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Abstract: This paper deals a comparison of MATLAB based
simulation of sinusoidal and trapezoidal PWM strategies applied
to a trinary DC source nine level inverter fed R - load. The
nine-level inverter fed induction motor driveis simulated only for
that reference which provides better performance with R- load.
Open loop and PI control schemes have also been developed for
trinary DC source fed nine level inverter-based Induction motor
driveto improvetheresponses under various sudden load changes
at specified reference speed. The corresponding speed, torque and
stator voltage are presented. Usual performance indices for
transient operation of above drive are also evaluated and
presented.

Index Terms: APOD, COPWM, MCPWM, PDPWM

I. INTRODUCTION

Asymmetrical multilevel inverters assure important in the
development of industrial drives. The new switching scheme
for asymmetrical trinary source inverter. Asymmetrical
inverter consists of two H-bridge unit, each unit is fed with
different DC sources [1]. The hybrid type asymmetrical
inverter is used which simplify the design and control of
inverter [2]. The devel oped high-resolution inverter is used to
drive AC machines. Theinverter isdeveloped by stacking low
level inverter. The stacking of inverter to obtain higher
voltage level and also reduce the device voltage and
requirement of supply source [3]. The multicarrier pulse
width modulation (MCPWM) technique are used for
generating gate pulses for NPC- inverters. The developed
technique reduces the voltage ripple and implementation is
easier than other techniques [4]. Direct torque control
technique is used for two phase induction motor drive.
Induction motor is powered by four switch inverter and the
dynamic performance of the drives are investigated with
reference speed [5]. The steady state and transient
performance of two-phase induction motor drive are
investigated in [6]. The asymmetric multilevel inverter are
developed with a main level inverter and auxiliary inverter
and both are operated with two different frequencies and
supplied by two independent sources[7].
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Thevoltage controller for driveisdesigned with Pl controller,
which improvesthe system efficiency [8]. Symmetrical binary
and trinary multilevel are switched with combined staircase
and PWM switching [9].

Torque ripples are reduced by PWM techniques in induction
motor drives[10]. Elbouchikhi et a. [11] devel oped a scheme
to detect stator fault in induction motor drive. Permanent
magnet synchronous motors (PMSM) are drive with three
level inverter. The PMSM drives are controlled by direct
torque and flux-controlled method [12]. The multilevel
converter with unequal DC supply ratio is used to produce
higher stages without modify the original unit [13]. Prabhat et
al. [14] reviewed various reduced switch inverter used in
different applications and made a comparison of different
reduced switched MLI based on their performances. 1:3
voltage ratios are used as a DC source for H —bridge units.
Each unit are supplied with separate source of supply and
carrier-based switching schemes are used to trigger the
switches to achieve desired level of output [15]. The trinary
source inverter is triggered with unipolar Pulse width
modulation with sinereference. The unipolar sinusoidal pulse
width modulation technique provides less %THD [16].
MCPWM techniques are used to solve voltage balancing
problem under low frequency conditions [17]. Asymmetric
multilevel inverter istriggered with various SPWM technique
such as phase disposition, phase opposition disposition and
alternate phase apposition disposition [18, 19]. This paper
presents simulation studies on Trinary DC source nine level
inverter fed resistive load using sine and trapezoidal
references for selected carrier arrangements using MATLAB
- SIMULIINK. This paper also present open loop and closed
loop AC drives with different loading conditions.

[I. SINGLE PHASE TRINARY MULTILEVEL
INVERTER

The uneven source voltage topology gives greater
adaptability to the designer and can create enormous number
of levels without expanding the quantity of H-bridge. The
trinary nine level inverter chosen has 1:3 DC voltage ratios
[1]. Thetrinary staggered inverter produces ninelevel voltage
with no supplemental multifaceted nature to the current
topology with unevenly circulated DC voltages. The trinary
nine level inverter comprise of two H-shape modules that are
associated in arrangement to accomplish the desired number
of voltage levels. Every H-shape module hasits very own DC
source (VDC and 3VDC) and comprises of four power
devices assigned as Ay, A, Az and Ay, for the primary
module and as A, Az, Ay and Ay for the subsequent
module (Fig. 1).
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Fig. 1 Trinary ninelevel inverter.

