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Use of Composite Tailoring Techniques for a Low Vibration Rotor

o F Gk Y Fx-H A
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ABSTRACT

In this work, the effect of composite couplings and mass distributions on hub loads of a hingeless rotor in forward flight
is investigated. The hingeless composite rotor is idealized as a laminated thin-walled box-beam. The nonclassical effects
such as transverse shear and torsion warping are considered in the structural formulation. The nonlinear differential
equations of motion are obtained by applying Hamilton's principle. The blade responses and hub loads are calculated using
a finite element formulation both in space and time. The aerodynamic forces acting on the blade are calculated using the
quasi-steady strip theory. The theory includes the effects of reversed flow and compressibility. The magnitude of elastic
couplings obtained by MSC/NASTRAN is compared with the classical pitch-flap(8s) coupling. It is observed that the
elastic couplings and mass distributions of the blade have a substantial effect on the behavior of Ny/rev hub loads. About
40% hub loads is reduced by tailoring or redistributing the structural properties of the blade.

.M 2 =9 g4 A4 AA HEs] 9 A7) wnd g
8 #3951 Jct?

AFee Uy R 23L& 25 ZE Bgoj=e FHd Smith £9¢ 232 Zg Zeol=e] wa] @ 71 &
o&se webd wAY 9 #7149 g, 22n 54 AHeE dAY EEAE 3E: Pz 9E Husz: 2
stel Bz Agol] o8] AAY HEAE shFo] AP o] A HAL FHAT o] AToA BgAme vy
A% B4 sRaFS AAEFE olFR Fol7] 9P PHe A A} Bl wEY RS 4o WEE 2o
2 GAIAE 53 T 55 o] AHEHT  HEEF € 4% F £ S-S 2AY Jung $90e
Ak z‘fmu} 7129 +E3Q WS Yydzos A 2 EFAR 9 vy A ‘a £8 2¥E gg¥on iy
Z7b Fusle EAZ QlE, £ 5FA PHe B AR Y] d8td Aw By ASE =9stn, AAY 2 Aay)
g 7z ’—‘i B4, 229 309 A5ES wgAsed %N @ oﬂwgw AR HHe SRSk
ojaig 5o wdo] ok Bousman®& ej2] 71%¢] WalFele] td AA 08 AF

7 AHEHE BPAR Beolok: FEARd vld ¢ P EF AP ARE vwer BHd:s #F ¢ spsd
#¢ uZY 2 HZE E4UE uste] AzE Aol Exol s nAsHom, Baol=e 23 B 3Y =
metq golzel HPAE HYHYel & By dMe =7} FHaFd F8§ ARYL #HA#Yh Floros 7
TS HY3 AT A 2716 BAY =51 S8 o ARu YA B2 2E Zeolse xuE D-yy
o] 2E9 4%¢ FINL 4 Utk H2 BYAR Beo] EUYdm Bol= Lo|wgoz Byxge AL W

A7 B dio) Heolm wWg 2 FEsEd mA:

rlo lﬂ 12.)(

A4S ATt
¢ QAR A5, AU AAPTALATHE & ATINE SRARS @Y A 593 gefoj=e
E-mail : snjung@chonbuk ac.kr Ag £¥o Wgd] wE 2H FHHEIF A4S AT &4
Tel : (063) 270-2469, Fax : (063) 270-2472 H A7E FHstdch 732 2 Feol=: YA 4

A nz 249 sgen, §9 14 2 2% 2= ¥4E

SRS e T S e K
AEdgtn gty 3 eFaeta D28 FY L 0FY 22 o|Sahe] Beo|Tel AL

-575-



A A obg?] Edol=e] do] Wato] mat A W}
g 23¥ F U=E ZR2ads FAHNgT Bz &
$A44L Hamilton 9218 °l&3te] FA%em, Azt
T A oy fResEe HEsAk 2 #4 4
#8 27 2= ¥4& 28E HF Feo AF¥F £XE
olgY Bt FA HEFHE dHEIFL JiE o 10~
40% MM F &S B

i %8 oft

2. 2SI

HAe zrde 7)sl7] Y& AeFE TE Edol=x
N7ie] e ML sfe 8 spgsigen, Sale 6719
T A2 249 Hgd. Bao=st &4 3
EELe 207t gditin sigsia olg ¢
A 32y B gy 299 g Begols 25 W
g os, el 9 E FY w4, 24 nEY ¥, a8la
5 e duwyoz RIS slEdH. BHolE A
v FA44e Hamilton fzlol YZste 3o o|E
FAo2 FHH g Zoh

[
[ eu-sT-sm ar=0 o)

