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Abstractð Most of modern controlled electric drive applications, such as lifts, cranes, and tooling machines, are characterized by a 

high ratio of the peak to average power. In addition, such applications have high demand for braking at the full rated power. In 

ordinary drives, the braking energy, which represents 30%ï50% of the consumed energy, is dissipated on a brake resistor. Apart 

from this ñenergeticò issue, power supply interruption and the input current quality are two additional issues to be solved. The 

ultra capacitor with an interface of soft-switched continuous conduction- mode (CCM) boost converter suitable for high-power 

applications such as power factor correction, hybrid electric vehicles, and fuel cell power conversion systems is presented in this 

paper. Continuous Conduction Mode dcïdc converter is used to store and recover the braking energy. In addition, the dcïdc 

converter controls the rectifier current and reduces the drive input current total-harmonic- distortion factor down to 30%. 

Moreover, the dc bus voltage is boosted and controlled to be constant and ripple free regardless of the load The proposed converter 

achieves zero-voltage-switched (ZVS) turn-on of active switches in CCM and zero-current-switched turn-off of diodes leading to 

negligible reverse-recovery loss. The presented solution is theoretically analyzed and experimentally verified.  

 

Keywordsð CCM,Ultra capacitor, Soft Switching,electric drives, THD, Loss Free Transformer(LFT) 

 

I. INTRODUCTION  

 

Modern controlled electric drive applications, such as lifts, 

industrial and on-port cranes, tooling machines, etc., are 

characterized by low balance between the average power 

and peak power. Moreover, such applications have strong 

demand for braking at the rated power. In ordinary 

variable speed drives, the mechanical energy of the motor 

load rotating mass is usually realized and wasted in a brake 

resistor. The energy losses in such applications go up from 

30% to 50% of the consumed energy. Nowadays, having in 

mind the energy crisis, variable drive efficiency has 

become an issue that needs an urgent solution [1]. Modern 

electric drives are sensitive to the mains supply 

disturbances. The most frequent disturbance is voltage 

dip/sag, which is defined as the instantaneous decrease in 

the rms voltage, where the decrease is in the range of 10% 

to 90% of the nominal voltage, while the sag duration is on 

the order of a half cycle up to a minute [2]. Such a power 

interruption may cause interruption of the entire drive 

system. The system interruptions are very costly and 

unacceptable when the drive is applied in critical process 

industry, oil pump systems, or glass industry. 

The motor is powered from a power converter, 

so-called the drive converter. The drive converter is 

supplied from low-voltage distributive three-phase mains 

230ï690 V, 50ï60 Hz. The most common converter 

topology is a diode front-end rectifier and voltage - source 

pulsewidth-modulated (PWM) inverter (Fig. 1). The drive 

converter consists of an input three-phase diode rectifier 

(D1īD6), dc bus link with passive filter (LBUS CBUS), 

and PWM output inverter (S1īS6). An additional switch 

SB, diode DB, and resistors RB, so-called brake chopper 

and resistor, are used in applications with a demand for 

braking (hoisting and large-inertia applications). The 

braking energy is dissipated in the brake resistor RB via 

the brake chopper SBDB. Basically, this is a disadvantage 

of such simple drive configuration and the most limiting 

factor for application in highly efficient drive systems. 

Certain drive applications are characterized by high ratio 

of the peak to average power. Typical examples are 

hoisting and lift applications. Fig. 2(a) shows a photograph 

of the port rubber tyred gantry crane (RTGC). Typical 

powerïtime profile is shown in Fig. 2(b). The drive power 

is highly positive whenever the drive accelerates and 

highly negative whenever the drive deaccelerates. During 

hoisting at constant speed, the power is positive or 

negative, below 50% of the peak power. In lift applications, 

the peak-to-average-power ratio could be greater than ten, 

as reported in [4]. Another application with high ratio of 

the peak to average power is industrial tolling 

machines with intermittent load. Typical examples are 

servo position toll carriers, which move the toll from one 

to another position. Fig. 3 shows the powerïtime profile of 

such a drive: 1) acceleration; 2) running at full speed; and 

3) deacceleration and positioning the toll at the target 

position. Applications with high peak power require 

oversized cabling, fuses, and contactors. This type of 

applications may also cause voltage variation and flickers 

in weak supply network [5]. 

 

II.ULTRACAPACTIOR 

 

Regenerative electric drives with an ultra capacitor as 

energy storage have been discussed in numerous 

publications [4]ï [10]. This concept has become in focus 



 

Research  Article  December 
2012  

 

G.P. Ramesh                                                                                                                                                 Page 57 
 

International Journal of  

Emerging Research in Management &Technology 

ISSN: 2278-9359 

 

recently with broad application of new electrochemical 

double-layer capacitors, so-called the ultra capacitors [11]ï

[13]. The braking energy is stored into the ultra capacitor 

during the braking sequence. During the next motoring 

sequence, the energy is restored from the ultra capacitor. 

