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ABSTRACT

For this paper, the literature review can be summarized as follows: QZSN was placed
between the transformer phase in IMC and the rectifier phase. Inductor coils were used in
the DC link and large capacitors, which increases the cost of the system in general.The
non-continuous QZS-IMC technology was used to power the induction motor, and it is
necessary to use an additional input filter to avoid harmonic frequencies from the current
system. Closed input current control was used to reduce the frequency harmonics of the
input current of the continuous intermittent control system to feed the R-L load. ZS/QZS-
IMC was used with an R-L load, and the overwork ratio D was fixed at a certain value
resulting in continuous boost, which is compatible with the constant voltage system . A
method for controlling the maximum voltage of a DC motor closed circuit breaker based
on QZS-IMC technology was used to correct the peak voltage value of the DC circuit
breaker of an AC motor. As the continuous QZS-IMC was operated with the R-L load
during the lowering and lifting modes, there was a control strategy to generate the time
duty ratio of the exchange D. Continuous driving based on QZS-IMC technology was not
used to drive a permanent magnet AC motor. In this paper, SVPWM was used to control
the relays for the gzs-IMC continuous drive system of a carrier-controlled AC motor. A D-
value control strategy has also been proposed based on the internal voltage and external
voltage required for QZS-IMC to regulate the DC link voltage relative to the required speed
and load. This strategy will contribute to reducing the current and voltage stresses of the
power switches during voltage increase, by increasing the value of D in order to raise the
internal voltage of the AC motor to the required level. Thus, the engine can be started at
the required speed and load during various conditions .

Keywords: Indirect matrix converter (IMC), Permeant magnet synchronous Motor
(PMSM), Shoot through duty ratio (D), Space vector modulation (SVM),

Quasi-z-source (QZS), Total harmonic distortion (THD).

1. INTRODUCTION

Variable speed AC motor drives have found extensive use in both industrial and household
settings, including applications like textile mills, elevators, compressors, pumps, and
washing machines [1]. AC-AC converter system is used to provide the variable speed AC
drive's With what is required amplitude of voltage and frequency depended on its control
system and load [2]. The basic scheme of motor drive system is shown in figure (1), which
illustrates that the AC motor is driven using AC-AC converter with rising AC voltage
regulator of grid voltages.
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Figure 1: Basic scheme of motor drive system

AC-AC power conversion configurations are divided into two primary categories,
depending on the presence or absence of passive energy storage components. The
conventional AC-DC-AC converter comprises two stages: a group of unidirectional
switches in the rectifier stage and another set of unidirectional switches in the inverter stage,
with a DC-link capacitor positioned between the two stages. The utilization of a large DC-
link capacitor in this setup can lead to increased costs, larger physical dimensions, higher
losses, greater weight, and reduced reliability.In contrast, The matrix converter (MC)
connects directly without the need for a capacitor to the DC connection, the AC source is
connected to the load. It presents several advantages, such as a simplified and compact
power circuit that eliminates the need for a DC-link capacitor, the ability to facilitate
bidirectional power flow, generation of sinusoidal waveform input and output currents, and
a unity power factor on the input side. Due to these beneficial features, the MC serves as a
favorable alternative to the traditional AC-DC-AC converter [3].The MC can be further
categorized into two types: the direct matrix converter (DMC) and the indirect matrix
converter (IMC) [4]. The voltage and current are converted in one phase by DMC, which
is referred to as direct power conversion. Conversely, the IMC carries out the conversion
in two stages, known as indirect power conversion. Both the DMC and IMC deliver
equivalent performance, and their circuit topologies share the same fundamental
functionality. However, the DMC involves intricate commutation, In practical applications,
any disparities in control performance between the DMC and IMC are entirely negligible
[5]. The indirect matrix converter (IMC) has not garnered significant attention in industrial
applications due to several issues. These problems include the limitation of the
conventional IMC's voltage transfer ratio to 0.866 and the susceptibility to disturbances on
either side of the IMC. This susceptibility arises because the power source connects directly
to the load through an intermediate DC bus, causing disturbances on one side to affect the
other [6]. Different topologies will form when the ZS/QZS network is connected to the
IMC, and the resulting structure is called ZS/QZS-IMC. However, ZS/QZS-IMC has two
different topologies depending on the QZS Network (QZSN) in the IMC and the location
of the ZS Network (ZSN). The ZSN/QZSN can be placed between the rectifier stage and
inverter stage of conventional IMC at the dc-link, the voltage gain becomes greater, but
that it will cause an increase in size and weight of resulting converters since it needs large
value of inductors and capacitors in comparison with the conventional IMC [7,8]. The other
choice, where the ZSN/QZSN is integrated between power source and rectifier of IMC to
avoid larger size and heavier weight of converter. IMC topology has the ability to achieve
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high voltage gain and this is done using small ZSN/QZSN, this will be at high cost as it
needs a large number of active switches. [9,10].

