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Abstract: This paper presents a study of multi-motor drive systems, which are utilized to 

synchronize the rotation of non-directly coupled mechanical systems that use identical induction

motors. These systems are known as the synchronization systems and the most popular synchronization

systems are: the synchronization systems with auxiliary machines (number of auxiliary motors equal

number of main induction motors), electrical shaft systems, (common additional resistor in the

common rotor circuit) and the electromagnetic working shaft systems (common inductive rheostat

element in the common rotor circuit). In this work we suggest a synchronous drive system with

electro-electromagnetic working shaft synchronization systems with inductive-resistor control element.

The system will determine the inductive-resistor control element effect on the synchronous capability

and recovery time of the system.
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INTRODUCTION

Multi-motor drive systems are utilized in a number of applications such as belt driven systems, airplanes

flaps, cranes, cutting tool machines, lifting machines and many other applications Obe and Senjyu (2006).

Usually in most of such applications, the motors are mechanically coupled, on the other hand, there some other

systems in which the motors are not mechanically connected. Such systems are called synchronously multi-

motor control system. A vital aspect in synchronously multi-motor control systems is the precise the equality

of the speeds for all motors taking part in the system, despite of the differences of the loads and the direction

of motion, this behavior is called the synchronous capability of the system Erik Kyrkjebo et al., (2007). The

performance of these systems is very much related to the motors to be operated at the same speed regardless

the load on the working shaft of each motor. The more the difference between loads, the more the

synchronization power of the system is required. Having what was mentioned above in mind, any change or

improvement of the system should take into consideration the synchronization ability in addition to performance

factors.

In the practical applications, the motors can be controlled by varying the applied frequency of the stator

voltage. In order to have a reliable synchronously multi-motor drive system controlled by the variation of the

frequency, a PWM inverter need to be utilized and it should be driven precisely with the aid of high precision

speed sensors. In this paper we suggest the use of electrically coupled slip-ring induction motors. In such an

arrangement, the rotor electrical circuits are coupled together to regulate the speed of synchronously multi-

motor drive system. The electrical coupling between the slip-rings motors can be implemented by three types

of schemes, namely: i) synchronization with auxiliary machines, ii) synchronization with electrical shaft, and

iii) synchronization with electromagnetic working shaft. In this paper, the principle of operation for the control

systems and the advantages and disadvantage that are related to the synchronous capability and recovery time

in deferent operational states will be presented for the synchronization with electrical shaft scheme.

The Rotor Control Synchronization System:

A-Synchronization with Auxiliary Machines:

The synchronization with auxiliary machines depends on the direct coupling between each main motor and

an auxiliary motor. Given in figure 1, a drive scheme with two auxiliary synchronous machines SM1 and SM2

each being directly coupled to the respective main driving induction motor M1 and M2. The system serves

to maintain the shafts I and II running in synchronism. When the drive motor M1 carries a greater load than

drive motor M2, the rotor of the first auxiliary machine will lag behind the rotor of the second auxiliary

machine by a displacement angle equal to (q). Due to the angular displacement (q), which arises between the

rotor electromotive force of both machines, an equalizing current will flow between the rotor windings and,
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thus, will produce a generative torque in auxiliary synchronous machine SM2 and a motor torque in machine

SM1.The synchronizing rotor voltage in this system is a function of the speed and at w = 0 it will equal zero.

At low speeds, the auxiliary synchronous machines will produce a low rotor voltage and, hence, only a small

synchronizing torque. This is a serious drawback, which limits the system’s practical applications. Furthermore,

the continuous operation of the auxiliary motors regardless of the existence of load difference is a major

drawback in these systems due to the reduction in the total system efficiency Howard et al., (1991).

Fig. 1: The system of synchronous rotation with synchronous auxiliary machines.

B-Synchronization with Electrical Shaft:

The electrical shaft synchronization scheme consists of two or more similar slip-ring induction motors

connected together by a common external resistor through their rotor’s circuit. The rotor coils are connected

to the same AC supply circuit, where the electromotive forces that are generated in these coils move towards

the additional resistor as shown in figure 2. For stable operation this system requires both motors to have

identical performance characteristics. For the case were the two motors are balanced, the displacement angle

á will be equal to zero. Therefore, the induced rotor voltages of both motors will be the same and in opposite

directions, thus there will be no current flowing in the rheostat. If the loads on the motor shafts are unequal,

part form the working currents flowing in the rotor circuit will flow into the rheostat. Therefore, an equalizing

current will be setup, passing only through the rotor circuit and passing the rheostat. Accordingly, one may

consider the torque developed by each motor as the sum of the working and equalizing torques.

adIn this system, the synchronous capability depends mostly on the value of R , since having this resistor

to vanish means the vanishing of the mutual influence amongst the main motors coils, and on the other hand

its increase means the increase in the resultant rotor voltage DE. The equality of the loads on the main motors

abolish this resistor whatever its value is and makes it a useless element of the system. Therefore the value

oof R  is determined, and the difference amongst motors loads should be known so that it would be easy to

adchoose a suitable value for R , which can ensure a high synchronized ability which eventually enables the

system to stay within the range of high synchronized ability with acceptable energy factors.

