Flux-linkage equations for 7-winding representation (similar to eq. 4.11 in text)
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The above terms are defined as follows:

Stator-stator terms:


Stator-rotor terms:

Rotor-Stator terms:

Laa=Ls+Lmcos2(



LaF=MFcos(


LFa=MFcos(
Lab=-[Ms+Lmcos2((+30()]

LaD=MDcos(


LFb=MFcos((-120()

Lac=-[Ms+Lmcos2((+150()]

LaQ=MQsin(


LFc=MFcos((-240()







LaG=MGsin(
Lba=-[Ms+Lmcos2((+30()]





LDa=MDcos(
Lbb=Ls+Lmcos2((-120()


LbF=MFcos((-120()

LDb=MDcos((-120()

Lbc=-[Ms+Lmcos2((-90()]


LbD=MDcos((-120()

LDc=MDcos((-240()







LbQ=MQsin((-120()

Lca=-[Ms+Lmcos2((+150()]

LbG=MGsin((-120()

LQa=MQsin(
Lcb=-[Ms+Lmcos2((-90()]






LQb=MQsin((-120()

Lcc=Ls+Lmcos2((-240()


LcF=MFcos((-240()

LQc=MQsin((-240()







LcD=MDcos((-240()



Rotor-rotor terms:



LcQ=MQsin((-240()

LGa=MGsin(
LFF=LF




LcG=MGsin((-240()

LGb=MGsin((-120()

LFD=MR








LGc=MGsin((-240()

LFQ= LFG =0

LDF=MR

LQF=LQD=0
LGF=LGD=0

LDD=LD

LQQ=LQ
LGQ=MY
LDQ=LDG=0
LQG=MY
LGG=LG
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which, when expanded, is:
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Park’s Transformation Applied toVoltage equations for 7-winding representation 
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(eq 4.23’)

We can write this more compactly, similar to eq. 4.26 in text:
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Now perform the Park’s transformation on both sides of the voltage equation to get:
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term 1



term 2


term 3

       term 4

Term 1:
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Term 2 (see notes for development): 
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Term 4:


[image: image9.wmf]ú

û

ù

ê

ë

é

=

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

=

ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

0

0

0

0

0

0

0

3

3

0

0

0

0

0

0

0

4

dq

n

n

n

n

n

i

L

i

r

Pv

v

U

P

&


Term 3 (see notes for development): 
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         term 3a
     term3b

Term 3a (see notes for development):
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or, when expanded, is:


[image: image12.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

G

Q

D

F

q

d

G

Y

G

Y

Q

Q

D

R

D

R

F

F

G

Q

q

D

F

d

G

Q

D

F

q

d

i

i

i

i

i

i

i

L

M

M

M

L

M

L

M

M

M

L

M

M

M

L

M

M

L

L

&

&

&

&

&

&

&

&

&

&

&

&

&

&

0

0

0

0

0

2

3

0

0

0

0

2

3

0

0

0

0

0

2

3

0

0

0

0

2

3

0

2

3

2

3

0

0

0

0

0

0

2

3

2

3

0

0

0

0

0

0

0

0

l

l

l

l

l

l

l

 

(Compare the above to the expression at the top of page 2.)

Note that, from our development, it is also true that: 
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and from this, we obtain that:
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Term 3b (see notes for development):
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Now we are in a position to re-write the voltage equation (see eq. 4.23’) by substituting in terms 1, 2, 3a, 3b, and 4, we obtain:

Term 1

Term 2






Term 3a
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Term 3b


Term 4

Now, let’s “fold-in” Term 3b and Term 4 into the Terms 2 and 3a to obtain:
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Now rearrange the ordering of the variables to get:
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Some observations about the above transformed voltage equations:

1. The first matrix gives

a. Resistive voltage drops

b. Speed voltage drops, svd (terms with (). These svd’s 

· Only occur in the d- and q- circuits, since the other circuits move with the rotor

· Are caused by the currents in the windings of the “other” axis:

· the d-circuit svd is caused by iq, iQ, and iG
· the q-circuit svd is caused by id, iD, and iF
· Represent the fact that a flux wave rotating in synchronism with the torot will create voltages in the stationary armature coils.

2. The first matrix is almost constant, except for the svd terms, but even these terms are practically constant since we only see small changes in (. The constancy of this matrix is the main motivation behind the Park’s transformation (compare to the matrix at the top of page 2!).

3. The variables have been reorganized so that all d-axis circuits are together and all q-axis circuits are together. This makes it easy to observe any coupling/decoupling between different sets of circuits.

4. The second matrix gives voltage induced by current (or flux) variation. Note that there is no coupling between the d-axis circuits (d, F, D) and the q-axis circuits (q, Q, G). This is because these two sets of circuits are orthogonal.

Finally, some comments about the Park’s transformation:

1. id and iq are currents in a fictitious pair of windings fixed on the rotor.

2. These two currents produce the same flux as do the actual a,b,c currents.

3. For balanced steady-state operating conditions, we can use i0dq = Piabc to show that the currents in the d and q windings are dc! The implication of this is that:

· The a,b,c currents fixed in space, varying in time 

produce the same synchronously rotating magnetic field as

· The d,q currents, varying in space, fixed in time!
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