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Measurement of Residual Stress in the Electrical Ceramics/Metal Joint

Mitsuhiko Kmvurat Koichi Asarit Shoji Gorott
Setsuo Asott and Kenichi Ongucnrtf

Abstract

Electrical Sialon ceramics having some contents of TiN and SKS3 metal were joined with Ag-
Cu-Ti active brazing metal layer having a thickness of 100 u m or 400 #m at a temperature of
1113K for 300s in a vacuum. The residual stresses on the brazed joint samples were measured in
the ceramics side and the metal side by X-ray stress analysis. The linearity in 2 6 -sin® ¢
diagram was confirmed for X-ray diffraction from the grinded surfaces of metal and ceramics.
The residual stresses in the ceramics and metal sides of brazed joint samples indicated the
characteristic distributions each other. The residual stress over several hundred MPa was
measured within about 10mm from the joint interface in the metal side of brazed joint sample.
The 400 « m thickness of the brazing metal layer was especially effective to relax the residual
stress of 0, in the ceramics side (o, : residual stress in vertical direction to the joint interface).
And when the brazing metal layer thickness was 400 £ m, the residual stress ¢, in the metal side
showed almost zero value due to the plastic deformation of the brazing metal layer.

Key Words : X-ray stress measurement, Residual stress, Sin’¢ method, X-ray diffraction,
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Table 1 Condition of X-ray stress analysis.

CrKo 40(kV), 40(mA) 40(kV), 40(mA)
Diffraction plane (311) of TIN (211) of aFe
Diameter of incident collimator ¢ 1.0(mm) ¢ 0.5(mm)
Stress constant, K* -914.1(MPa/degree) * -318.0(MPa/degree)
Detector PSPC with V filter PSPC with V filter
*(E: 250GPa, v:0.19,2 8 ¢: 127degree)”
o=K-+M [MPa] 1)
E Vs
K= —————+cotfs* ——[MPa/deg] {2)
CE)) 7180 &
020,
M=— [deg] (3)
O sin®¢ &

L, KIBGHEH, MIB20-sin® ¢ ERoMEE, EIidHE
WMEREL, v IR ET v U, 20, 3EEHEE & O mEE s
BTH QBT IR E -/ NEDHRATH S, THb5,
XBHES BN, INTIERKIZ 20 -sin*¢ SR DA =
MAFEUTESLIEMNTE B,
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Iy 7 20w TR, BHEINTIC X 2RI IBEZES 5
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Measurement lines of residual stress

Ag-Cu-Ti brazing metal layer

Figure 1 Schematic view of brazed joint sample with meas-
urement line of residual stress.
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Figure 2 28 -sin*¢ diagram for (211) diffraction of aFe.
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Figure 3 X-ray diffraction profile of Cr-K. inSialon and
Electrical Sialon, which was converted from the
intencity of Cu-K.,.
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Figure 4 X-ray diffraction profile of Cr-K, in Sialon and
Electrical Sialon, which was mesured by using
PSPC detector.
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Figure 5 Schematic view of incident Cr-K. X-ray beam in
Electrical Sialon at the case of 26 = 127degree
and ¢ = 0.
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Figure 7 Relation between residual stress and distance from joint interface in E-Sialon and SKS3 of speci-
men brazed with 100 £ m thick brazing metal layer for 300s at 1113K. o x, ¢y show residual
stresses in parallel direction and vertical directiono to the joint interface, respectively.
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Figure 9 Relation between residual stresses o

Distance from edge, d, mm

(d) o, in SKS3

Xy

oy in parallel direction to the joint interface and

distance from the edges which were remote 0.5mm from the joint interface in E-Sialon and
0.250mm in SKS3. The specimen was brazed with 100 £ m thick brazing metal layer for 300s at

1113K.

SR YL

s ¥25 (2002F12H)




Akita University

HEWE S v 7 R REBEEROBREIEIHE 41
100 o 300 é——i—%
& o -
= o = E-Sialon
% oF b; 200 p
b > @)
g 3 "
% -100 p g 100 F :,
@ i
- o oy i interfacel | o
3 200 s of LI : N
2 2 ’
o & H
—300 A A A _1 00 L . A (C)&(d)
o 5 10 15 20 0 5 10 15 20 SKS
Distance from interface, d, mm Distance from interface, d, mm 3
. . B . 25
(a) o, in E-Sialon {(b) o, in E-Sialon
300
g & 200 (a) o, in E-Sialon
= = (b)o, in E-Sialon
b;( 200 b; 100 p (c)o, in SKS3
o H u; (o, in SKS3
2 100 s 0
k3 = E-Sialon/SKS3
Tg = Brazing temperature 1113K
2 0 2 -1oo f Brazing time 300s
& 'g Thickness of brazing metal layer 400um
-100 . 1 1 T _s00 4 2 x
o] 5 10 15 20 0 5 10 15 20
Distance from interface, d, mm Distance from interface, d, mm
(c) o, in SKS3 (d) o, in SKS3

Figure 10 Relation between residual stress ¢x, 0, and distance from joint interface in E-Sialon and SKS3
of the specimen brazed with 400 £ m thick brazing metal layer for 300s at 1113K.
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Figure 11 Relation between residual stresses ¢., 0, in parallel direction to the joint interface and
distance from edges which were remote 0.0mm in E-Sialon and 0.25mm in SKS3. The specimen
was brazed with 400 #m thick brazing metal layer for 300s at 1113K.
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