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A Development of Small-scaled Composite Blade for the
Hingeless Rotor System of Helicopter
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Abstract

This paper contains the development procedure of small-scaled composite rotor blade for helicopter
hingeless rotor system. Composite blade design is conducted by using CORDAS program developed
by KARI and dynamic analysis is conducted by using Flightlab which is commercial software for
helicopter analysis. Also the optimizing procedure of iterative design was described. The designed
composite blades were manufactured after establishing the effective curing method. Through this
research, the experiences of composite rotor blade development were accumulated and will be applied
to the related research field.

1. M & ¥ F4 ERAE EHo=E AFdAo F2

28 ANEE FYstA "o oHd 542 2F

4288 ZE A2de RYFE HF 2 NEE FPFe2H 28 A2y e 285
AL FHostE AL Aoy dTE s € 47 AE 29 By ol HAYFTA
A HeNHoz JLEE THEo|d ZE A EZ 289 7 7] "o 28 N2" LA
288 TAsE BiozE 2H A%, AL, L3 gEor}, EASE o] 43 FYEH
AZ 2 AN EAL ARINE 298 940 £ 2¢ EeolE 4L 703 2WEE o9 A
o} wely AAE A3 Bgolze 39 A e 70d) FURElE s HE
= 9 pAGEE ARANL Bu3s] 98 o H71 AFEgi. B =¥ YFH IAYUE

26 A294 52 2GAE Bdol=d A3

Ae 71¢8nd gtk 94 4 BYAR 29

=S W T2 A L #4 HPL A

BeoE 4 BgAE Bdo=d 4% ¥ A
-206-

2774, $BAYR
F2ETIFATY, FINYY



Z BA gt Agstad ok F2 BA
g BHoz Fx AAe £ A7 AL
CORDAS(COmposite Rotor Design and Analysis
Software)[1]18 ©l&3ld FPHAew HAE =5
g Beolzd iy §98 AL Flightlab
€ o] gdtd HHE FPaUY. 29 12 2 4
TF9ol AAF AAYUE F& 2H A2¢E Y

Bl R ol T3]

S
™ .'&

a9 1. 24 ZE A2B(FELEHCIE) YT
2. 23Xz 8ol Fx MA

2.1 2z 20l= A Mo

Beo|=9] gy dL 3704 9§ (NPLI61S,
NPL9615, NPLO617)& AHS-Rom FAF F42
Aol N EYe 8.35%0|ch. AA T
4e obg) 1Y 20) AAH U

Airfoil Distribution
i

L

1006.8mm = NPL9617

906.8mm = NPL961S

NPL9618

1 250,0nim !
:—-——v\. ]

.
L__305 tnm 686.1
i { 1066.8mm
Composite Layup Distribation ‘

a2, 7138 2oz g4 A9

2 dAsgen J1EReR 1/6 ZRE 2 g
S EFo2 A%t CORDASY AH4d B¢As
| e EAA e YiEd EHYXNE AHEE
Qo ol AA ZJ)dE BHolZd I A
g3H 2 AF wgo] AAA Fot FEH 2
HAE A Q7] dEolt. 48 FY 3
Az 45 F AA Byos od 2Fe

dlo] 1 & ol&sto oAl @ sjAE Fst
A ok A1A 13 72 AAE AANG F 13
B} dA .F 23§ vI/EMsA 23 72
HAAE AN

2

b

2.2 1% 7= 44

3 72 A" o= Fa WiF T4
84 2 17158 71€sd ol 2.

