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Discontinuous Load Rating Problem for Induction Motors

G. A. Leonov

The transient processes, arising after discontinuous loading the induction motors, are considered. The estimate of
discontinuous load rating is obtained.

1 Introduction

The problem of discontinuous load rating for synchronous machine is considered in Yanko-Trinitskii (1958);
Leonov (2001). For its solving some special methods for constructing the Lyapunov functions are developed
(Yanko-Trinitskii, 1958; Leonov, 2001; Yakubovich et al., 2004).

In the present paper the similar problem is considered for induction motors. For its solving the method of nonlocal
reduction is proposed (Leonov et al., 1996a,b).

The problem of discontinuous load rating for induction motors is considered taking into account the work of turner,
which makes a certain detail on the turning machine. (Note that in the machine axis drives the induction motors
are used). The stages of this work are the following. At first the turner starts a turning machine and, by that, an
induction motor. After a fast transient process a free movement occurs. At the beginning of the process of cutting
action the moment of forc#/ arises discontinuously and acts on the rotor of motor. Then a transient process from
a free movement to a stationary turning of rotor with the drag torqueccurs. The object of this paper to find the
permissible) for which the induction motor changes over from the mode being a free movement to the operating
mode of cutting action.

In the present paper it is shown that the load rating are those satisfying the following inequality

A< Y3 ames
>

Here M7** is a maximum electromagnetic torque, which is a maximum of static mechanical characteristic of
induction motor.

The various improvements of this estimate are also obtained.

2 Formulation of the Problem
Let us consider the system of differential equations of induction motor

d d
(LS 7 + Rs) io + kL T (ig cOS7Y —ipsiny) = —up, sinwst,

d X d . .. .
(Ls T + RS> ig+rL pn (ig Siny +ij3 c08Y) = Uy, COS Wi,

d d
La(iflcosy—l—ifgsin’y)—k (chit+RT) it =0, (1)

dt dt
J4 = L[(it% — %) cosy — (ihis, + i5i%) siny) — M.

d d
L —(—igsiny +ijcosy) + (L,n — + R,.> i =0,
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Here variables?,, i3, 10,1 are the currents of stator and rotor windingss the angle of turn of the rotor, param-
etersk,, L, R, L, are resistances and inductances of stator and rotor windingghe peak significance of the

mutual inductance between therhjs the moment of inertia of the rotar, = 27 f, f, u,,, are the frequency and

the amplitude of the voltage brought to the stator windidgs; (¢) is the moment of the load on the shaft of the
induction motor¢ is the timex is the parameter of influence of electromagnetic processes in a rotor on processes
in the stator windings. The equations (1) has been considered in White and Woodson (1959); Kondrat'eva et al.
(2001); Leonov et al. (2001) Neglecting the influence of electromagnetic processes in a rotor on processes in the

stator windings we assume in system £1¥ 0.

In Kondrat'eva et al. (2001); Leonov et al. (2001) it is shown thatfoe 0 system (1) can be reduced to the
equations

T=—axr+sy+1,

y=—oy— sz, (2)

$ = dlafBy + M(t)].

Herex andy are the linear combinations of the curreif{si3, iy, , i3, s is a slip:

R,

s=1—° ws, a= ,
Y/ ws oL

g L2W? L
- Ly(RZ+wiL2)
_ _Um
CWwiJL’
_ Mg(1)
w2Js

M(t)

Consider the problem of load rating for the system of equations (2).

After the start of a motor and the end of a transient process a free movement occurs. This mode corresponds to
the relationM (t) = 0, ¢ € [0,7) and to the following solution of system (2}(¢) = y(t) = 0, z(t) = a1,
t € 1[0,77.

Attime ¢ = T the loadingM (t) = M > 0, t € [T, +00) occurs.

We are interested in the value &f for which in a new transient process with the initial datd’) = y(7) =
0,z(T) = a~! the solution of system (2) tends to a new stable equilibrium-ascc.