A71M oU, 6T, oWe %47 Edol=e] WYeur], &5
iz, zzlm Fr1ge] o shddeltk Edlolne] #g
3 $718E 23 €48 B719 ol8g olgdteq T3t
o, ¥71e 2% Aol ¢ vigd T4 2P
sols AW oY #dn EEE 3] 9
Drees®] M% #¥] 2dg o|gsizch =, Egol=9
14 FHoz A WM & AY R FHEY

A Dol #Pe2YL HEst] oliistd Eallol=e %
W &5 A4 s FARE te 2o 274 Aredas

Mayg+ Clag 9 qa+ KlqPa= F(¢4, q, @) (2

A71N, M, C K, Fe 2z A% 73, 24 948 2 9
g HHE Yehdoh o]8d A2g PHEL wRE VY
of aix vihy A& MW, P B4 g2 EA
B 2FERA0] P Fpolng Eyo|= e
W opch sjAd WgoRE fEaLYE HEso g
4 dY4 dnFe TS gt

Fig. 12 A YA g8 28 Edol=d 283

- Propulsive Trim -
\

Control Settings
Vehide Orientation Angles

Hamilton’s Principle .
Force
Finite Flement Methad
Nethod in Space

and Time

1
: 1]
! :
! )
t 1
! h
' Ll
! i
l J Y
! Sumuation '
: 1
: :
! '
1 Ll
: "
+

‘
: +

SN R S TV N Y TR

Fig. 1 Coupled trim procedures

Ny/rev 818815 & Adste N34 e =43 ¢ o,
AHHHFL A F2 EFANTG Beol= FH A, 2
1 SBsF At 522 Uy 449 AN ZEES
ANZ GAANA 44T A4 HYEHE 42 wrx dE A
A& e "ot o) A HAHAL £3y] 9
A v EY A& FEch vdA EY WYL §4
oA tigt ¢ Hy w4 2 ExE 3y 934, a2la &
Y AFEE e BA ZHols 5 oz T4
o BHel=e) ¥oz WA I BAdEd 9§
A #Be] F7|H FFe] ZEsed olHF IE AL
%2 3 F4PH(Force Summation Method)& o] &8}
Tl HEAE 35S W AR g 5FE F
G2 HAEHY,

A
Fy(p)= ’El(chos ¢, — Frsing,, ~ Frcos¢,,8,)
N,
Fy= ZI(F;" sing,, + Frcos¢,,— F7sing,.8,)

NA
F9= X (Fr+F78) @)

My(d)= ﬁl(MZ‘cos ¢— Mysing,, — Mycos¢,,8,)
NB

M{H= "IZ::l(M;" sing,,+ Mycosé,,— M7sing,.B8,)
N,

ML= mz=:l(M'z"+ M78,)

st 2k 4 3N Bpe &7 4F#A, FY, Fy Fre
M, My, M7 A7) B HEAS mids Blol=eA

-576-



HAY AoeEd ZdE ARS etk 89, m UA B
dlolzg 35 AEES teT 2ol HEdH
Fx R Lu
l@z - fo f; dx @
M) i —L,w+L,otM,
A= 1 La—LG+w+M, d
M) UN—Ly+L(xtw+M,

74, L, L, L% M, M, M 7zt gdol=
SEWE u, v, wol W2 ¥ F RAE AHZE|h

3 o AE S REFEL Fouter F58& o4
st nat z8% £2 2 & Ao HFHeE HEE
g3t} FAlol ALEHE Norev 352 oo #ol & F
Ak

AD=f+ ,21 (f,.CO8 -+ £, sin 1) 5)

A7)4, £, & sEaFe AR, f(=V A+ L)
& Nb/rev 29 2718 Jehid® guaez N, 7“-4
EYlo|=g 710 2E 9 A$ Nyrevd] 850] B &

Bgo= "*%’51“] o= 3HH WYgozE Nbil/rev
3tEo] § B Mg}

3. 24 % A

ol el A3 #AL EUE {-dU(soft-in-plane) 54
g e 73 BEgAs Edojsed ) st W3l
g 9% A 2 54 72 g S8k

3.1 Y F=a4
2 FE Beol=e dAFAHoz 234 € ¢4 S0

235 @7 A8 FF IetEE AAGA-EE A, &
g ol g3rt AR H37ol ©E B WIE o8
A% 718840 dAY FAk aRE A& 4 Uk oY
¢ & A4 3718 ¥ 7] A8 MSC/NASTRAN
€ olgad EPAR A4AE ABEE HHsA Fig. 2
v 234 CQUAD4 £45 Agsld E3AR 448 %

bl

2E 299 ¥ F A0l BHSFE Sete] de wy
AFe] A EAT ojnh
-4 d49 V|G o AT 2ol EJE)
3 BEP8)S 272RE 78 & AG?
e pan — 148
83"' tan (5]) 6)

