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Abstract- From the viewpoint  of alleviating 

global energy supply tightness and easing 

environmental pollution problems, technologies 

to reduce consumption have been being 

continuously studied and developed. In this 

paper an electrolytic capacitor less  adjustable-

speed drive (ASD) system, which has been vastly 

applied to home electrical appliances, such as 

air conditioners, washing machines, and 

refrigerators has been presented .In general ac 

motors used in home electrical appliances are 

driven by single phase to three phase converters 

with improved input power factor. But for these 

converters driven home electrical appliances 

with diode rectifiers, large capacity aluminium 

E-Caps are often used in dc link to balance the 

instantaneous input output power difference due 

to their large capacitance and low cost .Without 

the electrolyticcapacitors to balance the input 

and output power,higher input powerfactor will 

lead to more lowfrequency harmonic 

distortionof dc- bus voltage due to second 

harmonic current drawn by the input. The ASD 

system  without electrolytic capacitor  is free 

from shoot-through issues and attains high 

reliability due to the shoot-through zero- state 

regulation method. By using electrolytic 

capacitors-less topology, the lifetime can be 

extended to a great extent.  The tapped inductor 

which is used to replace the electrolytic 

capacitors ,can  maintain the dc-bus voltage 

during voltage sag.By using the  proposed 

harmonic injection method, the system can 

realize high input power factor and small dc-

link ripple voltage, simultaneously. The 

effectiveness of the proposed ASD system 

without electrolytic capacitors has been verified 

by simulation and experimental results. 

 

Index Terms :Electrolytic capacitor less,  

harmonic injection,single-phase input,single-

stage boost inverter,tapped inductor. 

 

 

                          1.  INTRODUCTION 

 The perspective of mitigating worldwide 

vitality supply snugness and facilitating natural 

contamination issues, advancements to diminish 

utilization have been by and large consistently 

considered and created. A standout amongst 

themost achievement is the customizable speed 

drive (ASD) innovation, which has been 

immensely, connected to home electrical 

apparatuses, for example, aeration and cooling 

systems, clothes washers, and iceboxes. Fig. 1. 

demonstrates the general structure of ASD system 

for home electrical apparatuses. All in all, air 

conditioner engines utilized as a part of home 

electrical machines are driven by single-stage to 

three-stage converters with enhanced info control 

calculate. But for these single-phase to three-phase 

converter- driven home electrical appliances with 

diode rectifiers, large-capacity aluminum 

electrolytic capacitors (E-caps)are often used in dc 

link to balance the instantaneous input–output 

power difference due to their large capacitance and 

low cost. However, they induce some undesirable 

properties to the system. 

 

 
Fig. 01  General structure of ASD system for 

home electrical appliances 

 

Definition of the problem 

           Traditional ASD systems are also 

susceptible to grid voltage disturbances such as 

voltage sags, swells, transients, and momentary 

interruptions. As indicated by the review report, 

voltage hangs of 10%–30% beneath ostensible 

utility voltage for 3– 30 line cycle spans represent 

the real power system unsettling influences. These 

voltage hangs would prompt slowing down speed, 

inrush current, or even system crumple. 

 

        To overcome some of the problems, dead-time 

compensation technique has been developed, and 

beneficial effect can be achieved to some extent. 

However, dead time is often affected by many 

factors such as driving signal delay, switching 

characteristics, output current, and operating 
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temperature, and this makes the compensation very 

complicated and difficult. 

  

 1.2 Objective of the thesis 

 

       Recently, in terms of preventing global 

warming and conserving natural resources, energy 

saving is one of the most important goals for power 

electronics applications. 

      Particular, about 25% of electrical energy for 

home appliances in Japan is consumed in 

residential air conditioner. The major part of the 

energy consumption is used for compressor drives. 

 

Furthermore, the compressor operates at light load 

condition most of the time. Hence, the compressor 

drive system is also required for high efficiency at 

light load conditions. 

