|CO7CEPTUAL _TOOLS By: Neil E. Cotter MOTORS

DERIVING MOTOR EQUATIONS
Example 1
Ex: Derive the state-space equations (i.e., first derivatives of state variables i, w, and 6 on

the left) for a single-coil motor with the following magnetic flux, 1, versus rotor
angle 0, and current, i:

Y=y, + L; sin(0)i

seln:  Given Y = Y, + L; sin @) ¢,

we  Substitute into the v egh:

v = R + dV¥  and slve for di .
At At

we ‘
T/Ien,(aé'éach power as Ui and
look for power avacllable as

mechanical power, Pmech "

| THen we S4  Prmech = fmech w

or  Tmeeh = Pmect -
w
Then we say Jdw = Teep = CLE
At
or dw = L Zpeus - tr).
ot T

Frnally, we add 40 = w.
dt

Now for the problem at hand:

Write ¥ as V=W + 108 ;

where L (p)= L, sin(8),
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We have d__l'f’ = aL(e) 0‘_9 L + L(8) ?LL_
dt 36 it At
or d¥ =L(8) wi + L(s) di
d+ 36 At
where 3L(g) =3 L, sin(8)
26 26
W= L, cos(8)

o= RiU + Lycos(8)wi+ L ginfs) Al
N

w o dt
L(¥)
di = A

Ai = L ['v'- Ri~L,cos(o)wi
at  L(e) |

Now we compute power = Ui:

split _inte two pieces
2

vi= R () wi + L(e)di - L+ L) wi”
5 e
’l‘:;t P mech Stored pwr
in comes From similar +0
Rc:i | c‘/mn7€ th j. JiLiz when
* L with t
e L ts constant,
/:aso-fw/!; ]
sunilar ‘o This pur L=
A 1 LL-Z reéﬂmed to
42' - cSircult.
2
hon per=2. 1)
¢ A Z
constant
and L

dlmnjing
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L L L
7_3(9)00L

Pmeeh =
' 30

Al

.2
= 1 Lceos(8) wi
2

& mech

S % mech = L, cos (8)i°

L
2

Now usé Jdw = T
dat

meeh ~ V(g -

In s /oraé(em, we assame T =0.

woTdw = AL aws()i”
d+ <
L2
or al_w = _\_ E(_ C‘DS[&) L
At T

Last, we czlum,s have

0('9 = W
ot




