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ABSTRACT

This research studies the electric performance of the DC motor by writing a computer program to differentiate
between two mode of operations in the PWM. This mode of operations are continuous and discontinuous. The
aim of this research is design a computer program applicable for any type of DC motor. The computer program
is designed to get the operation curves by entering the parameters of any type of DC motors. The designed
program is ready to get: 1) the effect of different levels of voltage upon maximum motor current. 2) the effect of
frequency levels upon the mode of operations. 3) the relationship between the maximum current load and the
time at a different voltages.
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. INTRODUCTION The switch mode power supply has several
The control of electric power with power functions[4]:

electronic devices has become increasingly 1- Step down an unregulated DC input voltage to
important over the last 20 years. Whole new classes produce a regulated DC output voltage using a
of motors have been enable by power electronics, buck or step —down converter.
and the future offers the possibility of more effective 2- Step up an unregulated DC input voltage to
control of the electric power grid using power produce a regulated DC output voltage using a
electronics. The modern of power electronics began boost or step-up converter.

with the introduction of thyristors in the late 1950s.
Now there are several types of power devices

available for high-power and high-frequency S0
application. The most notable power devices are gate + +
turn-off thyristors, power Darlington transistors, v, RS v,

power MOSFETs, and insulated-gate bipolar
transistors (IGBTs). Power semiconductor devices = -
are the most important functional elements in all
power conversion applications. The power devices
are mainly used as switches to convert power from Fia.2: Basic DC-DC Converter.
one form to another. They are used in motor control
systems, uninterrupted power supplies, high-voltage
DC transmission, power supplies, induction heating,
and in many other power conversion applications[1].

Vo.i

Fig.3 : DC-DC Convrter
Voltage Waveforms.

Fig.1:Block Diagram Circuit
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Fig.4 : Pulse Width Modulation
Concept.

3- Step down and then step up an unregulated DC
input voltage to produce a regulated DC output
voltage using a buck-boost converter.

4- Invert the DC input voltage using a Cuk
converter.

5- Produce multiple DC output using a
combination of SMPS topologies.

The regulation of the average output
voltage in a DC-DC converter (Fig.2) is a
FUNCTION of the on-time £y, of the switch, the
pulse width, and the switching frequency f; as
illustrated in Fig.3. Pulse width modulation (PWM)
is the most widely used method of controlling the
output voltage. The PWM concept is illustrated in
Fig.4. The output voltage control depends on the
duty ratio D. The duty ratio is defined
Where;
D duty ratio
ton on time
Ts switching frequency time period
As based on the on-time t,, of the switch and the
switching periodT;. PWM switching involves
comparing the level of a control voltage ¥..nerqr tO
the level of a repetitive waveform as illustrated in
Fig.4[3]. The on-time of the switch is defined as the
portion of the switching period where the value of
the repetitive waveform is less than the control
voltage. The switching period (switching frequency)
remains constant while the control voltage level is
adjusted to change the on-time and therefore the
duty ratio of the switch. The switching frequency is
usually chosen above 20 kHz so the noise is outside
the ratio range[3-4]. In this thesis the switching
frequency range used is up to 1K Hz for the DC
Chopper. DC-DC converters operate in one of two
modes depending on the characteristics of the output
current [2-3]:
1- Continuous conduction
2- Discontinuous conduction

The continuous-conduction mode is defined
by continuous output current (greater than zero) over
the entire switching period, whereas the
discontinuous conduction mode is defined by
discontinuous output current (equal to zero) during

any portion of the switching period. Each mode is
discussed in relationship to the buck converter.

Il. PROBLEM FORMULATION

b oatasn’
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IFig.5 : Basic of Chopper Circuit
and voltage Diagrams.

a) Circuit Diagram of a DC
Chopper

b)  Discontinuous Mode

c) Continuous Mode

Fig.5 illustrate two mode of operation
(continuous & discontinuous). In the circuit of (
Fig.5a), the equation of Kirchhoff's Voltage Law
(KVL) is

—v,+v_ +0; +VCc=0

Where

v, = output voltage

v, = inductance voltage

Ly = resistance voltage

Vc = DC source

di, R. wv,-Vc

—+t—l,=— )

dt L L
V -Vc _ -
L S ®

min

0

o<t<t,
Where
V =supply voltage
Imin = Minimum current
t,, = ontime
L

- = 4
T R 4)

€ = exponential
o=, = ‘RVC (- )l e ©)

min

di, R. Ve
+—i, =—— (6)
dt L L
Where
t=t-t, (7)

Att =07 ,i, = I
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- (1-5*“ ’f)+ e
R
t, <t<T (8)
Att =T -t ort=T,i =1

i :—E(l—g’(m""):”)+ e = (9)
min R max
Solving the previous equations we get

Vi{l—e™'") Ve

Imax = — -—— 10
Ril-¢"") R (10)
Vg™ -1) Ve
Imln - gT/ [ (1]_)
Rle'"-1 R
V -Vc
Imax = I min = (12)
Ve g(tgn/T)(T/T) -1
v 3
or
i (14)
g’ -1
where
m= ve (15)
Vv
m = the ratio between main supply and DC source.
ton
=_ (16)
T
Where

ty  =the time at which |, =0
p = the ratio between changeover point and time

period.
o = the ratio between time period and 7.

