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Abstract; Objective By comparing the fatigue strength of type A and type B locking compression plates (LCP)
in distal femoral plate, a theoretical evaluation method was provided for type selection of bone plate when testing
its bending strength and fatigue performance. Methods Through bending strength performance test and fatigue
performance test on bone plates with different types, combined with ANSYS Workbench, the finite element
analysis on total deformation, von Mises stress and fatigue service life of bone plates were conducted. Results
The fatigue strength of type A plate was 30. 7% higher than that of type B plate, the stress of type A plate was
lower than that of type B plate, and the minimum fatigue service life of type A plate was 17% higher than that of
type B plate. Conclusions The fatigue performance of type A plate is better than that of type B plate, so the
failure possibility of type A plate was lower than that of type B plate. The result provide references for assisting
selection of different bone plates when testing the performance of two newly developed bone plates.
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Fig. 1 Distal femoral plate models with different
types (a) Type A plate, (b) Type B plate
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Fig. 2 Schematic diagram of four-point bending test
and device (a) Simplified loading system,
(b) Actual loading device

TE ke Sy DN RE 2 (] R RE2S , A S D3 DU M AR 56 22 1]

MEEES . k=50 mm,h=36 mm,



EREYANE $£38% FE3H 2023F6 A
558 Journal of Medical Biomechanics, Vol. 38 No.3, Jun. 2023

5 g o7 o LI IR 42 A A S R 55 Pk g ik
208 YY/T 1503—2016¢ Hi A ¥4 J& 3 A s th
WIS PERESEI IR T, FELRRE Y 10° IR A8 4o
ST I R A A 55 R X T AE DU
R E M EEE UM ER 1 AN 1E 5% oK B0 2 Aar |, 9 R4
RS Ha, SEHGFE S AEDG PRI 19 /N5 B R4
fr L (R) A 0. 1, 12 57 52 56 25 SR 5 UL 4 42 1 Al i 4
T
1.3 BRTHESHHF
1.3.1 BEH=4EAZs WTFEREEEHI;
I 1 PR bR T2 1 B M A 0 4 R 3
e, O ST AR YA S 55 N 2k 2R B8 15 118 32 M
EP SRS SN REZMOE A, 7
SolidWork H LI it i A 35 o 1 , i 5 2 B A FR e
() 4 NERFS . O T RENE B0 UIE B2 B A7 ALl g 57
P ZE R AT AR S R R B e A R
BBz B AR AR A LIRS AL DL x o A 2
AT R IC/ T ANSYS Workbench 18.0
H, PEREE AR R A A R T AR TR 4y i) SR
FHZS A BT 5 10 1 A S 58 58 R 422 B AR AT O A%
R4y I KR 2 mm, EE G A B
Mofr FRoTR R 43t 38 385 ASEAIE 72 270 A7 A
R B Y Al A BR TR R T 36 305 4N
JG.68 616 N5, A T SRR E AR R AR T () v
PR BRI A TR B ARECE BT TR i 1 ANRES Z T )
PR 5 HI R TT, IR AT B A A Excel H1,
RIATA52) A BRI ABUARL B AT - RS 4L, 1
Ah, FAFRIRE T RA5 3 B BB ARCBUE AL 1 2 far -1
BhZe, 5o, 4 A B BB AR T A5 04 0 2L 1) 28 A -
PRSI 5 S5 TR s 2 A X 1L, A B L4
JE ISR AR BV A, R IER T
P BB AR B HERR I (LR 3)

1.3.2 BERARAERGASH (1) FEFWR
MERHEE « T30 50 Pl i 4 A B TC4 £k
G (FENIT N Ti-6A1-4V) | Ry T PRI o A7 BR
TCHKPE ANSYS {5 B 2 B AR E A 73 B 14 m] 5 1
WEWAYE , 76 ANSYS #F 1 M RLZE Hh i A TC4 855
SRR A 110 GPa, JAMM LN 0.34,R=0. 1;
S54RI AR A R AT, TR o i 454
AR E R TS TC4 2R E &R E M
PRI Ay 30 T B2 5% 4 B Al R A7 S ol 9 55 M ARl 50, 7

4.5 —
3.0
y LY
3.5: ) ’,;:// 2.4
Z 25t e Z 18
£25 P =
' 12
ﬁl.S» y =) s
rd 06r
0.5¢ -/
01 2 3 4 5 6 7 01 2 3 4 5 6 7
AL /mm AL /mm
() AZSEERAR (b) BEUEEFAR
3 AREEERSEL TG BRI -0 i 4
Fig. 3 Load-displacement curves from experiment and

simulation of different bone plate (a) Type A plate,
(b) Type B plate
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Fig. 4 Fatigue curve and applied load constraint diagram of bone
plate (a) S-N fatigue curve of Ti-6Al1-4V, (b) Load

restraint diagram of bone plate

T R PSSR ER 38T 2 e ML S R E R AURL



FH5,%E. ANSYS BExamEEESRIEETHHhEA

LI Shurong, et al. Application of ANSYS Fatigue Analysis in Type Selection and Evaluation of Bone Plate

559
o xR2 EEBHREMKER
2 =R % Tab.2 Test results of bone plate
2.1 ERWiRER - b BOR o RER
N ey . nf/N nf/kN RLIR
2.1.1 EERETWEEMXLERE A BHEER e Rl Rl I
1
S Sla=E 4 B H
VU 75 S B AR LR 1 -1 141.1 1.411 1000000 Az
1 EATHBENRESR 1-2 155.2 1.552 310 450 %ﬁ%i
Tab.1 Results of four-point bending strength test 1-3 169.3 1. 693 126 804 L
1-4 211.7 2.117 38 956 W24
R k/mm h/mm P/N R/ (N-m) -
[2]8]
AR 50 36 282.07 50. 80 2-1 97.8 0.987 1000000 W%
B 7Y 50 36 1.955.34 35.19 2-2 107.5 1.075 383 958 e
TE ok h A5 P AMIN R B B s P M e IR B 5 25 3 E 23 117.3 1173 172 371 L
0.5Ph. 2-4 146.7 1. 467 111 784 [
2.1.2 BERTEHESMKXLER A BREER 2.2.2 HFH von Mises = H A B AIEH M

o7 A R ISR 2, SR ERW A B AU
MRAE 10° JEI 9% 55 58 B 43 311K 25. 4 .17.6 Nem,
2.2 BRESTER

2.2.1 BEMREEH A B REEWRRKALILH
R IR B AR ) B v AL, AR TR DA & e B AR 2
T NI WK 5(a) ],

ARl BH! AR

659.04 Max
585.82
51259
439.36
366.13
29291
219.68
14645
73227
6.67222-6 Min

5.5192 Max
4.9073
4.2955
3.6837
3.0718
246

1.8482
1.2364
0.62453 (20776e-002 28

0.012704 Min

-

T

3

o

&
[67320 3 [e47¢8e-000 B

(a) BT

5 FREBZHBWARTINER

Fig.5 Results of finite element analysis on bone plates with different types
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Tab.3  Results of finite element analysis on bone plates with

different types
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