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TOM TAT

Dong co khong d(‘Sng bd tuyén tinh c6 mach tir hd nén tir thong khong lién tuc tir cuc nay dén cyc khac ma
n6 bi cit ra & doan dau va doan cudi lam tir truong trong dong co mat ddi ximg ciing nhu dong dién xody trong
mach thtr cAp gay ra strc tir dong khong sin va goi 14 hiéu tmg dau cudi va dong xody. Viéc ing dung loai dong co
ndy trong thang may ciing da dugc quan tim, tuy nhién dé thuc hién t6t va phat trién loai md hinh truyén dong nay
thi can co nén tang nghién ctru vé dic tinh lam viée cia dong co, didc biét 1a ddc tinh dong. Bai bao dé cap dén van
dé nghién ctru ddc tinh dong ciia dong co khong dong bo tuyén tinh don bién ba pha tng dung trong thang may
trong cac truong hop khong mang tai, mang tai, tan s thay doi va nguon dién mét doi xing. Phuong phap mo
phong trén phin mém Matlab dugc sir dung trong nghién ctru nay.
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ABSTRACT

Linear induction motor has open magnetic circuits, so the flux is discontinuous from one pole to the other

where it is cut off at the beginning and at the end, making the magnetic field in the motory asymmetric as well

as the eddy currents in the secondary circuit cause non-sinusoidal magneto-motive force and is called end effect

and eddy current. The application of this motor type in elevators has been of great interest, but to perform well

and develop this drive type, it is necessary to have a research background on the working characteristics of motor,

especially the dynamic characteristics. The paper deals with the study of dynamic characteristics of three-phase

single-side linear induction motor used in elevator in the no-load and loaded elevator, variation of frequency and

asymmetric power supply. The simulation method on Matlab software is used in this study.

Keywords: Linear induction motor, passenger elavator drives, dynamic model.

1. INTRODUCTION

Elevator is a specialized equipment to transport
of passengers, goods, materials, etc. in vertical
direction. The characteristics of transport
by elevator compared to other means of
transportation are the time of a small transport
cycle, large transportation frequency, continuous
opening and closing of the machine.

Structure diagram of elevator using linear
induction motor (LIM), drive winch with cable
sheave by friction is shown in Figure 1.! The
winch is located above the elevator shaftway
which run along the entire height of the building.
On the load-bearing structure along the elevator
shaftway, there are guide rails attached to the
counterbalance unit and the elevator cabin which
are hung on the two ends of the lifting cables
thanks to the suspension system. The suspension
system is intended to ensure that the individual
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lifting cables are of equal tension. The lifting
cable is squeezed through the cable grooves of
the friction pulley of the winch. When the LIM
operates, the towing winch operates, the friction
pulley rotates and transmits motion to the lifting
cable, the elevator cabin goes up or down on
the guide rails along the elevator shaftway,
LIM rests on guide rails along the length of the
secondary part.

Linear induction motor has open magnetic
circuits, so the flux is discontinuous from
one pole to the other where it is cut off at the
beginning and at the end, making the magnetic
field in the motor asymmetric as well as the
eddy currents in the secondary circuit cause
non-sinusoidal magneto-motive force and this is
called end effect and eddy current. In Figure 2,*
these effects are modeled and simulated on the
basis of mathematical model,’ and finite element
method 3D.°
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The content of the paper presents a
dynamic model of a three-phase single-side linear
induction motor (SLIM) used in elevators taking
into account the components of end effects and
eddy currents, thereby surveying the thrust and
velocity responses when starting the system in
the cases of no-load, load-carrying, variation of
frequency and asymmetrical power supply. This
can be considered as the basic foundation for the
study of the SLIM to develop and implement
an appropriate control model. The simulation
method on Matlab software is used in this study.
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Figure 1. Passenger elavator model using the LIM

Figure 2. Flux density distribution inside the LIM

2. SLIMMODELTAKING INTOACCOUNT
THE COMPONENTS OF END EFFECT
AND EDDY CURRENT

Components reflect end effects:* L .(1-f($)
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When the SLIM is moving, in the
secondary side aluminum plate exists an eddy
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current component and causes loss.
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The characteristic component for this
loss is R _f($), and it is connected in series in the
magnetization branch as shown in Figure 3.
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Figure 3. Equivalent circuit of LIM

On the af} coordinate system. The dynamic
model of the SLIM is described as follows:
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Here: R(R), L(L) - resistance and
inductance primary
(secondary); L_(L_) - dissipation inductance of

components of the

primary (secondary) part; L - mutual inductance
between primary and secondary; L - maximum
mutual inductance between primary and

secondary; u_, u_,- components along the o and

p
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f axes of the voltage vector; i1 5" components
along the o and P axes of the current vector; v,
;- components along the a and [ axes of the
flux vector of secondary part; v — velocity of
primary part; F_ - electromagnetic thrust of the
motor; F - load force; m - mass; n - coefficient

of friction; I- primary part length.

