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Abstract: - The newly proposed Z-source chopper with two controlled switches is used to stabilize the duty
cycle above 0.5 is presented. The device has boost capability without polarity reversal in the range of duty
cycle 0 to 0.5 and buck-boost capability with polarity reversal of output voltage in the range of duty cycle 0.5 to
1. The above capabilities of the topology are studied through simulation. This paper also presents transient
modeling of the proposed Z-source chopper with and without ESR (equivalent series resistance). The effects of
ESR are studied in depth and based upon the transient modeling; the dc-link voltage is controlled by direct
measurement of capacitor voltage and inductor current. The presence of RHP (right-half-plane) zero in
developed average control-to-output model reveal that the output decreases initially before rising toward its
new steady-state value when a step increase in control input is applied. The non-minimum-phase transient
response can be reduced by proper feed-back control technique. Compensator for both voltage mode and
current mode control are designed using classical control technique through small-signal-analysis. Hysteresis
band modulator is used for finding out the switching function of switches. Performance of control method of
the compensated Z-source chopper is verified by simulation.

Key-Words: - Z-source chopper, Current mode control (CMC), Hysteresis band modulator, Buck-Boost
capabilities, Non—minimum-phase transient response, ESR (Equivalent series resistance), RHP (Right-half-
plane).

1 Introduction the newly proposed Z-source chopper with battery

as input that can be used for both buck and boost the

Nowadays there is a rapid development in the input vol_tage. A simplified eqiiiva_lent model of Z-
field of various applications of power electronics. source with R-L load is shown in Fig-1.

The previous literatures on Z-source chopper uses
only one controlled switch and other one is diode.
With one controlled switch and one uncontrolled
switch, the control range of duty cycle period is
limited to 0.5, because of diode will remain on the
entire period, if the duty cycle is above 0.5.Since the
duty cycle period is limited to 0.5,the circuit can be
only boost mode capability without polarity
reversal. The previous literatures only deal with one
controlled switch and diode with inductors and
capacitors arranged in X shape to boost up the

output voltage with polarity same as the input Fig 1: Circuit diagram of Z-source chopper with
voltage using shoot through technique [1] and the ESR of inductance and Capacitance

performance analysis is done [2]. The duty cycle

period of previous literature circuit is limited to 0.5, The newly proposed Z-source chopper is new
because of, above 0.5 the diode is forward biased single-stage electronics power converter utilizing
and therefore it remains on for whole the period impedance network with two controlled switches in
makes the circuit unstable. The unstable range of such a way that voltage-boost capability without
duty cycle period can be eliminated using controlled polarity reversal and boost-buck capability with
switch instead of diode so the output voltage can be polarity reversal are achieved by introducing shoot-
controlled by controlling the duty period range from through across the load. The above both voltage-
0 to 1. This paper now presents buck and boost capability feature of Z- source
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converter can be used in fuel energy conversion
system and four quadrant speed control of dc motor
drive system. The effect of parasitic component of
inductor and capacitor are studied in detail. The
battery-side phenomenon is associated with the
value of inductance and capacitance in X shaped
network, and is studied using small-signal analysis
to show the presence of the right-half-plane (RHP)
zero in the control-to-load current, control-to-
inductor current and control-to-voltage transfer
functions [3],[4]. Transient modeling of Z-source
converter with R-L load is analyzed through state-
space average analysis method to show its non-
minimum-phase response caused by battery-side [5],
[6], [7]. The passive parameters such as inductor
and capacitor are selected based on ripple current
and ripple voltage respectively by considering worst
case condition. Dynamic modeling of Z-source with
R-L load has been formulated using state-space
averaged analysis method. Small signal model has
been derived from the state-space averaged dynamic
method for linearization. Based on small signal
linearization model the control law for output
voltage control is derived. Output voltage is
controlled by direct measurement of the voltage and
inductor current. The compensators for the voltage
loop and the current loop are designed based on the
frequency responses and as well as root locus
technique. A hysteresis band modulator is used for
improving transient response and tested in
MATLAB/SIMULINK simulation using an efficient
closed loop Z-source switching -functional model.

