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Abstract: This paper proposes a multi-objective optimization design method based on multi-level
reliability analysis to ensure higher reliability and safety of all-electric aircraft power system.
With this method, the complex all-electric aircraft power system design process is decoupled into
two levels, and a nonlinear optimization model is established for each level by considering such
indexes as cost and reliability. Then hierarchic analysis is carried out to determine the weight
coefficients and simplify the multi-objective optimization problem into a single-objective
optimization problem by using such weight coefficients. Meanwhile, a nonlinear model is
linearized into a 01 programming model and the optimal power system topology and rated power
of each power device under different weight coefficients are obtained by solving this model.

According to the analysis results of design under different weight coefficients, the following
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conclusions are made: Under a low weight coefficient of reliability, the all-electric aircraft power

system has a simple topology with low costs; Under a high weight coefficient of reliability, the

all-electric aircraft power system has a complex topology with high costs. Simulation results show

that this method can optimize the design in cost, reliability and other indexes. This reflects that

this method is of good guiding significance in the initial design of all-electric aircraft power sys-

tem.

Keywords: all-electric aircraft; power system design; 01 programming; multi-level design
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Fig. 2 Main design frame diagram of all-aircraft electric power System
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Fig. 4 Main topology template and design result legend
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FOULE S PRI AR SR B2 U 43 A 1k R i E 45 46 A Y
HEEY

ZE LA 1 Ghg i BRI B i
BRI (1) ~ 20 (10) 4 1 b Ak 3 Al X (17) ~ =X
37,
2.2 FHIEBRITEBLHEN

XPES 2 it oF & B bR ek LR AR Ak, X
D H A B bR ek B R 25 1 it 7 & &tk fb b
JiE—HE, BELARE C M Cy AR ey B i s
. IR B ) B N I 4 OC R I LA RV E D)
A G PR H5 28 (12) AT DL BAS H AR R 1 L
Ab PR AN X

min( > > (Cl 4+ CPD =, +

iER r

(36)
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DT D(C + CiPh )2 ) (38)

ooz, FORA A | B 2 U5 3 3

PPN IR, FIEB AR
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{H L =, A N 2558 551

Dley < 1. Vi (39

ST P, R R B £ 2 9 B SR
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B BBUE . LA IR 4R &0
Dty <y Viej (40)

X CL3) A A A 5 H A ol B R AT e P A A
Ho I3 T A7 RO R R R B P A i
S e AR BR A 12 5, 2 e Al Ak B 22 [R] i SC Ak B
Etf—FE AE8H E UF I D ARG F B RE R S L RE
Uik 4 dre K RE SR X A R 5 Rl S AR AR 9 A
M A A3 L AMEALEE R AT Prs

7= Ezzz%e”m, Vi 4D
A E5, BRI RAHTF i Z At e = BE A b 1Y
RE B B B R D 38480 ¢ Ui i i o KRB 5 1Y
BIHUE 5 ey A 01 EFEAS 5, TR BEFE WA F5 2 1
RERL(E E5, A EL DL R AR TR 8 ¢ I RE A AL
A, DR o) A % OC R A BB L £ XS L 1Y)
AE A 5 T3 DA e, A7 A0 BT B 29 S5 AT
DD ey <y Yiejok (42)

A UD XA L3) oA 0l F 2 R AR H b B 4L
HEAT ML A B L VORE B 2R AR X — H AR R4
PEAT R AR T . p F 2 (L) rp (i A 3 12 S B 40 331
o3I 7 A e g R BRE 2 11 2 R Rk A R G AT R
X B0 R K e R R R AL BRI

[IF = > D> InFo=, (43)

55 1 Jrg it il a3t P a5 2 /e E
NS BT & 1 B AR BB & — 2 H AR iR
B TR SR U oK - Je /NP AL D vk R AT B 5 — 1k
AbFE. 5 2 G- & H bR B T X

min(by Carrinag — D2 Pavt. finat + 03 Farr sina ) (44)
A 00 KR A H bx o B AR R EG 0, RIR I
AT O T A R B 05 W IR R AL
RE, BT 2 WU B R A H bR ek B TE B A
S R E AR R RO S G AR A R 0, FTS N LS
FLRAL Sy /M B br BB, 25 TR B TR % 7 0
A% AT REPE AP R AR R A i E LR AN R AR [ R
A 1 F A TR SR B2 U o3 A 125 0K W 5E 4% 48
PRACHE 2B

X Ty i 24 o A R T R AR AR A B i
SCHRIT ) A8 G 11 3 25 78 e R A g 1A A TR R
TR R A QD b
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J q J q

(45)
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Xf B BEAR T RAR S . AR AR AR
DI Phes, = Pt (46)
HUORE R AT HE M 29 SR VAR AL B 1 40 T S
YRR ZRIUR IR . TURBBRETEZ G ML R
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7
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KU BTELREFE ARk ERE, AR
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K%

