Voltage equations in Kron's machine

Day 4




ILOs - Day4

® Derive expressions for Voltages in stator and armature coils

in Kron’s primitive machine

® Build impedance matrix of Kron’s primitive machine







Voltage in stator field coil DS

* Stator coil DS will have voltage drops due to:
® [ts own resistance r,
® Its own leakage inductance I,
® [ts mutual inductance M, with other d-axis coils (transtormer EMF)

® Q axis coils can not have any transformer coupling effect on DS since

they are mutually perpendicular

® Since coil DS is in stator, there will be no rotational EMF

o Total inductance of stator coil DS = Ly =(M, +14)
Qs © - Vas

Thus applied Voltage v, is balanced by:

Idsrds + Lds plds + M pldr
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Drop in selt

inductance

Drop in mutual inductance
with rotor coil DR
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Voltage in stator field coil DS

e Stator coil DS will have Voltage drops due to:

Thus applied Voltage v, is balanced by:

Ids rds + I—ds plds + M pldr

AN

Drop in Drop in self Drop in mutual inductance
resistance inductance with rotor coil DR
Stator Mutual inductance,
resistance, stator rotor current
current

Stator inductance,

stator current







Voltage in stator field coil QS

e Stator coil QS:

® Similar to stator coil DS, Vg =gl + Ly Pigs + M pig,

Applied voltage v, in stator coil QS is balanced by:

Vgs = lgslys + Los Plgs + M PI,
Drop in Drop in sel Drop in mutual inductance
resistance inductance with rotor coil QR
Stator Mutual inductance,
resistance, stator rotor current
current

Stator inductance,

stator current







Voltage in armature coil DR

e Rotor armature coil DR:

® Since the armature coil is a pseudo—stationary coil placed in the rotating
element (rotor), there will be rotational EMF (back EMF) induced in it

® This rotational EMF in DR due to flux along the g-axis is: (remember
that rotational EMF is maximum when the coil and flux are orthogonal)
€y = WY, SING =y, Sin 90° = oW,
Thus applied voltage v, is balanced by:

Vgr = Iy Ty + Ly Plg + M Pl — €4

r

5 /\ ¥ T \‘ Induced rotational
rop in rop in se back EME
resistance inductance

Drop in mutual inductance
with stator coil DS

The negative sign before the induced rotational EMF
indicates that this back EMF opposes the supply

Voltage /




Voltage in armature coil DR

e Rotor armature coil DR:
edr — a)qu Vdr — idr rdr + Ldr pidr + Md pids _ed

r

Back EMF
(rotational EMF)

Mutual inductance,

Rotor stator current
resistance, rotor

current

Rotor inductance,

rotor current




Voltage in armature coil DR

e Rotor armature coil DR:
edr — a)rl//q Vdr = idr rdr + I—dr pidr + Md pids _ed

r

The total flux linkage y/, with the armature (rotor) in q-axis is given by:

Vq= Mq(lqs +Iqr)+ Iquqr

_— \

Mutual inductance along Q Leakage inductance of the Q axis
axis coils in stator and rotor coil in rotor

Thus: Vigr = lgelgr + Ldr Ply + I\/Id Plgs _wqu(Iqs T Iqr)_wflquqf

Vdr - Idrrdr + I—dr pldr + I\/ld plds — W, l(Mq + Iqr )qu_wqulqs

Vir = Idrrdr + Ldr pldr + I\/Id plds — W, Lquqr _a)qulqs







Voltage in armature coil QR

e Rotor armature coil DR:|v, = idrrdr + L Pig, + M Pig, — o, Ly i, — 0, M i

® ROtOl‘ armature C()il QR: Vqr qr qr + I—qr plqr +M pl + o, I—drldr + a)rl\/I dids

® Since this armature coil QR is also a pseudo-stationary coil placed in
the rotating element (rotor), there will be rotational EMF (back EMF)

induced in it
® This rotational EMF in QR due to flux along the d-axis is:

€ =W,y SINO =wy,sin 270° =—w,y;,  Where, ¥y =M, (i, +ig, )+ 1,0y
Thus applied voltage v o 18 balanced by:

Vor =g Ty + Ly Plye + M Pl
ThllS,V qr qr + I—qr plqr +M pl + a)er (Ids + Idr)+ a)rldrldr
Vqr qr qr + Lqr plqr + M pl + a)r [(M d + Idr )Idr]+ 60r|\/I dlds
Vqr qr qr + Lqr plqr + M pl + a)r I—drldr + a)rl\/I dlds

/




Voltage equations in matrix form




e
Voltage equations in matrix form

® StatOI" C()il DS: V = idsrds + Lds pids + M pidr

e Stator coil QS: Vgs = lgsTas + Lgs Pl + M Pl

® ROtOl‘ armature C()il DR: Vdr — idrrdr + I—dr pidr + Md pids wr Lquqr _a)rl\/I qiqs

e Rotor armature coil QR:[Ve =lglo + Lo Pl + Mg Plg + @, Ly by + 0. Myl

The above four equations can be conveniently written in matrix form:

ds gs dr qr
Vds dS rds + Lds p M d p ids
Vgs| S s + Lgs P MyP | igs
Vir dr| M aP -M qa)r Fyr + Ldr P — W, Lqr idr
Vqr qr M d a)r M q p a)r Ldr rqr + I—qr p iqr

/] A /\

k Voltage matrix Impedance matrix Current matrix




Observations

™~

® Main diagonal boxes of the impedance matrix contain only self—impedances

(resistance & self-inductance)

