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Abstract

Pulse width Modulated (PWM) control techniciue for an a-c choppers using harmonic
elimination method is proposed. The firing switching instants of a-c chopper for the
proposed technique is derived theoretically. By using a microprocessor as a controller,
makes it possible to store the firing switching instants time as a look-up table for different
load voltage values. Two MOSFET's are used as ana-c chopper. Experimental results
verifying the simulation analysis of the a-c chopper fed static (R-L) load and dynamic load
(1-ph. induction motor). The proposed strategy is low cost, simplified, and control

effective.
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1. Introduction

A-C choppers or ac voltage regulators have been widely used to obtain variable a-c voltage
from a fixed a-c source [1]. A-C choppers are widely used in applications such as industrial

heating, lighting  control, soft starting of induction motors, speed controllers fans and
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pumps. Many of these are conventional phase-controlled a~c controllers using thyristors,
which have the advantages of simplicity of the control circuit and large power capability. -
However, these have the inherent drawbacks that power factor decreases when the firing
angle increases and that, Since the content of the line current harmonics is relatively large.
The size of the passive filter circuit becomes bulky. These drawbacks can be overcome by

using PWM a-c chopper.

This chopper offers several advantages éuch as sinusoidal input current with unity power
factor, fast dynamics, and significant reduction in filter size. Some of PWM a-c chopper
that has been used is symmetrical angle control, asymmetrical angle control and high-
frequency time ratio control [2]. The developments achieved in the field of power
electronics made it possible to improve the performance of electrical system utilities.
Usually solid state power switching devices are employed in source conditioning by
changing either its magnitude or frequency such as converter, inverters, choppers, regulators
or cycloconverters. An a-c voltage regulator is used as one of the power electronics systems
to control an output ac voltage for power ranges from few watts up to fractions of mega-
watts. Phase-angle microprocessor based harmonic elimination in chopper type ac voltage
regulators is used [3]. In this type of regulator, output voltage is controlled by varying the
ON/OFF time ratios of a series controlled switch using a microprocessor as a controller
makes it possible to vary firing instants according to a predetermining firing instants such
that selected dominant lower order harmonics can be eliminated. This in turn leads to
improve system power factor and efficiency.

In this paper, a PWM ac inverter harmonic elimination technique is used. For a half cycle
of the a-c source, a PWM switching function composed of M pulses is assumed. Fourier
coefficients of PWM output voltage are then obtained, which are expressed in terms of the
M switching  point variables. In addition, the constrains for required output fundamental
voltage and elimination of harmonics up to 2M-1 order, yield M equations. Solution of
these equations enables the derivation of the required PWM switching pattern for the
chopper [4]. Only two MOSFET's controlled by a microprocessor are used to achieve
PWM technique for an a-c chopper. Different loads are used R-L load and dynamic load
(1-ph. induction motor) in this system. Practical verification of the theoretical predictions is

presented.
2. Description of PWM a-c chopper

The power circuit of a PWM a-c chopper is composed of two uncontrolled bridges and

pair of MOSFET's,, connected one in series, and one in paralle]l (freewheeling) with the
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load as shownin Fig. 1. The series connected MOSFET regulates the power delivered to
the load, and the parallel one provides the freewheeling path to discharge the stored energy
when the series one is turn off . A power MOSFET is a voltage-controlled device and
requires only a small input current. The switching speed is very high and the switching
times are of the order of nanoseconds. Synchronization signal is transferred into carrier
signal through synchoization circuit and input to microprocessor. An INTEL 8085
microprocessor is used in this applications because it is available, low cost and sufficient.

