
Synchronous Machine Parameters



Flux and Current Equations on the d axis
(From Model - with kd =

√
2
3)

ψd = Ldid +Mdfif +Mdhih

ψf = Mdfid + Lffif + Lfhih

ψh = Mdhid + Lfhif + Lhhih
dψf

dt
+Rfif = vf

dψh
dt

+Rhih = 0



Laplace Transform of Flux and Current
Equations on the d axis

Ψd(s) = LdId(s) +MdfIf (s) +MdhIh(s)

Ψf (s) = MdfId(s) + LffIf (s) + LfhIh(s)

Ψh(s) = MdhId(s) + LfhIf (s) + LhhIh(s)

Ψf (s) +RfIf (s) = Vf (s)

Ψh(s) +RhIh(s) = 0



d - axis Flux-Current Transfer Function
Eliminating Ψf (s),Ψh(s), If (s), Ih(s),

Ψd(s) = Ld(s)Id(s) +G′(s)Vf (s)

Ld(s) = Ld
(1 +BNs + ANs

2)

(1 +BDs + ADs
2)

G′(s) =
Mdf

Rf

(1 + AGs)

(1 + ADs +BDs
2)



BN =
Lff
Rf

+
Lhh
Rh

−
M2
dh

LdRh
−

M2
df

LdRf

AN =
LffLhh
RfRh

−
L2
fh

RfRh
−
M2
dfLhh

LdRfRh

−
M2
dhLff

LdRfRh
+ 2

MdhMdfLfh
LdRfRh

BD =
Lff
Rf

+
Lhh
Rh

, AD =
LffLhh
RfRh

−
L2
fh

RfRh

AG =
Lhh
Rh

−
MdhLfh
MdfRh



Equating with Transfer Function Obtained
from Measurement, with vf = 0

Ψd(s)

Id(s)
= Ld

(1 + sT ′
d)(1 + sT ′′

d )

(1 + sT ′
do)(1 + sT ′′

do)

Gives us Ld and the following relationships:

T ′
d + T ′′

d = BN

T ′
dT

′′
d = AN

T ′
do + T ′′

do = BD

T ′
doT

′′
do = AD



Equating with Transfer Function Obtained
from Measurement, with Id = 0

Ψd(s)

Vf (s)
=
Mdf

Rf

(1 + sT ′′
dc)

(1 + sT ′
do)(1 + sT ′′

do)

Gives us
Mdf
Rf

and the following relationship:

T ′′
dc = AG



Model Parameters on d-axis(Eight):

Ld,Mdf ,Mdh, Lff , Lfh, Lhh,Rf ,Rh

Parameters from One Measurement (Five):

Ld, T
′
d, T

′′
d , T

′
do, T

′′
do

Note: One cannot get a unique solution for the
model parameters with just one transfer func-
tion measurement.
Stator resistance also required; can be obtained
from a separate measurement.



Flux and Current Equations on the q axis
(From Model - with kq =

√
2
3)

ψq = Lqiq +Mqgig +Mqkik

ψg = Mqgiq + Lggig + Lgkik

ψk = Mqkiq + Lgkig + Lkkik
dψg

dt
+Rgig = vg

dψk
dt

+Rkik = 0



Laplace Transform of Flux and Current
Equations on the q axis

Ψq(s) = LqIq(s) +MqgIg(s) +MqkIk(s)

Ψg(s) = MqgIq(s) + LggIg(s) + LgkIk(s)

Ψk(s) = MqkIq(s) + LgkIg(s) + LkkIk(s)

Ψg(s) +RgIg(s) = Vg(s)

Ψk(s) +RkIk(s) = 0



q - axis Flux-Current Transfer Function
Eliminating Ψg(s),Ψk(s), Ig(s), Ik(s),

Ψq(s) = Lq(s)Iq(s)

Lq(s) = Lq
(1 +BNqs + ANqs

2)

(1 +BDqs + ADqs
2)



BNq =
Lgg

Rg
+
Lkk
Rk

−
M2
qk

LqRk
−

M2
qg

LqRg

ANq =
LggLkk
RgRk

−
L2
gk

RgRk
−
M2
qgLkk

LqRgRk

−
M2
qkLgg

LqRgRk
+ 2

MqkMqgLgk

LqRgRk

BDq =
Lgg

Rg
+
Lkk
Rk

ADq =
LggLkk
RgRk

−
L2
gk

RgRk



Equating with Transfer Function Obtained
from Measurement

Ψq(s)

Iq(s)
= Lq

(1 + sT ′
q)(1 + sT ′′

q )

(1 + sT ′
qo)(1 + sT ′′

qo)

Gives us Lq and the following relationships:

T ′
q + T ′′

q = BNq

T ′
qT

′′
q = ANq

T ′
qo + T ′′

qo = BDq

T ′
qoT

′′
qo = ADq



Model Parameters on q-axis(Eight):

Lq,Mqg,Mqk, Lgg, Lgk, Lkk,Rg,Rk

Parameters from only One Measurement made

on the q-axis (Five):

Lq, T
′
q, T

′′
q , T

′
qo, T

′′
qo


