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Investigating Structural Behaviors of Badminton Racket

experimentally and numerically

Student : Chia-Min Li Advisor : Dr. Jia-Lin Tsai

Department of Mechanical Engineering
National Chiao Tung University

Abstract

This research-aims._to establish an analytical method to characterize the
structural behaviors of badminton racket, including string effect on the flame
deformation, the response of static-indentation, and coefficient of restitution.
The analysis results were validated by the static and dynamic experiments.
This study includs two. Kinds of badminton rackets which are aluminum
badminton racket and carbon/epoxy compeosites badminton racket. In addition
to establishing the model according to the stacking sequences (layer-by-layer
model), the study proposed the equivalent model for carbon/epoxy composites
badminton racket.

The study found that there was some difference between the analysis and
experiment in the string effect on the flame deformation. The discrepancy
could be attributed to the degradation of the string which is not accounted for in
the simulation. On the other hand, the analysis was closed to experiment data
in the response of static indentation and coefficient of restitution. In light of



the foregoing validation, the analysis method proposed is cabable of
characterizing the mechanical behaviors of badminton racket with accuracy.
Furthermore, in the numerical analysis of carbon/epoxy composites badminton
racket, the equivalent model was in good agreement with the layer-by-layer. In
addition, the equivalent model costs less time than the layer-by-layer model.
Thus, the equivalent model proposed in this study can be an efficient manner to
characterize the structural behaviors of carbon/epoxy composites badminton

racket.
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FAFE R THFRBRERZ B DR F AR §F 2 FBIR L

i

EAFn g MR LAY > R H X 5 5% ¢

£33 TR AR MR (e FBRBR AT R A 24 SR o BIUA R
AT o IR B AT B Rl S R B (FEM A~ FEM
B)Y sl AN RS EE A R R ks

B rdn Al Rl T e SRz HAI(FEM C) 5 ™ > e = B A e

—ie

PRAR el ERZA Y AP0 = K2 B b i 350 R = B

‘mlt

AERHNEE AP EFTHRSEF T RT B2 FERFL 95 22%
b d b e YA R R oo MR e i) Aok F AR A

Ll TR R AR PSS MR S R el i R R S SR

1

SR RRAEE P B MRS 3 S TR SO R
A g ek o T - F W AT & BRI sk iR Y R R TR
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SR REENFHRHEFIF A

hF SRR AT £ PR S A DR (R

YR
AP ER R IR R & R AE 2 AT R 0 B s et
e o TR ST ERE o AT R

ER

7
L3k enE s AL 2 iF 233k dp 0 FE s R R
BrdpehGiE e F ook RRIR I A K R P

R > 1 R R 8 e

E2 T

TR O SEREETUh B
2 47 3 AT & PRI Sk dp e g

3.1 Eaci I F

Bt 5 AR P A E et BT o g 2L &

L e
ANFEE R OB PAGKR I Ik & R RS0 TS AT Y T e
et &

3 R Wk B R o AL g R A A i £
it REFNE

Y

oy

=

e ek dp FRAFL T 2

et 35N o
311E S wif & il kit

FRE AR A zkdpd 2 B & B hH » 1 (Unidirectional)sd s s 3f
RS S o AT MG

+ B 2
+ B

< 2 (Orthotropic)# 42 » 4+ f& 4 42
5309 Bl e il A B G

"

= B4 *H#(Ex ~ Ey ~ E)
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4 (G~ G~ Gy) & = B AR (Vg ~ Vi ~ Vyp) © iR IR I TRAp | 173 32 >
BFAORE P w(X > w)atfdpodhe > v B0 R > w(y > »)5
o2 Tew o o RO EAR & WL TR dp b B iR Ao B 3.1 T o B
FEHR Y o bl angh R 4 - (Fiber Volume Fraction ) #4454 ensk & 3
PRFEFE L o 20 B ERp AR REET > A RGd FRE
eI dp e B > TEREEESR T N AL R R A
vz (M H 48 (Representative Volume Element, RVE) - JE (5 5% 4 545 &
ok 33 TR 3p ek A R F[14] -

EAF IR dp A A AT ¢ o SR sk dp flARHZ B o Makdp e S dp
TP B A IR T it o Bd R AR BRI T JpAEiA i MR 9
= 400% > ¢ g IR ek A REAR VL8 5 DB% e AFT T B H B A2 2
FOANEH R 2 N A BE AT YA Z R e 3.2 T o Y B
A 5 40%H0A £ 388674 B ~% 0 Al £ A0 PR B
AR 5 55% il 3 87456 B~ o Al &3 30 s o g it
#{2H L4 SOLIDI8S =42 = » {9957 % £ ipl% % &2 % J[15]

