Power & Torque expressions in Kron's

machine

Day 5
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® Derive expressions for power and torque from impedance

matrix of Kron’s primitive machine
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Total electrical power input

° Voltage supply 1S given to two stator coils and two rotor
coils

® Assuming the machine to be operating in motor mode

® The total input electrical power is:

F)i — Vdslds +Vqs|qs +Vdr|dr +Vqr|qr

In matrix form:
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I:)i — ids iqs idr iqr Vqs = [It ][V]
dr

Vor

Here [i,] is the transpose of current column matrix [i]
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Total electrical power input

I:)i — ids iqs idr iqr ° = [It ][V]

* Remember the expression: [v] = [Z][i] = [[R] + [L]p + [G]oor][i]
Thus: [R]=[i, ][R]+[L]p +[Glo, ]li]

= [i. IRIi]+ [ JLIpli]+ i ]G Jo, [i]




Total electrical power input

[RI=li IRTi]+ [iJLIpli]+ i IG o ]
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Total electrical power input

[P ]= i [RJi]+[i, [t ]pli]+ i, G ko, [i]
N

® The first term:
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Total electrical power input

[RI=li IRTi]+ [iJLIpli]+ i IG o ]

® The first term: /‘\JL Iy Mg
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It = Ids Iqs Idr Iqr r |
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. 2 - 2 - 2 - 2
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Thus, the first term is the sum of ohmic losses (copper losses) in all the

four Windings




Total electrical power input

[RI=[iIRJi]+[i. [t Joli]+[i. [G

/_\) Lds p

® The second term:
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— Ids Lds plds + Idsl\/I d pldr + Iqs qu plqs + Iqu q plqr

+ Idrl\/I d plds + Idr I‘dr pldr + Iquvl q plqs + Iqr I—qr plqr

Separately writing the self and mutual inductance terms:

[it ][L]p[l] = |_ids Lds pids + Iqs Qs plqs + Idr Ldr pldr + Iqr qr plqu
+ [idsM d pldr + Iqu q plqr + Idrl\/I d plds + Iquvl q piqs]




Total electrical power input

[it ][L]p[l] = |_ids Lds pids + Iqs gs plqs + Idr I—dr pldr + Iqr qr plqu
T [idst pldr + Iqu q plqr + Idrl\/I d plds + Iqu\/I q piqs]

* Expression for energy stored in a magnetic field due to its self inductance:

W, =1L
2

.". Rate at which this stored energy changes:

dW1: d ELi2 :ELZiE:ini
dt dt\ 2 2 dt
® This is nothing but the power being stored in the self-field




Total electrical power input

[it ][L]p[l] = |_ids Lds pids + Iqs gs plqs + Idr I—dr pldr + Iqr qr plqu
T [idst pldr + Iqu q plqr + Idrl\/I d plds + Iqu\/I q piqs]

* Expression for energy stored in a magnetic field due to mutual inductance:

W, = Miii,

.". Rate at which this stored energy in mutual magnetic field changes:

dlﬁ/ cclit (Miji, )= Mi, C(Ijt + Mi, (i]t = i, Mpi, +i,Mpi,

® Thisis nothing but the power being stored in mutual fields




Total electrical power input

[it ][L]p[l] = |_ids Lds pids + Iqs gs plqs + Idr I—dr pldr + Iqr qr plqu
T [idst pldr + Iqu q plqr + Idrl\/| d plds + Iqu\/I q piqs]

Power stored in self-fields = iLpi
Power stored in mutual fields — i1|\/|pi , + i 2I\/Ipi1

Thus, the first Component llds Lds Pl + Iqs gs plqs + Idr I-dr pldr + Iqr qr plqu

It represents the total power being stored in self-fields

And, the second component |_idsM ¢ Pl + iqu q piqr +15, M plg + iqrM q piqu

It represents the total power being stored in mutual-fields

Thus, the second term [it ][L]p[i] correspond to the total power being stored in
the magnetic field

/




Total electrical power input

* Now going back to the original input power expression:

[RI=li IRi]+ [iJLIpli]+[i IG e ]
AN

AN

Power input Ohmic power loss

Power stored in magnetic field

Power output

° According to the principle of conservation of energy:

Power input = Power lost + Power stored + Power output

® Thus, the third term [it ][G ]CUr [l] must correspond to the power output




Power output & torque Expressions

[P ]=li IRTi]+[i It Ioli]+[i. G Jo, [i]
N

Power input

N

Ohmic power loss

Power stored in magnetic field

Power output




e
Power & torque output

[P =i IRJi]+[i [t ]pli]+[i, G Jeo, [i]

Power input Ohmic power loss || Power stored in magnetic field Power output, P

® Since the system is a rotating one, the power output should mean the

amount of electrical power that is being converted to mechanical power

® Thus, P = Power converted from electrical to mechanical

= o [i, ]G]

* As we know: Electrical torque T, = i = [it ][G ][I]
wr




Power & torque output
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e
Power & torque output

T Ml gl qr -M Idr qs (Ldr o I—qr)idriqr

® Note that all the terms in torque expression contain two currents that

are at 90° to each other in space

® Thus, for development of electrical torque, two currents that are at

quadrature need to interact with each other

e Currents along the same axis cannot produce torque




e
Torgue components

T M gl qr -M Idr qs \Ldr o I—qr ) idriqr

% /T

Electromagnetic torque Reluctance torque

® The electromagnetic torque (M d Iqr -M qidriqs) requires two currents at

space quadrature, one current on stator, and the other on rotor

* The reluctance torque (Ldr — Ly ) Iy lgr also requires two currents at space

quadrature, but both are on stator (or both on rotor)

QSe& % ® The reluctance torque is present only in salient

pole machines where L, > Lqr

® In uniform air-gap machines, where L, = Lqr the

reluctance torque is absent
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Torque in terms of flux linkage

T M d Iquds -M qidriqs + (Ldr o I—qr ) idriqr

e The torque expression can be written in terms of d- and q-axes armature

flux linkages with Ldr = Md + Idr and Lqr = |\/|q + |qr
vy =M, (ids + idr)+ |1 |and (Vg = Mq(iqs + 1y )+ -

T I\/Idlquds_I\/Iqidriqs—l_(l\/I +Idr)dr qr (M +Iqr)|dr qr

:iqr[Md(Ids+idr)+|dridr]_idr|_Mq( ) qr qu
| B ierq
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Torque in terms of flux linkage

Te — iqu//d o ierq

® The first term is due to interaction between q-axis armature current and d-

axis flux
e |t has positive sign indicating that it is a motoring term

® The second term is due to interaction between d-axis armature current and

q-axis flux

e |t has negative sign indicating that it is a generating term

Qs & o * No torque is produced by interaction
E between flux and current that are on the

same axis
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