Operation of Induction Motor-Drive under Different Voltage Sag Conditions
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Abstract: Simulation of an Induction Motor-Drive system under
various voltage sag conditions using Matlab/Simulink is presented
in this paper. Variation of input current, speed and output torque
for induction motor-drive is investigated in this paper. Simulation
results show that the variation of speed and current in motor-drive
system basically depends on the size of the dc link capacitor. It is
shown that the maximum reduction of dc-link voltage happens
during voltage sag type A. Unsymmetrical VS types E and G cause
the maximum reduction and type B causes the minimum reduction
of dc-link voltage respectively. The reduction of dc-link voltage
depends to dc-link and source inductances. The higher reduction in
dc-link voltage is resulted when the larger inductance is used.

Keywords: DC-link, inverter, induction machine, IM-drive, voltage
sag.

1. Introduction

Reduction in rms supply voltage between 0.1 and 0.9 p.u.
with duration of 0.5 cycle to 1 min is called voltage sag
(dip) [1]. Because of the advantages of IMs (such as high
speed, simplicity of maintenance, wide variation of speed),
they have become more common in the industries. By
developing power electronic, microcomputer technology
and new control techniques, the usage of drives are
promoted to supply IMs[2].

PQ problems affecting IM performance are harmonics,
voltage unbalance, voltage sags, interruption etc. Voltage
sag is one of the most frequent PQ events which are
common in recent distribution systems [2, 3]. The behavior
of IM under different voltage sag conditions is studied using
simulation of an IM in Matlab environment [4]. Transient
behavior of IMs is also studied where it is shown that the
motor performance depends on the sag magnitude, duration,
motor loading level and mechanical inertia[5, 6].

Operation of motor-drive systems are also affected while
voltage sag happens in a system [7]. In addition to speed
loss (dlip variation), voltage sag could result in a high on-
sag, post-sag currents and torque peak. Sudden and sharp
variation of current may cause triggering of protection
system. Diverse torque peaks during motor's life time can
weaken motor's shaft and variations of speed damage the
final product in different applications. So to study the
operation of [IM-drive under different voltage sag
conditions, the variation of these three parameters are very
important.

In this paper first, various types of voltage sag are simulated
in Matlab/Simulink environment. Thereafter, performance
of an IM-drive system is simulated and the results are
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analyzed in order to identify the parameters affecting the
drive-motor performance. Finaly, by solving the current
equations the impact of dc link voltage variations and supply
inductance is also investigated in this paper.

2. Simulation of voltage source

Due to different kinds of faults in power systems, different
types of voltage sag can be produced. Different types of
transformer connections in power grid have a significant
role in determination of voltage sag type [6]. Voltage sag are
divided in to seven groups astype A, B, C, D, E, Fand G as
shown in table (1). In this table "h" indicates the sag
magnitude. Type A is symmetrical and the other types are
known as unsymmetrical voltage sag.

Table 1 The equations of different voltage sags [8]

Type A TypeB
Vv, =hv V, =hv
1 1. 1., 1
V, =- =hV - Zjhv+/3 = Iv- T
L=-ShV - 2 ihvy3 V, =V zvﬁ
-1 1. 1,1
V,=- ZhV + = jhv/3 = Iyt
¢ 2 +2 \/7 Vc_ 2V+2V\/§
TypeC TypeD
Vv, =V V, = hv
1, 1. 1 1
V,=- 2V - Zjhv43 - IhV - T
SR AR A V, = ohv 2vJ§
_ 1,1 1 1
V,=- 2V + 2 jhv4/3 . L
A LAE V,=- ohV V3
TypeE TypeF
V, =V V, =hv
1 1. 1. 1 1.
=-Zhv-= V, =- ZjV4/3- Zhv - Zjhv4/3
A Zhvth«@ =3 [2 s V3
1 1. 1. 1 1.
== = V,=+ZjV+/3- Zhv +Z jhv+/3
V,=- oV 2V (=3 IVAB- SV + V3
Type G
Where 0£ h<1
v, =My (h: Sag magnitude)
3 3
Vv, =- to+nv- Lhvya
6 2
1 1.,
vC=-6(2+h)v+§th\F3
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3. Simulation of IM-drive

Simulation of the IM-drive system is performed in
Matlab/Simulink and SimPower environments. V oltage sags
of types A- G, produced by software, are applied to the test
system. Schematic diagram of the simulated system is

shownin Fig. 1.

Fig. 1. An IM-Drive with a diode converter, adc-link
capacitor, avoltage source inverter and an IM
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The drive system consists of six diodes, a dc link capacitor
(Cy) and a dc link inductance (Lg). The source inductance
(Ly) is also considered for simulation purposes. Voltage sag
depth and duration are two mgjor factors which their effects
are considered on motor-drive performance. The size of dc
link capacitor and the motor loading level are changed in
simulation and their effects on IM-drive system are studied.
In order to achieve more redlistic results, the actual
modeling of diodes and IGBTs are employed in simulation.
Two size for capacitor is chosen (100 pF and 1 mF ).

3.1. Simulation Results

The operation of IM-drive is studied under a voltage sag
with duration of 0.2 s (it started at to.sg= 0.5 s and stopped
at tpos-sog= 0.7 S) and magnitude of 90% (h=10%).

