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Nowadays the multi-inverter multi-machine conventional system takes a great interest of 

industrials like railway traction. The implementation of single inverter to dual motor 

makes all the system cheaper; soft operation, more robust and reliable; This paper is one 

of control methods proposed in the literature to improve performance of this system, a 

master slave and average control based in artificial neural networks direct torque control 

of bi asynchronous motors supplied by single three level inverter NPC is discussed. The 

result of theoretical analysis is tested with MATLAB SIMULINK environment. And 

through that, the possibility of DTC single inverter multi-motor system has been verified. 
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1. INTRODUCTION

Induction machines have small size and high reliability

economical, self-starting and more advantages make them the 

most widely used machines in residential, commercial, and 

industrial settings [1]. 

To control of IMs different methods was proposed in the 

literature for example in the middle of the 80s, Takahashi et al. 

[2, 3] and Depenbrock [4]. proposed a new strategy to control 

induction machine under the name of DTC (direct torque 

control of induction machine (Figure 1)). This new control is 

about to make the control of stator flux and torque uncoupled 

witch provide to AC drive control a robust and fast response 

with a simple control structure however it has his 

disadvantages [5, 6], variable switching frequency (causes 

noises), torque and flux waves around the hysteresis bands, at 

low speeds the control of flow is difficult; To improved it 

several works appeared we marked. 

o DTC SVM: Space vector Modulation present by Lascu

et al. [5] and Zhao and Peng [7] based on the predictive

calculation of the applied reference voltage vector using

the approximate machine model.

o DMTC: Direct Mean Torque Control Proposed by

Flach and Hofmann [8] in 1997. For this control in each

sampling period, they did apply two voltage vectors to

impose an average torque in the period equal to the torque

of reference.

o DSVM: Discrete Space vector Modulation [9] in this

method using 5-level hysteresis comparator increase

Number of voltage vectors generated which improve the

torque response and make switching frequency constant.

o DTC applied to Three-Level Inverters several works

applied DTC to three level inverters [9, 10] for these

methods the increase level of inverter allowed us to

generated a number of high voltage vectors, which makes

it possible to reduce torque ripples; minimize the

switching frequency However, the cost of this

arrangement is high. so, its limited to high power controls. 

o DTC by intelligent techniques (Artificial Neural

Network, Fuzzy Logic, Neuro-Fuzzy) [11].

These techniques had considerable success in the fields of 

control and identification of non-linear systems; for DTC, 

these techniques allow the control of switching frequency and 

they have fast flow and torque responses with less noises. 

In this paper we combined the tow last method to obtain a 

fast flow and torque responses with less noise 

Figure 1. Block diagram of the classic 2-level DTC control 

In classic DTC, one inverter generally drives one induction 

motor; are called single-machine single inverter systems; but 

this control cannot satisfy the needs of industrial applications 

such as electrical railway and high-power drive systems [5] 

and multi-machine multi-converter systems are expensive and 

can be just extensions of traditional drives. So, we need new 

system topology where one inverter supply more than one 

machines, this topology gives us more comfortable solution 

because its economical in cost, a smaller number of electronic 

components [12-15]. These systems are named Multi-Machine 

Single-Converter systems. There control is the topic of this 

study. A NPC level converter fed two inductions motors. This 

study proposes a new application of the average and master 

slave algorithms with implementation of artificial neural 

networks DTC.  
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The performance of the single-inverter multi-motor DTC 

system is verified with MATLAB Simulink. 

 

 

2. ARTIFICIAL NEURAL NETWORKS DTC 

STRATEGY 

 

2.1 DTC-neural switching table 

 

Neural networks are a group of nonlinear functions, 

permitting work by learning a huge collection of models and 

nonlinear correction [16-20].  

A neural network is a set of nonlinear operators 

interconnected between them, the signals came from the 

outside will be received by its inputs and then multiplied by 

constant weights, the sum of this weights multiplication maps 

to a nonlinear activation function; finally they will be 

transferred to the output of this neural network, which are 

actually the activities of certain neurons [16-20]. For 

applications considered in this paper is for the selection of 

inverter switching states, from the three inputs flux and torque 

provided from the output of hysteresis comparators and flux 

sector as its showing in Figure 2 and since the switching table 

does not depend on the parameters of the induction motor, 

neural network will be trained off-line. 

