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Abstract. Objective To obtain the distribution of stress concentration on the microporous structure of 3D-printed
materials through a mapping algorithm with low calculation cost, so as to provide a new method of finite element
calculation of 3D-printed materials for the prediction of fatigue life and the optimization of structural design.
Methods Node coordinates and stress values within the influential region of the single pore were extracted to cal-
culate the stress concentration coefficients of different nodes. The nearest node to each node on the ideal model
was determined by distance, and the corresponding coefficient was multiplied by its stress value. When the
nearest nodes of several nodes were the same, the average of these coefficients was assigned. For the pores
close to the edge, an edge coefficient must be multiplied to reduce the error. Results An error of less than 8%
between the mapping result and the calculation result was achieved for the case in which the pores were not near
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the edge, but for the case in which the pores were close to each other near the edge, the error was less than 15%.

Conclusions The mapping algorithm can effectively characterize the stress concentration of the microporous struc-

ture of 3D-printed materials, and determine the stress distribution with low cost. This novel algorithm provides the

finite element result for the optimization design and fatigue analysis of implants in clinical applications.
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Fig.1 Flow diagram of mapping the stress concentration
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Fig.2 Data of mapping (a) Basic unit of one pore model, (b) Grid of the pore, (c) Influential region
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Fig.3 Comparison between ideal model and real model under
multiple pore situation (a) Model with a single pore,

(b) Model with two pores, (c) Model with three pores
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Tab.1 Maximum stress at different relative distances of two pores

HE/mm  IENS/mPa 1R22/% VI Ji/mPa 1%22/%
0.3 2.97 15.8 6. 45 19.9
0.4 2.82 9.7 6.02 11.9
0.5 2.76 7.7 5.63 4.5
0.6 2.77 8. 1 5.28 1.8
0.7 2.78 8.4 5.29 1.6
0.8 2.76 7.7 5.43 1.0
0.9 2.75 7.1 5.35 0.6
1.0 2.73 6.5 5.34 0.7
1.1 2.75 7.3 5.34 0.7
1.2 2.69 5.0 5.34 0.7
1.3 2.75 7.3 5.31 1.2
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Tab.2 Maximum stress at different distances to the boundary

S/ mm T/ MPa_ || NFHEG/mm 0/ MPa
0.02 5.042 0. 60 2.777
0.10 3.367 0.70 2.767
0.20 3.007 0.80 2.755
0.30 2.882 0.90 2.750
0.40 2.849 1.00 2.745
0.50 2.803

i MATLAB 47 3A (LK 4) 15 24K
RAFIE R TR RZE00 2 TN
y = (0.062 x x™"7 +0.69)/0.78
H I 4 FTLUE Bl A i R B i 15, it £
M TR, FR I TR ASNL )5 e 28 B ek N o AR T

5.0

4.5

4.0F

o, /MPa

3.5+

3.0F

0 02 04 0.6 0.8 1.0 1.2
AR FE B /mm

B4 AEHFEE TRARMAM2 REHHE %
Fig.4 Quadratic fitting curve of the maximum stress at

different distances to the boundary
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Fig.5 Calculation and mapping results of stress distributions on hip implants at different positions of pores
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Fig.6 The error at different positions of pores

3 i

Xt BB B0 R A4, 25 BT N T R
ZIN VU PO A i 5 A, e R DR A B AEUASE TR R e A 5
PR HA T RSHEOR, d TARZ s R
YR T R — i, WU A A RN BEFR N SR i T
[ o PRI, BRAEURS TR B0 NS i i 2 LS AR R A
/NERITRGERY 10 ~ 15 475

SRR A FUE, WS Rk B R AR
B e w . RS 50 AL R RS,
PR Bl 1 x 10° R i5 A FRAR , EHLAE HUEE 2
(RAM) Jy 8 GB HYTHANL I T NFF A A RETHEE
HHAER o MIAEAH R C T, A B S 753k, R IR
S B W7 WS SIS AT B TR Ry 6 ho 7 S BRI
1, B 3D FTENARHFLIR 3 B2 7 A4/ mm X

T/ N I PR A AR R (R 24 250 mm*) FLI
BOEL. 7 <104 RAMEGEH 2, A R 2
WS TR 2 x 107 Ze Ay, (B0 AR I 2 4 1
B EE A 0. 5%, $i Xt Frag X AEAitt , R FRORS B2 54l A7
fitt, MIFEZE 3 TB Wi i T NAEA RS oA, AL SE
BRI TAE RS AR D Rk B 2K, BP0
SBEPFZ5 1, L ABAQUS Sy f9],2 x 107 [ 4k Bl
iz 300 1% K AR 55 45 W AT 2o 10 d [ [
b w0 R AR AR R BT AR A5 2R A A T
Ko MAFF B, Eﬂ@%ﬁﬁ 16 1% .32 GB PiC ¥,
H_l IR 483 I AR TR 45 R . A
E’Jﬁ%ﬁﬂiﬁﬁﬁf?ﬂ‘ﬁﬁ:ﬂ:( Bl an sy X 5%
H—J&'Jj) W P38 A7 I () 3 2 KOR 4 . fR AT
D, AR SCARE HE 1 e S5 B33 X PR AR A 3D 4T Ep i B
B 2 FLIR S5 A AT BR OG0 A 45 2R BT i 2 i RIOR
(A
A ) FL AR 2 AR ERTE 1 52 B 3D FTED

