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Characteristic and Multi-objective Optimization of Suction Force of DC
Magnets for Aviation Valves
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Abstract: As an important component of aviation control and power systems, the suction characteristics of DC electromagnetic
coils used in aviation valves are a key factor in the design of electromagnetic coils. Taking the magnetic-proof ring magnet in the DC
magnets for aviation valves as the research object, the magnetic-proof ring magnetis modeled in ANSYS Maxwell and the magnetic
field distribution is given. The effects of different air gap, different parameters and armature length of the magnetic-proof ringon the
suction characteristics of the electromagnet are analyzed. On this basis, two optimization methods are applied to the multi-objective
design of the suction force at different positions of the electromagnet. One is to use the orthogonal test method to carry out the primary
and secondary analysis of the factors that affect the suction force characteristics of the electromagnet more obviously. The other is to
use the optimization software optislang to carry out the sensitivity analysis of the factors and the optimization design based on the
evolutionary algorithm. Finally, a comparative analysis of the improvement effect of the two pairs of methods on the suction
characteristics is carried out. The results show that optislang optimization is more in line with the requirements of electromagnet
suction.
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Fig.1 The structure of magnetic-proof ring magnet
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Tab.1 Initial size parameters of electromagnet
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Tab.2 [Initial size parameters of magnetic-proof ring
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Fig.2 Electromagnet simulation model
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Fig.3 Main working air gap of electromagnet
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Fig.4 Influence of main working air gap on suction characteristics
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Fig.7 Influence of side air gap on suction characteristics
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Fig.8 Different parameters of magnetic-proof ring
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Fig.11 Magnetic field distribution under different top angles of

magnetic-proof ring
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Tab.3 Electromagnetic attraction force at different angles of the

lower end of the magnetic-proof ring

177#%/mm F /N F,/N F N F,/N
0 71.12 71.21 71.34 71.06
0.25 79.46 79.46 79.12 79.66
0.5 86.50 86.94 86.45 86.86
0.75 73.78 73.61 73.66 73.58

1 47.26 4723 47.22 47.39
1.25 33.38 33.24 33.43 33.38
L5 25.26 25.25 25.28 25.19
1.75 20.24 20.29 20.14 20.16

2 16.58 16.62 16.63 16.61
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Tab.4 Electromagnetic attraction force with different lengths of

magnetic-proof rings

177#%/mm F/N F /N F,/N F,JN
0 70.97 70.99 71.34 71.07
0.25 79.74 79.50 79.12 79.57
0.5 86.83 86.81 86.45 86.91
0.75 73.60 73.72 73.66 73.76

1 47.20 47.24 47.22 47.22
1.25 33.38 33.32 33.43 33.19
L5 25.40 25.38 25.28 25.26
.75 20.09 20.14 20.14 20.15

2 16.45 16.60 16.63 16.64
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Fig.13 Influence of armature length on suction characteristics
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Fig.14 Electromagnet suction characteristics under initial data
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Tab.5 Factor level table
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Tab.7 Average and range

Hir | ‘F¥ME | A/mm | B/mm C/mm D/(®) E/mm
K, 59.96 47.40 34.46 30.83 30.33
K, 50.22 47.83 42.15 46.60 35.51
Fy/N K, 38.09 40.09 4521 48.97 54.58

K/ 2 A/mm B/mm C/mm D/(®) E/mm K, 31.01 43.97 57.46 52.88 58.87
1 0 0.05 0.9 15 62 &= 28.95 7.74 23.01 22.05 28.54
2 0.5 0.1 1.1 30 72 K, 18.81 39.33 25.22 20.41 25.23
3 1 0.15 1.3 45 82 K, 23.73 29.05 27.12 34.45 27.81
4 1.5 0.2 1.5 90 92 F/N K, 32.96 27.22 29.79 28.39 36.39
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Tab.6 Test scheme

A/mm | B/mm | C/mm | D/(°) | E/mm

FyN F/N F,/N
1 2 3 4 5
1 1 1 1 1 23.69 9.38 6.22
1 2 2 2 2 52.77 17.63 9.92
1 3 3 3 3 69.52 20.99 11.08
1 4 4 4 4 93.86 27.24 13.54
2 1 2 3 4 68.32 29.15 13.93
2 2 1 4 3 60.68 31.13 15.71
2 3 4 1 2 34.83 17.02 9.60
2 4 3 2 1 37.03 17.61 9.53
3 1 3 4 2 39.81 46.64 17.41
3 2 4 3 1 43.40 33.49 13.37
3 3 1 2 4 38.82 30.43 14.48
3 4 2 1 3 30.34 21.29 11.55
4 1 4 2 3 57.76 72.13 19.26
4 2 3 1 4 34.46 33.93 13.99
4 3 2 4 1 17.18 40.42 13.44
4 4 1 3 2 14.64 29.94 11.13

WRIER 6 H IS, AT E BN S T,
FAUE, SRS AN 4 U Z2 0T 2B BL 25 B
Mz, k7R, HhiE KK EEHRER, #%
DR 2R R AR R AR R SRR, A2 /N R R T A
o AZIE BRI TR R RN, AN [ 2K