In this paper, the PMSM drived based on QZSIMC is fully explained by implementing
simulations under voltage drop in the network, as well as speed and oscillating load
conditions after explaining and presenting the operating principle of QZSIMC. Through
the results, it was proven and demonstrated the possibility of QZSIMC and its ability to
change the voltage gain depending on the required motor speed and the load situation.

2.1 . Z Source Indirect Matrix Converter Topology:

The ZSN system comprises of three inductors (L,, Ly, L), three capacitors (C,, Cy, C.) and
three bidirectional switches Sy (where x = a, b, ¢), as seen in figure (2). The control of these
switches is achieved by the application of a single gate signal Sy as they exhibit identical
switching characteristics. The implementation of the Zero Shot Neural (ZSN) model
enables the ZS-IMC to operate in boost mode. However, the ZS-IMC topology has many
disadvantages as: its voltage gain is constrained, it can only achieve gain of 1.15, The Z
network causes phase shift, and it requires factors that increase the cost and size of the
system, and this leads to a decrease in efficiency, as one of the most important factors is
They are additional input filters to reduce harmonics in the input current due to intermittent
grid current [11].
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Figure 2 : ZS-IMC topology [12]

2.2 Operating Principle and Equivalent Circuits :

The diagram depicted in Figure (3) illustrates the configuration of the continuous QZS-
IMC, which supplies power to a resistive-inductive (R-L) load during both the short-term
(ST) and non-short-term (NST) states. Activating or deactivating the bidirectional switches
of the QZS network (S,, Sy, S¢) will result in the network operating in two distinct states.
The initial state is denoted as non-short-term, as illustrated in figure (3-a). In the first case,
the rectifier stage of the Integrated Motor Controller (IMC) operates conventionally, while
the three switches of the Quadrature Zero Sequence Network (QZSN) are activated (Sy =
1). During the time period (1-D)Ts, As for the capacitors in the system, they are charged
through inductors. It has been observed that the output voltage of the QZSN is equal to the
sum of the voltages present across two capacitors [11].
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Figure 3 : (a) NST state of QZS-IMC and
(b) ST state of QZS-IMC [11].

from figure (3-a) assuming Ry, = 0, where Ryis the stray resistance o

finductors, the following expressions can be obtained [12]:

1'JLal Va vcal
[Vin]= [Vb] — [Ven] (1)
vLC1 Ve 17CC1 ,
Vit v, Y Y,
VL] = [Vo] + [Verr] — [v,]  (2)
vLcl vC chg vcl,
T
The QZSN inductor-L; voltages vi, = [vi,, Vi, vi,] &€
vLaZ vCaZ
[Viez]= — [Vevz] (3).
vch UCCZ .
The QZSN capgcitor-Cl currents ic, = lic,, ic, lc.] are:
iCal lLal ia
licy 1= [t — [5]  (4)
lCcl chl ic

. T
The QZSN capacitor-C» currents i¢, = [ic,, ic,, ic,] are
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’

iCaZ iLaZ ia
licy, 1=[i2] = [55]  (5)
lCcZ chZ lC

where : [i’ "b i']"are the output currents of QZSN. In contrast, in the ST state, the

switches of QZSN are deactivated (S, = 0) depicted in figure (3-b). The input side of the
rectifier stage is effectively connected in a short-circuit configuration, The QZSN inductors
are allowed to charge in each phase during one switching cycle. The shoot-through duty
cycle, denoted as D, is defined as the ratio of the time interval of the ST state, T_0, to the
total switching period, D=T_0/T_s.The expressions presented in figure (7-b) [12] can be
derived [12].