An assembly program stored in EPROM memory interfaced with microprocessor selects
the required switching instants from a look-up table that contains different switching
instants corresponding to K value. Charging a tﬁner for ON-time or ‘OFF time and output
two signals from output port of microprocessor delivers Two MOSFETs. A synchronization
circuit and driver circuit of MOSFET are shown in Figs. 2, 3 respectively.
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Fig. 1 A proposed system of a PWM a-c chopper
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Fig. 2 Synchronization circuit
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Fig. 3 Driver circuit for MOSFET

Consider the output voltage waveform shown in Fig. 4, with six off periods embracing
five voltages pulses per half cycle. Here, number of On and OFF periods per half cycle is
eleven  that is the dominant harmonic for PWM firing strategy. Assuming arbitrary
Gy» Ols 03, 4o &5

switching angles per quarter of a cycle, wave is symmetric

around n/2  and performing frequency harmonic analysis yields

£
% since  a®
A(l) = o | =
\ ’ ® - SWWAC BT/
~——-—-—2 Q b
2 swm(a-1)0 s(a+\)® w2
A - = - .

T n-\ n+\
B(l), B(3), B(S) ......... B(n) = 0  (quarter-wave symmetry)
It is clear that there exist five unknown which in turn requires

five equations for its evaluation. This implies that there are five constraints ought to be
fulfilled in selecting values of these angles. These constraints can be set in the following
way:
L SWWAC I/ ))
ap=k= = 1@ - —— |y
T 0
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Where: K = ratio between peak value of fundamental load voltage component to peak value
of input supply voltage. It could be then concluded that number of constraints equals
number of switchings per quarter of a supply voltage cycle. This means that increasing

number of switchings will in turn lead to eliminate more harmonics.  [3].
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Fig.4 Voltage waveform harmonic elimination

3- Simulation and Experimental results
A program was constructed for evaluating MOSFET switching angles with eleventh
components eliminated. A flowchart is shown in Fig. 5 represents a program. Load

current is calculated from the following equation:

d
AVAY = R X\ + L —_—}“l
dt

Vp =Vg at main MOSFET isturned ON  but VL=0 at main MOSFET
is turned OFF

So, the last equation is solved using 4 th order Rung-Kutta technique taking a step of
calculation is 0.1 m. Sec., hence supply current is determined from load current .
Theoretically, and in ideal case, supply current = load current in case of Mng ON main

MOSFET, but reaches to zero otherwise.
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The calculated and experimental results are presented for five switching instants per quarter
cycle of supply voltage waveform and R-L load with R=56 ohm and L= 50 m.H., supply
voltage = 110 volt and supply frequency = 50 Hz. In ideal case, during turn on of main
MOSFET (in series) , load voltage equals to supply voltage (neglect drop voltage through
uncontrolled bridge and MOSFET) but in other hand, at main MOSFET is turn off, load
voltage equals to zero because of freewheeling MOSFET parallel path across load. The
main, parallel MOSFETs and syﬁchronization signal at different values of factor K where
K = ratio between peak value of fundamental load voltage to peak value of input supply
voltage is shown in Fig. 6, the result shows that a good accuracy of a zero crossing
determined by a microprocessor program and hence an appropriate pulse to MOSFETS.
Also, simulation studies of supply current, load current and terminal load voltage are
represented at Figs. 7a,b - 10 a, b for different values of K. A good agreement
between experimental and siraulation results, load current is nearly sinusoidal as increased
in factor K. Instead of R-L load, a single phase induction motor (1/6 HP, 220 volt, 0.5
Amp.) is connected as a load. Supply current, motor current and terminal voltage for
different values of K are shown in Figs. 11-14 . The a-c input current has discontinuities
during every cycle even the load current becomes roughly sinusoidal. The speed of the
motor against the variation of factor K is shown in Fig. 15. To make the filtering burden
less, it is required to increase the number of pulses per quarter cycle. Also this can improve
the wavform of the load voltage close to the pure sine wave but it is necessary to use a
suitable microcontroller or a fast microprocessor to generate a required pulse to MOSFETs.
Fourier analysis of load voltage for different values of K factor is shown in Fig.

16a,b,c,d
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Fig. 5 A flowchart represents a simulation program.
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4. Conclusion

In this paper, a real time control of load voltage is proposed based on an harmonic
elimination of PWM ac chopper using microprocessor as a controller for selecting a
required switching instants of chopper from a stored look-up table in EPROM memory
interfaced with a microprocessor. Experimental result has been constructed using a
microprocessor to verify the feasibility of the control system. A good agreement is obtained

between the calculated and experimental results.

