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A New Servomechanism Using a Cylindrical Linear
Induction Motor

Hajime YAMADA, Keizo SUGITA and Toshiki MARUYAMA

The circuitry constitution and the dynamic characteristics of a new servomecha-
nism using a cylindrical linear induction motor, which is called linear servomechanism
by the authors, are described in this paper.

The cylindrical two-phase linear induction motor and a new contactless eddy cur-
rent velocity sensor are used in the linear servomechanism,

According to the experimental results of the step response and the reciprocal
stroke characteristics of the linear servomechanism, it is clear that our servomecha-
nism has a positioning accuracy == 0.1 percents over the stroke 1000mm,

The new servomechanism has the following merits :

(1) It can easily get a stroke longer than 500mm with high response,
(2) It is substantially lighter than the linear dc motor,

The linear servomechanism with higher thrust of the linear induction motor and

low friction supporting will be capable of being applied to the recorder, the large-

sized co-ordinator and the manufacturing machine and so on,
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Notations :
B : Flux density [T]
d  : Diameter {m]
e : Induced voltage [V]
E  :Voltage [V]
F  : Frequency [Hz]

F

: Thrust [N]
Fs : Standstill force [N]
g :Gap [m]

ge =Kcg : Effective gap [m]

G  =2ufr¥/mprge : Goodness factor

i : Current (instantaneous value) [A]
I : Current (effective value) [A]

Is  : Stator current (effective value) [A]
Js :Surface current of stator [A/m]
K : Coefficient, Gain

K. : Carter’s coefficient

) : Length of stator [m]

M : Mass [kg]

M;s : Mass of stator [kg]

N : Number of turns

p  : Number of coils
R,. :Reluctance [H™*]
s  :Slip, Laplacian operator

t  : Thickness [m], Time [s]
v : Velocity [m/s]
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vs =2rf : Synchronous speed [m/s]

V' :Voltage [V]

w : Width [m]

Z  :Impedance [Q]

i : Firing angle [rad]

e =47 x 1077 [H/m] : Permeability in the vacuum
p  :Resistivity [Q-m]

pr =p/t: Surface resistance of the secondary conductor [ Q]
T : Pole pitch [m]

¢  : Magnetic flux [Wh]

¢  : Phase difference [rad]

o =2xf: Angular frequency [rad/s]
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Fig.1 Schematic layout of a linear servomechanism,
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Fig.2 Block diagram of a linear servomechanism,
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Table 1 Specifications of the cylindrical two-phase linear induction motor.

Item Symbol [unit] Numerical value

Pole pitch 7 [m] 76.7x 103
Number of coils P 2
Number of turns 2x N [turns] 2x 1600

. Gap g [m] 1.2x10°?

% Exciting frequency f [Hz] 60

& Synchronous speed vs [m/s] 9.26
Length ! [m] 77.2x 1073
External diameter d [m] 70.0x 1073
Mass M [kg] 1.35
Resistivity (Cu) o [Q-m] 1.77% 1078

- Thickness (Cu) t [m] 0.8x10-8

s Length i [m] 2.9
External diameter d' [m] 15,8x 102
Mass M [kg] 3.0
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Table 2 Dimensions of a linear velocity sensor,

Number of turns N; [turns] 300
Exciting coil Width of windings /, [mm] 12
Diameter of coil d; [mm] 32
Number turns 2x N: [turns] 2% 200
Detecting coil Width of windings /3 [mm] 12
Diameter of coil d; [mm] 32

mass 240g, gap ¢=1.5mm
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Table 3 Specifications of a linear servomechanism,

Item

Numerical value

Standstill force
Controlled displacement
Positioning accuracy
Response speed

Consumed power

4 [N] (0.41kgf)

1000 [mm]

+0. 1% ] (£1mm/1000mm)
1 [m/s]

200 [VA]
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