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A basic study on the prediction of local material behavior of composite bone plate
for metaphyseal femur fractures

Seong-Hwan Yoo', Dae-Sung Son’, and Seung-Hwan Chang *

ABSTRACT

This paper presents an estimating method for local property changes and failure prediction of composite
materials experiencing large shear deformation during draping process. The bone plate for the metaphyseal
femur fracture was chosen to apply the presented method because it has complex geometry. The local property
changes due to macro-/microscopic deformations of fabric composites during draping process were evaluated by
various tests and the result was applied to predict static/fatigue behaviors of the bone plate. This paper was

expected to present useful information on the design of composite structures with complex geometry and their
performance evaluation.
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Fig. 1 The metaphyseal femur fractures and bone plate application.
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Table 1 Material properties of carbon/epoxy prepregs

Plain weave

Longitudinal (0°) 70
Modulus|GPa] Transverse (90°) 70
Ply thickness[mm} 0.23
Fiber volume fraction 0.6

Fig. 2 Picture frame test for prepreg deformation; (2) before shear
deformation, (b) after shear deformation.
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Fig. 3 Force-shear angle curve of the fabric prepregs during the picture
frame test.
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Fig. 4 Fabric composite specimens; (1) static compression test, (b)
fatigue test.
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Fig. § Draping of prepregs on the bone surface; (a) orthogenal grid
lines, (b) draping and molding.
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Hg. 6 Chond modulus and comypressive strength of the sheared specimens.
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Fig. 7 Meso-structure of the fabric p:epleg, (a) unit tow cell (b)
micrograph of the tow structure
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Fig. 8 The correlation of crimp angle and shear angle.
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Fig. 9 Loading cycle for fatigue tests.
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Fig. 10 Fatigue life of the sheared fabric speci according to the
shear angle.
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Table 2 Shear angles of each position

position Shear angle(®} position Shear angle(®)
A 3 a 4
B 5 b 6
c 10 ¢ 3
D 8 d 1
E 2 e 2
i 1 V] 2
2 5 B 5
3 6 Y 5
4 1 3 4
5 1 € 4
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Table 3 Local property varation of the draped bone plate according to

the position
Poson | ot | el | (P9 | 09
Ref 0 557 155 170.6
A 3 636 16.9 1700
B 5 6.87 179 1706
c 10 8.18 209 175.6
D 8 7,66 19.6 172.9
E 2 6.10 164 170.1
1 11 8.44 215 1773
2 5 6.87 17.9 170.6
3 6 7.14 184 1711
4 1 5.84 16.0 1703
5 1 5.84 16.0 1703
a 4 6.61 173 1702
b 6 7.14 184 171.1
c 3 636 16.9 170.0
d 1 5.84 160 1703
¢ 2 6.10 164 170.1
o 2 6.10 164 170.1
B 5 6.87 179 170.6
¥ 5 6.87 179 170.6
3 4 6.61 173 1702
€ 4 6.61 173 1702

Fig. 12 Strength distribution of the bone plate.

2.1 dolMe ¢ Hy] uiitel ez =olg © 3
W2 #23o] o 100MPa ([45ur 7] A @ow &
o) Awrt § nAwe weg YA P 9l Aes
ZIdEch of#E 242 SRR aEe] dAR RriEe
o] g Az o SHEEY ALE B8 Hoh Fud
Ak gl ojRold £ g AeE ddHnh

A7) Anupe gridAe 53R 2wl A 836
1% =2 A AT 5 e A= %‘*110} é‘é’z}%
IR g dFolr] miE] Bt Y W2EY G4F
£ SeixE BAE B34Y 9 a0 98 A= 'g*éxi



#24% B 3 B 2011 6

EE F e B

ik

f

23

4

K

i

e agwe] 2R

A4 AE A5S U3 7% AF 11

s MBS SWstel Mk G ARBH doleHolAS
Faslol Ttk B4 el BAy Al AA sEx
Aol W (N 27l mao] 7o) ojalen], =%
of Axgol weh HARMe] 2HY Rl TMshol G2
S 549) Wehe Telslojor ¥ ow B,

