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Study on design of the composite torque link for a landing gear system of a
helicopter

Jin-Bong Kim ™, Moon-Kwang Um’, Sang-Yong Lee”, Tae-Uk Kim , Jeong-Woo Shin’

ABSTRACT

In this paper, we propose the design method for the composite torque link of a landing gear for a
helicopter. The composite torque link has to be light weighted and very stiff to keep the shock absorber in the
landing gear of helicopter. The configuration and structural shape has to be designed in consideration of the
RTM (Resin Transfer Molding) manufacturing process which is adopted to minimize the manufacturing cost.
The mechanical properties are obtained through the coupon tests with the specimens made by the same
manufacturing process for the composite structure. The optimal design process was performed through iterative
modifications of the models which were verified by stress analysis using FEM. The composite torque link has
lug-shaped parts and is very thick, so 3D Layered solid elements of ABAQUS were used to get the stress field
including the stress components in thickness direction and non-linear static analysis using contact B.C. of
rigid-deform condition was used to get the optimal design.
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Fig. 2 Schematic configuration of the compositetorque tink of the landing
gear of a helicopter.
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Table 1 Material property of the composite laminate made through the
RTM process
Strength [MPa], Average
Direction Modulus £ Tensile Compressive
[MPa] S’_M S,.H
I (x) 94,817 1,387 740
2 (y) 12,625 112 240
3 (2) 10,437 598 " 592
4 (yz2) 1,406 64.7
5 (zx) 2,223 64.7
6 (xy) 4,558 91.2
Direction Poisson’s ratio
12 0.181
23 0.249
13 0.350
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Table 2 Material properties of the comer filler and the metal for bushing

Comer fill Bushing
Property e (17-4PH Stainless
(carbon/epoxy filler) Steel)
Modulus [MPa] 52,627 210,000
Strength [MPa] - 1,000
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Fig. 3 Finite element model and its sectional divisions for compesite
torque link.

Table 3 Stacking scquences of the sections of FE model for the

composite forque link

L Sections ] Stacking sequence No. of plics }
1,2.6 [0/45/-4515/0/45/-45/90]s2 22
3,4 [0/0:45/-45/90/-45/45/0/0] 9
5 [0k 22
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Table 4 Design history of model shapes for the composite torque links
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Table 8 Margin of safety of composite laminates of final (Sm} FE model
for the composite forque link

Direction S[‘;Sl?’%{]h T Stress [MPal M.S.
| (+) 1.387 743 0.87
) 740 671 0.10
5 (+) 112 62.6 0.79
(-) 240 779 2.08
, +) 59.8 35.6 0.68
(-) 592 87.5 5.77
4 64.7 389 0.66
5 64.7 615 0.05

6 912 421 L7

(¢) Stress fringe for maximum shear stress in 31-dir

Fig. 8 Stress fringes for critical M.S. components of the final FE model

of the composite torque link.
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