K, 44.11 24.02 37.47 44.29 30.19
e 25.30 15.31 12.25 23.88 11.16

K, 10.19 14.21 11.89 10.34 10.64
K, 12.19 13.25 12.21 13.30 12.02
F,/N K, 14.20 12.15 13.00 12.38 9.59
K, 14.46 11.44 13.94 16.48 13.99
Wz 427 277 2.06 6.14 4.40

SRR, 1515 R R R 1 = IR R R
Mg 7 K 8 Fim. MR 8 T LG 3«

D X FETESKR, Fv FAEIRLE 1.5 mm
B IS i K, WOEREE TAEA M6~ 1.5 mm;

2) MHFME AR s, FAFLE s=0.05 mm AbHL
19K, BOE R T AP s 9 0.05 mm

3) XTRREAE R d, F A FIITE 4=1.5 mm ALEY
1FE AR, BOEPERRRA R B a2 1.5 mm;

4) X FBEHEIA B3 ar FOFDF,27E a=90° I} L
1FE K, WO RERRRLER b 1 o 90°;

5) WFHESKEy, F FHFEASRESK
P A U e A K, TARYE TR AR B B K,
R AR 2 R UM, AT DU R AT FE =62 mm,
(LG S TR R AR 1) T AR SR, fE FORTE,
s DL B F K, U AR 5=92 mm.

*8 FREREMZMAR
Tab.8 Primary and secondary factors and optimal scheme

H bz K2R E IR REHE
F, AECDB AE-C,-D-B,
F, ADBCE ADB,-CE,
F, DEABC D,-E-A,-B-C,

ity LR MR, FRRLIA HL Bk B ARAS BB A
MO ke, B RS AR ) AR ORI, Hofk
BN N AB,C,DE,, TLtbJEHIASH K9
B
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Tab.9 Electromagnet parameters optimized by multi-objective

orthogonal test

RS % ZHR /N
J/mm 1.5
s/mm 0.05
d/mm 1.5
al(®) 90
b/mm 92

3.2 Optislang i1t

EIRIE A6 e 09 4K 2 5200 L 0 B IR R
B R RAE AR X TR] 6 LR 3 45 20 A2 T
BHrEERTIRZ, AWM ERKER, HIE
A R BEEA IR FEA h 4T T8, A s # oy
RIS HEWT 2 R, DI R R “B I Ak
“EAUR”, TR RLREIR 7052 2 T7 TH R B B FE M, 1EAS
TR0 A A PR A A B 10 52 2% 52 ELAE F I 7] R 2 it Ui
HIEW R E . AT HSEAA AT Optislang %
WL S HO AT A, RS iR A8, Optislang
PACTRE LA 15 From o

ANSYS Maxwell
il LViN-B7 2N
3 AOptislang {EOptislang 1
T i AR i A B/ R
' 1
W SHGEE 5 % Paretofiit 4
RIS 25 kIR 2L
! !
{#TIANOPF#! FHHCAMaxwell
RIBE B o L I 7 R i 2
i
VEFREASY:
TSk
i
WEEAR LS
VLA Hos
L]

Bl 15 Optislang LILRIE

Fig.15 Optislang optimization process

BUESHGEH -

1.5mm < J < 2.5mm

Omm < s < 0.1 mm
stilmm < d < 1.5mm (5

30° < a < 90°

82mm < b < 92mm

XN I SEOIAT R b, 8l e
ANSHOME, WS RS R SR PP S 5 7
WA, AT AR AL RT3 0k i H S e B K Y e K
PR AR E R TR (AMOP) 1 RAAE k56 15
i (DoE), EPHMRANE#MSHEIEMASE, RiES
BB, PR T LT RCR A, AR R300 AN KT
ANSHFEA

FIF R AT RESE T BT S R TIR R, B
R, Mk R, AU 7E LIS
YW FEL . H b R B 2 B2 A (4 LR R EORE X B
et o

RAFFE M 5E G, v LU s B R (1 TS & 30
(Coefficient of Prognosis, CoP), VLR & 1 B ) o] 5
. CoP /& Optislang H1 H T VFAl 15 84 o] SE 4% () F8 4%
FF i S N SHCS i B AR 8] 1 SR A A 2
BRI RTAEFERE , VPAS R B T S B 7 28 B340 11 T K
& . Cop Jx it 7 1574 55 J54f 7 30 55080 2 1) i 40L&
B, X TREMRAL A, 24 Cop=80% i A M i 7Y /]
FE, 24 Cop=90% I i B 455 28 Fil 0 kG 2 4E 5 =y o HH
Bl1emrsn, £l 3 iss, MEAEEILF) 3001,
LB Fy B E ) CoP R A2 A E] T 98.9% 96.8%
M91.7%, ¥ImT 90%, 1I 564 BRI LA BAR Y it
TR T AL . A CoP W] DL i L4 A\ S 44
X BRI E R, B 16 4E B IRRE, S
BRI S BUR GE RN o o ETAES KR FR
bR B a RO T <R s, T AET R B o RE A IR /S, 45

RATHEIRZ SN CoP I TTHRIE L .
| CoP matrix \EI

Total effects

x

. .
o 5

H 81.6 %
-. P & P

.

lunwen2.cemian lunwen2.houdu lun
2

16 CoP Z¥iEF%E
Fig.16 Cop coefficient matrix
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B HERE FIR EA Bkt T 5k, BT
RGUE T AT RE » 5 S RN, R AL
B AR5 R » B, S HEFE R B 5=92 mm. 1
EHES R BIRI10FTR.

