|C0ﬂ@EPTUAL —1OaLs. By: Neil E. Cotter MOTORS

BRrUSH DC MOTORS

Control schemes
EXAMPLE 1

Ex: Consider a brush DC motor described by the following equations:
di 1 R. K

d L L L

The parameters for the motor are as follows:
L=5H
R =0 Q (the coil has no resistance)
K=4Nm/A
J=08 kgm®
B=1.6 Nms
Suppose the following form of speed control is chosen for the motor:
t
v=Kp(@,, -0)+ K,fo(w,ef — w)dt
a) Draw a block diagram showing the s-domain model of the control system and
motor.

b)  Write an expression for the speed control transfer function,

_ 26
H(s)= 2, ()

where ,
Q(s) = Laplace Transform of w(z)
Q¢ (s) = Laplace Transform of o, (?)
¢) Draw a pole zero plot for H(s) when Kp is very small and K/Kp = 2.

d) For Kp a very small positive number, we may approximate H(s) in terms of

partial fractions as a pole term for s = O plus other pole terms:

H(s)= 4 + other pole terms
s

Write A as A = Kpx and find a good estimate for the magnitude of x.
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solm:

a)

L.G\PLQCQ Transform +he wotor eg’ns:

$du(s) = kK IG) ~ L B .Ou(s)
T J

36 (3) = Su(3)

Solve 15% <ol for T(s) and substitute
tnto 2"0\ eﬁlh +o0 ﬂe-l: eﬂln For Ju (3)

in terms of V(s), (since we have
V' control).

S (s) = K V() - K u(s) - B Su(s)
SLY sLY J

or(sz+§«5+\<_‘>,_mcﬂ K_V(s)
T LT

L (8) = K/LT = P(g) (motor)
Vv (s) s+ B g+ K
T LT
Lqplqce

T_rqn s-Fo rm ‘E}\ e (o n'E rol 5“:"12'&9.7 Y

V)< Kp[ 00,9 - 0.60] et B ~.Q(s)]
E

or V() = (KP + lf_]_;)(‘n" ref (5) — (9))

3
———— S~
ces) E(s)
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c(s) P(s)
o (s) ECs) Kp+Kp VG) | kewT - aucs)
et S 2 2
- s+Bs+ K™
| J LY

b) From 25"\5 of Sys-EeM or 4rom block diqgmm

His) = «u(s) is found b/ S'Ear-tlhg at S(s)
L_mmf(s)

and worki.hﬁ back +thru leop.
U(s) = s PCS)[JLN{CS)—.JAG)_]
W Cs) 1+ QP | = CO8) PGS i e (5)

H(s) = Ju(s) = c(s)Pr(s)
S (8) [+ C(s) P(3)

ref

Now reduce HCs) 4o a ratis of PolynoM?aLﬁ

(N s.
_E(KP+KLKS’~+ w@)
Ly s T LT
H(s) =
|+ ‘i.‘(KP*‘ Kz)(s“+B s+ K™
LY s T Er)

H(s) = Kek{s+ Kg/x /(S”Es + K_")
1%—( g LT

s +KP\5_(5+ Kl/KPKsza—gs»r K* )
LT T T
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HGs) = KpK (s+ Ky /Kp)
LT
5(S‘+§s+_l§)+ Kp E_(S+KI/KP)
I LT LT
c) Calculate numerical values of coefficients:
K = 4 Nm/A = | sqalas®
LT 5 H otkm® Vi/p Y
\_Q_ = | (\/V53>
LT
B = {.6 Nms = 2 g)";//s
¥ 08 kg m > kg p*
B = 2 (\/5>
T
_Kj = K-K = 4% Nm/A - | |/V$3
LT LT
K= 4 (/3%)
LY

For KF small, the poles obtained by
se-/:-(:éng Adenomi nator of His) egua( +to
Zepo are +the solutions of fo[[owéhj 95741

S(s"*—_li_s-»_\gij:-_o
T LI

or 8 (s%+ 28+ 4) =0

Poles are $=0, S5= —liJE
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We calculate zeros by seftlnj rume-rator
of H(S) ezua(. +o Zero .

Kp K (s+ KI/KP) =0
LT

or (s+ KI_/KP) =0
ol S+2 = O
2ero at S= -2

Po\e~ Zero Ain ram .

Im
IFS
ALY
X

1

© - *——7 Re
-2 -
X |_
-[-)I)’g" 2z
-3

d) We  have H(s) = A_ +... n pqr'\:ia(
S

fraction expansion. Since A= sH@E) ]|,

=0
we can Find A from the pole-zero
diagram |o)/ removin3 the pole at
=0 (whi¢ch s eguivalent to muttiplying
H(s) loy $) aqnd evakua-lzlnc_) the
function sHGs) For s=0. ITh qu\Jcicvl\qr;
we have ‘A‘=KFK“_»0\“\S‘E Eeros-l:os/Trahs-E Fo\es*oS-

——ZRroS

LT Po\es
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i

Thus [A] %ﬂ \—2~o\/\—\+3\f5‘—01\—|—j\r§*0\

K- 104s3%) -2 —
P ) ——
Vit {32 \/l—"+ﬁ'1
Al = KP']/V$3 = = _E_li
22 2



