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Abstract: In this paper the dynamic performance (speed
regulation performance versus reference and load torque changes)
of a separately excited D.C. motor is enhanced, the D.C. motor is
fed by a D.C. source through a chopper which consists of GTO
thyristor and free-wheeling diode. The motor drives a mechanical
load characterized by inertia J, friction coefficient B, and load
torque TL. The performance enhancement is achieved by using a
speed control loop uses a proportional-integral (P1) controller
which produces the reference signal for the current control loop
and this is a (PI) current controller compares the sensed current
with the reference and generates the trigger signal for the GTO
thyristor to force the motor current to follow the reference. The
simulation of the D.C. drive is performed using MATLAB/Simulink
program version 7.10 (R2010a).
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1. Introduction

D.C. motors have long been used in industrial application and
they are used as having excellent control of speed. Development of
high performance D.C. motor drives are very important for
industrial application, the high performance D.C. motor drives
system must have good dynamic speed command tracking and load
regulating response. The Proportional-Integral (PI) controller is one
of the conventional controllers and it has been widely used for the
speed control of dc motor drives. The major features of the P-I
controller are its ability to maintain a zero steady-state error to a
step change in reference [1]. A chopper is a static power electronic
device that converts fixed D.C. input voltage to a variable D.C.
output voltage. The chopper is driven by a high frequency PWM
signal, controlling the PWM duty cycle is equivalent to controlling
the motor terminal voltage, which in turn adjusts directly the motor
speed [2]. In this paper the dynamic performance (speed regulation
performance versus reference and load torque changes) of a
separately excited D.C. motor is enhanced, the D.C. motor is fed by
a D.C. source through a chopper which consists of GTO thyristor
and free-wheeling diode. The motor drives a mechanical load
characterized by inertia J, friction coefficient B, and load torque
TL. The performance enhancement is achieved by using a speed
control loop uses a proportional-integral (PI) controller which
produces the reference signal for the current control loop and this is
a (P1) current controller compares the sensed current with the
reference and generates the trigger signal for the GTO thyristor to
force the motor current to follow the reference. The simulation of
the D.C. drive is performed using MATLAB/Simulink program
version 7.10 (R2010a).

2. Simulated Model of the Variable — Speed D.C. Motor
Drive

In this paper a variable-speed D.C. motor drive using a cascade
control configuration is designed and simulated by Matlab /
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Simulink. The block diagram of this drive is shown in figure 1. The
motor torque is controlled by the armature current la, which is
regulated by a current control loop. The motor speed is controlled
by an external loop, which provides the current reference la* for
the current control loop which generates the required trigger signal
for the GTO thyristor chopper.
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Figure 1: Variable — speed D.C. motor drive

The output speed of D.C. motor can be varied by controlling
armature voltage Va for speed below and up to rated speed keeping
field voltage constant. The output speed is compared with the
reference speed and error signal is fed to speed controller. The
Controller output will vary whenever there is a difference in the
reference speed and the speed feedback. The required trigger signal
for the GTO thyristor is generated by the current controller which
forces the motor current to follow the reference within maximum
current limit. The GTO chopper output gives the required Va to
bring the motor back to the desired speed. The GTO thyristor
characteristic description is given in Appendix.
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2.1 Mathematical Modeling of the Armature Controlled

Separately Excited D.C. Motor

Modeling of any kind of electrical machines such is D.C.
motor starts with measurements on real model because it is
necessary to determine motor parameters. The other possibility is to
get the motor parameters from manufacturer or determinate our
own parameters if motor prototype is being build. After that motor
model can be made by using all mathematical equations that
describe the motor [3]. D.C. separately excited motor is the D.C.
motor that has a separate D.C. source for the field winding as
shown in Figure 2. After configuration of mathematical model,
simulation model can be made in Matlab / Simulink. Functioning of
D.C. motor can be explained by using two electrical circuits.
Exciting (field) circuit creates magnetic flux and an armature
circuit, armature current from power source causes appearance of
force on motor windings. The motor dynamic characteristics can be
obtained from a motor model shown in figure 2 and the equations
that are used for this model are the following differential equations
as given in [4]. The differential equation of armature circuit is