&

1% 556 &

WEIE 7)) T BRIt g R . Ho 4 4142
AR BOT R RO R A

A1 TRy EAMKGHE&HTE®REH)
Table 1 Reliability and power parameter of motor (two high

reliability motors)

HLHL Pu/kW Riager m
M, 48.1 1—10"°
M, 14. 4 1—10°
M; 14. 4 1—10°
M, 14.4 1—107°
M; 14. 4 1—10°
M 48.1 1—107°

k2 feeAadsitit e RAAK

Table 2 Cost parameter of energy flow design platform

e [ & B A / 7T Af S AR /T
ZE 100 50
fig 1 It 38 X 100 25

DL 7 Ca) R 5], fm S b Bl A Y B 40 R BB bb AT 4
P o TR S X ol A R AT SR Y SR BE i T SOC 22
HL 2 o R BT U] 5 B UK 4 R

1 9 5
A= |1/9 1 1/2 D
/5 2 1

b A AR X ) S M ) B BE R 5 BRUAS AH XS
T IR S A AR BE O 9wl REMEAE XS T AL AR
SR E AR B R 2, R PR — B . SRR
WEZRE a,=0.76,4,=0.08,a,=0. 16,

M 3 L HL AT SEPE S BT R AL 1 AL AL 6
18T E 1 2 B DR T A A R B B AL
FIHAL 6 /Y RE A E X B e 2 . A TAUE &
B as AT SN AU R a0 R AR ) al S
ER R B b I 8 X G R R A . T P R A
A3 UMTERFHELAK(—EHTEREEN)
Table 3 Reliability and power parameter of motor (one high

reliability motor)

HL AL LI R/ kW R

M, 48.1 1—10°°
M, 14.4 1—10°°
M, 14. 4 1—10°°
M, 14.4 1—10°°
M; 14.4 1—10°°
M; 48.1 1—107°

http: // zkxb. xjtu. edu. cn

(5% B 23 A7 AT LSS TE 3K — 2536 < [l 7 (b)) 1 AT 5 4 A
FAL ML L FTEAL 6 1 BE U AR 4 B Ol 3 4%
A4 2% B/ 7 ) B AT FEPERCE /N, RSB AL 1 FTH
HL 6 53 5l H A P25 RE Rl B A% . A SR e BT Sk
MIFE SR 3 fin, vl LA RE 7o B 7(D
N

K it (E) il w—y &“Tﬁ&%ﬁ/

Bl 6 % 1R 2 HOFEHAR El
Fig. 6 Template diagrams of first level and second level

platform

SIES;ESs B Sy

(b)a, =0.16,a, =0.08,
a; =0.76

(a)a; =0.76,a,=0.08,
a; =0.16

E1S,E1S; E3S5 E1S6 (1S, 1S, E31S, 38, B8, E1S, E1S,

(c)a; =0.76,a,=0.08,
a;=0.16
7 5 T S L ) A TR 0 X 4 R
Fig. 7 Design results of different high reliability motors with

(d)a, =0.16,a,=0.08,
a;=0.76

different coefficients

[l P LA 310 24 A 58 R 45 A T oy A ORI
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Bt g R R E N e L, TR 3P A
HLAIL 6 114 A] 5 P g K 2 ] SE MR AL R B /N, T B 7
() FrR M HA L6 PA 2 LRER L.
3.2 EHRIEWEUHER

FHINGE B AR 1 RV E 4R
Bt bR, IR R I B s R 7 Ca) R T
(o) BB T4 5 CR it 40t | F i A8 15 2 80 g 4t i i
XFRFOMERE 2 R ERRSE H A S50
FAMES, FEE T MR 3T L&k Ab P
Ja AL BE AL (38) ~ (50D, AT LAFH 2 5] 9 (a) ~
B OCAY 4 Fhigat 4 R . M4 & 9Ca) ~ & 9(d) 7]
EGNF 20T 56 2 iz it P & th BUAS L v] S 1 i
3 H bR R B B HOSAS B AR AR S H AR A
HPE . Al SEdE B AR T b AR BRI L ) R4
AN B 2 AU R Bt 2 IR B ik ok 15 .
WEL 8 Fr 7 by B R W) A8 6 25 F1BE£R B B 2
BRI RGNS B e W TR 1
Rt a P 7S RAE BB R . Ho g
Bl My #il M 53 0 — 2R TUR BE 4, IR &1 8 ()
~ (DL R My Al M, 4y & 28] T WA
ANF Y BREL W3 R TUAR AR . AR TR 7 ()
TERNEE 1 R E B MRl TSR A M,
WAEICAKE, LN EHR N A M,
MR A E R, B g R WK 9 FiR,
RIGR 6 G TH 1R FETE 7 ME 7
(OB M RE L E R IFEE R . 27 ML 8 4l
TR 8 FIE 9 R Dy AR R BUE A R . K9
F 10 B H T E 7T~ 9 XA 1 H bR
PRRLAE R

