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Development of New Conveyer Directly Driven by
Contact—less Energy Transmission System
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Abstract

This paper focuses on development of new conveyer directly driven by the contact-less energy transmission
system. The effect of the resonant circuit and the flux linkage characteristics caused from that are analyzed by
using 3D finite element analysis. From the result it is shown that the resonant circuit needs to transfer energy
from the primary core to the secondary core. Also the influence of the linear induction motor on the
contact-less energy transmission systemn is presented New conveyer and the experimental apparatus was
manufactured by using the contact-less energy transmission system and the linear induction motor. Possibility
of realization of the conveyer is proved by comparison the simulation result which is obtained by using 2D
finite element analysis with experimental one and the characteristic of the voltage and resonant current.
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1. Introduction

In the last ten years, a new energy transmission
systemn, contact-less energy transmission system
(CETS), has been developed and now thousands of
these kinds of devices using this technology are
working all around[1-6]. The transformer used in
the CETS stretches the primary winding into a
long loop and places the secondary winding on an
open-end core surrounds the primary conductors
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and allows relative movement between the two
windings. The reduced coupling of the open
core geometry is compensated by a higher
primary frequency. So the CETS has a resonant
circuit.

This paper focuses on development of new
conveyer directly driven by the CETS. The linear
induction motor is used to generate a linear
motion. The effect of the resonant circuit and the
flux linkage characteristics caused from that are
analyzed by the 3D finite element analysis. Also
the influence of the linear induction motor on the
CETS is presented. The experimental apparatus
was manufactured and the simulation result and
the experimental one obtained through the speed
control of the linear induction motor are compared.
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Because the computation time by using 3D finite
element analysis is very long 2D finite element
analysis is used to simulate the speed control
of the linear induction motor. From this
comparison we knew realization possibility of
new conveyer.

2. Finite element Analysis

2.1 Analysis model

Fig. 1 shows the CETS model with an
altemative switching for the primary source
adopted in this paper. There are one primary core
and two secondary cores. Each secondary core can
be used as CETS, that is, there are two CETSs.
The lamination depths of the primary and the
secondary core are 300 [mm] and 60 [mml,
respectively. The air gap length is 0.5 [mm)]. The
number of tums of coil is 45 and the secondary is
100. The material type of the primary and
secondary core is S45C. In Fig. 2 (b) the side A of
the primary coil and coreare segmented to reduce
the leakage flux. In this figure, the dotted square
box is the secondary core. Fig. 2 shows the 3D
structure of CETS with the linear induction motor.
In this figure, we consider the left CETS only. The
linear induction motor is 3 phase, 4 poles and the
rated input voltage is 220[V1.

2.2 Governing equation
The fundamental equation of the magnetic
field using 3D FEM with edge element can be

written using the magnetic vector potential as
follows:

rot(v rotd)y=J, +J, (1)
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Fig. 1. Analysis model

Fig. 2. 3D structure of CETS with the linear
induction motor

whereV is the reluctivity, Jo is the current

density and Je is the eddy current density. Je is
given as follows:
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J,= -a(g—’: +VO) @

where O is the electrical conductivity and @ is
the electric scalar potential.

From (2) and Y¢=9, we can obtain the
following equation.

V-{—a(a—A+V<D)} =0
at 3

The magnetic field can be calculated by coupling
(1-(3).

The following equations can be obtained by the
Galerkin’s method from (1) and (3).

G, = [rot N, - v rotayav - IN JydV
Ve @)

Pl

- J‘N,. v rotA)x n}dS =0
s

J'VN a(f’i + Vd)) av
ot

jN{ (_+v¢)}.,, ds=0

where Vi is the vector interpolation function for

6)

4, Nijs the scalar interpolation function for @,
V' is the analyzed region, ¥« is the region of the

conductor with the eddy current, Sand Se are the
boundary of analyzed region and eddy current
region, respectively. #is the unit outward normal
vector on the surface § and Se. The 3D region
is divided into tetrahedral elements, and the matrix
of the FEM is solved by the CG method and

20/

Newton-Rahpson iteration technique is used for
the non-linear characteristics.