Field circuit

Figure 2: Separately excited D.C. motor model

The armature equation is shown below:

dl,
Vo =Ep, +1,R, + La(E

1)
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The description for the notations used is given as: V, is the
armature voltage in volts, Ey is the motor back e.m.f. in volts, I, is
the armature current in amperes, R, is the armature resistance in
ohms, L, is the armature inductance in Henry. Now the torque
equation will be given by:

Ty =)+ Bw+ Ty @)

Where: T, is load torque in Nm., T4 is the torque developed
in Nm, J is moment of inertia in kg/m?, B is friction coefficient of
the motor, w is angular velocity in rad/sec. Assuming absence
(negligible) of friction in rotor of motor, it will yield: B = 0 ,
therefore, new torque equation will be given by:

Ty =]52+ T, 3)

Taking field flux as @ and (Back e.m.f. Constant). Equation
for back e.m.f. of motor will be:

Also,
T, =K ®I, 5)

Where K is a constant. From motor’s basic armature equation, after
taking Laplace Transform on both sides, we will get: 1,(s) =

:ajgs Now, taking equation (4) into consideration, we have:

_ Vg—Kdw
() = ¢ L, ©)
And,
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w(s) = Tk = K2 7)
La

Also, the armature time constant will be given by: T, = = and
Figure 3 shows the block model of separately excited D.C. motor

Eeference
aI'ITlatLlI'E! .lé'lfmﬁtmﬁ T quue Llj ad
voltage Cusrent Develupeil TLTorque
v 4 Cutput

5 |
8 ) 1Ra T 1 afs) Apeed
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K9

Back Emf
Feedback

Figure 3: Block Model of Separately Excited D.C. Motor

After simplifying the above motor model, the overall transfer

function will be as:
Ko

Ra
w(s) _  JSA+TaS) 8
Va(s) K;CDZ (8)
1+ 2 —
JS(1+TaS)

Further simplifying the above transfer function will yield:

w(s) _ Ko
Va(s) K22 ®)
1+ __ _Ra
JS(1+TgS)
JRa

as an electromechanical time constant.

Assuming T, = K2

Then the above transfer function can be written as below:
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1
(1)(5) _ ﬁ
Va(s)  STn(1+ST)+1 (10)

Let us assume that during starting of motor, load torque T;, = 0 and
applying full voltage V,. Also assuming negligible armature
inductance, the basic armature equation can be written as:

V, = Kdw(t) + IR, (11)
At the same time Torque equation will be:

Ty =) 52 = KO, (12)

Putting the value of I, in above armature equation:

V, = Kbw(t) + (&2 Ra (13)

dt” Ko

Dividing on both sides by K®,

v, JRGZE
YVa __ adt
o = WO+ (14)

1‘:_; Is the value of motor speed under no load condition. Therefore,

dw
JRa—- d
w(no load) = w(t) + To‘;g:w(t) + Tm(d_(:) (15)
Where, K® = K,,,and,
— JRa _ JRa_ (16)

MK (Km)?

Therefore,
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J = T (Km)? (17)

Ra

From motor torque equation, we have:

_ Kmla(s) Tt
w(s) = fmle® _ 11 (18)

From equations (17) and (18) we have
Rala(s)_ TLRa

w(s) = _Km  Km)? (19)

TS

Now, Replacing K® by K,, in equation (10), we will get:

1

w(s) _ Km (20)

Va(s)  1+STm+ S2T,Tm

Since, the armature time constant T, is much less than the
electromechanical time constant T,,, (T,<< T,,), Simplifying,

14 STy + S2T,T, # 1+ S (T, + Ty ) + S2T,T,, = (1+ ST,,) ( 1+ ST,)

The largest time constant will play main role in delaying the system
when the transfer function is in time constant form. To compensate
that delay due to largest time constant we can use Pl controller as
speed controller. It is because the zero of the PI controller can be
chosen in such a way that this large delay can be cancelled. In
Control system term a time delay generally corresponds to a lag and
zero means a lead, so the Pl controller will try to compensate the
whole system. Hence, equation (20) can be written as:

1

w(s) _ Km (2 l)

Va(s)  (1+ STm) (1+ STy)
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T,,and T, are the time constants of the above system transfer
function which will determine the response of the system. Hence
the D.C. motor can be replaced by the transfer function obtained in
equation (21) in the D.C. drive model shown earlier.

