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Analysis and Design of Composite Ladder for Pilot

Tae-Hwan Kim*, Wie-Dae Kim™*'

ABSTRACT: There has been a continuous study on the weight reduction of structure by composites. Unlike isotropic
materials, the physical properties of composites vary according to the direction of laminate and the order of
lamination. Therefore, in the case of composite ladders, it is essential to perform structural analysis to verify the
planned design. In this study, ladder was designed by applying fabric material. In addition, the effect of loading
position on the ladder was analyzed through finite element analysis, and structural performance was analyzed by
selecting the most problematic location. We analyzed the effect of stacking order on the structural strength of the
ladder by analyzing the structure by applying various stacking sequence and measuring the failure value in each layer.
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Fig. 1. Composite ladder
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Table 1. Composite material properties
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70 70 9.6 3.59 40 40 0.058
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Table 2. Stacking sequence

Stacking sequence

SSCASE1 [0/0/0/0]s
SSCASE2 (0/0/0/45]s
SSCASE3 [0/0/45/0]s
SSCASE4 [0/0/45/45]s
SSCASE5 [0/45/0/0]s
SSCASE6 (0/45/0/45]s
SSCASE7 [0/45/45/0]s
SSCASES [0/45/45/45]s
SSCASE9 (45/0/0/0]s
SSCASEL0 (45/0/0/45]s
SSCASE11 [45/0/45/0]s
SSCASE12 (45/0/45/45]s
SSCASE13 (45/45/0/0]s
SSCASE14 (45/45/0/45]s
SSCASE15 (45/45/45/0]s
SSCASE16 [45/45/45/45]s

27 A4 33 [0/45/0/0]s2] A F Aol Half 1571A]
S2Z00A siAe Rt AuE vlustgon, 1

= 1w
o S o +10068400

Fig. 3.S,, directional stress

SRS} |
SNEG, (fraction = -1.0), Layer = 1|
(Avg: 75%)

+8.629%e+01

+7.169e+01

+5.708e+01

+4.248e+401

+2.787e+01

+1.327e+01

-1.336e+00

-1.594e+01

-3.055e+01

-4.515e+01

-5.976e+01

-7.436e+01

-8.897e+01

Max: +8.629e+01
Elem: BL_SHELL_SIDE-1.23782

+8.629e+001

Node: 3464

Fig. 4.S,, directional stress
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Table 3. Comparison of failure for load case

Table 4. Comparison of failure for stacking sequence

S, (MPa) | S, (MPa) | S,,(MPa) Failure
LC-1(7) -35.645 -45.39 5.348 0.262
LC-2(7) -34.221 -43.552 5.427 0.251
LC-3(1) -85.781 -8.434 -6.848 0.308
LC-4(1) -82.829 -6.985 -8.112 0.292
LC-5(7) -31.103 -280711 5.832 0.228
LC-6(1) -63.266 3.04 2.043 0.196
LC-7(1) -59.65 3.342 -2.365 0.183
LC-8(1) -55.912 3.134 -4.36 0.17
LC-9(1) -53.826 4.471 -5.27 0.157
LC-10(1) -54.046 3.379 4.817 0.162
LC-11(7) -45.118 -35.958 5.473 0.262
LC-12(7) -43.212 -34.464 5.55 0.251
LC-13(7) -41.145 -32.765 5.653 0.238
LC-14(1) -82.066 -7.323 8.422 0.29
LC-15(7) -39.303 -31.16 5.959 0.227
Failure
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Fig. 5. Loadcase vs Failure
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S, (MPa) | S,,(MPa) | S,,(MPa) | Failure
SSCASE1(1) -82.547 -15.264 -9.048 0.317
SSCASE2(1) -84.498 -8.819 -7.254 0.305
SSCASE3(1) -84.910 -8.709 -7.110 0.306
SSCASE4(1) -90.272 5.288 -6.454 0.279
SSCASE5(1) -85.781 -8.434 -6.848 0.308
SSCASES6(1) -91.165 6.646 -6.172 0.278
SSCASE7(1) -91.631 7.357 -6.040 0.277
SSCASES8(1) | -102.431 19.101 -5.867 0.277
SSCASE9(2) -80.640 -7.356 -8.771 0.284
SSCASE10(1) | -67.317 -25.677 12.868 0.269
SSCASEIL1(1) | -67.064 -26.268 12.969 0.272
SSCASE12(1) | -65.954 -26.731 16.101 0.272
SSCASE13(1) | -66.592 -27.404 13.209 0.277
SSCASE14(1) | -65.536 -28.106 16.323 0.278
SSCASE15(1) | -61.234 -40.886 -13.708 0.328
SSCASE16(1) | -61.713 -46.496 -19.414 0.353
Failure
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Fig. 6. Stacking sequence case vs Failure
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