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ABSTRACT

Choppers arc widely used in order to get
smooth speed characteristics of DC motors. If the
load or mmput voltage 1s changed, a feedback
control technique is used to get the constant speed.
To design the proper feedback control, the transfer
function of the chopper-motor combination should
be known.

In this study, the effort was given to obtain
the general block diagram, including the field
current and armature current of chopper-fed DC
motor. It can be seen from the block diagram that
the chopper circuit modifies the transfer function
of the DC motor,

DC-DC DARBELEYICI iLE BESLENEN
YABANCI UYARTIMLI DC MOTORUN
KUCUK SINYAL ANALIZI

OZET

DC motorlardan diizgiin bir lmz karakteristigi
clde  etmek ICIN darbeleviciler ¢ok
kullamhr.  Eger vik ya da girig  gerilimi
degisirse, sabit hiz elde etmek icin  geribeslemeli
kontrol teknigi kullamlir. Uygun bir geribesleme
kontrolu tasarlamak 1¢in, darbeliyici-motor
kombinasyonunun transfer fonksivonu bilinmelidir,

Bu c¢alismada, darbeleyici 1le beslenen DC
motorun  alan akimu ve endiivi akimni da
kapsayan genel blok diyagramni elde etmek i¢in
¢aba  gOsteriimistir. Blok diyagramindan
gorillebilecegr  gibi, darbeleyici devrest DC
motorun transfer fonksiyonunu degistirmektedir.

I. INTRODUCTION

Choppers are widely used for speed
control of DC separately excited motors as they
offer high efficiency, quick response, wide speed
control range and regeneration down to very low
speeds [1]. All chopper circuits can be classified
into two groups. (a) Load independent choppers,
in which the output voltage waveform is either a
square wave or can be approximated by a square
wave. (b) Load dependent choppers, in which
charging of the commutating capacitor is govemed
by load current. In such cases, the output voltage
waveform 1s neither a square wave nor can be
approximated by a square wave. Various methods
of analyzing of DC motors fed by a chopper with
square wave output voltage are reported 1n
references [2-4].

Figure 1 shows a schematic circuit
diagram of a DC separately excited motor fed by
chopper.

Fig. 1 Chopper fed separately
excited DC motor
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In this DC motor, back emf coefficient
Kz 1s considered constant and does not change
with the ammature current. The performance
equations of the motor can be written as below

5],

Ca — Vdc K (1)
A«

€ = Ra,* Laa“t'la'*' €, (2)

€g ~ KE if Om (3)

Tcm = K’}‘ if ia (4)
d

Tm = J"(’i't“(D +F(Dm+TL (5)

Where

Va. = supply voltage

€, = armature voltage

K = duty-cycle

Tem = electromechanical torque

T.. = mechanical torque

T, = load torque

F = wviscous friction constant.

For analyzing small-signal dvnamic
performance of the motor-load combination around
a steady-state operation point, the following
equations can be written 1n terms of small
deviations around their steady-state values [6].

I

Aea K Avdc (6)

d
R,,Aia+ La_ Aia+Aeg (7)

Ae,
dt

a(S)

Avdc(s
&

Aeg = KE Aif Aoy,
= Ke(lpA®mt®Omo Aly) (3)

ATem= KTAA1l, = KT(Ifo Al,+
Iao A if) (9)

d
=] Et_ Aw  +tFAo,+ATy (10)

If we take Laplace transform of these
equations, where the Laplace varnables represent

only the small-signal A values 1n equation 6
through 10.

AE.(s) = K AVu(s) (11)

AEa(S) = RaAIa(S) + SLaAIa(S) +
AE(s) (12)

AEg(S) = Kg(lpAnnm(s) +
Omo(S) AILS)) (13)

ATem(s) = Kr(lpAll(s) + LoAIfs))  (14)
ATn(s) = JsAon(s)tFA®(S)+ATL(s) (15)

These equations for the motor-load
combination can be represented bv
transfer-function blocks as in Figure 2. As it can
be seen 1n Figure 2, inputs to the motor-load
combinations are the field current Al{(s).
ammature terrmunal voltage AVu.(s) and the load
torque AT(S).

AILS)

Fig. 2 Open-loop block diagram of the chopper fed
separately-excited DC motor.
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I[.THE CHOPPER-MOTOR
COMBINATION

The chopper-motor combination 1s shown
1 Figure 3. It 1s a step-down chopper, having
utstanding  feature and ability to  start
ommutating reliably. In this chopper, T, 1is the
iain Switch and T, 1s the auxiliary switch. L, and
. are closely coupled inductors.

Assumptions:

. Flux proportional to .

. Commutating time 1is very short
compared to the switching period T,
so it can be neglected.

. Chopper 1s operating in the
continuous mode.

- When the main switch Tiis ON, the
series inductances L= L, + L, and
when the main switch i1s OFF, the
inductance i1s L, =L.

