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Welding and Bonding of Al Metal Matrix Fiber-Reinforced
Composite

Chung-Yun Kang, Woo-Yeol Kim and Hee-Won Jeong
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Table 1. Tensile properties of TIG welded joints of SiC/Al composite

. L . . T.S. Y.S. o
materials Fabrication condition Failure (MP3) (MPa) E(%)
. Vacuum degassed and welded Weld 181 75 3.7
SIC/6061Al Vacuum degassed and welded PM 245 94 8.3
(SiC 5 F9) MIG. and heat treated Weld 257 143 2.2
As received and welded Weld 105 34 1.4

. 0,
(Vol.; 18.4%) parent material 319 159 5.1
Vacuum degassed and welded Weld 177 52 2.5

iC/6061A1
Sic Vacuum degassed and welded PM 236 105 5.6
(SiC : F9) MIG. and heat treated Weld 255 146 2.0
As received and welded Weld 106 46 1.1

Vol.; 18.4%
Vo 2 parent material 299 168 8.0

a. TIG AC using 4043 Al Filler alloy.

b. MIG using 5356 Al filler alloy.

¢. solution treated 1. 8ks at 798K. aged 23. 4ks at 443K. d. Only one sample
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Table 2. B/Al composite resistance welded joints

Specimen Material Specimen At Failure
Stress in
Joint Mem- Base T.S. W, Lap. Quan- . Joint*
No. ber Material "™ MPa P onm omm oty -OdTKN Cf;::“ Eff., %
1 A AY50B 0.51 1170 I 19 5 2.79 2.94 25
B Same 267 - 2.92
2 A AlS50B 0.51 1170 I 19 3 0.29
B Same 0.28 - 0.32
3 A AY50B 0.89 1124 m 13 25 54 5.89 503 45
B Sarmr 5.38 — 6.32
4 A Al50B 0.64 848 v 19 4 5.51 433 33
B Same 507 - 6.00
5 A AlSOB 0.76 1240 I 2 7 3.35 174 14
B Same 249 - 393
6 A AlYS0B 0.51 1170 I 19 6 2.15 222 19
B 2024-T3Al 0.51 480 1.27 — 2.49
7 A AUS0B 0.51 1170 I 19 6 0.19
B 2024-T3Al 0.51 480 0.16 - 0.21
8 A AlS0B 0.51 1170 ny 19 4 3.60 372 32
B 2024-T3Al 0.51 480 343 — 4.00
9 A AU47B 1.02 1207 1 25 25 3 11.78 462 38
B Al43B 1.52 1170 9.79 — 1394
10 A Al/47TB 1.02 1207 v 25 2 11,97 169 39
B AlJ43B 1.52 1170 9.30 - 14.66
11 A  AJ47B 1.02 1207 1] 25 2 1.26
B AV43PB 1.52 1107 1.12 - 141
12 A AU47B 1.02 1207 \Y 38 1 29.67 763 63
B AY43PB' 1.52 1170
13 A AlJ47B 1.02 1207 V1 46 19 2 17.90 384 32
B Ay43B 1.52 1170 16.30 — 18.90
14 A Al43B 1.02 1207 )Y | 38 25 2 17.41 448 37
B Al 43 B 1.52 1170 17.13 = 17.70
13 A 6061 -T6 Al 3.18 310 | 13 25 6 10.16 326 36
B Al30B 1.52 1434 8.50 — 10.93
C 6061 -T6Al 3.18 310
16 A AUSOB 1.52 1490 1 25 38 3 15.80 109 27
B AlUS50B 5.08 1490 12.90 - 18.68

*All joints tasted in tensile shear, except cross-tension joints.

*Spacimen type: | —Single spot weld. I —Single spot weld joint tasted in closs tension. H—Seam weld cut into 13 mm wide strips
for testing. WV—Two spot welds on longitudinal axis of specimen.V—Four spot welds in a square pattern. VI—Four spot welds on
aco line per dicular to longitudinal axis of specimen. \i—Four spot welds in a diamond-shape pattern. \E—Single spot

weld in double lap joint.
®Numerator is average value; d inator is minimum and maximum value.
“Based on Al/B composite.
‘Five test specimens were cut from one seam weld.
“Boron filaments coated with vapor-deposited silicon carbide.
‘Material also ¢ ined 6 v/o stainless steel filaments in the two outer layers 90 deg to the boron fibers.
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Fig. 3 Tensile strength of diffusion bonded joints of
AL,O,/6063A1 composites
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Table 3. Effect of the insert metal on the tensile
strength in diffusion bonded joints of ALOy/
6063A1 composites

Insert Temp. Press. T.S. Fracture
metal (K) (MPa) (MPa) location
98 B.L
None 873 2 07 BL
883 1 161 B.L
A0 ) 18 | B.M.
(75,m) 873 181 B.M.
1 173 B.I
A2017 883 1 177 B.L
(304m) 873 2 187 B.L
«;,Afn) 873 2 s | ol
883 1 125 B.IL
Cu 9 179 B. M.
873 181 B.L
(5m) 1 162 B.L
823 1 119 B.L

B.I. ! bond interface. B.M. @ Base metal
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Table 4. Tensile strength and joint efficiency of B/
Al composite joints brazed with Al-8%Si
and Al-12%Si

Tensile Joint
Joint Form Strength efficiency

{MPa) (%)
Single-lap shear 510 49
Butt with doublers 820 79
Scarf, 2 deg 640 62
Scarf, 5 deg 320 31
Butt with forked doublers 910 88
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Fig. 6 Brazed butt jount with forked doublers
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Table 5. Tensile properties of joints brazed B/Al
composite to Ti alloy

Test Lap Spec. Shear | Tensile® ]oi.nt"

temp. Strength | Stress | Efficiency
(c) | (mm) |Quant)| ps) | (MPa) | (%)
20 9.5 1 77.1 414 27
20 12.7 3 39.0 276 19
20 25.4 3 34.6 496 33
177 9.5 3 41.4 207 15
177 12.7 3 27.2 193 14
177 25.4 3 30.4 427 31
288 6.2 3 19.6 70 7
288 12.7 3 28.3 200 19
288 25.4 3 27.1 386 36

% Double-shear joints between Al/B and Ti-6V-2Sn
sheet.
*Average tensile stress at specimen failure,
Based on Al/B composite.
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Table 6. Tensile properties of B/Al soldered joints

Solder Test Failure Failure
. temp. stress
composotion K (MPa) mode
294 81 1
366 89 1
422 69 1
-850,
Cd-5%Ag 478 47 2
533 39 3
588 56 3
294 80 1
In-5%Al 366 94 i
588 30 2
294 74 1
Cd-17.5%Zn 366 90 1
422 59 2

% Failure mode :
1. Composite interlaminar shear
2. combination of 1 and 3
3. Braze alloy adhesive and cohesive failure

Table 7. Tensile strength and joint efficiency of B/
Al composite joints soldered with Zn-5%

Al-5%Cu
Tensile Joint
Joint Form Strength efficiency
(MPa) (%)
Single-lap shear 590 57
Butt with doublers 790 77
7.2 o
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