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Abstract

Blade design optimization of QTP-UAV prop-rotor was conducted using ModelCenter®. Performance
efficiency of the blade in hover and forward flight were adopted as the multi-objective function. Required
power and pitch link force applied to constraint in each flight mode and limited lower than the value of the
baseline blade. Design variables of root chord length of the blade, taper ratio, twist slope, twist angle at 0.5R
of the blade, anhedral angle, parabolic coefficient of a tip shape and location of airfoil were used to generate
the blade planform. CAMRAD-II, the comprehensive analysis program of rotorcraft, was used for performance
analysis of prop-rotor blade in design process. Performance of the optimized blade improved 1.6% of figure
of merit in hover and 13.6% of propulsive efficiency in forward flight. Pitch link force also reduced
approximately 30% less than that of the baseline blade.
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Table 1 The Specification of QTP-UAV

Weight

Gross Weight (kg) 48.0
Payload (kg) 3.0
Fuel (kg) 4.0
Configuration

Overall Length (m) 2.06
Overall Height (m) 0.78
No. of Prop-rotor 4
No. of Blades 3
Radius of Prop-rotor (m) 0.55
Performance

Max. Speed (km/h) 180
Hover Endurance (min) 15
Max. Endurance (hr) 2

Fig. 1 The Configuration of QTP-UAV

Table 2 The Requirement of the Prop-rotor Blade

Geometry
No. of Blades 3
Radius of Blade (m) 0.55
Hover Mode
Environment ISA
Altitude (m) 0
Rotational Speed (rpm) 1800
Required Thrust (N) 139.3
Tilt Angle (degree) 90
Forward Flight Mode
Environment ISA
Altitude (m) 1000
Rotational Speed (rpm) 1800
Required Thrust (N) 13
Tilt Angle (degree) 0
Flight Speed (km/h) 150
Angle of Attack (degree) 5.2
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ZAze 953 2oy Fig. 20 Yelidv[1,2].
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Fig. 2 Design Optimization Process
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Fig. 3 Design Framework of Prop-rotor Blade
Planform on the ModelCenter®™
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o Design Variables

Design Variables Range Unit | Baseline
ChordRoot 0.07 ~ 0.1 m 0.0825
TaperRatio 05~ 1.0 - 0.6
TSlopel -60.0 ~ =300 | deg/R -45.0
TSlope2 -30.0 ~ -10.0 deg./R -16.0
TAngle (@0.5R) 2.0 ~ 10.0 deg. 4.0
TipSTA 0.85 ~ 0.97 -
AnhdrAng 0.0 ~ 300 deg. 0.0
PARASweep 00~70 - 0.0
rAF1 03 ~06 - 0.5
rAF2 0.7 ~09 - 0.75
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TWIST interpolation
® Control pts.
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Blade Span, r/R

Fig. 4 Definition of TSlopel, TSlope2 and TAngle
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Table 3 The Design Optimization Result of Prop-rotor Blade

CASE Optimization Jru S 5 8p_hov Sp_fwd 8PLF hov | SPLF_fwd
o Best HOV 1.014211 1.007217 0.981076 0.981005 0.862850 0.745287
wio Airfoil e WD 1.001256 | 1.155559 | 0.993803 | 0.850574 | 0.896639 | 0.869137
Re-distribution
OPT 1.011089 1.069069 0.984141 0.920855 0.877000 0.829462
o Best HOV 1.015695 1.135608 0.979876 0.871072 0.794523 0.773394
w Airfoil el TRWD 1.000364 | 1.225567 | 0.994603 | 0.799525 | 0.860433 | 0.799768
Re-distribution
OPT 1.015695 1.135608 0.979876 0.871072 0.794523 0.773394
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Table 4 Optimized Design Variables in case of
Airfoil Re-distribution

Design Variables | Baseline |[Optimized Value| Unit
ChordRoot 0.0825 0.07514 m
TaperRatio 0.6 0.50570 -
TSlopel -45.0 -44.25 | deg/R
TSlope2 -16.0 -17.37 | deg/R
TAngle (@0.5R) 4.0 5.251 | deg.
TipSTA - 0.8532
AnhdrAng 0.0 4.42 deg.
PARASweep 0.0 6.627 -
rAF1 0.5 0.3289 -
rAF2 0.75 0.7294 -
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Fig. 9 Chord and Twist Angle Distributions of
the Optimized Blade

Baseline Blade

E—

Optimized Blade

Fig. 10 3D Model of the Baseline and the
Optimized Blade
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