General-purpose electric drives with such an energy-

saving concept can be used in lift applications, tolling 

machines with a demand for fast start/stop sequence, and 

many other applications with a demand for braking. 

Moreover, the ultra capacitor can provide energy for 

uninterruptible power supply function or extension of the 

drive ride-through capability in critical industrial 

applications, in which power interruptions are very costly 

[8]ï[10]. 

 

III. DC-DC CONVERTER 

 

A three-level bidirectional dcïdc converter used as the 

interface between the ultra capacitor and electric drive has 

been proposed.Continous-conduction-mode (CCM) boost 

converters have been widely used as the front-end 

converter for active input current shaping The converter 

controls the power flow between the ultra capacitor and the 

drive whenever necessary. It can be braking as well as 

motoring from the ultra capacitor [10]. CCM boost 

converters are increasingly needed in high-power 

applications such as hybrid electric vehicles and fuel cell 

power conversion systems. High power density and high 

efficiency. CCM boost converter suffers from severe diode 

reverse-recovery problem in high-current high-power 

applications. That is, when the  

 

 
 
Fig. 1. Regenerative controlled electric drive with an ultra capacitor-

basedenergy storage device. 
 

main switch is turned on, a shoot through of the output 

capacitor to ground due to the diode reverse recovery 

causes a large current spike through the diode and main 

switch. This not only incurs significant turn-off loss of the 

diode and turn-on loss of the main switch, but also causes 

severe electromagnetic interference (EMI) emission. The 

rectifier input current total harmonic distortion can be 

reduced to approximately 30%, while the dc bus voltage is 

boosted, controlled, constant, and ripple free regardless of 

variation of the load and the mains voltage. The proposed 

boost converter can be applied in any type of three-phase 

rectifiers and is not related to application of ultra 

capacitors.  

 

Soft-switched CCM boost converter suitable for high-

power applications such as power factor correction, hybrid 

electric vehicles, and fuel cell power conversion systems. 

The proposed converter has the following 

Advantages: 

1) ZVS turn-on of the main switches in CCM 

2) Negligible diode reverse recovery due to ZCS turn-off 

of the diode 

3) Voltage conversion ratio is almost doubled compared to 

the conventional      boost converter 

4) Significantly reduced componentsô voltage ratings and 

energy 

 

A single-phase rectifier with a shunt active filter has been 

proposed in [17]. The proposed solution is simple and cost 

effective because the filter is connected on the rectifier dc 

side. This approach could be extended to the three-phase 

rectifiers, in which case the input current THD can be 

reduced to approximately 30%. The electronic smoothing 

inductor has been presented in [18] and [19]. A single-

switch boost rectifier operating in continuous conduction 

mode (CCM) is presented in [20] and [21]. The rectifier 

input current THD can be reduced to 30%. The input 

current THD could be reduced to 10% if the single-switch 

boost rectifier operates in discontinuous conduction mode 

[22], [23]. The key disadvantage of the single-switch 

topologies is the high stress of the switch and the diode. 

The switch and the diode are rated to the full dc bus 

voltage and the full input current. It makes the single-

switch boost rectifier inefficient and a bulky solution in the 

higher power high-voltage range. Certain drive 

applications are characterized by high ratio of the peak to 

average power. Typical examples are hoisting and lift 

applications. The drive power is highly positive whenever 

the drive accelerates and highly negative whenever the 

drive de accelerates. During hoisting at constant speed, the 

power is positive or negative, below 50% of the peak 

power. In lift applications, the peak-to-average-power ratio 

could be greater than ten, as reported in [4]. Another 

application with high ratio of the peak to average power is 

industrial tolling machines with intermittent load. Typical 

examples are servo position toll carriers, which move the 

toll from one to another position. Efficiency of the drive 

system equipped with the power smoothing function 

depends on the ultra capacitor conversion efficiency.  

When the main switch is turned on, a shoot through of the 

output capacitor to ground due to the diode reverse 

recovery causes a large current spike through the diode and 

main switch so soft switching continuous conduction mode 

DC ï DC Boost converter is proposed in this paper.   
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Fig. 2. (a) Regenerative three-phase variable speed drive with the voltage 

boosting function based on the three-terminal LFT with energy storage. 

(b) Realization using two dcïdc converters (CCM) and an ultra capacitor. 

 

IV. THREE-TERMINAL REGENERATIVE ENERGY 

STORAGE AND PFC DEVICE 

 

The basic principle of the proposed regenerative electric 

drive is illustrated in Fig. 2. One can distinguish a three-

phase diode rectifier, a dc bus capacitor CBUS, the dc bus 

load, a storage capacitor CC0, and a three-terminal power 

converter designated as the loss-free transformer (LFT). 