The upper module produces a voltage with three levels, and
after that, the lower module includes or subtracts one stage
from the essential waveto integrate ventured waves. Here, the
voltage levels become the aggregate of every terminal voltage
of the H-shape module.

Table 1 archives the attained voltage with the relating firing
states. Figs. 2 (a- i) show respectively the switching strategies
to synthesize various levels.

Table 1 Firing states.

A | A | Asz | Ay | Aot | Az | Az | Ay | Level
on | off | off | on | on | off | off | on +4L
off | on | off | on | on | off | off | on +3L
off | on | on | off | on | off | off | on +2L
on | off | off | on | off [ on | off | on +1L
off | on | off | on | off | on | off | on 0
off | on | on | off | off [ on | off | on -1L
on | off | off | on [ off | on | on | off -2L
off | on | off | on | off | on | on | off -3L
off | on | on | off | off | on | on | off 4L
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Fig. 2. Switching strategy to generate output voltage level
and load current path.

(8) 4L. (b) 3L. (¢) 2L. (d) 1L. (&) 0. (f) —L. (g) —2L. (h) -3L.
(i) —4L.

[11. MODULATION STRATEGIESFOR TRINARY
SOURCE NINE LEVEL INVERTER

In this work Multicarrier based triggering methodologies
for this trinary source fed induction motor drive of nine level
inverter is developed using MATLAB for PDPWM,
APODPWM, COPWM and VFPWM strategies with bipolar
triangular carrier arrangements using two different reference
such as sine and trapezoidal.
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MCPWM drategies uses one reference (sinusoidal/
Trapezoidal) and eight carrier signals (triangular) with same
magnitude and same frequency [20]. The carrier waves are
structured above and underneath the modulated wave. By
comparing sine/ Trapezoidal signal with triangular signal, it
generate command signals (Al, A2....A8). The switching
signals are generated by logical combination of command
signal. Carrier arrangements are displayed only for a Phase
disposition approach with sine and trapezoidal wave. Fig. 3
shows the reference and carrier wave pattern for MCPWM
methodology.
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@

Fig. 3 MCPWM methodol ogy
(d) Sinewave with triangular carrier.
(b) Trapezoidal reference with triangular carrier

IV. SMULATION RESULTSOF TRINARY NINE
LEVEL INVERTERWITH R - LOAD

Trinary multilevel inverters and control methodologies are
developed in SIMULINK environment. Fig. 4 and 5
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Fig.6 Voltage created by APODPWM technique with
Trapezoidal reference
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Fig.7 Harmonic spectrum

