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Abstract: Problem statement: This study concerns with designing of Pulse Widtbdulation
(PWM) techniques and analyzing of their waveforrosirtitiate a comparative numerical study.
Approach: This study enables the people interesting in dgmy the motional control algorithms of
adjustable DC drive schemes (e.g., DC-DC convert&esults: LabView software was used as a
real-talk simulation environment to design and gmalof the studied cases, such that: single pulse
width modulation, multiple pulse width modulationdasinusoidal pulse width modulation. Full sub-
VI schemes with labview had been designed to inicedfor future studiesConclusion: Analytical

and numerical results have been also providedeagnid of this study.
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INTRODUCTION Concerning the programming language, Using

) _ o o ] LabVIEW, it is possible to speed up programming

In many industrial applications, it is required to consjderably as it is designed to take measurements
convert a fixed-voltage dc source into a variable-ynalyze data and present data to the user. LabVIEW
voltage dc source. A dc chopper converts direeynt  ares it easy to maintain good architecture in the

dc to dc and is also known as a dc-to-dc conveRer. o, jications because encapsulation and modularity a

. , a
chopper can be con&dgred as dc (_equ|valent to an %gsy to implement through the use of sub virtual
transformer with a continuously variable turn’sioat instruments Vis (Ahmed, 2005).

Like a transformer, it can be used to step-dowstep-
up a dc voltage source. .
Choppers are widely used for traction motorDesign of Sub Vis for PWM Control: The most

control in electric automobiles. They provide snioot €fficient method of dc voltage regulation is todmorate
acceleration control, high efficiency and fast dyim  Pulse-Width-Modulation  (PWM) control  within  the
response. Choppers can be used in regenerativingprak choppers. The commonly used techniques are.

of dc motors to return energy back into the suppiy

this feature results in energy savings for tranggion ~ Single  PWM: In single-pulse-width modulation
systems with frequent stops. Choppers are used in ¢ontrol, there is only one pulse per half-cycle anel
voltage regulators and also used, in conjunctichan ~ Width of the pulse is varied to control the chopper
inductor, to generate a dc current source, espeéiml  output voltage. Figure 1 shows the generation thga

the current source inverter. signals and PWM control signal of dc chopper.
DC choppers can be used as switching-mode
regulators to convert a dc voltage, normally ) Carrier signal
unregulated, to a regulated dc output voltage. The ‘:R'__X ,:/Referencesignal
regulation is normally achieved by pulse width ' A B
t

|
modulation PWM at a fixed frequency and the 0 :
switching device is normally a BJT, MOSFET, or IGBT !
!

;

[

the elements of switching-mode regulators (Ong8199 L :\

There are various techniques to regulate dc output * +— KT | I| !
voltage. The most efficient method of dc voltage o f ; I | |
regulation is to incorporate Pulse-Width-Modulation RS T =
(PWM) control within the choppers. The commonly K=TonT
used techniques are: single PWM, multiple PWM and
sinusoidal PWM (Johnson and Jennings, 1994). Fig. 1: Single pulse width modulation
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modulation index MThe amplitude modulation index
or simply modulation index:

M=A,/Ac 1)

Where:
A; = The amplitude of reference signal
A. = The amplitude of carrier signal

The RMS output voltage can be found from follow

Eq. 2:
'
(T12)+3)/2
Vo= [2/T vSdt= VS5 /(T/2 2
‘ \/ (T12)-8)/12 (T/2) @
» The average voltage is given by Eq. 3:
- Va=Vs*3d/(T/2) 3)
e — Figure 2 below is the panel and the diagram of the
() single PWM virtual instrument (V1)
Flg 2: The diagram and panel of Single PWM MATERIALSAND METHODS
Ff__| Carrier signal Multiple PWM: The harmonic content can be reduced
ActS B by using several pulses in each half-cycle of autpu
A /\ /\ /\ Reference signal voltage. The generation of gating signals for tugnon
‘ v \/ \/ \/ \/ - and off of transistors is shown in Fig. 3a by corimgpa
0 T /\ /\ N A A -rt reference signal with a triangular carrier wavee thntrol
F 7 signal is shown in Fig. 3b. The frequency of refese
/ \/ \/ \/ \/ \ signal sets the output frequency &nd the carrier
frequency § determines the number of pulses per half-
Ve (a)  Gate single generation cycle p, the modulation index controls the outpltage.
\ This type of modulation is also known as uniforntspu
0 H H H H H ﬂ H H H DZT . width modulation UPWM. The number of pulses pef-hal
[kT] T cycle is found from Eq. 4:
b) The control signal
Fig. 3: Multiple-pulse-width modulation 2f, 2

