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Abstract

Asmany typesof dissmilar materid joint are fabricated in high temperature amosphere, the tendle resdud dress
occurs around the interface during cooling procedure due to the difference of mechanicd and physicd properties
between dissmilar materias Various researches have been performed in order to relax the tendle resdud sressand
enhance the bonding strength on the bonded dissmilar materids. The interface shape is one of the mogt effective
factor to obtain the high bonding strength. On the other hand, the interface srength decreases under the thermd
cycle faigue condition, dueto theincreesang of theresdud dress for every thermd cyde. Inthis studly, to obtain the
long thermd fatigue life the interface shape effects on the bonding strength under thermd cydle fatigue condition
was researched. Ceramics metd joints that were machined to the proper interface shepe by Electricd Discharge
Machining Method were faoricated. The variaions of bonding strength were estimated on the thermd cyde test
practicaly. Also the andyss of the resdud stress vaue and digtribution around the interface was carried out with
FEM. Comparing with results of the experimenta and numerica andyds, suitable interface shape for dissmilar
materid joint under therma cycle condition was discussed.
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1. Introduction

When the ceramicsmetd joint is fabricated by the diffuson bonding method at high temperature, the tensile
resdud dressis generated during the cooling process a the bonding interface, due to the difference of mechanica
propertiesbetween dissmilar materids such as thermd expansion coefficients and Y oung's modulus. It reduces the
bonding srength to the bdow of the interface srength. Therefore, it is importart to esimate the resdud thermd
dress vaue and it’s digribution by experimenta and andyticad method. The effects of interface shepe for the
bonding strength have been reported by FEM andlysis and practical tensile tests!*2. Though joint was cooled under
inhomogeneous temperature fidd in practice, many sudies of the FEM andyss have been carried out in the
uniform cooling conditions. On the inhomogeneous temperature it was assumed that the heet transfer occurred from
exterior and osculating plane to indde of joint body. So sometime the experimental data did not coincide with the
FEM andyss. It was dso conddered that the resdud stress generation process would be much change on the



thermd cycletedts.
In this sudy, to darify the effect of thermd cyde fatigue behavior on the bonding srength consdering the
interface shapes, FEM anayss and tendle tests were carried out.

2. Experimental
2-1 Specification of experiment

Sintered SN, (ceramics) which is square plate (the Sde length: 2R=20[mm)| and, thickness: Z= 7[mm| and
commercid pure Ni (metd) whichisa cylindrica bar (Diameter: 2R=10[mm], height: Z;= 23Imm]) are bonded by
diffuson method with Ag E9wt%0)-Cu @7.25wWt%)-1n (2.5wWt%)-Ti (L.25wt%) solder in the vacuum furnace.
Theinitid thickness of brazing metd is 0.2]mm]. The bonding conditions are described in Table 1.

Table 1 Joint processing condition

Atmosphere/ Torr Vaocuum (<10°°)
Joining temperaiure / K 1123
Joining pressure/ MPa 2
Pressng time/ sec 600
Furnace heating/ K sect 0.144
~0.1 (1123[K] 723[K])
Furnace cooling/ K sect -0.03 (723[K] 293[K])
[-0.077 (1123[K] 293[K])]

The designed prdfile of joint is shown in FHg.l. Vaious gohericd interfaces were machined for the joints The
insulating caramics of SsN4 were machined by the dectrical discharge machining (EDM) method, whichwas
proposed and named “ assisting electrode method” by authord® as shown in Fig.2. The Ni cylinder was machined by
lathe machining and used for the eectrode of EDM. The joint angle ¢ was defined as ageometrica angle between
the tangentid line a the interface edge and the outer surface of metd Sde. The joint angles 6; were chosen
33.6,51.2,60,71.8,90 [deg]. The bonding srength of each shapes were evauated by the tendle test for the jointed
materid and after thermd cyde trestment a room temperature. The therma cydle tests were carried out on the
following conditions as shown in Fig. 3 and Table 2. The fracture surface profiles were obsarved by SEM  and the
fracture angles were measured by optical Microscope.
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Table 2 Thermd cyde conditions

Thermd cycle temperature/ K 473,573,673
Atmosphere Air
Insde furnace kegp time / sec 300

Out of furnace keep time/ sec 600
Therma cycle number / cycle 15
Heating speed (293 573K)/K  sc™ 3.78
Cooling speed (573 293K)/K ™ 0.67
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2-2 Numerical analysis model

SkN4-Ni joint modd, which had various sohericd shepes, was chosen for FEM andyds The axisymmetric
bonded haf of two dissmilar materids were conddered with the cylindrical coordinates (zr). The joint angles 6
were selected the same shepes of experimenta specimens. A quadrilatera axisymmetric ring dement was usad in
this modd, and mesh 9ze of dement was highly refined a the edge of interface (number of dl dements2304, the
minimum subdivided ratio r/R=z/Z=0.001, subdivided ratio of two neighborhood dements. Q7 as shown in Fig4
The andysswas carried out on based on following assumptions. (1) Joining process of two isotropic materids was
caried out perfectly at the bonding temperature 1123K. (2) The cooling process was carried out from the bonding to
the room temperaure under the inhomogeneous conditions. (3) SsN4 was regarded as an dadtic body. Ni was
regarded as an dagto-pladtic body. (4) All the disolacement was geometricaly consdered aslarge and the Srain was
consdered asfinite strain.

