Choppers [Art. 7.5] 259

di I
V0+LZ£=V' or Vo+5ﬁ'=v.
21,
or L T =V,-V,
_(VA-VO) Ton :
L_—ETO__ . (1)

But average value of output voltage V,=fT,, V, and output, or load, power P, =V, I,.
This gives - f
Vi Py
=—— and Ij=—
I V: & VO
Substituting these values of T, and I; in Eq (i), we get
1 Wa=Vo Vo
2fV, P,

7.5. STEADY STATE TIME-DOMAIN ANALYSIS OF TYPE-A CHOPPER

For the type-A chopper of Fig. 7.6 (a) with RLE load, the waveforms for gate signal i,
load current i, and load voltage v, are as shown in Fig. 7.12 (a) for continuous conduction
and, in Fig. 7.12 () for discontinuous conduction. In Fig. 7.12 (b), periodic time T is more
than that in Fig. 7.12 (e). The determination of load current expression is useful for knowing
(i) the current profile over periodic time T, (ii) the current ripple and (iii) whether the current
is continuous or discontinuous. The object of this article is to study the type-A chopper with
RLE load for current variation over T, current ripple and also for the Fourier analysis of
output voltage.

For RLE type load, E is the load voltage which may be a dc motor or a battery. When
CH1 is on in Fig. 7.6 (a), the equivalent circuit is as shown in Fig. 7.12 (c). For this mode of
operation, the differential equation governing its performance is

di

=R L ..(7.6
A Rz+Ldt+E (7.6)

TO’I

for 0SS Tone

When CH1 is off, the load current continues flowing through the freewheeling diode and
the equivalent circuit is as shown in Fig. 7.12 (d). For this circuit, the differential equation
is

0=Ri+L%+E 1T
for TirstsT,
Solution of Eqs. (7.6) and (7.7) may be obtained by the use of Laplace transform. It is
seen from Fig. 7.12 (@) that initial value of current is I,,, for Eq. (7.6) and I,,, for Eq. (7.7).
Therefore, Laplace transform of Egs. (7.6) and (7.7) is

RI(s) + LIsI(s) =1 n,) = V'—S'E- (7.8

and RI() + LIsIe) ~I) - 2 (7.9)
VR bRl S e o T

From Eq. (7.8), Its) = s(R+L,) 5 R+L, i (; E) B s+ 2
s P,

L
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Fig. 7.12. Type-A chopper (a) continuous load current and (b) Discontinuous load current.
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Fig. 7.12. Equivalent circuit for type-A chopper with (¢) CH1 on and (d) CH1 off.
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Fig. 7.12 (e) Pertaining to ¢'.

Laplace inverse of the above expression is

R
it) = —{1 —e ) G ..(7.10)

for 0<t<sT,,.
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Similarly, the time-domain expression for current from Eq. (7.9) is

B, R,
i(t’)=—£(l-e ‘ )+1,,,,e L (7.11)
for T <t ST
where ¢ =t - T, , see Fig. 7.12 (e), so that when
t=T,, =0
and for t=T, ¢=T-T,=Ty

The variation of current i(t) from ,,, to1,,, for 0<¢<T,, can be plotted from Eq. (7.10)
and that of i (¢') from I, to I,, for0<t'ST,ffrom Eq. (7. 11)

In Eq. (7.10), at t=T,,, i(t) =1,

l1-e +I,,,,, e To'T ‘ .(7.12)
=

In Eq. (7.11), at ¢’ = Toﬁ— T-T,,it)=1,,
I =-1"°"E (1-& TR e L, T T (7.13)

where T‘-l = %

Eqs. (7.12) and (7.13) can be solved for I,,, and I,,, as under :
From Eq. (7.12), I, 72-(1 —e Tw/T, ))——— (1 e °)+I,,,,, e Tu/Ta
Substitution of I,,, from Eq. (7.13) in the above expression gives

72'(1 & Ton /1')___+ge-r,,/r__§e-r,/r,

A IEf e T-T /T, T Ty o T-Tu/T, . o~ TulT,

-2 (1- em.)-g(l &Y 4 L, xe
; (1= Tl ) 2007
N
2 Tne = %[11_2};_’:-]_3 (7.14)

Substitution of I,,, from Eq. (7.14) in (7.13) gives

V. ol T
L[l _e-Tu/Ta.leTu/T- E

R l_e—T/T.JeT/T. R

V eT../T. S E
I,.= E'[__.__er/ra i ® ..(7.15)

=
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In case CH1 conducts continuously, then T, =7 and from Egs. (7.14) and (7.15).