The main objective of this thesis is a single-phase 

to three-phase adjustable-speed drive (ASD) 

system and it consists of a diode rectifier and a 

single-stage boost inverter without electrolytic 

capacitors (E-caps). 

(a) The system has no shoot-through issues and 

gains high reliability due to the shoot-through zero-

state regulation method. 

(b) By using electrolytic capacitors-less topology, 

the lifetime can be greatly increased. 

(c) By properly designing the tapping position of 

the inductor, the system has a high boost- inversion 

gain and can ride through grid voltage sags. 

(d) By using the proposed harmonic injection 

method, the system can realize high input power 

factor and small dc-link ripple voltage, 

simultaneously.   

 

                        2. SYSTEM MODELLING 

 

2.1 Tapped inductor single-stage boost inverter 

with out electrolytic capacitors  

 

Fig. 2(a) shows circuit topology of the proposed 

tapped inductor single-stage boost inverter 

(TISSBI) with single-phase ac source. It introduces 

an impedance network, including a tapped inductor 

into the upstream of the traditional VSI. The 

proposed inverter has extra shoot-through zero 

states, except the traditional two open-zero states 

and six active states, which is called non-shoot-

through state. The tapped inductor of the 

impedance network presents different inductances 

under the shoot-through state and the non-shoot-

through state. Only winding N1 provides 

inductance during the shoot-through zero state, 

while both the inductances  winding N1 and N2 are 

effective during the non- shoot-through state. 

Supposing the coupling coefficient is unity, the 

inductances of the tapped inductor can be 

expressed as  

 

 
 

Fig . 02 (a) Tapped inductor single-stage boost 

inverter and its equivalent circuits under 

different switching states(b) shoot-through zero 

state, (c) open-zerostate, and(d)active state 

 
𝐿2

𝐿1

= 𝑁2 ,𝑀 = 𝑁𝐿1  , 𝐿1 + 𝐿2 + 2𝑀 = 𝐿𝑡 

    𝐿1 =  
1

1+𝑁

2
 𝐿𝑡 ,𝐿2 =  

𝑁

1+𝑁

2
 𝐿𝑡 ,                   ( 1 ) 
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where the turns ratio is N = N2 /N1 and Lt is the 

inductance of tapped inductor.  

 

A.Operation Principle 

Fig. 2(b)–(d) shows the equivalent circuits of 

TISSBI under different switching states, assuming 

that N2 > N1 . 

 

 State 1: The converter operates in shoot through 

zero state during this interval, as shown in Fig. 

2(b). The dc link is shorted by conducting the 

switching devices in the same phase leg. Capacitor 

C1 charges winding N1 of the tapped inductor 

initially, leading to magnetizing current increasing 

linearly. The voltage of winding . N1 is reflected to 

winding N2 , and vL2 = NvL1 = NVC1 . At the 

same time, input ac source voltage and capacitor 

C2 voltage are in series and applied across inductor 

L, leading to linear increase of inductor L current, 

vL = Vi +D VC2 .Diode D is reverse biased, due 

toVC1>- VC 2.  

 State2:During this interval the converter                        

operates in traditional open-zero states, as shown in 

Fig. 2(c). The ac source is in series with inductor L 

and winding N2 , and charges capacitor C1 ; 

therefore, vL1 + vL2   = VC1Vi. In the initial 

stage, leakage inductor starts to resonate with 

capacitor C2 . The resonant current decreases until 

to a certain value when winding N2 reverses its 

polarity, causing diode D to become forward 

biased. Then the magnetizing current is reflected to 

winding N2 , and winding N2 is in series with 

winding N1 and transfers the earlier stored 

magnetizing energy to capacitor C2 , VC2  = vL1  

+ vL2 . 

State 3: The circuit is in active states, as shown in 

Fig. 2(d). The inverter bridge acts as a current 

source and transmits the earlier stored magnetizing  

energy to the load through the windings N1 and  

N2 which are connected in series and step up the 

dc-link voltage to a higher level. The tapped 

inductor also charges capacitor C2. 

