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Modeling and optimal design of power system for electric

fixed-wing quadrotor hybrid unmanned aerial vehicle
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2. Unmanned System Research Institute,
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Abstract;: A modeling and optimal design method of power system was proposed to
solve the problem of lack in theoretical method for power system design and selection of elec-
tric fixed-wing quadrotor hybrid unmanned aerial vehicle (eHAV). The need of power sys-
tem was proposed by calculating the thrust-to-mass ratio. The models of propeller design
and performance calculation were established using propeller and rotor theories. The brush-
less permanent magnet DC electric motor was modeled using statistic method and first order
motor model. The relations of voltage and current between motor and battery were used to
establish the battery selection method. A fully empirical model for battery discharge charac-
teristics with voltage correction was used to calculate the endurance of eHAV. The optimal
design flow of power system was established based on the matching method. The power sys-
tem of an eHAV was optimized and selected. The results showed that the errors between the

proposed rotor and propeller models and CFD method were less than 10% . and the fitting
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degree between the discharge model and the experimental data was greater than 0. 97. The

flight test showed that the error of endurance between the flight test result and the design

value was less than 4%, verilying the correction and feasibility of the method of power sys-

tem modeling and optimal design.
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Fig. 9 Configuration and flight tests of the eHAV
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Table 2 Range of variables

ZH TS RseuE
[D,.D,] [28.20] [32,26]
I:Cd?CrZ 2 Cr3 ver] [359497’3] [3978’11’7]

(B sBe B sBu]  [19,110,44,23] [23,114,48,27]
Leon s Con s Cos €t
LRot +Boz + B + Por

[K. K.]

(B, s, +Buc i, ]

[Bu, =, »Ber, x, ]

[BrRo -Kv o B(‘RO —Kv:l

[50.13.10.5] [54,17.14.9]

[28,48,53,11] [32,52,57,15]
[80,100] 300,400
[7000,15000]  [32000,70000]
[0.04,0.04] (0. 35,0.35]

[0.03,0. 03] [1.5,1.5]

KRS S8 S CFD 53 45 B %t ke 4 &
12 FfiR .

H X Ll 25 5 AT 7R A AR SR AR S
HERGF IR GE R M E XIS RS
CFD IR 45 R e KR 227 1006 LN, % 13
AR SCHT B2 i 3 B 4 #ie 5 CEFD 3 # p
T Re 55801 B DA SOHF 548 700 1 ] b 45 22
S0 DA BRI 25 A0 W] B 2 L N L SR AR S
BB HE 4 I E SR ASE AR Xof o

MRS S 28 B 7™ h s B S 80 R
(AL TN B ML . AR SCIE 3 X6 B 326 5% i 0 S BR 1
% JE SR N A X100 HL Zh LA 0. 762 m X
0.2413m(30inX9. Sin) AEHNTEHE S A G . I
T RUR A L2\ & i) GA6000. 8 HiL gl HLFI 0. 609 6
m X 0. 3048m(24inX 12 in) 3 AE Jy & & # 5 J1 241
B IS ENER 5 PR,

R3 MUMERRITSH

Table 3 Distributed parameters of optimized propeller

ZH B fE
[D..D,] [30,24]
[cascscnscu] [37.71,6.32,9.21,5.41]
(B »B2 B st ] [21.34,112.43,46.80,25. 67

[52.34,15.69,12.40,7.65]

I:Cpl s Cp2 9 Cp3 ’Cp’lj

[Bot »Boz +Bos + ot J [30.67,50. 26,55.57,13. 13]




5 6 1 K A gl B ST LB ) R GRS A BT 1319

x4 RUPNERRILASH

Table 4 Geometric parameters of optimized propeller

DA OACS TR AU SR R EPOR VAL W)

e
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
#%7 % /mm 41.9 41.8 43.9 45.2 43.7 40. 1 34. 6 26. 3 14.5
[ 5 3 fHEEM/C) 341 27.5 22.1 18.0 14.5 12.2 10. 6 8.6 7.8
H#&/m 0.6096(241in)
#% K /mm 58. 8 69. 7 68. 3 62.9 56. 9 50. 0 42.3 34.5 26. 3
e Wi/ 22.7 17.3 13.9 11. 4 9.6 8.3 6.9 5.9 5.5
Hf#&/m 0. 762(30in)
x5 MUMERNEHNSE
Table 5 Parameters of optimized motor and selected motor
WL Bl LA (RS
K, Bxk,wm,  Biyr, Brix, Ri/Q Ii/A  M,/kg U,./V L/A
[i] 5 3 165 53716.96 0.040  0.042  0.015 1.15 1.39 44.0 45.0
R
i 3 120 22962.48 0.040  0.065 _0.025 0. 77 0.71 38.1 35.1
GA6000. 8 180 45936  0.0655 0.037  0.013 2.3 1. 09 44,0
o PELE R
X100 115 23485 0.0914  0.085  0.047 1.2 0.772 44.0
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Fig. 12 Comparison of CFD results and model results
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Table 6 Battery discharge model parameters and the

fitting degree

TR BRI A
10 60 80 105
A 0.6792 0.6689 0.507% 0.4955
B 1.4012 1.4092 2.2944 2.3798
K 0. 0683 0.0137 0. 0085 0. 0053
R 0.00014  0.00007  0.00004  0.00005
R* 0.9776 0.9760 0.9927 0.9948
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Fig. 13 Comparison between the fitted curve and the

test curve of battery discharge characteristic
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Table 7 Test values and design values of the flight
performance parameters

PERES R Bt e bR I3 R
KHHPE V. /(m/s) 16 17
AL B Ve/ (m/s) 22 22
R RATHIE Ve / (m/5) 32 30
3 B R AE BT L (T/ W) o, 0.6
HATHE B L CT/ W 0.5
e FLE R ] 4 o/ Y 60 60
WA ] o/ 00 60 55
R i Bt 7] 2. /min 68. 4 66

5 & B

AR SCHE T gl [ e 3 T8 A BL B 1 AR S8 KR
SR T B RGBT ik
3 X R 5 [ ke 3 T0 B S R S Ay 5 LG
SRS 3 77 A G oK M) SR e 2 B BEE A
ORI i S 1 e AN k2R A Bt R
B Gt o A A1 B E Sl LR B A Sy T K
LR S ALY TSR i S AL R
RS S N SN el L1 S A e R LB £
79 5 8 VR L A BELTE B B R/ HRL I R A R R
PR FL v FL PR S R AR R R 0
SR SEAY b7 DA Fe 8 1 . 7 1 T A HLAE I 3
fh75 1% . RGN T R G VEBCTT % LBl 1 R G5
N B LA A BB R il i AL BT E
TiRAES N RGN A A e n S 8T
Al

AR ST 2 777 126 ok B8 00RE 45 F 3l [ e 32 G
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RSN R A AT IR A SRR W ik )
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