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ABSTRACT

In this paper the laminate design parameters are researched to maximize the performance index of a
composite pressure vessel. To maximize the performance index, the three design variables that the
thickness of each of helical and hoop layers and the length of hoop layer are considered under the
assumption of fixed internal space. To optimize the variables, the response surface method is
introduced for construction of the surrogate model and the ANOVA(analysis of variance) is performed
to evaluate the effects of the variables. The optimization problem is formulated to maximize
performance index under the burst pressure constraint. To verify the effectiveness of the research,

numerical analyses are performed for the optimum model.
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Fig. 1 Design variables and analysis condition.



X227 HN3& 2018. 6.

SEMN "SI 45K+ 2OEE @

X
&

F-°.ﬂ
o

A" 7 23

ABAQUS 6125 AH&3t3oH, 34 A]
Zl'«] g45e fd =gd 2d(cyclic
symmetry model)& AH&SFT Al )4
mddygo] AgE FIeiE 23 SFEA 247}

AR5 AT

2 AEA

Flg. 13} Ze siH =z stolx F Al 7HA ¥
5 (Thoopr Thelical Lhoop) 1 Tl HE-8- 31 % <]
A /3 A€ (central composite design)s ©]&
3t Table 17 Zo] AFAHE FE3 £ 4
ANE &Stk o W A A I
P)F EFA FAW), 1 Fd4I SEA
A9kl vl AsA4(P/W)7F Btk A3l
£ 71% Zd(baseline model)S X&3}] F 15
37 99, 71¥ 2de AARE AlgFH ol A
Folth, AWl HALe Ve mdeo HAW
TE TAMeE A, 3\ FAFEAE
6825 &3ttt meEtA Theeps
0~2.61mm, Thelica 0.16~1.91Tmm, Ligep®l 7%
T -33.63~33.63mm=E A FH 7} AAE

Fig. 2& 7| Rd29 EFA ¢ H HIYE
A AE RoFETh Fig. 25 53 6205 MPa
«l lﬂ%MW W -4447“:?_1 2,845 MPa°ﬂ

h=]
o) =7z o 1.6

Table 19| AAZHE WFEWEH
SAHAHAAE il
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(analysis of variance)= AASIHo™,
F(significance level)e 0.052 “gate] 2
(significance probability)©] 0.05ET+ 25
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Table 1. Central composite design with experimental
results.

Thoop Thelical Lhoop P W P/ W

Unit | mm | mm | mm | MPa| kg MPa/kg

Base | 1.30 | 1.04 0 (6205|071 | 8739

nol| 052 | 052 | -20 [29.37]031| 94.74

no.2 | 0.52 | 0.52 20 |31.51]034| 92.68

no3 | 052 | 1.56 | -20 |33.44|0.68 | 49.18

no4 | 0.52 | 1.56 20 |33.99|0.71| 47.87

nob5 | 208 | 052 | -20 |39.58]|0.67 | 59.07

no.6 | 2.08 | 0.52 20 |39.5810.78 | 50.74

no.7 | 2.08 | 1.56 | -20 |52.06|1.04| 50.06

no.8 | 2.08 | 1.56 20 6378|116 | 54.98

no9| 0 1.04 - 116201038 | 42.63

no.10| 2.61 | 1.04 63.09 | 1.06 | 59.52

no.11| 1.30 | 0.16 26.20 | 0.40 | 65.50

o | oo

no.12| 1.30 | 1.91 64.12|1.01 | 63.49

no.13| 1.30 | 1.04 |-33.63 |31.72| 0.65 | 48.80

no.14| 1.30 | 1.04 | 33.63 [62.05|0.76 | 81.64

FRP stress/strain

( )
y
-48.26 WPaf Max. Point: Center | 2,088 MPal 1.22% i

- 55.16 MPa f
Max. Point: Center | 2,471 MPa| 1.44%

\\l
Max. Point: Center | 2,817 MPa| 1.64%

p 1 { ] |
AL 4 Max. Point: Center | 2,845 MPa | 1.66% =

Burst pressure

Fig. 2 FRP stress/strain plot of baseline model.
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Fig. 3 Response surface models for the results.

Table 2. ANOVA table for performance index

DF | SS MS F P
Thoop 3 |5.31e7 | 1.77e7 | 35.19 | 0.00
Thelical 3 |5.01e7 | 1.67e7 | 33.17 | 0.00
Lhoop 3 | 1.72¢7 | 0.57e7 | 11.39 | 0.02
Thoop*Lhoop| 1 | 1.96e7 | 1.96e7 | 38.99 | 0.00
Error 4 |0.20e7 | 0.05e7 - -
Total 14 | 9.08e7 - - -

FRP stress/strain

Burst pressure

- 26.20 MPa

(no.11)
Max. Point: Dome | 2,845 MPa | 1.66%

- 31.72 MPa
(no.13)
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Optimization history(55.16*) Analysis results
-&-Performance Index(Obj)  ~-Burst Pressure(Const) ——Fiber(55.16*) —e-Fiber(62.05%) =s=ALliner(55.16*) =—=AL liner(62.05*%)
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Fig. 5 Optimization history according to burst pressure.

Table 3. Optimization results of RSM.

Baseline| 55.16* | 62.05+ | Caseline
comparison
Thoop 130 | 112 | 131
[mm]
Thetieal | 104 | 084 | 097
[mm]
Lhoop 0 478 | -4.08
[mm]
P 62.05 | 55.16 | 62.05 0
[MPa] : ' '
w
071 | 057 | 068 4.4%
[kg]
P/W
+4.4%
[MPa/k] 87.39 | 97.21 | 90.98 4.4%

Table 4. Comparison between RSM and Analysis.

55.16* 62.05*
RSM | Analysis| RSM |Analysis
P 5516 | 55.71 | 62.05 | 62.40
[MPa] . . . .
W
0.57 0.58 0.68 0.67
kel
P/W
[MPa/ke] 9721 | 96.05 | 9098 | 93.13
Base P/W - +44% | +6.6%
comparison
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