L 2% Bl 1R

Aeronautical Science & Technology

Oct. 25 2022 Vol. 33 No.10 74-81

L J- i) o i

L i Badas !, e Ak )] 2
LB R, 1105 r'ﬁ,-? 210016
2. AL A F S ﬁISE" Aw], dbxt 100020

W EREMERORENEAEMEE HETEHNELEATHERRASL. AXHELEH

15 0y Al i 8 45 Daly fee
X)lﬂﬂ‘&ﬁni?lv: HpLILAE B it

BENBT —FH A

BB A R AR L S A R, R AR RTTAE AL, B T At R it S SRR R KR B H B IE R

Tk, R RREMRTSEGRERA LA
o VA AT 2 R b R R AR
W

KEEE R A AR AL B ES R E; P E AR R B

RE %S :TM352 SEkFRIRED: A
FE270V 5 FE EL IR RGeS AR ML R AT 45
) 7 R ] A7 22 4 3 i A A T AR A L Rl
TRHLAER B/ R AL S LRI 2 — | AR i A7
FI| = N AP AL )2 OCTE RS . B A HE AL
ALFETF S BELEL AL AR A AR AL Rl 8L A Hi AL A
TR RO AL, e VRS RS AR LSS & T
TCHE R AT Rl A A B AL B AT a5, A ARG Dl
e AR 7 R H SO L R KR KBRS E RL, T
eI o R S Y Rt ] NI R Y N W
R HAL A S EL AT VTR W RS
TR A I B R L ATL ) ) SR FH 7 e Jl 5 R TR 0, FL
LAE R ARG 52 4%, DR G el O Ak F AL 285 4 LA AR B s 1 1)
BB IR R AL R P R R — S
25 SCHR[31ET X8 BB 1IR3 il Fa AL, 37 L ATLAT BT
SKFFAIAY 38 3L 5 B LI B HL G A5 R SR LA A S 2
B 27 SCHR A1 BUR AL R RORAIE R B RS RS, 2T
PR ARG R S 4428 B R AR AR & (8 FH 2 B b 7 ik
S WA i G B B LiET T 2 HbRi kit 2
2 SCHR[S1ET RHE A Tl B SUE - 22 P F DGR B AL, DA

BRI, BT R B N S N E AR A
HRTAMGERKA LB el R RSB AT ie, R A2 E W E

A EHA:2022-04-24; RISEHA: 2022-06-15; RABHA: 2022-07-20

HEMB: MERNSET(20200040052001)

AR AR B M H kA

WML AR AL B Rtk Rk

DOI.10.19452/j.issn1007-5453.2022.10.010

YRR MARFR LE 5P H e T RFR LA M Ak b i i B
AR B IITIE R R EAI S BN B RSB SE R, B 5w I 1k
FARE ERSEAE WIS EL, PR L T

AR SCXE — 508 B A ) TR A T W 0N A A R AL
(AHEDSM) A FARAR BRI 3BT , LR g v Ll Hh
F K g A D o HLOC AL B i o B e BLRCS A T
He X REBEA S I S5 A S A R AL 2 50 R
TEAZ IR LT G7 1 H 0F T 5 52 ) e ) S B A R RS 2
S50, o 157 TR A ST P ML AR, -5 1 T N 38R R AR 4G
SR fHR AR B AL, 5 A FROCTA S8 T #5425
A IEAET

1 BEEIRT
Pl 1y AHEDSM HBLAS 9 , 4 85 0UE Tt L% T
A FREVR ACHE (B RS SR 41 AR 281 %
Pro B 1208 B, A R TR E iR . T
o5y R PR R BR AR | S BEE T O 5 4
AL E A T UG SY BRI A B .C & IS5
75 E T RI0E T0 b, AR LAY 4 4S84 H5, T A A

SIFE#EL: Ma Xinchen, Chen Zhihui, Zhao Yazhou.Optimization design of axial hybrid excitation doubly salient aerospace machine based on
response surface method[J] Aeronautical Science & Technology,2022,33(10):74-81. B2, FENE, X FE . B F I ELLH
[BES R RANES L BRI ] ERIF AR, 2022,33(10) : 74-81.



