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ABSTRACT:

This paper deals with an AC-DC power conwers-
ion unit connected to a separately excited P€ motor
drive system, and supplied by an AC feeder line.

A generalized linear mathematical model of such a
system is developed, which represents the equations
describing the system dynamic behaviour. The conv-
erter current controller and the DC motor speed
controller are presented, and the model is valid for
any type of such controllers.. The developed model
represents different configurations of the converter
operation; it is also applicable to any type of AC -
DC converter supplying a separately excited DC motor,
and it is suitable for any mode of converter operation.

The analysis is based on perturbation technique
method, and the system with their controllers are
represented by a signal flow graph. This permits
the evaluation of transfer functions of the overall
system for a step change in the control reference
parameters (speed reference and load torque). Then,
the time responses of the motor speed and the armat-
ure current can be determined.

An application is considered for a separately
excited DC motor fed by a single phase bridge
rectifier. A comparison is made between the exper-
imental and theorotical results.

1. INTRODUCTION: °

Direct current drives are extensively used in
industry. The outstanding advantages of DC drives,
such as ease of control, precise and continuous
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control of speed over a wide range ensure their pop-
ularity. .When designing a high response thyristor

drive with internal multicontrol loops,  the transgient
behaviour must be taken into consideration to achieve

the required dvnamic performance.

The design, construction and testing of a
closed-loop system for the speed control of a separ-
ately excited DC motor fed from dual converter are
well discussed in literature {1]. The perturbation
technique has been used for the transient analysis
of a controlled bridge rectifier with a DC motor lcad
{2-4]. A microprocessor implementation is proposed
to study the effect of discontinuous conducticn on a
converter-fed DC drive [5]. The application of dyn-~
amic optimal control theory on typical industrial
speed-controlled DC machine drives reveals the manner
in which the control should operate [(6]. Three dif-
ferent methods to calculate the current and speed
controller parameters . for a DC motor fed
from a single-phase thyristor bridge have been pres-
ented [7,8].

In this paper, a generalized mathematical lin-
ear model of a separately excited DC motor supplied
from an AC-DC converter is presented. The dynamic
model allows us to obtain the time responses of the
motor speed and armature current for a step change
in the control reference parameters.

In the model, different configurations of con-
verter operation are considered: the load current
continuity, the presence of freewheeling diode across
the motor terminals, the type of the AC feeder, the
type of rectifier elements and the mode of rectification.

The analysis is based on perturbation technique
method; and the overall system is represented in the
form of signal flow graph. Experimental and theor-
etical results are compared for a single phase bridge
rectifier with a DC motor load.

2, SEGNAL FLOW GRAPHS OF SYSTEM ELEMENTS:

The dynamic simulation of a separately excited.
DC motor fed by a thyristorized converter is presented.
With the application of perturbation technique meth-
od on the equations representing the steady state
operation of the system elements, the incremental
variations of the variables of each element can be
obtained.

2.1 DC motor:

The armature voltage and the torque balance
eqguations are:
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v, = ke‘bnm+Ra i+ Lm (dia/dt) (1)

d a

k ¢i, =T +B i+ d (dnm/dt) (2)

consider that the motor mechanical time constant is
greater than the electrical time constant; and for
small perturbations in the motor variables, the inc-
remental equations are:

A = A A

Ia A1 Vd + B.' Nm (3)

ANm =C AIa + D ATL (4)
where the constants A1,B1,C and D are functions of
the nominal values Ia' Nm' TL' Vd and Te'

The signal flow graph is shown in Figure (1).

Figure (1): Motor signal flow graph.

2.2 Closed loop speed controller:

In most applications, the armature voltage of
the motor is controlled in a closed loop feedback
system. The schematic diagram of the motor speed
controller associated with the converter-motor is
shown in Figure (2).

E oc V) lTL N
SPCIFAG[—DCC—DCM

3

SPT
SPC = Speed controller , DCC = Direct current converter,
FAG = Firing angle pulse generator, DCM = DC motor
SPT = Motor speed transducer.

Figure (2): Speed Controller diagram.
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The speed controller is represented by the general-
ized transfer function G(s), which can be a proport-
ional type or proportional-integral type. The fir-
ing angle pulse generator is represented by a cosine
function related to the output voltage of the DC .
converter.

