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Prop-blade Cross Section Design for QTP-UAV
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Korea Aerospace Research Institute”
Department of Aerospace Engineering, Inha University
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ABSTRACT

Cross section design of a prop-blade is carried out for VTOL(Vertical Takeoff and
Landing) Quad Tilt Prop-rotor UAV with a maximum takeoff weight of 55 kg and a
maximum cruising speed of 180 km/h. Design procedure for cross section design is
established and design requirements for prop-blade are identified. Through the procedure,
cross section design is carried out to meet the identified requirements. Main design factors
including stiffness, weight per unit length, and elastic axis are obtained by using a finite
element section analysis program, and the design weight of the prop-blade is predicted.
The obtained design factors are used along with the rotor system analysis program
CAMRAD 1II to evaluate the dynamic stability of prop—blade in operating environment. In
addition, the prop-blade load is obtained by CAMRAD II software, and it is used to verify
the safety of the prop-blade structure. If the design results are not satisfactory, design
changes are made in an iterative manner until the results satisfy the design requirements.
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Fig. 2. QTP UAV

Fig. 3. Prop—blade Configuration for QTP UAV

Table 1. QTP Prop-blade Structure Design
Requirements

Contents Requirement

Weight Under 120g

No resonance on airplane
mode(1,440 rpm) and
helicopter mode(1,800 rpm)

Dynamics

No failure under ultimate

Structure .
load condition
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Table 2. QTP Prop-blade Operating
Condition and Estimated Load
- Draft Design Process

Operating Condition

Hover rpm(rpm) 2200
QTP Weight 55 kg
No. of Blade 12 EA
Blade Weight 0.12 kg
Rotor Radius 0.5m

Blade Length(Span) 0.42m
Estimated Load @ Hub Center

Centrifugal Force 2123 N
Flap Moment 17.8 N.m
Lag Moment 1.8 N.m
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Table 3. CFRP Material Properties

CPF 3327
Contents EPC H3055
Carbon Fabric .C?rbor.‘
Type Ao Uni-Directional
0°/90
Tape
Thickness 0.19 mm 0.095 mm
Weight per 2 2
Area 0.03 g/cm 0.015 g/cm
Siif E1 57 Gpa 136 Gpa
: E2 57 Gpa 7 Gpa
ness
G12 4 Gpa 3 Gpa
st F1 528 Mpa 1313 Mpa
ng;f] F2 528 Mpa 13 Mpa
F12 50 Mpa 30.9 Mpa
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Table 4. Section Analysis Result - TR-100
Small Scale Prop-blade 150 mm

Section
Contents Type A Type B
Lay-up Pattern CFs CF,/CU/CF;
Te”S'OrEN?“ﬁneSS 1176407 | 1.40E+07
Flap Stifiness 9.04E+08 | 1.08E+09
(N.mm?)
Lag Stiffness 500E+09 | 5.99E+09
(N.mm*)
Torsional Stzn‘fness 8.85E407 8.64E+07
(N.mm®)

Table 5. Load Analysis Result - TR-100
Prop-blade Down Sizing

Tool CAMRAD-II

150mm

Analvsi .
nalysis Section from Hub Center

Centrifugal Force 1,000 N
Flap Moment -4 N.m
Lag Moment 0.8 N.m
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Table 6. Section Structure Analysis Results
- Concept Design Process

Contents Margin of Safety
Lay-up Pattern CFs CF,/CU/CF,
Hand
Applying| Calculation 968 1.9
Load
CAMRAD-II | 32.65 39.32
TE A AL gelr] 9 dAHolm
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Fig. 4. QTP Prop-blade 1% Section Design
-20% Location
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Fig. 5. QTP Prop-blade Analysis Section
- 1% Design Model
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Table 7. Flight Condition for Load Analysis

Load N:rf;le V_Fwd | Thrust Cﬂfgg’e
Case (Deg) (Km/h) (N) (Deg)
1 0 180 19 32
P 15 158 3 29
3 30 148 53 25
4 45 141 79 o1
5 60 129 105 16
6 75 102 126 11
7 90 40 139 16
8 ) 0 157 15
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Table 8. QTP Prop-blade 1% Design Model
Margin of Safety - Nacelle Tilt 45°

Condition
Prop-blade Load
Section CF FM LM M.S
(N) (N.m) (N.m)

10 11E+3 | -8.1E+1 | -2.5E+1 54
20 1.0E+3 | 2.5E+1 | -2.3E+1 42
30 91E+2 | -1.9E+1 | —1.9E+1 45
40 81E+2 | —-1.4E+1 | —1.5E+1 5.1
50 6.9E+2 | -99E+0 | -1.1E+1 | 6.0
60 56E+2 | 6.6E+0 | -71E+0 | 7.2
70 43E+2 | -42E+0 | 29E+0 | 9.1
80 28E+2 | -25E+0 | -9.2E-1 13.1
0 11E+2 | -43E-1 | -8.1E-1 | 353
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Fig. 11. QTP Prop-blade 2™ Section
Design - 20% Location
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Fig. 18. QTP Prop-blade Analysis Section
- 3" Design Model
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Table 10. Comparison of Pitch-link Load
- 153" Design Model

Load Pitch-link Load(N) Load
Case - : ” ‘ Decrease
1% Design 3" Design Rate(%)
1 50.8 36.4 39.1
2 63.0 414 34.3
3 60.9 427 29.9
4 55.6 414 255
5 443 34.7 217
6 334 26.6 20.4
7 299 226 24.4
8 26.3 17.9 31.9

Table 11. QTP Prop-blade 3% Design Model
Margin of Safety - Nacelle Tilt
45° Flight Condition

Prop-blade Load
Section CE FM LM M.S
(N) (N.m) (N.m)

2.5 1.1E+3 | -3.5E+1 | 1.9E+1 19.2

5 1.1E+3 | -3.3E+1 | 1.7E+1 22.5

7.5 1.0E+3 | -3.1E+1 | 1.4E+1 27.7

10 9.7E+2 | -2.9E+1 | 1.3E+1 242

15 9.0E+2 | —2.7E+1 | 8.9E+0 3.8

20 8.4E+2 | -2.2E+1 | -3.8E+0 3.5

30 7.6E+2 | -1.7E+1 | -6.8E+0 3.4

40 6.7E+2 | -1.3E+1 | -4.1E+0 3.8

60 44E+2 | -63E+0 | -1.1E+0 | 5.6

80 1.9E+2 | -19E+0 | 6.0E-1 12.6
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