The voltages between the QZSN inductoL; and inductor-L, are as follows:

vLal Va vCaZ

(6) [VLo] = [Vb] + [Vese]

vLcl Ve v(:c2
vcal vLaZ
=[Ven] (M)[VLe2]
Ucc1 ULC2

The QZSN capacitor - C; currents and capacitor - C currents are:

iCal iLaZ
licn]=—[ie]  (®
lCcl chZ
iLal iCaZ
~[it] (©) [icu]
chl lCcZ
vLal Vg vcaz Va vcal
(10)[VLn] = D[] + [Vera]) + (1 = D)([V] — [Vew]) = 0
vLcl U, vccz Ve val
vLaZ vcal vCaZ
(11) [Via] = D [Yer] + (1 — D)(— [Yerz]) = 0
"‘7LC2 chl vccz
iCul iLaZ iLu.l ltll
(12) [ewl= D(= D+ _(1 - sl — [ip]) =0
e D)([t i
lCCl iLcZ iL cl c
iCaZ iLal iLaZ l(,l
(13) [l:CbZ] =D (= [i_Lbl]) +(1-D) ([i.LbZ] - [11?]) =0
lCcZ chl chZ ic

The capacitor voltages and inductor currents of the QZSN system can be determined by
referring to equations (10) through (13):

vcal (1-D) Uq
Ccq Vc
vCaz D Va
(15) [vcbz] = a-) [Vb]
, Cez . Ve
lLaZ ia lLal
=[] =[] (16) [its1]
chZ ic chl
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According to equations (14) through (16):

’

la La
an [i] = Gy L]
lc le
(18) v ] =1 [vb]
UC Ve

As for B, whith is called the voltage boost factor , it can be represented mathematically as

follows:p =7 = m (D<0.5) (19
Vi

5 T T T T T T T T
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Figure 4 : Voltage boost factor versus D [12].

It is obvious from the figure (4), that the value of boost factor reaches 5 at D = 0.4, which
means that five times voltage amplitude is obtainable in comparison with the source voltage.

The average dc-link voltage of the QZS-IMC is obtained as:The input power after the
QZSN is equal to the output power of the front -end rectifier of the IMC [13].
Pgc = Pin (20)

(21) _‘ﬁcl_«ﬂc = 3V,' (rms)I,' (rms) COS(HQZS)
L l

(22) VI =V Icos@® )
dc dc 2 i QZs

IF

(23) m; = }Jﬂ'c

24 q = 3y 9
24) Zc EVi mi cos( st)
- 3
(25) e =5V, pm cos(Bozs)

where: I represents value average of dc-link current.

From equations (m = %) and equations (25) with cos(9 ):1, the voltage gain (G)
e

of the continuous QZS-IMC is obtained as [15]:

= V3 m :ﬁﬂm (26) G = _,L]zﬁcm_Mz_ 3mom;

2 1-2D V3 ke — 2 1-2D

where m = mymqy , D = 1 — m; ,for simplification mg =1.
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0.866 m
2mi—1

_ 0.866m;
(27) G= 1-2D

5. Parameters Design of Quasi Z Source Network:

The ripples of capacitor voltage and inductor current for the continuous QZS- IMC can be
calculated as follows [10]:

From the NST and ST states, the inductor current ripple (41;,) and capacitor voltage ripple
(Av¢,) can be expressed as [13]:

_ v;(1-D)
Al = i (28)
_ ic,D
Avcl = i1 (29)
Al _ lavg|A-D) _ V; D(A=D) (30)
L1 fsL (1-2D)fsL
diy _ D(A-D) (31)
Kk,  (1-2D)

During ST state, the capacitor- Cicurrent and inductor-L; current are equal.

Av  _ D _ ixD _ PinD _ PinD (32)
C1 ™ f€1  fsC1 3VxfsCicos(8)  3VifsCicos(6:)

A'UCl

- =D (33) . where:x=(a, b, c), andthe coefficients k and k. are:

= Vi ,K - Pin (34)
fsL € 3VifsCicos(6)

where: P;,, and f s are the input power and switching frequency, respectively.

