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Introduction
Material properties g(IT
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Material , . Sn50
Properties Al,O4 PLS-SiC Steel Incusil-braze 50Sn48AG2Ti
Company Friatec AG | _ ESK - | Morgan Chem.| KIT, IMF |
Ceramics

Density p / g/lcm?® 3.9-3.95 3.0 7.85 9.7 8.3
Strength ¢ / MPa 3501 400 560-710 338 -
Youngs modulus / GPa 380 410 210 76 68
Thermal conductivity A, W/ml 38 145 44 166 -
Coefficient of thermal

| I. 6 8.4 4.1 11.0 18.2 -
expansion o, 10° m/K
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Results g (IT

SEM-images of ceramic/AgCuTi/steel-joints Kot e of Tchrcogy

Al,O, / AgCuTi / steel

SlC lAgCuTl / steel

= inomogenous or no wetting of SiC mit AQCuTi- and AgCulnTi-filler despite a Ti-rich

reaction zone

d:om ~ ~ v~

with AgCuTi- and AgCulnTi-filler
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Results g(IT
SEM-images of laser brazed ceramic/steel joints Kot e of Tchrcogy

SiC / SnAgTi / steel Al,O, / AgCuTi/ steel

Ti-rich ,
reaction layer

Sn,Ag
| eutectic phase

= homogenous wetting of SiC with SnAgTi-filler for Sn = 30wt% at T = 900°C

= seamless wetting but inhomogenous Ti-rich reaction layer
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Process characterization S(IT

Infrared camera: Images of temperature distribution Kantrane st 1 Tacsmology
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Results S(IT
FEM-calculation: Sequential temperature/stress analysis
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Step 1: Calculation of temperature distribution laser heating profile

CO,-laser beam  pyrometer Iy
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o,/ MPa

+3.148e+02
+2.842e 402

. temperature / °C
temperature / °C &

+6.070e+02
+2.930e+02 +6.062e+02 +2.535e+02
+2.792e+02 +6.053e+02 +2.2292+02
+2.655e+02 +5.044e+02 +1.922e402
gggeigg +6.035e402 +1.615e+02
122410402 16.026e+02 +1.309e+02
+2.104e+02 Ig'gégeigg +1.002e+02
+1.966e402 1 o0netos +6.9572+01
11856105 159910402 +3.891e401
+1.553e+02 +5.983e+02 +8.249e+00
+1.415e+02 +5.974e+02 -2.241e+401
+1.278e+02 +5.965e+02 G1.max -5.307e+01
’
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Residual stress o, in ceramic pellet (e st f Tchrlogy

influence of element size on residual stress

stress maximum
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Residual stress o, in ceramic pellet
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Comparison residual stress FEM / X-ray measurement
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Al,O,-ceramic metal
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= textures in ceramics lead to large inhomogenites of x-ray signals

4_1_. tangential " general compliance of calculated and measured residual stresses
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Shear strength of laser brazed Al,O;/AgCulnTi/steel-joints it

fracture probability In(In(1/(1-F)))
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Shear strength of laser brazed Al,O;/AgCulnTi/steel-joints it

laser output beam:
non structured: T, = 21 MPa, m = 5,1

~ homogenized laser beam:
,,,,,,,,,,, lnon structured: T, = 26 MPa, m=2,0

B structured steel: T, = 42 MPa, m = 2,1

fracture surface

fracture probability In(In(1/(1-F)))

homogenous wetting ®p fracture of ceramic

fracture shear stresg

- IGO0
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Shear strength of laser brazed SiC/SnAgTi/steel-joints ot rm S e
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Shear strength of laser brazed SiC/SnAgTi/steel-joints ot rm S e
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no reaction layer ®m fracture in interface
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Tribological testing
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Results

Tribological testing
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= no reproducable wetting of SiC with AgCuTi-filler
= good wetting of SiC was only achieved with SnAgTi-fillers for Sn fraction = 30wt%
but inhomogenous Ti-rich reaction layer
= increase of compound strength of ceramic/steel joints with homogenizing optic
= SiC/SnAgTi/steel-joints: from 20 MPa (m = 5) to 35 MPa (m = 12)
= Al,O4/AgCulnTi/steel-joints: from 20 MPa (m = 5) to 42 MPa (m = 2)

= measurement of residual stress in Al,O5;/AgCulnTi/steel-joints difficult, but possible

=) general compliance of measured and calculated stress

= influence of brazing layer on tribological behaviour

= improvement of the Ti rich reaction zone necessary

= further investigations of residual stresses for improvement of joint strength
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