L 3T

Im.t"Imn“ R ...(7.16)

The maximum I,,, and minimum I,,,, values of load current can be obtained from Eqgs.
(7.14) and (7.15) respectively for given V,, R, o, T, and E.

For those who are not familiar with Laplace-transform technique, the following method
may be adopted for solving Egs. (7.6) and (7.7).

Eq. (7.6) can be re-written as

1T
Rz+La—:=V,-E

(R+Lp)i=V,-E (@)

where P=g

The solution of Eq. (i) consists of two parts, complementary function and the particular
integeral.

Complementary Function : It is obtained from force-free equation (R+Lp)i=0. Its
solution is of the type

i=Aé".

]

Here p is the root of the auxiliary equation R+ Lp =0 and this root is p =—
2Ry
o 2 ic F. =Ae L
Particular Integral : It is obtained from Eq. ({) by putting p = 0.
: Ri=V,-E
\ V.-E
or b= ==
Therefore, the complete solution of Eq. (7.6) is

i=ipy +icr

V,-E -
3 + Ae

Constant A can be obtained from the initial condition. It is seen from Fig. 7.12 (a) that

at ¢ = 0, the initial current during T, is i =1I,,,.

]

t

ety
mn— B +
V,-E
¥ A=’m'T)
V.-E -2 -%
i=—5 (l—e L‘)+Im,,-e Lt ..(7.10)

This agrees with the solution in Eq. (7.10). Solution of Eq. (7.7) can also be obtained
similarly as in Eq. (7.11).
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7.5.1. Steady State Ripple
It is seen from Fig. 7.12 (e) that current pulsates between I,,. and I,,,,. The ripple current
(I = Iny) can be obtained from Egs. (7.14) and (7.15) as follows :
V1o Tal Tu/T~1
Lt ey :ﬁ?]
=TT (1= /Ty eTlT
-7 | (1-¢ 7T -e"""-]

(1 —e TM/T.) = (1 —e Tu/T-) e(Tm =TV/T,
Trsas /T,

(1~ Lt oy o 67 e e
e -(7.17)

ol 5l mls sl

The ripple current given by Eq. (7.17) is seen to be independent of load counter emf E.
With T,,=aTand T'-T,, = (1 - o) T, Eq. (7.17), can be written as

I _I =V (1_e—a1'/1‘,) (l_e-(l-a)'I‘/T,)
mx mn R 1 4 e- T/T.
T L=l (A= TPy~

Per unit ripple current = VIR = === ..(7.18)

For a=0.5 and 7/T, =5, p.u. ripple current 1.0 [ Ty
=0.848. For a=0.5and T/7T,=25, pu ripple T E
current = 1. In this manner, the variation of pu
ripple current as a function of duty cycle 1 B>
o and ratio 7/7, can be plotted as shown in Fig. -
7.13. Its value is maximum when 00=05. As L £
increases, T, (= L/R) increases and 7/T, reduces o &0
and pu ripple current decreases, Fig. 7.13. -§

The peak to peak ripple current has maximum = ..
value Al,, when duty cycle a=0.5 in Eq. (7.18). 3
Putting —TT,'— =x for convenience, Al,. from Eq.

o e 0 025 05 0.75 10
(7.18) is . Duty cycle a@—
AP A L (1-e e (1—e by Fig. 7.13. Per unit ripple current as a
mc— R a2 function of a and 7/ T,.
L l1-e

_Vi[a-e*a-e
R -(1 =po 0.5:) (1 = 0.5!)
Vs -1 —-e Ate Vl 1

“R|1+e%=| R fanhg®
V, T

= F tanh 4—1,0
1 L

But T= f and T, = R
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V, R
Al = 52 tanh 4fL
In case 4fL > 7R, then tanh%:—:%- Under this condition, maximum value of ripple
current is
VS R VS
MR UL AT

This shows that maximum value of ripple current is inversely proportional to chopping
frequency and the circuit inductance.

Example 7.5. In the continuous conduction mode of type-A chopper, show that per unit
ripple in the load current is maximum when duty cycle is equal to 0.5.

Solution. Eq. (7.18) can be used to prove that ripple in the output current, or per-unit
ripple in load current is maximum when the duty cycle is equal to 0.5.

