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Mechanical Strength and FEM Residual Stress Analysis of Stainless Steel/Si;N, Joints
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ekl dQFE Cu ¥ Cu/Mo HE3AE FUAZ AHgstden, 49 FA % Fxo we}
A B BFeHe 27 R BZ7F YRR vl gl Bajod zapssdch 271
Al Cud FA7E 02mm dwf Azhxe] BA=E A BF3H Arst FH35] Fhstgdod,
Hd A =7t vebdo Cu/Mo oh3 F2A4E AHEE LA AME Cw/Mo FAu7 Hagss
AgdEe F7HEAT. 288 A A9/ Agda PAAA Cu/Mo T4 AHEE Cu F7H4
AHEET ARAEE FMTled EARAeldlen, Hd APFEE 450MPa HFEel%rch. Cu/Mo
FAAE AHER A AME Mool Adh AApere] AFEHo] Ayt FE F32 Mol |
A £y os AF3Ye] Fase] HuAe HYAEE A Ao 479

Abstract The active metal brazing process, using Ag—Cu-Ti brazing alloy, was employed to join stain-
less steel 316 and silicon nitride. In order to increase the joint strength, Cu and Cu/Mo were selected as
interlayer materials. The residual stresses were computed with variations in the thickness as well as in
the structure of an interlayer by using finite element method. The increased bending strengths were ob-
tained for joints with Cu interlayer of up to 0.2mm in thickness, which was found to be associated with

. the effective reduction in maximum residual stress developed in Si;N,. The joints with Cu/Mo interlayer
system showed the increased bending strength as compared to joints with Cu system alone. The maxi-
mum 4-point bending strength was about 450 MPa at room temperature. The improved joint strenth
with the use of Cu/Mo interlayer is considered to be caused by preferred plastic deformation of Mo
interlayer during bending test.
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Fig. 1. Typical finite element mesh for ceramic/metal
joint.
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Table 1. Mechanical properties of materials
used in the joint

ial
Materia Silicon C 1§winless Moly-
. nitride | ~TTC" teel 316/ bdenum
Properties
Elastic modulus
00 20 150 320
(GPa) 3 !

Poisson’s ratio 0.22 0.37 0.25 0.25
Coefficient of
Thermal expansion | 3.2 17.7 14.0 5.7
(10°%/C)
Yield Stress
(MPa)
Tensile Stress
(MPa)
Ductility
(%EL)

70 240 565

200 552 655

45 50 35

Al fine polishings 3l%l2.=d, STS 316 = 3
b2 ALE" Cu o Moe Ewe 43
g A A7 H3ked < 10um(1000mesh) ]
SICE At&-3ted grindingsdte] ARg-3lch =
#lo]A F-A-& 0.0013Pa(10 °torr) o]3te] =l
T A7l A 850Cal A 1087F o] Fof F e,
o]y HAAHAAH Y5 AE Ha
3t3t7] HAdted FPA A ok 250Pas] <ty
o] 7}e} =5 dead weight® AH-&3} %}

HA Aze A" 2wlals 29 9
AR F4£ 2 A7)= 3x4x15mmo)ge
o, A AFAEE A1 10700 o 3o
44 FHAEHoR Ao ZHHY
ZAx71e cross head €% 7} 0.5mm/min,
upper span % lower span® 77} 10mm,
20mme] i},
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B
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E
Interface — e =<4 Maximum
A=-0.108E+3
B= 0.183E+3
C= 0.473E+3
STS 316 D= 0.764E+3
E= 1.050E+3
F= 1.350E+3
(Unit = MPa)