Table 3 Mechanicd properties of used materids

SisN,4 Ni

Conductivity /J mm? sec? K1 | 0.029 | 0.088-0.0595
Density / 10% kg mn? 3.20 8.90

Specificheat /J kg* K* 711.28 | 435.0-578.0

Young's modulus/ GPa 27459 | 206.0-107.0
Poisson'sratio/ - 0.27 0.30

z | Thermal expansion/ 10° K™ 35 13.4-20.0

Yidd strength /MPa - 539.0-38.0

Coefficient of work-hardening/ MPa - 617.0-0.38

Fig. 4 Subdivided dement mode of
bonded structure (61=62=90.0[deg.])



The mechanicd properties of Ni depend on temperature. The mechanicd properties of SsNsandNi thet were used
for this andyds were shown in Table 3. The mgor discusson has been focused here on the 6, dress on the
ceramics outer surface and interface.

3. Results and Discussions

Fg.5 shows experimentd results of tendle srength for after joining treetment on each interface angle 61. The
meaximum bonding strength identified & neer the interface angle of 51.8 [deg). It indicated that the bonding strength
depended to the interface angle. Fg.6 shows the typicd fracture petterns of joint. The fracture occurred & the
bonding interface and interna ceramic Sde except the interface angle 51.3[deg]. On the 51.3 [deg] the falure
propagated to the direction of outer surface of ceramics. It had smdll interface area. The relation between the fracture
and interface angles was shown in Fig.7. The bonding strength increased with decreasing the fracture angle except
theangle of 33.8[deg]. It indicated that the bonding strength depended on the crack propagation direction. Whenthe
fracture occurred near the outer surface of ceramics, the maximum bonding strength was obtained. Fg.8 shows the
relationship between theinterface angle and bonding strength on each thermd cyde temperature and cycdle numbers.
The same reaions between bonding srength and interface angle were obtained, but the bonding strength values
decreased with increasing the thermd cyde temperature and cycle numbers. The fracture anglesof the thermd cycdle
tests changed comparison with the “after joining body’ as shown in Fg.9. On the thermd cyde tedts the fracture
propagationangle of outer interface drde became flatter then the“ after joining” and turnedto spherica shgpesat the
indde of interface pogtion. In order to compare with the results of bonding strength after therma cycdle trestment
and FEM andysis, the didribution of6,, stresses on the interface ceramics surface was cdculated The resultsare
shown in Fig.10 (), “ after joining”, and (b) which is cycle temperature of 673 K and 5 cycles.
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As reported before ¥, the residud thermd stress values and distribution were varied with the codling rate and
volume of body that was evauated from the heet trandfer coefficient (ht), on the numerica andydsand joint volume,
On the joint volume of this experiment, the uniformly cooling condition (furnace cool on the bonding trestment)
was accomplished a the heet trandfer coefficient vdue, = 10W m? KY |, and ht= 104W mn? K
corresponded to the coaling rate of therma cyde test in which was inhomogeneous cooling condition. On the above
FEM andyss the cdculations were caried out with the above ht vdues for the bonding and thermd cyde
trestments. The 6, didributed from the tendle to compressve region. When the tendle dress was gpplied, the
distribution of6,, moved to tensile sde®. In thed,,— /R curve below 0.1r/R, the position of minimum4,, moved to
compresson dde with redudng the interface angle and to the interface surface. The vaues increased with
increasing the cyde temperature and numbers. The indination of 0,— IR curve near the interface became large, it
corresponded to the reducing bonding strength on the thermd cyde rests The variations of fractured angle around
the outer interface were d 0 explained by the indination. On the interface angle of 33.6[deg], the bending moment
must be considered as shown in Fig.11. So the bonding strength decreased than the 51.8[deg] case.

4. Conclusions
The influence of interface angle for the bonding srength was investigated on the thermd cyde conditions by
experimentd test and FEM andysis. The following conclusions were obtained.

(1) Therdations betweenthe bonding srength and interface shgpe angle on the thermd cyde fatigue were smilar
to the after joining. The suitable interface angle for joining was detected on the thermd cyde test dso. The
bonding strengths decreased with increasing the cycle temperature and numbers.

(2 Thefractured angles depended on the interface angle and the thermd cycle conditions.

(3) Thefracture behaviors were explained with the FEM andlys's, in which the inhomogeneous cooling process
was considered.
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