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Structural analysis of a thick composite rotor hub system by using equivalent
properties

S. M. Lim’, Y. Rachmadini’, S. Lee’, H. C. Park”™, K. J. Yoon™, M. K. Lee’", D. K. Kim™", D. B.
Hong***

ABSTRACT

Modeling of thick composite structures for finite element analysis is relatively complicated. 2-D plane
elements may cause inaccurate result since the plane stress condition cannot be applicable in these structures.
Therefore a 3-D modeling should be used. However, the difficulty to model all the layers with different
material properties and ply orientation arise in this case. In this paper, an equivalent modeling is proposed and
numerically tested for analysis of thick composite structures. By grouping layers with same material and ply
orientation, number of elements through the thickness is remarkably reduced and still the result is close enough
to the one from a detail finite clement model. MSC/NASTRAN and PATRAN are used for the analysis. The
proposed modeling technique has been applied for analysis of composite rotor hub system designed by Korea
Aecrospace Research Institute(KARI). Using the proposed equivalent modeling technique, we could conduct stress
analysis for the hub system and check the safety factor of each part.
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Table 1 Material details of each part(hub flexure)

Part Orient Material Thickness

D 0° UD Glass 48.0mm

)] 0° UD Glass 5.0mm

3 0° UD Glass Tapered (0.125~5.0mm)
@ +45° UD Carbon 6.0mm

I6) +45° UD Carbon 5.0mm

5 +45° UD Carbon 5.0mm

Fig. 1

Next generation helicopter rotor hub system.

Fig. 2 Details of hub flexure.
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Fig. 3 Details of hub plate.
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Table 2 Material details of each part(hub plate)

Part Orient Material Thickness
[©) 0°/90° Woven Carbon 5.0 mm
@ +45° Woven Carbon 5.0 mm
©) +45° Woven Carbon 5.0 mm
@ 0°/90° Woven Carbon 350 mm

Table 3 Material Properties

Carbon/Epoxy UD | Glass/Epoxy UD | Woven Carbon

En 117.66 GPa 38.05 GPa 54.933 GPa
E2 7.88 GPa 11.78 GPa 54,348 GPa
Jo] 7.88 GPa 11.78 GPa 14.1 GPa
vi2 0.321 0.292 0.05

Va3 0.321 0.292 0.05

Vir 0.0250 0.0810 0.012

G 3.69 GPa 4.74 GPa 3.42 GPa
G 1.85 GPa 2.37 GPa 3.42 GPa
Gsi 3.69 GPa 4.74 GPa 3.42 GPa
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H ¥4 21UE PATRANOA 9le 3,
2 ZHolE9 ddH FHAQ2-D)SEEE
FA wgkoz 2-4s}o(extrude method) 24 Z-EHE £
= E2Y(Fig 4~5)& siglch 8= aaE dFE 8dd
Hrbthexa) BAE AHE8H R, o) 3 A tapered) Aol =
644 A (wedge) L4 AFE3IAT)

24
tl. CATIAE A A

23 571 B4 249 79
231 3B A2® Z BE9 T B4
E zZdAe FAL EFA8 AFEES 249357
A8, £2= g4 57 24 E23 7EE A&tk
MSC/PATRANS] ‘Composite’ 7] 5%
A ATz dig 33 57 BA #g 7€ F e
o, 3B A 2" 7} BEZS] 57t BA g Table 4~5
o Jehdick o] F 2349 #EL 1d A
(Classical Laminate Theory)2] AZH L o] &3 T2 F2|[4]

9 Astst Bk

oz

AAy- AL

E, =F = 1722 12

( Il)eq X hA22 (1)
A Az')' 27

E = E.= 119722 2

Feda™ 57700 @

- — A,
Viadey = vy A, 3)

Fig. 4 Finite element modeling of hub flexure.

Fig. 5 Finite element modeling of hub plate.

