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Abstract: This paper proposes a single-phase to three-phase drive system made out of two 

parallel single-phase rectifiers, a three-phase inverter, and an induction motor. The proposed 

topology grants to diminish the rectifier switch currents, the harmonic distortion at the input 

converter side, and introduces changes on the adaptation to non-critical failure attributes. Indeed, 

even with the expansion in the quantity of switches, the aggregate vitality loss of the proposed 

framework might be lower than that of a traditional one. The model of the framework is inferred, 

and it is demonstrated that the diminishment of circulating current is a critical goal in the 

framework plan. An appropriate control procedure, including the pulse width modulation 

technique (PWM), is created. Experimental results are presented as well. 

Key Words: AC-DC-AC power converter, parallel Converter, drive system, Fault Identification 

System (FIS). 

 

I. Introduction 

A few arrangements have been proposed 

when the goal is to supply a three-phase 

motor from single-phase ac mains. It is very 

normal to have just a single phase power 

grid in private, business, fabricating, and 

predominantly in rustic ranges, while the 

flexible speed drives may ask for a three-

phase control framework. Single-phase to  

 

 

three-phase ac– dc– ac change generally 

utilizes a full-bridge topology, which 

suggests in ten power switches. This 

converter is indicated here as conventional 

topology. Parallel converters have been 

utilized to enhance the power capacity, 

unwavering quality, effectiveness, and 

excess. Parallel converter methods can be 
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utilized to enhance the execution of dynamic 

power channels, uninterruptible power 

supplies (UPS), adaptation to non-critical 

failure of doubly fed induction generators, 

and three-phase drives. Normally the 

operation of converters in parallel requires a 

transformer for isolation. In any case, 

weight, size, and cost related with the 

transformer may influence such to an answer 

undesirable. At the point when an isolation 

transformer is not utilized, the reduction of 

circulating currents among various converter 

stages is an imperative target in the 

framework outline. In this paper, a single- 

phase to three-phase drive framework made 

out of two parallel single-phase rectifiers 

and a three-phase inverter is proposed. The 

proposed framework is considered to work 

where the single phase utility network is the 

one of a kind choice accessible. Contrasted 

with the traditional topology, the proposed 

framework licenses: to decrease the rectifier 

switch currents; the total harmonic distortion 

(THD) of the grid current with same 

switching frequency or the switching 

frequency with same THD of the grid 

current; and to expand the fault tolerance 

characteristics. Moreover, the losses of the 

proposed framework might be lower than 

that of the conventional counterpart. The 

previously mentioned benefits legitimize the 

underlying speculation of the proposed 

framework, because of the expansion of 

number of switches. 

 

II. Methods to Connect Single Phase to 

Three Phase Drive Systems 

2.1 Static Phase Converter: Static Phase 

Converters work by charging and 

discharging capacitors to briefly create a 

third phase of energy for just a matter of 

seconds amid startup of electric engines, at 

that point it will drop out constraining the 

engine to keep on running on only 1 phase 

and just piece of its windings. Because of 

their innovation, Static Phase Converters 

don't legitimately control any class of 3 

phase hardware or equipment. They won't in 

any capacity control 3 phase welders, 3 

phase battery chargers, 3 phase lasers, or 

any kind of apparatus with 3 phase 

circuitary. Static Phase Converters 

additionally won't begin delta wound 3 

phase motors.  

2.2 Rotary phase converter: A rotational 

phase converter, abbreviated RPC, is an 

electrical machine that produces three-phase 

electric power from single-phase electric 

power. This permits three phase loads to run 

utilizing generator or utility supplied single-
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stage electric power. A rotary phase 

converter might be worked as an motor 

generator set. These have the favorable 

position that in separating the produced 

three-phase control from the single phase 

supply and adjusting the three-phase yield. 

Notwithstanding, because of weight, cost, 

and productivity concerns, most RPCs are 

not assembled along these lines. Rotational 

phase Converters Provide Reliable, 

Balanced, and Efficient Three Phase Power, 

Fast and Effective Three Phase Electricity. 

All converters can be mostly sorted into two 

gatherings: one is course sort and another is 

brought together sort. In course sort, the 

PWM converter for control factor 

amendment and the PWM inverter for speed 

control are associated in arrangement with 

extensive DC-Link capacitor and two static 

power converters are worked and controlled 

in independent. In this sort, particular 

number of switches, to create the converter 

and inverter, are required. In this way, the 

required number of switches can't be 

diminished fundamentally. Then again, in 

the bound together sort, ordinary ideas of 

PWM converter and inverter are combined 

and same converter handles the elements of 

PWM converter (control factor redress) and 

PWM inverter(motor control) in the 

meantime. As an additional favorable 

position, the input inductor, which is usually 

utilized as a part of the PWM?  

