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Torsional response of stiffened circular composite spar

Sung Joon Kim*, Donggeon Lee**

ABSTRACT

To reduce the structural weight, thin-walled circular composite tube has been used as a
main spar of high altitude-long endurance unmanned air vehicle(HALE UAV). Predicting the

torsional response of stiffened circular spar is complex due to the inhomogeneous nature of

section properties, which are dependent on fiber architecture and constituent material

properties. The stiffener were placed in the top and bottom sectors of a tube to increase the

torsional capabilities such as the rigidity and buckling strength. Numerical simulations were

performed to estimate the effect of the stiffener on the torsional capacities. A static

experimental test was performed on a stiffened tube, and the test results were compared

with a numerical model. The numerical models showed good correlation and demonstrated

the ability to predict the torsional capacity. Results presented herein will exhibit the

effectiveness of stiffener on torsional strength and stiffness.
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Fig 3. Schematic diagram of a circular spar
with cap
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Fig 6. Test specimens

Table 1. Summary of layup and dimension of

specimen
G252 | mm) | Ly | Loyin | P°
M30-1 30.0 [0/90/0] - -
M30-2 30.0 [0/90/0] [0.] Sym
M30-3 30.0 [0/90/0] [02] Unsym
M30-4 30.0 [0/90/0] [04] Sym
M30-5 30.0 [0/90/0] [04] Unsym
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Fig 7. Torsional response for M30-1
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Fig 8. Torsional response for M30-2
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Fig 9. Torsional response for M30-3
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Fig 10. Torsional response for M30-4
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Fig 11. Torsional response for M30-5
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Table 2. Material properties of CFRP lamina

Properties Values
FE 1 (GPa) 146.1
E,  (Gpa 7.7
G, (Gra 3.6
Vi, 0.355
Oy (MPa) 2551.8
. (MPa) 945.2
Oy (MPa) 36.7
Oy (MPa) 156.1
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Table 3. Torsional buckling strength versus
inplane stiffness

MID1
(%)
M
(N-m)

100.0 75.0 50.0 25.0 10.0

8.59 7.38 5.64 3.61 2.08

Table 4. Comparison of torsional buckling strength
between tests and numerical results

Numerical Numerical

Case | Test (N-m) (N-m) Test /
M30-1 8.93 8.59 0.96
M30-2 12.64 13.48 1.07
M30-3 10.27 10.00 0.97
M30-4 15.76 17.54 1.11
M30-5 9.85 10.64 1.08
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Fig 12. Torsional buckling ratio versus
inplane stiffness ratio



(a) FEM analysis

(b) Test

Fig 13. Buckling mode of tubular
composite tube
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Table 5. Comparison of torsional rigidity
between tests and numerical results

Numerical Test Numerical /
(N-m) (N-m) Test

24.22 0.88

Case

M30-1 21.39

M30-2 26.76 26.79 1.00

M30-3 23.77 24.29 0.98

M30-4 30.05 27.34 1.10

M30-5 24.97 27.91 0.89
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