L, and L, have close values.

Under these conditions, the block diagram
f the chopper-fed separately excited DC motor
il be developed.

| W ¢
Iy T] N/ v
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R,

;|
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Fig. 3. Chopper-motor combination

11, THE BLOCK DIAGRAM OF CHOPPER
FED DC MOTOR

In order to develop the block diagram of
Stem, the state-space averaging method will be

used. The considered vectors are as
below.

_The input vector u = (AVye AT
. The output vector y = (Ae, , ATem)

. The state variables vector x = (Ai,, Air, Adg)

The state-space equations are,

X = Ax + Bu | (16)

y = Cx + Du (17)
Where,

. dx

X = —d—t A, B, C and D are
matrixes.

Dunng the operation period, there are two
modes of operation. When switch T; is closed, a
positive loop occurs, mode 1 and when switch T 1s
open, zero loop occurs, mode 2. Therefore, two
sets of equation will be required.

Mode 1: Postitive loop.
When T, 1s closed, the equivalent circuit
i1s become 1 Figure 4.

Fig. 4 The equivalent circuit when
T, 1s closed

The first mode of operation, the following
equations  are obtained.

Aea = AWvdc (l 8)
| g ..
Ae, = R,ALHL+L,) E; A1, + Ae, (19)

Aeg o KE(If(}Amm +A(Dmomf) (2 O)
ATem - KT(Ifoma + IaoAif) (21)
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J _’5}__ A® ., +FAoL+ATL (22)

Aly =
dt

Toobtainthe A, B, C and D, matrixes,
the equation 18 through 22 are rearranged in
the state equation form.

-R, -K gl “KE(’)mo_\
A =|Litl LitL, Li+L, |
Kplg "_Ii Kl
] J J
_ 1_ O :
B,=| 17 |
YT
e 0 0 0 - 1 0
ORI, K I, 0 [ |0 0]

Mode 2: Zero loop.

When T, 1s open., the equivalent circuit
1s become in Figure 5.

Fig. 5 The equivalent circuit when
T, 1s open

The second mode of operation, th

following equations are  obtained.
Ae, = 0 (23
d .
0 - RaAia + Laa Ala T AEg (24
Aeg = KE(IfoAC‘)m+ A®moAly) (23
ATem o KT(IfoAia +IaoAif) (26
d
AT, =J—Aoe _+FAo, +AT; (2°

matrixes,

dt

To obtain the Az, Bz, C2 and |
tne equations 23 through 27 a

rearranged in state equations form.

Aj

| -R, -Kglg
L, L, L
Krlg -2

L] ] ¥

o O

If the state-space averaging model 1s used, the A, B, C and D matrixes are obtained as follows.

KA, +(1-K) A, (28)

A
B = KB, +(1-K)B, (29)

i

The state-space averaged matrixes are become as follows.
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C = KC1+(1-K)C2 (3(
D = KD;+(1-K) D, (31
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K 1-K K 1~-K kKT
Rt Kyt Ko e 1Ky
L+L L B PR I.+L, L,
A —
Kol _f_ KTIaO
) ] ] )
- )
0 " 0 0 0
p - |Litl, c -
0 __1__ ’ _KTIfO I<Tlao 0 _>
i )_
D e
|LO O_n

The averaged matrixes can be 1n the state-space equations.

X = Ax + Bu
y = Cx + Du
Aea s KAVdc (32)
K I-K._,. s K 1-K
Ae, = R + A1, +(L, +L,)—A1, +K; I | Ae, (33)
€. a[Ll +La La ] a ( 1 a)dt E ~ fe [LI +La La ] g
Ae, = Ki(lpA®p+ @moAls) (34)
ATcm T KT(IfoAia+ IaoAif) (35)
AT, = ] %Amm+ FAon, + ATy (36)
Transforming equations 32 through 36 in the Laplace transform gives;
AE,(s) = KAVq(s) (37)
A, (5) = R, + ERAL () +5(L, + L)AL, (6) + KL [ t S JAE, () (38)
"“ “L,+L, L, ° Lo L, +L, L,
AEL(s) = Kg[lpA®m(s)+ @moAl(s)] (39)
ATcm(S) - KT[lfoAIa(S)+ IaoAIf(S)] (40)
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ATn(s) = sJAw , (s) + FAon(s) + ATL(s) (41)

Equation 37 through 41 can be put in block diagram in figure 6. From fig.6 it can be seen that the

transfer function changes.

AVyo(s)—Ea(S)

o

AE(S)

Fig. 6 The open-loop block diagram of separately
excited DC motor fed DC-DC chopper

IV. RESULTS

The block diagram for the chopper fed DC-DC
separately excited DC motor was obtained using
the state-space averaging method. By using the
block diagram 1n Fig. 6, the transfer function can
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