth and resid-
ual stress
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Fig. 15 Optical micrographs of Vickers indentation
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Fig.16 Relation between fracture toughness and shot
pressure for fine particle bombarding
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Fig. 17 Relation between fracture toughness and peen-
ing time for ultrasoni(; shot peening
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Fig. 18 Relation between fracture toughness and resid-
ual stress
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