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Abstract: Spherical graphite particles (Gr) particles and (Gr+SiC,) hybrid reinforced 6092Al composites were prepared
via powder metallurgy. The dry sliding friction and wear behaviors of the composites were investigated. The results
showed that as the load increased from 10 N to 20 N, the friction coefficient and wear rate of the three composites
increased correspondingly; the wear sliding speed increased from 0.5 m/s to 1.0 m/s, and the friction coefficients of
15%Gr/6092Al and (5%Gr+20% SiC,)/6092Al firstly decreased and then increased; while (5%Gr+10% SiC,)/6092A1
decreased. When the other conditions were the same, 15%Gr/6092Al composites showed higher wear rate than the
hybrid reinforced composites. The results of the analysis of variance showed that the three factors, the effect of the
reinforcement phase percentage alone, the interaction between the reinforcement phase percentage and the sliding rate,

and the sliding speed alone, have a significant impact on the wear rate and the friction coefficient. With the increase of
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SiC, content, the hardness of the material increased, and the SiC,, acted as a supporting and protective role on the Al

matrix. The wear marks on the wear surface became shallow, the phenomenon of delamination exfoliation was obviously

alleviated, the debris became fine, and the friction coefficient was more stable, and the wear mechanism changed from

delamination wear to abrasive wear.

Key words: aluminum matrix composite; hybrid reinforced; spherical graphite particles; SiC,; Taguchi’s techniques;
analysis of variance; dry sliding friction and wear; wear mechanism
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Table 1 Nominal composition of 6092Al alloy (weight

fraction)
Material w(Mg)/% W(Cu)/% W(Si)/% W(AD/%
6092A1 1.2 1.0 0.6 Bal.
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Fig. 1 Morphology of raw powders
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Table 2 Label and component of fabricated composite Table 3 Nominal composition of copper grinding pair
samples (@) (weight fraction)
Exp no Sample SiC, Gr 6092A1 . w(C)/ w(Al)/ w(Mn)/ w(Fe)/ w(Ni)/ w(Cu)/
Material Total
1 15%Gr/6092Al1 0 15 Bal % % % % % %
2 (5%Gr+10%SiC,)/6092A1 10 5 Bal Copper grmdmg 284 1021 102 424 552 7617 100
3 (20%SiC,+5%Gr)/6092Al 20 5 Bal pair
K HITESTOR 200047 F&Aifl B2 1% & & #4 KL i *4 BERERRRPMERRAFET
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Fig. 3 Optical microstructure of fabricated composites
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Fig. 4 HBW hardness of the three fabricated
composite samples
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Table 5 Results of friction and wear experiments orthogonal array and signal-to-noise ratio response