 

2.2 Electrolytic Capacitor 

An electrolytic capacitor is a sort of capacitor that 

utilizes an electrolyte to obtain greater capacitance 

than the other type of capacitors   

 

 

Fig.3  Structure of Aluminum electrolytic 

capacitors with non-solid  electrolyte 

 

2.3 Diode bridge  rectifiers 

A diode bridge is an arrangement of four (or more) 

diodes in a bridge circuit configuration that 

provides the same polarity of output for either 

polarity of input. 

Fig.4 Circuit symbol for Diode bridge rectifier 

 

     B.  Boost Inversion characteristics 

 

 
Fig. 5  Comparison of boost factor between 

different topologies. 

 
Fig. 6  Relationship among envelope lines of 

input voltage vi , dc-link voltage vb , and input 

current ii for single-phase input E-caps-less 

SSBI 

The shoot-through duty cycle based control 

thoroughly eliminates the shoot-through related 

issues in traditional inverter bridge. This together 

with the E-cap-less configuration greatly improves 

the circuit reliability. Because not only the shoot- 

through zero state can be regulated, but the tapping 

position of the inductor can be properly designed, 

the proposed converter also features with high 

boost inversion gain, besides its voltage buck 

ability. This brings the system with good ride-

through ability. The two capacitors of the 

impedance network can be of film type according 

to the analysis approach presented , with 

capacitances of tens of micro farads. Because of 

very small capacitance to balance the input-output 
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power difference of the E-cap-less structure, the 

dc-link power will couple the harmonic component 

with twice of line frequency. 

 

3. DC-LINK POWER RIPPLE SUPRESSION 

AND INPUT POWER FACTOR 

IMPROVEMENT 

 

3.1 Harmonic injection into shoot- through zero 

state to suppress dc-link power ripple 

 

Suppose system power factor is of unity and the 

impedance network is lossless, then the dc-link 

power during active states can be expressed as 

 

𝑷𝒃𝒂 𝒘𝒕 = 𝒗𝒃 𝒘𝒕 𝒊𝒃 𝒘𝒕  𝟏 − 𝒅𝟎 𝒘𝒕  =
𝒗𝒊𝑰𝟏𝒔𝒊𝒏

𝟐 𝒘𝒕                  ----------(2)                                   

 

where ω = 2πfi, fi << fs , and d0 (ωt) is the shoot- 

through duty cycle. Vi and I1 are the amplitude of 

input voltage and input  fundamental current, 

respectively. Suppose no dc-link power ripple 

synchronous with twice of line frequency, that is, 

dc-link voltage/current during active states is of 

constant value, and dc link current amplitude 

during active states equals to the amplitude of 

output phase current Io , namely, Ib = Io , then d0 

(ωt) can be expressed as 

𝒅𝟎 𝒘𝒕 = 𝟏 −
𝒗𝒊𝑰𝟏𝒔𝒊𝒏

𝟐 𝒘𝒕 

𝒗𝒃𝑰𝟎
     ------(3)             

This also means that dc-link power ripple can be 

reduced by harmonic injection into the shoot-

through duty   cycle, so we suppose that 

 

𝒅𝟎 𝒘𝒕 = 𝟏 −
𝒗𝒊𝑰𝟏𝒔𝒊𝒏

𝟐 𝒘𝒕 

𝒗𝒃𝑰𝟎
                  ------(4)               

Where a ripple component synchronous with twice 

of line frequency is added to d0 (ωt), and D0min is 

the minimum shoot through duty cycle, kd is the 

ripple factor of d0 (ωt). Then (2)can be further 

expressed as 

 

𝒗𝒃 𝒘𝒕 𝒊𝒃 𝒘𝒕 =
𝒗𝒊𝑰𝟏𝒔𝒊𝒏

𝟐 𝒘𝒕 

𝟏−𝑫𝟎𝒎𝒊𝒏−𝒌𝒅𝒄𝒐𝒔
𝟐 𝒘𝒕 

     -----(5) 

