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Fig. 1 Structural sketch of composite keel for an airship
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Table 1 Tensile test results of standard notched laminates

i PRSI WORERET  RURSCRHE BRIy SRR

= /mm /N /e /MPa /MPa
Wi 19.02 55110 10643 1096 110250
w2 19.12 66835 16124 1324 87822
W3 18.94 62511 14774 1247 92207
W4 18.82 64085 16618 1286 82998

W5 18.80 64016 15714 1285 87759
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Fig.2  Schematic diagram of dimension of L

section plate with bolt hole
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Fig. 3 Schematic diagram of T-type lap tension test
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Fig. 4 L section plate T-type lapped grid
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Table 2 Comparison of test results with finite

element analysis results

B BREAT RRNAE 4 FEM —4ER FEM
ErR= /N /e Ni7E/ e NiAE/ e
L1 13109 2031 2365 2750
L2 13680 2512 2420 2871
L3 11620 2305 2052 2442
L4 10360 1934 1832 2178
L5 13928 2742 2464 2926
¥oE 12539 2305 2227 2633
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Fig. 5 Schematic diagram of FE model for

hanging test of keel engine
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Table 3  Comparisons of test results and finite element

analysis results for downward 3.0 g load conditions

MRS REER/pe OSSR /we HIXHRZE/ %
1 260.88 309.10 18.49
2 335.09 372.90 11.28
3 132.83 155.69 17.22
4 79.79 100.23 25.61
5 282.56 254.82 9.82
6 5.09 4.82 5.40
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Table 4 Comparison of test results and finite element

analysis results for 1.0 g lateral load conditions

RS R IREAR pe TR/ ne  AARTREE/ %
1 37.76 34.43 8.83
2 -282.06 -255.75 9.33
3 160.07 173.80 8.58
4 -172.27 -190.85 10.79
5 107.87 93.50 13.32
6 176.75 210.65 19.17
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Fig. 6 Schematic diagram of full-size keel FE model
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Table 5 Comparison of test results with FE analysis results

G5 HALER we IR ne R/ %
01 50.2 46.2 8.7
02 13.0 20.8 -37.4
03 -29.0 -36.4 -20.4
04 137.5 142.2 -3.3
05 -273.3 -278.2 -1.8
06 1117.2 1088.1 2.7
07 291.9 409.7 -28.7
08 212.1 197.7 7.3
09 -199.2 -193.0 3.2
10 320.6 315.7 1.5
11 -165.4 -165.9 -0.3
12 58.3 75.8 -23.1
13 -13.6 -12.8 6.4
14 585.2 952.6 -38.6
15 -825.2 -706.4 16.8
16 -360.3 -327.9 9.9
17 193.9 196.6 -1.4
18 307.6 295.1 4.2
19 -397.4 -403.9 -1.6
20 -401.7 -380.4 5.6
21 -332.7 -327.5 1.6
22 437.6 409.1 7.0
23 -461.2 -661.4 -30.3
24 219.3 209.6 4.7
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VERIFICATION METHOD FOR COMPOSITE KEEL STRUCTURE
OF AIRSHIP TRUSS BASED ON BUILDING BLOCKS
LI Yuan-zhang, LU Guo-fu, REN San-yuan, XIAO Peng
( China Special Vehicle Research Institute, Jingmen 448035, China)

Abstract ; In order to obtain the identification method of airship composite keel structure, according to building
block approach for composite structure, with the consideration of the structural feature of airship truss keel, the cer-
tification way and detailed procedures of structure design and strength verification of the keel of airship truss com-
posite are presented in this paper. By using this method, the structure strength of composite materials truss keel of a
certain type of airship is tested and verified from element level to component level to full size keel, and the finite el-
ement analysis and its results are compared and analyzed. Some typical tests and analyses are selected and intro-
duced. The results show that the Nastran finite element analysis model of truss composite structure meets the engi-
neering needs. Airship truss composite keel can be verified by building block method.

Key words : composite materials; building block approach; airship; truss; keel