The terminal 0 is connected between the rectifier and the 

dc bus plus rail. The terminal 1 is connected in parallel 

with the dc bus, while the terminal 2 is connected to the 

storage capacitor CC0. The capacitor CC0 is an EDLC, 

well known as the ultra capacitor. The LFT is controlled 

by a control variable m(t). The internal structure of the 

LFT is depicted in Fig. 2(b). The LFT is composed of two 

dcïdc converters, namely, DC DC1 and DC-DC2, and two 

series connected capacitors CB1 and CB2. The role of DC-

DC1 is to regulate the rectifier current iREC and generate 

the voltage v0 in order to boost the dc bus voltage vBUS. 

The DC-DC2 converter has two roles. The first one is to 

assist the DC-DC1 converter when the drive is supplied 

from the mains [24]. More precisely, the DC-DC2 

converter has the role to maintain the vC1 to vC2 ratio 

constant 

(vC1 = vC2 = vBUS/2). The second role of the DC-DC2 

converter is to be an interface between the ultra capacitor 

CC0 and the drive dc bus and to control the energy flow 

between the drive and the ultra capacitor whenever it is 

necessary (the braking mode or the ultra capacitor 

motoring mode ) 

 

A. System Operating Modes 

The electric drive may operate in several modes, 

depending on the drive load and status of the mains supply. 

Fig. 3 shows the power-flow block diagrams, and Fig. 4 

shows the waveforms for different operating modes.  

 

a) Motoring mode from the mains (MM ). The drive is 

running in motoring mode, being supplied from the mains. 

The input and output powers are equal PIN = POUT. The 

power designated as ȹP circulates between the converters 

DC-DC2 and DC-DC1. The circulating power contributes 

to boosting and control of the dc bus voltage vBUS. The 

ultra capacitor powr PC0 is zero; no power flows between 

the ultra capacitor and the drive. The dc bus voltage is 

regulated by the DC-DC1 converter. 

 

b) Braking mode (B). The drive input power is zero. The 

ultra capacitor power PC0 is positive, referring to the 

diagram. The ultra capacitor voltage increases. The dc bus 

voltage is regulated by the DC-DC2 converter. 

 

c) Standby mode (STB). The drive is in standby mode, and 

there is not any energy exchange between the input, output, 

and ultra capacitor. The dc bus voltage is regulated by the 

DC-DC2 converter. 

 

d) Motoring and energy recovery mode (MC0). The drive 

operates in motoring mode. The energy for the drive 

acceleration is recovered from the ultra capacitor bank via 

the converter DC-DC2. The power PC0 is negative. 

The ultra capacitor voltage decreases. The dc bus voltage 

is regulated by the DC-DC2 converter. 

 

ii) Ride through mode (RT). The mains is interrupted, and 

therefore, the drive is supplied from the ultra capacitor via 

the power converter DC-DC2. The power PC0 is negative, 

referring to the diagram. The ultra capacitor voltage 

decreases deeper. The dc bus voltage is controlled by the 

DC-DC2 converter. 

 

e) Ultra capacitor charging mode (MM -CH). The mains is 

recovered, and then, the ultra capacitor is charged to the 

predefined minimum voltage UC0min. The dc bus voltage 

is regulated by the DC-DC1 converter. 

 

f) Mains peak power filtering mode (MPFM ). The drive 

operates in the mains motoring mode. If the load is high 

during the short period, the drive input power is limited 

and the drive load is supplied from the ultra capacitor. 

Once the load is reduced, the ultra capacitor will be 

recharged from the mains. 
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                            Fig. 3  The power-flow block diagrams 

 

V.  PEAK POWER SMOOTHING USING AN 

ULTRA CAPACITOR AND A THREE-TERMINAL 

INTERFACE DCïDC CCM CONVERTER 

 

Basic Principle 

An electric drive with input power-smoothing function is 

composed of three power converters, namely, the input 

rectifier, the output inverter, and a three-terminal dcïdc 

converter with an ultra capacitor. 

 

1) The drive acceleration and high-peak-power demand 

mode. The load is higher than the input power. The dcïdc 

converter discharges the ultra capacitor. with power 

PDCH, where the discharge power 

 

PDCH is controlled and adjusted to a level that gives 

smooth input power. The ultra capacitor voltage decreases 

toward the minimum voltage UC0min. 

 

2) Low-power demand mode is shown in Fig. 4(b). The 

drive runs in light-load mode. The load is lower than the 

input power. The difference in the power is absorbed by 

the ultra capacitor. The charging power PCH is controlled 

and adjusted to such a level that gives smooth input power 

without  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Significant variation. The ultra capacitor voltage increases 

toward the maximum voltage UC0max. 

