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Research on Laminate Design Parameters to Maximize
Performance Index of Composite Pressure Vessel

Seungmin ]eong*T - Taekyung Hwang*

ABSTRACT

In this paper the laminate design parameters are researched to maximize the performance index of a
composite pressure vessel. The pressure-resistant performance and the light-weight concept with
contained internal space are implied in the performance index. 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.
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Table 1. Central composite design with experimental

results.

Thoop | Thetical| Lhoop | P W | P/W
Base| 1.30 | 1.04 0 9,000 | 0.711 |12,658
1 052 | 052 | -20 | 4,260 | 0.308 {13,831
2 052 | 0.52 20 | 4,570 | 0.337 | 13,561
3 052 | 1.56 -20 | 4,850 | 0.676 | 7,175
4 | 052 | 1.56 20 | 4,930 | 0.705 | 6,993
5 | 208 | 052 | -20 | 5,740 | 0.668 | 8,593
6 2.08 | 0.52 20 | 5,740 | 0.781 | 7,350
7 | 208 | 1.56 | -20 | 7,550 | 1.041 | 7,253
8 | 2.08 | 1.56 20 | 9,250 | 1.157 | 7,995
9 0 1.04 - 2,350 | 0.375 | 6,267
10 | 2.61 | 1.04 0 9,150 | 1.057 | 8,657
11 | 1.30 | 0.16 0 3,800 | 0.397 | 9,572
12 | 1.30 | 1.91 0 9,300 | 1.013 | 9,181
13 | 1.30 | 1.04 |-33.63| 4,600 | 0.650 | 7,077
14 | 1.30 | 1.04 | 33.63 | 9,000 | 0.762 11,811

FRP stress/strain

- 7,000 psi { Max. Point: Center | 212.8 kg/mm?| 1.22% i

- 8,000 psi /

*8900psi Max. Point: Center | 267.2 ko/mm? | 1.64%

9,000 psi 4 Max. Point: Center | 291.1 kg/mm?2| 1.66% —

Burst pressure

Fig. 2 FRP stress/strain plot of baseline model.
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Table 2. ANOVA table for performance index

DF| SS | MS | F P
3 |5.31e7 | 1.77¢7 | 3519 | 0.00
Thelical | 3 | 5.01e7 | 1.67e7 | 3317 | 0.00
Lhoop 3 | 1.72¢7 | 0.57e7 | 11.39 | 0.02
1
4

Thoop

1.96e7 | 1.96e7 | 38.99 | 0.00
0.20e7 | 0.05e7 - -
Total 14 | 9.08e7 - - _
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Fig. 3 Response surface models for the results.
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Fig. 4 Optimization history according to burst pressure.

Table 3. Optimization results of RSM.

Baseline [Opt.8000{Opt.9000| >aseline
COmparlSOn
Thoop | 130 | 112 | 131
Tretcat| 104 | 084 | 097
Lhoop| O 478 | 408
P | 9000 | 8000 | 9,000 0
W | 0711 | 0587 | 0682 | -41%
P/W | 12,658 | 13,629 | 13196 | +4.3%
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0. 5 Analysis results for verification.
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Table 4. Comparison between RSM and Analysis.

Opt.8000 Opt.9000
RSM | Analysis| RSM | Analysis
P 8,000 | 8,080 | 9,000 | 9,050
W 0.587 | 0.580 | 0.682 | 0.673
P/W 13,629 | 13,931 | 13,196 | 13,447
Ciﬁ;al;/s ‘;‘; - +4.3% | +6.2%
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