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Design and Experiment on Actuator for Hybrid Electromagnetic Suspension

WANG Ruochen DAI Yu DING Renkai MENG Xiangpeng CHEN Long
(School of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The structural scheme of hybrid electromagnetic actuator that integrates a tubular permanent
magnet linear synchronous motor and a hydraulic damper was put forward to solve the problem that the
linear electromagnetic actuator owned bad reliability. Modified skyhook control that matched the structure
of hybrid electromagnetic actuator was used to optimize the performance parameters of hybrid
electromagnetic actuator. Skyhook damping coefficient, passive damping coefficient and peak
electromagnetic thrust force that linear motor needed to output were got. And the structural parameters of
the hybrid electromagnetic actuator were optimized with the optimization goal of peak electromagnetic
thrust force that linear motor needed to output. Finally, a prototype of the hybrid electromagnetic actuator
was developed based on the optimized structural parameters and the bench tests on the prototype were
conducted, including damping characteristics test of hybrid electromagnetic actuator prototype and active
control test of hybrid electromagnetic suspension with hybrid electromagnetic actuator. Results showed
that the designed hybrid electromagnetic actuator for the suspension systems could improve the vehicle
dynamics performance. And in contrast to the passive suspension system, the body acceleration and
suspension dynamic deflection of the hybrid electromagnetic suspension were decreased by 23.35% and
14.97% , respectively. Though the dynamic tire load was increased by 13.20% , it was in a reasonable
range based on the principle of 30. And the effectiveness of the hybrid electromagnetic actuator prototype
was verified.

Key words: hybrid electromagnetic actuator; modified skyhook control; parameter optimization;
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Fig.1  Schematic of hybrid electromagnetic actuator
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Fig.3 Effects of skyhook damping coefficient and passive damping coefficient on different

control targets and system energy consumption
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Fig. 14  Comparison of results in frequency domain

&it

(1) R FH R R 42 1 5w DT e e TR &
WEVESh R 450 AR & s REVE Sl Es i RE S 5k, 15
FIRHMIBHJE 2250 h 2 000 N-s/m, #E S FHJE BB H
1000 N+s/m,

(2) ST K REARIINE vy 5 2R B AME r B ELIE LA
PO G 7, 5 9GEIREE 7, 19 LA X B bl
LR T R sZ ) , DL Ak I 2 TR B FREAE Bl 25 1 25

(3) RPE LA 1 2549 S B0 TR A L RE1E 3h
FREEHL, FEXTREALEEA T B AR, RIS S5 R X
FERLES H 1 R ) B A A1 R R AR R RHLE
71, 56 sh B A e, L E R A T R Sh#R TR A R
B R B B R RN R R S B A IR AR T
23.35% F1 14.97% , & 9K % i o 2% fop 35 Jm T
13.20% ,fHZARHE “30” JE W], A 0. 3% MMl
KB b e 2B N

Chinese Journal of

& £ X #

[1] SINGAL K, RAJAMANI R. Zero-energy active suspension system for automobiles with adaptive sky-hook damping [ J]. Journal
of Vibrationand Acoustics, 2013, 135(1); 011011.

(2] akdbRk, sk, D%, FWBHEE AR mEshar bt Jadss [J]. W R TR EBSAR, 2015, 29(1) :30 -35.
ZHANG Jinqiu, ZHANG Lei, LUO Tao, et al. Design and experiment research of compound electromagnetic actuator of vehicle
suspensions| J ]. Journal of Academy of Armored Force Engineering, 2015, 29(1); 30 —=35. (in Chinese)

(3] TR, e, w2 AR ES B GIKENITE [J]. X4 T, 2016, 38(4) :495 -499.

WANG Ruochen, XIE Jian, YE Qing, et al. Modeling and experimental study of active suspension with linear motor [ J].
Automotive Engineering, 2016, 38(4) : 495 —499. (in Chinese)

[4] MONTAZERI-GH M, SOLEYMANI M, HASHEMI S. Impact of traffic conditions on the active suspension energy regeneration
in hybrid electric vehicles [ J]. IEEE Transactions on Industrial Electronics, 2013, 60(10) : 4546 —4553.

[5] MONTAZERI-GH M, KAVIANIPOUR O. Investigation of the active electromagnetic suspension system considering hybrid
control strategy [ J]. Proceedings of the Institution of Mechanical Engineers Part C Journal of Mechanical Engineering Science,
2014, 228(10) : 1658 - 1669.