It is well known (Kondrat’eva et al., 2001; Leonov et al., 2001) that a necessary condition for the existence of such
stable equilibrium is as follows
p

MSM;}lang. (3)

We now find a sufficient condition for the existence of transient process with the above properties. Suppose that
the following inequality holds
2 2
M < %. (4)

From relation (3) it follows that inequality (4) is satisfied if

4252 > 0. (5)

This inequality is usually satisfied for induction motors siade a small value, which is inversely proportional to
the moment of inertia of rotor.
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3 Solution of the Discontinuous Load Rating Problem

Consider a function

o(s) =14 (—]f s* 4+ Bs — aM)

/2
B (6M)2 !
@a=2 Ag%%,}({l) [/\ (a A 4a2(a — M) '

Relation (4) implies that > 0. From the inequality/ < (/2 it follows that the functiony(s) has two zeros:
s=sp € (0,a) ands = s1 > a.

and the number

Theorem. Let for the solutioré(¢) of the equation of the second order

0+ ab+ o) =0 (6)

with the initial datad(0) = 6(0) = 0 the following condition holds

0(t) < s, Vt>0. (7)

Then the solution of systef@) with the initial datas(7) = y(T) = 0, z(T) = o~ ! satisfies the following
relations

lim z(t) = 2L

t——+oo Bso
; - _M
Jim y(t) = —75 (8)

tll+moo s(t) = so.

Proof. Having performed the change of variables in system (2)

M
n=4dafBy+ M, z=-ar——s+1,
ap

we get
§=1,
0= —an+dpsz —p(s), (9)
é:fazfﬁsnf%n.

Equation (6) is equivalent to the equation of the first order, namely

dF
F@ = —aF — p(6). (10)

Relation (7) implies that there exists the solutiB(?) of equation (10), defined on the segment s1], F(s2) =
F(Sl) =0, F(G) >0,V0 e (82,81), 52 < 0.
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Consider a function 5512
1 1
( g) 22+§n2f§F(5)2, s € [s2,51].

V(s,n,2) =

On the solutions of system (9)¢t) € [s2, s1], n(t), z(t) we have the following estimate

V(s(t),n(t), 2(£)) = —an(t)® — ZEM ()2 (t)

—a(B0)?2(t)* — F'(s(t)) F(s(t))n(t) — (s(t))n(t) =

= —2AV(s(£), n(), 2(£)) — (o = A — e)n(t)2 — EME )z (1)~

—(B9)*(a = N)z(8)* — (F'(s(t)) F(s(t)) + (s(t)))n(t)—

—en(t)? = AF(s(t))* < =2AV (s(t),n(t), 2(t))+

F'(s F(¢ S 2
+ E PO TeON® )\ f(5(t)? =

= —22V(s(t), 1), 2(1)) — 1= (F(s() F(s(8)) + 2VAF(s(1)) + (s(1)))
() F(s(8) = 2VAF (5(0)) + (s(1)) ) =

= —2\V (s(t),n(t), 2(t)),
where
(OM)*

1o (=ML

e=a—A—

Therefore for a certain the relation2v/\e = « is satisfied and we can use relation (10)

F'(s(t))F(s(t)) + 2V AeF(s(t)) 4+ o(s(t)) = 0.

The following estimate, obtained above,

V(s(t),n(t), 2(t)) < —2AV (s(t), (L), (1))

and the relations

VneRY, VzeR!
VneRY, VzeR!

V(Sla , Z)

>
V(SQa m, Z) >

0,
0,
imply the positive invariance of the set (Leonov et al., 1996a)

Q={V(s,n,2) <0, s€]Js2, 1]}

Consider now the following function
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It is evident that

W (s(t),n(t), 2(1)) < =An(t)* + (65)*2(1)), (11)

Taking into account the positive invariancefdfestimate (11), and the fact that the poj(’) = 2(T) = s(T) =0
is in 2, we find

t——+oo

li =
i *0)
tilgrnoo s(t) = so.

lim #(t) =0,
0

This is equivalent to relations (8). The proof is completed.

It is well known (Barbashin and Tabueva, 1969) that condition (7) is satisfied if

S1

2 | (o)do + a*(s1 — s0)% > 0. (12)
/

Relation (12) is satisfied if

M B
—3—@5%—1—531—on20.

This inequality can be written as

2M 8
s —-=>0.
2o 15 20 (13)
Sincep(s1) = 0 ands; > «, for s; we have
a(B++/B% — 4M2)
S1 = . (14)
2M
Relation (14) implies that inequality (13) is satisfied if
? 5> M. (15)

Thus, a permissible load rating is determined by inequality (15). We recallfiygt = 3/2. Therefore inequality
(15) can be rewritten as

M < L2 pppax (16)

We now apply estimate (12), assuming thas very small value as compared with 3, andM. PutA = a/2.
Then condition (12) is satisfied if

0/ (5% — 4M?)

e +0(5) > 0. (17)
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In this case in place of estimate (16) we have

M < ME» 5 < 1.

This estimate is in accordance with the asymptotic analysis of differential equations for induction motor in the case
that for the smalb they pass to the equation of the first order with Kloss characteristic in right hand side (Leonov
etal., 2001).

Thus, the important problem of discontinuous load rating is considered and the tools for its solving are developed.
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