T
o=— @an

T
Imin=0, then from equation 5,

V -Vc oy .
Imaxz—(l—é‘ fon/ ) 0<t <t’m (18)

and from equation 8 and 18
. =Vc : V -Vc _ s
| :_(1_84 /f)+_(1_g tm/r) et It
R R

ton <t <T (19)
t = Tln{5‘°"/f[1+v —\Ve (1—8[°“/T):|} (20)
Ve

I11. DESIGN THE COMPUTER
PROGRAM
Fig. 6 illustrates the flowchart that has
drawn depending on the motor parameters and the
equations( 1-4):

—ton /T

1) Ina=i =V;VC(1—5%"’T)+|

o &

min
. Ve PR o
D =g (170 o b
ioz;vc[l_g’f /T)+V_VC(1_87lu"/r)g—l'/r
3) R R
ton <t <T

t, = rln{£‘°””{1+v —Ve (1—8“"“)}}
2) Ve

The flowchart is designed to get two mode
of operation (continuous and discontinuous) for the
motor in the pulse width modulation (PWM).

Pulse Width Modulation

Fig.6: Flow Chart Diagram

Fig.7 illustrates the computer program that
has designed to be applicable for any type of motors.
the computer program has written according to the
steps that have drawn in the flowchart.

v = 110;

R = 0.28;

L= 100107 s7m;

- (LIR)Y I/ W

at - 107 /717

n -9

K - 10;

0 - 1:

b = 1:

b= 1;

b - 1;

e - 17

v = 1

o= 1z

w - 1

vo - 1;

<3 = 1:

Dolve[i]l =4+12, {i, 1, 931:
portril-ia10, 1, 1, 10031
i - 10;

first]s
", T 14 E[4] 47 W]

PAL M e v, L[4 JF WD

=172 E[AD);

= (id £ 10) v tommax[i] // N, {ii, 1, K}];

omx' , 3, "=,

T4 2.303 s Log[10, (vc[31/V) « BXpIT /2] - ve[31/¥ +111;
Print[ve[311;

Label[firsthegin];

no - i;

Ltim - K,
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[Doferint [yahooL¥oll, (vo, ta, yo - 1)1;

1r2.9015Log(18, {Explton [m] /1)) =

values - Table [yahoolyol, (vo, ta, yo - 1)1 €L QY- v DD /9] o+ (1-Expl-toaln] /11030

ListP1ot [values, Plotdoined - True, AuesLabel - ("ton ", "tx ")1: XCox[u] - LiStrlot [values , PLotdsined - Txus, PlotRange -+ (9, Tnax(h]),
ta = yo RsesLaliel - (* T, IRax(N]* Inax ),

Do [print [bUxlyill, (¥i, 1, 851

ERSEN

PlotLael - {

quency = 100Hz* ), Frane - True,

R

Francianel - {

Tt rtonm] « tonx[31,

1], PlotStyle - {Thi o)y,
TextStyle - (FontFamily - ‘Tines' , FontWeight - *Bold' ,
Foatsize - 12)1;

Print[contiuosl;
: ""; S cex[wh] - ListPlot [values, FlotJuined - Trus, PlotRange - {0, Tmax[h]},
rint [' Imins" Aeslabel -+ {* T, " Tnax "}, FlotLabel - {" treguency « 100Hz" ],

TRURLPT = (4V /R) (CBXBLEON[M] /€] - 1) £ G IT /7] - 1)) - (eI ] AR 1
Print [ Tmin-t

Frane - True, FraneLabel — {'T — Sec.”, 'T — fnp." },
wrmax = ((V7R) {(Eap[tonlm]/x] - 1) 7 (Bap [T/ 2] - 113y - (weli] 7R 13

4], Flatstyle iy,
Laliel [Enir@egin TextStyle - (FontFamily - ‘Tines', FontWeight - ‘Bold,
Print['frTo-, p, tar, 0 0, FontSize - 1211

LEIo[p] = ((V-vel[31) /R (1 - Expl-t/ 11} + ermax (Expl-t/ e1}]1: 1ght[W] - Print[*Tmax- *, Tnax[h], " *, "VB- *, ve[}], .
Print['distéfria pointst, ' 4, fg, "=', abelfq] - (sa{bn], frio(p])1; * tre 1w ATt e thayol,
ali[no] = (a[bnl, £xTo(p]} ' *tonfm]= !, ton[n]]:
no ve 1 sl
frpeT Clear (o)
Brint['t= ', sdlbn] = t /7 H]; B 1

1eit < ton (n1; PEIMLLUE, ¥, te

frTo[p] > rmax RLOKLYO] - 102,303 2 Log[10, (BpIten [A1/TD) »