Exp no Load /N Speed /(m/s) Reinforcement /% Friction coefficient S/N ratio /db Wear rate/ (mm’/m) S/N ratio/db
1 10 0.5 0 0.222 44 13.055 74 0.001 506 56.445 6
2 10 0.5 10 0.403 46 7.883 99 0.000 494 66.122' 1
3 10 0.5 20 0.402 08 7.913 751 0.001 036 59.693 2
4 10 0.75 0 0.174 07 15.185 52 0.001 44 56.8317
5 10 0.75 10 0.363 54 8.788 956 0.000 371 68.620 8
6 10 0.75 20 0.35191 9.071 368 0.000 244 72.2610
7 10 1 0 0.344 9 9.246 136 0.042 354 27.462 1
8 10 1 10 0.361 94 8.827 268 0.000 309 70.204 5
9 10 1 20 0.406 66 7.815371 0.001 645 55.674 9
10 15 0.5 0 0.259 95 11.702 2 0.002 357 52.554 1
11 15 0.5 10 0.485 68 6.272 996 0.002 039 53.813 6
12 15 0.5 20 0.439 28 7.145 171 0.004 388 47.1555
13 15 0.75 0 0.226 9 12.883 31 0.001 637 55.7214
14 15 0.75 10 0.407 83 7.790 417 0.001483 56.579 6
15 15 0.75 20 0.3555 8.983 208 0.00128 57.857 8
16 15 1 0 0.406 73 7.813 876 0.116 915 18.642 6
17 15 1 10 0.380 37 8.395 875 0.000 68 63.356 0
18 15 1 20 0.432 36 7.283 09 0.005 058 45.920 6
19 20 0.5 0 0.264 24 11.560 03 0.010 736 39.383 3
20 20 0.5 10 0.489 92 6.197 497 0.002 409 52.362 6
21 20 0.5 20 0.449 67 6.942 122 0.004 509 469175
22 20 0.75 0 0.252 33 11.960 62 0.001 964 54.1378
23 20 0.75 10 0.421 68 7.500 34 0.001 544 56.225 1
24 20 0.75 20 0.393 23 8.107 067 0.001 584 56.002 7
25 20 1 0 0.441 94 7.092 734 0.168 892 15.447 8
26 20 1 10 0.383 83 8.317 222 0.000 68 63.356 0
27 20 1 20 0.456 5 6.811 184 0.005 484 452173
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Table 6 SNR response for wear rate - hope small
Level L/N S/(m/s) R/%
1 59.26 52.72 41.85
2 50.18 59.36 61.18
3 47.67 45.03 54.08
Delta 11.59 14.33 19.33
Rank 3 2 1
®7 EBEEZRRUIEHRIEmNR-E)
Table 7 SNR response for Co-eff of friction-hope small
Level L/N S/(m/s) RI%
1 9.754 8.742 11.167
2 8.697 10.030 7.775
3 8.277 7.956 7.786
Delta 1.478 2.074 3.392
Rank 3 2 1
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Fig. 5 Main effect diagram of wear rate SNR (data mean, small)
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Fig. 6 Main effect diagram of friction coefficient SNR (data mean, small)
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Table 8 Analysis of variance of wear rate

Source DF Seq SS Adj SS Adj Ms F P P/%
LN 2 0.001 25 0.001 235 0.000 617 1.47 0.285 3.18

S/(m/s) 2 0.007 675 0.007 675 0.003 837 9.17 0.009 19.78
R/% 2 0.008 088 0.008 088 0.004 044 9.66 0.007 20.84
L*S 4 0.001 690 0.001 690 0.000 422 1.01 0.457 4.35
L*R 4 0.001 891 0.001 891 0.000 473 1.13 0.408 4.87
S*R 4 0.014 878 0.014 878 0.003 719 8.89 0.005 38.34
Error 8 0.003 348 0.003 348 0.000 419 - - 8.63
Total 26 0.038 805 - - - - 100

Notes: DF - degrees of freedom; Seq ss - sequential sum of squares; Adj SS - adjusted sum of squares; Adj Ms - adjusted mean of squares; F-Fishers test; P -

probability statistic

R BEBERBAEN

Table 9 Analysis of variance of friction coefficient

Source DF Seq SS Adj SS Adj Ms F P P/%
LN 2 0.015 935 0.015 935 0.007 967 30.22 0.000 8.65
S/(m/s) 2 0.026 170 0.026 170 0.013 085 49.63 0.000 14.20
R/% 2 0.089 509 0.089 509 0.0447 55 169.74 0.000 48.57
L*S 4 0.000 423 0.000 423 0.000 106 0.40 0.803 0.23
L*R 4 0.001 019 0.001 019 0.000 255 0.97 0.476 0.55
S*R 4 0.049 124 0.049 124 0.012 281 46.58 0.000 26.66
Error 8 0.002 109 0.002 109 0.000 264 - - 1.14
Total 26 0.184 290 - - - - 100
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(b) L=20 N, 5=1.00 ms, (5%Gr+10%SiC,)/6092A1

Fig. 7 Wear morphology of composites with minimum friction coefficient:
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(2) L=10 N, $=0.75 m/s, (5%Gr+10%SiC,)/6092Al

250 pm

(b) L=20 N,

o,

§=1.00 m/s, (5%Gr+20%SiC,)/6092Al

Fig. 8 SEM micrography of wear morphology of composites with maximum friction coefficient
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