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Abstract To obtain porous medical implants with excellent mechanical properties and biocompatibility,
compression performance analysis of CoCrMo alloy parts manufactured by selective laser melting (SLM) is
performed. Compression experiments are conducted on the electronic universal testing machine along longitudinal
direction, in which the CoCrMo alloy parts are made and fractal interpolation theory is used to analyze the influence
caused by relevant parameters on compression performance. The experiment results show that the main deformation
is slippage. Both of the elastic modulus and the compressive strength decrease with increasing porosity and average
pore size, while decrease with the reduction of surface area to volume ratio. When the regular octahedral and regular
hexahedral porous structures are with porosity in the range of 55%~84%, average pore size of 0.51~0.99 mm, and
surface area to volume ratio from 2 to 4.2, the elastic modulus will meet the requirement. Regular octahedral
cylindrical porous structures have better performance than the square structures, but regular hexahedral square
porous structures have better performance than the cylindrical structures. The conclusions above provide important
basis for selective laser melting process of porous CoCrMo alloy structures used as medical implants.
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Table 1 Mechanical properties of human bones

Material Experimental direction Modulus of elasticity /GPa Compressive strength /MPa
Femur Longitudinal 17.2 167
Tibia Longitudinal 18.1 159
Spareribs Longitudinal 18.6 123
Ulna Longitudinal 18.0 117
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Table 2 Octahedral square structure

Parameter Design 1 Design 2 Design 3 Design 4
Porosity /% 55.14 57.67 63.27 67.13
Average pore size /mm 0.51 0.74 0.80 0.94
2.89 2.79 2.62 2.40
Surface area to volume ratio (L (L Q Q
3 IE /AR I TR 45 14
Table 3 Octahedral cylindrical structure
Parameter Design 1 Design 2 Design 3 Design 4
Porosity /% 65.86 66.05 67.12 68.30
Average pore size /mm 0.81 0.87 0.96 0.98
2.21 2.20 2.09 2.00
Surface area to volume ratio /W @ '/w l»’/j \
R4 AEREAR TS
Table 4 Hexahedral square structure
Parameter Design 1 Design 2 Design 3 Design 4
Porosity /% 70.96 76.9 81.21 84.44
Average pore size /mm 0.48 0.64 0.78 0.92
4.02 3.28 2.71 2.28

Surface area to volume ratio

T

K5 IENHRIEIAETE 45 14

Table 5 Hexahedral cylindrical structure

Parameter Design 1 Design 2 Design 3 Design 4
Porosity /% 71.27 77.13 81.47 84.65
Average pore size /mm 0.57 0.71 0.85 0.99
3.56 2.90 2.39 2.01

Surface area to volume ratio

4
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4
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Fig.1 Schematic illustration of test specimen
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Table 6 Composition comparison of powder material for SLM and ASTM F75 standard (%)

Element CoCrMo powder ASTM F75 standard Element CoCrMo powder ASTM F75 standard
Cr 29.4 27-30 C 0.15 <0.35
Mo 6 5-17 Ni 0.09 <0.5
Si 0.8 <1 Al <0.010 <0.1
Mn 0.75 <1 Ti <0.010 <0.1
Fe 0.26 <0.75 W <0.010 <0.2
N 0.19 <0.25 Co Balance Balance
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Fig.2 Elastic modulus curves fitted by least—squares method for the octahedral square structures — design 1
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Fig.3 Porous structures manufactured by SLM. (a) Octahedral porous structures; (b) hexahedral porous structures
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Fig.4 Microscopic characteristics of porous structures manufactured by SLM. (a) Hexahedral porous structures;

(b) octahedral porous structures
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Fig.5 Compressive stress—strain curves of porous CoCrMo alloy structures. (a) Octahedral square structures;

(b) octahedral cylindrical structures; (¢) hexahedral square structures; (d) hexahedral cylindrical structures
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Table 7 Compressive strength calculated by compression test

Sample Design No. Average compressive strength /MPa
Design 1 464.35
Design 2 352.55
Octahedral square structures
Design 3 273.52
Design 4 233.02
Design 1 343.77
Design 2 289.42
Octahedral cylindrical structures
Design 3 258.52
Design 4 230.43
Design 1 293.42
Design 2 200.66
Hexahedral square structures
Design 3 94.15
Design 4 52.52
Design 1 327.33
Design 2 175.66
Hexahedral cylindrical structures
Design 3 105.51
Design 4 72.20