- Skin 74 FYHTE FHse Y &
AR Ay Agas 2k
- Spar 74 : BEIE ¥ & URE &

3oz A a3 84
Nose Molding : €139 oA BE A&
P4 A 27} 24
23, AFAE L Age F
Z3 AL Y3t 84
- Trailing Edge Core : AFA4 2 Fz37 <
A oA
Baoj=o HAFAL =4
EPY

,_4

- Spar Core :

- Nose Weight :

% 1. 548 EdolE T8 A

THAE | A=A e
Skin + 45 UD E-Glass |0.5mm
S + 45 UD E-Glass & O
par UD Carbon 1.0mm - O.5mm
Nose Mold 1 45 UD E-Glass  [0.5mm
Spar Core Polyurethane Foam
T/E Core Nomex Honeycomh

Nose Weight ~ Lead 1. 2mm

AAE Bolsd e hEHA Fgo oW
FAE a3 40 AAEAT




23 4. AAE EHoI=Y WEYY X
1z 2 AAL g T4 2 EHos F
4 4ol FR38A Zolv 248 a%std
53 2.
CORDASE E3} 13k 72 AAE Edoj=d o
g EeF AN ARE QoEd otgst 2

Ll
o

A% 1 0.2876 kg
FAZFA : 23.4% ~ 26.6% Chord 2%
B ZA 1 20.5% ~ 26.2% Chord ¥

Aol T3 Edolz 29 W wE @y
E22F A ARE AF5T 4 T2 o
Ad3ld F4 FAYPYE 2H A2 gjd 59
g4 EA4E 248 2 27 dits 14 g2 1
F AFF HHU 0.62 ~ 0.82 HHE VFA
717 2&tn 84 32A Jdstt. B3 2FE A
ALTFZAY 200g ~ 250g AlolE @A S22
A o} 23k 7z HAE NFER.

2.3 2X} = MH
2.3.1 A WA Y

22t 72 AAA 9Z8 WL Edol=y ¥
AE Z2A7e A A€ 3 Rolg. o
g 98 94 Edolz H4d Zold Al4E x=H
2 & Z(Nomex Honeycomb) FAZ thile] 71 &
PE] Foamle & tixjstgon A3 H:o|x PE]
Foamo.2 oA 5}gich.

T3 ZA4 2 FAE 74N A8 2Hd
B0l #AEFE AFEAMFE dAs%eH
Spar FAE 12 F2AA R & 508 A%
#FAAFoen Edols dde AYwdg FAF
Ag 227 98 oy dd FEd Sojrte 9
O)E(Weight)9 AL 1.2mo0A 1.5mE £
o,

£
A
o

232 2% = A Y&
AAE gy F8 Uy 74 82§ H39
EE Ly AS

-208-

£ 2. 5342 Beol= F2 A%

TA84 A EAF H] 31
Skin 1 45 UD E-Glass  [0.5um
Spar t 45 UD E-Glass  {0.5mm - 0.25mm
Nose Mold + 45 UD EGlass  |0.5mm
Spar Core PEI Foam
T/E Core PEI Foam
Nose Weight Lead 1. 5mm

AAd Edol= 7 ddd did ¥4 2 Uiy
TZ2E 1Y SN RE 2867tA AR

3% 5. 28 W7328.788NA AARY BHol= vB

a9y 6.28 W7 99.824RAM HAR Beol= v

CORDASE &3 22t 7& dAE Eeol=d o

3 dHEdF AL 235 9.os1A ol e
o},

- A% 1 0.225 kg

- 2AFA 1 27.5% ~ 31.3% Chord ¥ X

- 8434 : 25.6% ~ 29.8% Chord &X

ole]l H3 o HA g5d E¥As Eoc=
299 e duEeF A 24E HYs)
A,
E 3. 23 AA9 Edol=d @ dAEAF A3