4 s (Carbon fiber)es 5 (Epoxy) shtt 4L 4+ 5l 4ed 3.1 #17% o 2% » pb &
2 H AR ORR A R A 2 kg B ik 2 (Periodic Boundary
Condition)[16]:& = & 47 » H @ ¥ g M F R iF 2 i 4% % SLdc ) 3.3 911 1Y

2 HHA)¢ G 8k [ enfl e T

17



x—0% x=L2ZTH 2 8

u(0,Y, Z)—u(L, Y, Z) = constant (3.1.9)
v(0,Y, Z)—v(L, Y, Z) = constant (3.1.b)
w(0,Y, Z)—w(L,Y, Z) = constant (3.1.0)

By_o0fvy_w2Tm 2 ggh:

u(X,0,Z)—u(L, W, Z) = constant (3.2.a)
v(X,0,Z) - v(L,W, Z) = constant (3.2.b)
w(X,0,Z)—w(L, W, Z) = constant (3.2.c)

2 SO s A4 .
hz_0% z=HZTwm 2 g8:

ueX, Y,0) —u(L, Y, H) = constant (3.3.9)
v(X,¥,0) - v(L,Y, H) = constant (3.3.b)
w(X,Y,0) —w(L,Y, H) = constant (3.3.c)

A AT LA 2 R B E T 0k 2%

g'ij = \%J.O'ijdv (34)
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Hey N Rl b oy & A dv A B G A Z A e % T
BRE A - ) S APE AR Tapd B RY T E @R

FER A AR BB 3 e

El=24 (3.7)
Eii

Gy=—r (3.8)
Vi

Uij = _Z_:IJ (39)

ALY § A F AT T @y sl S 40% £ 55%0p% -
EH LA AT hod 3.2 577 o feh s L0 FERRE B R ehfoacit o &
Fp v wiE s 144,022 175,406 B A 2 HAR A A HE S R A

m"“%*p}]\?’lﬁ”’ z\—r}ﬁvi‘mlkz\f’}ﬁ’bﬁﬁﬁ:]7:‘:—- "‘é’r{z’i}'/{‘°
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bR BT P B S PRI Ol SRR 7
2 BT e A SR A R T A o AT RS Y Bt

Fen@Aed] s $ 0T = SR

(L) R 20 (B > vy > Vg S W) £RE sz 1 E > B le fp kg 0T r 0
A BP T HAGE B B A Y5 202205 02cm e ¥ P RS
W FHE ~TA B oenfi @5 2 s 47 o 5 AT o
et BB FEM G PR DR RPN B RS N as

TR AE A Sk o

(2 K ExlEFengra ok o AkE = £ & 5 150cm g5k 8@ o
AR SRR 2 Bon FRCA - B¢ 0 FAlhE R S 150 om

50 R HCA] G £ 2 (Euler Beam) st 0 fE T 4 A7 R AR
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pd R kTR AR BN EG P ooz HEr Rl
f3S#-HEF MPCLB4 ~ % Bl n B4 Vs A B 2 %

Bt o Y BRI Y h Gy i R BT A AR
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Flot o B EAR B P A eng U R AR R S e Y g e

IR o 4o 3.6 7o o

3.2.1.1 zR 4 3]

BAFT Y BaE 2 A A el R AR & R shdp eng LR F R
A8 G IR 4p en F s ) (equivalent model)) &2 & & - A (layer-by-layer
model) - 2 # » 5§ it zkdpeng A F HA > B L piEd Fitag R
T g AT RGpAUR AR & PR IR a0 0 8 B T
£ > 33 3hdn e SREET) o 2 HEA] @ * SOLIDAS8S ~ % » o & ANSYS[12]
At A A FRERERPMPEEFTOS e o Ft s AF Y L HFRd

ARk T &~ F A REESF AR ERpAPPEET > e o Bl 31

Btk T G PE g G AT S PRl akdn S e A & R B8 A A
A > E 2 aiaRdp e K 03] o shdp & #0307 @ ¢ SOLID185 ~ 4% &
o SAEd RtBER TR AR A REFH AR BRR & g R
Fom o alp k317 > Riprifp EITE il g & R 5] 30 kdp iz -
Bo T A SR ER RS c2nA > A REA Y SR K R AR 37
77 oo d BRI E G THEIR > BRAPEEENF > L HE G PE R
BF2 e o HRFGARpEE? > §F5X4 253 g FE0 ERZ
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PR o TRPFLEENRAMHAE IR HAAHREPETY 2 640k -

