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Parameters Optimization of Friction and Wear Characteristics of QAl10-4-4

Aluminum Bronze under High-temperature Dry Sliding Conditions
Li Hui'*, Yan Jinshun'
(1.Department of Mining Engineering, Liiliang College;

2.College of Mechanical Engineering, North University of China)
Abstract: Taking QAIl10-4-4 aluminum bronze material as the research object, the high temperature friction and
wear tester(MG-2000) pin-plate of simulation experiment was conducted according to the QAIl10-4-4 aluminum
bronze joint bearing processing way to design heat treatment process. The box-Behnken response surface test
scheme was adopted to establish a regression model between the three operating conditions of rotating speed, load
or temperature and the friction coefficient or wear amount. The influence sequence of process parameters on the
friction and wear characteristics of QAl10-4-4 aluminum bronze were explored to obtain the optimal operating
conditions of the sliding joint bearing. The results indicate that the influence order of three operating parameters
on friction coefficient is: speed>>load™>temperature, and the interaction between the speed and the load has a sig-
nificant influence on the friction coefficient. The influence order on wear is: load™>speed™>temperature, and the
interaction between speed and temperature has a significant impact on wear quantity. The optimal parameters for
QAIl10-4-4 aluminum bronze joint bearing are presented as follows: the speed of 150 r/min, the load of 108 N,
temperature of 100 ‘C, where the QAl10-4-4 aluminum bronze of the friction coefficient is 0.049, and the wear
quantity is 0.017 3 g.
Key Words: Pin-disk Test, Friction Wear, QAl10-4-4 Aluminum Bronze, Response Surface
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Tab.1 Chemical composition of QAl10-4-4 alloy %
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Fig.2 Surface morphology of pin

FHAS 1 Ve U B 5 R S 3R L T 5 R RS 2
J90.000 1 g B, FRV-Fr i il skl B fii o & 4 m 5%
PR AR B N AR 7 IR IR B R D K is AT i
[F1) 5 1 PR AR U B AR 5 I 1R 38 A7 3 B AL 5 1 7% 4 ot
o R B A ) R LR 4 DR I S8 LU O R 4R
Al FF Ve A S N PR ATV TR L TR FR R IR L m s
1.2 HEAHER

R T ERAWRR A A  I E OT EE 4 R R S A
TR A4 R Z W38 AR . 5 T Box-Behnken
BEE 7 T R W3R 2. Box-Behnken it & —F
543 e e Pk 5L A e e e i Bk i 1 B RE LA A 1
I G A 2 HAE T Z2 32X, o S 1z iy T 4 e
VAR B 3 ST RS R 85 v T LATE BB — T SR R
AR S B R .

% 2 Box-Behnken N 5z # H i 38 i% i %

Tab.2 Design table for Box-Behnken response surface test
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Sn Zn Pb P Ni Al Fe Mn
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Fig.1 Macro and micro morphologies of specimen pin-disk

(b) L4 2%

2 i‘?iE'Ai/ B/ B/ EJE c/ V‘ﬂ@?ﬁ B/
(r+min 1) N C 5k g
1 250 120 200 0.097 3 0.132 7
2 250 120 200 0.097 3 0.132 7
3 350 120 100 0.201 5 0.339 1
4 250 40 100 0.124 6 0.061 7
5 350 120 300 0.349 1 0.131 8
6 250 120 200 0.097 3 0.132 7
7 250 200 300 0.191 9 0.347 1
8 150 120 100 0.055 9 0.077 1
9 250 40 300 0.275 4 0.121 9
10 250 120 200 0.097 3 0.132 7
11 250 120 200 0.097 3 0.132 7
12 150 120 300 0.089 1 0.110 1
13 350 200 200 0.215 6 0.281 4
14 250 200 100 0.152 3 0.184 1
15 350 40 200 0.490 5 0.108 3
16 150 200 200 0.163 2 0.153 2
17 150 40 200 0.254 7 0.044 9
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Tab.3 Analysis of regression model of COF
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KE W2 AdBE ¥5o7 i WEHKTEP
LAY 0.190 0 9 0.021 0 10.7 0.003
A 0.060 0 1 0.060 0 30.5 0.001
B 0.022 0 1 0.022 0 11.3 0.012
C 0.017 0 1 0.017 0 8.74 0.021

