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Study on Tribology Performance of CoCrMo Alloy Parts Manufactured
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Abstract The friction wear testing machine is applied in the friction and wear experiments and the weight of the
parts before and after experiments are compared in order to investigate the variance of friction coefficients and wear
rates under different conditions. In order to study the wear mechanism, the surface structure and morphology of
CoCrMo parts before and after experiments are observed by the metalloscope and the scanning electron microscope,
respectively. The results show that, under the respective lubrication condition of dry friction, sodium chloride
(NaCl) or artificial saliva, the wear rate of the front face of the SLM manufactured parts is 27.92%, 21.15% or
19.03% lower than that of the casting parts, and 26.97%, 10.88% or 14.97% lower than that of the lateral face.
Compared with casting parts, the SLM manufactured parts have a uniform surface structure on which there nearly
no holes. Under the condition of dry friction, abrasive wear dominates. In contrast, under the lubrication conditions
of NaCl and artificial saliva, abrasive wear and fatigue wear dominate.
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Table 1 Comparison between powder material for SLM manufacturing and that under ASTM F1377 standard

Mass fraction /% Mass fraction /%
Element Element
CoCrMo powder ASTM F1377 standard CoCrMo powder ASTM F1377 standard
Cr 29.4 27~30 C 0.15 <20.35
Mo 6 5~17 Ni 0.09 <0.5
Si 0.8 <1 Al <0.010 <0.1
Mn 0.75 <1 Ti <C0.010 0.1
Fe 0.26 <0.75 w <0.010 <0.2
N 0.19 <<0.25 Co Bal. Bal.
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Fig. 2 SLM manufactured samples for {riction and wear tests

T2 KT S T ) 2 Dl R S 0 R R 6RR A B 4 AR, LB O UIE U A O LUK B 2 55 O TR R B AL
WA BT B BE AR R BUIMBE PS8 . NaCl i W 25 08T A9 R 82 R AL T R 452 5 N T 0 i 3 18 30 L 7 0.77
Zed s NaCl i 3t 2648 T 00 BE 48 2 BO0e 9 fn B Be e+ BE 45 -5 N T i i) 9 2% 17 R IR

P 3(d) 2 SLM B RS {4: TE T 7E AN [F] 90 8 2% 15 A9 B 488 R BO0T e 4 58, AT LUK T R 482 5 NaCl i 1 2% 1
TR AR B AT NaCl 8 #2540 T BE 4900 hh B B 10 JBE 458 28 B0+ BE 2 25 1 TR B R 2 ) B 7 31— 5
(BLJG RGE o TN 78 N T MR YT 9 2% R 1 R 488 AR MR . G R AT R 2 B 452400 i B NaCL ) 3 YO 32 A1 B
Al T i B R 2 A B A 3 (A B 458 2R B0 M 1 s N T e 7 A R T B T — 2 1 B Y
STV I RCR .

2.0 2.0
o @ — SLM = | (b) —SLM
% 1.5 — casting % 15} — casting
& 10 &
qs . “5 1.0
& &
T Of 2 ol
] Qo
&) &)
-0.5 . ) ~0.5 . .

0 600 1200 1800 2400 3000 3600 0 600 1200 1800 2400 3000 3600
Time /s Time /s
- 20 2.0
) © — SLM ‘5 L5 @ — dry friction
9 15 —cast'mg o T — NaCl
& = — artificial saliva
3 1.0 o 10
E’ =
g &
g 0 T o
S S
-0.5 : . . . . . _
0 600 1200 1800 2400 3000 3600 0507500 1200 1800 2400 3000 3600
Time /s Time /s
3 EEEREUNZ., () TEE#;(b) NaCl; (o) ANTHEWR ; (d) ANFEWEWE ST SLM B4 1F i

Fig. 3 Curves of [riction coefficient. (a) Dry friction; (b) NaCl; (c) artificial saliva;
(d) front face of SLM manufactured parts under different lubrication conditions
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(d) lateral face of SLM manufactured parts under different lubrication conditions
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Table 2 Average wear rate of CoCrMo alloy under different conditions

Sample Experimental condition =~ Wearing capacity /mg Average wear rate /(10" kgeN 'em ')
Front face of Dry friction 22.2 1.0862
SLM manufactured NaCl 4.1 0.2006
parts Artificial saliva 3.4 0.1664
Lateral face of Dry friction 30.4 1.4875
SLM manufactured NaCl 4.6 0.2251
parts Artificial saliva 4.0 0.1957
Dry friction 30.8 1.5070
Casting parts NaCl 5.2 0.2544
Artificial saliva 4.2 0.2055
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Table 3 Wear rate of CoCrMo alloy under different conditions

Wear rate of dry friction Wear rate of NaCl Wear rate of artificial saliva

Sample /(107" kgeN"Tem 1) /(107" kgeN""em ) /(107 kgeN"'em 1)
Front face of 1.1791 0.2183 0.1782
SLLM manufactured 0.9647 0.1903 0.1529
parts 1.1148 0.1932 0.1681
Lateral face of 1.3875 0.2041 0.1843
SLM manufactured 1.5743 0.2306 0.2181
parts 1.5007 0.2406 0.1847
1.4830 0.2694 0.2138
Casting parts 1.3906 0.2386 0.1876
1.6474 0.2552 0.2151
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Fig. 6 Surface morphology of CoCrMo alloy parts. (a) Front face and (b) lateral face of SLM manufactured parts;
(c¢) casting parts
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Fig. 9 Wear morphologies of CoCrMo alloy under many conditions. (a) Front face of SLM manufactured parts with dry
friction; (b) front face of SLM manufactured parts with NaCl; (c) front face of SLM manufactured parts with
artificial saliva; (d) lateral face of SLM manufactured parts with dry friction; (e) lateral face of SLM manufactured
parts with NaCl; (f) lateral face of SLM manufactured parts with artificial saliva; (g) casting parts with dry

friction; (h) casting parts with NaCl; (i) casting parts with artificial saliva
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