5

~ [*1 .-

Current ripple

-

0 005 ¢ (a)
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Figure 5: (a) Current ripple versus D (b) Voltage ripple versus D

It can be seen from figure (5-a), that current ripple for continuous QZS-IMC increases in
nonlinear manner when the D increases, while and voltage ripple increase linearly when
the shoot-through duty ratio increases, as shown in figure (5-b) when all parameters as; the
input power and voltage, capacitance, and inductance are constant.Then, the QZSN
inductance and capacitance are derived as follows [14]:
Ai = kilrgteq (35)
From equation (30)
v;D(1=D

L = (1-2D) > ViD(1-D) (36)

fs kllrated ’ - fs kllrated (1-2D)

A'UC = kZVCrated (47)

From equation (32) C=
_ IrateaD C> Irated(1=2D)D (37)
1-D » =

[k, Vi(1—zn) fsk2Vi(1-D)

where: 4i; and Av. are peak values of ripples for current and voltage, respectively.

The cut-off frequency w,, from the small-signal analysis are [10]:

w=""2c s (38)
n VLc 10

7. CONTROL STRATEGY OF Qg m

According to this equation (G = = 0866 mi) and taking m =1 — D, the
1-2D  2m—1 L

voltage transfer ratio of QZS-IMC is:
= 0.866.0=D2) (39) ke

1-2D Vi
Then, the value of D is established as:
_ Vo=0866V; (40)
2Vo—0.866 ¢

control algorithm for D is as shown Figure(6) :
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Figure 6 : Flowchart for optimal operation control of D

8. Vector Control of PMSM:

This means that it is a high-performance control technology, as its control method is equal
to the speed control method for direct current devices. [15]. Through this equation (w, =
| ( ’) dt), it is noted that by controlling the resulting torque, we can control the

speed of the engine. As for the type of PMSM3that is mounted on the surface, It was noted

that (L, = Iz ) ,then from equation { =55pﬂdiq — A4iq)) the generated torque is
3

expressed as: = Ep &,ip) (50)

A

the Park-Clarke transformation is able to derive id and iq.This transformation accounts for
the flux generation and torque components of the stator current.This information is sourced

ig 2 cos@ cos(6 — a) cos(8 — 2a)
from reference [16]. [iq] = ;[—sin g —sin(6—a) —sin( 0 — 2a) ic
(51)
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In equations (51) and (52), welLq iy and —w(Lgiq + Ay) are coupling terms. When the
engine speed is high, we cannot neglect its effect in figure (7) .
(51) Vg = —welq g

* 3k

= we (Lalg +*Am)  (52) Vg

The main objective of decoupling control is to achieve repaid dynamic response, as well as
to get good steady-state performance and to control the i; and i, separately [17].
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1 Hr | [ | . (gl
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Control J‘ —=]
4
« /| ;
g
abe lu— l¢
30

Figure 7 : Block diagram of proposed vector control. [17]

6. Proposed QZS -IMC based PMSM Drive:

This thesis utilizes the continuous Quasi-Z-Source Network (QZSN) as a means to enhance
the dc-link voltage, thereby establishing a connection between the three-phase supply
voltage and the Integrated Motor Controller (IMC), as illustrated in figure (8). The IMC
topology of continuous QZS-IMC has two stages: the rectifier stage and the inverter stage.
The primary function of the rectifier stage is to maintain the highest positive voltage inside
the direct current (dc) link, while also achieving sinusoidal grid currents on the input side.
The inverter stage control is responsible for generating the output voltages of QZS-IMC
with adjustable frequency and amplitude. The rectifier stage of the IMC use SVPWM to
modulate the input current, while the inverter stage utilizes SVPWM to modulate the output
voltage, as depicted in Figure (8) [10]
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Figure 8 : Block diagram of Proposed QZS-IMC fed PMSM drive

9. SIMULATION RESULTS:

For all conditions, the simulation is performed for a switching frequency of 10 kHz and the
simulation results are obtained using MATLAB/ Simulink 2018b. The contents of the
system are displayed, the values taken are displayed, and then the results are obtained.