TR A BT i 725 0 il 4 I RSO T BRA A  LIRAE BE T 75
DA bR RIAR YRR A AT 22,50, 5 1 O
R . RGeS SR R TR TS 2
], 58 5 AMI SR [RIRE S5 23 4 6, K B A G B AR X
B AR T e o 3% B R RO REA R ) AL, EL
Fr KR AR A 7 T — 3

RIS

et

HLHR S

SE TR

SR

FIRUALS

K2 AHEDSM RS 2HUREA
Fig.2 Schematic diagram of AHEDSM size parameters
+
S N
N HD P (R | Y
AN AN A
El3  AHEDSM i it fe 44 b
K1 AHEDSM HiHlZEH: Fig.3 Control circuit topology of AHEDSM
Fig.l Structure of AHEDSM B 1k 5 H AR BE2E B fih s D sl s e At T
Dy D,
BB RE 10 S RO ISR D LK A 5= [2 -1- (7 + 4)} % (H - 2h, - 13) (1)
BB SR E b, KBRS b, B EAR Dy E TAME 8 PR T A ) i 8 20 T Ry
D T NAED, BB D, NSRRI ERED, JE TS b, N = Six07 (2)
LY hyy %, WP 2 TR f ﬁ( 1.725 )
2

AHEDSM 1y 5 H B & ML, T AN T 2, i il
FLURHLAE . B3 45 T AR AN AR R L B R D
HoA oy o, 5350 PWM =M AL i, i, i, 50 R
AHEDSM —Affi tH LI, R A BN S 505 3, U, Ry i
HER/ACENE SR R S v -3/ S SR A

HRE HL AL TH 2256, B AILAUBR S 0.5mm, A1 320
70%, Ji % 4% 4H £k 42 Ky 1.725mm, H KB 28 4 & 12
3.665mm; Jill i Le IR GE N AR, B TR P2 00, Y
R A 6.5mm B IBR , 5 P SR A 4mm 1)
T, P T30 Tl s 8 4 S B2 FL T 1 o iR 2 Bl ) R 4
JhRESRAL s B REBE A 5 2 F AR Z A1 F5 B A 1mm (1 RIBE,

B, ARl TAM&E D, E YR b, R AR D, T
S FRETIRLS,, — R I BCE P H X SR 2R B, DU AR
LR RN

N = S, x0.7 . (3)

2x[59]

FELAIX SR T B0RR R, AT HL R, 1 T 1 T BT
K IR PUEAR, e N, R K F 1S T, LBl E 4R
B8 R 1 5 12000r/min, 47 52 B HL R 270V, 41 E ) 2%
SkW. MR8 H REASAZ A A S # S B0 AR, LI ER R
RE 2 U3



76 LIRAEE L P N

Oct. 25 2022 Vol. 33 No.10

=1 AHEDSM&MHRY

Table 1 Structure parameters of AHEDSM

ZH Hfi ZH Al
D/mm 172 H/mm 105
h/mm 30 h,/mm 10
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Fig.4 Process of the optimization
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Table 2 Optimization parameters and parameter
values of the variables

KF-ZH/mm 1 2 3 4
D, 106.8 108.8 110.8 112.8
D, 160 162 164 166
h, 8 10 12 14
h, 26 28 30 32
hy, 4.7 5.7 6.7 7.7
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Table 3 Orthogonal table and test results
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Table 7 Optimizing variable level design
IKFEZH U mm 1 2 3
Dy 102.8 106.8 110.8
D, 162 164 166
hy; 37 4.7 5.7