Table2 % Total Harmonic Distortion

separately demonstrate the nine-level voltage produced by Sinusoidal Ref. Trapezoidal Ref
APODPWM strategy, which provides relatively minimum popwm | apoopwm | €O | VF [ B | apoD | co | ve
THD with sinusoidal reference and its harmonic spectrum for | _m, PWM | PWM | wm | PWM | PWM ) PWM
m, =0.9. Fig. 6 and 7 display the nine-level voltage produced | ! 1344 1333 1818 | 1516 | 1175 | 1211 | 1668 | 1333
by APODPWM methodo' ogy Wlth trapezo|da| reference and 0.95 15.66 15.64 19.97 16.81 15.03 15.24 19.37 16.74
its FFT plot for modulation index 0.9. The accompanying | 09 | 1676 1675 2203 | 17.35 | 1701 | 1676 | 2112 | 1834
pararneter are utilized: DC Supp|y of 75V and 225V, 100 0.85 16.94 16.93 23.76 17.20 17.72 17.75 22.85 17.59
ohms Resistive load, carrier frequency of 2000 Hz and 08 16.97 16.22 2616 | 17.28 | 1717 | 1752 | 2415 | 16.21
modulated frequency of 50Hz.
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Fig. 4 Voltage created by APODPWM technique with
sinusoidal reference
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Fig. 8% THD of output voltage vs m,
Table 3 Output voltage response
Sinusoidal Ref. Trapezoidal Ref
CcO VF PD APOD CcO VF
ma PDPWM APODPWM PWM PWM PWM PWM PWM PWM
1 212.6 211.8 2174 2124 2232 2232 225.7 221
0.95 201.6 201.7 209.2 200.3 212.6 212 217 211.6
0.9 190.6 190.9 199.9 189.5 201.4 201 208.2 202.1
0.85 179.6 180.3 190.2 179 189 190.2 199 191.9
0.8 169.6 169.3 178.7 168.3 178.2 178.7 189.6 179.8
Waps Vs my
250
200 - mPD{Sine Ref)
mAPOD(Sine Ref.)
1 W COPWM(Sine Ref.]
g = VFPWM(Sine Ref.)
>
1 PD(Trapezoidal Ref.)
APOD(Trapezoidal Ref)
W COPWM(Trapezoidal
Ref.)
mVFPWM(Trapezoidal
Ref.)
Fig. 9 RM S output voltage (fundamental) vs ma
Table 4 %DF for different modulation indices
Sinusoidal Ref. Trapezoidal Ref
PDPWM APOD (efe] VF PD APOD (efe] VF
PWM PWM PWM PMM PWM PWM PWM
ma
0.
1 0.0261 0.0215 1717 0.0006 0.1550 0.1604 0.2977 0.0019
0.
0.95 0.0585 0.0143 2452 0.0007 0.1706 0.1606 0.3264 0.0023
0.
0.9 0.0156 0.0168 3758 0.0016 0.1774 0.1667 0.3963 0.0026
0.85 0.0568 0.0163 0. 528 0.0021 0.1806 0.1693 0.54 0.0029
0.
0.8 0.0379 0.0103 6314 0.0018 0.1832 0.1707 0.6737 0.0028
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Fig. 10 % Distortion factor

It is seen that on account of MCPWM methodologies (i)
the harmonic content of the output voltage is relatively least
for APODPWM scheme with sinusoidal reference (Table 2
and Fig. 8) (ii) the carrier overlapping scheme offers the
maximum DC bus utilization and al other strategies have
comparatively same (Table 3 and Fig.9) and (iii) VFPWM
strategy with sinusoidal reference has lower % DF (Table 4
and Fig.10). The stress on the device isindicated by CF and it
is caculated for al the above strategies for various
modulation indices. It is found that the value is nearly same
for al the strategies and is equal to 1.414.

V.PI BASED SPEED LOOP CONTROLLER FOR
INDUCTION MACHINE

AC induction motor has many advantages over DC motor.
Hence the induction motor is preferred for drive applications.
Pl controller has been utilized for a wide scope of control
applications with near optimal performance and due to
simplicity. The nine level output of the inverter is fed to the
motor load. Fig. 11shows the Block outline for MLI with Pl
mechanism. Speed of the motor (w,) is contrasted with the set
speed (W) to create the error signal (€). The contribution to
the PI controller is e. The output of the PI controller i.e the
remunerating signal Cs is summing with W« to deliver the
supervisory signal mg which when connected as reference to
MCPWM to produce the perfect activating signals.

Multilevel :
Ah’l PWM Generator —Dl Inverter |—>| Induction Motor

-W,

m G Pl
Controller

)
+W,
£,

Fig. 11 Block diagram for M L1 with PI control

VI. SIMULATION RESULTSOF TRINARY NINE
LEVEL INVERTER FED INDUCTIONMOTORDRIVE

The presentation of the ninelevel trinary inverter for
induction motor drive exhibited above has been confirmed by
simulation.
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0.25 HP, 110V, single phase IM has been taken and ; :

its rated parameters are Rs: 1.3522 Ohms, Rr: 2.758 Ohms, £ : ; |
Lis 0.0049537 H, LIr: 0.0037487 H, Lm: 0.11862 H. 3 S A — : R
0.0146 kgm2 and Pole pairs:2. The smulations were '
performed with MATLAB-Simulink. Switching signals are
developed using the best performing reference in R - load.
APODPWM strategy using sinusoidal reference is used to LI - ‘ .
create the firing signals for the inverter. The simulations are ‘ o - L : 2
performed both in open loop and closed loop modes of
operation. The various performance characteristics such as
torque, speed and voltage are observed. Fig. 12 shows the
open loop response of start-up transients of speed and torque
of chosen IM drive. Figs. 13 and 14 demonstrate the open f 1 i
loop reaction of inverter voltage and its harmonic spectrum.