2 State-space Averaged Analysis of Z-
source Chopper with R-L load

Operation of Z-source chopper with R-L load can be
explained in two modes. Assuming continuous
conduction mode, there are two modes one is called
shoot through mode, where load is shorted by
turning on the switch-1 and other is input connected
mode where switch-1 is on to connect the input to
load. As shown in Figl, this converter has three
energy storage elements so three state variables are
needed to represent state-space model of Z-source
chopper. The ESR (equivalent series resistance) of
inductor and capacitor are taken into consideration
for formulating state-space average model of Z-
source chopper. The KVL, KCL expressions in
terms of the inductor current, load current and
capacitor voltage when switch-1 is on (switch-2 is
off) are:
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di

ar +Rlil:V:_Rcil (1)
diy .

LEE + Rﬂll =0 (2)
d . .
=l =" ®3)

Where R, and R represent ESR of inductance (L),
ESR of capacitance(C) of X shaped network of
chopper circuit. Ra and La is the load to z-source
chopper.

The (1), (2) and (3) can be represented in state-space
form as:

¥=AX L1 BU andY = CX

Where, A= dA, + (1 —d)A,

BU =dB,U, + (1—-d)B,U, , then

rdi; 7 [ (R.+Ry) 17
dt L L i
i R
dt L, v
av ! 0 0 E
Laed L ¢
(R.+R) 17
L L
WhereA, =| 0O )
ereA;, = Ly
C
0
And B,U; = |0 (4)
0

Similarly when switch-1 is off mode and the switch-
2 is conducting mode, the equations can be written
based on KCL and KVL as:

dve

Se=i =i - (5)
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di, . di . . .
Ly5f +Ryiy + L2+ Ryfp = v, + (i — 1;)R(6)

di . .
Ld_tl = Ug Ve [Rl +Rc] +11R|: (7

Simplifying eqg. (6) and eq. (7), we get

di, _ 2vg—Vg+2ijRg—2iyR~i;Ra

dt - (8)

Lg

The state-space form of above equations can be
represented as:

rdiy7 [ (R.+R)) R 1

_ e _z v
dt L L L{ £
i | = _eremy 2f
dt LE er er 1.;1 -£
dv, 1 1 = | L
— — —— 0 0
L dt - C C -

As we know, A=dA,+(1—d)A;and

BU = dB,U, + (1 —d)B,U,

_ RetRy Be _t
L L L
_ i _ (2R +Ry) 2
Where A, = I T L
1 1
= —= 0
C C
Ve
L
and B,U, =|_¥g (9)
LE
0

Let the switching function of self commutated
controlled switch-1 and switch-2 is g; and Q
respectively. Assuming the continuous conduction
mode, the averaged model is obtained by

substituting d for ql and 1-d(d j for g2.The state

space average model is represented as mentioned
previously:
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¥=AX 4L+ BU

Where A= dA, + (1 —d)A, and
BU =dB,U, + (1-d)B,U, (10)

Substituting eq.(4) and eq.(9) in eq.(10), that results:

 (Rg+R)) Red CE)
L L L
ZR.d (2ZRqd +Rg) 2d
A= : -t And
Ly Ly Ly
(d—d g
@-a _d 0
C C
Ved
L
BU=| v (11)
]"B
0

Hence the state-space average form for whole
period can be written as:

