Transformation Matrix Models of

Machines

Day 13




ILOs - Day13

® Draw and explain the linear transformation matrix model for

3—phase induction machine

© Explain operating characteristics there from




e
Linear transformation matrix model for 3-ph IM

° 3—phase induction machine

® 3-phase winding in stator that produces rotating magnetic field (RMF) in
the air gap
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine

® 3-phase winding in stator that produces rotating magnetic field (RMF) in

the air gap

® Whether it is squirrel cage type or wound rotor type, the rotor also has a

3-phase Winding
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine
® Both the stator and rotor Windings carry alternating currents
® Stator MMF rotates at synchronous speed w.r.t. stator

® Currents induced in rotor also produces MMEF that rotates at synchronous

speed w.r.t. stator
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine

® Stator and rotor MMF waves rotate at same speed and at the same

direction

® Under steady state condition, the relative speed between stator and rotor

RMF is thus zero, i.e. they appear stationary to each other
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine

® 3-phase winding in stator that produces rotating magnetic field (RMF) in
the air gap
Represented by three stator coils A, B, C placed 120V apart in space

Phase A coil can be taken along d-axis for convenience
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine

® Whether it is squirrel cage type or wound rotor type, the rotor also has a
3-phase winding
Represented by three coils a, b, ¢ placed 1200 apart in space

Orientation of rotor coils (a, b, c) w.r.t the stator coils (A, B, C) is arbitrary
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Linear transformation matrix model for 3-ph IM

° 3-phase induction machine

® The 3-phase Windings in stator and rotor both can be represented by their
generalized equivalent 2-coil configuration

® The d-q stationary coil axes are fixed along the stator structure
® The rotor a-frotating coils are assumed to make angle @ with d-q axes

® The 2-phase coils in stator and rotor produce RMF that are identical with
those produced by the original 3-phase windings 4, B, C and q, b, c

respectively
g - axis
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Linear transformation matrix model for 3-ph IM

° 3—phase induction machine
® Note that stator coils have been represented along the stationary d-q axes
® Whereas the rotor coils have been represented along the rotating axes o-ff

® The 3-phase stator A-phase coincides with & -phase or d-phase in stator

® Thus, for stator, 3-phase to 2-phase transformations from (4, B, C) to (a-f)
and (4, B, C) to (d-q) will be same




Transformation in stator

(A, B, C) = (as,PBs,0s) —> (ds, gs, 0s)




e
Linear transformation matrix model for 3-ph IM

* 3-phase to 2-phase transformation in stator
® Transformations from (4, B, C) to (&-f-0) or (d-q-0) assuming angular
displacement of Obetween (4, B, C) and (- f) or (d-q) axes

® The generalized matrix form is:
A B C

g | las > a | cosd cos(0-120°)| cos(0 - 240°)] i,
B
0

S—

o = |1 —sin@| —sin(9-120°) —sin(9—240°) i,
T T T

IOS IOS

7| % 7o
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Linear transformation matrix model for 3-ph IM

° 3—phase to 2—phase transformation in stator

® However, since stator phase 4 is assumed to be along 0i—axis, or d-axis, the
angle Oin this case is 0= 0°

® The transformation matrix from (4, B, C) to (d-q-0) is derived as:
A B

?ds > d |cos0°| cos(~120°)| cos(-240°) i,
el =43 @ —sin0° —sin(—lZOO) —sin(—240°) i
W o[ L] L T

Z| 72 7|
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Linear transformation matrix model for 3-ph IM

™~

° 3—phase to 2—phase transformation in stator

® (4, B, C) to (d-q-0) transformation matrix:

A B
A B C P 1 1 |
Iy > d |cos0’ cos(-120°) | cos(-240°) ||i, , 2| 2 |
iOs 0 i i i iC 1 1 1
NEEENEN
V2 2 V2 V2 vz |2 |l
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Linear transformation matrix model for 3-ph IM

™~

Park’s transformation matrix:

° Physical concepts of stator transformation:

time phase angle of i, w.r.t the time origin at t=0

Neglect zero sequence current for the time being

° 3—phase to 2—phase transformation in stator

Here I is the maximum value of stator current and « is the

A B C
cos0° | cos(-120°)| cos(-240°) i,
—sin0° —sin(—lZOO) —sin(—240°) i
iC

i, =1 cos(ot+a)
ig =1_cos(wt+a—240°)
ic =1 cos(at+a—120)

q - axis

— ..".
Qs EE‘-O Vgs /
(e %
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Linear transformation matrix model for 3-ph IM

° 3—phase to 2—phase transformation in stator

® Physical concepts of stator transformation: Iy =1, cos(at +a)

iy = \E [i A €0s0° +i cos(—120°)+ i cos(— 240° )] ip = 1, cos(wt + o —240°)

ic =1 cos(at+a—120)

1 1
cos Acos B = 5 cos(A— B)+ 3 cos(A+ D)

Putting values of i, iy, i

iy, = \E 1,,[c0s 0° cos(et + &)+ cos(—120° Jcos(wt + a — 240° )+ cos(— 240° )cos(et + oz ~120° )

= \E | %[2 cos(wt + o )+ cos(a)t +a—360° )+ cos(a)t +a—120° )+ cos(a)t +a —360° )+ cos(a)t +a+120° )]

- \E | % [2 cos(at + o )+ cos(et + o )+ cos(a)t +a —120° )+ cos(at +ar )+ cos(a)t +a+120° )]

i A B C
= \F d |cos0®| cos(-120°)| cos(-240°) ||i,
3 q |-sin0° —sin(—lZOO) —sin(—240°) i
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Linear transformation matrix model for 3-ph IM

° 3—phase to 2—phase transformation in stator

° Physical concepts of stator transformation:
) 2. 1 0 0
i, = \EI ny [2cos(et + )+ cos(at + &)+ cos(at + & —120° )+ cos(et + )+ cos(et + a +120°)

For a balanced 3-phase system:

cos(at + a )+ cos(wt + & —120° )+ cos(et + a +120°)= 0

Thus: i =\/glm%[3cos(a)t+a)] :\/glmgcos(a)ua) = EIm cos(at + )

2

Similarly, it can be shown that:i = \/g | sin(ot +a)

® The two d-q axes currents i, and qu are functions of time and are displaced

from each other by 90Y in time as well as space

® The two phase system will thus produce exactly similar RMF in stator as the

original 3-phase system of currents (i, iy, i) that rotates in the same

K direction and with the same speed /




Transformation in rotor

(a, b, ¢) = (0ur,Pr,0r) = (dr, qgr, Or)




4 N
Linear transformation matrix model for 3-ph IM

° 3—phase to 2—phase transformation in rotor

® Transformations from 3-phase rotor coils (g, b, ¢) to rotating axes (&-f-0)

requires no change of space frame, since both are on the rotating member

® The generalized matrix form is:

a b c
Lar al 1 I i
9 2 2 a
pr| = 3 B ﬁ _ﬁ i
2 2 ||?
oy 1 1 | 1 |
0 I

V2| V2 | V2
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Linear transformation matrix model for 3-ph IM

™~

Rotating rotor axis

a b C
Cecr P I B
. 5 2 2 |“
tpr :\/; B ﬁ _ﬁ i

2 2

ior ol L] 12 1T

V2| VZ [ V2 |

a Jo) 0
Iy d cosd | sind I,
i [= 0 —sin@| cosé |
Iy, 0 11| iy,

Pseudo—stationary rotor axis

Generalized structure

° 3—phase to 2—phase transformation in rotor

* Transformations from rotating axes (&-f-0) to stationary axes (d-q-0) to

represent in primitive generalized model:

q - axis

QSE oV /
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Linear transformation matrix model for 3-ph IM
* (a, b, c) to (a, B,O) to (d, q,0) axes transformation /QS@%,\
(0{0/) to (d, q, 0) (a,b,c) to ( @ 0) i ! j}\s_" - axis
o B 0 a b C
| 0 0 of| -
ol g | cos@ | sing 5 cos0” (c0s120” | cos2407|| 1,
g | = : = | sin0® [sin120° | sin240°| i
- g —sinf| cosé 1 3 T T T ib
J2o | V2 NP
a b C
Loy 5 d | cosd cos(0-120°) | cos(0—240°)| i,
or, |ly |7 3 0 [-sing —sin(0—1200) —sin(0—240°) i,
w] o[ L L T
V2 V2 V2 °
/™

k (a,b,c) to (d, q, 0)




