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STUDY ON THE START-UP OF NOT SALIENT-POLE OF SYNCHRONOUS ENGINE 

 
The start of synchronous electric machines (SEM) intended for the mechanisms with large inertia moment must 

be carried out from the reduced voltage, with this aim start devices of different kinds and structures including on the 

basis of semiconductor converters of electric power are used [4,5].   

One of the basic objectives in the determination of the direction and strategy of study concerning development 

and practical realization of energy efficient systems and laws of their control for synchronous electric machines SEM 

start is a formulation of an adequate mathematical model of a machine in the different systems of coordinates and 

analysis of transfer functions in different control actions. 

In order to formulate the mathematical model the generalized system of differential equations of salient-pole 

Park-Gorev SEM in the vectorial form of record was taken as a principle [2,3,6]. 

As a rule, mathematical models SEM are built in the different systems of coordinates taking into consideration 
aims and convenience in problem-solving [1,3]. 

For the study it has been chosen the fixed (ωɄ=0) coordinate system α and ȕ, coordinates of variable is denoted 

аТЭС ТЧНТМОs → А, ȼ. (index s  is referred to the parameters of a stator, index R is referred to the appropriate parameters 

of rotor winding; index f – to the parameters of drive winding). 

The obtained quotations (1) have been used for the study. The model is nonlinear at the expense of the presence 

of cross couplings in the operating torque and counter-EMF rotation induced at the motor winding. 
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The solution of equations (1) makes it possible to study the transient processes at salient-pole and nonsalient-pole 

SEM with different laws of formations of phase voltage of motor, excitation current and load.  

In order to solve the assigned task Fortran software has been used. For the solution of nonlinear multiply con-

nected differential equations the Runge-Kutta method of the 4th level has been used. 

The model adequacy of the synchronous machine in the coordinates of the stator current - ȥS is  is confirmed with 

the results of the calculation, presented in Fig. 1,2,3 – that coincide with the results published in technical literature. 

Actually, steel magnetic saturation can be observed at SEM. The calculation of saturation effect should be carried 

out by means of restriction of steel magnetic flow and rotor. The saturation effect can be obtained using the simple 

algorithm: 
 

                                          if ȥs > ȥNas,  then  ȥs = ȥNas                                                            (2) 

if ȥR > ȥNas, then  ȥR = ȥNas 
 

In Fig. 4-6 the machine modeling of the transient processes at synchronous machine with steel saturation have 

been shown.  The steel saturation has been formulated by the system of equations (2). 

The transient processes at the stator and rotor currents before synchronism input are analogue to the processes 
without saturation. At synchronism input currents contain high-frequency components causing higher electric power 

consumption. 
 

Fig. 1 The machine modelling of 

transient processes at moment  

Ɇ and rotation frequency Ȧ of 

synchronous machine at direct start 
 

Fig. 2. The machine modelling 

of transient processes at interlinkage 

of stator, rotor and excitation of 

motor at direct start  

Fig. 3. The machine modelling 

of transient processes at current of 

stator, rotor of synchronous machine 

at direct start 

Fig. 4. The machine modelling of 

transient processes at moment  

– Ɇ  and rotation frequency ω of 

synchronous machine at direct start 
with steel saturation 

Fig. 5. The machine modelling 

of transient processes at interlinkage 

of stator, rotor, excitation and rota-

tion frequency ω of synchronous 

machine at direct start with steel 

saturation 

Fig. 6. The machine modelling 

of transient processes at current of 

stator and rotor of synchronous 

machine at direct start with steel 
saturation 

 

It is possible to improve dynamic and energy indices at a start of synchronous machine by means of use of a soft 

start – voltage and frequency varying linear during the time. The machine modelling of transient processes at current 

of stator, rotor of synchronous machine at a soft start with steel saturation have been shown in Fig. 7. 

The quality of the transient processes in currents at a soft start is improved to the moment of input of SEM in 

synchronism. Furthermore, the character of the transient processes will be the same as with excitation, taking into 

account the saturation. 

Fig. 8. shows the curves of energy consumption for the cases under study. 

According to the obtained results it can be noticed that at a linear start the energy consumption is 30-40 % lower 
in comparison with a direct start.  

Taking into consideration above-mentioned information it is possible to make a conclusion: 

1. The suggested mathematical models of the synchronous machine adequately reflect the processes performed 

in the real engine and can be used for the study concerning assessment of the effective use of different starting devices 

and laws of their control for SEM. 
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Fig .7. The machine modelling of transient process-

es at current of stator, rotor of synchronous machine at a 

soft start with  steel saturation 

 
Fig. 8. The machine modelling of energy consump-

tion at a direct start ȿɟ, start with saturation Eenas  

and at a linear start Elin 

2. The steel saturation of the synchronous machine lead to high-frequency generation, modulated by low-

frequency ones. The amplitude of peak current can achieve 40-90% of nominal values of the current.  

3. The energy consumption at a linear start is 30 - 40% less than at a direct start. 
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ȾɂɇȺɆɂɑȿɋɄɂȿ ɂ ɋɌȺɌɂɑȿɋɄɂȿ ɇȺȽɊɍɁɄɂ ȼ ȾȼɍɏȾȼɂȽȺɌȿɅɖɇɕɏ ɋɂɇ-
ɏɊɈɇɇɕɏ ɉɊɂȼɈȾȺɏ ȻȺɊȺȻȺɇɇɕɏ ɆȿɅɖɇɂɐ 

 

ɋɧɢɠɟɧɢɟ ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɫɵɪɶɹ ɢɞɟɬ ɩɨ ɩɭɬɢ ɫɨɡɞɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɛɚɪɚɛɚɧ-
ɧɵɯ ɦɟɥɶɧɢɰ ɛɨɥɶɲɨɣ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɟɪɟɞɚɱ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɫɜɵɲɟ 4500–5000 ɤȼɬ ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɞɜɭɯɞɜɢ-
ɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɟɪɟɞɚɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ ɤ ɛɚɪɚɛɚɧɭ ɞɜɭɦɹ ɫɢɥɨɜɵɦɢ ɩɨ-
ɬɨɤɚɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɚɹ ɦɨɳɧɨɫɬɶ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɜɟ ɩɪɢ-
ɜɨɞɧɵɟ ɲɟɫɬɟɪɧɢ ɢ ɡɭɛɱɚɬɵɣ ɜɟɧɟɰ, ɫɨɫɬɚɜɥɹɟɬ 15000 ɤȼɬ Д1Ж. Ɉɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ 
ɩɪɢɜɨɞɨɜ ɫ ɫɢɧɯɪɨɧɧɵɦɢ ɢɥɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ, ɩɨɤɚɡɚɥ, 
ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɜɵɪɚɜɧɢɜɚɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɚɯ ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɜɵɡɵɜɚɸɳɢɟ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ Д2Ж. 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ 
ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ. 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ «ɭɝɥɨɦ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ». ɉɨɞ ɭɝ-
ɥɨɦ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ   ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɪɨɬɨɪ ɨɞɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ, ɱɬɨɛɵ ɧɚɝɪɭɡɤɚ ɪɚɫɩɪɟɞɟɥɢɥɚɫɶ ɪɚɜɧɨɦɟɪɧɨ. 

Ɋɚɡɥɢɱɚɸɬ ɩɨɫɬɨɹɧɧɭɸ ɢ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ ɜ ɫɢɧɯɪɨɧɧɨɦ 
ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɦ ɩɪɢɜɨɞɟ. ɉɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ 0  ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɬ.ɟ. 


