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Abstract. The article considers the possibility of putting a synchronous generator into a com-
pensated mode by controlling excitation in the transverse axis. In this mode, the transverse 
armature reaction is completely compensated by the magnetizing force of the transverse ex-
citation winding, the rotor torque angle is maintained at zero level, and the transverse com-
ponent of the load current vector is its active component. It is shown that introduction of a 
positive feedback in the transverse excitation axis on the active component of the load current 

of the generator’s armature voltage needs to be implemented for the direct excitation axis. 
Abandoning feedback on the reactive component of the armature current enables a more ef-

the equation of dynamic equilibrium of the generator, oscillations of the rotor torque angle 

value. The ratio of the magnetizing excitation forces and the transverse axis armature reaction 
has been analyzed, which allowed obtaining an analytical dependence of the feedback coef-

phase and geometric data of the generator. 
Keywords: synchronous generator; direct and transverse axis excitation; transverse armature 
reaction; active load current.
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between the resultant vector of the direct axis EMF d 
and the voltage resultant vector U ) under any load is 

-
verse excitation axis has the largest effect on the magni-
tude of the generator’s electromagnetic moment, which 
is crucial for effective damping of the rotor’s mechanical  
oscillations.
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Problem statement. In comparison with single-axis 
excitation machines, synchronous machines with direct 
and transverse excitation have higher stability and con-

it is possible to regulate active and reactive power sepa-
rately, which in turn ensures a more effective oscillation 

From this point of view, of particular interest is a com-
pensated synchronous machine (CSM). In the full com-
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transverse axis of the inductor and, consequently, no 
EMF of the armature reaction along the transverse axis.

The paper considers the problem of putting a CSM 
in the full compensation mode under varying loading. 
Thereat, it is necessary to answer the following ques-

-
al diagram of the controller providing a solution to the 

Let us proceed with these questions in the above or-
der. Thus, which parameter is decisive for achieving full 

For this purpose, let us present the vector diagrams 
of a synchronous machine for stresses, EMFs, currents 
and magnetizing forces drawn up in the inductor axes 

MF of the armature reaction along the transverse axis of 
the inductor is compensated. The diagrams are shown in 

It is known that the generator current and its phase 
with respect to voltage depend exclusively on the magni-
tude and nature of the load. The load itself is constantly 
changing in the course of operation. Consequently, the 
process of compensation is to be continuously adjusted. 

clearly indicate that the active and reactive currents do 
not depend on the degree of compensation at a con-
stant load (triangles of currents are highlighted in the 
diagrams). At the same time, the components of the load 
current along the inductor axes and, consequently, the 
MF and the EMF of the armature reaction are all func-

In the case of full compensation, the active compo-
nent of the load current is the current that generates the 
transverse armature reaction. If it is compensated by the 
current of the inductor’s transverse winding, the trans-

EMF of this reaction disappear. As a result, the voltage 
vector U  will coincide in phase and space with the main 
EMF vector d

zero regardless of the magnitude of the load. It follows 
from the above that the active component of the load 

Latest research and publications analysis. The 
-

tor  and the voltage vector U . In a synchronous ma-

state mode. To the contrary, at direct and transverse 
excitation, transverse axis control generates an addition-
al displacement of the  vector relative to the rotor, thus, 

-

publications indicate that the transverse axis excitation 
control makes it possible to ensure static stability of the 
machine’s parallel operation with other generator sets re-

the problem of static overload of a synchronous machine. 
In other words, static overload of a synchronous machine 

As a result of synthesis of the transfer function of 
an excitation controller providing invariant load current 

current has to vary as a function of the direct component 
of the armature current in the direct axis and that of the 
transverse component in the transverse axis. At the same 
time, analysis of the operation of a compensated syn-
chronous generator (CSG) providing for a high-power 

-
tial increase in the static stability limit due to the intro-
duction of a positive feedback on the rotor torque angle 
in the transverse control axis and a derivative signal on 
the rotational frequency. Analysis of the single CSG op-

the results obtained earlier and substantiated the necessi-
ty of introducing a negative proportional feedback on the 
armature voltage in the direct excitation axis. It has also 
been rendered that the direct axis excitation control on 
the direct component of the stator current largely wors-

THE ARTICLE AIM is to elaborate on the possibil-
ity of putting a synchronous generator with direct and 
transverse excitation into the compensated operation 
mode by controlling excitation in the transverse axis on 
the active component of the load current.

Basic material. The essence of compensation boils 
down to balancing the transverse armature reaction with 
excitation along the transverse axis of the inductor. This 

0fqaq FF  or fqaq FF

Here, aqaq FF  is the temporal complex or the spa-
tial vector of the magnetizing force (MF) of the CSM ar-
mature reaction; fqfq FF  is the same vector (complex) 
of the MF of the CSM inductor’s transverse winding.
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Generally speaking, if the wound part of the induc-

the fundamental harmonic of the MF will be expressed 

21
2sin8 FkFF f .

