[CO7GEPTUAL _TOOLS By: Neil E. Cotter MOTORS

INDUCTION MOTORS
Control schemes
FIELD-ORIENTED CONTROL

example 1
EX: Equations for the field-oriented control scheme of an induction motor based on
the DQ model are as follows, [1]:
dy 1 M,
—E= Yty

dt JLg VT

where Y = rotor flux (Webers)
Tr = rotor time constant = Lg/Rg (s)
Lgr = rotor inductance (H)
Rgr = rotor resistance (£2)
M = mutual inductance of rotor and stator coils (H)
w = speed of motor (rad/s)
J = moment of inertia of motor (kg m2)
B = dynamic friction constant (Nms)
Motor parameters:
Ly-—2H Ry =20 M=-——H
100 10 100
J=0.05 kgm2 B =20Nms n,=1
iss0 =100A P = 4Tm?

a) Linearize the motor equations around the fixed point for the above motor
parameters. (Parameters with subscript O represent values for the fixed
point.) Treat ig; and is; as inputs with small variations around the fixed

point. Give the numerical values of entries in the matrices A and B in the
linearized equation dx¢/dt=Ax + Big where x¢=[y, ]l and
ig = [ig, isq].

b) Now assume that v = is constant. Use the second linearized equation
alone and assume PI control of the following form:

. t
isqe = kp(Kp o5 — ) + k; fo(oo,efs - W, )dt
(where wrefe = Wref— wp). Find the transfer function €2¢/Qere for the

system. Also, draw a root locus plot for the location of poles versus kp.
Assume kj/kp = 10.

REF: [1] Marc Bodson, "Control of Electric Motors," 2004, University of
Utah ECE Dept., eqn 4.107 p. 152.
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ﬁoL/ﬂ:q)We_ use +the Tacobian matrices For +the
motor ezr’zs. A
. _ i
AV | =| dly, +¥) [ = d¥.| = FB_:F_._ }j_,_ Ye
o At pry W 3w
At At | dt] L ]l
W=‘{>¢) W=y
3% Biﬂ Lsde
Isd ai,sg
e 2 ] Csge
A L]
L So{m 5%' —
y=, w=w,
where §,= =L ¥ + M iy (egh Fr dP)
Tr TR. ok
Fo= npM Wisg — Bo (egh for 4 )
JLg I

Wsing the notation given Jjn the problem, we write

the above Sy.s-{:em 2357 Ffor small /oer-éqréa'(:ians qs
. T
Axe = Ax, + BLé where xéE[Li’,w:(
At

quinj Aerivatives Afor the Jacobians jiVes

A =|—1L 01|, B= M o
TR TR
Tle T Tlg
L
or A:["lo 0], =110 O’}
{000 ~500 o) L0
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b) In +he sSdomain, our PL control ¢s

Tegels) = kp( Ry r @)= (s) + kg ((Rpeps)-s)

3
Our Unearized e_ﬁfq for the motor (with lf’e=0)
be¢omes
O\i’_&_ = "B we v+ np MY Lsge
At J Ty
or O\IUE = —50000& + 40 {.5%&
At

In +the s-domain, we have

3 (s) = '%_JL. (s) + npMY, Isﬁe@)
JL
R
or wuGs) = nM Y, \ .Isze(s)
Ites STE
=K

CoMLLr\Lr\g this egh with the control (w gives

Ss)= K Kp (e (8)-N(s))+ k_I(_rLM_—.&z(s))
s+ B 3
T

= _K <\<P + k_l_—_>.rLre+Cs)
B s
=

S+

—K_ (kg I§£> 2.(s)
S+E 3
J
SOlvih3 for QL(S) yieLD'-S +he 'Fou_owi,hﬂ:
i-f\-(rg.g_CS)
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J_L'_SL = X <kp i““i[‘_)
'_Q‘re;(5) S'l-B 3

|+ K (k +k1_)
$+B

u(d) = K~kF( S+ k_;)
S 8 ke -
s(s+ %}+ KKp(3+ kg )
ke
For +the root-locug plot  versus kP with kr =10

P
we Ptrk the denominator in Horm [+ kp GCs) -

| + kp K(s+ ke 7kp) =0

s(s+ B
: )

Using values given in the problem,

K: A M% :-_/’/UM'L)‘ per Asz =‘l‘0//4$z
‘TLR 56m 20m
T 5om
Thus, |+ kp 46-(s+b) =oO.
£ ( g+ 4o0)
Im
«x—4 Re

~400 -0



