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Abstract. In the paper the improvement of the structure of the system for connecting the main 

and additional generators to a common load and sharing active power between them has been 

developed. Increased accuracy and efficiency are achieved by measuring the generator rotor 

revolution period using an optical method, followed by data processing in a microcontroller. The 

considered system can be used to control ship synchronous generators of different power, which are 

connected to a common load, to ensure proportional distribution of active power between them. 

Key words: synchronization, load sharing, synchronous generator, functional structure. 

 

Introduction. There are many known devices for distributing active power between generators, 

in which the speed and load control system consists of a frequency sensor, an active current sensor, 

amplifiers, which are connected to the generator through current and voltage measuring transformers 

[1, p. 30; 2, p. 1714]. If the load is unevenly shared, the voltage at the output of the sensors of 

overloaded generators will be higher than that of the sensors of underloaded generators. Eventually, 

the servomotors begin to rotate and change the frequency settings of the diesel engines so that the 

speed characteristics of the generators begin to move until proportional load sharing is achieved. A 

disadvantage of the known load sharing devices is the technological error that occurs when installing 

disks with N-1 regularly spaced grooves for collecting optical information about the revolution period 

of the diesel engine on its shaft [3, p. 373]. Accuracy can be obtained within 2–3 % of the generator 

rated power if load sharing control signals are generated directly in the generator. 

The purpose of the work is to improve the synchronization and active load sharing system by 

introducing a sign-controlled technological phase error when installing disks with N-1 regularly 

spaced slots for collecting optical information about the revolution period of the diesel engines on 

their shafts, which can be excluded from the control signal by means of a microprocessor unit. 

To achieve the aim of the research, a functional structure of a system for connecting the main 

f1(Gener) and additional generators f2(Gener) to the common load fn(Lн,Rн) and active load sharing 

between them is being developed, which contains the main f1(Gener) and additional f2(Gener) 

generators, the outputs of which are connected through switches [&3]1 and [&3]2 to the common load 

buses fn(Lн,Rн). The simplified functional structure of this device in the form of an analytical 

expression is presented in Fig. 1. 
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Fig. 1. The simplified functional structure of the prototype 

 

In this case, each of the generators f1(Gener) and f2(Gener) is functionally connected by an axis 

with the drive motors f1(Driv) and f2(Driv) respectively, with individual settings ↓↓↑ΔLP
1 and 

↓↓↑ΔLP
2, which change the load of the main f1(Gener) and additional f2(Gener) generators. On the 

rotation axes of the drive engines f1(Driv) and f2(Driv) in accordance with the analytical expression 

presented in Fig. 2, the functional structures of the disks f1(Diskω) and f2(Diskω) with N regularly 

spaced slots are installed for retrieving optical information about the revolution period (Tt)1 and (Tt)2 

of the drive engines f1(Driv) and f2(Driv). As shown in [4, p. 347], the optical measurement system 

can be effectively used to measure either primary drive shaft revolution period or rotor angular 

position with high precision. 

 

 
Fig. 2. The structure of the system presented in the analytical form 

 

In this case, the first groove is made n times smaller than the other grooves, and the disks 

f1(Diskω) and f1(Diskω) have optoelectronic sensors f1(n-p↑hν), f1(
↓hνn-p) и f2(n-p↑hν), f2(

↓hνn-p) with 

outputs for activating information arguments ΔUm
ω(Tt)1 и ΔUm

ω(Tt)12, which are connected to inputs 

f1(Port) and f2(Port) of the microprocessor unit f1(Core). In this case, the outputs (1Start)↑ and 

(2Start)↑ of the microprocessor unit f1(Core) are connected to the inputs of switches[&3]1 and [&3]2, 
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and the outputs f1(
↓↑Δωsm) → ↓↑ΔLP

1↑ and f2(
↓↑Δωsm) → ↓↑ΔLP

2↑ are connected to the stepper motor 

control unit of the drive engines f1(Driv) and f2(Driv), which are functionally linked to the 

corresponding setpoint. With their help, the load of the main f1(Gener) and additional f2(Gener) 

generators is changed. 

The functional structure of connecting the main f1(Gener) and additional generator f2(Gener) to 

the common load fn(Lн,Rн) and active load sharing between them is implemented as follows. In 

accordance with the mathematical model presented in Fig. 3, at the first stage of connecting the main 

f1(Gener) and additional f2(Gener) generators to the common load fn(Lн,Rн), a start signal (↓Start)1 is 

supplied to the memory device f3(RS), which is output from f3(RS) in the form of an active argument 

is supplied to the first inputs of the first and second additional switches (&1) and (&2). Starting 

arguments ↓(1Start) and ↓(2Start) are supplied to the second inputs of these switches from the outputs 

of the microprocessor unit f1(Core) to activate switches [&3]1 and [&3]2 “Common load” fn(Lн,Rн). 

Their activation is controlled by the microprocessor unit f1(Core). 

 

 
Fig. 3. The improved functional structure of the system 

 

To do this, the primary drives f1(Driv) and f2(Driv) are started, the axes of which are 

functionally connected to the functional structures of the disks f1(Diskω) and f2(Diskω) to activate the 

information arguments ΔUm
ω(Tt)1 and ΔUm

ω(Tt)2, which are supplied to the inputs f1(Port) and 

f2(Port) of the microprocessor unit f1(Core) for subsequent comparison with the reference information 

arguments [Uj]T of the rotor revolution period of the drives f1(Driv) and f2(Driv), which are supplied 

to the input f3(Port). In this case, the microprocessor unit f1(Core) activates the outputs f1(
↓↑Δωsm) → 

↓↑ΔLP
1↑ and f2(

↓↑Δωsm) → ↓↑ΔLP
2↑, which are connected to the control unit with a stepper motor of 

the primary drives f1(Driv) and f2(Driv), signals for correction (Momω
Rotor). It should be noted that 

activation of switches [&3]1 and [&3]2 for connecting energy arguments ±φ1-3Uout
1 of generator 
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f1(Gener) and ±φ1-3Uout
2 of generator f2(Gener) to “Common load” fn(Lн,Rн) is performed either 

simultaneously or sequentially. 

Conclusions. The improved method of optical control of the revolutions period of the rotors by 

means of a laser disk with written information sectors on it has been used. The use of the proposed 

technical solution, which has been presented in the form of the functional structure, for the generators 

synchronization system and the active load sharing between them when operating at a common load 

will eliminate technological errors that lead to uneven active load sharing between generators and 

increase the efficiency of the system. 
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Анотація. Розглянуто модернізацію електроприводів фрезерних верстатів. Ці верстати 

широко використовуються в Україні останні роки. Удосконалення здійснюється за допомогою 

комплектного асинхронного електропривода Lenze з векторною системою керування. 
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