[6] LIZ, ZUO L, KUANG J, et al. Energy-harvesting shock absorber with a mechanical motion rectifier [ J]. Smart Materials and
Structures, 2013, 22(2) ; 025008.

[7] LIZ, ZUO L, LUHRS G, et al. Electromagnetic energy-harvesting shock absorbers: design, modeling, and road tests [ J].
IEEE Transactions on Vehicular Technology, 2013, 62(3) ; 1065 — 1074.

(8] R, X1, WL, @ ESHBRAIES SRR [J]. PUR TR, 2008, 44(11) ;224 -228.

CAO Min, LIU Wei, YU Fan. Development on electromotor actuator for active suspension of vehicle [ J].
Mechanical Engineering, 2008, 44(11) : 224 —228. (in Chinese)

[9] MARTINS I, ESTEVES J, MARQUES G, et al. Permanent-magnets linear actuators applicability in automobile active
suspensions [ J]. [EEE Transactions on Vehicular Technology, 2006, 55(1) : 86 —94.

[10] GYSEN B, JANSSEN J, PAULIDES J, et al. Design aspects of an active electromagnetic suspension system for automotive

applications [ J]. IEEE Transactions on Industry Applications, 2009, 45(5) ; 1589 - 1597.



TR 25 R e EAME s i 51l 393

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

TANG X, LIN T, ZUO L. Design and optimization of a tubular linear electromagnetic vibration energy harvester [ J]. TEEE
Transactions on Mechatronics, 2014, 19(2) : 615 - 622.

MIEHE, RC. AT BRI AR ELAES AP T]. PUMCCAR 24, 2011, 47(14) ;121 - 128.

DENG Zhaoxiang, LAI Fei. Electromagnetic linear actuator for vehicle active suspension [ J]. Journal of Mechanical
Engineering, 2011, 47(14) : 121 - 128. (in Chinese)

i, LR, PR, 5. BB HLAEDSRES I RERE AT 1], R4 TR, 2015, 37(9) ;1040 - 1046.
YANG Chao, LI Yinong, ZHONG Yinhui, et al. Structure design and performance analysis of linear actuator for active
suspension [ J]. Automotive Engineering, 2015, 37(9) : 1040 —1046. (in Chinese)

P, AE LR, JETOR TR R ah B SRS 2 HARAL B[ )], R R AR (A RBIERR) |, 2017,
48(4) :968 —976.

PENG Chong, ZHENG Ling, LI Yinong. Optimum design of active suspension actuator using multi-objective stochastic particle
swarm optimization [ J ]. Journal of Central South University ( Science and Technology), 2017, 48 (4):968 - 976. (in
Chinese)

EBRAHIMI B, BOLANDHEMMAT H, KHAMESEE M B, et al. A hybrid electromagnetic shock absorber for active vehicle
suspension systems [ J]. Vehicle System Dynamics, 2011, 49(1 -2) . 311 —332.

ASADI E, RIBEIRO R, KHAMESEE M B, et al. Analysis, prototyping and experimental characterization of an adaptive
hybrid-electromagnetic damper for automotive suspension systems [ J]. IEEE Transactions on Vehicular Technology, 2017,
66(5) . 3703 —3713.

WANG J, HOWE D, JEWELL G W. Analysis and design optimization of an improved axially magnetized tubular permanent-
magnet machine [J]. IEEE Transactions on Energy Conversion, 2004, 19(2) . 289 -295.

WANG J, JEWELL G W, HOWE D. Design optimization and comparison of tubular permanent magnet machine topologies
[J]. IEEE Proceedings-Electric Power Applications, 2001, 148(5) : 456 —464.

Wr—a, fUaAs, skIfE 45 ZE A0 BN R Gk R R SR [ 1], R4, 2011, 42(6) : 16 -22.
CHEN Yikai, HE Jie, ZHANG Weihua, et al. Modified skyhook damping control of multi-axial heavy truck suspension system
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(6) : 16 =22. (in Chinese)

AR, BT, BEN % RE B ESER RO 5% [ )/0L]. RVHUMAAR, 2017, 48(6) : 334 - 340.
WANG Ruochen, JTAO Yu, QIAN Jin’gang, et al. Design and experiment on semi-active controller for hybrid suspension [ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (6) : 334 —340. http: // www. j-csam. org/
jesam/ch/reader/ view_abstract. aspx? file_no = 20170644 &flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2017. 06. 044. (in
Chinese )

aRaEA RIS IM]. 5 M JEET AU Tl L Rk, 2009.