2.2 Chopper-Fed D.C. Motor Drive

A simplified diagram of the simulated chopper-fed D.C. motor
drive system is shown in figure 4. The D.C. motor is fed by the
D.C. source through a chopper that consists of the GTO thyristor
(Thl), and the free-wheeling diode D1. The D.C. motor drives a
mechanical load that is characterized by the inertia J, friction
coefficient B, and load torque TL (which can be a function of the
motor speed). In this diagram, the D.C. motor is represented by its
equivalent circuit consisting of inductor La and resistor Ra in series
with the counter electromotive force (e.m.f.) E.

I;I\ D{; Motor
U Mechanical load
| |
| <$L,1 Tm
| o
—— Va l %‘: I.B.T
- | |
LT
= E
L - e |

Figure 4: Simplified model of the simulated chopper-fed
D.C. motor
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Thyristor (Th1) is triggered by a pulse width modulated (PWM)
signal to control the average motor voltage. Theoretical waveforms
illustrating the chopper operation as shown in figure 5.

Wdc _
I—-——-—-—-—- —————— - = - — = — — — — 4 — - Wa {avg)

Figure 5: Waveforms illustrating the chopper operation

The equations of the chopper output voltage and current that are
used for this model as given in [5]. The average armature voltage is
a direct function of the chopper duty cycle a.

Vo (avg) = aVy, (22)
In steady state, the armature average current is equal to

Valavg)-E
TR (3)

I, (avg) =

The peak-to-peak current ripple as given in [5] is

_po—ary ,—r_,—(1—a)r
Ai = M(l e +e e ) (24)

Rg 1-e™ 7"

where a is the duty cycle and r is the ratio between the chopper
period and the D.C. motor electrical time constant.
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r= o (25)
Ra

2.2.1 Representation of Chopper in Transfer Function
Form

Since chopper takes a fixed D.C. input voltage and gives variable
D.C. output voltage. It works on the principle Pulse Width
Modulation technique [6]. There is no time delay in its operation.
Hence, it can be represented by a simple constant gain Kt.

3. Proportional plus Integral Controller Description

The control action of a proportional plus integral controller is
defined by following equation as given in [1].

u()=Kee(®+Kif; e ()dt (26)

where, u(t) is actuating signal, e(t) is error signal, Kp is
proportional gain constant, Ki s Integral gain constant. The
Laplace transform of the actuating signal incorporating in
proportional plus integral control is

U(5)=KoE() +Ki™> (27)

The block diagram of closed loop control system with Pl
control of D.C. motor system is shown in figure 6. The error signal
E(s) is fed into two controllers, i.e. (i) Proportional block which
does the job of fast-acting correction to produce a change in the
output as quickly as the error arises. and (ii) Integral block, this
integral action takes a finite time to act but has the capability to
minimize the steady-state signal error. The output of PI controller,

U(s), is fed to D.C. motor system. The overall output of D.C. drive,
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may be speed or position, C(s) is feedback to reference input R(S).
Error signal can be removed by increasing the value of Kp, Ki.
However the feedback of control system is unity. If the gain of the
feedback is increased the stability of the system is decreased.

K
S

DC.

Ris)
+ E(s)

Motor

Figure 6: Block diagram of PI control action with D.C.
motor

4. Importance of Current Controller in a D.C. drive
system

When the machine is made to run from zero speed to a high
speed then motor has to go to specified speed. But due to
electromechanical time constant, motor will take some time to
speed up. But the speed controller used for controlling speed acts
very fast. Speed feedback is zero initially. So this will result in full
controller output and hence converter (chopper) will give maximum
voltage. So a very large current flow at starting time because back
e.m.f. is zero at that time which sometime exceeds the motor
maximum current limit and can damage the motor windings. Hence
there is a need to control current in motor armature. To solve the
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above problem we can employ a current controller which will take
care of motor rated current limit. The applied voltage V, will now
not dependent on the speed error only but also on the current error.