epx | exv | Env

T pes | o
m Nawm Nemem jsrnem, N Nemrem
|_0.3071 § 5.40E+0 1.76E+01]| 1.576+06] 4.20E+01f 0.000
03236 | _5.426+02)_9.016-00] 1756403 1.58E+08] 4008400 8_0.000076
|_0.2560 § 5.46E+0 m 1.72E+011 1.50E+06 93E+01 0.0000
04020 | 5.506+02] 8.60c-03] 1.67Ee01] 1615906 3816401
04621 . 0 m 1.59E+013 1.6 06 .B4E+01
05310] 552602] a156-03] 1.506s01| 1.6epe08] 341k
| o608 | saacvop] vroe-03] 1a7eson] 1e1er0s] aageent
0.6860 | 5236+02] 7.30E-03] 1226401 1.536+06] 2788401 g 0
07652 | 4.77E40 | coee-0al 1.0p6:01] 1376408 AE+01 2| 0.000034]
084101 4.46E+02 6.445-03] B.86E+00| 1.28E+08] 2 .00E+01 [0 000036]
| 00090 aa7E+02t 6.15¢-00] so7ew00| 1256508 1.94Ee0n 83]_0.00003|
096011 4.30E:02] 594E-03 7.51E400] 06] 1.64E+01] 000312 0.000034|
10160 | 4.45Es02| 5.80E-03] 7315+00] 1.28E408] 1.77E+01] 0.002932) 0.000033)
10484 | a50Ew02] s716-03] 7100] 1308s06] 1728000 8
1.0649 | _4.508v02] s5.666-03] 7.01€+00] 1,69E+01



Frequency Diagram for HCT_SB4('01.05.02)

7 et Tomson

Rotor RPM{tpm)

28 7. 28 Aol BE THAFF BEE

Ac;l 2| /X—“K}'

w

2318 28o|=

w

ok e
i
=
ku
il
=)
2
In
0%

pr 0%
Ok
It
e
-

b i
-

L=

2724 9 A% £XE nad 4
+/-45 Woven Glass SK 2103
AAA2 A9, Bl
E (Core Foam)2. 2 PE] & oj&3}
Tt ZE7L oA Edol=g 23 A
ARG L 73Rl ofF 2L Az
EHols 2o Oig 4L oln &
El 23 30l Fo) prepreg® #< g AZ

2 N AeAE FYT & 125Tt 5T
2N FL AEEgnh. Asl 93 A
EEE o] 835ld vl wdow
Eyoles 7t 828 B %z

2 AZBste] 125T 5T =M 2

2

2 o 32 £ L X

0N yn
! 2, nj o AR o
2 x oy R g ©
o ©oH oy 2 2 9w 2

Niﬁlm = n{n‘“

o o

rr

I~J

AL

@ o o K Jo o Lo if o

i oox ot rlo J% fd

>
()
offt
o
oX
ok
St
32 A

3.2 23X E Ed0|= HE 2Y o
2eolcg ARss TH tate] oo
e 2L Ay
- Belol= 99 AFE& 2= JHB(ON)
- Bool= w2 o3 ARE BE 3

- Beol= 2% U3 a0 E )3

-209-

- Bdols 94 WE =
- Beol= 93 4
- %gﬂo‘ >3} Hisé]
- EHolE odE/Ys3

a3 8. EYol= 27 A% 2 2Y4 BE=

S

2% 9. A% 92dH F2 EgA)s By

4. 8 B

¥ ATE T3] HPAR Byol=d
Tx A L A4, 49 2 AR 3P g
7e¢ 4ESA FF F o B F24 ¥
doj= AA 2 AR Y d@ 47s 4
T T EAH EgAw Beol= A
A Bad 44 % NY AEE F8E dFol

JH N{

%7

A e FE S “‘1]%}1“ iﬂﬂ = Eél A7)
SNYPAT ' HA A dRon, Ao FA
=E¥YT

g

(1) #3, 29, "3¢AZ 298 ool
’}3741/3}3’51 X2 38 (CORDAS) 7,
FFYFSFR 99 EAREYH =BT

[2] #3, 492, %gd, 7L, 'B@¢As
2elFE 298 Beol=e v 2R o
% ¥ 573 40 B8 47, 0 24 ¥

FAE ShetgER, 199, 5
[3] #3, 2% 9 89, "d2FE$ A4
SN2y Y7E APAT,

FATY, IAAE B31A, 2001