Converter for control factor amendment can 

be disposed of and supplanted by the current 

engine inductor. Accordingly, this new idea 

can altogether lessen the quantity of parts, 

contrasted with any conventional cascade 

type topologies. 

 

III. System Model 

The Conventional system single-phase to 

three phase system and the proposed system 

single phase to three phase systems are 

labeled as fig 1 and fig 2 individually as 

demonstrated as follows: 
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IV. PWM Method 

Considering that va*,vb* and vo* indicate 

the reference voltages dictated by the current 

controllers. i,e, 

va* = va10* - va20* (1) 

vb* = vb10* - vb20* (2) 

vo* = va10* + va20* - vb10* - vb20* (3) 

The gating signals are straightforwardly 

ascertained from the reference post voltages 

va10*, va20*, vb10* and vb20*.  

Presenting a auxiliary variable vx* = va20* 

and understanding this system of equations, 

V*a10 = va* + vx* (4) 

V*a20 = vx* (5) 

V*b10 = (va*/2) + (vb*/2) - (vo*/2) + vx* 

(6) 

V*b20 = (va*/2) - (vb*/2) - (vo*/2) + vx* 

(7) 

From these conditions, it can be seen that, 

other than va*, vb* and vo*, the pole 

voltages rely upon likewise of vx*. The 

utmost estimations of the variable vx* can 

be calculated by considering the most 

extreme vc*/2 and least – vc*/2 estimation 

of the post voltages 

V*xmax = (vc*/2) – v*max (8) 

V*xmin = (-vc*/2) – v*min (9) 

Introducing a parameter μ (0 ≤ μ ≤ 1), the 

variable 

vx* can be written as, 

Vx* = μV*xmax + (1- μ)V*xmin (10) 

When vx* is chosen, pole voltages va10*, 

va20*,vb10* and vb20* are characterized 

from (4) to (7). 

The parameter μ changes the place of the 

voltage pulses identified with va and vb. 

And furthermore μ impacts the harmonic 

distortion of the voltages produced by the 

rectifier.  

 

V. System Design  

To maintain a strategic distance from the 

circulating current, the accompanying three 

methodologies are utilized normally  

1) Isolation. In this approach, the general 

parallel system is bulky and exorbitant due 

to extra power supplies or the ac line-

frequency transformer.  

2) High impedance. They can't keep a low 

frequency circulating current.  

3) Synchronized control. This approach is 

not reasonable for modular converter design. 

At the point when more converters are in 

parallel, the system turns out to be 

exceptionally entangled to design and 

control. In this proposed strategy the system 

is designed to diminish the circulating 

current (io). From fig.2. The accompanying 

conditions can be determined for the front 

end rectifier. 
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Va10 - Va20 = eg - (ra+lap) ia - (r’a+l’ap) 

i’a (11) 

Vb10 – Vb20 = eg - (rb+lbp) ib - (r’b+l’bp) 

i’b (12) 

Va10 - Vb10 = (ra+lap) ia – (rb+lbp) ib (13) 

Va20 - Vb20 = (r’a+l’ap) i’a – (r’b+l’bp) i’b 

(14) 

ig = ia + ib = i’a + i’b (15) 

where p = d/dt and symbols like r and l 

represent the resistances and inductances of 

the input inductors. The circulating current 

io can be defined from ia and i’a or ib and 

i’b i.e.. 

io = ia – i’a = - ib + i’b (16) 

By solving the above equations, 

Va = eg – *ra + r’a + (la+l’a)p+ ia + (r’a+ 

l’ap) ( 17) 

Vb = eg – *rb + r’b + (lb+l’b)p+ ib + (r’b+ 

l’bp) io (18) 

Vo = - * r’a + r’b + (l’a + l’b)p+ io - [ra - r’a 

+ (la - l’a)p+ Ia + [rb - r’b + (lb - l’b)p+ ib 

(19) 

Where 

Va = Va10 - Va20 (20) 

Vb = Vb10 – Vb20 (21) 

Vo = Va10 + Va20 - Vb10 – Vb20 (22) 

In order to both facilitate the control and 

share equally current, voltage, power 

between the rectifiers, the four inductors 

should be equal. i.e. 

r’g = ra = r’a = rb= r’b and l’g =la =l’a =lb 

=l’b. 

