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Multi-population genetic optimization algorithm with elite retention for

moving-armature permanent magnet linear direct current motor

WU Jun, WANG Xiang, SONG Lei
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract ; In order to realize the high maneuverability of the electromagnetic catapult and the high power density of the linear catapult motor of

the land-based unmanned aerial vehicle, a multi-population genetic algorithm with elite retention ( MPGAER) was proposed to optimize the

maximum power density of motor. Tt takes flux density and current density as constraints, and optimizes the structure parameters of the motor with

its strong search ability and fast convergence speed, and compares with the initial scheme based on magnetic circuit method and the optimization

results of traditional genetic algorithm. The results show that, compared with the initial scheme design, MPGAER can reduce the motor mass by

6.25% , increase the power density by 10% , and improve the dynamic performance of the motor; the motor power density of the MPGAER

optimized design is higher than the genetic algorithm design result, which indicates that the proposed method effectively solves the problems of easy

convergence to the local best advantage and poor optimization effect in the optimization process.

Keywords: unmanned aerial vehicle; electromagnetic catapult; moving coil permanent magnet linear direct current motor; multi-population

genetic algorithm; structural parameters; power density
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Tab.1 Technical specifications of electromagnetic launcher

e bR 2R
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Tab.2 Parameters of linear motor for launcher

i HBfH
F B/ mm 3.5
HLHLA R 9 2/ mm 76
I AN EB T HE/mm 9
WA T fe B/ mm 22
WA 55/ mm 11
WAL = B/ mm 16
SRR/ (A/mm”) 30
TKBERA E/mm 48
JKRERTE R/ mm 10
LSUE/ AN 1 18
RS 0.9
L 20E 3
HE LR/ V 120
UE I A 1750
i/ kg 42.23
A/ (kW/ kg) 3.35
#E71/kN 5.11
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Fig.4 Equivalent circuit of permanent magnet

linear DC motor
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Tab.3 Constraint condition
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SRR/ T B, 0.7~0.8
HLL 2/ (A/mm® ) J 25 ~35
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WA 2 /T B <1.8
AR FRIEAN

g,(X) =By, -B;<0
g (X) =J-Jy, <O
gn(X) =Jy, -J<0 (11)
g3(X) =B, -B,=<0
g,(X) =B, -B,<0




- 80 e AN o 4

5543 &

Hori, By Joy Jon B B AFE 3 AR ARG
Il Py 11 S

XA (Y R A AR DA S i
RIBPEBAIR, A 0] BE 2 B — A7 10 2 Al ik 3
R FE, DA T R A R R S B
EGIX I OL Y K AR R E IR AR AR R EA T I —
TRALBE

B, -B
gl(X): aOBM) °<0
g (X) Z%go
o1
(0 =127 o (12)
Joo
X _B('_B('O<0
g, (X) = B, =
Be_Be
g,(X) = B, £<0

2.1.4 ¥y BARSK

2 H A5 R ECAAL 1 29 SR A AR S5 BT Bl —
ANKET B RRER B, K AT 200 1 o A A I BB A i,
TR AL R, Ak, 5L AFES s
0 g (X) <0
K+wg (X) g(X)>0
Hob o, WAFRKBUA T8, (X) WAFRKIEK K
% R, K=0,

SIAKfH)G, — B RS R AR, &
SMES A — MR R AR &, LU et R iE A
B A i B AR AT AT X, iR A
A, BB AN R RN YR -, d AR B K
AR AR AR AR s MR R Z B 20K
A, HAUH F AT /N o

R B AR R AT fig ik B A, 75 2 AE B bR
Z AT P o 3E a3 4% B AR R ARG
HARpREL, K2 (10) Fros 9 2 B ARk in) @ fig
b B — R BB A 1k i) AL 8 S (13) R A
A (10) , 752038 BAReRECH -

PY(X) = Py(PM,) - S PO (14)

RGeSk A &R B, R 2 H A e AR
A Shy ks D7 BE pRBSOR DX 3 BRI AR A, AR AR 3
J3E PR B PR s AR R A = R — R IR K
JIN 38 R AR R A S R A5 1) R — A R L3k
KRZ B AERER LA
2.2 fEMRERRE

g BRI TR RE SR, ] 2R,

PL(X) ={ (13)

