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X-ray Study of Residual Stress Distribution of Ground Ceramics

Yoshihisa SAKAIDA, Keisuke TANAKA,
Yuichi IKUHARA and Kenzi SUZUKI

The residual stress distribution of ground ceramics was determined from the eigen strain
existing in the ground surface. The eigen strain of ground ceramics was tensile, and exponentially
decreased with the distance from the surface. The residual stress distribution is given as a superposi-
tion of an exponential function of compression and a linear function. It is found that the actual
residual stress distribution can be approximated hy a compressive exponential function because the
magnitude of tensile residual stress is negligibly small compared to the compressive residual stress.
In the experiments, the diffraction angle was measured on ground silicon nitride for a wide range of
sin’¢ using the glancing incidence X-ray diffraction technique. A strong nonlinearity was found in
the 20-sin*¢h diagram at very high ¢-angles. From the analysis of nonlinearity, the residual stress
distribution was determined. The residual stress distribution of silicon nitride coincided with the
distribution calculated from the eigen strain distribution. Transmission electron microscopy was
used to clarify the origin of generation of the residual stress. Both strain contrasts and microcracks
were observed below the ground surface; straight dislocations were also observed within silicon
nitride grains near the ground surface.

Key Words: Ceramics, Residual Stress, Grinding, X ray Stress Measurement, Dislocation, Glanc-
ing Incidence X ray Diffraction Method, Transmission Electron Microscopy
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Fig.2 Residual stress distribution of the ground
specimen
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Table 1 Properties of material To. BER, o —F DOWAERE TITV, BREIH T & B
Composition | SisN, | Mg | Ce | sr | T-0 BHEO 20 & sin®g ORARE RO, f 72, RBH
(Wi%) 89 ] 20]35]07} 48 Rz 7y 7B L - E{bTwHEEHO T 26-

Density p (kg/m?) 3.23X 103 siny B & B U, $0 T AR ORI E £K D 1,

4-point bending strength 6g(MPa) | 945

P [ - 7 I ) ] 7N B i BN 3
Fracture toughness K;*! (MPaJm)| 6.6 RO WCELTRARIE T, s, RBRE 13 1
Young's modulus E *2(GPa) 288 =317em™ & L, X BT 5 13 Rint 2000 (% E
Poisson's ratio v "2 0.28 B % 7
*1) Ky was measured by SEPB method.
*2)Elastic modulus was measured by pulse echo method. 4., EEBRE L L U%ﬁ
Table 2 Surface grinding conditions 11 BEAAS X#EICL SHHIED 20 sin*d 1R
3 4 5 n .
Grinding method | Plunge surface grinding,Up-cut RIS 3, RA AR X ARk & WlE L 72 e
Grinding wheel | SDC200/230N75B OO 212 FIHTICH Y 5 20 -sin®¢ #{M &R T, H
Size:3500 X 207X 127" mm(14A1) ESTENS b &3, BEEIE O 20-sin’p HEIZH©
Peripheral wheel speed Vg (m/min) 2000 HIIZHINL, sin®¢20.7 T<20,> MRABITHEML
Workpiece speed  Vy, (m/min) 10 e X FedE A A . G2 gy 3
Depth of cut A (um/pass) p CANEQIEBIEE 2R L. Lo L, sin’¢ ORAMM

BT 2HEEFAR WO ALY L. sinfg
D e KAEIZ AR E =05 I2HIM L, ﬁ)mllzkﬁij o
LOIRIEARVIC XA ART 2%8TH 5, HEIE

Table 3 X-ray conditions for stress measurement

Measurement principle Iso-inclination method MBI HBER s D ﬁi?%fﬁl TOEH
Fixed yo(-1) C s
- FEVEIEDEE D LT £ B A B SB, & 72, BRI
Characteristic X-ray Cr-Ka
Tube voltage(kV) 50 }J "'J e {ﬁ“/L l/ 1z @*}?ﬁ {2 0¢¢> )] QII] s ﬁT % \'ﬂj
Tube current (mA) 100 HOEBRITR L D b k5<v7\t.w%
Divergent slit (mm?2) 04x5 . L
Step angle (deg.) 0.02 WO TIEST 0:2) HBWHN TR D EISTT o(2) £ D
Fixed time (sec.) 1-20 KEWIEDbMD, &8, sin¢ BB 2 20
Dl.ffractfon 212 of B-SisN, X5 7oA JEIE 1, Eigenmann 509 435 > 2
Diffraction angle 268y(deg.)| 131.71 ] ] ‘
Incident angle a(deg) | 0.5, 1.0, 2.0, 3.0, 4.0, 7.0, 10, 0 b uRENE O TR £ D ALOs ® ALOs
13,16, 19, 21, 24,27, 30, 33, JTIC, ZrOe3 mol%Y:0s 0B % #E L 72 G54 &
36, 40, 43, 48, 53, 63 . .
& CRA 25 L7z,
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Fig. 4 X-ray stress measurement using a glancing Fig.5 20 sin®¢ diagram for 212 diffraction by Cr-Ke
incidence X-ray diffraction technique radiation
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Fig. 6 Residual stress distribution of ground SisNy
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Fig.8 The relation between half value breadth and
sin?¢ for 212 diffraction by Cr-Ke radiation

NII-Electronic Library Service



The Japan Society of Mechanical Engineers

1686

£ 7 3 v 7 AOWHEIBEICH SO X SRS

ZOELMLFAZER4IWCRT.

WrEIE DO TEM 8, HtHlE 2 Evicrab» &b
TICRECRIIEED U/, MIEOES50.1 mm 2
Biziks Ty 7HELR. R, SRBRF ICHsHA
D Mo V) > 7 %R V3T, RO b - HHHEIEZ 0
WKHTEDOE S B 20pm 122 3 £ TLIZFA 2T 72,
Z L T, %%, Ton beam sputter i€ & D EH 1L L

Table 4 Face grinding conditions

Grinding method | Face grinding

Grinding wheel | SDC400/500N75B
Size: 1000 X 3WX 3X X 31.75Hmm(6A2)
Peripheral wheel speed Vg (m/min) 1500
Feed rate Vg (mm/min) 500
Depth of cut A (um/pass) 5

(a)

Strain contrasts and microcracks observed below the
ground surface

The

(b) Dislocation located within silicon nitride grains.
incident beam direction is parallel to [123 1]

Fig.9 Cross-sectional bright-field image obtained
from the face-ground SisN4 using transmission
electron microscopy
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