Therefore, from Eq. (7.18), ripple current Al is
Vs [(1 —e3 GT/T‘,)(I < e-'(l - ﬂ)T/Ta)]
R ;

Also per-unit ripple in load current is
AT (=-e T/ g Q-0T/T, | ~T/T,)

Al= %:(v)

1-o 11,

E i (i)
2 1-e

For obtaining the values of duty cycle for which the ripple in current is maximum,
differentiate Eq. (¢) or (if) with respect to o and equate to zero.

Al B 0 AR, o (S i o Y o
d( ](le [Oe [T)e T+0}

V./R a a
do. N\ A TTy2 =0
M 7 I S B
or T, e T, e =0
or o~ /Ty = o= =a)T/T,
of 14
or T = 1-0) T,

o=(1-a) or a=%=0.5.

This shows that for duty cycle equal to 0.5, ripple in load current is maximum.
7.5.2. Limit of Continuous Conduction

In a chopper, if T, is reduced, T, increases for a constant chopping period T. At some
low value of 7, the value of T, is large and the current : may fall to zero. Since the current
in type-A chopper cannot reverse, it stays at zero. The limit of continuous conduction is
reached when I, in Eq. (7.15) goes to zero. The value of duty cycle a at the limit of continuous
conduction is obtained by equating I, in Eq. (7.15) to zero. Therefore,

I Vs eT“/T' = 1] E

m=R| T | TR
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' e Te” Ve

or eTo'Ta=14m (7% -1)

or a’=&=?‘—“—1n[1+m(e7"7°—1)] (7.19)
=

For given E,V,, T and T, ; if duty cycle is
o as given by Eq. (7.19), then the current is just
continuous. If actual duty cycle is less than o
as given here, the load current would be
discontinuous, For some value of 7,/T, say 1, 075
value of ¢ is calculated for various values of m
from 0 to 1. For example, for m = 0.5,

o' =11In[1+0.5 (' - 1)] = 0.6201.
For other values of m, ¢ is computed and
plotted as curve OAB in Fig. 7.14 with T,,/T' as 5
one parameter. For this value of 7,/T( = 1.0), the

OABCO represents continuous conduction
region and the other area OABDO as the region 0
of discontinuous conduction. In Fig. 7.14, for y
m=0.5and T,/T =1, point A gives the limit of Y e )

: 3 5 Fig. 7.14. Limit of continuous conduction
continuous conduction with o =0.6201. For for type-A. chopper.
these values of m(=0.5)and (T,/T (=1), if
actual duty cycle o is equal to 0.7 (say) , then this point would lie in the region OABCO ; this
value of oo would therefore give continuous conduction for the load current. Straight line
OB corresponds to T,/T = 0. Actually, the chopper operation for the area between (Fig. 7.14)

(i) the straight line OB and BOD is not possible as T,/T can never be less than zero,
(if) the straight line OB and curve OAB represents discontinuous current mode for

o~ B B

o
lw
7

No chopper
operation

Qi
T =0

1 0.50

LI TINIT T IATT 7 r TV 777 7T

0.25 05 0.7 1.0

=)

%
0<—<1.

T

: T
(iii) curve OAB and OCB represents continuous current mode for —1% >3

In case actual duty cycle o is equal to 0.6 (say), then as this point would lie in the region
between the curve OAB and straight line OB, the load current would be discontinuous. Curves
like OAB can also be drawn for other values of T,,/T. One such curve for T,/T =5 is shown

in Fig. 7.14. For this value of T,/T =5, load current is discontinuous for an operating point
between straight line OB and curve marked (7,,/T) =5 ; load current is continuous for an
operating point between the curve marked (7,/T) =5 and OCB.

7.5.3. Computation of Extinction Time £,

The expressions for load current obtained in Eqgs. (7.10) to (7.16) apply only when load
current is continuous. For T,, < ¢ < T, the load current may become discontinuous due to large
Toﬂ\ The time ¢,, called extinction time and measured from the instant ¢ = 0, Fig. 7.12 (b), can

be calculated as under :
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As t, is within the time limits of T, <t < T, Egs. (7.11) and (7.13) should only be used
for computing ¢,. The value of I, needed in these equations should, however, be obtained
from Eq. (7.12). Thus, in Eq. (7.12),1,,,=0att=t, i.e within T,, < t < T. This equation gives

I, as
_V,-E;  _zm
[ar=—n{i=e )) .(7.20)

Substitution of this value of Iy, in Eq. (7.11) at ¢’ =%, ~ T,, gives i(t) =0 as

o= %[1 e T“)/T.] e Vs; E[l e Tu/T.] T T

or Ell-e (.~ TM)/T‘] A To/Te = (V' —E)1- o Tw/T.)