- dip
dt
di,
dt
dv,
- dt ; ;
[ (Rc+Ry) Rpd _ kd-d}
L L L i
ZR.~d (ZRpd +R, 2d .
c _ Lahg z) s i, +
La L‘a La v
(d—d d C
! i _d 0
L c C
[ Vgd
L
_ Ved (12)
]"B
-0

iy 1 0 011§
ik ool
L 0 0 1iLlv

c
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3 Small Signal Analysis

The state-space averaged model of Z-source
converter with R-L load shown in (12) has non
linear in nature as the control parameter (d) is in
matrix A. Therefore small signal analysis is required
to make the state-space to be linear. Due to small
variation of d in steady state D the state variables
are changed to I} +7,1; +1;,and V,+¥,The
state-space averaged model (12) and (13) with small
perturbation is modified as:

rd(h+i)7 [ RAR) R(O-d)  (D-D+2d)]
dt L L L
dil +i) |_| R.0-d) (R(D-d+R) 2D -d)
dt L, L, L,
4.+ %)l |-(p-p'+2d) (0'-4)
d T — 0
& ' —~
L +7 —=( —d)
V. + %, Le
0
I +1 1 0 o1 h+7
L +‘il] = [n 1 o||L+1, (15)
Ve + ¥, 0 0 ULV, +7,

Subtracting steady-state representation of (12) from
(14) and (13) from (15) neglecting higher order
perturbation terms, the small signal model is:

rdiy
dt
di, | _
dt
di,
'dt?
r (Re+Rp Re(1-D0) (1-2m)
L L L ‘il
IR (1-D) (2R (1-D)+Rg) 2(1-m) i |+
-, - 1
L‘u L’u LIJ. o~
(1-2D) (1-D) Ve
E— 0
C C
2V —Vg—Rely
L
Ve—2V +IR.1,—2R | [,_]
]"B
(L-21)
C
(16)
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i 1 0 01y
Li=l0 1 0|1
V. 0 0 1llv,

4 Steady State Analysis and Design
Consideration

(17

The steady state equations can be derived from
averaged state-space model (12) by simplification
and represented as:

_ (1-D,

L™ -2y (18)

v = (A+B)(1-D)(1-2D) W,
€ 24(1-D)(1-2D)+E{1-2D)*

(19)

Where A = 2D*R_ — 2DR,_ — R, + DR,

B = 6D’R_—10DR, — R, + 2DR,

Under ideal condition (assuming ESR of inductance
and capacitance is zero) then A=0; B=R, (2D-1),
which gives:

(1-DM¥,
Ve ="y — liRa (20)

Selections of passive parameters of X shaped
network are based on minimization of current
ripples and voltage ripples. It is also shown that the
change of passive parameters affect the transient
responses. It is therefore important to carefully
select the Z-source L and C values to achieve a good
compromise between oscillatory response, ripple
factor and non minimum phase effect. Initially
selection is based on ripple factor. A battery of 12V
input is used in Z-source chopper to control the
voltage across the load resistor. Let us assume that
the voltage across the load of R (10€2) is increased

to 5times (60V).The load current isl;=6A. At rated
voltage operation the voltage gain of Z-source
chopper is found to be+ 5 (60/12) and hence D is
calculated from (20) under ideal condition and
found to be D=0.445 for 60V and .545 for 60V
with I, = £6A. Let the current ripple of I;and the

capacitor voltage ripples (v.) are assumed to be
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maximum limit of 1%, thenAl, = .06A

and Av, = 1.2V.Assuming the operation of switch
with switching frequency of 10KHz under full rated

voltage condition, when the switch 2 is on for a
period of (1-D)T second, then the inductor is

d
calculated as: L.:T:l =12 -(-60) and
L = 72+0001=25 then L =5.4mH, Hence choose

0.06

L = 6mH.Similarly the value C is calculated by
considering the switchl in off condition using the
equation  (3), which gives C=1.375mF
(approximately).

