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A displacement-amplified electromagnetic actuator was studied by focusing on
actuation time for a simply full-stroke drive. The attempt revealed that the amplification
contributes to a decrease in the actuation time of actuators using electromagnetic attractive force
in some cases. Moreover, an inchworm mechanism using displacement-amplified electromagnetic
actuators was studied as an application of displacement-amplified electromagnetic actuators
including a control system. An experiment was conducted to show the applicability of this prototype
to a rail that waves at the micrometer scale because the actuator allows shear deformation owing to
the air gap. The experimental results implied that the flexibility of the actuator is useful for the
motion of inchworm mechanisms on waving rails.
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Fig. 1 Schematic figure of proposed principle
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Fig. 2 The schematic layout of the experimental setup [5]
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Fig. 3 Actuation time vs Amplification ratio [7]
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Fig. 4 Analytical model considering the spring effect. The
spring is set to the mass load after the displacement
amplification so that the spring effect on the mass is
independent of changes in the amplification ratio. This is
because backward motion driving only the spring can be
easily designed. [3]

EHICZDYIalb—a UERICH L TERY
1To7z. FEBREREIL Fig. 2 2R T228i1ckoT
Wiz, EREREE NI 2 b—va DR Y
Fig. 6 (TR T

FEERIZEDHAEICB N T Y, EANRITRER O
PTIE, B8 X ZRBEOBIERRL 2R 2 & 23R
STz, B RBFORFICEL TL, HEVBE
T HMENRNE WS EENERND b FFIND
Zkbhot.

FNT, HfE 2T A kG ) A — g
CORE LTA T U =IOV TORETEAT
St KT 7 Fax—F3A 0 F U —LITHE
WCHWBENDEET 7 Faxz—4 LR L T,
Fig. 7 OEKNIRT EBD, ¥x v TOFEL
[R5 TWA., D, I—T %) L—

— 0kN/mm  ------ LOKN/mm
— — 05kN/mm ——- L5 WN/mm —-—-— 3.0kN/mm

Actuation time [ms]

6
Amplification ratio

10

Fig. 5 Relationship between the amplification ratio and the
actuation timwith various spring constants. The spring
constants are 0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 kN/mm. [3]
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Fig. 6 Comparison of simulation and experimental results
of actuation time according to amplification ratio and
spring constant [1]
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Fig. 7 Analytical model considering the spring effect. The spring is set to the mass load after the displacement

amplification so that the spring effect on the mass is independent of changes in the amplification ratio. This is

because backward motion driving only the spring can be easily
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Fig. 8 Prototype of an inchiworm mechanism using displacement-amplified electromagnetic actuators, schematic

figure of the waving rail, and experimental results [2]

LRI XY, B REERE—RRERT 7 F 2= — 2 2B\ T, BRENRFR 2> b FL 7 Rk % B
LT DHE LB, fEIC AT LROT 7 r—ra B Stz "I ENTE
bDEERD.

5. F/pRFRUE

MEstam ) GGE 2 1)
[1] Hiroyuki Nabae, Malte Springer, Tugay Alperen Karagiizel. Displacement amplification enhances
rapid actuation of electromagnetic actuators: Drive with load of spring—mass—damper system, Sensors
and Actuators A: Physical, May 2021. (& V)
[2] Hiroyuki Nabae. Preliminary study on inchworm mechanism using displacement-amplified
electromagnetic actuators, International Journal of Applied Electromagnetics and Mechanics, Vol.
59, No. 2, pp. 505-511, Mar. 2019. (£ dH D)

(FxxR] Gt 5 )

[3] Hiroyuki Nabae. Simulation Approach to Effect of Elasticity on Actuation Time of
Displacement-amplified Electromagnetic Actuator, The 18th International Conference on
Mechatronics, Proceedings of the 2018 18th International Conference on Mechatronics, Dec. 2018.

(EHH )

[4] Hiroyuki Nabae. Preliminary Study on Inchworm Mechanism Using Displacement-Amplified
Electromagnetic Actuators, the 2017 International Symposium on Electromagnetics and Mechanics,
Sep. 2017.  (&FHH V)

[5] Hiroyuki Nabae, A. Tugay Karaguzel, Gen Endo, Koichi Suzumori. Analytical and Experimental
Study on Actuation Time of Displacement Amplified Electromagnetic Actuator, IEEE International
Conference on Advanced Intelligent Mechatronics (AIM), Proc. IEEE International Conference on
Advanced Intelligent Mechatronics (AIM), pp. 963-968, Aug. 2017. (FFEH V)

[6] Gerald Eaglin, Joshua Vaughan, Hiroyuki Nabae. Reduction of Residual Vibration in
Displacement-Amplified Micro-Electromagnetic Actuators with Non-linear Dynamics Using Input
Shaping, The 2018 IEEE/ASME International Conference on Advanced Intelligent Mechtronics
(AIM 2018), Jul. 2018. (#&FHH V)

(7] BEPGT 482, A. Tugay Karaguzel, &k X, $5fk HE—. ERRGINIEH WY 7 Faxz—4
(23U D BNEHERR & BERFE O BAGR D FERAVIRRE, vRT 4 7 A« A0 b =7 AFEHE
2017 in Fukushima, 2R T 7 A « A k1 =27 AFE{#HEs 2017 sif#HGH SCHE, May. 2017, (£
L)

(% i)
NN 3
http://www.robotics.mech.e.titech.ac.jp/home.html

6. HFFERLRK

KBTS L DWFEE, FEEOBR L BECBONTER T2 b DO TT, 207D, WD FEHLWITERRDARKEIC
SV, EOERFEFIZE S GO TR TONFERICET S RAPEMEIL, A EACmEENET,



