ECE 330
POWER CIRCUITS AND ELECTROMECHANICS

LECTURE 12
ELECTROMECHANICAL SYSTEMS (2)

Acknowledgment-These handouts and lecture notes given in class are based on material from Prof. Peter
Sauer’s ECE 330 lecture notes. Some slides are taken from Ali Bazi’s presentations

Disclaimer- These handouts only provide highlights and should not be used to replace the course textbook.
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ROTATIONAL SYSTEM

This is the basic configuration of many machines.

Both rotor and stator have u =« ] e

,"i_.engthﬁ_’ perpendicular
y e o page

The radial air gap has length .

The cylindrical rotor is of length £ .

Attime t, 6 is the angular displacement.m

Find 4. 4, asafunction of i, 1, and 6.

Also find Vs and V; of the cylindrical rotor.
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ROTATIONAL SYSTEM

Assume H is - Vs As +
constant in '
each region

Cylindrical
structure

Stator
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ROTATIONAL MECHANICAL SYSTEM

Four regions with different value of ~:
O0<¢p<O , O0<oP<rm , 7n<Pp<rm+0 , T+O0<P<21m

H, H, H, H,
Ampere’s circuital law
N i
Contour 1 H,—H, = ls )
g
N i
Contour 2 H,-H, =——F...... (2)
g
N.i
Contour 3 H,-H,=—">...... (3)
g
N i
Contour 4 H,-H,=————........... (4)
g
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ROTATIONAL MECHANICAL SYSTEM

— o —— —— — — — — — — Gy

Gauss’s law for magnetic fields

<_f>SB enda =20
Multiplying by the circumferential area of each region
1 (R(H,0+H,(z—6)+H ,0+H,(r—6)) =0
1 (R[O(H, —H,+H,—H,)+z(H,+H,)]=0

H,—H,+H,-H,=0
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ROTATIONAL MECHANICAL SYSTEM
H,+H,=0=H,=-H, ... (6)
Subtracting 2 from 1 and using 5

_Nsis_Nrir Nsis_Nrir_

29

2H,
g
Subtracting 3 from 2 and using 6:

’ le

_H3

—_— Nsis+Nrir
29
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ROTATIONAL MECHANICAL SYSTEM

STATOR FLUX LINKAGES

We first note that arc length of the coil with an angle & is R9
where R is the radius :

54

/G)ﬂ is

/{

— Vg+

4, =[B-nda= [ uH,Rdp+ [ uH,Rdg

= (14, H)(ROl) + (1, H,)(r - O)R(
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ROTATIONAL MECHANICAL SYSTEM
the flux through one turn of stator colil is
A=N.g =N,uHROI+N yH,R(x-6)(

2
A = NS,uORIﬂiS +N.N, %Rlﬂ(l—ﬁji
29 29 T

r

A, =N 2L4i, +N_N r|_0(1—Ejir, L,
7T

_ MRl
29
A, =Li, +L,(&i, , where
20

L. =N2L,, Lm(9)=NSNrLO(1——j
7T
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ROTATIONAL MECHANICAL SYSTEM

Rotor flux linkages:
A =N rLB enda

=N, ["uH,RA$+N [ piH (Rd g

A =N uHR(xr—0)+N 1 ,H (RO

N, +N, I, R((z—0)-N 1 N, —N. I, RO

29 29
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ROTATIONAL MECHANICAL SYSTEM

=N g Nelsppr Ny Nelippgin  Nelegoz Nidep g
20 29 20 20
N i N i
NSl Rog N, g R 6
rluo 29 + r:uo 29
A :NSNrLO(l—EjiS+|\|fL0ir
7T

=L (O, +L.1,

Note: I—r — N rZLO
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INDUCTANCE IN THE ROTATIONAL EXAMPLE

* The flux linkages are
A, =L +L_ ()
A =Li +L_ (9)i

The actual mutual inductance
IS a triangular wave, but

IS usually approximated

as a sine wave.

L = Mcos (6).
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ROTATIONAL MECHANICAL SYSTEM

If:
L. =M cosé
V., _d4 L. di, + M cost"’ —1 M siné’d—g
dt dt dt dt
Speed \\r/oltage
V, _dA _ L, di, + M Cosé?dIS —1 M sin@d—e
dt dt dt dt

Speed ;oltage
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LINEAR SYSTEMS

 Alinear system can be formulated based on the flux
linkage and current equations.

] [ L L] 4
e VI

|:|s:| 1 | Lr _Lm (6):||:/15:|
= |=
l; Ls I—r - Lfn (9) __Lm (9) Ls ﬂ‘r
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