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Artificial Neural Network for Helicopter Rotor Blade
in Wake Dynamics System
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Abstract

This study presents an application of Artificial Neural Networks (A.N.N) for a helicopter rotor
blade design through an unsteady wake dynamics and aerodynamic coupling system. The purpose of
this study is to obtain the optimal configuration of the blade which to minimize the power output and
also maintain the lift force in a mission. A.N.N with stored data and appropriate judgments. The
unsteady wake dynamic system is simulated by the Peters finite state inflow theory. The chord length
and twist angle will be implemented as design variables simultaneously. With the help of above
methods, a complicated helicopter rotor blade design problem was solved.
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(non-dimensional flight velocity,)

V=0.0,0.05,0.10, 0.15, 0.20
(advance ratio) p=0.0, 0.04 , 0.08 ,0.12,0.16

p=0.0023788 slug/ft’

Q=2
=NACA0012
(lift slope) a=5.73
rR=23 ft

C=c/R=0.0767

(pitch angle) @ = 12°

Q =33.93 rad/sec

(V=0, p =0)
Design Cycle | Power(hp) Lift(Ibs)
0 787.00 9410.50
1 520.57 9410.51
2 517.00 9410.46
3 494.45 9410.50
4 492.39 9410.50
(V=0, p =0)
Design Chord Length
Variable Initial Value| A.N.N. Design | Reference[1]
1 0.0767 0.1093 0.1097
2 0.0767 0.1093 0.1097
3 0.0767 0.1093 0.1097
4 0.0767 0.1093 0.1097
5 0.0767 0.1093 0.1097
6 0.0767 0.1086 0.1095
7 0.0767 0.1083 0.1092
8 0.0767 0.1067 0.1085
9 0.0767 0.1046 0.1072




10 0.0767 0.1031 0.1052
11 0.0767 0.1010 0.1025
12 0.0767 0.0969 0.0990
13 0.0767 0.0923 0.0951
14 0.0767 0.0896 0.0908
15 0.0767 0.0862 0.0862
16 0.0767 0.0816 0.0816
17 0.0767 0.0750 0.0770
18 0.0767 0.0706 0.0723
19 0.0767 0.0655 0.0676
20 0.0767 0.0601 0.0630
21 0.0767 0.0533 0.0565
22 0.0767 0.0484 0.0482
23 0.0767 0.0441 0.0437
24 0.0767 0.0403 0.0397
25 0.0767 0.0403 0.0397
(V=0, p =0)
Design Twist Angle (degree)

Variable

Initial Value

AN.N. Design| Reference[l1]

1

5.0002

4.3701

4.3950




2 4.6667 4.3701 4.3950
3 4.3332 4.3701 4.3950
4 3.9997 4.3701 4.3950
5 3.6662 4.3701 4.3950
6 3.3327 4.3701 4.3950
7 2.9993 4.3701 4.3950
8 2.6658 4.3701 4.3950
9 2.3323 4.3701 4.3950
10 1.9988 4.3701 4.3950
11 1.6653 4.2469 43127
12 1.3318 4.1020 4.2333
13 0.9984 3.9289 4.0418
14 0.6649 3.6789 3.9227
15 0.3314 3.3711 3.5074
16 0.0021 2.9351 3.0376
17 -0.3356 2.3679 2.6130
18 -0.6691 1.7434 1.9339
19 -1.0026 1.1303 1.3001
20 -1.3360 0.6319 0.6117
21 -1.6695 -0.1540 -0.0313
22 -2.0030 -0.8037 -0.8289
23 -2.3365 -1.6230 -1.8812
24 -2.6700 -2.8434 -2.9881
25 -3.0035 -2.8434 -2.9881

LPR (V=0, y =0)

Design LPR
Cycle Reference [1] AN.N. Design

0 11.957 11.957

1 17.183 18.077

2 18.414 18.202

3 18.841 19.032

4 18.879 19.112

(V=0, p =0)




Design Power Reduction Percentage (%)
Cycle Reference [1] AN.N. Design
0 0.00 0.00
1 30.41 33.85
2 35.06 34.31
3 36.54 37.17
4 36.66 37.43
(V=0.05 p =0.04)
Design Cycle| Power(hp) Lift(Ibs)
0 1246.06 8717.20
1 1156.57 8717.01
2 1041.76 8717.13
3 1040.57 8717.25
4 1014.39 8717.24
5 1013.15 8717.21
(V=0.05 p =0.04)
Design Chord Length
Variable | Initial Value| A.N.N. Design | Reference [1]
1 0.0767 0.1132 0.1138
2 0.0767 0.1132 0.1138
3 0.0767 0.1132 0.1138
4 0.0767 0.1132 0.1138
5 0.0767 0.1132 0.1138
6 0.0767 0.1119 0.1136
7 0.0767 0.1109 0.1133
8 0.0767 0.1104 0.1126
9 0.0767 0.1093 0.1112
10 0.0767 0.1077 0.1092
11 0.0767 0.1054 0.1063
12 0.0767 0.1026 0.1028
13 0.0767 0.0993 0.0987
14 0.0767 0.0958 0.0942
15 0.0767 0.0921 0.0895
16 0.0767 0.0883 0.0848
17 0.0767 0.0845 0.0800




18 0.0767 0.0790 0.0751
19 0.0767 0.0724 0.0703
20 0.0767 0.0670 0.0655
21 0.0767 0.0612 0.0606
22 0.0767 0.0566 0.0558
23 0.0767 0.0505 0.0505
24 0.0767 0.0457 0.0457
25 0.0767 0.0457 0.0457

(V=0.05 Y =0.04)

Design Twist Angle (degree)

Variable(Initial Value |A.N.N. Design | Reference [1]
1 5.0002 4.0585 4.2833
2 4.6667 4.0585 4.2833
3 4.3332 4.0585 4.2833
4 3.9997 4.0585 4.2833
5 3.6662 4.0585 4.2833
6 3.3327 4.0585 4.2833
7 2.9993 4.0585 4.2833
8 2.6658 4.0585 4.2833
9 2.3323 4.0585 4.2833
10 1.9988 4.0585 4.2833
11 1.6653 4.0285 4.2233
12 1.3318 3.9588 4.1933
13 0.9984 3.8477 4.1333
14 0.6649 3.7011 3.9227
15 0.3314 3.3156 3.5074
16 0.0021 2.8650 3.0376




17 -0.3356 2.2751 2.5130
18 -0.6691 1.6574 1.9339
19 -1.0026 1.0100 1.3001
20 -1.3360 0.2005 0.6117
21 -1.6695 -0.4510 -0.0313
22 -2.0030 -1.4601 -0.8289
23 -2.3365 -2.4564 -1.8812
24 -2.6700 -3.4127 -2.9381
25 -3.0035 -3.4127 -2.9381
LPR (V=0.05 p =0.04)
Design LPR
Cycle Reference [1] | A.N.N. Design
0 6.996 6.996
1 8.388 7.537
2 8.463 8.368
3 8.494 8.377
4 8.515 8.594
5 8.604




