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ABSTRACT

This paper proposes a shape optimization of the metal boss for a composite motor case using finite
element analysis. For the structural safety and the weight reduction of the composite motor case,
under the internal pressure, the fiber stress in the dome area and the tightening bolt stress are
constrained and the boss weight is set to objective function, respectively. The response surface models
are constructed for the performance characteristics by using response surface method. The significance
of the design variables about the performance characteristics is evaluated through the ANOVA(analysis
of variance) and the goodness of fit test for the constructed model is performed through the
regression analysis. The SQP(sequential quadratic programming) algorithm is used for the optimization
and the proposed method is verified by performing structural analysis for the optimum shape.
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Fig. 1 Analysis condition and design variables.
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x; =M+ (N+Lcosa—H)tan (@ —a) +Lsina

—Htan

x, =H/cos v

x3=(N+Lcosa—H)/cos(0—a) @
Xy =7/2+7

xs=m—(0—a+)
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3] A& A (regression analysis)S A3t
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AYE AAEIAT. SR EHe] FAFAHAE
& o83t vl 7R A" WS L 0, H, ¢
oF & 2579 Mg T3 =EH 724 5
3 kS Table 19 oFste] Yehf 2l
Table 12] Y}, Y,, Y,& AAY 7|F°] H&=
EQX2ZA 244 5 A4eEY Hd@gy A2
EE Von Mises %E'j/] Ho gk, 283 B9
2AS Jepdtt wElA] Table 12 25?M A3
°ﬂ st 2 AAwSE} 54x9 27 BAF
< 12 FAS 9o HES Jehdin, dAES

Table 1. Ratio expression for central composite design
with experimental results.

Lo lu]v [ vn][wn]r

Base| 1 1 1 1 1 1 1

1 (0771072089 | 065|105 | 1.00 | 0.60

0.77 1072 | 0.89 | 1.94 | 1.06 | 1.00 | 0.57

2
3 10771072|119|0.65 | 1.08 | 0.98 | 0.58
4 1077(0.72]1.19|1.94 | 1.08 | 0.10 | 0.52

22 125|117 (134129094 | 1 |145

23 (125|117 1104 0 |0.93|1.02]|157

24 | 1.25|1.17 | 1.04 | 258 | 0.94 | 0.10 | 1.49

25 | 125|117 1 1.04 | 1.29 | 094 | 1.01 | 1.53
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Table 1¢] ZAFH=ZHE, S gk dAH
T FFHES LotE7] Hs EEAS A
SF3Ath Table 2= 544 Y, 5 &
Hohgkoll Wik 23} AR O] BAME A ol

Table 29| A] DF(degree of freedom)
9 AfHE, SS(sum of square)= AFF,
MS(mean square)= SSE DFZ e Hi AlF
ol F= HA B H(test statistics), P= 9
8l & (significance probability)E YEeEPATH 2 A
TAAME 9 FF& 0052 BF3td e, Pgtel
0058t zhs Aol al" o]l folstra
AHE G welA Table 2258 93 WS
= L, gol2= 3749 AFAdS Asl A
[e]

TostA] &2 &2 oA error term)SE F
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Y= Cy+CL+CH+CLHCH2 (@)

Eq. 49 A At AA F#AE A3 =
A, ass gd g5 cE EU18AT Y,
o gt HFAE| 2=E(goodness of fit test) 2
3}, A7 7% (coefficient of determination) R2-2
0.9366, 74 HAAA ST (adjusted coefficient of
determination) R 2 092392 Faifity & =
wollM = 4 3740 e mde] digS
7Vedte AEEA £ Z2HATE dalen,
°] kel 0.95 01”0 ﬂ%%«l &S HRZ 9
= gre