AL AR PSR FLRT 2 2 F Rk R D

BRKERE D PHAET > Ll d Rt T A L

s

e ?;,t.;é o — @gﬁf&j\ﬁﬁi,ﬂ %‘uaﬁ/ﬂ\ﬁ o B 3 J{;hg mi*;ﬁg/@] 3 B
%

Al s A A dens e ek R AERAY S S B AR F g

R A AR HAEBEGL T 1 10 & o b 0] chd SR b2
TR PR R S S L

3.2.1.2 ®A 3

B BAT E O VIRAp P ne Mt e (Rl 22 (R BALE 22 F A T
TS o BFIRNAFANY R R P T2 B b A 2 0
AT SRR A TE B € L A A RRE L PE  ATLAFT Y
ARHESPREEC RpF oA Bl AR 2 e T E
Fol B S BN RHCA T S A 4T RS o Tt BRI TR il
BN M2 FRE A AT B Yo B SUHCE] 0t 03] @ * BEAMIBS & %
Zzo PR F A 220 8 ARR T S HHRY 0 T RERLT G A
I MG Bt AT paaa g, A X Y 2 Z 23w infp

d R igL Mo
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3.2.2 A
B AT & R TR R A T P 0 R TR R el 1
PRAE B AR DR R RS EA R R R o o B F
FEETRAD T A R i R PR R G E 2 B en R

[ERCRER X0

3221 FApR|IEL 7
v ddEd 2 RVt £ 2 47 REEHIR AR > 2 ¥ 7 e 35t et

£ 456 450 HAERIR R A F B 4o 38 i o

1 Ap = RIUR it - 30 3k4pd RIS 246 F T 03] Bl AT T
SR L Ay P < SEIED S BN R B SRS Sl M R
(Surface -to-Surface Contact) » »>>zkdp @ + iv 8 4w 321 ohge & = 3%
7§~ % CONTAL73: & WL il 4ot B £~ 3
TARGE170 - -t » Hlesfdp = Rl T & > I B &Rp+ RITHF »

P SRR RIR R 4L o R T R R A B i iE

Fil

*A Dl e i SR IR 0 G

2. A= R RO N IRdp Y 2 2 T T E R Pl AR T R
TRAp Y € B 4 B > 2T A BRI R K o #o g o 23k

P OT AR 4EE 2 )~ % CONTALTS: &30 T 45 03] cnda 1 4
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32223 p REF A 7
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3.2.2.3 s 4p BB

R EPRLE AR & PR LRI T RS ) R R R

B3 BRpBEFEEAER A P TRE VAR ER T LD

W= 28 s - 3R sipadpk > 287 8 E A

LA AR AR & AL IR dp ol AR R lBcBOR A T Y o AtaRdp b B 2
BT RIRAR R o 27 mm edp SR D] o Bl G RSB IR HCR] 2 BT g
AT s o T A B A RPN B G R 0 YRR TR B

TR it i > #eff & % CONTALTS» 04k R en® 4 6 2 = 211 7 15~

% TARGEL70 > 3 ik H Hff i A iidic 5 0.1 o gl g & 185k 4

lesh Gl P 0 B RS B enfbad 7 ER L ldcme 57

% 4 SR d R & e 20333850 200 km/hrzods B 0 Rk 4r Tk 42 ik B 3.49

mis %A HA © HAG VA A LA TR @A F B R B8

-t

I3k dp bR R 8(COR) » H 288 = 3V 5o 2.2 58 9957 o
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3.3.1 zkdp w1 E Rl
AR R R 3] £ORIE R ARSI BRI B P e
AREERIBRETERY R Y RIS REFZ PSR R T &R
Yol 3.9 47T o BAIERIBETERDF R o L BRIRI R N B 0 H
T o EAIRgp P R 4 F T AE 0k ER 0 2 10 mm/min A i 4
ApRFERE T A F 2 BRI o Bk Al g
FEL 16 cm snt dFE oo SR BT L 12 mm hE Rl 2 L EF 0 v 10

mm/min =45 i F b F i (7RIl e AT R TR P SR iE AR
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$PT P A Y M A SR T PR AR TR 0 RO e

ETIRS

AR 31247 - FHER Y LGB MY A HI TP FF kR
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AR S U S 3 p S O TR

(GPa) (GPa) (kg/m?®)
47 68.9 26 0.35 2710
4 172 68 0.28 7280
4 101 37 0.35 8740
& 200 75 0.32 7617

% 22 3T H

< folk T4 flc D R e R T
(GPa) (GPa) (kg/m?)
6.9 2.7* 0.3* 1143 5x10°*
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223 4E NPT RSBV ERE R

LRGP ®RGE TR RE

AH (mm) AW (mm)
7L 0.90 -2.70
F B 2 0.80 270
FEMA — a1
FEMB o ., 21
FEM C E. Cs.

224 TR Rl L)

PRAR T B
%1 0.938
FEMA 0.927
FEM B 0.937
FEMC 0.959
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F 3.1 B M g e R R

1 =~ -8 (GPa) 3 4 8% (GPa) P A
Eu Ex Ess Gz Gis Gas V12 Vi3 V23
g a 220 156 156 380 380 52 023 0.23 0.49
P 3.0 1.1 0.35
% 327 Ip ik AR Rt AR S R L A R
soamge P VHH(GPa) ¥4 H#(GPa) o
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