3. DYNAMIC CHARACTERISTICS OF
THREE-PHASE SINGLE-SIDE LINEAR
INDUCTION MOTORUSED INELEVATOR

Simulation is performed on Simulink/Matlab
with the parameters of the SLIM applied
in the elevator:” Rated line voltage 400 V;
I[,.=201.6 A; F =16 kN; f= 50 Hz; velocity
10 m/s; a = 2 m/s?, total weight of cabin and

bearing m_,. = 500 kg; Number of passenger in

bin
one cabin 5 and average weight of each passenger
75kg;s, =10%; R =0.00356 Q; R =0.2055 Q;

X =0.1371 ;X =1.1795 Q.
3.1. In case of no-load:

The primary or stator moves along the secondary
of a SLIM and no-load (cabin, passenger), the
thrust, velocity, stator current responses as
shown in Figures 4 and 5. The obtained results
show that factors such as end effects and eddy
currents have a great influence on the dynamic
characteristics of the SLIM. The maximum
transient thrust value in the case of the end effect
and eddy current is only 58 kN (decreased
by 4.13%) and the maximum thrust value is
18 kN (decreased by 12.19%) compared to not
considered. The value of the maximum current
amplitude in the first cycle is slightly changed.
Start-up time is longer.
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Figure 4. Thrust response a) velocity b) stator current
¢) at no-load in the absence of end effect and eddy
current
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Figure 5. Thrust response a) velocity b) stator current
¢) at no load in the case of end effect and eddy current

During the operation of SLIM, end
effect and eddy currents phenomena always
occur simultaneously, causing synergistic
effects on dynamic characteristics. Therefore,
the investigation of the characteristics in the
following cases is carried out on the model that
takes this phenomenon into account.

3.2. In case of load-carrying:

The primary part moves along the secondary
and the full load (cabin and passenger) and load
57.14% (cabin and no passenger).

When starting the SLIM with a large load,
the start-up time is prolonged. For example,
the starting time at full load is 0.7 s which is
larger than 0.3 s with load 57.14%. Note that
starting the SLIM with a large load will be very
difficult, even if it doesn't start, the load force
of the elevator belongs to the type of energy of
potential force, the motor can be pulled back at
the moment the force reaches its minimum value.
The maximum transient thrust value as well as
the maximum thrust value are not changed when
changing the load force.
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Figure 6. Thrust response a) velocity b) stator current
c) at full load
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Figure 7. Thrust response a) velocity b) at load 57,14%

3.3. In case of power supply frequency
reduced by 1%:

Investigate the dynamic characteristics of the
motor in case the power supply frequency is

https://doi.org/10.52111/qnjs.2021.15302

reduced by 1% (49.5 Hz) compared to the 50 Hz
power frequency as shown in Figure 8. The speed
of the motor is reduced, the maximum transient
force value in this case is 61 kN (increase of
3.28%) and the maximum thrust value is 20.5 kN
(increase of 4.88%) compared to the case of
Figure 6 (59 kN and 19.5kN) this can be explained
that the effect of end effectphenomenon in the
SLIM is also reduced in the working area of
lower speed.
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Figure 8. Thrust response a) velocity b) at full load
and power supply frequency reduced by 1%

3.4. In case of asymmetrical power supply:

Considering another case related to the
symmetry of the power supply for the motor,
the phase A voltage is reduced by 5% compared
to the remaining 2 phase voltage. The results in
Figure 8 shows that the current in phase A has
a larger amplitude than the other two phases,
the start up time is extended to 0.8 s and the
thrust and speed response fluctuate at steady
state, which can cause “jerk” when operating
the elevator system.
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Figure 9. Thrust response a) velocity b) stator current
¢) at full load and asymmetrical power supply

4. CONCLUSION

- End effect and eddy current in the SLIM
have a certain influence on the working state of
the motor, reduce the magnitude of the thrust,
and change the shape of the dynamic thrust
characteristics single - side linear induction motor.

- The dynamic characteristics of the SLIM
are considered in the following cases: no load,
low load, full load, variable frequency, and
asymmetrical voltage source. The results show

that the dynamic characteristics change with the
changes of the working state of the motor.

- The issue of using a SLIM for the
passenger elevator drive system has opened up
the prospect for the application of this motor
to loads of potential energy nature. The system
attains the criteria of velocity, fast response time
as well as safety requirements when operating.

- In present practice, the motor velocity
regulation is usually combined with the inverter,
and the dynamic characteristics of the motor in
this case need to be further studied.
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