CO’7CEPTUAL _TOOLS

By: Neil E. Cotter MOTORS

DQ TRANSFORM
Ref frames: rotor, mag, v
EXAMPLE 2

EX:

Write the equations below describing a two-phase induction motor, [1], (with no
friction and number of pole pairs, np,, equal to one) in terms of rotation matrices.

igs Ly 0 —M cos(0) M sin(0) ]
d |isp 1 0 Ly —M sin(0) —-M cos(0)
dt ipx B LgLp - M?|-Mcos(8) -M sin(B) Lg 0

iRy | | Msin(B) —M cos(0) 0 Lg

(Vo4 — Rgigy + Mipy®sin(0) + Migywcos(0)]
|vsp — Rsisp — Migxywcos(0) + Migyosin(B)

—Rpigy + Mig,0sin(0) — Miggzw cos(0)

—Rpipy + Mig 0 cos(0) + Migzmsin(0)

do M . .
— = —(~i¢qipy SIN(O) —i¢,ipy COS(O)
dt J SA*RX SA*RY
+iggipy COS(0) — igzipy SIN(0))
That i1s, fill in the empty brackets in the equations below using only 2x2
matrices or products of 2x2 matrices written symbolically as Ug or I multiplied

by constants. You may also use transposes or U matrices for specific angles.

g[fs [l —M[]([] [OJFS R[] Mo ] D
i) Tytg-m? =m0 1 L 1[0] [oI0 | Mol T &l 1),
d

M - T -
—w=—1Ig [ ig
dt J
Use the following definitions in your solution:

o iSA T iRX
Is =1. R =].
s 5:3%
; [1 0] [cos@ sin©

0 1 " |-sin® cosO
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SOL'N:  Consider a 90° rotation matrix and combinations with rotations by 0:

U 0 1
90°=1_1 o

UoU [0 1] cos(-0) sin(-0) sin@ cosO
907 -0 __—1 Of -sin(-0) cos(-0) " |-cos® sin®

UU [ cos® sinB]0 —=1] [sin® —cosH
0% -90° __—sin6 cosOll1 0| |cos® sin®

U U cosO -—-sinBf0 -1 —-sin® -cosH
~67-90° = sin® cosO 1 0| |cos® —sin®

We also use the identity that the transpose of the U matrix for a
rotation by 0 is equal to the U matrix for a rotation by —0.

Using the above information, we obtain the following expression for
the induction motor equations:

T LSRR

di|iy| LLp-M?|-M[Uy]  Lg[I]
_ ([1] [OJFS Rs[-1] M[U_qU g ]}[fs D
[0] [0]|0 | [Mw[UgU o] Ry[-1]

%w — %?ST [U_oU _oge li

REF: [1] Marc Bodson, "Control of Electric Motors," 2004, University of
Utah ECE Dept., eqn 4.27 p. 130.
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