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Tab. 1 Stability coefficients of magnetic force variations
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Fig. 11 Unit mass adsorption force meeting the constraint conditions
3.2.3  fREn BRI  H

VTR REAR SERE 7 £ X 71, d,=30 mmy;
d,=10 mm; h=5 mm; T8 KRG AR TR] ) 42 5 T i DA
1 mm B2 10 mm B A 11 T3 K 7% 3l K R AR T
LT

WAL R M E 12 R . Bl S 25 1R B S 1Y
Bahn, WeARRAS T BOREWCRR 2 by T AN . SR b
K BN R TR e . @t XS e
ST, RILMS=1 mm F16=5 mm B, #EW [ i)
IUAEF B 2% B8 3 T 7K R AR A e % 2ot A% v AT e A
J 1B 7 0 5 e S B R B LR R B, gE— 2P
PEAL B B H B AR e Pk o R B4R B R BRAE 1 mm A2 4
IF, LR AN, AR AE s TAE 5 mm Ff T
W, GRS R, FaE R 2. I, R
VEFE 1 mm AE e L4 B MaI B, LA DRl ) TR A
WERRARAS T BA R B REe BiE  FAS e 7 o

HORTHA R ME 13 R, Hoh, KA



5 13]

AL, 25 BB R B s e B RE DI 73

TESEES BB 1 mm ., BE 5% A BE A 30° BT, Z9R
0. 108 N-m, FHULAI 1, Y55 1L 0. 108 Nom i
(O AGE T4 PR 35 5% 5 29 4 2~6 Nem) , fHi1]
e RGBSR

el Gl Sl AN EON /3 Pl
—— I VL () d5 NV B 71

30

25

20

TEME M 73 /N

[HF 6/mm
B 12 E B o 3L B BRI
Fig. 12 Impact of the gap o on the magnetic adsorption force

§=1 mm — 6=2 mm —§=3 mm — §=4 mm — §=5 mm
— =6 mm — 6=7 mm —&6=8 mm — =9 mm — § =10 mm

120

SEFEFESE /(107 Nem)
5 3 8 8

393
(=}

JEREFAE 1(°)

E13 RIFHESEREANXER
Fig. 13 Relation of the holding torque and the rotation angle

3.3 WRFiEREIL S RXTEE

WL BT, RIEE RS SENT . d =
30 mm, &,=10 mm, h=5 mm, 8=1 mm., EALHTG %L
P Xt b AN 2 iR o R ACRE PR AH X TERS 0° L 90°
180° K, PRALSE B 343 54 &5 1 20. 0% . 35. 8%
M 53.2%, FAL 5T i W BE D0 43 4R T 50. 0%
62. 5% F1100. 0%. K14, E 155050 ik . f&
(R IER N 7= R

#2 WM BTRUES

Tab.2 Comparison of the adsorption unit before and after

optimization
YRGE-= ¢ N iail) teteis
d /mm 25.0 30.0
d,/mm 15.0 10.0
h/mm 5.0 5.0
o0/mm 2.0 1.0

JIRGE= < AL AR
m/g 13. 875 1.1
AT ERE 0° 6.0 7.2
By )y F N AT JER% 90° 10.9 14. 8
AHX TR 180° 17. 1 26.2
o AHXTTERE 0° 0.4 0.6
ggﬁ:;{iifﬁqj] HIXiERE 90° 0.8 1.3
AHXT % 180° 1.2 2.4
Bltesla]

1.5535
1.450 1

—_
98]
=
=N
)

COLCOOOOOO ==

4

14 RUBTHEERN A E

Fig. 14 Nephogram of the pre-optimization magnetic induction

S=bbhuoy oo —iot
SoS—===RRRNWEO SR

NAOLAOLAOLANOW
OWAORO—UNOWRND A

field visualization

f

E15 RILEHBRNEE

Fig. 15 Nephogram of the post-optimization magnetic induction

S
N
(=]

1.

