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Reverse Design for Composite Rotor Blade of BO-105 Helicopter
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ABSTRACT

Helicopter rotor blade is required to be designed by considering the interacting effects among
aerodynamics, flexibility, and controllability. The reverse design allows the structural components
to have common characteristics by using the configuration numerics and experimental results.
This paper aims to design the composite rotor blade which will feature common characteristics
with that of BO-105. The present engineering design procedure is done by dividing the rotor
blade into a few sections and composite laminates across the cross section. For each section,
variational asymptotic beam sectional analysis (VABS) program is used to evaluate its flapwise,
lagwise, and torsion stiffnesses to have discrepancy smaller than certain tolerance. Finally,
CAMRAD 1I is used to predict the stress acting on the rotor blade during the specific flight
condition and to check whether the present deign is structurally valid.
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2D cross-section
analysis

Fig. 1. 3D Structure Separated to 1-D and 2-D
Nodes for Computational Efficiency
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Fig. 2. View of BO-105 Helicopter [20]

Table 2. Properties of BO-105 Main Rotor Blade

Property Value
Number of Blades 4
Type Hingeless
Radius 552 m
Blade Chord 0.27 m
Blade Twist -8°
Normal RPM 425
Airfoil Section NACA 23012
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4 x10¢ Table 3. Performance of BO-105 Helicopter
N;“’ Property Value (SI)
? | Maximum Speed 2426 km/h
c25¢f
T Cruise Speed 2037 km/h
Ems, Never Exceed Speed 277.8 km/h
ol Range 1609.3 m

03 02 oa 06 P y Endurance 3 hr 30 min

Rotor radius(r/R) ] N
(a) Flap Bending Moment Service Ceiling 5181.6 m
105 Rate of Climb 8 m/s
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Torsional stiffness [N*mz]
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(c) Torsional Moment

Fig. 3. Stiffness Distribution with respect to the
Spanwise Station

Fig. 4. Configuration of BO-105 Main Rotor Blade
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Fig. 5. Flap Bending Moment Comparison Between CAMRAD and Wind Tunnel Test with respect to Azimuth
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Fig. 6. Schematic of the Reversely Designed
Rotor Blade Cross Section

v

S TASIAT Fig 49 o] 2 B
37§¢] F%F, = inboard section(¥*2]~15%R),
transition section(15~20%R) ! airfoil section(20~30%R)
2 AT 231& 2%E J|ESE Skin#l13
Skin#2% +%12 ™, Carbon Fabric 7+ plye] +45°

Ho g
=
—



544 o) g - F7F -

9 - A4

A
rot
H
00
of
o
4
1o
ot
Rl

2} 0°/90°9 Mg A4S WHFLE AASEY. O
g F71E 2 & Carbon UD 0°9 M+E WHE=E
AASATE 23k= 91X 9 Carbon UD 0° ply2] 7l
TE AAWETE AT AR By ~
o] QX E V|EOE YHTA] HAASEF FFHS
o, FolE ~A9E J|EOE AR YAEGEE T
A3t AT
233 AMA HA M

BO-105 E&A & Z¥ Edeol=e 944 date=
Fig. 7% 2T} Pre-VABS Z2I1#[25]& &34
o PA4e P F VABS Z2IHE T AT
gd 9 ZAdgd Fo dH EAAE =EIATH
a8]a 7F/do] Ref. 213 948 FF olste] AakE
ZI= & 3lgon, FRAHoE A HAHASE
gl & dAdA daglFol TEIES TSN
ARG 2 B BESHA] gevd AAW