The incremental wvariations of the speed control cir-
cuit are defined by:
AE,, = F AE_ + Fo AN (5)

Ao = T1 AECS (6)

where,F and Fy are the transfer functions of the
: speed contrcoller and speed transducer,
respectively.
T1 represents the pulse generator trans-
fer function.

2.3 Closed loop current controller:

An inner current limiting control loop is inc-
orporated as a protective feature, and the clamped
speed error is used as a current reference. The
schematic diagram of the overall system is shown in
Figure (3).

3 T S Y
T BPCRO—CUg—FAG—PCG DM

|
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CUC = Current controller , CUT = Current transducer

Figure (3): Control loop diagram.

The current controller is represented by its generaliz-
ed transfer function Gy (s), which may be simulated as
a proportional type or proportional-integral type.

The incremental variations of the current control
loop are defined by:

BEqp = Fy . AE  + F1p.0T (7)
Ao = T2 ° AECI (8)
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whefg, F1 and F1I are the transfer functions of the
current controller and current

transducer.,

represents the pulse generator

transfer function.

T

The signal flow graph of the system is shown in
Figure (4).

.

R SF;S boc

Figure (4): System signal flow graph.

2.4 AC-DC converter:

In this section, the signal flow graph which

shows the relation between the incremental variations
AVg and Ao, will be determined.
An attempt is made to analyse all possible modes of
steady state operation for different types of AC-DC
converters; this permits a general form definition®
of the average motor terminal voltage:

Vd = (/2 v/ 21r/qh'w) [/F;q Cos(a+hq %th cos
{m+hehy (g+h )} + hym {(2n/qhy)+(a=8)}]

(9)
and the general form of the equation which permits
evaluation of the extinction angle$ is given by:

, ™
Sin {w#hf(s—n)+hq 3 ¢}

(B"‘hq.‘n‘/6 -1) (1-h¥f) a=m= hf(ﬁ"ﬂ)
tan ¢ tan
= —2_[e -e
cosd amr-he (8-1)
. T . tan ¢
+ sin (cx+hq 3 —¢).e (10)

where, q defines the type of the AC feeder (single
or three phase).
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hy defines the type of the output DC voltage
wavefeform (half wave or fullwave).

hg defines the armature current continuity.

he defines the presence of the freewheeling
diode across the motor trerminals.

ha,h“ and h define some different modes of

converter operation for the previous
cases.

The following table summerizes the different types
and modes of converter oOperation, and the values of
the definition parameters are indicated.

Single phase Three phase
half wave Tull wave hallt wave  [full wave
ullycontf halt contry fully,controlledlf 114
Eoli%dFC olled NF YEC ully coe“éthoc HC FC
TF| WF | TF WF TF WF TF | WF WE TF
D |ppNjc|Djc|D pNjc|D {Cc | DPpN|C [[DJC|D|DNjC|D|C{ C

gl 1] 413151 3291t1 1 111 131313131313 [313
h 1] 41 12022 32|2] 2] 2 22 2t f1p1j1]1p171¢}2
hyl 1] 40 01 ]10]1 op tj1yojjtjoj1l1104414y01}o0
htf 1101 11010 0)0 [ 150 1 11 o1y o411 3y110§11010]071}1
kc 1y 41111111141 T3 I O O O 2 0 A 7 A 1 7 I O O O O
h‘m 1 -1 =11 -4-1 111 1 of-tjt|-1yj1 10}t 1 |-11-1j-110
th gqooooi0of{ojor o 0l 0jof Ofjt10114117110J0¢0
HC half controlled FC fully controlled
TF without freewheeling dlode, WF with freewheeling dicde
D discontinuous current C continuous current,
DN discontinuous and the freewheeling diod not
conducting.

The general form of the incremental variations of the
the variables describing the operation of the conv-
erter is:

AVd = W1 Ao + w2 ANm + W3 AB - {11)
A B = W4 Ao + W5 ANﬁ (12)
where, __ \ .
hg Ey-/ 2/gqhy V sin (a+hq E) N
LT vy 7179 b
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— . kil
-hﬁhf/zv s:.n{w+hfhd(8+h =)} -E B

q 6 a
W3= hd Vd ‘ 27/ ghy
{(2n/q hw) + (a-8)1 Ea
W, = h -
2 d (21/q hy) Vg
a~w-hf(8—n)
cos { o + hq % —¢% tan ¢
W4=hd "_Ee
cos{w+hf(8—ﬁ)+hqg-¢}
a~m-hg(B8-7)
(B+h_ = -mx) (1-h ) 2TTRELPTT) g
g 6 £ tan ¢ a
W_=nh, & —e .
> d cos{n+hf(8—1r)+hq % - ¢} 8/2 Vcosé

The general form of the signal flow graph is shown

a3

W \&

in Figure (5):

AN
Aoe fd
‘ W, A\Q er

Figure (5): Signal flow graph of converter.