The ESR of capacitor depends on switching
frequency and capacitance value of capacitor. The
mathematical expression of ESR of capacitor is:

1

mtﬁ'teu?{c‘

The ESR effect of capacitor is negligible if the
switching frequency is very high. The ESR of
inductance depends on number of turns, diameter of
wire and also switching frequency. The ESR of
inductance increases with increase in frequency.
The ESR sensitivity effect is shown in Fig 2.The
boost capability decreases with increase the ESR
value of capacitance and also inductance. The ESR
value of inductance is more dominant to decreases
the boost capability of Z-source converter compared
to ESR value of capacitor. From the figures, it is
also found that the Z-source chopper posses boost
capability with same polarity as input in the duty
ratio range between 0<D<0.5 and both boost and
buck capability with reverse polarity in the duty
ratio range between 0.5<D<1.
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Buck and Boost mode with
polarity reversal

Ideal Condition

Boost Mode
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Fig 2 (a, b): Voltage gain versus duty cycle of Z-
source chopper with and without ESR of inductance
and Capacitance.

The transfer functions (21), (22) and (23) are
derived from small signal model given in (16) and
(17) at D=0.4 using the parameters as given in
Table 1.here in table 1 the parameters are justified
from the Simulink model.

Table 1
Vy |Ra|RL L L, |C RC
(ESR) (ESR)
12v |10 0.02Q | 4 2 1.375| 0.12Q
Q mH | mH | mF
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, i (5] 1.26+10% 5%+ 6.42+107 545.52:107
Gild(S) =1 = = — z = (21)
d 5% 45.1+10% 5% +4.4510° 5 +4.29:107
, i,(5 -2.62+10% 5% - 6.38 +10° 54 7.14+10°
Gild(S) =4~ = = : - (22)
d 58 5.1+ 108 52+ 4.45 +10° 544,29 107
TS
Gved(S) = "al ) =

—1.14+10* 5*—4.52+107 5+7.25+10°
5545110555 +4.45:10° 5+4.29+107

(23)

Where Gild(S), Gi1d(S) and Gved(S)is denoted
as control-to-inductor current, control-to-load
current,  control-to-capacitor  voltage transfer
functions respectively.

5 Transient Analysis

Before attempting the closed loop control of Z-
source chopper it is necessary to study the transient
behaviour which depends on passive parameters and
its ESR value. To date, many methods for modeling
of power converters have been reported in the
literature[6]-[9].Here commonly adopted average
state space analysis with small signal method is
used to study the transient behaviour of open loop
system with step changes of duty cycle.

Pole trajectories of control-to output transfer function
with change in D (ideal case)
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Pole trajectories of control-to output transfer function
with change in D (ESR of capacitance = 0.10hm)
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Fig 3 (a, b): Pole trajectories of Z-source chopper
with and without ESR Capacitance.

To control the wide range of output voltage, it is
important to study the movements of poles and zero
in order to maintain acceptable performance and
stability[10]-[15]. Fig 3(a, b) shows the poles
trajectories of control-to output transfer function
with change in D from 0 to 1 with and without the
ESR value. Under ideal case (without ESR) the one
of the pole is lying on the real axis and is far away
from the imaginary axis and therefore the effect of
this pole is negligible in transient response.
Therefore under ideal condition the system analysis
can be easily controlled by considering the system
as a second order system [16], [17]. The effect of
ESR is shown in the figure. The one of the pole
which is far away from the imaginary axis under
ideal case is moving towards the imaginary axis and
the movement speed depends upon the value of
ESR. The other two poles moves slightly away from
the imaginary axis. All the three poles are the
dominant poles and have impact on the transient
response particularly in the range of D from 0.4 to
0.7. The movement of poles away from imaginary
axis and one pole which is far away from the
imaginary axis moves towards the imaginary axis
due to ESR improves the transient response. The
overshoot and undershoot are reduced, which
reduces the system damping and also settling time.
Thus with ESR the transient responses are improved
but the boost capability of system is greatly reduced
with increase in ripples and incurred more loss in
system. The above conclusions are observed by
simulating the Z-source chopper by step changing
the D from 0.3 to 0.4 and 0.7 to 0.6.The simulated
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responses of control-to-capacitor voltage, control-
to-inductor current and control-to-load current
during step change in D from 0.3 to 0.4 and 0.7 to
0.6 are shown in Fig.(5) and Fig.(6) respectively.