At VABS @R A& A F=f g},
ZH EFol=g HAAE FIY o EFA
e HAislstoof gt mEbA
o me} EFAVF d&HoE HFE
ply drop= 2&3tAth =, e E97t
A YR AZFH ply M7t BAHES HAASA
. Fig. 82 ZEH L ol= 37] F3to] fr1Ho=
HAZHEE FAT 944 HAAE YA 4
inboard section®] YAAE FYPstPT. AL
airfoil section®] 97 =3 A] inboard section®l 4]
de AARREH 239 AAE TASHL, =319
Ao FEEE plyE AANES HAWHSFTE T4
sttt wpA 9 S F  transition sectione inboard
section®] 2R TE= A 1 airfoil section®] <71 R T}
v B2 ATy plys 7HE F UdEF FASATH
aga Zp el A &8 B (stress recovery)e
Pt FRHOZ A HAHEE AT

4 g

o
2

b ot
e
ot g
)Y
)

[e]

3 (> [
Jfu

Unsatisfied 1 satisfied

Objective Function #2
= Stress Recovery Analysis

Unsatisfied

~ N

Satisfied

Satisfied

== o)

Transition Section
(15%R) (20%R)

satisfied | Airfoil Section | Satisfied
. LJ' (25%R ~ ) 'h--»/I
Unsatisfied

Fig. 8. Reverse Design Flowchart of the Cross
Sections

Inboard Section

2.34 AMAH Z3

A g dAHA HAE B 299
Skin #1, #2 9 Spar] HZFU¢S =
Spar Azl o ZHE] 532mmol $X3lH, Skin #1,
o 8l =A3E f8) JdAE B
gol= 2371 HFte] SIWE Fig. 99 Zo| Je
At

Zt 370 dHe &9, gz, vEE AAEEs
VABSE Fal =Z3th 183 Ref. 219 A3k
I Hla3te] Table 7-9¢F Zo] YERHUTE Inboard
section¥} airfoil section 3% ©JUg] }o]E Holx
9 transition section®] W1 W AAE oF 7%
Z}o] 2 KW Yt} o] inboard section®} airfoil section
o] JAHA AAE Tl A58 AF5E ZAEF A
ATE ASIA7] ol vy F Zo|rk dAYgH
Ao w BTET}

Table 4. Skin and Spar Layup Results of the
Inboard Section

Skin #1 Skin #2 Spar
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Fabric UD Fabric UD ub

Table 5. Skin and Spar Layup Results of the
Transition Section

Skin #1 Skin #2 Spar

Unsatisfied Satisfied
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= Sectional Stiffness Matrix
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[

Section Properties
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Stiffness Matrix
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Shear Center

VABS
Sectional analysis

Fig. 7. Reverse Design Procedure for the
Cross Section
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Table 6. Skin and Spar Layup Results of the
Airfoil Section

Skin #1 Skin #2 Spar
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Layup#1 (Fabric 45/0)
Layup#?2 (Fabric 45/0/45/0)

USFA 0D 0 /

|Lovup#4 (Fabric 45/0 + UD 0/0))
La u#5 uDo0

Fig. 9. Upper Skin Layup Schematic of the
Present Rotor Blade

Table 7. Inboard Section Stiffness Comparison
Between VABS and the Experimental

Table 10. Minimum Safety Margin of the Cross

Sections
Span Safety Margin(%)
Station Tensile Tensile
(%) Longitudinal | Transverse Shear
0.15 88.79 290.63 17.11
0.2 65.10 176.09 27.73
0.25 88.11 178.63 21.57
235 = oM "I}
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Table 8. Transition Section Stiffness Comparison
Between VABS and the Experimental

Results

Property

[N . mz] Eé’lap Ellag G]
Reference 7.521%10° | 1.662%10° | 4.651%10°
VABS 7.354%10° | 1.788*%10° | 4.419%10°
Discrepanc

(O/p) Y 7.05 4.99

o)

Table 9. Airfoil Section Stiffness Comparison
Between VABS and the Experimental

Results
Property
EL, EI, GJ
[N R mZ] flap lag
Reference 6.83%10° | 1.705%10° | 4.36*10°
VABS 7.01%¥10* | 1.756%10° | 4.37*10°
Discrepanc
. /p) Y 29 0.23
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