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Fatigue Safe Life Analysis of

Helicopter Rotor Bearingless Hub System Composite Components
Taejoo Kim*, Youngjoong Kee**, Deog-kwan Kim**

Abstract

We designed bearingless rotor hub system which replace mechanical hinge/bearing
with composite beam component and conducted fatigue analysis for flexbeam and
torque tube. Extension/bending/torsional stiffness was calculated from 2D section
analysis using VABS and 2D section structure analysis was applied for strain
calculation. S-N curve of each composite material was generated using Wohler equation
and fatigue analysis was conducted on weakness section which was decided from static
structure analysis. CAMRAD II was used for load analysis and load analysis result was
applied HELIX/FELIX standard load spectrum to generate bearingless rotor system load
spectrum which was used fatigue safe life analysis.
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FAR(M] % &3314)-29571 &5 =27
% (Fatigue evaluation of structure) 3o W=
HoHEg 3 g A AYHY AFHE 2Hse
TAELS T8 TF FE(Principal Structural
Elements)2 &3t wdF7] S AAF7E
AAsta, ols B a7He £9FE §¢ &
Fots el 39 steel A&LHLE =3
ojx X% A<l 33 (Catastrophic failure)7} %
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83 242 FEHH
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SlE AJaFE AEFH AT 27 ALY B
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System)©. & 3] voprkal Qv [2~4]
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A — dA (1) it 1 EE-'II'ETE &‘% EHEn_-I - é)l'él'ijj_
! Pl
]y _ / S2dA ) Number Material Orientation
A 1 Glass Fabric 0°
_ 2
L= f Ay A ®) 2~22 Carbon Fabric 45°
-4 dzd 5
J= = ¢ dudy @) 2 EARE HE 0jH - ZHE
: Airy stress function
¢ Y ) ) NuI;Lb er Material Orientation
and J= / (2 + y*)dA = 1,+ I, at circle
A 1 Glass Fabric 0°
B =HoM= o ° upak W 7EA
2 ERAME AR Span W dRE A 2~5 Carbon Fabric 45°
S F3l7) 98 §es e AREEe] duEg)
. s = . . 6 UD Carbon 0°
#F 314 F8o] 7153k VABS(Variation Asymptotic . .
Beam Sections) 2 AFEEIITL] 18 6~7S AL 7~10 Carbon Fabric 45
ST FAR EARR W] F4S vehy n UD Carbon 0’
1 e, ¥ 12+ EAEHY FHE JEHe e 12~15 Carbon Fabric 45°
i ok 18 & 37 # 4~5% 4 AA BA 16 UD Carbon 0°
A AR} @ 4 AFE Yehlln ok 17~19 Carbon Fabric 45°
20 UD Carbon 0°

[j D 21~26 Carbon Fabric 45°

<260mm Section>

f_l m E3ME 24% X2
Material Properties
e B p

o

<700mm Section> En 5.1E+04 N/mm’

UD Glas= UD Glass En 1.5E+04 N/mm?

2 6. wox sAE By Gu 48405 N/mut

En 1.9E+04 N/mm?

Glazs/;;bric Ex 1.9E+04 N/mm?

G 3.3E+03 N/mm’

En 1.3E+05 N/mm’

UD Carbon En 8.2E+03 N/mm?’

G 4.8E+03 N/mm?

<810/1020mm Section > En 1.3E+04 N/mm?

I : Upper/Lower Layer Pattern Ca.rbon Ey 1.3E+04 N/mm>
: Side Layer Pattern Fabric +45°

G 2.4E+04 N/mm?

Al
=

J8 7 E3RE siAMcHH

0z
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T4 90R oHo A o
Section 260mm 700mm
EA(N) 8.2E+07 8.1E+07
EI(N-mm’) 1.3E+10 4.4E+09
EL(NN-mm?) 4.9E+11 6.8E+10
GJ(N-mm?) 1.9E+09 3.2E+08

¥ 5 E3FHE otH SiM Zof

Section 8$10mm  1020mm
EA(N) 4.5E+07 41E+07
EI(N-mm?) 4.0E+10 3.1E+10
EL(N-mm?) 2.2E+11 1.6E+11
GJ(N-mm?) 1.7E+11 1.3E+11
222 &M S-N M MM
FHjoly B AxE FAEE] fFARS} EA