                                                                          

In order to find out which factor obviously affects 

the ripple amplitude of dc-link power, we calculate 

the per-unit (P. U.)value of vb (ωt)ib (ωt) based on 

its average value, that is 

 

𝒗𝒃 𝒘𝒕 𝒊𝒃 𝒘𝒕 
∗ =

𝒗𝒃 𝒘𝒕 𝒊𝒃 𝒘𝒕 

𝑽𝒃𝑰𝒃
 

𝟏

𝝅
 

𝒗𝒊𝑰𝟏𝒔𝒊𝒏
𝟐 𝒘𝒕 

𝟏 − 𝑫𝟎𝒎𝒊𝒏 − 𝒌𝒅𝒄𝒐𝒔
𝟐 𝒘𝒕 

𝒅 𝒘𝒕 

𝝅

𝟎

 

 𝒌𝒅(𝟏 − 𝑫𝟎𝒎𝒊𝒏) 𝒔𝒊𝒏𝟐 𝒘𝒕 

  
𝟏 − 𝑫𝟎𝒎𝒊𝒏

𝒌𝟏
− 

𝟏− 𝑫𝟎𝒎𝒊𝒏

𝒌𝟐
− 𝟏  𝟏 − 𝑫𝟎𝒎𝒊𝒏 − 𝒌𝒅𝒄𝒐𝒔

𝟐(𝒘𝒕 

 

              ----------------------                                   (6) 

In a half line cycle, (vb (ωt) ib (ωt))∗ is symmetric 

to π/2, and reach its peak value at ωt = π/2. 

Substituting ωt = π/2 into (6)yields the peak-

average ratio of dc-link power .                                                                    

 

 

3.2 Harmonic Injection into Modulation Index 

to Improve the Input Power Factor: 

Supposing the input power factor is of unity, i.e., 

the input current  is a sinusoidal one ii (ωt) = I1sin 

(ωt). And also suppose the dc-link power is without 

low frequency harmonics. Then the modulation 

index can be derived as follows, according to (2) 

and the relationship between amplitude of output 

phase voltage and dc-link voltage: Vo = mVb/2 

 

𝒎 𝒘𝒕 =
𝟐𝑽𝒐𝑰𝒐(𝟏−𝑫𝒐)

𝑽𝒊𝑰𝟏𝒔𝒊𝒏
𝟐 𝒘𝒕 

     -----(7) 

  From (7), it can be seen that m(ωt) should 

be proportional to 1/sin2 (ωt) in order to realize 

unit input power factor. Then the expected 

modulation index can be expressed as 

 

𝒎′ 𝒘𝒕 = 𝒎𝒎𝒊𝒏 +
𝒌𝒎

𝒔𝒊𝒏𝟐 𝒘𝒕 
  ------(8) 

Where km is the ripple factor of m(ωt). The last 

term of (8) is the required compensation content, 

which is an ac component. Then the input current 

can be accordingly expressed as 

 

𝒊𝒊 𝒘𝒕 =
𝟐𝑽𝒐𝑰𝒐(𝟏−𝑫𝒐)

𝒎′(𝒕)𝑽𝒊𝒔𝒊𝒏 𝒘𝒕 
      ------(9) 

 

However, when dc-link voltage is of little ripple 

and m_ (ωt) = m min, the input current can be 

expressed as 

𝒊𝒊𝒔 𝒘𝒕 =
𝟐𝑽𝒐𝑰𝒐(𝟏−𝑫𝒐)

𝒎𝒎𝒊𝒏𝑽𝒊𝒔𝒊𝒏 𝒘𝒕 
   -------(10) 

Fig. 7(a) and (b) shows the waveform of (a) input 

current ii(ωt) and its fundamental i1 (ωt) when mmin 

= 0.8, km = 0.2,input current iis (ωt) and fundamental 

of input voltage v1 (ωt) when modulation index is 

without compensation. The harmonic contents of 

input current is also shown in Fig. 7(c) and (d), in 

which  (c)  is  for  ii (ωt),  and  (d)  is  for  iis (ωt).  In
∗  

is  the  per- unit value of the harmonic content 

versus its fundamental I1 . 