In this case the model (17)-(19) can be 

simplified to the model given by 

Va + Vo/2 = eg – 2(r’g+l’gp) ia (23) 

Vb - Vo/2 = eg – 2(r’g+l’gp) ib (24) 

Vo = -2(r’g+l’gp) io (25) 

Vab = (Va + Vb)/2 = eg - (r’g+l’gp) ia (26) 

Va - Vo/2 = eg – 2(r’g+l’gp) i’a (27) 

Vb + Vo/2 = eg – 2(r’g+l’gp) i’b (28) 

In this ideal case, the circulating current can 

be reduced to zero imposing 

Vo = Va10 + Va20 - Vb10 – Vb20 = 0 (29) 

When ia = 0 then ia = i’a and ib = i’b and 

the system model (17)-(19) reduced to 

Va = eg - 2(r’g+l’gp) ia (30) 

Vb = eg - 2(r’g+l’gp) ib (31) 

 

VI. System Control 

The gating signals are gotten by comparing 

pole voltages and one (vt1), two (vt1 and 

vt2) or all the more high-recurrence 

triangular carrier signals. On account of 

double- carrier approach, the phase move of 

the two triangular carrier signals (vt1 and 

vt2) is 1800. The parameter μ changes the 

place of the voltage pulses identified with 

van and vibe. When  
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vx* = vx*min (μ = 0) or vx* = vx*max (μ = 

1) are selected, the pulses are placed in the 

begin or in the end of half period (Ts) of  

 

Fig. 3. Control block diagram.  

The control block diagram of Fig. 2, 

featuring the control of the rectifier. To 

control the dc-link voltage and to ensure the 

lattice control factor near one. Furthermore, 

the circulating current io in the rectifier of 

the proposed system should be controlled. 

Along these lines, the dc-connect voltage vc 

is acclimated to its reference esteem vc* 

utilizing the controller Rc, which is a 

standard PI type controller. This controller 

gives the sufficiency of the reference grid 

current Ig*. To control factor and harmonics 

in the network side, the prompt reference 

current Ig* must be synchronized with 

voltage eg, as given in the voltage-oriented 

control (VOC) for three-phase system. This 

is obtained via blocks Geig, based on a PLL 

scheme. The reference currents ia*and ib* 

are acquired by making ia* = ib* = Ig*/2, 

which implies that every rectifier gets half 

of the grid current. The control of the 

rectifier currents is actualized utilizing the 

controllers showed by blocks Ra and Rb. 

These current controllers characterize the 

input reference voltages va*and vb*. The 

homopolar current is measured (io) and 

contrasted with its reference (io* = 0). The 

mistake is the contribution of PI controller 

Ro , that decides the voltage vo*. The 

engine there-phase voltages are supplied 

from the inverter (VSI). Block VSI-Ctr 

demonstrates the inverter and its control. 

The control framework is made out of the 

PWM command and torque/flux control 

technique (e.g., field-arranged control or 

volts/hertz control). 

 

VII. Simulation Results 

The steady state simulation results are 

appeared in Fig. 4. The waveforms in this 

figure are: (a) voltage and current of the 

grid, (b) dc-link voltage, (c) currents of 

rectifier A and circling current, (d)currents 

of rectifiers A and B and (e) load line 

voltage. Note that, with the proposed setup, 

all control demanded for single phase to 

three-phase converter has been built up. The 

proposed design gives current reduction in 

the rectifier side (half of the current of 
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which can provide loss reduction. Also, the 

control guarantees the circulating current 

close to zero [see Fig. 4(c)]. A similar 

arrangement of recreation comes about was 

acquired for transient in the machine 

voltages, as saw in Fig. 5 Simulation comes 

about exhibited in Fig. 6 demonstrate the 

conduct of factors of the proposed 

framework when fault is distinguished in 

rectifier B. For this situation, after fault 

identification given by the control system, 

the rectifier B has been isolated and the total 

flux of energy flows through rectifier A. 

 

(a) 

 

 

 

 

Fig 4. Steady-state simulation results. (a) 

Grid voltage (eg ) and gird current (ig ). (b) 

Capacitor voltage (vc ). (c) Currents of 

rectifier A (i a and I *a) and circulating 

current (io). (d) Currents of rectifiers A (ia) 

and B (ib). (e) Line voltage of the load (vs 2 

3 ). 
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Fig 5 Fig. 8. Simulation results for a 

volts/hertz transient applied to the three-

phase motor. (a) Grid voltage (eg ) and gird 

current (ig ). (b) Capacitor volt-age (vc ). (c) 

Currents of rectifier A (ia and I * a ) and 

circulating current (io ).(d) Currents of 

rectifiers A (ia ) and B (ib ). (e) Line voltage 

of the load (vs 2 3 ). 

 

 

Fig. 6. Simulation results of the proposed 

configuration when a fault is identified at 

the rectifier B. (a) Grid voltage (eg ) and 

grid current (ig ).(b) Currents of rectifiers A 

(ia ) and B (ib ). (c) Currents of rectifier (ia 

and I * a ). 

 

VIII. Conclusion 

The system combines two parallel rectifiers 

without the utilization of transformers. The 

system model and the control system, 

including the PWM technique, have been 

created. The proposed system permits to 

reduce the rectifier switch streams, the THD 

of the grid current and to build the 

adaptation to non-critical failure attributes. 

The simulation results have demonstrated 

that the system is controlled appropriately, 

even with transient and occurrence of faults. 
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