Fig. 2. Maximum principal stress contour for STS316/
Si;N, joint.
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Fig. 3. Residual stresses at free surface from the metal
side of STS 316/Si;N, joint.
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Fig. 4. Maximum principal stresses in ceramic with Cu
interlayer thickness change for Si;N./Cu/STS 316
joint.
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Fig. 5. Maximum residual stress with distance for SisN,
/Cu/Mo/STS 316 joint.
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Fig. 6. Maximum principal stresses with interlayer
thickness ratio for Si;N,/Cu/STS 316 joint.
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Fig. 7. 4-point bending strength of Si:N./Cu/STS 316
joint with Cu interlayer thickness change.
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Fig. 8. Schematic illustration for fracture path for (a)
low strength joint, ( b) moderate strength joint, and (¢)
high strength joint.
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Fig. 9. Optical microstructure of Si;N,/Cu/STS 316
joint.
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Fig. 10. 4—point bending strength of Si;N,/Cu/Mo/STS
316 joint with Cu/Mo interlayer thickness ratio.

Fig. 10ell4 RoF= Az 2ol SiN/Cu/
Mo/STS 316 A9 HYF=e #e 74
o} Cuntg A8 SizN/Cu/Mo/STS 316 #
A HYAEs} viwatey HAAEE F7)
soed, AYFE F7tAaFAE Cu/Mo F4
uj7b zolA & Frhsbddct. SiN/Cu/Mo/
STS 316 A A4 vette FFAH2E Cu
/Mo FAule me} k2 A vebygeh. Cu/Mo
FAu7E 1 ol4kal SisN/Cu/Mo/STS 316 A
FA A e Fig 8(b)al Aol 7] e}



474 gIAue ] A5H A 43 (1995)

wou, Cu/Mo 5787} 0.1491 SisN,/Cu/Mo
/STS 316 AHgAAA Iz Fig 8(c)ell A
HolFs A o] difio] FAAHR AL
® Mool A dojytct.

Frsao R AN AFEHe) A
ehd SisN/Cu/Mo/STS 316 H&rAe 37}
E7F SiLN/Cuw/STS 316 A AHAYA:
Hoh 24 vebgon, Cu/MoF7tA e F7
vl a2 SiN,/Cu/Mo/STS 316 H A <
AEA = e iy o A=
AF8H 272 e Hidxe ws
ot t2A vepyoh B A7 F38 a9
A’ AFEH Y Aol e F7ha Cuoll 3
AEe w3 7AH B4 Hibr) Ry
212 247 Wil Cu/Mo A& A&
HEA A LA AFTHY f9a4y
of &% A Aol Fsto] Yy} unae
g 7 o, F2A Frd o2 A9
A W3 452 Fg g3 o] Aa
AP AR AFEH H3E Y £ ¢
stk SiN/Cu/Mo/STS 316 A&l e 4-%
FTHRE FAA g o AFHo)
PAEE S04 Moo A3 o] $-4dHe
2 dofudAl Hv, SisN, ¥ Mool A==
HF¢H e A =)o o} Moo $43
d £2A4HY ATyl G2A Jepd Aoz 4
AE7] dEell 2ol whel HiAe wx) A
R gy B4 HH7F 2A JehA € A
22 AztEch aeiA, 94, 7|AFH FA9)

< FAAE A3 A3 SiN/Cu/Mo
/STS 316 A+ AgA N A LA =
< AF¢HY Z7E Fo3AT HPA W
o AREHY FE7 AYUEE A
F8 8902 ALHe o2 YzEd
Cusil ABAE Heo]xd SisN,/Cu/Mo/STS
316 A A Mod Hd QA #HFe¥
o] HAEEE oFe FA 9 Cust 4L Mo
£ AHste el A¥AY AYBEE A4
A7l dl A3 elgdct

Cu/Mo 7 wlef] wte} Yehles A4 A
4% 3R ARz Aol SN/
Cu/STS 316 A grAlell A2} zFe] Cu F7a)e
YA g3 dgo R 1 & = gle
v, B =1y ZAdwteze A @4
8}7] o]gich.