Here, kf F w i  is the excitation 

-
ture reaction MF, the value of the excitation MF Fa is 
calculated from the equality of amplitudes of their fun-

Fa kf   F

The latter expression allows calculating the factor of 
reduction of the armature reaction MF to the excitation 

2sin8
1 2

fa
a kF

F
k ..

If the compensating winding is to be considered, the 
area fort its placement on the pole division of the induc-

-

21sin8
12

aq

q
aq F

F
k .

The magnetizing excitation force equivalent to the 
transverse armature reaction is calculated with the help 

qaqaqaqq I
p

wkmkFkF 2

For a compensated machine, Iq Ia I
Having calculated the MF of the compensating 

winding through the active component of the load cur-
-

current is the key parameter ensuring that the generator 
starts operating in the full compensation mode.

-
sating the MF of the armature winding generated by the 

-
damental spatial harmonics of these magnetizing forces 

fqF  and aqF   being equal in magnitude and opposite in 
phase. Our next step is to show how this happens.

on the pole pitch of the inductor. This is where the main 
excitation winding is located. It is assumed that the com-
pensating winding will be located in the large tooth zone 

The university course on electrical machines touches 
upon the question of equivalence of the excitation wind-
ing MF and the armature winding MF. Particularly, it 
draws a comparison between the fundamental spatial 
harmonics of the magnetizing forces of these windings.

Fig. 1. Vector diagrams of a synchronous generator with direct and transverse excitation

Fig. 2. Inductor with the zones of main and compensating 
windings
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excitation winding MF to the transverse armature reac-
tion MF (taking into account possible placement on the 

2
1sin8

12

aq

q
aq F

F
K  .

In the absence of armature winding data, one can 
employ the phase reactivity; its value is easily either es-

2
02

p
wk

kk
lD

fmxa .

The quantities included in this formula are well 
known, so there is no need for explanation. Let us multi-
ply xa by Ia  (m

2
2

02
2

2
aaa I

p
wkm

kk
lD

fIxm .

This allows calculating the MF of the armature reac-

lDf
kk

xmIF aaaq
0

2 , 

as well as the sought-for MF of the transverse excitation 
winding as a function of the active component of the load 
current Ia

tI
lDf

kkmxF aaq
0

2

2

2
1sin8

1 ,

or F q kcIa(t);

lDf
kkmxk ac
0

2

2

2
1sin8

1 , 

where kc is unit conversion factor.
The control action is ultimately the voltage across 

the transverse excitation winding. Its value is established 
using the considerations below.

tIktU a
,

where k  is the reduction factor depending on the sensor 
circuit.

The MF of the transverse excitation winding is equal to

tU
k
k

tIk
r

U
wF c

ac
q

q
qq ,

whereof the control action is equal to

tUktU
w
r

k
k

tU
q

qc
q ,

where w q is the number of loops in the transverse excita-
tion winding, and r q is its active resistance.

tromechanical process of the generator entering the full 

point not accounting for how it has been achieved). The 
generator is not yet compensated and is in a state cor-

a. As 
-

advertently leads to the dependency Iq < Ia; hence, the 
armature reaction MF Faq will be less than Ffq F q . 
That is, there appears an excess MF Fq  aligned in the 
positive direction of the transverse axis. The magnetizing 
force Ffq -
ates the EMF q and together with d forms the resultant 
EMF . Along with the voltage vector, the latter con-

sin
dx
UE

P .

In the initial steady-state mode, the mechanical pow-
er P  and the electromagnetic P  are balanced, which 
corresponds to the equation of dynamic equilibrium giv-

2 PPpTj .

It is evident that at P P , the rotor acceleration 
(p

According to this condition, the value of E  de-
pends only on the active component of the load cur-

and the voltage U  is greater than 
 which corresponds to the given steady-state 

leads to an increase in the generator’s electromagnetic 
power and, as a consequence, the braking moment. As a 
result, the rotor speed will get a negative increment, and 

. 

in the braking moment, acceleration of the rotor and an 
.

Thus, the increment of the braking electromagnetic 
moment at Faq Ffq

, which corresponds to zero of the ro-

-
tor parameters can be measured or established based on 

reactance, and voltage from the active current sensor that 
is proportional to the active component of the load current.

the transverse excitation winding, which is equivalent to 
the MF of the transverse armature reaction. In this for-
mula, Iq Ia and the factor of reduction of the transverse 
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on the reactive load current, thus increasing the level 
-

sis of the equation of dynamic equilibrium showed that 
oscillations of the rotor torque angle while setting the 
new operation mode are damped at the control method 

excitation axis on the active component of the load cur-

of the armature phase and the geometric data of the  
generator.

CONCLUSIONS.
operation of a synchronous generator with longitudinal-
transverse excitation can be achieved when the magne-
tizing forces of the transverse reaction of the armature 
and the transverse excitation winding are equal; in this 

compensation in the entire range of possible operation 
modes, it is necessary to introduce feedback on the ac-
tive component of the load current in the transverse ex-
citation axis. In the direct excitation axis, only propor-
tional control of the generator’s armature voltage needs 
to be implemented, which makes one abandon feedback 
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