The gating signals are generated by comparing gnare
rectangular reference signal of amplitude with a ’
triangular carrier wave of amplitude, As shown in Eq.
1. In the positive half cycle, when the referenigmal
amplitude is greater than the carrier signal amgét
the output voltage reach its rated value <KT period ) R

In the negative half cycle, when the carrier signa'S shown in Fig. z_lfor UPWM.
amplitude is greater than the reference signal el If &is the width of each pulse, the RMS output
the output voltage reach its rated value <KT period Voltage can be found from Eqg. 5:

The frequency of the reference signal determines th
fundamental frequency of output voltage. By varyfg _ (T12)/p+d)/2 _
from 0 to A, the pulse width, KT (where k =,JT), VO_\/Z /TJ-((TIZ)/p—E)/Z vSdt= v

can be varied from. 0 to-The ratio of Ato A is the
control variable and defined as the amplitude  The average voltage is Eq. 6:
209

m = fJf, is defined as the frequency

modulation ratio.

The variation of modulation index M from 0 to 1
varies the pulse width, KT, from 0 to T/p and theput
voltage from 0 to \ The control signal of DC chopper

®/(T/2) ®)
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Va=Vs*§(T/2)/ (6) Case structure? false case include shift reg{ster
of iteration equal 1) its input is triangle freqagrocal
where, T is the periodic time of the reference algn variable (increment by fo) and its output is trikng

frequency terminal. Square frequency input of

Components: Four for loop-shift register, three case UPWMSQU.VI sub icon equal 0.01 and triangle
structures, Wait-delay, sub VI (UPWMSQU.VI), amplitude equal 14. The sub icon outputs goes tio bu
comparisons (Greater than and less than), adddedivi cluster array icon (its output is waveform graph).
multiply and subtract icons, while loop, one build MPWM (Array2) output of sub icon connected to:
cluster array, [harmonic distortion analyzer][pulseharmonic distortion analyzer, pulse measurements,
measurements][averaged DC-RMS][ cycle average andveraged DC-RMS, cycle average and RMS and output
RMS], 2*waveform graph, one Digital Controls and signal waveform graph.
eleven digital indicators, one waveform indicatoush The square frequency is multiply by 2 and the
button, one Array indicators. output divided to triangle frequency. The output is

. ] connected to p indicator. Case structure3 true case
Construction: The terminal of stop motor-push button- compares square amplitude local variable with 0.4.
is connected to case structurel and case structiise? case structure3 false case compares 12 with square
local variable is connected to case structure3.eCasamp"mde local variable. All icons included in \ehi
structurel true case include shift register (no. ofpop with conditional terminal connected to the paut
iteration equal 1) its input is square amplitudealo of case structure3s.
variable (decrement by 0.2) and its output is sguar

amplitude terminal ~ (which connected to squaregperation principle: To run the circuit we must enter
amplitude input of UPWMSQU.VI sub icon). Case the value of § from the panel. When we press the run
structurel false case include shift register (nbé. Oputton, stop motor terminal will be in false mode
iteration equal 1) its input is square amplitudealo (activating the false case of case structurel, case
variable (increment by 0.2) and its output is squar stycture2 and case structure3) the shift registease
amplitude terminal. Case structure2 true case @eclu girycture1l  will begin with a value equal 0 and
shift register (no. of iteration equal 1) its iNpist  jncrement by 0.2 within a delay time equal 250 m. se
triangle frequency local variable (decrement bydoll  also the shift register of case structure2 will inegith

its output is triangle frequency terminal (which 5 yglye equal 0 and increment Ryfithin a delay time
connected to triangle frequency indicator and gian equal 250 m sec. The variable output values of case
frequency input of UPWMSQU.VI sub icon). structurel compared with fixed triangle wave within
UPWMSQU VI sub icon (According to the fixed
amplitude values of triangle wave changing the sgua
wave amplitude values will increase the modulation
index then the duty cycle (K) will increase als th
cycle average and RMS values will increase). The
variable output values of case structure2 compeastd
fixed square wave within UPWMSQU VI sub icon
(According to the fixed frequency values of square
wave changing the triangle wave frequency valudks wi
increase the frequency modulation ratio then the
number of pulses per half cycle (p) will increassoa
the cycle average and RMS values will increase)
(Ahmed, 2005). When the value of square amplitsde i
greater than 12, the conditional terminal of whdep

will be true (the while loop stop executing).