X] Eo}dﬂ LEH—.—oﬂ 32} ZAFAS o] &ty o,
Table 3 o] w3 &4t %QEO]E}

Table 3% F3 Fol3t W L, oo et 34
AR S T

Y= Cy+C L +Cyf+Cyl 2+ C, 0% +C4L 3 o)
+Cq0*

Eq. 5914 % A Ass tastE 98 cz
%715 9oH, Eq. 490 ) 3xge] Fr1E S

Apooling)SHAF. web] viel e 22 A L T sl e AggEaE 2
Ae Tt 2 3}, ARZA S R2° 09698, &8 ARAF R2
~ 09597 A ExF FF 0955 WEFI FE
Table 2. ANOVA table for 2nd order Y. 3 dmdo] FHE muoe oF 2 9t}
DF sS MS F P AyHo = —E““i] v, & & A%8EY Hu
L 2 |3256.76 [1628.38 | 51.96 | 0.00 gholl disted W L, 09 GFe] a9, 53] B
0 | 2 121587 607.93 | 1940 | 0.00 & FWA 4 °] M dFel Al o= B
H | 2 | 4737 | 267 | 076 | 049 2 FdAe] dojel me} Fak B 2 A W
o | 2 | 1558 | 779 | 025 | 078 Mol FepdoRA & dfsHel & 9F8 2
<6 | 1 | 011 | 011 | 000 | 095 71 AEels W, M 7hA i 2 e nes
LxH | 1 | 028 | 028 | 001 | 093 _
Lot 1 138 138 0.04 0.84 Table 3. ANOVA table for 3rd order Y;.
oxH | 1 | 743 | 743 | 024 | 064 DF| ss | Ms F P
ox¢ | 1 | 007 | 007 | 000 | 09 L | 3 |440243]|1467.48| 149.26 | 0.00
Hxy | 1 | 010 | 010 | 000 | 095 0 3 |129828 43276 | 44.02 | 0.00
Error | 10 | 31339 | 3134 | - - Error | 18 | 17697 | 9.83 ] ]
Total | 24 |5856.14| - ] ] Total | 24 |5856.14| - - -
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009 | 009 | 003 | 086 Total | 24 | 44151 | - - -

0.36 0.36 0.14 0.72
Error | 10 | 2618 | 2.62 ofstrtal M, 32 3 A Had 2

Table 4. ANOVA table for 2nd order Y;. Table 5. ANOVA table for 3rd order 172
DF SS MS F P DF SS MS F P
L 2 253.16 | 126.58 | 48.35 0.00 L 3 28886 | 9629 | 122.08 | 0.00
0 2 119329 | 96.65 | 36.92 | 0.00 9 3 1195.09 | 65.03 | 8245 0.00
H 2 19.49 9.75 3.72 0.06 H 3 19.78 6.59 8.36 0.00
v 2 1.22 0.61 0.23 0.80 Lx6 1 64.00 | 64.00 | 81.14 | 0.00
Lx6 1 64.00 64.00 24.45 0.00
LxH 1 7.29 7.29 9.24 0.01
LxH 1 7.29 7.29 2.78 0.13
6xH 1 5.06 5.06 6.42 0.03
Lx 1 0.42 0.42 0.16 0.70
OxH | 1 | 506 | 506 | 193 | 019 Error | 12 | 945 | 0% - -
1
1
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+CH?+C,LO+CLH+CH+C,L°* ?)
+C 0% +CH?
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Ve T+ Atk AT B4A v, ¥, = o
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09380, %8 ZAAF R2E& 09007 A 23
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Table 6. ANOVA table for 2nd order IA{;

DF SS MS F P
L 2 | 3366.83 |1683.41 |32736.40| 0.00
0 2 |1677.61 | 838.80 |16311.70| 0.00
H 2 6.52 3.26 63.42 0.00
) 2 1.59 0.80 15.48 0.00
Lx6 1 | 335.07 | 335.07 | 6515.97 | 0.000
LxH 1 0 0 0 1
Lxa 1 0 0 0 1
0xH 1 0.99 0.99 19.25 0.00
0% 1 0 0 0 1
Hx 1 0.08 0.08 1.58 0.24
Error | 10 0.51 0.05 - -
Total | 24 |4753.32 - - -
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MATLAB optimization toolbox
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= = =: Initial Design
—: Optimum Design

Pressure

(a)

11 T T T T T T T T T T T T T T
—(O— Boss Weight (objective function)

—/"—FRP Dome Fiber Stress (constraint #1) | -
Lol —0—Bolt Von Mises Stress (constraint #2)

Relative Ratio

oo | N\

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Iteration

Fig. 3 Optimization history.

+ Table 7 AstH o™, Fig. 4¢ Fig.
HHFdol W FxAME T3 HFEAHAE
YER AT

Fig. 45 AA| F2HHA 27 Zdz
2de] A3 A FAAdAA
o Hdizkel wiaf HIwE & Aotk 2
HH A3 mde ¥ Huglo]
<9 HPgtel 1561 kg/mm?2 KT}
153.7 kg/mm2< Ho|7] wjEe] HZ

2

9ee ¢ 4 vk =@ dgEERde

i
ni:‘
fg S do b

o I‘N'
N

o w 12

T

oo lo i Jm fob

2,

7

B TTONE a2 (K oo

Z

oo

A

Table 7. Optimization results.

Initial Optimum .

Model | Model(RsM) | * rification
L L 1.12L°
0 0" 0.800"
H H* 1.19H"
P P* 1.94"
Y Y Y 0.99 ¥
Y, Yy 0.99 v,* 0.99 v,
Y, Yy 0.89 v;" 0.90 v;*

*Measured Value for Initial Model
Initial Design Optimum Design

i Normaiized distance aiong path

¥, = 156.1 kg/mm? | 7, = 153.7 kg/mm? RSM : 156. 1)

Fig. 4 Verification for maximum dome fiber stress.

Initial Design Optimum Design

+8.079e-01

Y, = 87.25 kg/mm? RSM : 87.5)

Fig. 5 Verification for maximum bolt Von Mises stress.
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02 ~ 0.4 AT TFIHA
z7] 2d¢ $ERT
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Initial Design
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