RHP Zero trajectories under ideal condition with change in D
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RHP Zero trajectories of load current with ESR (RC=0,1 ohm and RL=0 ohm)
with change in D
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RHP Zero of capacitor wltage with ESR (RC=0.1ohm and RL=0 ohm
with change in D
1 T T
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Fig 4 (a, b, ¢, d): RHP Zero trajectories of Z-source
chopper of load current and capacitor voltage with
and without ESR.

It is necessary to study the non-minimum phase
effect of control-to-output transfer functions with
and without ESR to analysis the dip caused during
sudden change in the step command. As shown in
Fig.(4),the control-to-load current and control-to-
capacitor voltage transfer functions posses the non-
minimum-phase transient because of presence of
zero in right side of S plane (RHP zero) whereas
control -to- inductor current transfer function has
non-minimum-phase transient. Due to non-
minimum phase effect of control-to-inductor current
transfer function, the dip in transient response is
zero at the instant of step increase in D and it is
confirmed by Fig.5 (b).The dip will be created in
control-to-load current and control-to-capacitor
voltage transfer functions at the instant of step
increase in D because of the presence of Zero in
right side of S plane. The RHP zero movement of
control-to-load current and control-to-capacitor
voltage transfer functions due to change in D with
and without ESR are shown in Fig(4).The
movement of RHP zero towards imaginary axis is
faster with increase of ESR value as compared to
ideal condition (without ESR) especially, in the
range of D from 0.3 to 0.6. Therefore The increase
of ESR value of X network of Z-source chopper
increases the non- minimum-phase undershoot
(created large dip at the instant of change in D) . For
illustrating the non—-minimum-phase undershoot of
the different transfer functions of Z-source chopper,
an initial condition of D=0.3 and 0.7 are assumed.
With step change of D from 0.3 to 0.4 at .4 second
and 0.7 to 0.6 at 1second, the simulations are carried
out in Matlab/simulink environment by taking
MOSFET as controlled switch.Fig.5(a,b,c) and
Fig.6(a,b,c,) show the step responses of control-to-
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capacitor voltage, control-to-inductor current and
control-to-load current respectively with and
without ESR. The figure of control-to-capacitor
voltage, control-to-load current clearly shows that
there is a large dip of load current and capacitor
voltage as compared to ideal condition at the instant
of transient before rising the towards their new
steady-state values non-minimum-phase features for
RHP zero. It is proved by other researcher that the
increase of inductance of X network of Z-source
parameters increases the system damping with a
reduced overshoot and undershoot but an increased
rise time and settling time due to shifting of
dominant poles toward the origin of complex
plane[7]. The increase of inductance of X network
of Z-source parameters increases the non-
minimum-phase undershoot due to shifting of RHP
zero toward the origin of complex plane, whereas
the increase of capacitance has negligible effect on
non-minimum-phase undershoot of load current and
capacitor voltage[7].

It is therefore concluded that the Shifting of RHP
zero towards imaginary axis due to ESR value
increases non-minimum-phase undershoot, whereas
movement of one of the poles towards imaginary
axis decreases the system settling time and
oscillatory response. Further with increase of ESR
value decreases the boost capability of Z-source
chopper and introduce large ripple in output signal.
For a more effective implementation of feedback
control for boosting operation of Z-source chopper
for voltage control, it is recommended that instead
of armature current feedback ,the inductor current
feedback can be used, which eliminate the non-
minimum-phase effect. In this paper the
compensators design are explained in next
subsection by taking the inductor current feedback.
Simulated response of Z-source chopper of capacitor wltage

during step change in D from 0.4 to 0.4
45 T T T T T

40+

35-

30

257

201 =_)
\7;'\> Initial dip at starting

Capacitor Voltage in Volt.

Ideal Condition
""" With ESR

0 | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time (second)
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Simulated response of Z-sorce chopper of inductor current
during step change in D from 0.3 to 0.4.
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Simulated response of Z-source chopper of load current
during step change in D from 0.3 to 0.4.
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Fig 5 (a, b, c): Simulated response of Z-source
capacitor voltage, inductor current and load current
during a step change in D from 0.3 to 04
respectively.