OF el T Ta 1= % 1:3_ = (1 —e T -)

This gives the extinction time £, as

V.-E
tx = Ton ot Ta . I'{l + "_E'_(l -e T”'/T")] (7.21)

The average output voltage for the discontinuous current mode as shown in Fig. 7.11 (b)

is given by
1 T 1 T" 'x T
) Vo=%Jo vo-dt=$o V,-dt+j.7.”0‘dt+LlEdt
Ton E
=V, T +T(T—t,)
t
or V°=aV,+[l-—T’5,)E volts. ..(7.22)

7.5.4. Fourier Analysis of Output Voltage
For continuous load current, the load voltage waveform vg is as shown in Fig. 7.12 (a).
This voltage waveform is periodic in nature and is independent of load circuit parameters.
Voltage wave of Fig. 7 12 (a) can be resolved into Fourier series as
vo=Vo+ Y, Vn ..{7.23)
n=1
where v, = value of nth harmonic voltage

2
= nn’ . sin nr o -sin (n @F +9,) L a(7.24)

~ - _,.-1_Sin2mno
Vo=V, o=To/T and 0, =tan” 7 oo

The average value of output voltage V, can be controlled by varying the duty cycle o The
amplitude of the harmonic voltages, i.e. 2 V/nm sin n o, depends on n, the order of harmonic
and also on the duty cycle o. The maximum value of nth harmonic occurs when
gin n 0.= 1 and its value is

2V, 0.6366V,
m n %

olts ...(7.25a)
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2V. 045V,
and its rms value is ;Ngz-= = £ volts ...(7.25b)

The harmonic current in the load is given by
vﬂ

n
where Z, is the load impedance at harmonic frequency nf Hz and is given by

Z,= \R% + (ncaL)z .

i =

v V.
For negligible load resistance R, i, = E—(;f or i, « — . This shows that harmonic current
n

decreases as n, the order of harmonic, increases. Another term used for knowing the harmonic
content of a waveform, without calculating its harmonic components, is the ac ripple voltage
V,. It is defined as ~

=\VE =V2 ..(7.26)

In the above equation, V,,, and V, are respectively the rms and average values of the
output voltage. It is seen from Example 7.1 that

Ve = Vo V, from part (d)

and Vo=aV, frompart (a)
3 V,=Na V5 - Vs =V, Jo.- o ..(7.27)
Ripple factor, defined as the ratio of ac ripple voltage to average voltage is given by
; e '
ripple factor = Vo
or RF=V,. \’“ o \/1 & \/—-1 .(7.28)

Example 7.6. (@) For an ideal type-A chopper feedmg RLE load, show that the average
input (or thyristor) current is given by

oV,-E) L
Irav="— ~ 2 U= L)-

(b) For the chopper of part (a), derive an expression for the average current in the
freewheeling diode for a continuous load current.

(c) From parts (a) and (b), prove that average value of load current 1,, is given by
Vo-E
e

Solution. For type-A chopper, the output voltage waveform v, and the waveforms for
load current #;, input (or thyristor) current i and freewheeling diode current i, are as shown
in Fig. 7.15.

(a) When chopper is on, the voltage equation for the chopper circuit of Fig. 7.6 (@) is

dir

Rip+L L +E=V,

dip
or Rip-di+ L — dt (V,-E)dt.

I,=
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' Fig. 7.15. Pertaining to Example 7.6.
Its average value, Fig. 7.15, is

lj ip-dt+ s j L. d‘Tdt—(V‘;E)j:“dt

1 . T
RI“V+TLM Ldip=(V,~E) =2

or RlIpsy+ % (=T = (V- B

o(V,-E) L

or IT4V=—R-_—ﬁ(Imx—Imn) ...(7.29)

(b) When the freewheeling diode is conducting, load voltage is zero. The voltage equation,
when FD is conducting, is given by

4 di
szd+L71t-'"—’+E 0

Its average value, Fig. 7.15, is
Tt 1 Lifin
R-L[ i dtvLy j'T Lugyip k], at=o

dt
T-T,,
or R'I’d+"LT",JI dlfd-—E T or RIfd+T( —Im)=-E(1—-a)
Ldp1n) Ed-o) .(7.30)

In=—""7r wmn_ =%
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(c) Average load current over a complete cycle can be obtained by adding I 4, and I, from
Egs. (7.29) and (7.30) respectively.

