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Abstract: It was analyzed a naval power system which should ensure the power supply of different
consumers. The systematic operations of marine energy systems are based on mathematical models
describing the function of specific generators and consumers.
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1. Introduction.
Naval power system consists of synchronous
generators driven by diesel engines. Consumers
are classified according to electric power and the
importance of the various stages of their use.
During the operation of vessels may appear
different events that should be assessed and
controlled so that safety of the ship is not
affected. Using mathematical equations of the
generator and consumers ship operation was
analyzed regarding energy for stable and unstable
conditions.

2. Mathematical equations

Mathematical model of synchronous generator is
characterized by the equations [1,2.3]:
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Dynamic stability of the power system is

performed by the system of differential equations.
Machine parameters are:

Mps = 0.04 [H] mutual inductance of the
d axis stator;
MQq = 0051 [H] Mutual inductance q axis stator;

M, =1 [H] mutual inductance excitation;
M, =0.53 [H] mutual inductance excitation;
LQ = 0.23 [H] inductance of q axis;
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L,= 0.07 [H] inductance of the d-axis stator;
Lg = 0.06 [H] inductance of the q axis stator;
L, = 0.06 [H] inductance of the axis d;

L. = 17.49 [H] inductance of the excitation;
R, = 1.4 [H] stator resistance;

R =39 [Q] resistance of excitation;

R, = 7.86 [Q] resistance of the axis d;

RQ = 29.33 [Q] resistance of involution q axis;

W, =0.6 V3 [W b] nominal stator flux
We noted:
|, = X -stator current axis d,
|, = Z -stator current axis g,
I =Y current excitation,
I ;= D current of the axis d,
I, = Q current of the axis g.

Analyzing 2 cases of operation:
- stable operation to a variable load
- unstable operation at short.

3. Naval stable operation of the power
system

It is shown below the stable naval operation of the
power system using a major consumer of naval
vessels (fire pump, ballast pump). The results
presented below are three cases providing
voltage regulators, frequency, and excitation.
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Fig.6. Variation in time of current
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Fig.1. Load angle variation in the three cases
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Fig.8. Variation in time of stator flux
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Fig.9.Statoric tension variation over time

Fig.4. q axis stator current variation
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Fig.10. Changes in time of mechanical angular
velocity
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Fig.11. Variation in time of tension Iz

The results and numerical simulations show that
the power system is stable and lead to the
following conclusions:

1. For the first charge, load angle is stabilized
between 1.5 [s] to 2 [s];

2. The voltage for the stator windings decreases
from 380 [V] at 263 [V];

3. angular speed of the rotating magnetic field of
the stator has an oscillating and goes to 209.3
[rad / s];

4. RMS current excitation is 1.2 [A];

5. the effective value of the stator current
oscillates around 25 [A];
6. highs current amortization periods are

contained in one [s], 1 [s] 2,5 [s].

7. magnetic flux oscillates around the nominal
value;

8. electromagnetic torque changes over time.

4. Operation unstable of naval power
In three cases, by simulation, they obtained the
following results:

[}

05
I MNN;NM«,
3 11)0) B gy
b4 06 03 1 12 14 16 18 I
[y

!
a) b). c).

2 M')'Lﬁmum.\

002 04 06 00 1

200
DOI: 10.21279/1454-864X-16-11-034

Fig.13. Variation of stator voltage U while
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Fig.14. Variation in time of current stator

126 J\Jf\“\\ 15
14 uef | 1‘\,\‘ B ‘[
Bl i 121 1‘ f 14 \n'\
B[ — VA
Iﬂ 0 84 06 00 1 12 14 16 1 2 In nE‘: ﬂl;‘ 006 Zliﬁ le L] 1 I ; '
3l b). c).

Fig.15. Variation of stator flux in three cases
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Fig.16. Time variation of the electromagnetic
torque

Analyzing further, through numerical
simulations, naval power system operation, we
found that after about 0063 seconds, it becomes
unstable, leading to the following conclusions:

1. the absolute value of the load angle becomes
higher than 180 degrees;

2. voltage stator windings becomes null;

3. stator current varies very much;

4. the stator flux than nominal value;

5. magnetic coupling between the stator and rotor
is asynchronous.

If the generator is out of synchronization
and power system works unstable.

© 2015. This work is licensed under the Creative Commons Attribution-Noncommercial-Share Alike 4.0 License.



“Mircea cel Batran” Naval Academy Scientific Bulletin, Volume XIX — 2016 — Issue 1
Published by “Mircea cel Batran” Naval Academy Press, Constanta, Romania // The journal is indexed in:
PROQUEST / DOAJ / DRJI / JOURNAL INDEX / I20R / SCIENCE LIBRARY INDEX / Google Scholar / Crossref /
Academic Keys / ROAD Open Access / OAJI / Academic Resources / Scientific Indexing Services / SCIPIO

CONCLUSION

The paper presents two types of power system dynamic naval operation: stable and unstable
operation. In the case of stable operation of the system resulted that it works stable over a finite time interval,
after which the generator comes out of synchronization resulting in unstable operation of the system.

In numerical simulations was used the orthogonal model of synchronous generator. Using frequency voltage
regulators and leads to stable operation of the system, the most difficult thing is determining the constants of
these regulators.
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