 

 

 
 

Figure 2. Artificial neural networks switching table 

 

 

3. INVERTER DUAL MOTOR SYSTEM 

 

3.1 Average algorithm 

 

The concept of the control single-inverter dual motor 

system is based on the average algorithm where we vectored 

the operation states of multiple motors and averaging them to 

obtain an average motor. When there are differences in 

working conditions, the multiple motors can be driven 

according to this algorithm. In related theoretical derivation, 

the differences should be calculated by Eq. (1). [15, 16]: 
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where, x and y are variable grandeur. 

 

3.2 Average direct torque control algorithm of single-

inverter dual motor  

 

Multi-machine with single inverter system is always 

controlled as one machine but if the operating condition of the 

machines changes situation or lost; the current distribution of 

the two motors is unbalance. Vector control and direct torque 

control is proposed for two levels single-inverter fed dual 

machine [16-18]. In our study we discuss the implementation 

of the average algorithm to the direct torque control of NPC 

single inverter feeds two IM parallel-connected. In the 

practical applications, as electric traction generally uses only 

one inverter to fed two motors [18, 19]. When the number of 

motors is 2, it means the parameters of the two motors are 

same, the stator resistance, stator and rotor inductance and 

mutual inductance are all equal, then their variation is zero and 

to realize the DTC control we need the value of stator and rotor 

flux and torque. Figure 3 represent the flowing current provide 

by the inverter this current is equally divided to the dual 

induction motors connected in parallel. When the loads on 

motors are balanced, is1 is equal to is2. On other side when 

the tow motors had unbalanced loads is1 is different to is2 the 

average of is1 and is2 flowing in each stator coil winding and 

∆is the current flowing directly from motor 1 into motor 2. 

Finally, to obtain the average model of the two motor we use 

Eq. (1) [16, 18]. 

 

 
 

Figure 3. Current flow for parallel connected IM 

 

Then the average current in stator winding is: 
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where, is1 represent the current of motor one and is2 for the 

second motor. After the alpha-beta (α β) transformation 

(Clarke transformation) we obtain new equation system. 
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(3) 

 

Similarly for magnetic induction flux, the average is 

presented in static α β coordinate Figure 4. 

 

 
 

Figure 4. The average flux in dual-motor system 

 

where, ϕs1 and ϕs2 is respectively the flux of the motor 

number one and motor tow. The stator flux of ϕs single motor: 
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where, Vs is the stator voltage and is is the current of the phase 

and Rs is the resistance of stator. Then the stator flux of dual 

motors is: 
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As shown in Figure 2, the average flux formula in the (α β) 

plane is: 
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The rotor flux on single motor, 
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Finally, we applied the Eq. (1) the average torque of bi 

motors is: 
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4. SIMULATION OF DTC FOR SINGLE-INVERTER 

DUALMOTOR SYSTEM BASED ON AVERAGE 

ALGORITHM 

 

According to the theoretical analysis, the simulation model 

of the single inverter dual-motor DTC system has been built in 

MATLAB SIMULINK shown in Figure 5. The two dual 

induction motors used had the same parameters they listed in 

Table 1 one single Neutral Point Clamped inverter, tow 

hysteresis comparator four level four the torque and three level 

four the flux. the new in this DTC control is the average 

algorithm. The parameters of the two IMs will be received by 

the algorithm which will apply the Eqns. (2)-(8) to obtain 

mean motor with average parameters (current; voltage) and 

will be used in the DTC control. 

 

 
 

Figure 5. Schematic of single inverter dual motor DTC 

system 

 

Table 1. Parameter of induction motors 

 
Parameter name Symbol Value Unit 

Stator Resistance Rs 4.85 Ω 

Stator Inductance Ls 0.274 A/m 

Rotor Resistance Rr 3.81 Ω 

Rotor Inductance Lr 0.274 A/m 

Mutual Inductance M 0.258 A/m 

Number of Pole Pairs P 2  
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Figures 6-12 show the simulation results of the proposed 

method. These responses were for same load of the two motor 

(0.5 sec and 1 sec); the speed reference is a step-up function of 

value 100 rad/s. In the graphics, Motor 1, Motor 2 are indicated 

by ‘’M1, M2’’, respectively, Figures 13-20 displays the 

Unbalanced-Load simulation results.  