4.4 B

&l

s B

/AR AGA N Azesg
5o AFAR 2w Aeghaa RIe4
Antgog 2 AFEHe| HA=Eew,
| AFEHoE sty AHFre g
7t @AA ot A4FE Cud F7A
2 AR A A Astatidd dAEHE
AR-EHol Fase] A YPAEs) >
7htgdet. CugzbAl e} FA7F 0.2mm oo 3
o At =st vdebges, Cu £2k319 £
7h S7hEel ot = Ao
Cust MoE AHZAIA 2 2Ae FAuE
ZAste] AgAl LAEE AFEH 27)
HEEE WA 5 gldew, F=
A8 Mool 2o A whape] 2HF-S-3Ho)
HAEHE Aoz vebdo 58 HAYAES
ZtE SiN/Cu/Mo/STS 316 ©& E71x A
Al e Mo 3 Asptiel HA=HE 3
<8 27 A7h 2A depged, gy
G337t FAZ AHEE Mo F2HAA o
wek AAE Cu/Mo FA¥E #He 3
AE A gAY =+ 450MPa
E2A A AA FgelM 2T7EHE
$AEo ZAAch oty dF, A &
el B8 Cu % Mog A&l F4=
AHERE Al M B EE ARYY 4
WA =27 Ewt obe} B2} HRREE A
Hte FRY 2R gt Aoz A
7+t

BAEE Heoly wje 2 Hgd 2dal
EaFal

A=
o

(<]

2L oX o 2 to du

A2 2

B ATE 19944 Her)e Al A9
Al AFAge] 7w AYe 2 o Fof
How ool ZA=YuT

%3e s

1. H. E. Pattee, “Joining Ceramics to Metals
and Other Materials”, “WRC Bulletin 178,
1-43(1972).

2. R. E. Loehman, A. P. Tompsia, “Joining of
Ceramics,” Am. Ceram. Bull,, 67(2), 375~
380 (1989)

3. S. Kang, E. M, Dunn, J. H. Selverian, and



[$2}

Peh g -

H. J. Kim, “Issues in Ceramic-to—Metal
Joining; An Investigation of Brazing Sili-
con Nitride based Ceramic to a Low-Ex-
pansion Superalloy,” Am. Ceram. Bull,, 68
(9), 1608-1617 (1989)

B. J. Dalgleish, M. C. Lu, A. G. Evans,
“The Strength of Ceramics Bonded with
Metals” Acta Metall, 36(8), 2029-2035,
Jan, (1988)

. K. Suganuma, T. Okamoto, “Interlayer

Bonding Methods for Ceramic/Metal
Systems with Thermal Expansion Mis-
matches’, J. Am. Ceram Soc. 67(12),
C256 (1984)

. Y. Miyazawa, E. Suzuki, and K. Hayashi,

“Effect of Pre—compression on the
Strength of Ceramic/Steel Joint”, MRS
Int’l Mtg. on Adv. Mats. 131-136 (1989)

T. Sato, H. Kobayashi, and Y. Arai, “Fi-

R 2d s 29/ARFE YA AAH B4 R F0LaEel AT BFTY

10.

11.

12.

13.

475

nite Element Analysis of Residual Stresses
of Ceramics/Metal Joints”, 8893, 7]
A=A (1991)

. ANSYS User’s manual, Swanson Structur-

al Analysis System (1992)

. K. Suganuma, “Influence of Shape and

Size on Residual Stress in Ceramic/Metal
Joining”, J. Mater. Sci., 22(8), 2702-2706,
(1987)

W. D. Callister, Jr. Material Science and
Engineering, Wiley (1994)

JIS, Mechanical Properties of Solid-solu-
tion treated Austenitic Stainless Steels,
G4304, (1991)

S. M. Johnson, “Mechanical Behavior of
Brazed Silicon Nitride”, Ceram, Eng. Sci
proc. 1846-1853 (1989)

wpabgk Zef$-, “Fx4 AeEtgsa/F45 3
g7, FHehre A, 4459-1 (1992)