4.1Current Controller Design

We need to design the current controller for the extreme
condition when back e.m.f. is zero that is during starting period
because at that time large current flows through the machine. The
block model of the D.C. motor drive with current controller is
shown in figure 7.

Armature current
el ¥ 1IRs

| a Ke(14TeS) B¢ ].\l i : |H
Reference TeS 148Ta
current .

Current controller Chopper f
current . @ b=[]
feedhack ke
14125
Current filter with gain

Figure 7: Block model with current controller

The transfer function of the above model:

1

Kc(14TcS),,, . Rg
Ia(S) _ TcS \Re) (14TqgS) (28)
- 1
Ia(s)(ref) 14 Kc(14TcS),

K+) E KZ
TcS VTS (1+4T25)

where

I,(s) is the feedback current, I,(s)(ref) is the reference
current. Here, T, (Current Controller Parameter) can be varied as
when required. T. should be chosen such that it cancels the largest
time constant in the transfer function in order to reduce order of the
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system [8]. Now, the response will be much faster. So, let us
assume T, =T,
Now, putting this value in equation (28)

KCKt(1+T25)
Ia(s) — TaRa 29
RO Sty KKz (29)

TaRa
K-K
Let Ko = et
TaRq

Ia(S) _ K0(1+T25)
Ig(s)(ref)  S2T,+S+KoKo

(30)
Where T, corresponds filter lag. Dividing by T, on R.H.S:

Ko
Iq(s) _ T_2(1+TZS)

Ia(s)(ref)  s24++KoKz
T, Tz

(31)

The characteristic Equation:- S? + Ti + 5% = §2 4 2ewS + w?

KoK 1 ° 2
Here, 0= V=22 s0 € = =
T, 2T,w  2VT:K3K,

Since, it is a second order system. So, to get a proper response €
should be 0.707 as given in [8]
1

— aTa
¢ 2K,K,T, °? 2T,
Here, K, = Kele = 1

RqT, - 2K, Ty
Now, from equation 30

la(s) Ki2(1+7"25)

Io(s)(ref)  2S2T2+2ST,+1

(32)

We can see that the zero in the above equation may result in an
overshoot. Therefore, we will use a time lag filter to cancel its
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effect. The current loop time constant is much higher than filter
time constant. Hence a small delay will not affect much

1
Iq(s) _ K—2(1+T25)
I5(s)(ref) (1+STy) = 2S2T2+25T,+1 (33)
Hence
1
Iq(s) _ Ky
Io(s)(ref) ~ 2S2T2+2ST,+1 (34)
4.2 Current Controller Parameters Calculation
Current Filter Time Constant as given in [8], T, = 3.5 ms.
Current PI type controller is given by: KC(;—?S) :
C
-3
Here, T.=T, and K, = _RaTa T, = La o 1200 20 ms.
2K KT Ry 0.5

For analog circuit maximum controller output is £ 10 Volts as given
240

in [8]. Therefore, K, = - 24,
Also, K, = (10/ maximum current limit) as given in [8], so K, = % =
0.333.

Now, putting values of R,,T,,K,, K, and T, we get: K. =0.194.

5. Speed Control of the D.C. Motor

Under steady state operation, the time derivative is zero and
equation 1 can be written as

V, = R,i, + E, (35)
And equation 4 can be written as

E,(t) = Ky, ifown, (36)
Substituting equation 35 in equation 36 rearrange for ® the result is
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Va—Rg i
o= =27 (37)
Ky if

From the derivation it can be concluded that the speed of a D.C.
motor can be varied by:

1) V,is Voltage Control,
2) if is Field Control,
3) ia (withif fixed) is Demand Torque

In practice, for speeds less than the base speed (rated), the armature
current and field currents are maintained at fixed values (hence
constant torque operation), and the armature voltage controls the
speed. For speeds higher than the base speed, the armature voltage
Is maintained at rated value and the field current is varied to control
the speed (note the hyperbolic characteristic). As shown in figure 8.
However, this way the power developed Pd is maintained constant.
This mode is referred to as “field weakening” operation [9].

Td . Pd Power

T Torqgue

- speaed

s
g -

. constant torgue constant power

Figure 8: D.C. motor control modes

Journal of Al Rafidain University College 286 ISSN (1681-6870)



Dynamic Performance )
Zainab B. Abdulla Issue No. 36/2015
Enhancement of an Armature....

