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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.

2 =

e
i
Mo
2
o
rr
o
o
o
il
!
i
o}
1
1
o
JHI
1:01'

PR =a9as st 9igk 44 71Ee Atk B Eagas
1S BHE YA A Mo] AN ejysigel thal Haol W
FA F2E Az FIRTM: $A3AFF)0] Waso] thepyite] s
1 PR AZ B BUD %é"i AL AFste] AAle Bag 7
& e Bl Ba maae] gg H4 WA SAstAh Lug P s F
2R FrEol Bae 233 A4S 98] ABAQUSY| 3D Layered Solid 848 A §3teimwe
ol $iARS) SAUFE TP Amafe SAsison, RigdDeform FELAS) HIRAT T WHY 4
wEAoR faste] Fojxl O R EECEE L L

2 1 o et

ol

S g N

& oo o RN fo M

o

Key Words : 232 E=8 = (Composite torque link), F748 E3F4 (Thick composite), F7=3F 4 (Through-thickness
property), ‘454 (Contact problem)

AT B ARATe BYARIE, TAAAHEmaljbkim@kims.re.k)
* gl R ARdys BdARIE

gEEe 7149

ex SR el el



2245 % 2 9% 2009. 4

31

olc}.
sRe] 37 Hoplo] Age B3] AgA Zwol
shz Qlgt olel Zhxe] WA g

R AR ofy et
Bt AbEorR o] HE FHoME 2 S 7HAa 3]
me] SlolMe B2 s FAste] 7ley gtEo] 2
al 2]

FE7] WG7le] FEEA E
AZFGANA = olv] EFulgeld AT
?_

o] 2x} F+%E(Secondary structure) =

q E3839 1 B3
Yao] gom FHuo] Itk EAYAL ol FFHA WAHL
Ageltt FAo dote] F= W W8S 7HAoF o, 8
g2 W7ot =HoRREH AR oy FAS
T dol g 7]ele] AH(Alignment) H3LE 243l
Aolch(Fig. 1).

B oapel mAe sz gRuy =amaz B34 7
22 YRS GIR ATRA, FAL B3 FREES 47
] gelM 3 aaz FHE fResEdS TEE B
A Fxo) A Bstel AMa Aol = BYA Ead
2 pxBe] A 71Ee A Aol

2. 5 EaRao] LA 9 V22 8=
21 £330 A% L Yo

71E0 BEagas dRuly ¥EoE AFEI jle
A BEIEAR dAsk] flsiA 718ES dxdl 53 B2
3 Aemde) g8t dAeFEEA} 28 dAleTtx

450l B3 EaA] NdEAE A [1]
Eadga gAEA= @ 22 A8 A AR 9 A
ARG s dd7FsEol 28 Fol & o 5%
oA thEe] AES 9& 4 = RTM(Resin Transfer Molding)
Az AgS ndsien, A4 EF RTM 34 1f

e nefstol B ARYel FebEe Fol AAseh

Y o

o
=

flo

Aluminum alloy
torque link

eL_ (10O

Fig. 1 Configurations of the aluminum torque links of the main
landing gear of the NH-90 helicopter. From Thuis et al. [3].
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Fig. 2 Schematic configuration of the compositetorgue link 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 Ei Tensile Compressive
[MPa] SI(+) Si(*)
1 (x) 94,817 1,387 740
2.(y) 12,625 112 240
3(2) 10,437 59.8 ¥ 592
4 (yz) 1,406 64.7 ?
5 (2x) 2,223 64.7
6 (xy) 4,558 91.2
Direction Poisson’s ratio
12 0.181
23 0.249
13 0.350

Table 2 Material properties of the comer filler and the metal for bushing.

] Bushing
Corner filler f
Property (carbonfepoxy filler) (17—4PSI-:e;t)a|nless
Modulus [MPa] 52,627 210,000
Strength [MPa] - 1,000
Poisson’s ratio 0.3 0.3
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Fig. 3 Finite element model and its sectional divisions for composite
torque link.

Table 3 Stacking sequences of the sections of FE model for the
composite torque link

Sections Stacking sequence No. of plies
1,26 [0/45/-45]s[0/45/-45/90]s, 22
3, 4 [0/0/45/-45/90/-45/45/0/0] 9
5 [0]22 22
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Fig. 4 Rigid-Deform contact boundary conditions on the hole 2, hole 3
and the element-uniform pressure load on the edge of hole 1.
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Fig. 5 Integration points defined in the layered solid element C3D20 of
ABAQUS 6.5-1.
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Table 4 Design history of model shapes for the composite torgue links.
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Fig. 7 History of optimization of model shapes for the composite torgue
links.

Table 5 Margin of safety of composite laminates of final (5'“) FE model
for the composite torgue link.

Direction Sflzjgg;h Stress [MPa] M.S.

L ) 1,387 743 0.87
) 740 671 0.10

) ) 112 62.6 0.79
) 240 77.9 2.08

3 (+) 59.8 35.6 0.68
) 592 875 5.77

64.7 38.9 0.66

64.7 615 0.05

6 91.2 421 117
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Fig. 8 Stress fringes for critical M.S. components of the final FE model
of the composite torque link.
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