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ABSTRACT

The modern electric facilities are equipped by aagr
number of different mechanisms and devices activato
by Asynchronous electric Motor (ASM), the power of
these motors is equal to the power of the generatin
devices, where their most complicated working regim
is the starting when their power is equal to thevgroof

the generating devices.

In this regime we can have an overcharge of the
generating devices by the active and reactive power
For this reason, this article is dedicated to tiuelys of

the starting methods of asynchronous motors thairac
the mechanisms and that are powered by Asynchronous
Generating Diesel (AGD) with a limited capacity of
DRY value and a given couple of resistance.

Keywords: Reliability, Autonomous asynchronous
generator, starting of the asynchronous motorssidan
converter.

1. INTRODUCTION

There are several factors that considerably infleehe
characteristics of the asynchronous motors starting
process from a AGD, amongst these factor:

-The initial conditions of the process,

- The oscillation of frequency and amplitude of the
AGD tension, - The non linear character of the teilec
machines parameters used as an activator motdhndor
generator,

-The mechanisms resistant couple.

If we take into account these factors, the studyhef
transient regime in the AGD-ASM system using
analytical methods will be complex and will induce
high calculations uncertainties. In this articleg will
study the analysis of the regimes dynamics of the
starting from AGD of mechanisms with asynchronous
electric activator using a numerical method to ecéia
given precision of the calculations.

2. MATHEMATICAL MODEL OF THE
STARTING REGIME OF MECHANISMS
WITH  ASYNCHRONOUS ACTIVATOR
POWERED BY AGD
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2.1. General characteristic of the model

Studies performed previously have shown that for a
complete analysis of the common operating regime of
AGD and ASM, it is necessary that the mathematical
model takes into account the review of the trarisien
regimes for the direct starting of the motor, therting
through an auxiliary resistance in the statoricuiras
well as the starting through the Tension Conventétis
Thyristors (TCT). In addition to considering the
electromagnetic systems properties, the supplyirigeo
consumers by a three-phased tension under neungal |
the necessity in a large interval of the regulatérthe

key elements starting angle value (because the
activating mechanisms has the same power that the
generator) In the mathematical model, the functigni

of the TCT of 3TT type that is composed of two
thyristors connected head to foot in every phasthef
supplying line is described.

2.2. Mathematical model of the asynchronous motor
with short-circuited rotor.

In order to study the operating regime of ASM witie

auxiliary elements connected to its statoric ceik

have to write the composed differential equations i

relation to the statoric current and to the rotdoking

flux in a simple shape, in tie,,0) coordinate

system.

The ASM equations

di : 1
= =Rk s Tl i} 5

are the  folowing:
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Ly and Lyv :ASM’s rotoric and statoric flux

scattering inductances.
L,: Inductance of the auxiliary resistance.

Lyw :Mutual inductance of the ASM’s statoric and

rotoric coils .
W, :The pulsation of the ASM’s rotor rotation speed.

im - ASM statoric current .
¢\ :Hooking flux of the ASM’s rotor

The calculation of the transient regime in the A&M
performed in a relative units system, the nominal
current amplitudes and the generator tension d&enta
as basis value, the basis time is the same for the
processes calculation. The instantaneous valugkeof
motor current in the generator relative units systee
transformed using of the transfer coefficients

K, =

loc

iag andi,s : Basis values of the currents in the motor
and the generator relative units system.

The electromagnetic couple developed by ASM is
determined by the formula (2):

Cm = 'iﬁM —Y v dam

The equation of the movement of the mechanism axis
that action the ASM is:

dwy 1 Cem
——M - —Cy —=M
dr JX Com

Js: Sum of the inertias couples of the ASM mobile
mass and of the mechanism translated to the motor r
C.u : Couple of the mechanism resistance (N.m).

C_u : Basis value of the ASM couple (N.m).

To take into account the influences of the rotarent
and the saturation of the machine iron on the tiaria

of the rotation frequency at the starting time welude

in the mathematical model the relations linking tbtor
scattering inductance and the motor rotor active
resistance with the motor sliding.

f'em = (rnr ~I'm )gM
Liw = (Lnr Y )gM

Where:
I, : Active resistance of the rotor.
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L, :Rotor scattering inductance at the starting.
gy : Motor sliding (gy, =1)

C - Mathematical model of the Tension Convertehwit
Thyristors TCT For the development of the TCT
mathematical model we take into account the folfmui
The arm of each branch is composed of two thysstor
connected head to foot when the command signal
arrives to the thyristor trigger and become in ttesed
state regardless of the system tension wherepiteisent

at that given moment.