5.1Speed Controller Design

The block model of the D.C. motor drive with speed controller
is shown in figure 9.

current coniroller's

inner loop output speed
reference speed

ret
f Wm il f&
08) ktetes) |1a [ 1 I | Rakn )
Tné 142728 §Tm

speed feadhack ‘ speed controller

k. A
-

Ki

14718
speed filter |

Figure 9: Block model for Speed Controller design

Now, converting the block model in transfer function, we will

get:
KR ToTn I’;’;ﬁr‘; T (1+T1S)
w(s) (1+2T55)S2 38
w(S)(Tef) - 14 KTLRa (1+TnS) Kl ( )

Ko2KmTmTn(142T25)S2(1+T1S)

Here, we have the option to T, such that it cancels the largest time
constant of the transfer

Function, So T,, = 2T,

Hence, equation 38 will be written as

w(s) _ Kn Rg(1+T1S)
w(s)(ref) KszTan(1+T15‘)+KnRaK1

Ideally, w(s) =

(39)
S(S%2+as+p)

The damping constant is zero in above transfer function because of
absence of S term, which results in oscillatory and unstable system.
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To optimize this we must get transfer function whose gain is close
to unity.

5.2 Speed Controller Parameters Calculation
Speed feedback filter time constant as given in [8], T; = 15 ms. The

Speed PI type controller is given by: @
Here, T,, = 4 (T, +2T,)=4(15+7) =88 ms.
T KmKo 10
Also K, =—"™"—— | K= ——— =22 -0.083,
2K1Ra(T1+2T2) Rated speed 120
_ JRa _ 0.05%0.5 _
T, = 2 1232 16.5 ms.
NOW, Kn — 16.5%1.23%x0.333 — 37

2X0.083x0.5%22

6. Simulation Results
6.1Simulation of the D.C. Drive Starting

This test simulates the starting transient of the D.C. drive. The
inertia of the mechanical load is small (5 N.m.) in order to bring out
the details of the chopper commutation. The speed reference is
stepped from O to 120 rad/s at t = 0.0 s. The transient responses of
speed and current for the starting of the D.C. motor drive are shown
in figure 10.
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(b)
Figure 10: Starting transient of the D.C. motor drive (a)
speed and (b) armature current

6.2 Steady — State Current and Voltage Waveforms

The D.C. motor current and voltage waveforms obtained at the end
of the starting simulation are shown in figure 11.
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Figure 11: Steady-state (a) motor current and (b) voltage
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6.3 D.C. Motor Drive Speed Regulation

In this simulation the speed reference steps from 120 rad/s to 60
rad/s at t = 0.5 s, with keeping the applied torque reference as 5
N.m., figure 12 shows the response of the D.C. motor to the change
in speed.
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D.C. Motor Speed Response
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Figure 12: D.C. motor drive response to speed change, (a)
speed transient and (b) armature current transient.
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6.4D.C. Motor Drive Response to Load Torque Change

In this simulation the load torque steps from 5 N.m. to 25 N.m.
att = 1.5 s and the speed reference is 120 rad/s. Figure 13 shows the
response of the D.C. motor drive to the change in load torque.

D.C. Motor Speed

121
120
119 /
118 /
117
=
=
116 l
115 /
114 /
113 V
112
o 0.5 1 1.5 2 2.5 3
Time (s)

D.C. Motor Armature Current
30

25

20

la(A)

15

10

o 0.5 1 1.5 2 2.5 3
Time (s)

(b)
Figure 13: D.C. motor drive response to load torque
change, (a) speed transient and (b) armature current
transient.
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6.5 Dynamic Transient Performance of the D.C. Motor
Drive

In this simulation the dynamic performance of the D.C. motor
drive is tested by applying two successive transient changing of
operating conditions i.e. a step change in speed reference att =0.5s
(from 120 rad/s to 80 rad/s) and a step change in load torque at t =
1.5 s (from 5 N.m to 25 N.m.). The response of the D.C. motor
drive to these successive changes is shown in figure 14.