F10 HUEZSERE

Tab.10 Evolutionary algorithm parameter setting

T SR E
BT UEFhHE RS 1000
PR 5 A7 R4 K /N 20
/MR 5
PN A% 90
2S5 Multipoint
P& 50%

WK e fa, A 9 900 4L A S HE s A
iR, B3 2 HARRAE 1) =4k Pareto BTV, BIARAL
BRI AT ™, BT . AR RS
EFH B SEWE 11 iR,

1-100

17 3D Pareto f# 5
Fig.17 3D Pareto solution set

F 11 Optislang L FERIEBHLSK S H

Tab.11 Optislang optimized electromagnet parameters

RS SN
o/mm 1.57
s/mm 0.017
d/mm 1.46
al(®) 66.46
b/mm 92

3.3 EESKMULES 2

K 4006 Kot 5 PR OC AL O VR RO AR AL H B AT X
bo, W 12 Fros, WODREE 2 18 . B
HbRii e ThaeuRE. MAS R EE3IANAE

X4 AT b

M BRI ERE, i ERemi)E, e
JIFIEEI 11131 N, #H HFRME 23.68%, k580
AELERE T RS, 75 ARSI IG N BRAL Ry DABTS 1 5% man i =
W R I Ay, BAR R FOE AL H bR
21.83%. 17.6%, {HE FEK, BT ZAW 2
3K, 243 Optislang 5LiE 1L J5, W& J1F, K%
11.66%, e 2B 1k 5 k0 i i i s SR sz
Fo F,35 %] 9925 N. 67.13 N, 43 7 3 g 10.28%.
11.88%,  BEMEIHE A2 M2 18 FH FEL AR AT AR R DD 2K

MPERETCARERE, M2 i sk 75 2 2% e
RE SRR (B RSP, 6 LL R 77 S8 B AR E &
ELR I, BRI AL 1) FEBAIRIA 21.83%, il 2
Ak B bR, (EATRE SRR &R, 3 KR REER
T4, BUAMNEINTERORA ;s 1M Optislang 46 £,
F AR A% 6 AE 10%~12% 2 8], B3 2 =W 1 1) H
br, SO ERBEESR, BRI FEK— 2 1A R BUA AN
ik .

MARALEE ROTE kG, BRI IR g Rt
A <R AR AR, TR ARIA B AR
R, T Optislang H ) EA B33 i £ H Fr L 5
i, AL F. Fv F B Cop & 05 ik %] 98.9%.
96.8% F191.7%, PrEE 10445 BT H AR iE i) ol {5
&, WO RGBS B0 AT R AR Re s AR e I H bR
PEfE.

F12 RABIBHIERRA N

Tab.12 Target size before and after optimization

PACT7 %/ H b FyN F/N F,/N
YIHEHR 71.34 4722 16.63
IEZZIRIE 111.31 109.65 70.56
Optislang 79.51 99.25 67.13
140
120+
100+
é80
601
| I
20 ||~ Optislang

—s— WK
07025 050 075 1.00 125 150 1.75 2.00
x/mm

E18 MAEIERAFFEXTEE
Fig.18 Comparison of suction characteristics before and after

optimization



62 T 5 R 2 BB ROBSED

2026 4F

4 2

A FF ANSYS Maxwell 4 R o8, o &
LI HL LR T B BRI AT B, A A
Wi oA, RITEI BRI I s R 2, R IER
RGN Optislang AL B XF LGSR S BUHATIAL, B
IREER TR

a)  FELREE R PO I 0 e A 2 L S B K Ik /S
Pk, SRS RIS E L AR S o
BRI R 5 A AR R, Hod 3 AR T
SR FRRLA R . FRREER b AR DA R A Bk R I
JIRFPEA BT

b) %5 H 3 N7 B A R ) EESRAE AR AL H R
IEA RIS VERR B T 2 55 BARI#h. X2l T Ik
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Wi EEL R A () IR IR 2R

¢) >KH Optislang # 1) EA BEAAL H bR, M 2
[EkE, Fn FHF=AMEACH PR RERS 20 2, 5
WA A Jy s TAEW J): MPERETU R FERE
Optislang AL/ £« F, 88 B 542 il 7E 10%~12% Z [,
FHAL T IEAS I8 K Ul il 2 e AL B oK s MRS T
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