The thyristor remains closed so far the value @& th
current that crosses it is higher than the uphgldin
current.

In its closed state, the thyristor is replaced byaative
resistance; the drop of tension in this latter one
corresponds to the drop of tension value in theistor

in the closed state.

In its open state, the thyristor is replaced byaative
resistance in which the current becomes equal ¢o th
inverse current of the chosen thyristor.

Taking into account these simplifications, the cohof

the thyristors state is achieved by the analysieveiry
step of the command tension value calculation dwed t
value of the current that crosses it at that givement.

To achieve this objective, the mathematical modkts
into consideration the equations of the ASM phase
current derived from the first two equations of the
system (1)
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Ua: a
-U, 3
Ub = a +7Uﬁ
-U 3
Vo=t Y

U,,Upand U, tensions of phases of AG
U\ : Tension between the neutral points of the AG and

ASM statoric coils.

The functioning algorithm of TCT in the lack of a
neutral link line in the naval network is limiteg three
possible conduction regimes that are:

- Three-phased conduction: closed arm for all phase

- Two-phased conduction: closed arm for any phase.



- Neutral conduction: open state of the arms fa th
three phases.

For the TCT chosen types, taking into account the
previous simplifications on the asynchronous magfin
symmetry,

U value can be determined for any time moment. At

the time of the functioning of the symmetrical étac
machines,U  is different from zero only in the case of

the two-phased conduction. For the thyristors trat
used in the model and at the time of passing fr&i T

to any

conduction state that precedes the two-phasedtbee,
initial values of the currents in the phases of rope
thyristor are equal in value but opposed in phasehe
other handJ because in the AGD-ASM system, the
symmetrical regime still exists at the followingng
moment. The same current will cross the two phases
with open thyristor.

In these conditions, the instantaneous valué Qf can

be calculated using the system of equations (7) tha
leads to the following values:

The phase (a) closed:

d 1
Uy =[Ub+UC+L1. ”g;’“" jr
*=sM

The phase (b) closed:
d
Uy I(Ub+UC_L1{1dwaM —\/§ wﬂM }] 1

2 dr 2 dr )[2Ly,
he phase (c) closed:

Uy =| U, +U, - L] L 9% RELT !
NTLTaTTE M2 dr 2 dr [ 2Ly,

The opening of the thyristors command signal isnfed
using the command law taken for the TCT.

3. ALGORITHM OF CALCULATION OF THE
STARTING REGIME

The simulation by MATLAB software of the system

((1) - (5)), using the Runge-Kutta method, hasvedid

us to get the following results of the ASM starting

powered by AGD.
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Figure 1: Variations of the Is current in termstuoé
time for a direct ASM starting powered by AGD
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Fig. 2. Variations of the electromagnetic couple
according to the time for a direct ASM starting oed
by AGD
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Fig. 3. Variations of the angular speed Wr accardm
the time for a direct ASM starting powered by AGD.

We notice on the three previous figures that attitne

of the direct ASM starting powered by AGD, the
existence of peaks of statoric currents and pedks o
couple that can be the origin of the machine destm

by overheating, especially in the case of excessive
repetitions
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Fig. 4. Variations of the angular speed Wr anduhe
tension according to the time for an ASM startirithw
a TCT powered by AGD

We notice on this figure that for this type of stag the
variation of tension that powers the ASM is progres.
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Fig. 5. Variations of théscurrent in terms of time for an
ASM starting with a TCT powered by AGD
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Fig. 6 . Variations of the electromagnetic couptarGn
terms of time for an ASM starting with a TCT powere
by AGD

We notice on the two previous figures, the absesfce
any current or couple abrupt peaks. The resultimog d
of tension that and mechanical shocks due to th&abr
apparition of the couple. The starting time in tbhase
can exceed the direct starting time by severalgime
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4. COMMAND OF THE STARTING REGIME
BY A TENSION CONVERTER WITH
THYRISTORS

For an ASM starting, the limitation of the currgmtaks

can be obtained not only by the reduction of thmesiten

amplitude via the introduction of the auxiliary
resistances in its statoric circuit, but also usotber
regulation methods of this tension value in theicks/
that allow the command of this starting regime, by
means of varying the commutation of the allowed or

blocked state of the semiconductor components
(thyristor, power transistor, triac).
The most efficient activators of asynchronous

mechanisms are the starting devices constructettheon
basis of Tension Converters with Thyristor (TCT)
commanded by a phase angle. For an automatic
command of the starting regimes of the asynchronous
activators mechanisms, several solutions exiseatis.
Amongst them we can mention the solution that uses
gradators, where the power circuit includes in gver
phase two thyristors assembled head to foot; the
variation of tension that powers the ASM is progres

and is obtained via varying the conduction time by
phase angle of these thyristors during every heidfol