Bhas 1

Bon

€L (UV-veD D) 79[} + (1- B@l-tenlnl /11311

Prist(yanoolye] = (ton[n], tro(¥ol}):
6

yoos 1
gl nes 1

Print['toff-", toff - 0, lcobt= ¥, cobt - toff + ton[n1l; R
Frint['Imaxs ', 110

TMAX[R] = ((V/R) (CL-EpL-ton [m]/ 21}/ (1-B@-T/ 7)) - (vel11 /Ry 1; -

Print['Tmaxe ", e,

maxiax = €4V /R { €1~ Bxp [-ton [l / €1) 2 (1 Exp[-1/ 213} - (Ve [31 7RI [

Label [forthbegin]; —
Print['mecTo-", e, 121, 1,

secTolel = ((-vC[31) FR) (1-EXpL(-tor1) /1) + TmaxIn] {Expl(-to1r) / 11317 et e Lttt 1t 11
Print [ tonfnl-", tonfnll: [Print [abeltg]], (fg, 1, fn

fshowecex[111:

Print['conttésecTo points', ' ", fg, "=", abc[fy] - {distt[e], secTo[e]}]:
ali[no] - {distt[e], secTo[e]}:

no 4=

Print [1ght[17]:

fga=1;
e+=1;

e v IV. RESULTS & DISCUSSIONS

T 4.1. Relationship Between | And T At A
ettt Different Voltages

toff 4= dt:

. The curves in Fig. 8 have obtained from the

T Tona AL (o 5,20 11 computer program as a result and represents the
st - LIS res, Pt T Puttae O D00, relation between motor currents and the time.

Frane - True, FraneLabel - ("T - Sec.", 'T — Jmp."},

B o, Farther more, its represents the effect of the different

TextStyle - (FontFanily - *Tines* , FontWeight - "Bold" , FontSize - 12)1;

cortan o, Pk e, b« a1, voltages upon the motor current.
ToresLabel - {* T ', "Tmax' }, PlotLabel - {" frequency = 100Hz"),
Frane - True, FraneLabel » ("T — Sec.”, 'T — mp."},
Franestyle - Thickness[0.01], PlotStyle - (Thickness[0.01]},

- [Erequency = 100, Fnan=346 freguency: Tzl
TextStyle  {FontFanily - "Tines' , FontWeight - *Bold" , FontSize - 12}1; W i e i o l e B
1ght[h] - Print['Inax- ", Tnax(n], * ', 'VB- ', we[il,"  *,
"ireq. £H1,0 M, MTe 0, T,0 %, VIngne U, Imin[pl,' ', n E
"ton[nl- , tonnll; E"m i
W= 1; £
<
Clear [nol; t , 1 .
I = 10 =10
il El L]
Goto[firsthegin];1;1:
, Print [dicontinues];
t=0; 00z 0.0 000G 0o 001 0 0T 0004 006 00 0L 002 B D0 BE L
Print ['Inax', h, "= ', Inax[h] - ((V-vc[31}/R) {1- Emp[-ton[m] /31}]: T T8 Tkt
el [oibegind: inqueny =10, =T} gy, 1) el el
print['frTo-, p, " *, frTofp] = ((V-ve[31) /R) (1-Expl-t /TDD]; L o
an[“tr ", sdbnl = £ J/ H1; )| b | A
[Print ["dist&frIo points"," ", fg, "=", abc[fy] = {sd[bn], frIo[p]1}]:
11 [n0] - (sarvn], triofp1): 31 s A
PR B i ‘ B
11t < ton[ m]; - 10 I =
frIo[p] > Tmax[h] ,
a q i
002 DA 006 00 11 ) U L O T
Goto [sisbegin]:, Tafe
Print["toff- ", toff-0]; T8 1
Label [sevenbegin];

Print[secTo-r, e, vat, 1 ¥,

secTofe] = ({-vo[31) #R} (1- Expl-toff/ (1)1} + :

((V-ve[31) /R) (1 - Bxp[-ton[ml / (1)]) (Exp[-toff/ (D1)1: [r——— PR | e
Print['ton[m]", 53, ' =", cvton[sj] - ton[m]]; W ey " Erapenry= e = ey =l

sie=1i

Print["distt= ", distt[e] = toff +ton[m]1;

=
=
=

Print['disttiseclo points’, ' ', fy, '=", abc[fy] - {disttle], seclofe]}]; 2 Tl i
alifno] = {aistt[e], secTofe]};

g t
ess1; l ] l 1 il
Print['toff- ", z2[w] - toff // N];

wes 1

Print['f- ", L0

Print['T-ton[m]- ", {T-ton[nl} //H];
If[toff s (T-ton [m1), (AT 1L 04 L L2 L0 I LE 00 05 0K I
toff - at; T T4 Taba

Goto [sevenbegin]; ,

Do[Print[ali[no]], {no, 1, no - 1}
values - Table[aline], {no, 1, no - 1}]:
ttxx[yo] =

Fig.8 : relationship between | and T at a
different voltages

V. CONCLUSION
The computer program has designed to obtain of
two mode of operation for the motor in the PWM
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continuous and discontinuous. The computer
program is applicable for any type of motor that has
parameters (voltage (V), current (I) and inductance
(L)). As a result, Fig.8 illustrates that the current is
reducing when the voltage is increasing and as the
current decreases ton is decreasing.
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