WAL B FLAIR B RO A B Y B A& A AR R, LT
AR AR B2 (EDBREE ) ¥ P EORN R R ) v, 23
Xof B SRE 235 SR 7 A — S IS ) 3K AR SO VR I IR
ZIEM . R B AES LA B BRE 22 5, HoH R
BRI . A ST LI, L R Rl (elec-
tron beam melting, EBM) £7 AR FT E[ i) #4861 FL 1R A Bk
BEAARTE 0. 25 ~0.35, K/NI/NT 2 x 10 ™ mm”® L,
TR 3o FLIRITE AR B /N, X 16 g 4 v 0 52 i e /)
EEJH:TDE,FﬁIETJ%E’Jﬂ?ﬁi‘L(ﬂﬁ%Ez%E’JT%ADI'JE‘L

I, R e e L — 80w, e i Ly

Soe A BRI, BIE A5 2% AL IRE AR 1 52 0, A] AR



B E,%. §33 3D $TENH R FLIE R A it E ST &%
YUE Huaijun, et al. Mapping Algorithm to Calculate the Stress Concentration on
Microporous Structure of 3D-Printed Materials 113

AL K2 B 23 A R, 7R T Y T 25 2 i 1
OUT B0 e s 2 57 P AR AY | 98 107 3 A5 AR X 5 21
e 45

4 5iE

ARSCERRS 3D AT ENRE A A B Z2 AL I G, A th
AR XS FLSE A RS K I T 70 A KA, 488
— Pl ALR B 3 107 T R GT R  E f TAR
G BROTHEE )7 3 Ut B S B S AL AL Y R R e
R A TSR [A) 4 [ LA/ B9 A 3R
oo LR B B A Y (g R ) SR o A R Dl IR DL
SATREANR A ], %F L e S 45 SR e ek 0
AL b o AR R W] I BE R — R A 2K
I H it 5555 3D FTENFLIR AR R ) SR b iy 7
Vo A TR LR R R H IR I B R AR i B A
A AL LA R AL 2R B B 19 B0, A e — RE IR 22, 7 &
JE#E—

Sk

(1] #omse, B4, a0 % MBS RIE M BT K =
AATRRTTIMT (], BEIA 1%, 2015, 30(5) : 404-409.
XU XY, WANG DM, YIN JW, et al. Design and 3D finite
element analysis of personalized ankle prosthesis [J]. J
Med Biomech, 30(5) : 404-409.

[ 2] HUANG YH, SEELAUS R, ZHAO L, et al. Virtual surgical
planning and 3D printing in prosthetic orbital reconstruction
with percutaneous implants: A technical case report [ J].
Int Med Case Rep J, 2016, 9. 341-345.

[ 3] NYBERG EL, FARRIS AL, HUNG BP, et al. 3D-printing
technologies for craniofacial rehabilitation, reconstruction,
and regeneration [ J]. Ann Biomed Eng, 2017, 45(1):
1-13.

[ 4] ALJENAEI F, CATELAS I, LOUATI H, et al. Effects of hip
implant modular neck material and assembly method on fa-
tigue life and distraction force [J]. J. Orthop Res, 2017,
35(9) : 2023-2030.

[ 5] HERNANDEZ-RODRIGUEZ MAL, CONTRERAS-HER-
NANDEZ GR, JUAREZ-HERNANDEZ A, et al. Failure

analysis in a dental implant [ J]. Eng Fail Anal, 2015, 57

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(3): 236-242.

AR, BRAR, BT, & #ioe B RS B KR s
AT 4 T 8] A3 A7 Ko ab BELJ ). AR R4k, 2010, 30
(6): 544-547.

SEIFI M, SALEM A, SATKO D, et al. Defect distribution
and microstructure heterogeneity effects on fracture resist-
ance and fatigue behavior of EBM Ti-6Al-4V [J]. Int J Fa-
tigue, 2016, 94(1) . 263-287.

GUNTHER J, KREWERTH D, LIPPMANN T, et al. Fa-
tigue life of additively manufactured Ti-6Al-4V in the very
high cycle fatigue regime [J]. Int J Fatigue, 2016, 94(1) .
236-245.

LEUDERS S, THONE M, RIEMER A, et al. On the mechani-
cal behaviour of titanium alloy TiAl6V4 manufactured by selec-
tive laser melting: Fatigue resistance and crack growth per-
formance [J]. Int J Fatigue, 2013, 48(3) : 300-307.

TiEmS, E7, W, & fLIRELERT 3D 4TED Ti-6Al4V
BAIETF RN ) A [J]. L8 %, 2017, 32
(1):1-8.

HRABE N, GNAUPEL-HEROLD T, QUINN T. Fatigue
properties of a titanium alloy ( Ti-6Al-4V ) fabricated via
electron beam melting (EBM) ;. Effects of internal defects
and residual stress [ J]. Int J Fatigue, 2016, 94 (1):
202-210.

LI SJ, LIU YX, HE YU. Numerical simulation of relation-
ship between thermal conductivity of porous material and
fractal dimension [ J]. Rock Soil Mech, 2009, 30 (5):
1465-1470.

GONG LY, GAO YY, ZHANG HA. Mechanical model and
visco-elastic properties research for porous materials [ J].
J Hunan Univ Sci Technol, 2010, 25(1) : 34-37.

Aefrbe. BETHRIA MR B A% 1 00 B 1 IR AT 1 R Ty 1 WF 5T
[D]. MA&: AR08, 2014,

RN BRI Y = 2k T AL K R R i A 1 B 11 3 i)
[D]. M&: MERFEH LA, 2012

WK, TR, XN, & BT CT BRI RS LB
FROCHRE K B C RT3 [J ] BE A9 347, 2016, 31
(2):129-134.

DONG PF, LEI JY, LIU HB, et al. Finite element model-
ing of proximal femur and element size analysis based on
CT images [ J]. J Med Biomech, 2016, 31(2): 129-134.

iz TAL R HORZ Bl 4. R RETFNIM]. db
B RAFEE A, 1990.