Divided into three cases according to the speeds taken:

Table 1: PMSM Drive Specifications

Table 2: parameters of QZSN

Parameters Value Parameters Value
Rated power 1.1 kw
Rated speed 3000 rpm Three-phase voltage source 110V/50Hz
DC voltage 300V

- Inductance 5mH
Stator ¢ inductance, L, 0.0085 H ! i
Stator d inductance, Ly 0.0085 H Capacitance of QZSN (1 10 pF
Stator resistance, R 2.8750 Capacitance of QZSN C: 30 uF
Moment of inertia , / 0.0008 Kg.m?
Friction factor, B 0.001 N.m.s Capacitor voltage ripple ratio (k2) 13%
Flux linkage, A, 0.175 Wb Inductor current ripple ratio (ki) 5%
Number of poles, p 4
Rated torque 3N.mM Switching frequency 10 kHz

Firstly, In order to study the transient and steady-state behavior of the drive system,
simulations were performed for variable reference speeds of 750, 1500, 2250 and 3000 rpm
at rated load with an input stage voltage amplitude of 110 V and a frequency of 50 Hz as
shown in Figure (9), the simulation time is 4 seconds. The initial conditions for this
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simulation are as follows: the estimated engine load is 3 Nm, and the initial response speed
is between 0 and 750 rpm. After this process, the speed increases to 1500 rpm in one second
and then to 2250 rpm in one second. After 2 seconds, the speed is finally set to 3000 rpm
(rated speed) over a period of 3 seconds.

Table 3: Parameters of QZS-IMC with RL Load

Parameters Value
Power rating 1.5 kw
Amplitude of input voltage 50 V
Capacitance of QZS network 300 uF
Inductance of QZS network 2mH
Switching frequency, f's 10 kHz
Input voltage frequency 50 Hz
Output voltage frequency 30 Hz
Load resistance,R;, 50
Load inductance,L;, 3 mH
4000
= Actud speed
= = = Reference speed

3000 - [
2000 - [ 1
1000 - { 1

0 05 1 13 2 25 3 35 :
Time{second)

P.rm)

Speacd(r

Figure 9 : (The speed response of QZS-IMC based motor driveat variable speed)
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Figure (10. a) and figure (10. b) show the response of torque and d-g currents, respectively

...mu i- =

ant 0 4

'r__ =
(‘___

-

A ) (b)

[+ -5501d

Figure 10: (a) The torque response of QZS-IMC, (b) The d-q currents of QZS-IMC

The phase -a It shows us the source of current and voltage The THDs of the phase-a source

current are 3.87% , 2.37% , 2.83% and 4.65% with input power factor of 0.9876, 0.998,

0.9982 and 0.9984 for speeds 750, 1500, 2250 and 3000 rpm, respectively and as shown
in Figure (11):

gl — input woitage 55
— input current
<0
= PR . . ' =
1 T S|
s |t 0 1 1
Sar 1
°
: .
>4 1
o— g 40 1
085 @9 035 185 19 135 285 29 295 385 39 395
&
0 e § 5 2 25 3 15 ‘

Time{second)

Figurell : The phase-a source current and voltage waveforms of the QZS-IMC
based motor drive at variable speed
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The THD ratios for the stator current waveform are as follows: 1.68%, 1.65%, 1.99% and
3.77% for speeds of 750, 1500, 2250 and 3000 rpm, respectively and as shown in Figure

(12):

80

10
40._

D‘
z
520‘ 10 4 104’ 10
z 08 085 1.5 1855 N8 \ 19
0 ’

i
W.

-203— ‘ ‘ 5

0 0.5 1 15 2 25 3 35 4
Time{second)

Figure 12: The phase -A stator current waveform of QZS-IMC based motor drive at variable

It is shown in the figure (13) The value of D equal zero for first 2 seconds of the period
because of the required voltage gain of QZS-IMC is less than 0.866, so Since increasing
the voltage is not necessary, QZSN would serve as a second-tier candidate. The value of D
will increase from 0 to 0.075 and from 0.075 to 0.225 after 2 and 3 seconds,respectively,
According to the optimal operation control flow chart of D in Figure (14), the required
voltage gain of QZS-IMC is greater than 0.866.