FH 92fAS FPstr] 9l FdE F8 &
A9l Glass Fabric 0/90%} UD Glass, 18|31 B3
EHO FQ A9 Carbon Fabric +45°¢] th3t 3
T SN T8 Wohler equationg F3 4433
th[7] 4] 5= Wohler equations WERJIL T}
=A/N" (5)

where A : Material Constant

U/UAQ

g : Mean Fatigue Limit
N : Number of Cycle
o : Material Constant

Wohler equation= N=10,000 ©]*<] 949
gk AEHH, 10,000 olstlMe Ao S3-8H
T WEE) @elA Ade dZstd SN F4S
g olFA dAdE BHdE SN Al dis)
AATE A&t A N & A
YZAPES £33 kA SN FA AEL g 2ZAY
TRk FAF et E"i‘i?ii}ﬂ uet @
gAA =Y, J2APS FHEA 2

< Hgt A Age M E—’Fzﬁ,ii ESRaasine:
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flo
H
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14- =B oRoTY
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03% H&dt aga A SN F4& A8}
A kd S SH(FS HIE)S AT 07
S g3t} [8] 27 8~102 Glass Fabric 0/90°9}

UD Glass 183l Carbon Fabric +45°¢] ¥ SN
A SN 48 Yepfa gl

Glass Fabric S-N Curve

0.018 ‘

——Mean Fatigue Curve }

1 — — Safe Fatigue Curve

Strain(um/m)
=}
o
=

: ~
N
0.006
<
{
0.004 .
N \\

0.002 Tr=eos

. i

1.0E400 1.0E+02 1.0E+04 1.0E+06 1.0E+08

Number of cycle

1% 8 Glass Fabric S-N =M

UD Glass S-N Curve
0.04

0.035

——Mean Fatigue Curve
0.03 — — safe Fatigue Curve |||

E 0.025

0.02
0.015 i
0.01 <

~ ~
0.005 -

P I 1 1 e 1
1.0E+00

1.0E+02 1.0E+04 1.0E+06 1.0E+08

Number of Cycle

& 9 UD Glass S-N =M

Carbon Fabric 45 S-N Curve
0.012
——Mean Fatigue Curve
0.010 )
‘- = Safe Fatigue Curve
N
A 0.008 N
S~ N
g N
3 0.006 S
£ N
[ N
& 0.004 :
N —
»
N T —
0.002 T8
e o WA
0.000
1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08
Number of Cycle

T2 10 Carbon fabric +45° S-N =M
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Design Variable Value
Rotor Radius(m) 5.74
Number of Blades 4
Blade Chord(m) 0.36
Solidity(c) 0.08
Airfoil Shape NACA 23012
Blade Twist(deg) -12
Rotor Speed(RPM) 349

T8 11. CAMRAD Il sHM 2 - 2H|ojd 2E

s5e Ava) A% Mgzde Ol%,

Aue, A5HH HY 5o

sto] v &wo] we Hu 2864 %}%%
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£ 35 297 28 Azd 29 B
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232 5t AHEH MY
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T}.[11] HELIX/FELIX
¥, =9, ULd=7t Foste] Sea King,
Puma, Lynx & % 50049t]e #7|e} 471
712 JFo] thI 750047t EHoHE
TAHCRE AEdtd wEolxl AmEH x7]
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&l 7tsstth. 94714 HELIX®= A#dE =2
Hol| duist %FdtE ~¥ERHo|H, FELIX®
32 2H dg ZFeer 2HEHS U
EliTh Fuol®] SH A2He HAAY =
B sHET F3A ZE SHA J¢ER
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T 27149 71F
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Lag Moment - Flexbeam 700mm

E 773 delEH 7S
No. Maneuver Type No. Maneuver Type
1 Take-off 12 Sideway flight
port
. Sideway flight
2 FWD flight 0.2Vyg 13 starboard
3 FWD flight 0.4Vxe 14 Rearwards
4 FWD flight 0.6Vne 15 Spot turns
5 FWD flight 0.8Vne 16  Auto-rotation
6 FWD flight 0.9~1.1 17 AR large
Ve amplitude
7 Max. power climb 18 Recoveries from
70knot AR
3 Transition to 19 Control Reversals
hover 0.4 Vne
Control Reversals
9 Hover 20 0.7 Vi
Cruise turns
10 04~08 Vne 21 Descent
Cruise turns .
11 0.8~1.0 Vae 22 Landing
CF Load - Flexbeam 700mm
2.E+05
1.E+05 === Static .
1.E405 ——Dynamic ,".‘ :"’l‘
_ LE+05 y A DL >
= /A S N W
T 8.E+04 Vi S S T > !
Seeoa |V DA -
v Y
4.E+04
2.E+04
0.E+00