(fig. 7).
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Fig. 7. Block diagram of the ASM starting through a
gradator

This type of starting limits the call of currentiet
ensuing drop of tension and the mechanical shocks
resulting from the brutal apparition of the coupher

the ADG energizing systems linked to an excitation
device (DRY) whose action rapidity can be compaced
the action rapidity of the command system by phase
angle of the TCT key elements and which can have a
positive effect if we introduce in the TCT autonaati
system a negative return loop between the staatinge

of the thyristors’ triggers and the drop of tension
between the AGD limits. The possibility to use ateyn

with TCT for the ASM starting command from an AGD
is represented on the figure (8). For the elemeifits
commutation we use some photothyristors that can be
commanded by a luminous impulse. To assure a
galvanic insulation between the power circuit ahd t
command circuit at the time of the of the instidiat
functioning, the primaries of the impulsion transfiers
T1-T3 are joined with the AGD statoric coils , the
secondary of these transformers are plugged with th
Zener diodes DZ7-DZ12 stabilizing the phases tessio



If a drop of tension appears the phase changeshand
length of the command Iuminous impulse that
determines the value of the starting angle of the
photothyristor also changes. The choice of the
command tensions phase angle and the parameters of
the photothyristors allow the creation of a negativ
return loop by a drop of tension. We can have gelar
regulation interval of the photothyristors startiaggle

by means of the formation of the phase commandkign
that has a tension which exceed the anode-cathode
tension of these photothyristors in a varying indér
between 30° and 120°. The relation of the
photothyristors starting angle with the tension ggha
amplitude is determined by the equation (8)

7l .U,k
a:—+arcsm%

m

Where:

Q : Pothothyristors starting angle
U ;: Stabilizer tension
K; : Transformers transformation coefficient

. Amplitude of the tension phase instantaneous
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Fig. 8. Electric diagram of the ASM starting powre
by AGD through a TCT
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Fig . 9 . Functioning chronogram of the photothigris

We take into consideration the variation characfehe
ASM power coefficient at the time of its startirithe
chosen regulation interval of the starting angle is
sufficient to command this starting because it ezsu
the conditions of TCT functioning in the case akthor
two conductor arms.

On the figure (10) we represented the oscillograrofs
the regime in the case of an ASM starting through a
TCT. The curves represent the effective tensiomiejal
the frequency of the diesel generator activator tued
starting duration of ASM for different powers. The
comparison between these features and the parameter
of the ASM'’s direct starting regimes (fig(1)-(2)nonits

to point out that the use of the TCT lead to therdase
the drop of tension in the load, the starting timehis
case can exceed the time of direct starting byraéve
gultiples.
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Fig . 10. Oscillogramme of the ASM starting powered
by AGD through a TCT



5. CONCLUSION

We have developed a mathematical model of the
common functioning regime dynamics of the AGD and
of the mechanisms with asynchronous actionneurs Thi
model takes into consideration the elements of the
following system:

1- Diesel, asynchronous generating, asynchronous
motor with auxiliary resistances in the statoriccait
with a resistance couple on the corresponding akis
the different mechanisms, tension regulator with
thyristors, the calculation parameters of the fierts
regimes are closer of the experimental data with a
precision around 13%.

2- The calculations of the parameters of the
asynchronous machines starting regimes of 4A, AN an
AO series, for a capacity of DRY equal to 1.45 pd a
for a limitation of tension drop on the bordersAgsD

of 20% of Un, give a steady direct starting of the
asynchronous machines of a power of 20 to 25% &f th
nominal power of AG, without limitation of the téos
drop value and for the same value of DRY capadity t
AGD can assure a direct ASM starting with a power o
30 to 40% of the nominal power of AG.

3- The analysis of the possibilities of the startingime
command of the mechanisms with asynchronous
actionner by a AGD with the use of a TCT with
negative return loop between the angle of the shyrs
triggers opened state and the drop of tension en th
borders of AGD, shows that by this method we can
limit the drop of tension on the borders of thedeand
can increase the unit of motors power started for a
limited value of the DRY capacity. We noticed thiag
couple developed by ASM in the time of starting
through a TCT has a smaller value compared to the
starting through auxiliary resistances for the saalee

of tension drop that appeared on the AGD borders.
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