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Abstract 

 

This paper proposes a novel soft starting algorithm by using PWM inverter technique to control an amplitude of the motor 

starting current at a single-phase induction motor (SPIM). Traditional SPIM starting methods such as a Split-Phase, Capacitor- 

Start, Permanent-Split Capacitor (PSC), Capacitor-Start Capacitor-Run (CSCR), basically cannot control the magnitude of 

starting current due to the fixed system structures. Therefore, in this paper, a soft starting algorithm based on a proportional 

resonant (PR) control with a variable and constant frequency is proposed to reduce the inrush current and starting up time. In 

addition, a transition algorithm for operation modes is devised to generate a constant voltage and constant frequency (CVCF). 

The validity and effectiveness of the proposed soft starting method and transition algorithm are verified through experimental 

results. 

 

Key words: Capacitor-Start Capacitor-Run, Operation mode transition, PR (Proportional Resonant) current controller, Soft starting 

algorithm, SPIM 

 

I. INTRODUCTION 

Single-phase induction motors (SPIMs) are robust, easy to 

maintain and their cost is low. So SPIMs are widely used in 

many industrials and home appliances such as washing 

machines, dishwashers, refrigerators, air-conditioners, vacuum 

cleaners, pumps, compressors, etc. However, unlike a three- 

phase induction motor, the SPIMs cannot produce their own 

starting torque. Instead, the magnetic field generated by a 

single phase remains stationary in position and pulsates with 

time. Because there is no rotating magnetic field, a SPIM 

cannot run by itself without additional equipment. 

As a result, traditional methods to start a SPIM include 

Split-Phase, Capacitor-Start, Permanent-Split Capacitor (PSC), 

Capacitor-Start Capacitor-Run (CSCR), and Shaded-Pole (SP) 

[1], [2]. However, when a SPIM is started by the direct starting 

methods of the fixed system structures, the motor starting 

current can be around 500~700% of the rated motor current, 

which can cause an over current to electrical systems and a 

torque surge to mechanical systems. There have been many 

different studies to reduce starting current. Firstly, an auto- 

transformer and a tapped winding arrangement are used to 

reduce the voltage amplitude which is supplied to a SPIM for 

limiting starting current [3]. But, when considering the size, 

weight and costs of the transformer, this method may not be 

favorable. Secondly phase control techniques are effective 

and low-cost methods for reducing large starting currents by 

using thyristor-based voltage control [4]. However, these 

methods result in discontinuous input current waveforms which 

contain odd and even harmonics as well as sub-harmonics of 

the supply frequency which exceed harmonic limit standards. 

Therefore, nowadays Pulse Width Modulation (PWM) 

inverter methods have become powerful as an alternative 

because these techniques can overcome the problems associated 

with the conventional thyristor-based voltage control. Various 

PWM converter topologies such as a dc-link converter and an 

ac-ac converter have been investigated [5], [6]. The PWM 

operation at high chopping frequencies will result in 

harmonics appearing at higher frequencies where they can be 

easily eliminated by a small sized filter [7]. 
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(a) (b) 

Fig. 16. Experimental results of the PR current control in a SPIM(target current is 11.5A): (a) Soft starting by CFPR (RT:-60°C); (b) 

Soft starting by CFPR (RT:-40°C). 

 

      

(a) (b) 

Fig. 17.  Experimental results of the PR current control in a SPIM (target current is 13A): (a) Soft starting by VFPR (RT:-60°C); (b) 

Soft starting by VFPR (RT:-40°C). 

 

The specifications of the SPIM are presented as Table II. 

The control algorithm is performed by a digital signal processor 

(DSP) control system. 

The starting methods of the SPIM used in the experiments 

consist of direct starting, voltage control which consists of 

VVCF and VVVF, and current control such as PI and PR. 

In the direct starting scheme, the starting current is 

determined by a fixed circuit and it normally causes large 

current. Fig. 12 shows experimental results when the SPIM 

starts directly according to a variation in the room temperature 

from -60 [°C] to -40 [°C]. A high current of about 24 A can 

result in damage to the system. 

The voltage control scheme consists of VVVF and VVCF. 

This method indirectly reduces starting current through 

voltage control. Fig. 13 shows the starting current of a SPIM 

when voltage control is applied. Even though VVVF can 

reduce the starting current to around 10A, the starting up time 

is still long. A long starting up time is not suitable for the 

application of a compressor. 

Fig. 14 shows experimental results of a PI current controller 

with a target current of 15A. Fig. 14(a) shows results of a PI 

current controller with the stationary frame. It can be seen 

that the 
s

qs
i  phase is delayed by 90 degrees from 

s

ds
i . Fig. 14(b) 

shows result of a PI current controller with the synchronous 

reference frame. It takes about 2.2 seconds start-up time, this 

because of the reference frame transformation/reverse 

transformation and obtaining the q-axis variable. 

The proposed PR current control scheme consists of 

constant frequency proportional resonant (CFPR) and variable 

frequency proportional resonant (VFPR). The resonant 

frequency is constant at 60 Hz for the CFPR. However, it 

increases from 0 to 60 Hz for the VFPR during the start-up 

time. The generated phase angle for mode transition is shown 

in Fig. 15. The first part of the start-up time is shown in Fig. 

15(a), and Fig. 15(b) shows the start-up time once it has been 

stabilized. The blue line represents the estimated phase angle, 

red is the target current and green is the measured current. 

Even though the measured current is reduced when compared 

to the reference current for 1 cycle because of the PTC 

operation in Fig. 15(a), the estimated phase angle is becoming 

smother and the measured current is fitting the reference 

current as time is going during the start-up. Fig. 16 and Fig. 17 

demonstrate the starting currents of a SPIM when PR current 

controller and mode transition algorithms are applied with a 

variation of the room temperature from -60 [°C] to -40 [°C]. 

Experimental waveforms of the CFPR are shown in fig. 16 

with a target current of 11.5A. The results of the VFPR are 

shown in Fig. 17 with a target current of 13 A. 

Each algorithm tracks well with the starting current 

command and starting up time is reduced as well. It is shown 
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that the VFPR reduces the start-up time more than the CFPR. 

 

V. CONCLUSIONS 

This paper presents a new soft starting algorithm based on 

a PR current controller for an ultra-low temperature freezer. 

In addition, a mode transition algorithm is proposed to 

generate a constant voltage and a constant frequency (CVCF). 

A constant frequency proportional resonant (CFPR) and 

variable frequency proportional resonant (VFPR) current 

controller was proposed to reduce the starting current of a 

SPIM as well as the start-up time. In order to verify and 

realize the SPIM system, an ultra-low temperature freezer has 

been built with a 2-legs inverter controller. 

The performance using PR current controller is compared 

with the direct start method, voltage control start and PI current 

controller. Experimental results show that the proposed method 

based on a PR current controller reduces both the starting 

current and the start-up time when compared to the direct start, 

voltage control start and PI current controller. 
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