1 35 7 91113151719212325272931333537394143
Load Number

ag 12 ¥y 5kE - fHE 700mm B

Flap Moment - Flexbeam 700mm

1.E+05 --- Static r
——Dynamic
5.E+04
£
= 0.E+00
=
=
Q
£ -5.E+04 - A
N TN R
-1.E+05 . t i
\ i
v
-2.E+05
13 5 7 91113151719212325272931333537394143
Load k
I == o
a8 13 23 ZEsks - R 700mm £

16 - BEHTLFOTR

2.E+06 - -~ Static
— 0.E+00
E +
=2 -1.E+06
] R . A
£ 2EH06 e e s T~ .
S \J N R N [N
Z 3.E406 v N S BN
\ ! N
\; \/
-4.E+06 "
-5.E+06
13 5 7 9111315171921 23252729 31333537394143
Load Number
Sl=L= o
% 14 43 ZEstE - A2 700mm EHH
CF Load - Torque Tube 1020mm
2.E+02
0.E+00
-2.E+02 --- Static
-4.E+02 ——Dynamic [~
Z 6.6+02 e A
=1 AN K~ i RN
8 -8.E+02 o e T o LS P
2 vy ~ AN N ~
-1.E+03 1 NS Y
v 5! AN AN
-1.E+03 N St
i v
I‘| “1
-1.E+03 ¢
-2.E+03
135 7 91113151719212325272931333537394143
Load Number
=L= =
a8 15 YA otF - E3RFE 1020mm ©HH
Flap Moment - Torque Tube 1020mm
2.E+05
—_ === Static
£ -2.E+05 =
£ —— Dynamic
S ko5 A A
A KN S A NN I~
. X
S -6.E+05 o N AN
] 5 ) 4o
\ ! N
-8.E+05 v .
¥
-1.E+06
1 3 5 7 91113151719212325272931333537394143
Load Number
I Sl=L= =
I8 16 2 mestE - E3R®E 1020mm EHH
Lag Moment - Torque Tube 1020mm
2.E+06 -~ - Static =
1.E+06 ——Dynamic =
5005 |7 N\ —\ A
_ 4 \Val \/ \/
E 0.E+00
2 -5.E+05
t A
@ -1.E+06 = Y N
£ A S S A U I N e
2 -2.E+06 > = == St S N N
\ N N 7N
2.E+06 v o o
v \/
-3.E+06 !
-3.E+06
1 3 5 7 9 11131517 19 21 23 2527 29 31 33 3537394143
Load Number
S|l=L= E
a3 17 o =EskE - E3R/E 1020mm ©hH



A

Cycle Number of Load Spectrum

3.0e+06

2.5E+06

20E+06

15E+06 A
10E+06 ,\
5.0E+05 [ \

0.0E+00 &A—“&MLL

Number of eycle

#9H R EARH HgdE 72 5L 9
A AF(F)H B4 FRAF(M,), A2 FU
F(M)0] ok 3 9lell &9 3 e st
T3 A5H stk ALsA F8 55l v
7|17} vlElskAY st tiEl =2 o= <l
B2 &gl e Forz N2sy =2 A
koo s gtk F8 ssol] W 74
g $Ye thee 4 698 i =Eaan

R = ©

M, <Xz

Oy — I, )

Omz = szjy ®)

Ototal = Oppy T O My t o )

where y, z : Max. stress position

gos W Me 24 A58 5

3]] E%% 3= AHEZO T 7 &AL AAKEY)

Azte] WSFH BHFL 4 690 Hest

0510) 552 (Dynamic

stress, 0,,,)S A T 1 A3E Goodman's

lw(3] 1008 A8394 3% 2HED] g 57}
5% (Equivalent stress, o, ) AXFEFATH[12]

A
-8 H(Static  stress,

T —
dRiEE =6 ol o2 AR S8 785 o=

oA 3

1z

dyn

When >0.9, 0.0 = 04y,

asta
else

(15. 0 49007.) |, o 1

Uﬁq :Gdl/ll 1+(¢ ( = __) (10)