® The remaining boxes contain either mutual impedances (terms with M), or

rotational EMFs (terms with ®), if they exist

Voltage matrix

ds

qs
dr

qr

ds

95 qr
My + Lgs P M, P lgs
M+ Lgs P A/
M,p -Mo, | 1, +L,p| —olL, Iy
M, o, M,p oLy | Ty + Lo Pl flgr

A

Impedance matrix

Current matrix




Observations

™~

® Main diagonal boxes of the impedance matrix contain only self—impedances

(resistance & self-inductance)

® The remaining boxes contain either mutual impedances (terms with M), or

rotational EMFs (terms with ®), if they exist

® The rotational EMF terms appear only in the last two rows of the impedance

matrix

k Voltage matrix

ds

qs
dr

qr

ds

95 qr
lys + Lgs P M, P lgs
M + Lo P A/
M,p -Mo, | 1, +L,p| —olL, Iy
M, o, M,p oLy | Ty + Lo Pl flgr

]

Impedance matrix

Current matrix




Observations

™~

Main diagonal boxes of the impedance matrix contain only self—impedances

(resistance & self-inductance)

The remaining boxes contain either mutual impedances (terms with M), or

rotational EMFs (terms with ®), if they exist

The rotational EMF terms appear only in the last two rows of the impedance

matrix

p and @, (or -@,) are interchanged between column elements in last two rows

Voltage matrix

ds

qs
dr

qr

dr

ds gs qr
g +Lgs P M, p lgs
M + Lo P A/
M,p -Mo, | ry+LeP| -0l ||lg
M, o, M,p L, My + Lo P [ige

]

Impedance matrix

/\

Current matrix




Observations

* M,in the term M P s the mutual inductance

QS & ° between coils DS and DR

Voltage matrix

® These two coils are on the same magnetic axis

DS ® Since this mutual coupling is due to transformer
action, M; may be called transformer mutual
inductance
ds gs dr qr
ds|ry + Ly P Myp lgs
qs M + Lo P A/
= ar M -M,o, | ry+Lep| -l ||ig
qr| M,o, M,p oLy | Ty + L Pl flgr

A

Impedance matrix

Current matrix




Observations

QSes 9

DS ® Since this mutual coupling is due to transformer
action, Mq may also be called transformer mutual
inductance
ds gs dr qr
ds|ry + Ly P Myp lgs
qs M + Lo P \V/ I
= ar M. p -M,o, | ry+Lep| -l ||ig
qr| M,o, M,p oLy | Ty + L Pl flgr

Voltage matrix

* Similarly, M, in the term Mpis the mutual
inductance between coils QS and QR

® These two coils are on the same magnetic axis

A

Impedance matrix

Current matrix




Observations

® M, in the term M (. is the mutual inductance
QS e o between coils DS and QR

* These two coils magnetically in quadrature (90°)

DS e Since this mutual coupling is due to rotational

action, M in this case may be called rotational

mutual inductance or motional inductance

ds gs dr qr
Vds dS rds + Lds p M d p ids
Vs| _ dS s T Lgs P MoP {ig
Vir dr| M a P -M qa)r Fyr + Ldr P — W, Lqr idr
Vqr qr M d a)r M q p a)r I—dr rqr + I—qr p iqr

/] A /\

Voltage matrix Impedance matrix Current matrix




Observations

® Similarly, M_in the term M @ is the mutual
QSsgs —  © . ! : !
o inductance between coils QS and DR

* These two coils magnetically in quadrature (90°)

DS e Since this mutual coupling is due to rotational

action, M, in this case may be called rotational

mutual inductance or motional inductance

ds gs dr qr
Vds dS rds + Lds p M d p ids
Vs| _ dS s T Lgs P MoP {ig
Vir dr| M a P -M qa)r Fyr + Ldr P — W, Lqr idr
Vqr qr M d a)r M q p a)r I—dr rqr + I—qr p iqr

/] A /\

Voltage matrix Impedance matrix Current matrix




Abbreviated forms

™~

[Voltage column matrix | = [Impedance matrix JCurrent column matrix]

k Voltage matrix

ds

qs
dr

qr

v]=[z]i]

v|=[R]+[L]p+[G}o,]i]

ds gs dr qr
g +Lgs P M, p lgs
M + Lo P A/
M,p -Mw, | 1, +L,p| —ol, Iy
M, o, M,p oLy | Ty + L Pl flgr

A /\

Impedance matrix Current matrix /




oreviated forms

Resistance

matrix

+[L]p+[Glo, Ii]
Fas
Vs
Far
-
Ly, M,
Lo M,
M Ly,
M, Lo

- M

q

qr

M,

L,

r

1

Static Inductance

matrix (terms
without @)

Motional Inductance matrix or

torque matrix (terms involving )

ds

Qs
dr

qr

dr

ds gs qr
My + Las P M, p lgs
ls + Les P M.P ]l
M,p -Mo, | 1y +Lep| —oly, ||y
M, o, M,p o Ly | Ty + Lo Pl flgr




Ab

oreviated forms

v]=lr

o ]i]

qr

ds

Qs
dr

qr

/ —M q B Lqr
M d I—dr
ds gs dr qr
My + Las P M, p lgs
ls T Lgs P M.P ]l
M,p -Mo, | 1y +Lep| —oly, ||y
M, o, M,p o Ly | Ty + Lo Pl flgr
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