In Fig. 7(b) and (d), the amplitude of current in the 

zero-across position is infinite and contains a large 

amount of harmonic. By injecting the harmonic 

contents into modulation index, the harmonic 

content of input current is greatly decreased and the 

input power factor is increased, which can be 

examined in Fig. 7(a)and(b).  
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Fig. 6 (a) Single-phase to three-phase ASD 

system prototype based on E-cap-less SSBI and 

(b) relationship between d0 and m. 

It can be seen that the input power factor is 

effectively improved by compensating an ac 

content to m(ωt) according to (8); however, the 

signal is hard to realize in hardware and also the 

extreme value exists. So a proximate function is 

proposed m
jj
 (ωt) = mmax − km sin2 (ωt), where km 

is the ripple factor of m(ωt). Note that in order to 

avoid the deterioration of fundamental of the 

output phase voltage and increasing the harmonic 

component, the ripple of m(ωt) should be changed 

within a certain range. This also means that the 

real input power factor is difficult to be of unity .   

 4.  SYNTHESIZED ANALYSIS    

 From the abovementioned analysis, it can be 

concluded that because the dc-link voltage is 

regulated by the shoot-through duty cycle, 

harmonic can be injected into shoot-through 

duty cycle to reduce the ripple amplitude of the 

dc-link voltage. The injected harmonic should 

be opposite to the direction of the dc-link 

voltage ripple. If the harmonic injected into 

shoot- through duty cycle is in-phase with the 

dc-link voltage ripple, the ripple amplitude of 

the dc-link voltage would be increased and the 

input power factor can be improved. The input 

power factor can be also improved by injecting 

harmonic opposite to the direction of the dc-

link voltage ripple into the modulation index 

according to the relationship between d0 and m 

mentioned above. 

For the motor with a large moment of inertia, 

energy can  be fed back to the dc link due to 

inertia effect and can reduce voltage drop to 

some extent. Thus, improving the input power 

factor is more important for this kind of system. 

The synthesized design scheme is to increase 

the input power factor as required and then 

restrain the dc-link ripple further. Whereas, 

according to the abovementioned analysis, dc-

link ripple cannot be reduced to zero and the 

input power factor cannot be of unity in fact, 

because of the instantaneous input–output 

power difference and limited adjustable range 

of the shoot-through duty cycle and modulation 

index. For ASD system for home electrical 

appliances, dc-link voltage ripple is more 

critical than dc-link current ripple, so measures 

can be taken to make smallest dc-link voltage 

ripple and meanwhile to keep input power 

factor within required specification. Also, for 

ASD systems with large inertia, the motor itself 

can feedback power to reduce bus voltage drop 

and reduce bus voltage ripple. The 

compensation component of shoot-through 

duty cycle and modulation index can be 

obtained by input power feed-forward control. 

                5.SIMULATION RESULTS  

Simulation has been performed to confirm the 

previous analysis .           

Simulation Model Of AC Motor Drive 

Without Electrolytic Capacitor is shown below. 

 

 
Fig .7. Simulation model of AC motor drive 

without electrolytic capacitor 

TABLE  I                                                 

MOTOR PARAMETERS TAKEN FOR 

SIMULATION 

 

Stator   windingresistance r1 3.11Ω 

Rotor winding resistance r2 2.29Ω 

Maganetizing inductance Lm 201mH 

Stator leakage inductunce L1 3.2mH 

Rotor leakage inductance L 7.3mH 

Pole number 2 

 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 582



TABLE II 

CONTROLLED CONVERTER SPECIFICATIONS 

TAKEN  FOR SIMULATION 

Primary inductance of tapped inductor 782µH 

Coupling coefficent of tapped 

inductor 

2 

Km 0.98 

Capcitance C1 10µF 

Capcitance C2 17µF 

inductance 1mH 

Switching frequency 10kHz 

  

