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There has been followed the effect of the two excitation systems upon the dynamic stability of synchronous machine. The
dynamic electromagnetic torques, the electrical angular speeds of the main rotating field, and that of the rotor are simulated in
detail; the dynamic magnetic stresses are also specified. By simulation, the currents of all the machine windings can be
determined, so on this basis, all the electromagnetic and mechanical stresses are specified. The qualitative and quantitative
results are useful both in the design stage of synchronous machine and in the industrial practice.

Accordingly, the matrices A, B have the form

1. INTRODUCTION
At present by the side of synchronous machines in
classical construction, with electromagnetic excitation (SMEE),
[1–3] there are also manufactured, in a large range of
power, permanent magnet synchronous machines (PMSM),
with known advantages and disadvantages and which are
the issue of many researches [4–13].
In order to really obtain competitive performances with
PMSM, in the design stage it is absolutely necessary to
simulate the specific dynamic processes which are to specify
the electromagnetic and mechanical stresses; the parameters
and constructive solutions are only finalized on this basis.
Generally advanced dynamic mathematical models of
synchronous machine (using circuit theory, field models or
circuits field) are proved to be a valuable mathematical tool,
which provides plausible quantitative results. The simulations
are also proved opportune in industrial working for predetermining the machine behaviour in anticipated dynamic
processes.
In this paper there are analyzed comparatively the
dynamic performances, by using circuit theory, of a certain
synchronous machine, which has the rotor with electromagnetic
excitation or with permanent magnets; the same damping
windings in D, Q axes are considered. The particularities of
the dynamic behaviour of high power synchronous machine
are analyzed in [14].
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where T”d0, T”q0, – rotor time constants for open stator
winding.
For SMEE, the currents of the windings are considered
as state variable with
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2. DYNAMIC MATHEMATICAL MODELS
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Park voltage equations for both excitation systems are of
the form [15], (see and [4])
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X is the matrix of the state variables and A, B are
matrixes dependent upon the state variables.
For PMSM, the hybrid model is considered with

Lmd

.

(3)

The equation of motion is added to the voltage eqs. (1),
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where for PMSM
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m=

and for SMEE
m=

In equations (1–10) ui, ii, ψi, Ri, Li are voltages, currents,
flux linkages, resistances and inductances. The indices i=d,
q and i=D, Q, E refer to the stator and rotor; ψp – the
permanent magnetic flux linkage. The index σ is attached to
the leakage inductances and the subscript m to the cyclic
magnetization inductances. J is the rotor inertia and m, Mr
are the electromagnetic and load torques.
The speed ω ψ of the main magnetic field ψ , during

Fig. 1b
Fig. 1 – Characteristics m(θ).

m

the dynamic processes will be [4]
dϕ
ωψ =
+ ω,
dt
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where ω is the electrical speed of the rotor, and
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ϕ specifies the position of ψ
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in the (d, q) reference frame.

The system of equations (1–14) is generally valid,
irrespective of the dynamic state considered.
Fig. 2a

3. SIMULATION RESULTS

There is considered a synchronous motor, with given
parameters of the stator and damping windings. The main
excitation flux is ensured: a) by a permanent magnet, b) by
an excitation winding, E. The parameters used for simulations
are given in the appendix. Sudden application of a load
torque is considered. The effects of the excitation systems
upon the dynamic performances of the synchronous
machine are compared, where there have been plotted
representative characteristics regarding electromagnetic
torques the main magnetic field, the electrical transient
speeds of the main magnetic field and of the rotor and. The
figures affected by indices a, b refer to PMSM and SMEE
respectively. In points 1 the load torque is applied, in points
2 the dynamic process ends; for electromagnetic excitation
the dynamic excitation process is also plotted (zone (0, 1)].

Fig. 2b
Fig. 2 – Characteristics θ(t).

Let us consider Mr =10 Nm.

Fig. 1a

Fig. 3a
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Fig. 3b
Fig. 3 – Characteristics ωψ(t), ω (t).

Fig. 4 – Characteristic (ψmd, ψmq).

