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A Design and Manufacture of the Composite Blade for the Hingeless Rotor
System of Unmanned Helicopter

Joung-Wook Sim, Young-Jung Kee, Deog-Kwan Kim, Seung-Bum Kim, Seong-Woo Byun
Abstract

This paper describes the design, analysis and manufacture procedure of the composite blade for
hingeless rotor system of unmanned helicopters. Helicopter rotor system is the key structural unit that
produces thrust and control forces for intended flight conditions. In this work, a hingeless rotor system
is adopted, and base on the design requirements for rotor system, composite blade section design and
calculation of material properties were performed. In order to avoid the unstable state such as
resonance, vibration characteristics of rotor system were analyzed. Finally, this paper describes simply
the forming and manufacture of composite blade.
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Fig. 1 Yamaha R-MAX #¢1&7]
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R-MAX Unit
Empty Weight 58 kg
Payload 30 l;?
Endurance (Full payload) 60 min
Control Range 150 m
Main Rotor Diameter 3118 mm
Main Rotor RPM 830 rpm
Tail Rotor Diameter 545 mm
Overall Length 3630 mm
Body Length 720 mm
Overall Height 1080 mm
Installed Power 21 PS

2. 2 gdojls MHA

2.1 26 20| HHFxE MM A
a4 £485< 2EFH 2 Edol=xs &
W oz 2 ~ 3709 HNE g2 P& A
3 glen, ol 3Hste 2H EdHol=9 2
wakel F5% 540 gd27] Wi TP TS
HAszlslz) 9 Aolth. 22X A4 2E &
, 40 ~ 85%R TIteA LAs=
< aAABE R, o] FIH P
AL£EHo] 53t FHAFT7 2 Yoz A
I o JEM A7 Bdl
Zt= olg o H}E3 FAIARdE
? A= ¥ 3HI
| 2315171 H8 v
JYJEAE EXE Z= J¥L& Edol=9
2 (>85%R)°| H&33ch VA UE ZEH Al
24d Edol=9 AF R BHEEE
Fo] Fgg vl Y& “aAd ZLE A
g 7 A3 FGAE T3 /'ZE NRSB-II £

|

Mz —{o

o;
_(3{_5
=l
R
i
ot
kd
=
{m r
N
ﬁ

ol -{E

[ rfe > mf o o2 oo

glol=8 7|22 &%lon BgAs Eox=
g AA 9 sae B d7de Az
CORDAS(COmposite Rotor Design and Analysis
Software) TEZ IS o]&sle] S35 TH1,2).
Edol= AAd ALgE ERAMEE AFAIZER
H ATHE dAAe] E4XE ol &3ty +33}
o, 437 g 3% AHE &3 AFL
T3 AA A5 FHE%YT EFAs Edo
= AAA 4AAY AFY 2 HEAH FE 1
stojof 3ty Eo]= AAd AlgE B¢z
T4 54& E 29 AUk CORDASE
o] gstd AHAE dYEHY EHao= od
(67.5%R)S] *+x¢% FAH8AE Fig. 20 YeEhlA
o}

2 ERAS Edols 944 2 HETE

qAAE | F ¥ | {EF=E H 3
GUI50NS |UD Glass Spar =374
Carbon .
3] 7} A
Sy Fabric Spar BRI
Glass
i H E a8 7} A
HG1581 Fabric | SKin&Spar 158734
Spar Core
Rohacell 1 10WEF/ z
A 03 AL
Foam nwg | & Nese |24
Weight
Blue Foam - T.E. Core S RE]
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St 2 |Poisson's| G |Density

(MPa) | (MPa) | Ratio [(MPa)|(g/cm’)
GU150NS[39,650(10,910| 0.31 [4,670| 1.86
HPW193 |54,100/53,960| 0.05 [3,770| 1.55
HG1581 [24,280(23,150] 0.14 [3,730| 1.87
Rohacell

Foam
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Edol= g7 : 877.5mm
Ego]= Al$(chord) : 82.7mm
o] £ 4 : NRSB-2R(12%C)
Nose Skin: & H&9 A3 F&FA
- T4 Glass Fabric 2plies(x45°), 0.46mm
o Skin : 93 FAHA R Ay BF
- 741 : Glass Fabric 2plies(+45°), 0.46mm
o Spar : B# =0 AT dHFEY FE
d35e F8 FXFA
- 74 : Glass Fabric 4plies(+45°)/Carbon Fabric
2plies(£45°)/UD Glass 4plies(0°), 1.9mm
O Nose Weight, Spar Core, Trailing Edge Core
: 259 9 gy JFHA
- 74 : Rohacell Foam, Blue Foam
o FAFA A : 25.7%C
BT AA : 24.6%C
o AT : 481.0g/m
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Rotating Natural Frequency (Hz)
Speed Ist Ist | 2nd Ist 3rd

(pm/Q)| Lag | Flap | Flap | Torsion | Flap
0.2 8.371 | 5.685 |27.934| 62.998 | 72.984
0.4 9.103 | 7.572 |30.583| 62.723 | 75.739
0.6 8.795 | 11.151|34.560 | 62.947 | 80.095
0.8 9.667 | 13.885[39.469| 63.452 | 85.774
1.0 10.532] 16.727 | 44.853 | 64.433 | 92.593
1.2 11.479]19.633 | 50.683 | 65.222 | 99.795
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- Vaccum : Min 22 inHG

- ¢t 2 ;40 = 10 psi
- 7t2% % : 0.5 ~ 7 °F/Min
- AYLE 260 £ 10 °F
- 94X A7k : Min 1208 above 250 °F
- Z} : 0.5 ~ 4 °FMin £EZ 140°F7HA]
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