0.25

02- — .

045 - f 1

Q M- J 1
0.05 - - 7

0 —

405
0 03 1 15 2 23 3 i3 B

Figure 13 : Shoot -through duty ratio Tesponse of QZS-IMC based motor drive
system at variable speed

As a result, to operate the motor at the required speed and load, it will result in an
enhancement of the DC link voltage and the output voltage, as shown in the figure (14. a)
and figure (14. b), respectively
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Figure 14 :(a) Waveform of dc-link voltage and (b) Waveform of output voltage of QZS-IMC
based motor drive at variable speed

Secondly, the drive system is tested with input phase voltage amplitude of 110 V and
frequency of 50 Hz for different reference speeds (750, 1500, 2250 and 3000 rpm) under
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variable load of 1, 2 and 3 Nm for each reference speed in order to prove the proposed
operation strategy of QZS-IMC

for PMSM drive system under step change of load torque for each speed.At motor speed
of 750 rpm, the system is run with variable load, the speed response is shown in figure (15),
it is clear that the motor speed follows the reference and returns to its reference after a step
change in load happen.

1000 =
= = = Referenca speed
— Actual spead
800 — N1 — %4
]
3 . i
’; 750*\7—
-1
e 4
-
) e
2 21 22

] 05 1 15
Time{second)

"~

25

“

Figure 15 : The speed response of QZS-IMC based motor drive at 750 rpm and variable load

The load is increased from 1 to 2 and from 2 to 3 Nm at times of 1 and 2 second,
respectively, as shown in figure (16). The speed response shows disturbance with
downshoot of 6.666% and very small overshoot, and returns to actual value after 0.5 second
for both load step changes, the peak to peak steady state ripple in speed is calculated as:
(750.97 — 750.02) / 750.45)*100 % = 0.126% for load 1 Nm, and it is equal to 0.106%
and 0.0932% for loads 2 and 3 Nm at steady state, respectively.

wn

= = = Refersnce forque
— Actual torque

Torgua(N.m)

0 L 1 15
Timedsecond)

o
[
[
o

Figure 16 : The torque response and
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The d-g currents response demonstrate that the PI controller is able to keep the value of
iy at zero, while the i increases with load increasing.

Figure (17) shows the waveforms of the source current and input voltage. the source current
is sinusoidal waveform with small distortion, and the source current is approximately in
phase with input voltage. The THDs of the source current are 5.44%, 4.23% and 3.87%
with input power factor of 0.91, 0.9759 and 0.9876 for loads of 1, 2 and 3 Nm, respectively.

%- —— Input voltageS5
— Input current
g = - -
st A
Z J 7
© 5 L4 5 .4 5 | 4
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) [ I\ \ /\ I\ | \ | [ A J .‘ \ | ! \
> i \ { ! ‘
R AYAYAYAYAY FAVAVAVAVAUREN |
§ TRV AN YARY & ' '1’ J f i N g
8- / Y V v V "- / V "u" v v \ f Vv v V v o\ 1
5 5 5
085 03 035 185 19 195 285 23 285
&
0 05 1 15 2 25 3
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Figure 17 : The phase-a source current and voltage waveforms of QZS-IMC based motor
drive at 750 rpm and variable load

As shown in Figure (18), the stator current waveform has a THD of 3.31%, 2.03%, and
1.68% for loads of 1, 2, and 3 Nm, respectively.
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Figure 18 : The phase -A stator current waveform of QZS-IMC based motor drive at 750 rpm
and variable load

With the motor speed of 750 rpm, the output frequency is 25 Hz, and the required output
voltage gain of QZS-IMC is less than 0.866, so there is no need to boost dc-link voltage, as
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shown in figure (19). Thus, the QZS network will only work as a filter, D=0, and m,; =1,
where the QZS-IMC is running as a conventional IMC with no shoot-through.
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Figure 19: DC-link voltage waveform of QZS-IMC based motor drive at 750 rpm and
variable load

The system is tested with speed of 1500 rpm under variable load, the speed response is
shown in figure (20), it is clear that the motor speed follows the reference with a good
response.
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Figure 20 : The speed response of QZS-IMC based motor drive at 1500 rpm and variable