In the electrical shaft system, mechanical vibrations could appear at the starting process of the system

because of the difference in electromotive forces which are generated in rotor’s coils. This difference in the

electromotive forces is due to a possible difference in angular positions between motors coils (the rotor and

the stator). When the system stop working, the positions of rotor’s coils in these motors will be in any angular

positions with respect to stator’s coils, this process is related to distribute the loads on the motors shafts, i.e.

if the loads are equal, the angular positions of the motors coils will be similar, therefore, the electromotive

forces that generated in the rotor’s coils will be also equal. However, the difference in the quantity of the loads

makes different setting in the angular positions and electromotive forces of these motors coils.

21 22The higher the difference in electromotive forces gives a large quantity of energy (ÄE = E  – E )

between the rotor circuits. This new energy makes the speed of the motor which has a great electromotive

force to increase rapidly, and decrease the speed of the other motor which has a least electromotive force. The

increasing of motor speed reduces the electromotive force, generated in rotor’s coils, and on the contrary, the

reduction of speed increase it, so the electromotive force in the leading motor will decrease, and increase in

the lagging one, therefore the effect of energy (ÄE) will be opposite, i.e. it increases the speed of lagging

motor and decreases the speed of leading one. The opposite energy effect represents the mechanical vibrations,

and vanishes after completing the starting process. 

To overcome this problem a preliminary synchronization circuit can be used to divide the starting problems

into two steps. In the first stage the starter circuits is fed from a single phase source for a short period. This

will eliminate the phasor difference between rotor’s coils and the stator of the system. The second stage is the

main stage in which the starter circuit is fed from three phase sources and this will lead to a smooth starting

process. This process is usually automatically implemented at the starting.
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Fig. 2: The system of synchronous rotation with electrical shaft.

C-Synchronization with Electromagnetic Working Shaft:

The electromagnetic working shaft system consists of two groups of coils on a steal cylinder (inductive

rheostat element), where each groups is connected to the rotor’s circuit (see figure.3). The principle of

operation of this system depends on the electromagnetic transformation of energy (Ewald et al., 2008; Nasser

et al., 2008). When the electric currents flow into the inductive rheostat from both sides, and electromagnetic

connection is generated between them, the main motors’ coils falls under a correspondent and continuous

influence of the power where a change in one of the currents of any of the motors leads to a change in the

current of the second motor. In case of equal loads, the electric currents flowing into the inductive resistor are

also equal in quantity and opposite in direction. The electromagnetic fields generated in those rotors are equal

in quantity and opposite in direction, and that’s how the electromagnetic connection is absent amongst the coils

while the motors work independently. If the loads are different, then the electric currents and the

electromagnetic fields will also change which will lead to an electromagnetic connection amongst the inductive

resistors of rotors coils. The electromagnetic field generated from the motor coils with the higher load will be

higher than the electromagnetic field generated of the motor coils with less load. As a result of this, back rotor

voltage will be generated in the motor which carries the least load which will lead to reduce the speed of this

motor, until it leads to equality of speeds in both motors.

Fig. 3: The system of synchronous rotation with electromagnetic working shaft.

Modeling of Synchronization with Inductive-resistor Element:

The above mentioned systems of synchronous rotation are characterized with simplicity in structure and

performance as will as their ability to work with high synchronized potentials, while the disadvantage of this

system is that, firstly they have a working motor constantly regardless the need of the system to the 
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synchronous rotation. Secondly, the fact that the full dependence on the common resistor reduces the efficiency

of the system. In addition to the mentioned points the phases of rotors of main motors must be at the same

angle position to protect the system from the vibrations that might occur. Thirdly the inductive-rheostat

element operate as a control element in common rotor circuit will be decrease the maximum torque value.

consequently, the overload capability and efficiency of the system . Decreasing  of overload capability will

be decrease the synchronous capability of the system .To overcome the aforementioned disadvantages of

inductive-rheostat effect on the synchronous capability and efficiency of the system, a new resistor-inductive

rheostat control element was built .The resistor-inductive rheostat system is made of two similar slip-ring

inductive motors connected together by common resistor-inductive rheostat in its rotors circuit. To derive the

system, it's possible to use the simplified equivalent circuit given in figure 4. 