The circuit equations (6) and (7) should be
considered to solve (4) and (5).

[01= (RI}+ [} 1]+ [2] ©)

[E ] = % [}‘s] D

where,

] -@.): phase voltages,

[1] =G.): phase currents,

("] - (&) . primary winding resistances,
[£o)=(2.) : end winding leakage inductances,
[£] =(£.). phase emf.

(4] -(4): phase flux linkages.

3. Characteristics analysis and
experiment

3.1 Effect of resonant circuit

The resonant circuit should be used to reduce
the effect of the leakage flux in CETS. Fig.
3shows the electrical scheme of CETS to check
the effectiveness of the resonant capacitances. In
this figure, the primary series capacitor has been
introduced to compensate the very high leakage
mductance of the primary and the secondary coils.
It is possible to calculate this capacitor from the
condition of running at resonance by (8).

C,= 1/(47r2f2(L,s + Lzsl)) ®

where Lisis the leakage inductance of the
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primary, f2s is the referred secondary leakage
inductance to the primary.

The secondary parallel capacitor, mounted in the
secondary side, compensates the magnetizing
inductance. Its value can be also calculated from
resonant condition of secondary circuit by (9).

C, = 1/(4;;2 szm") -

”

where Im is the referred magnetizing
inductance to the secondary.
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Fig. 3. Electrical scheme of CETS

Fig. 4 (@) and (b) show the primary and
secondary coil flux linkage characteristics when
the resonant circuit is considered or not. From this
figure it is shown that the resonant circuit needs
to transfer energy from the primary core to the
secondary core.

3.2 Dynamic characteristics

To drive the linear induction motor the 6 step
inverter is used. In Fig. 5, the arrow type flux line
is shown when the linear induction motor begins
to start. From this figure it is known that the
magnetic flux could affect the characteristic of the
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CETS. Therefore the protection of the CETS from
the linear induction motor should be done to obtain
the exact behavior characteristics.

Vnm-ry coil
e Secom!xry coil

!

,
o T R Y YT Y R TR TR Y Ty T
Time [sec}

Flux linkage [Wh]|

(a) Not considering the resonant circuit

~— Primary coil
|y Secondary coil
0,006

0.004 -
0,002
L]

-0.002

Flux linkage {Wb]

-0.004 -

-0.006

. . . R R . )
0 00005 0001 00015 0002 00028  0.003  0.0035  0.004
Time [sec]

(b) Considering the resonant circuit

Fig. 4. Coil flux linkage characteristics

3.3 Experimental results

Fig. 6 shows the front view of the simplified
design model. In this system the four secondary
cores are used at front and back sides. They are
used to supply the power to the linear induction
motor. Every secondary core could be used to
drive the other different systems. Fig. 7 is the
manufactured  system. Fig. 8 shows the
experimental results. In this figure, the DC link
voltage and the resonant current of the primary

(214
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core are 308[ V] and 6[A), respectively. At the first |
fluctuating position of the current the linear :
induction motor begins to start,
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Fig. 9. Speed control characteristic

Fig. 7. Manufactured system

Fig. 9 (@ and (b) are the simulation and
experimental ones obtained from the speed control
of the linear induction motor respectively. Because
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the computation time by using 3D finite element
analysis is very long 2D finite element analysis
was used to simulate the speed control of the
linear induction motor. A reference speed is 1
[m/secl. It is known that the simulated speed
converges on the reference speed a little faster
than experiment. The difference might be caused
from the influence of the magnetic flux of the
linear induction motor on the CETS. From this
figure we know that realization of new conveyer is
possible.

3. Conclusion

This paper focuses on development of new
conveyer directly driven by the CETS. From the
simulation result of flux linkage characteristics it
is shown that the resonant circuit needs to
transfer energy from the primary core to the
secondary core. Also because the magnetic flux
density could affect the characteristic of the CETS
the protection of the CETS from the linear
induction motor should be done to obtain the exact
behavior characteristics. From the simulation
result and experimental one obtained from the
speed control of the linear induction motor we
knew realization possibility of new conveyer.
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