Symbols

D1, S1, G1: drain, source and gate of mosfet number 1.

D2, 82, G2: drain, source and gate of mosfet number 2.

K: ratio between peak value of fundamental load voltage to beak value of input supply
voltage.

R-L : staric load consists of resistance and inductance.

M: number of pulses per one cycle for driving mosfet.

VL, : Load voltage

Vg: Supply voltage

References

[1] Do-Hyn Jang, gyn-Ha Cho," Improvement of input power factor in ac choppers using
asymmetrical PWM technique, IEEE trans. on Industrial electronic volume 2, no. 2, March /
April., pp 179-185, 1995

[2]. Kwon B.H., Min B.D, and Kim J.H., " Novel topologies of AC choppers", IEE Proc.
Electr. Power Appl., vol. 143, No. 4, July, pp. 323-330.,1996.

[3] Khaled E. Addoweesh and Adel Mohamadein, "Microprocessor based harmonic

elimination in chopper type ac voltage regulators”, IEEE Trans. on power electronics, vol.
5, no. 2, pp. 191-200, 1990.

[4] Gyu-Ha Choe, Alan Wallace, Min-Ho ark, "An improved PWM technique for ac
chopper", IEEE transactions on power electronics, vol.4, no.4 October , pp. 496-505, 1989.

78



SV

1 S.00% 2 S5.00v 3

J~0.00s

5.0097

Freg(35=50.00 Hz

Periﬁdc3)=ao.00mé
(a)

S —O.00s

Duty cyd3>=51.1%

S .00/

i S5.00v 2 S.00v 3

Sngl+3 STOP

Fregd33=50.00 H=

’0.00ms

(b)

Duty oyl30=51.1%

5,00 2 5.00¢v 3B

0 .00s5

5.00%8” Snglf3 STOP

;

Freql3)=50.06 Hz

S.00V 2 SO.0V 3

i ke
Period(3d=

SV

5,008/ snglf2 STOP

©
Ea

Fregl3i=5C.00 H=

I
' H
Lt

63)—20 OOms

CY

Period

Duty cydld=51, 1%

Fig. 6 Main MOSFET pulses, parallel MOSFET pulses and synchronization signal at

(a) K=0.2

(byK=0.4

79

() K=0.6

(d) K=0.8



i 5.00v 2 50.0V —0.00s  5.00%/

anglf3 §70p

Vavg(2)=389, Im¥ Yrns(2)=12.29 ¥ Vo-p(2)=206.3 V
Main MOSFET pulses, and supply current
(1 amp. =1 div. / 16)

1 5.00V 2 50,0V

VAL

;0,005 5.00%/ 13 S0P

Main MOSFET pulses, Load voltage

{ 5.00v 2 50.0v —0.00s  5.00%/ £3 ST0P

=

A

Yavg(2)=3.673 V Yrms(2)=19.00 ¥ Vp-p(2)='115.6 V
Main MOSFET pulses, and load current
(1 amp. = 1 div. / 56)
Experimental resuits of R-L load
for K=0.2

Fig, 7a

80

]
1
]
{
1}
3
1

T
T
T
}
1
T
3

o
<
<

PETRTS A ISR TRTSTY (Y RIR TRV TRTR YIS STAeNTIIN O TRIRCITE
]
T
T
3

+ + +

O ~esor-mmspa———pre—spemaapaeo~
T
1
H
T
Il

M -

bbbl (it tininteld shebuiming Simiuiuint Hahaind

T
i
'Y
1
T
(l
t

+.00

2,00

Main  MOSFET pulses {volt.)

Q.00 T
Q.

O
»
4
o.
-3

FraRARSERE
time (sec.

o
o

E
0.60 3
0.00 —:

3
3

ITTIeTIN]

Supply current (amp.)
t
]

1
3

o
farrm
0o

o]

o8 M
R

by

200.00

100.00

-}

o
o
o

—100,00

t
i
O

FYSTRTTRTNTTRTE TSI TEINTINVRITL IRTTUTUINE ]

Load voitage \volt

T
1
i
t
1
1
[o==-—r=*==-r==-""[">"==-r
!
i
]
t
t
[ Snhaieiaie sitaduieiiet shutuintatel

........ T

X 0,
time (sec.)

