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The Effect of Fiber Volume Fraction Non-uniformity in Thickness
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Direction on the Buckling Load of Cylindrical Composite Lattice
Structures

Seung-Taek Kong*, Min-Hyeok Jeon*, In-Gul Kim*', Sang-Woo Lee**

ABSTRACT: In this paper, in order to examine the effect of fiber volume fraction non-uniformity in thickness
direction on the buckling load of cylindrical composite lattice structures, we modified the equation of buckling load of
the cylindrical composite lattice structures proposed by Vasiliev. The thickness of each layer of the rib was varied by
fiber volume fraction, and material properties were applied differently by using the rule of mixture. Also, we
performed linear buckling analysis by varying the structure size, thickness, and average value of the fiber volume
fraction of finite element model. Finally, by comparing the calculation results of the buckling load of the equivalent
model using the modified buckling load equation and the results of the finite element analysis, we found that the fiber
volume fraction non-uniformity in thickness direction can reduce the buckling load of the cylindrical composite
lattice structure.
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Fig. 1. Schematic view of cylindrical composite lattice structures
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Fig. 2. Thickness direction cross section of rib

Table 1. Material properties of fiber and matrix

E, E, Vpp Gy, p
Fiber | 230 GPa | 29.3 GPa 0.25 25.1 GPa {1800 kg/m3
Matrix 3.71 GPa 0.35 | 1.37 GPa |1120 kg/m’
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Table 2. Specifications of cylindrical composite lattice structures

Diameter (D, mm) 600 | 900 | 1,200 | 1,800 | 2,400
Length (L, mm) 618|927 (1,236 | 1,854 | 2,472
Thickness (H) 5,10 mm
Helical Angle (¢) 32°
Width of Helical Rib () 6.7 mm
Width of Hoop Rib (b,) 6.7 mm
No. of Helical Rib 24 EA
No. of Hoop Rib 11 EA
Mean Fiber Volume Fraction (Vo) 0.42, 0.50
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Fig. 3. Fiber volume fraction distribution in thickness direction
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Table 3. Stacking sequence of ribs and knots

Section Stacking Sequence
Hoop Rib [0],,
Helical Rib (58], [-58] 19
Helical-Helical Knot [58/-58],,
Helical-Hoop Knot [0/58],,

1.0000

Fig. 4. FEA model of cylindrical composite lattice structure
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Table 4. Buckling load of equivalent model (V; _ =0.42) Table 6. Buckling load of FEA model (V;  =0.42)
H =10 mm (D 600) P, (kN)
V,  [0.42-0.42]0.47-0.37[0.52-0.32 [ 0.57-0.27 [ 0.62-0.22 H=10 mm
P (kN) | 4272 | 4242 | 4149 | 3988 | 3,749 V,  [0.42-042]0.47-0.37]0.52-032[0.57-0.27] 0.62-0.22
H = 5 mm (D 600) D600 | 1273 | 1267 | 1247 | 1211 | 1,156
Vv, [0.42:0.42[0.47-0.37]052-0.32[0.57-0.27 [ 0.62-0.22 D 900 960 955 936 902 851
P_ (kN) 1,068 1,059 1,032 984 914 D 1200 562 557 544 523 491
D 1800 | 288 286 280 269 253
Table 5. Buckling load of equivalent model (V; _ =0.5) D 2400 164 163 159 153 144
H = 10 mm (D 600) H=5mm
v, 0505 Tos5045] 0604 Toss-035] 0703 V,  [042-0.42]047-0.37]0.52-0.32]0.57-0.27 | 0.62-0.22
P.(kN) | 5063 | 5037 | 4959 | 4826 | 4633 D600 | 279 277 272 262 247
=5 o (D 600) D 900 202 200 196 187 174
v, 0.5-0.5 |0.55-0.45] 0.6-04 |0.65-0.35] 0.7-0.3 D 1200 | 116 1> 12 107 991
o | izes | 125 | 1z | iise | L1 D 1800 | 57.0 56.5 55.0 52.4 485
D2400 | 318 316 30.8 29.4 27.3
2717 Wsfstolte HAAH] St dof W f=oks 3 Table 7. Buckling load FEA model (V,  =0.5)
2H|7F Al ZA Yepdth. o] o] 24S AMgste] 7t PN
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F=sls At vAE JFS Foleh=t AP = &} D600 | 1485 | 1480 | 1464 | 1435 | 1391
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W A AE EF Yo 9FS Folshe AL ofHe D1200 | 662 658 17 629 604
o] Sl Selskaltt. D 1800 | 340 339 333 324 311
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3.2 REteAsA Aot H=5mm
s T A Aed SYUA A 72 V, | 0505 |055045] 06-04 |065-0.35] 0.7-0.3
FH=ote= 7 R A7)0l wf Table 6, 72, RE o] F7] D600 | 327 325 321 313 301
of whet 14} F= 0| Fa P4 Fig 52 LEhfo] H] D900 | 237 236 233 226 215
A3t Fig 6, 7% ol ARAIAR7E g 229 D1200 | 137 136 134 129 123
Fzstsol e ARAdu7t &t et 22E 7 D1800 | 67.3 66.9 65.7 63.6 60.4
z2=9 #&Zsks gavE vlasol. D2400 | 37.6 37.4 36.7 35.6 339
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Fig. 7. Buckling load reduction ratio (V; = 0.5 model)
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