_oV,-E) L L EQ-a
I s B = L)+ 2 Uy~ I - =

GD R
V,-E V,-E
e 1‘2 = OR - This is the required result.

Example 7.7. For type-A chopper, feeding on RLE

load, obtain maximum value of average current rating v, |
_for the thyristor in case load current remains constant.
Solution. For constant load current I,, current 3
waveform for thyristor current iy is as shown in Fig.
7.16. Here i
Vo-E i
- — (¢]
I R
The average thyristor current I is given by £
T Vo — E {4
aV,~E  o?V,-ok
o = ;i’ -o= ;2 .(7.31) -1

e by 3 Fig. 7.16. Pertaining to Example 7.7
This will give a maximum value when

dly; 20V,-E
do "R

E
and from this, o= 5V V. ...(7.32)

Therefore maximum value of average thyristor current is obtained by substituting the
value of o from Eq. (7.32) in Eq. (7.31).

1 o A (G E?
Tme= 9V R’ 2V, 4V, R

Example 7.8. For type-A chopper circuit, source voltage V, =220V, chopping period
T = 2000 ps, on-period = 600 ps, load circuit parameters : R=1Q, L=5mHand E=24 V.

(@) Find whether load current is continuous or not.

(b) Calculate the value of average output current.

(¢) Compute the maximum and minimum values of steady state output current.

(d) Sketch the time variations of gate signal iy, load voltage v, load current iy, thyristor
current ir, freewheeling diode current is; and uoltage across thyristor v.

(e) Find rms values of the first, second and third harmonics of the load current.

(f) Compute the average value of supply current.

(g) Compute input power, the power absorbed by the load counter emf and the power loss
in the resistor.

(h) Compute rms value of load current using the results of (b) and (g).

(1) Using results of (e), find the rms value of load current. Compare the result with that
obtained in part (h).

=0

VE]
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Solution. (a) T,===—-—""=56x10"3sec

8000 L D T R g
=000 =% 7 =5000 = *12

From Eq. (7.19) ; o =2.51n [1+0.11 (%4 - 1)] = 0.13172
As actual value of duty cycle o (= 0.8) is more than o, load current is continuous.
_oV,-E 0.3x220-24

(b) I, R 1 =42 A
220( 1 - %] 14
(c) From Eq. (7.14), I..= 1|55 ] Tk 51.46 A
From Eq. (7.15) =220 2-1) o 330814
Lt L ma= ] | 041 it

- e

(d) The various waveforms are sketched in Fig. 7.17.
igh 't att
| = o) f=
0.6 20 26 20 tinms

220V |'—
; : |
. | |

|

i'r 4
51.46 A
33.031 A'/[ I/I l/
. t
itg
51.46 A
\Eo:n A
t
vt
220V =~
0.6 20 26 40 t

Fig. 7.17. Pertaining to Example 7.8.
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(e) From Eq. (7.24), rms value of first harmonic voltage is

2V, . 2%220 . .o
Vi =72—;; sin (t x 0.3) = =N sin 54°=80.121V
- 14107
Here chopping frequency, f= T=2000 " 500 Hz
Z, =VR? + (aL)” = V1% + (2n x 500 x 5 x 107%)* = 15.739762Q
V:  80.121
s Z, 15.739762 Al
en 2220 5 1
SRlarly L= o B 0 e SO X 2 X 5 X 10
=1.4983 A
2x220 . . o 1
BRgIE 7 MOL6E] o (2 x 1500 x 5 X 107°)

=0.21643 A
() From Eq. (7.29), average supply current is
0.8 (220-24) 5x107°(51.46 - 33.031)

Todo =
Lo 1 1x2000%10°
=58.8-46.0725=12.7275 A

() Input power = V, x average supply current

=220 x 12.7275 = 2800.05 watts
Power absorbed by load emf = E x average load current

=24 x 42 = 1008 watts

Power loss in resistor R =2800.05-1008=1792.05 W
(h) Irnu= ‘Iau+il+i2+13

=427 + 5.0903” + 1.4983% + 0.21643° = 42.31 A
(i) Power loss in resistor =I’R=1792.05 W

I, =\/11212—@ -42.333 A

The results obtained in parts (k) and (i) are in complete agreement.