Table 4 Equivalent properties of hub flexure: E, G{MPa]

Eu Uj2 GI‘Z

Exn Uas Go3

Es Usy Ga
UD Carbon/Epoxy 13,340 0.798 30,400
+45° 13,340 0.082 2,770
(Part @O®) 8,560 0.053 2,770
UD Glass/Epoxy 38,050 0.292 4,740
0° 11,780 0.292 2,370
(Part (DRA) 11,780 0.081 4,740

Table 5 Equivalent properties of hub plate: E, G[MPa]

Eun V12 Gz

Ex V23 G2z

Ess V31 G
Woven Carbon 54,600 0.050 3,420
0°/90° 54,600 0.048 3,420
(Part Q@) 14,100 0012 3,420
Woven Carbon 12,200 0.787 26,000
+45° 12,200 0.011 3,420
(Part () 14,100 0.013 3,420
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Length (X-dir.): 300mm
Width (Y-dir.): 100mm
Stacking sequence: [0s/+455/0¢},
0° Material: Glass/Epoxy UD

X +45° Material: Carbon/Epoxy UD
Force: 36N
Fig. 6 Composite laminate.
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(a) 2D Laminated Plate (b) 3D Laminated Solid
0° UD Glass
345° UD Carbon
0° UD Glass
+45° UD Carbon
0° UD Glass
(c) 3D Equivalent Solid (d) 3D Orthotropic Solid
Fig. 7 Four types of modeling method.
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Table 6 Results comparison
(a) (b) (c) (d)
Element QUAD4 HEXAS HEXAS8 HEXA8
(Numbers) (300) (10,800) | (1,500 (300)
Max.
23 123 123 8
Disp.(mm) ! 12
Max. 369 38.1 3738 3758
Ox{MPa) ) ’ ) )
st
1" Mode 1.1281 1.1292 1.1300 1.1116
m,(Hz)
CPU Times(s) 10~15 200~400 10~15 10~15

(b) 3D Laminated Solid

(c) 3D Equivalent Solid

(d) 3D Orthotropic Solid

Fig. 8 Deformed shape of static analysis.
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Fig. 9 Rigid body element(Hub flexure).
Table 7 Values of 6-component applied load
Fx (Centrifugal force) 230,866
F
(ol\r;):e Fy (Lag shear force) -3,155
Fz (Flap shear force) 5,340
Mx (Torsional moment) -505,350
M t -
(N‘i::;') My (Flap bending moment) -898,400
Mz (Lag bending moment) -2,695,200

AAZAL Fig 103 Zo] o ¥ (Metal fitting) A%

Fig. 10 Geometry boundarycondition(Hub flexure).
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Fig. 11 Calculation of reaction force.

Table 8 Values of 3-direction applied load

Left pin hole Right pin hole
Fx (N) 131,000 22,400
Fy (N) =787 -3,350
Fz (N) -19,500 -6,480
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Table 9 Six possible failure modes in composites

v Longitudinal tensile or compressive
v Transverse tensile or compressive
v In-plane shear

v Interlaminar shear

312 slB E94 A4ds}
HE ZeMe 7 U HUHYE Table 109 Zov

HE Y A4S Fig 139 JeRAIT
Table 10 Maximum displacement of hub flexure
Max. Disp. (mm)
X-direction 9.40
Y-direction (-)35.8
Z-direction 34.8
Resultant 50.0
MSC Patran 2000 r20 92-Cc-02 23 04:15 5.0G+001}
2 LAYERED) (MAG) 1560018
Delnm\ Delauh, Static Subcase: Displacamerits, Translational
4334
anneomfs
z ]EE«W!
3324
3004
2t
2.33+001)
200+
16741
1130
9.9%+00;
6.56+00¢
333+0008
[ 71500
. dets b Fenge
Wi U0 NG 15825
Baate ] Min 0. @Nd 22354
detault_Deformation
Mox 5004001 @Nd 15823
Fig. 13 Deformed shape of hub flexure.
e LMo 2 B 7 %(Strength)= Table 119] 1}
Bisi, ole 6&%7} AQTh9 289 DOEMSU

Compoiste Material Fatigue Database (Feb. 1%, 2002)2]
£ Zaste FAEUT 13, 24 REY Jge9a oA
1~(S.F : Safety Factor)= Table 12~133} 7o 2z} BE
H AxGAATFE SPEA ST

Edo1=9 #4283
2 olEA 2}k HoPslE Table 149} 2o
@6;83@% Fig. 14o] GBI 812 Zejolze) 7} 3