(amp.)

Load current

bonmmmpo e m e

1

]

i
T ST T
time (sec.)

Fig. 7b Simulation results of R-L load for K=
0.2



{ 5.00Y 2 50.0¥ 0.00s  5.00%/ Snglfd Squ

&
]

-
g
§
R
!
)
e

|4
<]
a
I
-
T

o
a
o

T
T
1
I
1

*
o
a

N
g
a

1

T
i
1
1
T
e

1
Pt st
1
T
T
hndviuid sbutniniid sinfuhaiel Sindetbel 5
]
T
ituludod ivivind sutufuind iininheiet Suheiiol BRI
-
1
T
T

Main MOSFET pulses {voit.)

PRYYITITLITTT TSR I T TTATICRINIAION]

oS pimyepey ey i A et

o

Main MOSFET pulses, and supply current

(1 amp. = 1 div. / 16)
1 5.00% 2 5.00v —~0.00s §.00%/ Sngl£3 S10P

i

0.00

L
a
a

~2.00

Supply current {amp.)

i .

20000 o e o e e e e

10000 A -———~ =<+ —— ===~ f - —————

o
a
a

—-100.00 Fr=memw b e e i e -

Main MOSFET pulses, Load voltage

—~200.00 - = e e

Load voltage (voiL.)

1 5.00¢ 2500V ~0.005 5,002/ Snglf3 S0P

huinteiuied Shatiaieiel Sininteicial vuiuinting Shubaiehaie

e ey e TR PR

0O

i
'
:
(]
T T 4
0,92 04 6.08

—300'000.60' -------- .‘.-.----- T YT STTT
time (sec.

200 qrm m e m e e e e e

)

{amp.

4

o
9
]

Load current
]
3

]
I
o
G

g et

~3.0 LZMLAR A itas A o e 20 T T
0958 0.02 0,
time (sec.

Main MOSFET pulses, and load current
(1 amp. =1 div./ 56) . : .
Fig.82 Experimental results of R-L load Fig. 8b Simulation results of R-L load for
for K=0.4 K=04

81



time

583.0nY

Vavg(2)

Vp-p(2)3=203.1 ¥

48,38 V

P rTTEEL TR CUTTTEERSLLTTTR YT TR
' H . 3 3
| 1 e——— 1 i ) R ] L
i 1 > i ] L 3 L
' i 1 1 1 L} L
] | | —— ) ' 1 L ' E
] e e — 1 i i 5 i {
! e 1 1 H 5 1 L
1 H ¥ ) L 1 -
b | I e (RO [ PR, by dan 2 F . 3
M\J 3 i p—1 ." & [ ”M\l./ t mD\I./
G ! ! =i 0 ! LG ' Fo
o “ “ “ o 1 F o 1 [ o
17 ) ' 1 ) ] ) 1] i ﬁ 1]
p— A4 NS ~/
] j | —a— t 1 “ - "
3 1 == 1 1 b
A m 1 ] 1 1 m 1 X m 1 [
1 1 1 1 b 1 L
o ks N N
-G | P NS PSS JF PR demmma G's P U IAM.' P PR )
i D = ] ot N Ve
13 [ —— 1] 1 - 1 L
] 1 ] 1 5
1 1 1 ¥ L 1 L
[ L amg— ] ] ] ¥ h
= S| i 3 ] ] -
e § ' ' X t L
1 = ¥ 1 a i Fo 1 Fo
9 ] ra
< (=3 1o
s 8 & 8 8 8 8 8§ 8 8 g g 8 88 8§ 8 38
- & - o 3 5 5 P o I o ] - S - of ]
1 i i e 3 o ) = 1 i I
("dwo) Weund Aiddng v ) ) b ("dwp) yueuns pool
{uoaY abouoa poo
—— g g
& e e & =
5 = : T - - =
& z ... £ = L O SO SO SO
3 D T z
& g & E 5 Z
iy = -
n R e .'ll .............................. i
0 e - -
= 25 2 z £ z
w m m 3 I © 3 T auns I LELTL-CL LR PRE SRR
L o s : Wa w =
» = - . R
3 . —t "y o %3] R R LT
& -5 £ > £
(=3 — 2 = K3 ﬂ o
< P2 L. Q i,
wg e [
g~
g% o
: [
$ 8 s “
> = = =
s a
= =
. L - mn -
2 =M g @ 2
8 2 o 8 L &
> B M -~ - -~ T
3 S g 3 | 8
w 2= n s w
- £2 - i