Analysis of IM: Performance equations

Using primitive generalized model
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Linear transformation matrix model for 3-ph IM

™~

Vg

S

vV

gs

Vg

r

V

qr

7

Voltage matrix

rds — rqs = rs

M, =M, =M

ds

qs
dr

qr

I—dr = Lqr = I—r

¢ Performance equations

® The Voltage equations for generalized representation is:

ds gs dr gr
My + Las P My p lgs
M+ Lo P A/
M,p -Mo, | ry+Lep| —oly, ||y
M, o, M,p o Ly | Ty + Lo Pl flgr

7

Impedance matrix

rdr - rqr - rr

® Assuming uniform air gap:
Lds — qu — Ls

® Stator and rotor both have balanced Winding:

® Coils DS-QS and DR-QR being assumed identical:

g

Current matrix
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Linear transformation matrix model for 3-ph IM

¢ Performance equations

® The Voltage equations for generalized representation is:

ds gs dr gr
Vg| ds|r, + L, p Mp Iy
VqS _ qs rs + Ls p Mp iqs
V| drf Mp | —Mo, | . +Lp| —o,L ||
V| Qr| Mo, Mp oL, | r+Lp||ig
Voltage matrix Impedance matrix Current matrix

e Stator and rotor both have balanced Winding:
rds — rqs = rs rdr = rqr = rr

® Assuming uniform air gap:
Lds — qu — Ls I—dr - Lqr — I—r

® Coils DS-QS and DR-QR being assumed identical:
L M=M =M
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Linear transformation matrix model for 3-ph IM

™~

Y

S

Vqs

Vg

r

Var

/

Voltage matrix

ds

qs
dr

qr

S Vgr = Vpr = Ver = 0

¢ Performance equations

® The Voltage equations for generalized representation is:

Ids

qs

Idr

Iy

r,+L.p Mp
r,+Lp Mp
Mp -Mo, | +L.p| —oL,
Mo, Mp ol | r+Lp
_—7
Impedance matrix

Var - V,Br — O

Vdr — Vqr - O

X

® In an induction motor, the rotor bars are all shorted:

Current matrix
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Linear transformation matrix model for 3-ph IM

¢ Performance equations

® The Voltage equations for generalized representation is:

V| dsp,+Lop Mp 2y
Vs| 48 r,+1L.p Mp ||l
O dr| Mp — Mco, v, +1L p| —wl _ ||i,
E qr| Mcw, Mp w, 1. v, + 1L, p|l|i,
Voltage né‘ii Impedanceﬁ Currenthix
® In an induction motor, the rotor bars are all shorted: q - axis

FVar =Upr=Ver=0 V, =Vy =0 Vg = Vg =0
® Since the rotor is shorted, the currents i, and i, will
reverse their directions

® The negative signs ofi, and iqr will be taken care by

suitably Changing the signs of corresponding

K impedance matrix elements
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Linear transformation matrix model for 3-ph IM

¢ Performance equations:Torque

Terms containing 0

® The developed torque expression is given by:
T~ [ el =

Ids
S i
— Ids Iqs Idr Iqr _ M L iqs
r dr
M - L, lyr
N il— : : : . T . g - axis
Te _ [It ][G ][I] _ Iqsl\/“dr + Idr I—rlqr + Idsl\/“qr Idr I—drlqr ngj—c;{ﬂ

=M (idsiqr o idriqs)

e Note that from the torque expression it is clear how (. DRy
stator and rotor currents that are in coils 90° apart in
space are Working together to produce torque

® (+) torque component indicates motoring action,
K and (-) torque component indicates generating action
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