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Abstract

In this paper, the optimized design for bow structure was investigated by using EDISON software. Considering the mechanism of
the bow, non-linear FEM analysis was essential. The factors of the design are height, width, number of holes and taper value. High
performance of the internal energy and lowest mass were main issues. The limit of the von-mises stress was yield strength for the

material. Material was chosen by considering typical bow material, Aluminum. Using Taguchi method(Lg), 9 models were selected

and contribution rate was calculated for each factors. Following the contribution rate, 3 factors were fixed and optimized model was
predicted. After making optimized model for FEM analysis, the value of internal-energy, mass for FEM model were compared with
predicted value, calculated the percentage error and figure out the reliability of Taguchi method.

Keywords - FEM analysis, non-linear analysis, bow, optimization, force-displacement analysis, Taguchi method,
internal energy
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Table 1 Material properties of Al7075

Poisson’s ratio 0.33

Young’s Modulus 717000 MPa
Yield strength 503 MPa
Density 2823.3 kg/m®

8.2 2A A% 44

EEME o A4 ZolE Im=E nysIsith. )
o] 27| g i oz Agston F xo], HeolH
(Taper) &, &(Hole)9 /MFE WEE st 2dlS A,
-8 Zs ¥ sk

Ho|H & MZ AJidhe 4F Hol AApE e AE T
sh oluje] ke WAl HlEE YeRiH

5% 58 e A5 &5 Y <l 503MPa® %

=L o 1

on, ojuje] W= 0.3m= A8kt

b i
Mo

sV

N

HEIGHT

Fig. 1 Structure of bow
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Table 2 Design factors and levels(L)

W e
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Table 4 Maximum von-mises stress and

Symbo Specification L1 L2 L3 Reaction for?e
1 Maximum
W Width (mm) 35 40 45 No | Co-ordination of | von—mises | Reaction
H Height (mm) 25 30 35 .
Numbor o design stress force (N)
N Holes 0 2 4 (MPa)
T Taper Value 5 1 5 1 WIHINITI 425.678 1108.68
2 WI1H2N2T2 361.049 1090.7
3 WI1H3N3T3 348.392 1059.71
Table 3 Orthogonal array table of L,(3*) 4 W2HIN2T3 407181 1083.94
No | Co-ordination of W H N T 5 W2H2N3T1 394.96 771.559
) design 6 W2H3N1T2 287.181 1255.41
1 WI1HINIT1 1 1 1 1 7 WZ2HIN3T?2 411.616 1219.67
2 WI1H2N2T2 1 2 2 2 8 W3H2N1T3 320.886 1187.5
3 W1H3N3T3 1 3 3 3 9 W3H3N2T1 314.617 1234.89
4 W2HIN2T3 2 1 2 3
5 W2H2N3T1 2 | 2 | 31 s AFO| XX
6 W2H3NIT?2 2 3 1 2 6. &l Y42 HAH
7 W2HIN3T?2 3 1 3 2
8 W3H2N1T3 3 2 1 3 6.1 Wiz
9 W3H3N2T1 3 3 2 1
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Table 5 Internal-energy and Mass

No | Co-ordination of | Internal-
] Mass(kg)

: design energy (k])

1 WIHINIT1 98.924 2.481
2 WI1H2N2T?2 106.84 2.710
3 WI1H3N3T3 102.20 2911
4 W2HIN2T3 106.01 2.212
5 W2H2N3T1 118.94 3.375
6 W2H3N1T?2 123.39 4873
7 W2HIN3T?2 119.21 2.763
8 W3H2N1T3 115.80 3.134
9 W3H3N2T1 121.12 4.456
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Table 6 Contribution rate for Internal-energy
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Table 8 Calculated value for W3H3N3 models

Internal
No
W| H| N| T| -energ Mass U
y
1 W T1| 115.474 3.112 37.106
2 H1| N3| T2| 118.964 3.122 38.105
3 3 T3| 110.484 2.422 45.617

Tota
W H N T i
Level 1 102.65 | 108.05 | 112.7 112.99 1350.
Level 2 116.89 | 113.86 | 111.32 | 116.48
Level 3 11846 | 11557 | 113.45 | 108.0 43
SS 50.54 10.36 0.78 12.10 73.78
P 68.5 14.05 1.05 16.40 100
Table 7 Contribution rate for Mass
Tota
W H N T |
Level 1 2.70 2.49 35 3.44 38.7
Level 2 331 3.07 3.13 345
Level 3 3.8 4.08 3.02 2.75 2
SS 0.20 0.43 0.04 0.11 0.78
p 25.62 55.44 5.38 13.56 100
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Table 9 Compared values for W3H3N3 models

Von-
Internal .
Mass mises
Model —-energ
kD) (kg) stress
’ (MPa)
W3HIN3T3
110.484 2.422 -
(Expected)
W3HIN3T3(Result
) 106.98 2.459 434
Error(%) 3.17 153 -
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Fig. 4 Displacement-Force graph for the
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