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Data Collection




Data _Colleé’on

®Al 1100 oaow = 34 Mpa
L 4 { p = 2700 kg/m’
oFd _ CahppV”

2
&V initial = 320 km/h . =
&\ final = 60 km/h (16.6 m/s)
&\ average = 100 km/h




Data _Colleéton

& Determine applied force (F)

Momentum Eq.
mv, + FAt =my,

Contact time
golf = 0.0005 sec
baseball = 0.0012 sec
badminton = 0.001 sec




®N== Homogeneous&

&Buckling 153HA] %S

& Cock2 symmetric, 2IM2F FA

&®Cock? 3 S| 5152 HS
s

& Cock® ZNEE(80m/s)1!
& Thickness << D1

& (Cockel SEHOS|MA| TWHHAAI O L(

CEWlEL)

Ao )

>




Design varié[)le

€ Quter diameter
& Thickness
& Radius of head b:




Objective fur’%tion

®Minimize mass
= DensityX(Total volume)

H? 2

_ 2 H s
=pl[(y =) dx+ 7= + 27 () 1
y :equation of line L D2 ~, SR




C,A pv 2
= d ;'D C, =049 A = 7[22 ,p=1.2kg / m’
(Cd = 0.49 (corn shape )
(determined experimentally)
dv
m—=-F,
dt
C,A pv° A
ﬂ__ 4 7P — V. =V, — d ppVizAt
dt 2




| Cronstraint

€2 .Center of gravity> ()

I xdw

center of gravity X =

_ Z (Yb,outh,out _Yb,inWb,in + YhWh + Yan)

Yto al —
X t W,

total
>0
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P
max =yt
A

t
F F(H -2)(H -1)

"R H - (H-07) Z(R - (R-1)")
A

O
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MATLAB (fmincol

>>x0=[0.03,0.001,0.01]
>=>[x,fval,exitflag,output
(‘objfun’,xo,[1.[
x=0.0083 0.0023 O.
fval= 0.0033

Radius of Head  Thickness Outergadius Weight

z
>.

£ o
0

3 0.015 m 0.002 m
0.0083 m

0.03 m
0.000023 m 0.0735 m

0.005 kg
0.0033 kg

Ny Nz
=
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Solutiof®

.0001 <t )

MATLAE

>>x0=[0.0:
>>[x,fval,e
Co A
Xx=0.014 > '.
fval= 0.1

Outer radius Weight

iz
>

I
& =

0.03m Y}  /0.005 kg
0.0463 my "  0.0231 kg

£ o
0
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MATLAB (patternsearch)

SHAR

Best Function %alue: 0.024274

->Low Bound=[0.01,0.0001,0.02];

Current Mesh Size: 1e-011

% 0.026 Pﬁ L, 04

5 0024 ot o0 c 0.2

% 0.022 : ; : 1]

= 1] 2 4 B 1] 2 4

*E [teration [teration

= Total Function BEvaluations: 2105 = Current Best Point

= 4000 = 005

S ®

= 2000 *» =

= -—

™ T -

z a = 0

= 1] 2 4 B S

~§ Iterat!nn. - Numher vaarlahles (3]

Radius of Head  Thick Outer radius Weight

alxe A 0.015 m 0.002 m 0.03 m 0.005 kg
Z gt 0.015 m 0.0001 m 0.04745387 m 0.024274 kg
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Excel solver

conjugate gradient method
initial solution
radius of head 0.01 0.01472
thick 0.000001 0.0001
outer radius 0.01 0.04767
mass e 002314 Y

off =7 2 23

Rrae ea &
ez O HIM) @ HAIWM O NE}W: s [ e |

alS Hi= diB)

|$$2.§1193, 9852 = | =G |

RIEH ZAW)

$847 >= 0.00] = -

Y44 52 b T, 5 J|5HE)
=10, L Z715HR

i0icep = 17 H =

THE12 <= $H$10 _ | AFRID | EEEH)

$H33 5= 0.04 ] 2

15



Additional SO

¢ HES . Y40 M2 YRS FHT @Ol Ll
— QLT Y2 ZEYAENE MY
(Nylon type 6/6 : 0:1140 kg/ns
o =95 Mpa )

Radius of head thickness Outer diameter Mass

Real Value 0.015 m 0.002 m 0.03 m 0.005 kg
Excel solver 0.0145 m 0.0001 m 0.04 m 0.00939 kg
(conjugate)

Fmincon 0.0137 m 0.0001 m 0.0269 m

patternsearch 0.015 m 0.0001 m 0.02 m 0.009736 kg
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