(BAAE R BCS J RRE [ AL 25 50 1= i e Rl
HRACIEAFAN AL, I LR JEA I PR 58 S 28 S5 S 2%
P A R AN, AT BN A AR A0 B
PAA SE R BRSNS TT 8% . F XTI SR
B, P — A RS S IR B 2 AR L T, B
(LSSE

1) BUBARE BRI AT AL E AL RO HE B,
FIAZAFEE] I AT OO 2R, AN [ R L
AR S5, LA R4S 2R Hw,

2) % BRI S8 5 RS G, 25 T
W )3 1 7% RO 7 S 85 B aS e, 45 1
AARHY A A 4 b5 22 A 8T 338 1 32 dc B 1Y)
AMARLRE BT — AR

IVKHEMEAS HiEHE EX EFFIEH
AR SR A BIRIEIR | 5k B s e 5430 4
JE et

MPGAER Ji 2 4 [l 5 s, DAk £ 5 uk ok
B IR B ORI 2 B W S B e G A 1) B A AR
B, AR — AR A di A A 1 (BN T2
B AP S A 10 3 7 8, DU P 254 TR A ) e
MR E R T — =Mk
2.3 HiEMEH

GRS ] i TR P 9% — 3 ) 2 ), 326 455 o 5
S RAT Lot i R, SR FH B HE P 110 3 1 52 1 2
N & RS LN N G
75 RIS SRR M PR R AR
T 2 e RN E A SR LA i A . BARD
RINF .

TR 1P AL B 25 9 R B S 8O )
1H1k.

IR 2 W h S BN AL R Y H AL 2
W,

FBR 3 LRI IR TR , 75 2 05 ML E Y38 Bl
BEBLAE AL & n IR BRI IR TR

IR A PEMRIRE e 35 B S B R A
FMAORE =T 1

FIRS 7 A — AR RE, X AR
PEAT PR S S IR TE S AR R 3
JE1H

PR 6 AU AR e TR 2ZE M

WIR T v AL ABGE B E AR, 61k
AR, i RS S AR e DA s R, A )R 1E] 2P
B4,

ARFENAEBA S A, BoE T 10 4,
FEAFIRER) AL 60, — ) g (2 %k 10,
AR 2= DR BT 20, ZZ AR



54 1) SR, 55 - Sl P UK AR LR A LA S O B A A AL A - 81

ARSEREAR WA L M M O PRI 2 A TR BOE AN R S SO R S AR SR A T 5K
P AR BIE A AR ISR Brid, il ££0.7 ~0.9 Z [ FELEIRCE U, ££ 0. 001 ~
RN ZHEE A B R RGeS, RS A 0.05 Z[A] FEHLLE RIS 7%

R
v
S S
Y
| T —
BT prEr |- | BRNT -, BT
Y ? Y ? :Iy_:::[::_l: Y ?
______ !
o it | | Ll pmiiesnn | |U ey siiesns | | 4wl e
¢ g i
| I___Y___ I
Rl b migws | | || mewm | Rl b
| T
¢ i E i
W RE M IRE T W IRE
|
|
FiL FiR2 | P Lo

K5 MPGAER #izRE
Fig.5 Flowcharts of MPGAER

2.4 MRUHER 4 R o BRI #E B% 75 (GA Rl MPGAER X

MPGAER (38 4k i B 11 [ 6 7 7% , J5 b At i EEHLE’WW%%N o ,E\‘EP,GA I MPGAER 7@
7 MPGAER L LI BN S mii e TRaE 2 ) BRI SR AL ALET R MPGAER 1%
LR 3 Y B R B T e TIEAEI BRI S 1t 16 mm

3 LFsg =2 |
SRR E AT o £4 REEEXEABRILL RS
1400 r BIT3R Tab.4  Comparison of the results of different algorithms for
L the optimization of motor parameters
3480 | %
E AR 2 e
3470 - 1B172% it _‘
fEpg: MPGAER GA
= N g1y,
g0 BITIK A B B/ mm 3.5 4 4
il
3450 L HLATR TE B/ mm 76 80 80
3440 IR IEE/ mm 9 9 9.1
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3 420 1 L 1 | | L | L |
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Fig.6  Evolutionary process of MPGAER YyRE R/ (kW/kg) 3.60 3.96 3.65
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