1.346 8
1.243 4
1.140 0
1.036 6
0.933 3
0.8299
0.726 5
0.623 1
0.5198
0.416 4
0.3130
0.209 6
0.106 3
0.002 9

field visualization

4 REWIENNARE

4.1 REFAFEESMAEIE

PR TR W B ke, B iR ai R an
K16 T o SRJA U AR B, B ORI
AbTFREE B IRES

El16 KB
Fig. 16 Test prototype

P 15 AR VAT AL A R 30 o ke A e B 9K Bl
FRAE, LI G AN =2 1A X Te e B 103 2 00 B
PR, I E LR HERUE b SRS T R A



74 A 1ERD

5550 %

B, OBORA B BOE ER Y, AN 17 BR .

SENLAH \_'¢ b "7 , e % 450
i@%ﬂ:jgl H'J{;j ‘ /

st

=edd

E17 REEEATNHREE

Fig. 17 Schematic diagram of the adjustment mechanism for the

test platform
BT — R BVA [R5 0 Ak e 5 i A1 8 3k
X5, BPMESE g KRd R, B, B
i 77 FTCHAS 8 B BE i 0K [ I B s Tl DX 35
Wija, B S SRR ETHIE T 7, #YI
S5 1T Z 1] Bl 503 BR S
eI 5735 a5, RIVEE 99 W4 DA 7 BT 8 L i
v BOER], GO IERR EY R . XU E R
W TR S AT BERE T, W TR BT AE e A1t
AR TG T S 7 /0 o 3 o A A O 9 A A e e £
&, RIVRTAS 3 el M T TR e i PR RE R
WA 18 Pz, il I e L W B T IR 2.5 kg Y
YotAs, IFAE R R rh Ik Bl B BPIR S

E18 XIaitiE
Fig. 18 Test process

T 23 TCH A 1 WA AT 3 ) 5 AT 6 - 24 {2
B9 R, WEREL, ZHREANK, HLM{ERE
INTOFEAE . 3% 5 I 6 R 22 A By BRAL L AR A
AR, FEBRBERR I E I AFTE—E R B AF 2R, AT
BEABAIE 75 B AR TE
4.2 EMEFEEREELZEINNARE

BE A AR R X B AL, A R EROR
UESES 4t N N R S OV G W AT DA S W SV R
I i AN T E A Bl PR K S TR S A, g
i\ 25 W AT B R FE AN B AR KGR S

AL EE P B ST L a2 3 Fir R .

30

= = PACHT I FCRE I 7
=== DA 11 FCRET I 73 ! -

25| RS RS BRI

20 femseeneeeeees bemcacmsaemsen b A

15

HEWE M 73 /N

10

-
-
-

0 45 90 135 180
TRFEHIE /(%)
BE19 R Mt it 0 i 2
Fig. 19 Test curves of the magnetic adsorption force
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Tab.3 Advantages and disadvantages comparison of the permanent

magnet lifting and the hoist lifting
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Fig. 20 Permanent magnet lifting gripper for the shipyard
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Fig. 21 Schematic diagram of the volume enlargement and array

arrangement comparison
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Fig. 22 Comparison diagram of the magnetic forces under different

layouts
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Optimization of adsorption performance of magnetic pole rotation

magnetic grippers
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Abstract: [Objective] The risks of losing magnetism upon power-off and high energy consumption are suffered by

traditional electromagnetic grippers. And the problem of lacking the active magnetic force regulation function is still faced by

permanent magnegrippers. A lightweight magnetic pole rotation gripper with optimized methodology was developed. [Methods]

Based on the magnetic flux continuity principle and magnetic field superposition effect, the optimal design strategy integrating

theoretical analysis, numerical simulation, and test verification was established through coordinated regulation of three key

parameters: magnetic pole rotation angle, geometric dimensions, and air gap distance. The global optimal solution of the

magnetic pole structural parameters was finally obtained. [Results] Both simulation and test results demonstrate that the

optimized gripper achieves superior magnetic adhesion performance per unit mass compared to existing models. The proposed

device exhibits distinctive advantages including compact structure, simplified control mechanism, and quasi-linear control

characteristics, showing broad application potential in material handling operations.

Key words: Parameter optimization; Finite element analysis; Adsorption test; Magnetic gripper; Magnetic pole rotation
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