Simulated response of Z-source chopper of Capacitor wltage
during step change in D from 0.7 to 0.6.
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Simulated response of Z-source chopper of inductor current
during step change in D from 0.7 to 0.6.
12 T T T T T T
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10F
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Simulated response of Z-source chopper of inductor current
during step change in D from 0.7 to 0.6.
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Fig 6 (a, b, c): Simulated response of Z-source
capacitor voltage, inductor current and load current
during a step change
respectively.

6 Current Mode Control of Z-Source

Chopper

in D from 0.7to 0.6

Fig 7: Circuit diagram of Z-source chopper with
feedback control circuit
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The derived transfer functions from small signal
model can be used for current mode control method.
In current mode control method there are two loops
one is inner input current loop and other is outer
capacitor voltage loop where actual voltage follow
the reference voltage. In inner loop, the direct
measurement of inductor current is compared with
the reference inductor current estimated from the
outer loop.

j BalS) "

LN

Fig 8 : Block diagram of closed loop capacitor
voltage control.

The error is compensated using Gei(S).Hence the
loop transfer function of inner current loop is

Gei(S) = Gild(S).The switching function d is

determined from the output of Gei(S) through
hysteresis band controller.In outer voltage loop, the
direct measurement of capacitor voltage is
compared with reference voltage. The error is

compensated using Gv(S).The output of Gv(S) is
the inductor input current command which is
processed by actual current by inner loop. The block
diagram of current control mode is shown in Fig 8.
The outer loop is highly coupled with inner loop
because of inductor current command is generated
from outer loop which is the command value of
inner loop [4]. The coupling behavior can be
represented by transfer function is as follows:

(i —1,)Gei(S) =d (24)
Substituting the value of 1}, in eq.(24):

ii = Gei(S) = d(1+ Gild(S)Gei(S))  (25)

Solving eq.(25) and eq.(23) then inductor current
command-to-speed transfer function will be
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Gved(5)«Gei(5)
(1+Gild(S)Geil5))

Fels) _

Gvil(s) = 5=
i [

(26)

7 Compensator Design

Based on the small signal expressions of the Z-
source  chopper the compensators  blocks

Gei(S)and Gv(S)are designed using the design
specifications given in Table-1without ESR. First,
the inner current loop compensator is designed
based on frequency response. The bode plot of

Gild(S) at D=.3 and .4 is given in Fig.9 (a,b) It can
be observed that the three closed loop poles are on
the negative side of real axis of the complex plane.
One of the closed loop pole is very close to
imaginary axis (-80) and other two poles are far
away from the imaginary axis (-1.5%10* -5*10°% ).
The phase margin of open loop transfer function at
D=0.4 is 90° at gain cross over frequency 1.5*10*
rad/s. It is also observed that the closed loop pole
which is near to the imaginary axis moves towards
the imaginary axis with increase in D up to 0.5
whereas the far away poles moves away from the
imaginary axis, which increases the gain cross over
frequency(7.5*10% at D=0.3 to 1.5*10* at D=0.4).
Since gain cross over frequency increases with
increase in D from O to 0.5 the band width is
increased, which causes high picking behaviours to
noise. In order to reduce the high picking
behaviours and band width, the Pl compensator is
used in inner loop which act as low pass filter. The
root locus technique is used for design of
compensator to place the closed loop poles in order
to get best performances. From root locus diagram
the inner compensator is designed and found to be

{1+ 0.255)

Gei(S) = 2.5

(27)