Vrins (2)

K=0.6

Fig. 9b Simulation results of R-L load for

82

(1 amp. = 1 div. / 56)
Fig, 9a Experimental results of R-L load
for K=0.6

Main MOSFET pulses, and load current



{5.00v 2 50.0v .0.00s 5,002/ Snglf2 STOP

o
3

@
a
Q
D
T
T
i
s
T
T
Y
1

o

=]

-3
t
¥
T
!
T

>
o
a

sHEerere v o N

Main MOSFET puises (volt.)

o
o
o

Z00.00

: : : : ; : : : ‘ __ 100,00
rms(2)=27.80 ¥ Vavg(2)=-2.036 ¥V Vo-p(2)=282.8 ¥ —‘Jd
Main MOSFET pulses, and supply current 2 goo
(1 amp. = 1 div. / 16) %
5 ~100.00
1 5.00¢ 2 S0.0v ~0,00s  5.00%/ Snglf2 STOP >
: ; R : : : f ; 1
; v : : : : § ~200.00
—'300.0% 60
200 grom— e Al e abdde il
S 100 Frod A - ==~ = R - - - A e
£
=
+s 000 T
5 I
: { : ! ‘ : é =100 Fr e o e J b
rms(25=85.5i ¥ ' Vavg'(23=800.8mv . Vp-p(2)=320.3 ¥ ?E ol .\ EL ______ \ _L _________ !
Main MOSFET pulses, Load voltage 3 e o i ' :
i 5.0V 2 50,0V ~0.00s  5.00%/  Snglf2 SIOP T S X T ¥ Y. v
: : : : : : : : time (sec.)
2.00
fm_.\ 1.00
£
(=
~ o0
=
g
:5-; —1.00
B
9 ~2.00
Y
Yrms(2)=89.58 V Yavg(2)=1,271 ¥ Yo-p(2)=225.0 ¥
Main MOSFET pulses, and load current Fig. 10b Simulation results of R-L load for
(1 amp. =1 div. / 56) K=0.8
Fig. 10a Experimental results of R-L load
for K=0.8

83



1 5.00v 2 50.0V +0.00s 5.00%/ Sngl£2 STOP

Main MOSFET pulses and load voltage
1 5.00vy 2 1007 0.00s 5.00%/ Sngl$2 STOP

Main MOSFET pulses and load current (IL = div /0.1 ohm)
1 5.00v 2 50.0¥ —0.00s 5.008/ Sngl£2 STOP

Main MOSFET pulses and supply current (Is = div. / 20 ohm)
Fig. 11 Motor performance for K=0.2 and motor speed =287 r.p.m.

84



1 5.00v 2 50.0V £ 0.00s 5.002/ Sngl42 STOP

v
T
ES

3
£

.|.|.|.|.-.| - dedr i

S IKTNERI O

R

AR

Main MOSFET pulses and load voltage
0.00s 5.00%/ Snglfé2 STOP

St e

Main MOSFET pulses and load current  (IL = div /0,1 ohm)
1 S.0Q0¥ 2 50.0V +—0.00s 5.00%/ Sngl£2 sT0P

Main MOSFET pulses and supply current (Is = div. / 20 ohm)
Fig. 12 Motor performance for K=0.4 and motor speed =2560 r.p.m.

82




STOP

1 5.00v 2 50.0V

e o

§0.005 __ 5.008/

Snglf2

Main MOSFET pulses and load voltage

sSTOP

—0.00s

5.00%/

............................. Ferteartanefooavaanns
Toeeenanns Tersaterimburrencons Toreriaaan frearanans

“
v P
; ......... frovoonvans

Main MOSFET pulses and load current

(IL =div/ 0.1 ohm)

1 5S.00v 2 50.0V

£0.00s 5.00%/

Snglf2 STOP

Main MOSFET pulses and supply current (Is = div. / 20 ochm)
Fig. 13 Motor performance for K=0.6 and motor speed =2812 r.p.m.