Fig. 4: The system of synchronous rotation with electro-electromagnetic working shaft.

Where:

adR  : Additional resistor in the common rotor circuit

1 1R ,X  : Stator resistor and inductive rheostat of first and second motors.

2 2R ,X : Rotor resistor and inductive rheostat of first and second motors.

ph1V ,Vph2:Rotor phase voltage in the first and the second motors.

21 22I ,I  : Rotor current of the first and the second motors.

o oR , X   : Resistor and inductive rheostat of inductive rheostat element.

M MR ,X : Resistor and inductive rheostat of magnetization circuit of inductive rheostat element.

S: Slip.

According to (Arkan et al., 2005; Al-Akayleh and Abdallah, 2004; Sedat Sunter, 2008) the first and second

motor torques will be find as fallows :

  (1)

á1, á2,Phase angles between the stator and rotor windings

om - number of phase,  ù  - no load speed. 
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The difference in the speeds of motors not only causes difference in the electromotive forces but also in

the phase shifts (á1, á2) between coils of rotors and stators. Therefore, it is possible to represent the difference

in loads by the differences in phase shift. When the loads become equal, the phase shift will be equal too (á1,

á2 ,  á=0) ,and when the difference of loads is maximum, the difference of phase shifts will be maximum too

( á=max=90°) (Al-Akayleh and Abdallah, 2008; Osmanhadjaev et al., 1989). The most important indicator of

the synchronous capability of the typical synchronization systems is the speed–torque characteristics with

different, load or different (Äa) values.

Fig. 5: System equivalent circuit. 

System Block Diagram:

The system consists of many subsystems (see figure 6), each one of them has a specific function (Walle

and Ebrahimi, 2000; Ayasun and Nwankpa, 2005). Distribution load and general data model (subsystem 1).

The model contains the main parameters of the motors used in the system. Identical wound rotor motors 5hp,

4 pole 50 Hz, 380 line voltage through this model the total maximum load (system load - SL ) is distributed

on the two motors depending on the load position. These parameters are passed to the next subsystem in order

to be used in the required mathematical calculations. System main equations model (subsystem 2).The model

contains the mathematical equations that are responsible for torque calculation to the motors. Error calculation

model (subsystem 3) In this subsystem the correction elements that are responsible for the synchronization

process between the motors, and the main response of the system  are calculated.

Fig. 6: System mathematical model. 

System operation and Test:

Going over the mathematical model, the new connection plays important role in the speed synchronization

with medium synchronous capability and efficiency  of  the system. The system was tested with two similar

1 2induction motors, maximum system load and with L =2L  .

M� If the system is operate without any rotor connections (R  = Zero, Rad = Zero), there will be no

relationship between the motors in the control system and the motors will operate as a separate induction

motors (see fig.7).
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M�  If the system is operate only with additional resistor as a control element (R  = Zero, Rad = Rated value)

so the system has maximum synchronous capability, minimum efficiency (see fig.8-a).

�  If the system is operate only with inductive rheostat as a control element (Rad = Zero, RM = Rated

value) so the system has minimum synchronous capability, maximum efficiency (see fig.8-b).

�  If the system is  operate  with inductive rheostat- additional resistor element  (Rad 0.5 Rated value , RM

= 0.5 Rated value) so the system has medium synchronous capability and medium efficiency ( see fig.8-c).

Figure 9 shows the complete system operation with electrical, electromagnetic and electro-electromagnetic

systems, where we have maximum(fig.9-a),minimum (fig.9-b) and medium(fig.9-c) synchronous capability. 

Fig. 7: Speed response of the system without control elements.

Fig. 8: Speed response of the system with control elements.



Aust. J. Basic & Appl. Sci., 3(4): 4253-4260, 2009

4259

Fig. 9: Speed –Torque characteristic.

Conclusions:

The electrical shaft synchronization system gives a high performance in working because of its high

adsynchronous ability, this advantage is performed by affecting the common resistor value (R ), on the other

hand, this resistor is considered as a negative factor to system efficiency and positive factor only at the

difference in loads.  The important advantage of the synchronization system with electromagnetic working shaft

is that, there is no need to position each rotor winding axis with respect to the axis of the stator field at the

same position in both machines i.e. the system does not need equalizing loads at the starting and reverse

rotation processes. In the other side, the most important disadvantage of the systems of synchronous rotation

with electromagnetic working shaft is the low power factor as the result of the high value of the resistor of

common rheostat, and the synchronous capability in this system is less than the synchronous capability in the

system with electrical shaft. In the inductive-rheostat element synchronization system gives a large chance of

selections to work with different connection systems, so that it can work without any mechanical vibrations

and with any synchronous capability which the system is needed.
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