' Ur'mkq Udyn R(J
where 0 49,7, : Mean Fatigue Limit

07"mkq 2 0.7 % Gg/ield

Ry : 09

24 I 25Y "It

OkA J)r;go 3 &

D—ED—Eni
— D, = 5

2

where D =
D; = Elementary damage in each load

Total damage

n; = Number of cycle in each load

N; = Failure cycle in each load

a8 19~22+ 247 fAH 260/700mmeH 3}
EARH 810/1020mm ©He| 3t FxAE
S/HHEE tg F7t Ato]E FE SN FA
% vt Yz itk o] 1#HZE B
Zp skl tigk Bt AlelE 4 N E A
Aot wEkA stF AFEGAM Fo|x 7} 5t
d ORI ARl onsh " 19228 F

¥ 7t 339 Id<&E Alo]lE 4 N, E Miner's
A=

ok &

< Aitsdle. aga
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Target Safe Life

Carbon Fabric +45 S-N Curve
0.012

0.010

——Mean Fatigue Curve
= = Safe Fatigue Curve
~ 1020mm Equivalent Strain

Strain{um/m)
o o o
(=] (=] (=]
o o o
S (9} ©o

Safe Life = D (12) T
Gl Fabric S-N C A
002 ass Fabric urve \\\ \\\
0.018 ——Mean Fa.ﬂgue Curve 0.002 o 11
0.016 N izge;:'f:sif:uznet Strain 0.000 [
0.014 1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08
— 0012 = Number of Cycle
[ 0.01 \\ .
0008 W 12 22 Carbon Fabric S-N =440l LtEHA
0.006 \‘\ %ﬂ'i%% 'él' 3"%‘?‘”‘ é!‘/l\‘ - E3®E 1020mm
0.004 AENE
0.002 T R oL L ¥ 8 FYE mIsfy Zu
0 I ]
1.0E+00 1.0E+02 1.0E+04 1.0E+06 1.0E+08|
Number of Cycle Flexbeam Total Fatigue
32 19 Glass Fabric S-N 4ol LiEkH S7HHE S Section Damage(D)  Life (Hrs)
g 5IE5FI) 35 - FAHE 260mm 260mm
. 0.22495 35,563
UD Glass S-N Curve (GlaSS FabrlC)
0.04
700mm
0.035
— roan Fat 0.31 25,803
003 b e (UD Glass) ’
700mm Equivalent Strain
EOAOZS
S o 9 EARE m2slM 2
g 0.015 Pl il
001 Torque Tube Total Fatigue
0005 Section Damage(D) Life (Hrs)
o N Y N o e Sl i e
810mm ..
1.0E+00 1.0E+02 1.0E+04 1.0E+06 1.0E+08 . 244E_16 Inflnlte
Number of Cycle (Carbon Fabric)
a2l 20 UD Glass S-N Mol LiEpH SotHs g 1020mm o
o SEET} 312 - 2048 700mm (Carbon Fabric) 3.88E-10 Infinite
Carbon Fabric +45 S-N Curve
0.012
0.010 Mean Fatigue Curve
IR -—SafeFangue.Curve ) 3. 7E:l E
__0.008 . 810mm Equivalent Strain
3 N
€ T
3 0.006 R _ ~
2 A7dNE dAeFE 2H Fuoly &n
| B AR f9Ns Eafne g 92
T A HAFY AN FPstAch 239 BE A
0.000 : TS 93 FEasd A T2 VABSE
1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08| -
Number of Cycle /\]'%6-]'01 ZX]'% %iﬂi %ﬂ % SH&]]% ‘{l\"a‘g 3}%.9_
. - = T 3= AHEA MAHF
a2l 21 Carbon Fabric SN 24tof Liejh Sopiarg P, HELIX/FELIX & 3t5 2224 A4
Ct 51=E7} 514 - E3EH 810mm < ol&stq I 2HEZHS AP,

18- sEEIZeTenY
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Wohler equations ©]-&3% SN =45 Z

2 &4 AMdsdY. 1 29 FxHe=E )
Z Adsltda #AdEe AR F B
(260mm T Glass Fabric 2], 700mm %H
UD Glass &A% EafFHY F GA(810mm
@, 1020mm ©¥ Carbon Fabric AA)2] 3=
FHo] BF Q349 800047+ W& A
o2 FAFRY £ fARE 7P Fd
Hol EaRH AAFS AAstd HEAFS
FIS T, AFAHE T3l Floly B A~
d 78FY JEFES HF HrkstA 9ok
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