Figs. 15 - 20 show the transients in speed, torque and - . ||
inverter output voltage and its harmonic spectrum with rapid =~ * ., H‘ ‘H I
load variations from no load to graded load (O N-m to 1.5 l
N-m) at t = 2 sec and vice versain the open loop mode.

Fig. 21 showsthe closed loop response (with Pl controller) ) e
of speed and torque of chosen IM drive. Fig. 22 and Fig. 23 Fig.16 VVoltage response of trinary inverter
show the closed loop response of inverter output voltage and ot 120 0 75
itsFFT plot. Figs. 24 - 29 show the transients in speed, torque oF ‘ w w w
and inverter output voltage and its FFT plot with rapid load
variations from no load to graded load (O N-m to 1.5 N-m) at
t = 2 sec and vice versain the closed loop mode.

Time in Secs

Fig. 15 Speed and Torqueresponse without controller
with variable load torque (0 N-m to 1.5 N-m).
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Fig. 18 Speed and Torque response without controller
with variableload torque (1.5 N-m to 0 N-m)
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Fig.13 Voltage response of trinary inverter

Fundamental (50Hz) = 120, THD=13.78%
8 T T T T T T

Fig.19 Voltage Response of trinary inverter

Fundamental (50Hz) = 120 , THD=13.78%
T T T T
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Fig.14 Voltage har monic spectrum
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Fig. 21 Speed (rated speed=1250 rpm) and Torque
response of closed loop System

i
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Fig.22 Voltage Response of trinary inverter

Fundamental (50Hz) = 120, THD= 13.64%
T T T T
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Fig.23 Voltage harmonic spectrum
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Fig. 24 Speed (rated speed=1250 rpm) and Torqu
response of closed loop system with variable load torque

(0N mto 1.5 N- m)
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i |

]
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Fig.25 Voltage Response of trinary inverter

Fig.26 Voltage har monic spectrum

Fig.27 Speed (rated speed=1250 rpm) and Torque
response of closed loop system with variable load torque
(1.5N-mto O N-m).
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Fig.28 Voltage Response of trinary inverter

Fundamental (50Hz) = 120, THO= 13.64%
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o
T
1

Mag (% of Fundamental)
.
1

0 1 A ki 40 50 60 0 80 90
Harmanic order

Fig.29 Voltage har monic spectrum
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From the simulation result of open loop mode, itisinferred
that the machine speed is zero and torque is high and after 0.8
second the motor reaches steady state speed (Fig. 12). Hence
electrical torqueisequal to mechanical torque. The % THD of
output voltage is 13.78 (Fig. 14). Further it is observed from
Figs. (15— 20) the machine accelerated under no load to rated
load (O N-m to 1.5 N-m) and vice versa. Under no load
condition, machine is accelerated to rated1500 rpm. Then 1.5
N-mload isadded to the machine the speed dropsto 1460 rpm
and vice-versa. The output voltage THD is 13.78% in both
loading conditions. From the simulation results of closed loop
mode, it isinferred that the motor speed increases linearly up
to the set speed of 1250 rpm in 0.45 second as shown in Fig.
20. After 0.5 second, the speed stabilizes at set speed. The %
THD of output voltage is 13.64 (Fig. 23). Further it is
observed from Figs. (24 - 29) the controller proceeds 0.5
second to recover the speed to fixed value (1250 rpm) and a

Mag (% of Fundamental)
=
T
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controller tgkes very few seconds to recovel
value (125( rpm) and the torque response is oscillatory in

nature and ontrol ler takes very
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VIl. CONCLUSION

Chosen trinary source fed nine level AMLI based
R-load and induction motor drive are developed and
presented. A Pl based control methodology is also developed
to regulate the speed of the above drive. The closed loop
responses of the drive system have been obtained under
different loading conditions. The results are presented and
analyzed and are satisfactory.
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