AXB 0.008 0 1 0.008 0 4.27 0.078

AXC 0.003 0 1 0.003 0 1.66 0.238

BXC 0.003 0 1 0.003 0 1.57 0.251
Az 0.031 0 1 0.031 0 15.7 0.005
B2 0.040 0 1 0.040 0 20.5 0.003
c? 0.000 3 1 0.000 3 0.18 0.684
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Fig.3 Response diagram of speed and load to COF
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Tab.4 Analysis of regression model of weight loss
KFR W2 FJ5f H BB ¥7 H  BFEWHKFEP
% 0.096 0 6 0.016 0 6.00 0.007
A 0.028 0 1 0.028 0 10.6 0.009
B 0.049 0 1 0.049 0 18.5 0.002
C 0.000 3 1 0.000 3 0.11 0.045
AXB 0.001 0 1 0.001 0 0.39 0.545
AXC 0.014 0 1 0.014 0 5.41 0.042
BXC 0.002 6 1 0.002 6 0.99 0.343
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g4 0.027 6 0.004 4
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Fig.4 Response diagram of speed and temperature

to wear quantity
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Fig.6 Surface morphology of specimen pin under different loads
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Tab.5 Comparison between predicted value and measured value of friction coefficient and wear under different operating conditions

i T.H 25 7355k 4 JE 45 i
4 B/ (r» min~ 1) #Hofr /N i/ C T (& PR E W2/ % e/ g SBRME /g w2/ %
1 200 80 200 0.110 7 0.121 1 8.59 0.085 4 0.094 2 9.34
2 250 80 150 0.121 0 0.127 6 5.17 0.112 0 0.120 1 6.74
3 200 160 200 0.057 6 0.600 2 9.04 0.145 9 0.137 8 5.88
%6 BRIRSHAST I REEEBRRBNER JE DRI 352 W) L Sy« 38 A = T o >R B . 3 3k %o JBE 4%
B IR

Tab.6 Frictional coefficient and wear loss of three friction
wear experiment with parameter combination
at optimal operating condition

R 1 2 3 T
JBE 45 X B 0.050 0.050 0.047 0.049 0
BE /g 0.018 0.017 0.017 0.017 3
3 4 &

(L i B g 1T 336 o 5 3 5 38047 119 58 A G
JEE A DN RO A S 35 R ) A 3 A T B0 00 JBE 45 TN
S8CRA 5 W WU S« e o > 4847 > 3l JEE 5 A 3 i E Y 5
G AR IR R A R L IR 3 A T LS RO

B 2T TR 5040 07 AT 20, QALL0-4-4 55 75 4 56 45 il 7K 1) s
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(2) 383 Design Expert 10.0 #F #9404 5 115,
153 QAIL0-4-4 57 4 &5 R e B2 17 1) LI S 4L
Bk 150 r/min #f f 108 N LR R 100 °C, 38
b 5 R A B AE S TR T QALLO-4-4 485 5 i 1)
S EEE R KN 0.049, - BRI R 0.017 3 g,

B % X
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Effects of Y Content on Microstructure and Mechanical Properties of

Mg-4Sm-0.6Zn-0.5Zr Alloy

Mao Hongkui', Bai Xiaoyu', Tian Yiging', Yin Zhi', Wang Yu', Xu Hong', Sun Pengcheng®, Ge Yingchun®
(1.School of Materials Science and Engineering, North University of China; 2.Xi’an Institute of Applied Optics)
Abstract ;: The influences of Y element on the microstructure and mechanical properties of Mg-4Sm-0.6Zn-0.5Zr al-
loy were investigated. The Mg-4Sm-xY-0.6Zn-0.5Zr alloy is mainly composed of ¢-Mg matrix, Mg,, Y; phase,
(Mg,Zn);(Y,Sm) phase, and Mg, YZn phase with LPSO structure. With the increase of Y content, the grains
are gradually refined and the amount of eutectic phases at the grain boundary is increased. There exists a eutectic
secondary LPSO phase Mg,, YZn at the grain boundary. The LPSO phase Mg, YZn is coherent with the a-Mg ma-
trix, which improves the strength and hardness of the magnesium alloy.With the increase of Y content, the me-
chanical properties of Mg-4Sm-0.6Zn-0.5Zr alloy is improved continously. With the Y content of 6.89% , the hard-
ness, yield strength, tensile strength and elongation of the as-cast Mg-4Sm-7Y-0.6Zn-0.5Zr alloy reach up to 95.6
HV, 118 MPa, 193 MPa, 10.5% , respectively. The structure of LPSO has an effect on the fracture behavior of
magnesium alloy. The fracture mechanism of Mg-4Sm-7Y-0.6Zn-0.5Zr alloy is characterized by cleavage brittle
fracture, and the fracture and crack depth gradually become shallower.

Key Words: Y Element, Rare Earth Magnesium Alloy. Mechanical Properties, Microstructure, LPSO Phase
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