s [Rie=ivied SWh
D, D, h,, h, h,
1 1 1 1 1 1 0.0280
2 1 2 2 2 2 0.0273
3 1 3 3 3 3 0.0255
4 1 4 4 4 4 0.0220
5 2 1 2 3 4 0.0227
6 2 2 1 4 3 0.0237
7 2 3 4 1 2 0.0263
8 2 4 3 2 1 0.0263
9 3 1 3 4 2 0.0249
10 3 2 4 3 1 0.0263
11 3 3 1 2 4 0.0235
12 3 4 2 1 3 0.0229
13 4 1 4 2 3 0.0217
14 4 2 3 1 4 0.0211
15 4 3 2 4 1 0.0249
16 4 4 1 3 2 0.0229
R4 SMSHSKETHEIE
Table 4 Average value of optimization parameters at
each level
IKFEZH/mm 1 2 3 4
D, 0.0257 0.0240 0.0244 0.0227
D, 0.0243 0.0246 0.0251 0.0228
h,, 0.0245 0.0245 0.0237 0.0241
h, 0.0246 0.0239 0.0244 0.0239
hy; 0.0256 0.0254 0.0235 0.0223
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Table 6 Influence proportion of optimization parameters
on the flux linkage

Rl = i L /%

D, 0.00001957 29.38

D, 0.00001260 18.91

h, 0.00000243 3.65

h, 0.00000197 2.96

hy; 0.00003000 45.10
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fEi B ANSY'S = Zif)7 ELARPFAS B AL REAS A5 A4 e AR,
PR S 4L I 5 [ A B o F AL R s A T AL, 3k 8 J2 st
THRISAE A £ R I (R R 11

w1 T AL X 5 AAR Y Z [ S 2R AR i R &, o
55 H T B0 pR R 3, DRk L E P e 7 TR TR A i 0
AL PR ESOR A T LS R R el i 7 TR R 1 7 AL 45 2
T A% N TR R 283k kriging pRECIE FIAR ) 5 bR 2L
Vs TN A28 I 26 12 F kriging BRI B I i 1 TR) 42
A 1) e o K000 P ot v A, 22 K [ AR
AR IR, R e L SIGH BE B, DA SCER B % 18, 1k

FHZ2 151 2 [ A o7 T A . A 1 A5 T A A A
25 g R, 6 FH =50 B o A RS, LR IA =R

218:% + Zﬂ" e EIBlex] + &

Y=8,+ (8)

A, By B BBy M E I B K5 & MG IR 2E 51, 1,



78 LIRAEE L P N

Oct. 25 2022 Vol. 33 No.10

#*=8 CCF ¥z
Table 8 CCF sampling sheet
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16 106.8 164 47 0.0263

7 106.8 164 47 0.0263 Table 9 Fitting degree of response surface model

18 106.8 164 47 0.0263 RMSE R R,

19 106.8 164 47 0.0263 0.0035 94.09% 95.07%
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Optimization Design of Axial Hybrid Excitation Doubly Salient Aerospace
Machine Based on Response Surface Method

Ma Xinchen', Chen Zhihui', Zhao Yazhou?

1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China

2. Beijing Shuguang Aero Electric Limited Liablity Company, Beijing 100020, China

Abstract: The hybrid excitation doubly salient machine has the characteristics of simple structure and high power
density, suitable for aviation high-voltage power generation system. Firstly, this paper briefly introduces the structural
characteristics of a new type of axial hybrid excitation double salient machine(AHEDSM), establishes the finite
element simulation model and determins the initial design size parameters of the machine. According to the principle
of maximum flux linkage, the key structural size parameters are screened out by Taguchi orthogonal optimization
method. Then response surface model is established in the design space by central composite design. Finally, self-
adaptive genetic algorithm is used to solve the global optimum based on response surface model. The finite element
analysis results show that the optimized machine flux linkage and back EMF are improved, which confirms the
correctness of the optimization method.

Key Words: hybrid excitation doubly salient machine; taguchi orthogonal optimization method; central composite
design; response surface model; self-adaptive genetic algorithm
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