 

 
 

Figure 6. Balanced-load for DTC – average speed response 

 

 
 

Figure 7. Balanced-load for DTC - torque response for dual 

motors 

 

 
 

Figure 8. Balanced-load for DTC - stator flux of dual motors 

 
 

Figure 9. Balanced-load for DTC - speed response of dual 

motors (M1, M2) 

 

 
 

Figure 10. Balanced-load for DTC –load torque 

 

 
 

Figure 11. Balanced-load for DTC - stator current of dual 
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Figure 12. Balanced-load for DTC – 3 stator voltages out of 

the inverter 

 

 
 

Figure 13. Unbalanced-load for DTC - speed response of 

dual motors 

 

 
 

Figure 14. Unbalanced-Load for DTC zoomed viewed of 

speed response of dual motors 

 
 

Figure 15. Unbalanced-load for DTC – load torque 

 

 
 

Figure 16. Unbalanced-load for DTC – 3 stator voltages out 

of the inverter 

 

 
 

Figure 17. Unbalanced-load for DTC - stator current of dual 

motor 
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Figure 18. Unbalanced-load for DTC - average stator flux 

 

 
 

Figure 19. Unbalanced-load for DTC - stator flux of dual 

motors 

 

 
 

Figure 20. Unbalanced-load for DTC - torque response for 

dual motors 

 

In Unbalanced-Load (0.5s to 1s) there is a variation in the 

speed in the two motors the average of these two motors is 

equal to reference speed. 

From the simulation result, we see that the performance of 

the average control of two motors connected in parallel in 

balanced-Load is very high. The two motors can follow the 

given speed quickly. So, the single-inverter dual-motor DTC 

system has favorable static and dynamic performance in this 

case. But because the inverter is common when both machines 

received different load, there is no control of individual 

machine. for that the average control allows us to drive the 

both motor by using a new motor had average parameters of 

the two-induction motor. And on the other hand, a three-level 

inverter provides a nearly sinusoidal current.  

 

 

5. MASTER SLAVE DIRECT TORQUE CONTROL 
 

Figure 21 represents the principal of the new algorithm 

control, on the conventional DTC of induction motors to 

control the flux and electromagnetic torque the magnitude and 

position of the stator flux are adjusted respectively from that 

in this strategy some changes are made in order to make it 

applicable in a multi-machine system. There are two control 

loops for torque and one for the stator flux after the choice of 

the master machine because in this strategy, only the master 

machine is controlled without any consideration of the slave 

machine response or load changes. We clarified both control 

loop in the next section. 
 

 
 

Figure 21. DTC of a two- induction machine master-slave 

control 

 

5.1 Stator flux control loop 

 

For this new algorithm, merely the master machine is 

controlled without any consideration of the slave machine 

response or load changes. 

Choice of the master machine can be governed by certain 

factors such as the machine flux and torque. To prevent flux 

saturation at different situations, switch table algorithm is 

employed to choose the master motor which will be his stator 

flux controlled. this selection is based to an index. The product 

of stator resistance and electromagnetic torque Figure 21. The 

motor with the smallest product is chosen to be the master 

motor Figure 21 [15-26]. 

 

5.2 Electromagnetic torque control loops  

 

Previously we have seen the direct torque control is 

choosing the appropriate voltage vector to fed the machine, 

this voltage allowed us to control on the same time stator flux 

and torque, this choice depends on the error of comparison 

between controlled and reference magnitude. 

In two induction motor feds by one inverter, we have two 

torques for that we need to designing a new algorithm to find 

this error; first each motor had a classical control loop (5 level 

comparator) and then second control loop for the result of 

these two comparators the design of this control can be 

explained from Figure 22. Figure 21 represent the employment 

of this technique. 
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Figure 22. Possibilities of torque errors, (a) the torque should 

be kept constant, (b) the torque should be increased, (c) the 

torque should be reduced 

In Figure 22, we see the possibilities of torque errors in 

torque control loop. 

