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A Study on Assessment of Fatigue Durability for Composite

Torque Link of Landing Gear
Jung-Ho Kwon* and Dae-Hwan Kang**

ABSTRACT

This research work contributed to a study for the procedure and methodology to
assess the fatigue durability for a composite torque link of helicopter landing gear,
which was newly developed and fabricated by the resin transfer moulding technique
to interchange with metal component. The simulated load spectrum anticipated to be
applied to the torque link during its operation life was generated using an advanced
method of probabilistic random process, and the fatigue durability was evaluated by
the strength degradation approach on the basis of material test data. The full scale
fatigue test was also performed and compared with the analysis results.
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Fig. 2. Transition Matrix for Spectrum Load

Fig. 3. Cumulative Histogram for Hj

H
=
2]
s}
L &
Z
]

R
o
2]

._.
0o

o

s ]

FHE+ A A4

FHE 4

[+ +
jel

A

o
+ 444
[+

<
A A A
o
IREER AL
(e}

|

+ o[+ F
TN

Attt
A A [t

Start No.1i

[e]
+lF

(o]
A [

o
ottt [t

+

2n o]

Fig. 4. Schematic Explanation for Probabilistic
Random Process

3] Hal 729G Zol thsho] Fig. 3llA 9 &2
o] 2 HAENESF S|AETH O AEFe LA
she fe= FHetal o] ol sigske 2SS A
9] peak 3T oF AAT 7t ATk F, Hp
Jh i 2 ghold a"olA B upel o] Tg
of el He7t 2HAISh= ¥ol7F 222 arbE 8t
SEA poll sk A F Z7F adl =
G52 AAA doh ol 54 AYAHFES
53t g @A valleydld a@A Q] peakz A
A Ha g DAY peake The valley S
Z7] 93 ¢ o] Hol LT HH S wHESho
Tk valley ©AIE Zrop7bA| "t ojn Ehx] o]
| stsdAlY WEFE S Ao EA
StERbdA]l miot FZAEEo] ThA] AXFEA "ok
olf gt dde] A&A AAH S Fig 404 =4
Hog HoFI oW Fig. 50llA 3tF=HEH

I

A AdERagY 35S HAFa Qlrh o
AN BRI 25 0~1 Aole] FREFEE 7}
A= oALA ‘:d—’F(quaSPrandom number)Z 7H53}
of APUE AL E FAY[0E =3t
Atk oY E dnYyFS AFE] A3 o
99 FF2HdEH HolEHE From-To 3=HE

dolHE P45t 2MEPS AW 29 e



540 BAAHZ - FU HEERAZE T B e
32 -
## Given Data ## 30 e -
Distribution of Occurrence 28 -
Frequencies of Load Transition = —=
g 24 “m
3 22 e =
- = -
- (1] 1=
#4# Iitial Data # et 8 - -
1. No. of Data 1. From+o Data g ™ p—
2. Seed No. 2. Histogram data = ==
B " [ ——m
@ 2 m=—_ |
o B
@ LES—
Distribution of Cccurrence 2 =
Probabilities of Transition N ] N N "
100 10 10 A0 10
Occurrance
Distribution of Cumulated
Occurrence Probabilt .
Goourence Probabiltes Fig. 7. From-To Load Exceedence Data
Cumulated Occurrence . wow >
Probabilties for Initial [ «~— Rendom No. - IS IR R I
Start Level Generator . R R R R
etrixof Generate Rardom No O RN R R R
Load Spectrum Generator i Pl S I :
Fig. 5. Flow Chart for Load Spectrum RN RN SEEREERREERRERRERE
Generation :
Fig. 8. Input Data of Load Transition
3E ool X 1% mwte] @7 el Ao = Occurrence Matrix for Helicopter
B3 vl A9 11]. Torque Link
23 =8t Ea”d 3 gz2u7Md &4y 32
28
23.1 E323 BASIEAHEH ME 24 ‘
)
Fig. 65149} o] W2FH Eaxa Add 32
o #-&3k= From-To %W %(load exceedence) B :6 — |
- _ - 12 |
HolH[2z R &84 A9 He Fd . m
53] =] 3E = =) =] AL e
o YReFAHERDS LS oy stFHl 4- |
T HolH= H|3PA7FE gl E o 3 o+ : . . .
= dlelE= 10,0009 BA S deleHor 3 0.0 0.5 1.0 1.5 2.0 2.5 3.0
-

F5515004 Dol LB R & FEHG e
570004700 Date] 5 Agwae] oo B3

Applied Load Positive direction

Fig. 6. Torque Link Pin load[12]

Number of Load reversals(10°)

Fig. 9. Schematic Representation of
Generated Load Spectrum

)

gatA Eth. A7]A4 From-To dFH % H|
Fig. 79149} o] @A Z Yo 35
=y¥ES AT ol AW peakstF
32TA= 15kNol| sjFata HA valley &%
197 Fig. 694 v W&o =w =83t
HojstFg o= -15kNo|| s Fstet. o5 Fig. 8

o

TR

1

P

[ & o rfr ro ro X O

A4 dHolHE A8d sdeNEgE s B
T3 o™ Fig. 9= AEH A9 HALSHE
HEY UYRE TAFHo7 HAFT Q)



%38 & 6 9% 2010. 6

547 BgY) B2 A2y Bl o a7 541

A WRdFiAEYCRRE Y 39
(EE WFB)o] B AR FrgYruE
2
[e)

v}
s
a9
—_
o
rlo
=
.ﬁ
<
I
o
2
o
N
ol
[
il
p)
ol
ox

Pyrofi(ITR330) ©4=4df9F CytecAle] CYCOM
890 FA7F AR EH AL BAKF] HF Holde
3 sHi- A A [0o/+45/ F45/0;/ +45/90,/ F
45/07/+45/90,/ F45/0,]2 % 68% (7 28mm)
2 AFHANH13]. FFaLrRDe 33 H o
WAdo g2 71531 solid element (Hex8, Pentab)
5 AHESHA R HAl AArE 87780, 24FE
7008170 & FAEACH Mol AHEE H3HA
of AF-HQl 71AA &A= Table 10] A
o] Atk 2 AE3tFS  MPC(Multiple
Points Constraint)7]5& AH&3te] HA EAH
Ao AAAE 53l 1 holed] HEW A
o £XHol HuHe g¥oz AA AT o
+ Fig. 112 X ZHAE RoFa glon F=
ol P HoRz gAsE M 2o
Fe F legZt wAEHE fillet F2] upg
oA Fel s Hdl Von- Mises &7}

¢ 5489 o7t BASFE Ao Y

T AN B o
¥ o rH 1

Table 1. Mechanical Properties for RTM
composite Material[13]

Young's Modulus Ei Ex Ess
(MPa) 94,323 116,659 | 5,122
Shear Modulus Gi2 Giz Gas
(MPa) 8,241 | 2,330 | 1,570
Poisson’s Ratio 12 Y13 Y23
0.181 [0.0135| 0.354

Volume Fraction (V) 0.556
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Fig. 10. Configuration of Torque Link[13]

Fig. 11. Result of FEA(Von-Mises Stress)
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