The values of W1 : W5 are determined, depending on
the converter type and the nature of its made of

operation.

3, CONVERTER-MOTOR SYSTEM RESPONSES:

The signal flow graph representing the dynam-~
ic operation of the AC-DC converter and the separat-
ely excited DC motor load with the associated cont-

rol loops is shown in Figure (6).
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Figure (6): System signal flow graph.

The signdl flow graph theory permits eliminating the
intermediate nodes in order to obtain .a direct rel-
ation between the output and input nodes [9].

Then, the transfer functions ANy / AES,ANm/ATL R
AIn/BEg and 0I5/ ATy are determined; and the time
responses can be evaluated when either a step change
in the speed reference or in the load torque,

4, RESULTS:

The model responses for a step change in the
speed reference of a single phase converter connec-
ted to a separately ex¢ited DC motor are obtained.

Figure (7) shows the speed and current resp-
onses for continuous and discontinuous current
operation.

The experimental responses of current and sp=
eed have been recorded in the linear operating mode,
by giving & small step change in the speed reference
signal of the speed controller. Figure (8) shows
photographs of the speed response for two different
values of the controller gain.

Figure (9) shows the experimental time resp-
onse of the armature current. .
The experimental results verify the validity of the
proposed mathematical model representing the system
dynamic operation.
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a- Continuous current. b~ Discontinuous current.

Figure (7): Time responses of current and speed
for step change in speed reference.

a- K = 0.0209 b- K = 0.1239

Figure (8): Experimental speed response.
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K = 0.0209
Figure (9): Experimental current response.

5. CONCLUSION:

The generalized dynamic linear model given in
this paper is adaptable for different types of conv-
erter with different modes of operation. Good corr-
elation between computed and experimental responses
confirms that the model is valid for predicting the
behaviour of a given system.

6. LIST OF SYMPOLS:

ig Instantaneous armature current (A)

I, Average value of armature current (A)

vg Instantaneous converter output voltage (V)

Vg Average value of converter.output voltage (V)
Ecsg Control voltage of the speed (V)

Eer Control voltage of the current (V)

Eg Speed reference voltage (V)

nn Instantaneous motor speed (RPM)

N Average value of motor speed. (RPM)

Ty, Load torque (M.m)

Kt ¢ Torque constant (N.m/A)

Ke ¢  Motor E.M.F constant (V/RPM)

Ry.Ly Armature resistance and inductance 2
J Inertia of the motor and coupled. system Ky
B Viscuss friction coefficient N.m/red. Sec‘nil
o Thyristor firing angle

B Thyristor extinction angle

A Incremental variation

€ Speed and current error.

7. SYSTEM PARAMETERS:

The system parameters in this work-had the - -

following values:
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P = 2,2 KW ; N = 1500 rpm.

Ke$= 0.518 (2 /60) H K= 0.518

a- continuous current b- Discontinuous
Ly 0.09 H 0.08 H
R 1.65 ohm 3.45 ohm
J  0.01985 Kg m2 3.46 Kg.m2
B 0.0055 Nm/rad.Sec~| 0.029 Nm/rad.Sec.~1
Ia 11.32 A 8.944 A
Vg 100 v 112.2 v
Ty, 5 N 0.08 Nm

d 58° 128°

B 238° 198°
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9, APPENDIX:

The transfer function of the signal flow graph
a~ DC motor:

11\1=(vd/1a Ra) . (1/1+1'es) ; B1=(—Ea/1a R). (1/1+res)

C = (Te/B Nm).(1/1+rms) ; D =(—TL/B Nm)'“/1+ﬁm$

.= I / R, Pty T J/B
b- Closed loop speed controller:
E A, N
F = — G_(P) i Foo= G_(P)
Ecs s N ECs S
T1= :Egsr_ ( l )
: E_sina ' g
(o}
¢~ Closed loop current controller:
E ~A, I
Fy= g Gy () O -E}——é Gy (P)
cI cI
—EcI 1
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