The voltage waveforms and positive/negative sequence
voltage components for an unsymmetrical type (such as type
B) are shownin Fig. 2.

Phase Voltage(V)

Fig. 2. Voltage waveforms and positive/negative sequence
components for an unsymmetrical voltage sag (h =10%)
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Fig. 3. Variation of current, torque and speed during
voltage sag type A (h=10%, t =0.2 s) and C=1 mF

Because of the inverter switching, the output voltage
contains ripples, so the output currents and the produced
torque have ripples too. The waveform of currents, torque
and speed of induction motor under 50% full load for
voltage sag type A (h=10%) are shown in Fig. 3.

Different types of voltage sag are applied to the IM-drive
system. Summary of simulation results are presented in
Table 2 to compare the current and torque peaks and speed
loss.

Table2 - Variation of current, torque peak, dc link

voltage and speed loss under VS conditions
Voltage | Current DC-link Torque | Speed
sag type peak voltage peak loss
(%) reduction(%) (%) (%)
A 45% 90% 60% 45%
B 60% 40% 100% | 2.5%
B - 5% - -
C 80% 35% 50% 5%
C 20% 15% 40% | 25%
D 35% 25% 130% 4%
D 10% 5% 60% 2%
E Motor stops
E 100% | 40% [ 90% | 7%
F Motor stop
F 60% | 33% [ 90% | 5%
G Motor stops
G 100% | 42% [ 90% | 7%

Simulation results show that the values of currents and
torque peak depend on the dc link capacitance. The
maximum reduction of dc-link voltage is under voltage sag
type A and for unbalance types it happens for type E and G
respectively. The maximum current peak happens under
voltage sag type E. Types E and G cause the maximum
speed loss among unbalance voltage sags.
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4. Variation of dc-link voltage under different VSs
Variations of dc-link voltage under different types of VSs
with different amplitude for two sizes of capacitors are
presented in Fig. 4 and Fig. 5.
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Fig 4: Variation of dc-link voltage under different VSs
(C=1mF)

Comparing the simulation results show that for C=1 mF the
maximum reduction occurs during type F and G and the
minimum reduction occurs for types B and D. For large
capacitors, the variation for type B and type D are almost
the same. For small capacitors (100 uF), the variation of
voltage are closer to each other rather than large capacitor.
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Fig. 5: Variation of dc-link voltage under different VSs
(C=100 uF)
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5. Effects of sourceimpedance on | M-drive operation
Analytical calculation is done to investigate the effect of
source inductance on IM-drive for one phase fault.

The dc equivalent circuit is shown in Fig. 6. The effective
inductance (Les = 2L +Lg) is in series with source and dc-
link capacitance.

Fig. 6: equivalent circuit to study the effect of source
and dc-link inductances

5.1. Analytical calculation

To investigate the effects of source impedance, the equation
which is presented in [7] is solved and the variation of
output power for different voltage levels are calculated and
presented in Figs 7 and 8.

The equations show that dc-link voltage depends on output
power (P,) and effective inductance (L¢y). By increasing the
values of Ls and L, the de-link voltage decreases more, so
the drive will be more vulnerable against VS. In Fig. 8 the
variation of dc-link voltage for L= 0% and Ls=1- 10 % is
shown.
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Fig. 7: Variation of dc-link voltage with source and dc-
link impedance L, =1- 10%,L, =3%
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Fig. 8: Variation of dc-link with source and dc-link
impedances (L, =1- 10%,L, = 0%)

0s 1 1 1
0

a1 02 03 0g 1

Simulation of a case study is introduced in this section to
illustrate the effects of these parameters more clearly. A
22kVA, 60 Hz, 480 V driveis used for simulation purposes.
The simulation results are shown in Table 3. The variation
of dc-link voltage for different output powers and different
Ly and Ls are shown. It can be seen that for L=5% and
L4=3% the dc-link voltage reduces to 536 V which is under
Vgerips SO the under voltage trip happens. With reduction of
values of the Ly and L the dc-link voltage level becomes
higher.

Table 3: Dc-link voltage variation for different loading

levels
DC-link | Loading
Description Voltage level Lq (%) | Ls(%)
(V) (%)
Normal
Operation 585 50% 3% 5%
U”de;XO' e | g3 100% 3% 5%
p
Normal
Operation 592 100% 0% 3%
U”degxg ltage | gag 70% 0% 8%
Vdc,av,nominal =650V, Vdc,trip =553V, V=277V,
PF =0.68
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7. Conclusion

The behavior of IM-Drives under different voltage sag (VS)
conditions is investigated in this paper using Matlab.
Different types of VSs are produced and applied to IM-
Drive system model under different loading levels. The
variation of motor's current, speed and output torque are
analyzed during and after clearing voltage sags. It is
demonstrated that the increasing of the dc-link capacitor size
mitigates the effect of VS on IM-Drive. The maximum
reduction of dc-link voltage happens during voltage sag type
A. For unsymmetrical types, E and G cause the maximum
reduction and type B causes the minimum reduction of dc-
link voltage. The reduction of dc-link voltage depends to dc-
link and source inductance (Lq & Lg). The higher the
inductance the lower the dc-link voltage is resulted.
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