The compensated bode diagram and root locus of
inner loop transfer function is shown in Fig.10.In
this design the gain crossover frequency is
decreased from 7.5%10° rad/sec to 4.5%10° It is
important to note that the inner loop must be must
faster than the outer loop to prevent any clashes
between the two loops [5]. In outer speed control
loop, the Pl compensator is used to meet the
capacitor voltage to command duty ratio (d) value
with good transient response. Although it is difficult
to get desired transient performances such as
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increase of speed behaviours, decrease of overshoot
and settling time by using any of the classical
compensators, because of all the poles are not
available for placing at desired location, but the
gains of fixed compensator are determined in such a
way that the non dominant poles are placed far away
from the dominant poles to reduce the transient
effects created by dominant poles. Here the
uncompensated system is unstable because one of
the closed loop pole is closed to origin but in right
side of S-plane. Hence lead compensator is used to
improve transient response and make it stable by
moving the unstable pole towards left half of S-
plane. The drawback of lead compensator increases
the steady state error. The gains of lead compensator
are selected based upon the trade-off between
transient response and steady-state error. The
selection of gains of compensator is carried out by
root-locus method and it is verified by bode diagram
using Control toolbox in MATLAB environment.

The bode diagram of uncompensated and
compensated loop transfer functions of speed loop
are shown in Fig.1land Fig.12 respectively. The
compensator for capacitor voltage loop used for
control of output voltage derived from root locus
tool box is expressed as:

(54+4)

Gv(s) = (5+20)

(28)
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Fig 9 (a, b): Root locus and Bode plot of
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uncompensated Gild(S) for CM control (Fig.9(a)
for D=0.3 and Fig.9(b) for D=0.4).
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Fig 10: Root locus and Bode plot of compensated

Gild(S) for CM control.
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Fig 11: Root locus and Bode plot of uncompensated

Gvil(S) for capacitor voltage control
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Fig 12: Root locus and Bode plot of compensated

Gvil(S) for capacitor voltage control

8 Simulation Results

In order to verify the proposed control strategy of
current mode control technique used for capacitor
voltage control, simulations are carried out using
Matlab/Simulink  software. The same circuit
parameters are used as in Table-1 without ESR. The
designed compensators gain using (27) and (28) are
used for inner loop and outer loop respectively. Step
responses of 36V for 2 second and at 2 second step
response command increased to 60V are used to
observe the dynamic characteristics of capacitor
voltage, inductor current, and load current
respectively. Fig 13 (a,b,c) shows the capacitor
voltage, inductor current, and load current responses
of change of step reference from 36 V to 60V
respectively. It has been observed that both of the
speed responses reach the respective steady state
value without exhibiting the oscillation. The settling
time for high capacitor voltage response is higher
than the low capacitor voltage step response
command. It can be observed from Fig-13(a) that
there is no dip in voltage response at the time of
starting of transient due to sudden change of
command speed from 36V to 60 V. Settling time for
36V is 0.5 second and for 60V it is about 0.9
second. The ripple of load current, which depends
upon hysteresis band controller and inductance of
the circuit, is found to be£1% with average steady
value 3.5Ampere for low voltage step command of
36V and average steady state value of 6Ampere for
high Voltage reference of 60V.
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Response Of Capacitor Voltage
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Fig 13(a, b, c): Capacitor voltage, Inductor Current ,
Load Current responses of closed loop Z-source
chopper control of R-L load for a change of step
response from 36 V to 60 V.
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9 Conclusion

This paper presents detailed transient analysis on Z-
source chopper with ESR effect used for capacitor
voltage control under R-L load using small signal
model. The study of transfer function of control -to-
output has revealed that the existence of RHP zero
which depend on ESR value of passive parameters
and control parameter mainly on load current and
capacitor voltage causes dip in output responses due
to sudden change of capacitor voltage command.
However, the dip in inductor current is zero because
of non existence of RHP zero as a result; the inner
feedback inductor current control is used to study
the closed loop capacitor voltage control instead of
load current feedback. The compensators for the
capacitor voltage loop and the current loop are
designed based on the frequency responses and as
well as root locus technique. The oscillation and
slower rise time can be improved by suitable design
of compensator and using hysteresis band controller.
The simulation responses of capacitor voltage, load
current and inductor current for boosting of voltage
are presented by suitable design of compensators.
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