When we press stop motor-push button- stop motor
terminal will be in true mode (activating the treaese of
case structurel, case structure2 and case str8jthies
shift register will begin with last value stored rand
- decrement by 0.2 within a delay time equal 250 m se
®) The variable output values of case structurel coetpa

Fig. 4: The diagram (a) and (b) panel of multipié® VI with fixed triangle wave within UPWMSQU.VI sub
210
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icon (According to the fixed amplitude values of /Carriersignal
triangle wave values changing the square wave A
amplitude values will decrease the modulation snde  Af
then the duty cycle (K) will decrease also the eycl
average and RMS values will decrease). The variable
output values of case structure2 compared withdfixe
square wave within UPWMSQU.VI sub icon
(According to the fixed frequency values of square
wave changing the triangle wave frequency valudls wi
decrease the frequency modulation ratio then the

iz

Reference
signal

-
u
1
]
1
-

0mn;
number of pulses per half cycle (p) will decreats® a T LU 2T

the cycle average and RMS values will decrease)iWhe ) . ] ]
the value of square amplitude is less than 0.4, th&19. 5: Sinusoidal pulse-width modulation
conditional terminal of while loop will be true &h
while loop stop executing).

» t

Construction: Triangle wave generator output (no. of
samples equal 1024, variable amplitude and freggenc
. . S . is connected to: greater or equal O icon (its outpu
Sinusoidal PWM: Instead .Of maintaining the W'dth of connected to s inp%t of selecthicon), t input(eiéstl P
all puIS(_es the same as n the case of .mult|pl_eepullsicon and negatel icon (its output connected tpa@tof
modulation, the width of each pulse is varied iNggact1 jcon). The output of selectl icon connedted
proportion to the amplitude of a sine wave evald@®  he jnpyt of negate? icon (its output connectetlinput
the center of the same pulse (Santetral., 2002). The ¢ select2 icon) and f input of select2 icon. Simeve
distortion factor and lower-order harmonics areussdl  generator output (no. of samples equal 1024, vieriab
significantly. The generation of gating signals for amplitude and frequency) is connected to the imgut
turning on and off of transistors is shown in Figby  |ess than 0 icon (its output is connected to s tirgfu
comparing a sinusoidal reference signal with antria select2 icon and to the case structure), Arrayduiut
gular carrier wave of frequency fThe control signal is and to the input of case structure. The outpuetfci2
shown at the same figure. This type of modulati®n iicon connected to Array output and to the inputade
commonly used in industrial applications andstructure. In case structure false case input fsime
abbreviated as SPWM. The frequency of referencgenerator output and from select2 icon are condeote
signal, fr, determines the output frequengyahd its greater or equal icon (its output connected to ydja
peak amplitude. A controls the modulation index, M In case structure true case input from select2 &auh
and then in turn the output voltage. The number offom sine generator output are connected to greater
pu'ses per ha'f-cyc|e depends on the Carrier fwe equal Icon. The t I-nput Of Se|eCt I_COI’]S |-S Constﬂﬂllﬂe

The output voltage can be varied by varying thetqual 5 and_ the f input of seleg:t icons is constahie
modulation index M. IfS is the width of i pulse, the €dual 0. Allicons are included in for loop.

RMS output voltage can be found from Eg. 7: Operation principle: Triangle wave will always have

b positive output values; because of negatel icon
Vo :VS[Z sm/(T/2)? ) operation (if the value is negative it multiplieg ).
M=1 We use negate2 and select2 icons operation for
Synchronization of polarity between triangle wavel a

The average voltage Eq. 8: sine wave (if sine wave is positive, triangle wavid
be positive and vice versa). The comparison between
Va= VS(ZD 15m/(-|-/2)) (8) triangle wave and sine wave will be in-case stmstu
m=

operation. If both waves are positive false case is

activated (If sine wave value is greater or equal t
where, T is the periodic time of the reference aign triangle wave value, the Array2 output will be eljiea

5. If sine wave value is less than triangle waviuea
Components: One for loop, comparisons (Greater or the Array2 output will be equal to 0). If both wavare
equal, greater, less than and two selects compgyiso negative true case is activated (If triangle waalki® is
sine wave generator, triangle wave generator, casgreater or equal to sine wave value, the Arraywut
structure, two Negate icons, four Digital Contralsd  will be equal to 5. If triangle wave value is lebsn
three Array indicators. sine wave value, the Array2 output will be equad}o
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THD versus M
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Fig. 8: V,, versus M (Single, multiple and sinusoidal
PWM)

CONCLUSION

Sinusoidal pulse width modulation achieves a low
magnitude of lower order harmonics and a higheeword

\ : E harmonics which can be easily filtered. The highest
(b) value that can be obtained is (0.75-0.85) Vs. While

uniform pulse width modulation achieves high

s 8GR fundamental amplitude and very small value for the
_SFWM.‘\-'II THD. The highest value that can be obtained is ¥98

The designed sub VIs that represent the different
PWM techniques have been supported by an intedacin
tool to enable users modifying the control algantto
be used in some applications.
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