The load as shown in figure (21. a) is increased from 1 to 2 and from 2 to 3 Nm at times of
land 2 second, respectively, the speed response shows disturbance with downshoot of
3.33% and very small overshoot, and returns to actual value after 0.46 second for both step
changes of load, the peak to peak steady state ripple in speed is seen to be 0.0633%,
0.0526% and 0.0533% for loads 1, 2 and 3 Nm, respectively. The response of the d-q
currents is shown in figure (21. b).
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Figure 21: (a) Waveform of dc-link voltage and (b) Waveform of output
voltage of QZS-IMC based motor drive at variable speed
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Figure 21 : (a) The torque response and (b) The d-q currents of QZS- IMC based motor drive at 1500

(@) (b)

Third: The system operates in the third state with a rated load at 3000 rpm. then voltage
sag of 20% occurs at time 1 until 2 second. The amplitude of input phase voltage is
decreased from 110 V to 88 V as shown in the figure (22. a). It is seen from figure (22. b)
that required voltage gain for motor at speed of 3000 rpm is 1.43 during voltage sag. Hence,
the value of D is increased to 0.288,
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Figure 22 : (a) Three phase input supply voltages of case , (b) Voltage gain
response of case 3

as shown in figure (23. a) and m;= 0.712. It is clear from figure (23. b) that the dc-link
voltage boosts higher than its original value during voltage sag according to proposed
control strategy of D based on required speed to maintain the motor speed constant at 3000
rpm.
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Figure 23 : (a) . D response of case (b) . DC- link voltage of case3

The peak currents through the inductors are 10.5A for both L., L, ,the peak voltages on
capacitors are 173 V and 75 V for both Ciand C»,respectively, also the switch current and
voltage are 20.3A and 237 V, respectively of QZSN during voltage sag in case 3. Figure
(24.a) shows that the speed response with downshoot of 0.5666% and overshoot of 0.5%
at beginning of applied voltage sag, the downshoot and overshoot are 0.3666% and
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0.4666%, respectively at removal of voltage sag, and the peak to peak steady state ripple
in speed during voltage sag is 0.166%. In Figure (24.b) the torgue response is shown.
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Figure 24 : (a) The speed response of case 3, (b) The torque response of case 3

As shown in Figure (25), the amplitude of the source current increases during the voltage
drop with a THD of 4.65%, 4.88% and 4.66% before voltage sag, during voltage sag and
after voltage sag, respectively.

Migration Letters



116 A modified Indirect Matrix Converter with High Voltage Gain for Variable Speed Drive
Application

60 =
10 % )

- £ 5 s

6- 0 0 1
~e- 4 & c 5
g 10
H . 10
<N - 'y i A0 i
z 0s 0ss s 1% 185 ' 19 28 285 28

[ 35 1 15 2 25 3
Time{second)
Figure 25 : The phase-a source current waveform of case 3

In Figure (26) it is shown that the stator current waveform has THD of 3.75%, 3.7% and
3.74% before voltage sag, during voltage sag and after voltage sag, respectively.
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Figure 26 : The phase-A stator current waveform of case 3

10. CONCLUSION:

In this paper , the PMSM is driven by three-phase QZS-IMC, and the following
conclusions are outcome:

1. The continuous QZS-IMC has ability to boost the output voltage with boost factor
of 3.488 and voltage gain of 1.926 for the D of 0.355 in addition to all advantages
of conventional IMC.

2. The QZSN in utilized converter has advantage, that the grid current is in
continuous current mode, and THD of the current waveform is less than 7%
without using input filter, these features contribute to reduce a size and cost of
converter.

3. It is found that voltage and current stresses of inductors, capacitors and IGBT
switches in QZSN of utilized converter are increased with increasing shoot-
through duty ratio to raise output voltage during voltage sags in three-phase input
voltages, this must take in account in design of QZSN.

4. The control strategy of D for the voltage boost is utilized to vary the voltage gain
of QZS-IMC during grid voltage sags, speed and load changes, this control
strategy is also useful to reduce the current and voltage stresses in QZSN through
selection optimal value of D.
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