The black points characterize the electromagnetic torque 

typical situation for the both motors for the conditions depicted 

in Figure 22 (a), a voltage vector is applied to maintain the 

torque constant. and form the second conditions presented in 

Figure 22 (b), a voltage vector is applied to increase the torque 

finally, the last conditions showing in Figure 22 (c), a voltage 

vector is applied to reduction torque [15, 26]. We can resume 

the algorithm control in several pointe 

➢ If both motors require a reduction in torque, a vector is

applied to decrease torque.

➢ If no motor requires a torque change, then a vector is

applied such that the torque is kept constant.

➢ If both motors require an increase in torque, then a

vector is applied to increase the torque.

➢ If one motor requires a decrease in torque but the other

does not, then a vector is applied to decrease the torque.

➢ If one motor requires an increase in torque but the other

does not, then a vector is applied to increase the torque.

➢ If one motor requires a decrease in torque but the other

one requires an increase, then a vector is applied such

that the torque is kept constant.

From this point we obtain the next table. 

Table 2. Proposed table in torque control loop 

M1 

M2 

ST -2 -1 0 1 2 

-2 -2 -1 -2 0 0

-1 -1 -1 -1 0 0

0 -2 -1 0 1 2 

1 0 0 1 1 1 

2 0 0 2 1 2 

Finally, using the output of this table and the output of the 

stator flux control loop, the appropriate voltage vector is 

selected based on the conventional DTC switching look-up 

Table 2. 

6. SIMULATION RESULTS AND DISCUSSION

The proposed method is verified using MATLAB-

SIMULINK a system with two induction motors with one 

inverter. The dual induction motors had the same parameters. 

Table 1 cover the parameters of the induction motors used.  

The performance of this algorithm experienced by the 

balance test (same load torque) from 0s to 0.5s and unbalance 

test 0.5 s to 1 s (deferent load torque). 

Both machines received different charge as shown on 

Figure 23, we can readily notice the system is always stable 

with quick response whatever the variation values of the 

torque loads are applied to the two machines.  

When the load applied is same for the both the speeds of the 

motors follow up the reference speed imposed Figure 24, and 

from the unbalance test only the master motor (with smallest 

torque) has an excellent control for his speed Figure 24 and 

remarkable perfection in changing between the master and 

slave motors.  

In Figure 25 the magnitude of the stator magnetic flux had 

a good stability for the both machines which ensures a good 

performance imposed by the DTC "master-slave" to the two 

motors in balance load. On the other side the stator flux when 

different are loaded torque between the two motors we see one 

of the two fluxes is chosen to be controlled.  

From Figure 26 the currents flow in the stator of the both 

motors are a good waveform and follow up the responses of 

the motors as far as the changes in loads are concerned. 

Figure 23. Master-slave DTC torque response for dual 

motors 

Figure 24. Master-slave DTC speed response of dual motors 
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Figure 25. Unbalanced-load for DTC stator flux of dual 

motors 

 

 
 

Figure 26. Unbalanced-Load for DTC - stator current of dual 

motors 

 

 

7. CONCLUSION 

 

In this paper, the mathematical analysis of two new 

algorithm of direct torque control single-inverter dual-motor 

system has been discussed. Contrary to controls based on the 

orientation of the rotor flux the Direct Torque Control of an 

induction machine offers an acceptable solution to the trouble 

of robustness and dynamics, but using the hysteresis 

controllers produce torque oscillations for that to reduce it we 

choose to do the calculation with a high frequency processor, 

and also to minimize noise in the stator currents then make it 

as close to a sinusoidal wave we used three levels NPC inverter 

with neural control. 

The average control present advantage in fast reaction to 

variation in loaded where the algorithm controls the average 

between two motors when the master slave control provides a 

satisfaction on redundancy control the simulation results 

verity that the proposed algorithms has better dynamic 

performance and had the ability to limit the flux below or equal 

to the rated in dual motor driving this allows us to apply it to 

railway traction system. 
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