k4 EIIEMEI TS RA LK

Table 4 Cost parameter of main topology design platform

VIR 12l [ 5 WA/ TT A AR AR/ T8
5 {5 g% 2 000 50
5354 1 000 25
H, M-8 4o 2 100 25
R -BEER 100 25
BEZL-HL L 100 25

A5 HEBHTERRAK

Table 5 Reliability parameter of power device

oy R4 CIE SR T
e 4% 1—10°°
1532 1—10°°

http: // zkxb. xjtu. edu. cn

k6 WM AAEITLER

Table 6 Results of battery rating design

i AE At/ (KW« h)
51 Sz Sz S4 Sa S(i S7

]

C[D

B 6Ca) 74.4 0 77.2 0 54.8 0 80.0
B 7¢a) 80.0 0 74.4 0 77.2 54.8 0

A7 EBHEBEFRAMAEFLER

Table 7 Results of converter rating design

AR AR UE D) A kW
K=
C C, Cy C, Cs
K 8(a)  134.00 159.14 0 0 0

B 8(b) 93.14 93.14 0
& 8(c) 93.14 93.14 93.14 93.14 0

& 8(d) 93.14 93.14 93.14 93.14 93.14
& 9(a)
B 9(b) 93.14 93.14 0 0 93. 14
K 9o 93.14 93.14 0 93.14 93.14
9(d) 93.14 93.14 93.14 93.14 93.14

118. 28 0 0 0 93. 14

k8 HEFAMBILER
Table 8 Results of bus rating design

BERBUE T H kW
B, B, B; B, B;

EE

[l 8(a) 52.86  52.86 52.86 61.43 52.86
& 8(b) 52.86 61.43 52.86 52.86 52.86
8(e) 61.43 52.86 52.86 52.86 52.86
8(d 61.43 52.86 52.86 52.86 52.86
Bl 9(a) 52.86 52.86 52.86 52.86 52.86
Bl 9(b) 52.86 52.86 52.86 52.86 52.86
9Cc) 52.86 52.86 52.86 52.86 52.86
Bl 9(d 52.86 52.86 52.86 52.86 52.86

%9 feFRASEITFELBFIHKER

Table 9 Objective function results of energy flow design

platform
EE R/ T S0C Aty
HARERBCLE R B
& 6(a) 19 120 1—6.56X10 ¥ 4.614
& 6(b) 28 400 1—1.77 X107 0
& 7Ca) 19 020 1—2.19X10 ! 4.638
& 7(b) 28 400 1—1.77X10 17 0
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K%

&

1% %56 &

(b)b, =0.76,b,=0.08,

b, =0.11 b, =0.16

E1S, E3S, EIS;E3S,

N
BEMEMEMEMEMIEM,
(c)b, =0.65,b,=0.10, (d)b, =0.13,b,=0.07,
by =0. 25 b; =0.8

K8 WIRITARBAEAFANE RECF gkt
Fig. 8 Topology design diagram of two redundant paths with

different coefficients

EMEMEMEMEME]
(b)by =0.65,b,=0. 1,
by =0. 25

EMEMEM/EME]
()b, =0.25,b,=0. 10,
b; =0. 65

aMaMEaM EMEaM/E]
(d)b,=0.18,b6,=0.09,
b; =0.73
9 —ZKIURBEBEARTFIANE RTINS BT 45
Fig. 9 Topology design diagram of one redundant path with

different coefficients

4 4 ©®

ARISCAR W T — PP 2 G0 % 18T SR 4 g
PO RGBT Tk . T R I RS
vt B AR Ao . AR AR, XA
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K10 ZIBIL&HEAFEAFBHER

Table 10 Objective function results of main topology design

platform
L mmm B& o
LA T S e N T E
5 8(a) 44 094 1—107"% 1—10"% 98. 88
% 8(b) 46 351 1—107% 1—107% 85.05
& 8(c) 52 065 1—107# 1—10"% 76.90
K 8(d) 58 722 1—107%*  1—10"% 69. 21
& 9(a) 39 607 1—10°% 1—10 % 97.21
& 9(b) 45 007 1—107"%  1—10"% 87.00
B 9(e) 58 322 1—107#  1—10"% 76.90
E 9(d 58 322 1—107%  1—10"% 69. 21

LNEACAL L, GRAIE T BERLSR A i PO 1 . B e 2T
AR SCER A AL B2 5 A9 0 AR Y 5 2ed 08 AN () )
PO R BORT LR A AH B B B3t 45 2R . 7Bk W] . 24
AR PR AR B A BN S L) R G A A B R
B ] SE PR BRI B RGN B
2B T e AL I REM LA BT, AT U
U e T YA A A KAL) R G B0 R B
M TR SR g ) R BT G5 3
AR n P BREATHTIE . LIS BL S8 B 0 2 AL
RS,
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