=h -~ *ﬁ}gt)" ‘
\,“"/ /
ik

BIRZEIT UNIVERSITY

* Principle of DC machine drive

va B Ra l(l

v,=Ri, +K¢,0,= o,

Ko,

* Armature control: Ideal for speeds lower
than motor’s rated speed, w,,

v — R v
¢f=¢f,r:>a)= a lr——=w av,

; K¢f,r K¢f,r
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* Field control: Ideal for speeds above than motor’s rated speed, w,, ,.

1 0,
v, =V, =0, ~ K‘; :¢f Ota)—:>¢f :¢f,r ;’r
1 m m
¢f A
D,
>

a

m,r
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 Armature and Field control: Assume thati =i, ,

When o, <o,

¢f = ¢f,r
T,=K¢,, i, = Constant

})a — K¢f,r Z.a,ra)m

Constant torque region

Dr. Mahran Quraan

When o, 2w,

@

¢f — ¢f,r

m,r
)

m

g

)
. m,;r -
T'el o K¢f,r W la

m

P =K¢,, i, 0, = Constant

Constant power region
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* Braking and 4-quadrant operation
* Braking

The machine 1s made to work as a generator producing a torque opposite to the

motoring torque

dt
®, >0 & (T, -T,)> 0= Forward regeneration

Dr. Mahran Quraan
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d A
T,=T +J% = A= J =
dt Td_Tl

At: stopping time

Why do we need braking?

1. Reducing At

2. Achieving quick and smooth stops
3. Achieving accurate stops
4

Holding the speed within safe limit

Dr. Mahran Quraan
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Braking methods:
1. Regenerative braking: generated electrical power 1s usefully employed
2. Dynamic braking: it 1s an inefficient way of braking

3. Plugging braking: it 1s a highly inefficient way of braking

Dr. Mahran Quraan



& - "
5553 '* 2|
ey M Y

BIRZEIT UNIVERSITY

* 4-quadrant operation
FM: Forward Motoring
FR: Forward Regeneration
RM: Reverse Motoring

RR: Reverse Regeneration

Dr. Mahran Quraan

Functon | Quadrant | _Speed | Toraue | Voltage | Curent | power _
FM I + + + + +

FR
RM
RR

T,

Tel F
17 17 ] I
RR RR FM FM

_a)m,r (!)m , "

117 11 v v
RM RM IR IR

T

v
I
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+
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* DC machine drive using chopper circuits

T
+ @ One quadrant chopper circuit
| — I

|

T1 Dl T3 D3
AD +
 — @
[
o
__+ wodqua rIa I;L; R}DP er elreutt Four quadrant chopper circuit

r I

|

e
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Block diagram of control system

Speed
Controller

T*

el

—>

T

.k
la

Generator

Dr. Mahran Quraan

L *
) f
Generator

Current

——» Controller and

Logic Processor

——» Flux Controller

Gate

_), ]
Signal
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. if* Generator

* i * Generator

Dr. Mahran Quraan

T;l :K¢fia — ia* =




2 ¢ 2 2 v
(25T '**%\Lf
ey M -

BIRZEIT UNIVERSITY

 Speed Controller: It is designed using Newton’s 2" law

dw
Lapl
I,=T+J———"——>T =T, + JsC
e e m
dt
Cf)m*
N e .
>+ > Ke+K,[ed —>T,
@, T PI-controller
1
Q- .
//_5\‘\ K ?13] VRN 1
L+ — K +—2 —+ —> >
Q

Pl-controller

Dr. Mahran Quraan
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«7,:7,=0
Q LK
L >+ Ks+K, > : » QO K, K,
N S s J ]—{ — ;
€, I S 51
- J JJ
s2+2§;);s+a)nz
-—a_ : Damping ratio, @, : Natural f
1T GH’ &: Damping ratio, @ : Natural frequency
Ks+K, & <1 — Under-damped
G, = I H, =1 & =1— Critically damped

& >1— Over-damped

Dr. Mahran Quraan
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£ _];
N 1
- —>
~— sJ
| K5+ K,
g

Dr. Mahran Quraan

m

n-——2
1+G,H,

Gzzi; H2:K1S+K2
JS )
1 S

Tz:_ )
Jo Ko b

J J



BIRZEIT UNIVERSITY

#

Qm = TIQm* + ];]; O N €
. , . >+ > Ke+K,[ed
o =lmsQ =lms7Q +lmsT,T, X
’ s=0 s=0 s=0

@ PI-controller

Assume @, = Au(t), T, = Bu(t)

Q
* A B " TN K
Q =—T =— L+ —— K +22
S s Qm‘
_ . . — Pl-controller
@, = Alg(l)lT1 + Blg(l)sz = A

Dr. Mahran Quraan
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* Current Controller and Logic Processor:

« PWM current controller i

a

Current
—>

* Hysteresis current controller Controller

1

a

T, 1s called the on-time signal

Logic Processor

The logic processor determines the quadrant of operation

I =1->v, =1V

I =0->v,=0

Dr. Mahran Quraan
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e PWM current controller
di
dt

Laplace

+e, >V, =(R,+sL,)I, +E,

v =Ri +L

fa e Va* 1 k’ I P
L+ > Ke+K,[edt abs — —> PWM —>
N K
-

PI-controller

a

» /

L k4R

1

r'e S
1,
PI-controller

]a — T;[a* + ];Ea

Dr. Mahran Quraan
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T:E,=0
1 :
L+ —— —2
N/ Kl * S Ra + S[ ‘a
[CT
PI-controller
T _ Gl .
1~ )
1+ G H,
Ks+K
Gl — 1 2 . H — 1

(Ra +SLa)S, 1

Dr. Mahran Quraan

» [,

K2

S+ —=

T:Kl Kl
"L, (K +R K,
s°+ s+ —=
La La

52+2§;;s+a%2

&: Damping ratio, @ : Natural frequency
& <1— Under-damped

& =1— Critically damped

& >1— Over-damped
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* Hys

Dr. Mahran Quraan

teresis current controller

Comparator
1

Comparator
2

Flip
Flop Q

L > T
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e Flux Controller
e PWM flux controller

* Hysteresis flux controller

Dr. Mahran Quraan



2. 2 2 *t)* ) >
f.,t,;‘fr‘u —q/t;ll—’;
»

- s ~ S

BIRZEIT UNIVERSITY

e PWM flux controller

di
_ . f aplace .
v, =R +L, botee 5y =(R, +sL, )1,

dt G
T = ;
1+ GH
if* v L g Ks+K
;b?—e»Kle+K2J.edt Af>{ abs J—b Vi ——f> PWM —f> G = (R 1 7 2 . H=1
‘ + S )S
I Pl-controller 4 4
K
s+—=
1 . Kl Kl
! K vy 1 T:L
K +22 > > /
f by R, +sL, / fS2_|_ K1+Rf S+£
! PI-controller L 1 L 1

2
s“+2¢6w, s+
Dr. Mahran Quraan S
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