                          TABLE  III 

VALUES OF  THD OF INPUT CURRENT AND PF  

WHEN FOR DIFFERENT Km 

km           THD of input current(%)         PF 

0.3 17.5 0.96 

0.2 19.7 0.95 

0.1 31 0.92 

 

  The THD of input current and PF are listed in 

Table III. These experimental results verify that the 

larger the harmonic injected into modulation index, 

the smaller the THD of the input current and the 

higher the input power factor. The minimum value 

of modulation index should be limited to avoid 

small utilization of dc-link voltage and large 

harmonic components of output ac voltage.  

Experimental results with two different control 

methods are compared, including V/f control and 

slip frequency control with feed-forward input 

power and harmonic injection. The rms value of the 

input ac voltage is 90 V.  The harmonic component 

of input current is about 57.1%, and the power 

factor PF = 0.85,  

 
 

  Fig. 8 Waveforms of input ac voltage      and 

current under different speeds  when supplied 

by the proposed E-cap-less SSBI: (a) 3000 r/min 
 

 

Current is reduced to 18.4%, and the power factor 

is 0.96 under 3000 r/min. The powerfactor is 

improved to about 0.99 when the motor speed 

reaches to6000r/min.  The input ac voltage and 

current of traditional structure with a film capacitor 

. Fig. 9 presents the input power factor comparison 

under different motor speeds when supplied by the 

traditional structure of Fig. 1 with a film capacitor 

and by the proposed E-cap-less SSBI. The input 

power factor of the proposed E-cap-less SSBI is 

normally higher than that of the traditional 

structure with a film capacitor with increased motor 

speed. 

 

 

 
Fig. 9 Input power factor comparison under 

different motor speed when supplied by the 

traditional structure with film capacitor and by 

the proposed E-cap-less SS

ripple amplitude is still large, with the peak- valley 

ratio of 10.4, the low-frequency ripple of envelope 

line of dc-link voltage is much smaller, with the 

peak-valley ratio of only 1.27. The output current 

contains ripple component synchronizing with the 

input ac voltage, so the torque ripple also exists.   

Because the ripple amplitude of the envelope line of 

dc-link voltage is smaller than that of the 

traditional structure of Fig. 1 with a film capacitor, 

the ripple components of speed is smaller. But the 

THDs of output currents are 17.7% (CH1), 9.2% 

(CH2), and 15.1% (CH3) . Furthermore, the 

efficiency  of the proposed topology is lower  than 

that of the traditional structure because of the E-

caps-less SSBI. The efficiency of the proposed 

system is 77.8% at the rated speed of 6000 r/min, 

and that of the traditional structure shown in Fig. 1 

with a film capacitor is 85.7% under the same 

condition. 

  

 

 

 
 

Fig.10 key wave forms of Relationship between 

duty cycle(d0) and modulation index(m) 
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Fig.11  key waveforms input current when 

 V1=110v 

 

   
Fig .12  THD Of input current and pf 

 

 

                      6. CONCLUSION 

 

In this paper an ASD system for home electrical 

appliances, which consists of a single- phase diode 

rectifier and a single-stage three-phase boost 

inverter without electrolytic capacitors has been 

presented. The proposed system  features with 

great reliability,  good ride-through ability, and no 

shoot-through issues. Without  the bulk E-caps, 

increasing input power factor would inevitably lead 

to large dc-link power ripple, which is synchronous 

with twice of the line frequency. A 

MATLAB/SIMULINK based model is developed 

and simulation results are presented. The 

simulation based performance evaluations of the 

Ac motor drive indicate that the proposed input 

power feed-forward control and harmonic injection 

technique, has the potential  for   higher input 

power factor and smaller dc-link voltage ripple 

simultaneously, than the system with V /f control.                                                               
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