FH A& Table 1509] VeSS, o]R =& 71494
A A59 Westland Material Data (3+=3F 25 2

ANE Fustd AH=YUD oo 3B 2494
A2 du Fdold 2 »EW AgedAn IRAsE
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E SQEASAL
Table 11 Strength of hub flexure part(Unit : MPa)
UD Glass UD Carbon
0° +45°
Part (1X2Q) Part @X5X®)
Tens. 1,077.4 244.8
Longitudinal
Comp. 561.9 244.8
Tens. 56.0 2448
Transverse
Comp. 184.8 2448
In-plane shear 122.4 729
Interlaminar shear 73.28 72.82

Table 12 Max. stress & S.F of UD Glass 0° parts

Longitudinal Transverse In-plane | Inter-laminar
Tens. |Comp. | Tens. | Comp. | shear shear
Part |Stress| 182.0 | 738

W | srlsn |76

Part | Stress | 1820 | 77.3

@ | sF |59 |72

Part | Stress [ 182.0 [ 77.3

O | sF | 592 | 727

Table 13 Max. stress & S.F of UD Carbon +45° parts

Longitudinal Transverse In-plane | Inter-laminar
Tens. | Comp. shear shear
Part 84.2 11390 834 358
® 291 | 176 | 147 2.05
Part 323 | 1240 | 454 344
(Y6) 758 | 197 2.70 2.13

Table 14 Maximum displacement of hub plate

Max. Disp. (mm)
X-direction 0.243
Y-direction (-)0.124
Z-direction (-)0.927
Resultant 0.958
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Fig 14. Deformed shape of hub plate.

Table 15 Strength of hub flexure part(Unit : MPa)

Woven Carbon Woven Carbon
0°/90° 145° y
Part (@) Part Q@ 18900118
Tens. 7.204 1256 , o
Longitudinal : bt VAT O00 S 14347
Comp. 549.9 125.6 M;xn @Nd 22854
Jﬂ?"ﬁ??ui'ﬁgﬁ'lf‘"au
Tens. 702.4 125.6
Transverse Fig. 15 Axial displacement : 1.41lmm.
Comp. 525.5 125.6
In-plane shear 62.8 62.8 L s A sl §=PL/AE 4% AHEst7] fE B
: EANE Fig 163 Lol o FHOR A5t HUw W9
Interlaminar shear 66.12 66.12 = - = oo
g T8t §=1.392mmE ATk
Table 16 Max. stress & S.F of W. Carbon 0°/90° parts
. B
Longitudinal Transverse Inter-
In-plane laminar F,
shear PF,
Tens. | Comp. | Tens. | Comp. shear H
part | Stress | 1100 | 645 | 325 622 |« »
i L
D | sk | 639 | 815|216 1063
Length L=1240mm (Length of hub flexure)
part | Stress | 658 | 284 | 153 7.11 Width B=100mm (Ave.), Height H=80mm (Ave.) — A (Area)=8000mm?
4 E=(E., of UD Carbon 145° + E_, of UD Glass 0°)/2
@® | sF | 107 | 185 | 459 9.30 . E = (13340438050)/2=25695N mm?
Fig. 16 Idealized model of hub flexure(Axial Disp.).
Table 17 Max. stress & S.F of W. Carbon +45° parts
1 322 3% ¥4
o s ter- - - . = -
Longitudinal Transverse In-plane la:;i:ar B ZeMo ¢2FH sFxA F Fzut 7}l z-bek
Tens. | Comp. | Tens. | Comp. shear shear 'ﬁ-ﬂ% Fig. 173 %o] ?8}9‘115 %%oﬂ)\-] 7]'?3’?} }‘7‘13;
: - 5B ZHAMZ Fie 18+ o] o]AlE)F] 23 e
Part | Stress | 46.8 | 212 | 189 | 121 5.79 du g o 18 Fig 183k ol olgsistd ¥Y @4
. 30.956mm= AUt}
@ SF | 268 | 592 | 665 | 104 11.42 - oy _ .
— Werd, Hu EFde 3% 2 YA ol gsd
P St 830 | 374 21.6 14.1 7.11 - _ -
oo Suress | B0 2ol A9E 27 A9 YL ¢ 5 U0, B FELe
< SF 151 ] 336 | 581 | 891 9.30 PP b = - ol= 7o shohar -
23AL BFe A9E AASD e Aoz agy £

21,
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Fig. 18 Idealized model of hub flexure(Bending Disp.).
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