D.C. Motor Speed Response

Wm (rad/s)

. \
; \

70 v

60

o 0.5 1 1.5 2 2.5 3
Time (s)

(@)

D.C. Motor Armature Current
25

F F

20

15

la (A)

10

o 0.5 1 1.5 2 2.5 3
Time (s)

(b)
Figure 14: Dynamic transient of the D.C. motor drive, (a)
speed transient and (b) armature current transient.
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6.6 Armature controlled D.C. Motor Drive

6.6.1 Simulation with Reference Speed of 120 rad/s and
Reference Torque of 5 N.m

In this simulation the voltage that is applied to the D.C. motor
drive is varied. The speed reference of 120 rad/s and torque
reference of 5 N.m are used in this simulation. The D.C. motor
speed, armature current and the torque are calculated for each value
of the applied voltage as shown in table 1. Figure 15 shows the
variation of the D.C. motor parameters versus voltage variation.

Table 1: Variation of motor parameters with applied voltage

Va (V) 5 |10 |20 |30 |40 |50 |60 |70 |80 |90 |100 |110
o(rad/s) |14 154 |135[216|296|37.7|458 |53.8|61.9|70 |78.1]|86.1
. (A) 4 141142 |44 |45 |46 |48 |49 |5 52153 |54
Tn(Nm) [5 |51[52 |54 |55 |57 |59 |6 6.1 |63]|65 |67

Va (V) 120 | 130 140 150 160 | 170 | 180 | 190 | 200 | 210 | 220
o (rad/s) [94.2 |102.3 | 110.3 | 1184 | 120 | 120 | 120 | 120 | 120 | 120 | 120
la (A) 55 |57 5.8 5.9 69 |69 [69 [69 [69 |69 |69
Tm(N.m) [ 6.7 |6.9 7.2 7.3 85 |85 |85 |85 |85 |85 |85

Va (V) 230 240
o (rad/s) 120 120
la (A) 6.9 6.9
Tm (N.m) 8.5 8.5
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Variation of Speed Versus Applied Voltage
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Figure 15: Variation of (a) speed, (b) armature currentand (c)
motor torque.
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6.6.2 Simulation with Reference Speed of 120 rad/s and

Torque of 15 N.m.

In this simulation the voltage that is applied to the D.C. motor
drive is varied. The speed reference of 120 rad/s and torque
reference of 15 N.m are used in this simulation. The D.C. motor
speed, armature current and the torque are calculated for each value
of the applied voltage as shown in table 2. Figure 16 shows the
variation of the D.C. motor parameters versus voltage variation.

Table 2 Variation of motor parameters with applied voltage

Va (V) 5 10 |20 |30 |40 |50 |60 |70 |80 |90 |100 |110
w(rad/s) -21 118 |99 |179|26 |34.1|422|50.2|58.3|66.4| 744|825
la (A) 121122123124 | 126|127 128 |13 |13.1|13.2 (134|135
Tm(N.m.) | 149 |15 | 151|153 (155|156 |158 |16 |16.1|16.3|16.4|16.6
Va (V) 120 | 130 | 140 150 160 170 | 180 | 190 | 200 | 210 | 220
o (rad/s) |90.6 | 98.7 | 106.7 | 114.8 | 119.9 | 120 | 120 | 120 | 120 | 120 | 120
la (A) 13.6 | 13.8 | 139 | 14 147 |148 | 148 | 14.8 | 14.8 | 14.8 | 14.8
Tm(N.m) | 16.8 | 16.9 | 17.1 |17.2 |18 18 18 18 18 18 18
Va (V) 230 240
o (rad/s) 120 120
la (A) 14.8 14.8
Tm (N.m) 18 18
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Figure 16: Variation of (a) speed, (b) armature currentand (c)
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6.6.3 Simulation with Reference Speed of 120 rad/s and
Torque of 25 N.m.

In this simulation the voltage that is applied to the D.C. motor
drive is varied. The speed reference of 120 rad/s and torque
reference of 25 N.m. are used in this simulation. The D.C. motor
speed, armature current and the torque are calculated for each value
of the applied voltage as shown in table 3. Figure 17 shows the
variation of the D.C. motor parameters versus voltage variation.