6.2 &
¥ mgHl 48 By 4% 49 % U2 4
& B3 9o Al wshel e P, Ay 59 RS
olgstol AR W Al APl ofat ulx T
o s} Amel BAO UAE 9% AEHoR AB
g B8 HYHoE Qe YRe| YFAF Aue Uu
of Seoly © A GAUFOIEA BHAR nYDe] A

‘?IZMI fl}-‘. ZHhJ% éﬂﬁ’r Mgsted, 2 REe
WEdE Y dRegs Gobsigich AY A3 vlad g4
2olA 2 AdZ @& 11998 7
, oY mRA AP BE gA
= %i}“ ‘:‘4&‘01 %MEEW U Aol vl

o
i
=
il

o MK
-1
—{n‘. VJP

u?.m

e o I
o
ol
TQ
n:

A
v o

£

N Ao 9
3

P

Sulgort, dAsel Wak-
asied, ol A g sy
e %w s 2 ﬂr

e 2 &
2
Lo
) :
dob
© 5 oL
2
oﬁw-i)'r;%
bl
N':rr
-3
3
.1?;‘.
f_dgé

=2 of
©
=
%
A
g
. ox
i
rir
cﬁi
ok
(5
“}ﬁ f
)
s
i
% 2
24
t
_!-z

I
i

. 1
e — &

X

do off

D

% 7]

5"'—5’»7% @%ﬁ?xﬁﬁ NRFYS =3 281387429
(BHATA ) (2010-0009372)2] AHA Y

1) HA, AeARrE AR, g sl 817, M47,
A1, 2009, pp. 17-24.
) olthz, etz “EUAE AEX HEO A4 2 A=
e S 2258 A], A6, 2T, 1994, pp. 45-54.
3) $04, A2, “CAS B B3] 9o ofYaE

M B4 A7, SRABLENIA, A3TH, AL,
2009, pp. 1192-1200.
4) SB. Sharma, MUPF. Sutcliffe, and SH. Chang,

“Characterisation of material properties for draping of
dry woven composite material”, composites: Part 4, Vol.
34, No. 12, 2003, pp, 1167-1175.

5) JR. Duflou, J. De Moor, I. Verpoest, and W. Dewulf,
“Environmental impact analysis of compesite use in car
manufacturing”, CIRP Annals - Manufacturing Technology,
Vol. 58, No. 1, 2009, pp. 9-12.

6) S.H. Kim, S. H. Chang and HJ. Jung, “The finite element
analysis of a fractured tibia applied by composite bone
plates considering contact conditions and time-varying
properties of curing tissues”,
92, No. 9, 2010, pp. 2109-2118.

7) Z. M. Huang, and K. Fujibara, “Stiffness and strength

' design of composite bone plates”, Composites science
and technology, Vol. 65, No. 1, 2005, pp. 73-85.

8) A2z, 4% “2d NEE ¥ Bz nAw 72
AA 9 By wWoP sher Beasta], A20%, H53,
2007, pp. 7-12.

9) S. Ramakrishna, J. Mayer, E. Wintermantel, Kam W.
Leong, “Biomedical applications of polymer-composite

Composite Structures, Vol.

materials: a review”, Composite science and technology,
Vol. 61, No.9, 2001, pp. 1189-224.

10) o]ge, Y&, HEd, Jian Cao “HYF F 9 EFelX
Aol @ EdARe |y Ad B4 B, &
Bapaaaba) «), A23Hd, A58, 2010, pp. 8-14.

11) ASTM D 695 - 02a, “Standard Test Method for Commpressive
Properties of Rigid Plastics.”

12) $-A48, B9, Fedl “Aaaiiole AP W]
w2 HopsiEstyae] o A, SR aelalA],
A22d, A1Z, 2009, pp. 15-21.

13) S. H Yoo, S. W. Park, and S. H Chang, “An experimental
study on the effect of tow variations on compressive

a&xl

characteristics of plain weave carbon/epoxy composites
under compressions™, Composite Structures, Vol. 92, No.
3, 2010, pp. 736-744.