Example 7.9. For type-A chopper, source voltage V, =220V, chopping frequency
f=500Hz T,,=800us, R=1QL=1mHand E=72V.

(a) Find whether load current is continuous or not.

(b) Calculate the values of average output voltage and average output current.

(c) Compute the maximum and minimum values of steady state output current.

(d) Sketch the time variations of gate signal i, load current iy, load voltage v, thyristor
current iy. freewheeling diode current ig; and voltage across thyristor vp.

Solution. Here T,= % =1x1073 sec,

T=-f—=%=2000p.sec
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T,
T
et T2 0a07 o 20 25 A0 Thie

T, =500%10°=08, = =r-=2, °

T
o=—2"=f. T, =500x800x10°=0.4,

f |
Ton
o ) |
(@) From Eq. (7.19), Vol s e
o/ =0.51n [1+0.327 € 2-1)]=0.564 220V l
As o is less than o, load current is
discontinuous |
(b) From Eq. (7.21), it |
t,=800%10°+1x107

In [1 + 220 72 (1-e 0'8)]

o Cm— et ¢ —

- —
-

l
|
—1.55703 x 10~ sec i \I
|
|

/.l
— t
w SR [
From Eq. (7.22), | M I \
1-1.55703x 107 | 2
Vo =0.4x220 72 =1
: T 2xi0? ] [P e T
=103.95 volts. CC T ] N 1
I,=103T8-T2 _31 95 4. 5 L
(¢) As the load current is discontinuous, e &
I,,, = 0. The maximum value of current from Eq. Fig. 7.18. Pertaining to Example 7.9.
(7.20) is .
L= -9 =815 A

(d) The time variations of various waveforms are sketched in Fig. 7 .18.

Example 7.10. An RLE load is operating in a chopper circuit from a 500-volts dc source.
For the load, L = 0.06 H and R = 0. For a duty cycle of 0.2, find the chopping frequency to limit
the amplitude of load current excursion to 10 A.

Solution. The average output, or load, voltage is given by

Vo=0aV, '
As the average value of voltage drop across L is zero,
E=V,=0aV,=0.2x 500 =100 Volts.

During T,,, the difference in source voitage V, and load emfE, i., (V, — E) appears across
inductance L as shown in Fig. 7.19.
:. During T,,, volt-time area applied to inductance

on?
= (500 = 100) T, = 400 T, Volt-sec
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‘(o
Vs =500V §
N é:'t"GGVH"""H"
l . {1 ¢
it 0] folend ]

Yo
(@) ®)
Fig. 7.19. Pertaining to Example 7.10.
Also, during T.,, the current through L rises from I, toI,,. From this, volt-time area

on?

across L during this current change is given by

T, T : I
e o - di ms :
jo vL.dt=jo L;i—tdt=.[1nnL'dl=(Im-Im)=L-AI

These two volt-time areas during T,, must be equal.

4007T,,=L- Al
or Ton= 9—02—0)((-)—12 =1.5 msec
Thus, chopping frequency, f = o i s 08 133.33 Hz.

o S TS WS
Example 7.11. A series motor used for a rapid transit system is fed through a dc chopper.
The series motor has total circuit resistance of 2 Q and inductance of 2 mH. What external
inductance should be inserted in series with the armature circuit in order to limit the per unit
ripple in armature current to 10% for a duty cycle ratio of 0.5. The chopping frequency is 1
kHz.

Solution. From Eq. (7.18), per unit ripple in current is given by
Ly e [(1 —e /Ty - e-(l-a)T/T.]

Vs/R e T/T,
Let Tl =x. Here a=0.5and pu ripple = %:6 =0.1. Substitution of these in the above
a
expression gives
0.1= (1-¢ "1 -e"%) _(1-¢ vE —e o) Seloe o Y
' SR A-¢ " F1+e ) 1+e >
s _ 05z
o 0.1-1+y wherey =e
_09 __o&
& g v ik
05x_ 1.10 _ g
or eirimiay = 1.22222 or x= T~ 0.40134




NOTE:- do the numerical given in these note for class work assignment the are related to chopper drives
. In some numerical type a chopper is written but this with RLE load considered as DC motor drive.