Table 3 Variation of motor parameters with applied voltage

Va (V) 5 10 |20 |30 |40 |50 |60 |70 |80 |90 |100 |110

o(rad/s) |-57 |-1.7 |63 | 143|224 305|385 |46.6 |54.7|628 708|789

la (A) 20.2|120.3|204|205|206|208|209 |21 |[212 213|214 216

Tm(N.m.) | 24.8 | 249 | 25.1 | 25.2 | 25.4 | 25.6 | 15.8 | 259 | 26 | 26.2 | 26.4 | 26.5

Va (V) 120 | 130 | 140 150 160 170 180 | 190 | 200 | 210 | 220

o(rad/s) |87 |95 103.1 | 111.2 | 119.3 | 119.9 | 120 | 120 | 120 | 120 | 120

la (A) 21.7 | 21.8 | 22 221 | 222 |231 |232 (232|232 |232|232

Tm(N.m) | 26.7 | 26.9 | 27 272 |273 |281 |283|283|283|283|283

Va (V) 230 240
o (rad/s) 120 120
la (A) 23.2 23.2
Tm (N.m) 28.3 28.3
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Variation of Speed Versus Applied Voltage
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Figure 17: Variation of (a) speed, (b) armature currentand (c)
motor torque.
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7. Conclusion

The speed of a D.C. motor has been successfully controlled by
using Chopper as a converter and Proportional-Integral type Speed
and Current controller based on closed loop system model. Initially
a simplified closed loop model for speed control of D.C. motor is
considered and requirement of current controller is studied. Then a
generalized modeling of dc motor is done. After that a complete
layout of D.C. drive system is obtained. Then designing of current
and speed controller is done. A D.C. motor specification is taken
and corresponding parameters are found out from derived design
approach. The simulation results under varying reference speed and
varying load are obtained. In 6.6, the shown simulation is of motor
speed control by varying the motor armature voltage for the range
of speed less and up to the rated speed (constant torque operation)
with keeping the field current at fixed value. In (6.6.1, 6.6.2 and
6.6.3) the armature current variations are (41.1%, 18.2% and
12.9%) for applied load torques of (5, 15 and 25) N.m respectively
and for the range of speed between (5 and 120) rad/s as shown in
tables (1, 2 and 3) and figures ( 15, 16 and 17) respectively.
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Appendix

The gate turn off (GTO) thyristor is a semiconductor device that
can be turned on and off via a gate signal. The GTO can be turned
on by a positive gate signal (g > 0). The GTO can be turned off at
any time by a gate signal equal to 0. The GTO is simulated as a
resistor Ry, an inductor L., and a D.C. voltage source V;
connected in series with a switch. The switch is controlled by a
logical signal depending on the voltage Vg , current I, and the
gate signal g.

+ Vak -

lak g

W Ron Lon Vf_
Ao SK Ag=—uwo0 o—-,;"\f\;"—'ﬁﬁﬂi{ F—-o K
anode cathode T

gate

GTO F— Vak
Logic

= lak

=]

The Vs, Rqn, and L, parameters are the forward voltage drop
while in conduction, the forward conducting resistance, and the
inductance of the device. The GTO block also contains a series Rs-
Cs snubber circuit that can be connected in parallel with the GTO
device (between terminal ports A and K). The GTO on when the
anode-cathode voltage is greater than V¢ and a positive pulse signal
is present at the gate input (g > 0). When the gate signal is set to 0,
the GTO starts to block but its current does not stop
instantaneously.
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Iak
* Om state
- On to Off
™~ if G goesto0
.
Off to On ™
™ ifG goes to 1 ™
Dff state %‘ .
VE Off state . V2K

Because the current extinction process of a GTO contributes
to the turnoff losses, the turnoff characteristic is built into the
model. The current decrease is approximated by two segments.
When the gate signal becomes 0, the current I, first decreases
from the value I, (value of I when the GTO starts to open)
to Ima/10, during the fall time (Ty), and then from 1,,,,/10 to O
during the tail time (Ty). The GTO turns off when the current
l.« becomes 0. The latching and holding currents are not

considered [10].

Iak: /S
Imax

e Itail = 0.1 Imnacs
- 1
1
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