Fig. 2 Analysis result using the MSC/NASTRAN for elastic
couplings

Tangent line

Virtual hinge

0.75R !
) t

Fig. 3 Location of virtual hinge point

g ol g3 44 T8 7 U
on %?a Wyl B4 EJ} w4 A¥E 3] fEd |
A 7M FRARE Feor @k M IXHLE Fig. 3% 7
o] B 71014 0.75R AHB)NAM S HAe 7]&71eF w7t
thie F(A)ez Ao, olw 77 Lzt L& ol &3t
Y w9 E P

o]2A T w4 €4 =Z71E Fig 49 derch 2
Yol & & si%o] AA-FY A4S H3Y H¢E
el Hdle] g4 A Zi%zr 15° AFoA ok 30°

Az A7 &7E Holx i
40
30
3
)
| 20 |
£
&
B
10
0 1 1 1 i i3
0 18 a0 45 60 75 90
Fiber angle(deg.)
Fig. 4 Equivalent pitch-flap couplings{ds) as a function of

fiber angles [82/(90/0)]

-577-



32 N 54

G R delFE Re Eeoloo] dig 29 a4y

FYaigich B "4 olgd Baolex Weller'W7}
2% dF4x A MBB BO-105¢ $4 A¥ ndxn
g3t Hoz ZEY EALE Table 19] Aeiste] viehyl
48 E: graphite/epoxy(AS4/3501-6)8 o] &8td
g 839 goug AHste] FAsIATh ol ARS8
UMJ EAre Eu=2059x10°psi,  Ez=142x10%si,
Giz=087:10%psi, v=0.429]ck

Bylol=s) H2Z4 W3l Bousman®9 @7E Fze
223 39 RE9 g448 518%8}04 AR Hk Fig 5
Agus] AYAHY 228 38 =g 2o4Fm gk oy
Eoliddl #adsle AW agel vehd vt o] By
(20% )% =ZH(R0% Hio] @ Aoln ol F A
HAE AAR A54g dEAFE B2 ¥4 e o9
& IA € Aol

Fig. 68 F& 7I5¢ 2 713 3% P4 dg Ads
& HeF1 9} Fig. 69 (@ 71Fo] HEE ¢Ae) 9
A A% & Aeelm, e dd9 % 82 Fd84 3
% Aol $9 (o) Beo)=9 20% ¥ 8% AAE
JlEer 4F 9 wgEe 02 HEdn T AHe F3

HE 02 HlFGHA HEF FSolch

_IE,..Q,Oiﬂmvmlo

Table 1 Main rotor properties

Property Value
Number of Blades, N» 4
Rotor Radius, R, in 528
Chord, ¢, in 370
Rotor Speed, 9, RPM 660
Lock Number, ¥ 65
Solidity Ratio, ¢ 0.089
Thrust Ratio, Cr/0 0.08
Hub Vertical Offset, #/R 02
CG. Offset, X)/R, Y/R 00, 0.0
Precone Angle, fp 1°
Blade Pretwist, 8o -5°
Mass per Unit Length, slug/ft 0.00856
%
A
@ @

Fig. 5 Second bending mode shape
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Table 2 Different composite box-beam cases

r/R 00~02:02~08 08~10
Top [(90/0]s [80/0]2s [90/01zs
Baseline
Bottom [90/0]zs [90/0]2s [80/0]zs
Top [15/(90/0)] | [15/(90/0)a] | [15/(80/0)s]
Case A
Bottom | [15/(90/0)s] i [15/(90/0)s] | [15/(80/0)s]
Top | [-15/(90/0):1 [15/(90/0%] ; [-15/(90/0):]
Case B
Bottom | [-15/(90/0)s] :  {15/(90/0)a] | [-15/(90/0)3)
Top (15/(90/0)] | [15/(90/0)a] | [155/(90/0)3)
Case C !
Bottom | [15/(90/0)] [15/(90/0%] | [15/(90/0):]
W Uniform mass
4r 3 Nonuniform mass
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g
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=
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Fig. 8 Blade mass distribution

Table 3 Variation of fundamental rotor frequencies (rev)

Lag Flap Torsion
Baseline 0.73 1.14 5.02
Case A 0.74 1.15 545
Case B 0.74 115 544
Case C 0.71 1.12 497
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Fig. 9 Variation of tip twist vs. azimuth angle
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