The dynamic starting process analyzed in [4] is not
considered. The zone (1, 2) is analyzed preferentially.
In Figs. 1a, 1b there are plotted angular characteristics
m(θ). It is noticed that finally the synchronous operation is
preserved, as expected, with the same internal angle.
By comparing the characteristics, it results that there is a
transition 1→2 sensitively oscillating and with higher
dynamic torques in case of electromagnetic excitation. The
characteristics θ(t) given in Figs. 2a, 2b are sensitively
different, but there is no oscillating character as before; a
longer duration of the dynamic process is noticed in case of
electromagnetic excitation.
Figure 3 emphasizes a tight connection between the angular
speeds ω (t), ωψ(t). In case of permanent magnet, the dynamic
process, with oscillations including over-synchronous
oscillations, is quickly damped; in case of electromagnetic
excitation these oscillations are larger. In Fig. 3b, the whole
dynamic process (including the zone (0–1) is detailed. In Fig. 4,
there is plotted dynamic characteristic (ψmd, ψmq), by passing
1→2 for estimating the magnetic stresses. In case of
electromagnetic excitation, there results a characteristic having
practically the same evolution, with the same coordinates of
the points 1, 2.
Let us consider M r= 15 Nm. The same characteristics are
plotted. At the end of the dynamic process, the synchronous
machine loses the synchronism in both excitation systems and
enters an oscillating asynchronous quasi-steady state operation.
In case of electromagnetic excitation, the dynamic process of
the excitation voltage increase to uE = 6 V is also analyzed.
Figures 5a, 5b1 represent the characteristics m(θ). Figure
5a shows how it passes from the point 1 to an oscillating
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asynchronous operation on a limit cycle; the oscillation limits
of the electromagnetic torque clearly result.
The moment when uE = 6 V is applied, can determine
synchronization or deepening the asynchronous operation of
the machine.
Figure 5b1 represents the whole evolution from the
moment when the machine is excited until it passes on a
limit cycle, determined by applying Mr = 15 Nm in 1.
Figures 5b11 and 5b12 are plotted for clarity. In Fig. 5b12
the limit cycle is exclusively plotted. Applying uE = 6 V and
leaving the limit cycle at different moments, end with
synchronization in Figs. 5b2, 5b2det or 5b3 which
emphasizes the unstable operation. To be noted the major
difference between the limit cycles from Figs. 5a and 5b12
caused by the excitation systems.

Fig. 5a

Fig. 5b1

Fig. 5b11
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Fig. 5b12
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In Figs. 6 there are plotted the characteristics θ(t).
Figures 6a, 6b1, 6b2, 6b3 correspond to the dynamic
processes detailed respectively in Figs. 5a, 5b1, 5b2, 5b3.
Figure 7 corresponds to the characteristics ωψ(t), ω(t).
Figure 7a details the transition to the asynchronous operation
with practically sinusoidal oscillations. Figures 7b1, 7b2, 7b3
are the correspondents of the Figs. 5bi and 6bi (i = 1, 2, 3).
In Fig. 7b1 the whole dynamic process (including the zone
(0–1) is detailed, for an overview image. Applying of
Mr = 15 Nm causes a first group of oscillations, practically
damped, round the synchronism speed, followed by an
oscillating asynchronous operation (corresponding to the limit
cycles from Fig. 5b1), with important correspondent
oscillations, which suggest a major distorting state. Applying
uE = 6 V at different moments is followed, in Figs. 7b2, 7b3
by the synchronization process, respectively by an unstable
operation, with important oscillations and by ever larger
pulsations of ωψ as the rotor speed decreases.

Fig. 5b2
Fig. 6a

Fig. 5b2det
Fig . 6b1

Fig. 5.b.3
Fig. 5 – Characteristics m(θ).

Fig. 6b2
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Fig. 6b3
Figs. 6 – Charateristics θ(t).

Fig. 7b3
Figs. 7 – Characteristics ωψ(t), ω(t).

Fig. 7a

Fig. 8b2

Fig. 7b1

Fig. 8b3
Fig. 8 – Characteristics ψm(t).

Fig. 7b2.

Fig. 9a

6

Dynamic stability of two types of synchronous machines

150

The mathematical models used take into consideration
fundamental processes in the machine and, consequently, the
quantitative results obtained are realistic and useful in the
design stage, as well as in industrial practice.
To be noted that at this detailed level of analysis, some of
them, can be obtained only this way.
APPENDIX

Fig. 9b2

The synchronous motor parameters used for simulation
are
Rs = 2Ω,
RD= RQ= 4.5 Ω,
Lmd=Lmq=0.21 H,
LDσ = LQσ = 0.034 H, Lsσ = 0.032 H, p = 2, J = 0.048 kgm2,
for:
a) PMSM, ψp= 0.98 Wb;
b) SMEE the winding E, with LEσ=0.038H, LDE = 0.015H,
RE = 0.86 Ω, uE = 4 V, ψEd=ψp is introduced.
Received on March 10, 2018
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Fig. 9b3
Fig. 9 – Characteristics (ψmd, ψmq).
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