86



1 5.00v 2 50.0V

£0.00s  5.008/

Snglf2 STUﬁ'

-~

o

Main MOSFET pulses and load voltage

lereleds =1 hl-l-i-n-|~|-x~ NN N]

—0.00s 5.008/

Snglf2 STOP

ni’km

vrms (2)=23.685mY

Vavg (Br=-2.872my Vp-pL2)=246.9mYy
Main MOSFET pulses and load current

(IL =div /0.1 ohm)

1 5.00v 2 50.0V

+—0.00s 5.00%/

Snglf2 STOP

Vrms(2)=13.83 ¥V

Vavglzr =a68 . 8mv Vp-p(23=206.3 V

Main MOSFET pulses and supply current  (Is = div. / 20 ohm)
Fig. 14 Motor performance for K=0.8 and motor speed =2910 r.p.m.

87



JO0.0G

] 1 —l ]
. e !
z IM'/”/A ! 1 !
__\35\,*'3‘0&,' - /lL ~~~~~ :~ ~~~~~ |L- —————— :
. ]
s | : : .
- 1 1 i ]
1200000 b b e e b e
W ! ! ' 1
o i 1 ! 1
1 H 1] 1
1 i ] [
& 1800.00 b e b b e :
a1 ] ' ! i
. 1 { | i
W3 1 1 ! i
L TR00,00 -—---;—v--~--—:— ————— :— —————— :
< 1 ] i I
Fod ) H i 1
[ z t t 1 t
= 50000 b e e b e '
i i 1 ]
i ] ] ]
] ] i I
'J'D[j{'}'é[b‘|l'll.:’?:~&}|,llI'.{}::&(‘}"“ll.‘:}:éé}""‘lé}:é’é'l",ljli‘;i‘t]
K factor
Fig, 15 Motor speed against K factor
10 —
: :
Ng N3
> 3
123456789 123456789
N+hhamonics N-thhamonics

Fig. 16a Feurier spectrum of load voltage for K=0.2

Fig. 16b Fourier spectrum of load voltage for K=0.4

0
o

N
?
0
123456789
N+h hanronics

"]

123456789
N+h hamrorics

i

Fig. 16¢ Fourier spectrum of load voltage for K=0.6 Fig. 16d Fourier spectrum of load voltage for K=0.8

88




e g 39 el

dene Jy ) v a ¢ ol el s
St ae Jud Joleraed, palual Je e and

Japn 8 Al Uide Jaall dgm b mSatll il 138k
PRTY ,._533 baad Gl Cada o agadl {5 ?hal.u}g S, ladie agall
Jually g MOSFET sl e g 53 SN (pn ] a0y 4yl
oo AV Jaly Laip Joend) ae (o2 ill) 535 Ao Laabaa
Lliadle gn (il s 1) il gl yimn e
o5 A UK aa diodes Ama )l (e 4558 A5 8N 5 e S ga
O gy A e JS 40008 Ay ko Jeall dga dasia 2By
el e Tl A L S Dy e il (i )
Al Gl ad € e ey A ) peaay g Sl
Faly 4SS &3 530 il Uik oy gies 3 g IS ey
55903 LAl syl il Al ad Opals asis s 5 apendd
Jolaa L (oo gty g Soally dialle Bas ol 5 4,5SH AL
alial Jgaal lfials asds a3 Jueadl g e dlilida L]
Lileey Ahlat A 50 Jee fy »caglhall Joadl sgad 1iuda Jledl
widay dalia e g gSe S0 Jea Jo g da SRl 45y lall
15 lieyy rdnsl atal dae e 5 be (Sl Jea e L
O () bial e sl Bildal ey Adaall y Lddanl Al
sl eIy Jaad aga b oSaill p gl Hlad) 23 alisd

¥ Ao\l Al pe Sl

89



