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a 5-DOF controlled, long-stroke, high-precision maglev actuator for
non-traditional machining

Zhang, Xiaoyou

3,700,000

4mm

lum 101Hz( ) 70Hz ,
70mrad 25y rad 40Hz

In this research, a long-stroke, high-precision, 5-DOF controlled maglev
actuator is designed and fabricated. The developed actuator has a positioning resolution and
positioning stroke of the developed actuator are 1p m and 4mm in the translational directions, 25p
rad and 70mrad in the rotational directions, respectively. The bandwidth is 101 Hz in the radial
directions, 70Hz in the thrust direction, 40Hz in the rotational directions.
A magnetic drive actuator attached to a conventional electrical discharge machine is used to machine
micro holes, the effect on the stability and speed of electrical discharge machining was verified.
The maglev actuator can improve the average machining speed by 138% in comparison with using only a
conventional electrical discharge machine. Moreover, the maglev actuator is used to polishing
process to realize the motion control of the polishing tool in multi DOF directions and the
polishing force control.
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Fig. 3 Relationship between electromagnetic
force and current
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control system in X direction

Fe, §ENT A—H ¥, ao, @y, b, by &

by I%, P 2> b —F%&FE LV HIEHE
X, NN X F£TO, B — T RERE O
%, BFR Vi EoFE B2 E R 1 AICEE
T5ZET, HEMICIRESIND. 72,
DHFEOHIH S AT LDT 1w 7T X
Ja & FRED T, BT 5.

7 Fax—HFOHIHEIIE DSP AT A
(DS1103, dSPACE Corp.) # W\ TITV, %

DY 7Y T EWENT 10kHz THDH. T
7 CHINE STz, KEB S MmO
SOTFu1EE% A/D 2 3—4  (16bit,
+10V) #4 LT, DSP A— FIZEVIAEH
HEAHE N TS, EE%OFHIEE 51X
D/A @1 78—Z (16bit, £10V) ZAHLTVU =
TT v TCHINE S, A VICEIINENS.
TITINE AT A MgEKENEIZIE, BRI
435V, A DY =TT T E WS, B
N TV A ERIE, Bt ik - THl
ELERT 4 — K 7 Hli#AE17 5.
)7 7 F ax—F ONERDIERED RN
K6IZX EOHMDAT v FIREZRd. F
BE B D e KOS, WA ANICIE 20%
BREOA—NN"—va—  0NRZ2 5. KENL
(W L &, BRI Y & O %8
L8, A==y a2— 2T LI,
SBITHIE AR T A —F 2 S HILTF a—=
TTBHUERDD.

Fz, M7ITRTEIICX EOFMmIZEWN
T, 4mm & 70mrad O 7 /LA ko — 7 D3R
T&7z, WMEMLOLEE, MTAROERZH
KTxDHL, N EOMMINT 2% T
xHEEZLND. IBHIT, K8LEI9IMND,
X L OFMITI U TIIANLE R D 4 i GE X
1.0um & 20prad, -~ RiElE 101Hz & 45Hz
%FT%Z&ﬁ%%%K&Ok.%%Té@

12
" o .
08
g : éne
= 4 @ o4ap
2 0.2
o Pyl o0
Time s Time s
(a) X direction (b) © direction
Fig. 6 Step responses
N\ BN T
- ! /\
EJ £ £ o E
x N @ of R
ISRIVIERVIEE S
-30
00 05 1.0 15 20 0.0 05 1.0 15 20
Time s Time s
(a) X direction (b) ® direction
ig. 7 Fu
Fig. 7 Full strokes
4 80
3 | 60
1
El i I Hum E o 120urad
< £
1 @ 20
o o
Too o5 10 15 20 25 a0 a5 o 0 15 20
Time s Time s
(a) X direction (b) ® direction

Fig. 8 Positioning resolutions
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Table 1 Positioning performance of actuator

Phase deg. Gain dB
Phase deg.

X direction 1um 101Hz
Y direction 4mm 1um 101Hz
Z direction 4.8mm 1um 70Hz
© direction 70mrad 20prad 45Hz
@ direction 70mrad 25prad 42Hz
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