X B i AR (2 8) & B, iU A9 2 FL CoCrMo & 4

ZE R S B B R 7.3~20.44 GPa, 5 AR H % 17 o PR A

H(0.23~17.2 GPa)JEAAH 2 o X b 1E /T 44 J7 B 45 44 5 1E /\ T 4% (58 A 465 44 i P A i 2 B, 1 /i R [ A 4
i P i A 5 N A B T A R T, IE N TR T T 45 R ) s M AR BU I N T AR [ A 6 R T T AR
T DA N BT H AR AT 22 FLAE AR BT, /A S DA TR AR 45 0 R 3, S AR R DL T TR S R Sl 3

i 4 15 75 2 B9 2 L CoCrMo 5 42

S5 K AL B 5 Ashby—Gibson A X IFEAE M, 0 5 F R T

68.3% ,61.27% ,34.7% ,26.97%,1F. 7 T 14 25 k1 56 45 B 55 Ashby—Gibson 2 20 150 I 25 5w & B &, 1\ H R 25
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Table 8 Elastic modulus calculated by compression test

Average elastic Predicted value by Ashby—Gibson
Sample Design No. Deviation /%
modulus /GPa formula / GPa
Design 1 20.44 62.70
Octahedral square Design 2 17.29 60.02
structures Design 3 14.18 41.52 68.3
Design 4 10.85 34.26
Design 1 15.16 35.70
Octahedral cylindrical Design 2 13.77 34.96 6127
structures Design 3 12.71 32.96
Design 4 11.04 32.29
Design 1 19.05 36.82
Hexahedral square Design 2 16.90 25.12 347
structures Design 3 9.70 13.06
Design 4 6.30 9.33
Design 1 19.62 33.28
Hexahedral cylindrical Design 2 16.20 21.40
structures Design 3 10.56 13.36 2697
Design 4 7.31 9.22

3.3 HXEBHXIZF.CoCrMo & &L MEFE M RER T
3.3.1 FURR & 2 304 45 3 B R 5% JE 4 ¥R

AT IE B M 2 & 6(a) AT DL H TGI8 J2 1F /T A I 2 TE 7S T A 235 48], JH S A5t il 25 L 0 258 1Y) 35 m 422
PR B, TE IR T7 T8 55 IR A 25 b 5o A o Bl 2 FL B 23 (9 38 I T o 3 B A — B0, B S T AR 5 TR 5 [
FE 45 14 B 75 L B 26 0 35 0T B R SRR — B0, 1 7S AR S5 4 A 5 AT o I L B 3 Y T A B AR I N
THT A 35 A6 B A o L 6 1 0 28 X I 7 T A 45 A s M ASE e 1 s o B B B B L B B B, W\ TR 2 AL
S AR TER) IR B B L R T R AP T T S T A 5 R4 A5 15 A B, FE ) R B B PR AR R T R A o

AT IE A A8 22 15 6(b)FT LA H , TE )\ T A 45 44 B 7 58 32 L B 2% 1) A8 b i 38 B AR — B, TR /S TR 25 44
1 A5 b S AR — S0, B BE AL B 3G NI R R . AN R 25 K A R AL BR S Y 2 L A5 H B e R R B AL R R
0T R RE LA A A . LB 2R 0 2l 28 XF £ £l CoCrMo 4 4x 45 M (4 B 7 3 BF 5% ) B 32 L B 2 48 4k 9 L

50%~85% 471 [T 5itt BE AR AL Y5 [l R 55~460 MPa. BEZE FLEL A8, 1F /i M 245 # 5 1F 7S 1 R 45 4 10 31 TR i
22 500

ol® S 1sol®
& 400
% 18 §o350
= 16 3}
Hile T
S 14 o250 (W
E b d £ 200 e
o 12 B
2 c & 150
e
g0 £ 100
g 8 50
6 - : : - - 0 - - . - - )
55 60 65 70 7 80 85 55 60 65 70 7 80 85
Porosity /% Porosity /%

P 6 (a) P 5 AL AR B G F (PRI E SALBR MO R o (ar IE/NRIA I TEZ5 14 b: 15\ TR B AL 254
e IEPNTMATT LS54 d: IE 7R B AE 45 4)
Fig.6 (a) Relationship between elastic modulus and porosity; (b) relationship between compressive strength and porosity. (a: octahedral

square structures; b: octahedral cylindrical structures; c: hexahedral square structures; d: hexahedral cylindrical structures)
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Fig.7 (a) Relationship between elastic modulus and average pore size; (b) relationship between compressive strength and average pore size.

(a: octahedral square structures; b: octahedral cylindrical structures; ¢: hexahedral square structures; d: hexahedral cylindrical structures)
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Fig.8 (a) Relationship between elastic modulus and surface area to volume ratio; (b) relationship between compressive strength and
surface area to volume ratio. (a: octahedral square structures; b: octahedral cylindrical structures; c: hexahedral square structures;

d: hexahedral cylindrical structures)
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