 

 Realization 

 

The basic principle of the proposed electric drive . One can 

distinguish a three-phase diode rectifier, a dc bus filter 

capacitor CBUS, the dc bus load (inverter with a motor), a 

storage capacitor CC0, and a three-terminal power 

converter. The terminal 0 is connected between the 

rectifier and the dc bus plus rail, the terminal 1 is 

connected in parallel with the dc bus, and the terminal 2 is 

connected on the storage capacitor CC0. The storage 

capacitor CC0 is an ultra capacitor. The three-terminal 

power converter is controlled by a control variable m(t). 

The converter is composed of two dcïdc converters 

DC/DC1 and DC/DC2 and two series-connected capacitors 

CB1 and CB2. The role of the DC/DC1 converter is to 

regulate the rectifier current iREC and generate the voltage 

v0 in order to boost and control the dc bus voltage Vbus. 

The role of the DC/DC2 converter is to be interfaced 

between the ultra capacitor CC0 and the drive dc bus. This 

converter controls power flow between the drive and the 

ultra capacitor. The DC/DC2 converter has an additional 

role to assist to the DC/DC1 converter. 
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Figure 4.(a) Ultra capacitor discharge when the load is higher than the 

input average power; the sector 1 in (c). (b) Ultra capacitor is charged 
when the load is lower than the average input power; the sector 2 in (c). 

 

the output inverter, and a three-terminal dcïdc converter 

with an ultra capacitor. These three converters are 

connected as shown in Fig. The three-terminal converter is 

controlled in a way to fulfill the system behavior specified. 

1) The drive acceleration and high-peak-power demand 

mode is shown in Fig. 4(a). The load is higher than the 

input power. The dcïdc converter discharges the ultra 

capacitor with power PDCH, where the discharge power 

PDCH is controlled and adjusted to a level that gives 

smooth input power. The ultra capacitor  

voltage decreases toward the minimum voltage UC0min 

[Fig. 4(c)]. 

 

2) Low-power demand mode is shown in Fig. 4(b). The 

drive runs in light-load mode. The load is lower than the 

input power. The difference in the power is absorbed by 

the ultra capacitor. The charging power PCH is controlled 

and adjusted to such a level that gives smooth input power 

without significant variation. The ultra capacitor voltage 

increases toward the maximum voltage UC0max [Fig. 

4(c)]. 

 

B. Realization 

The basic principle of the proposed electric drive is shown 

in Fig. 5. One can distinguish a three-phase diode rectifier, 

a dc bus filter capacitor CBUS, the dc bus load (inverter 

with a motor), a storage capacitor CC0, and a three-terminal 

power converter. The terminal 0 is connected between the 

rectifier and the dc bus plus rail, the terminal 1 is 

connected in parallel with the dc bus, and the terminal 2 is 

connected on the storage capacitor CC0. The storage 

capacitor CC0 is an ultra capacitor. The three-terminal 

power converter is controlled by a control variable m(t). 

The internal structure of the three-terminal power 

converter is shown in Fig. 6. The converter is composed of 

two dcïdc converters DC/DC1 and DC/DC2 and two 

series-connected capacitors CB1 and CB2. The role of the 

DC/DC1 converter is to regulate the rectifier current iREC 

and generate the voltage v0 in order to boost and control 

the dc bus voltage vBUS [15]. The role of the DC/DC2 

converter is to be interfaced between the ultra capacitor. 
 

 
Figure 5.(a) Regenerative three-phase variable-speed drive with the 

voltage boosting function based on the three-terminal loss-free 

transformer (LFT) with energy storage 
 

VI. ULTRA CAPACITOR DESIGN 

The ultra capacitor design and selection is based on three 

parameters: 1) rated voltage of the ultra capacitor module;      

2) the ultra capacitor rated capacitance; and  3) the ultra 

capacitor losses. 

 

A. Voltage Rating 

The ultra capacitor module rated voltage is selected as 

close as possible to maximum of the dc bus voltage. As the 

ultra capacitor is charged when the drive dc bus voltage is 

maximum (the drive is braking), the ultra capacitor rated 

voltage UC0max is 

UC0max Ò VBUSmax. (1) 
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Figure 6. Definition of the reference voltages. (a) VBUSmax, VBUS(REF), and 
VBUSmin. (b) UC0min, UC0inM, and UC0max. 

 

The ultra capacitor minimum operating voltage is 

determined 

by the dcïdc converter current capability IC0max and the 

conversion power PC0. 

 

 
Normally, the minimum operating voltage is 40%ï50% of 

the ultra capacitor rated voltage. 

The intermediate voltage UC0inM is defined as 

 
where charge and discharge energies ECH and EDCH depend 

on the application requirement. This is discussed shortly 

after in the following section. 

 

1) Braking and Ride-Through Capability Extension is the 

Main Role of the Application: In certain applications, the 

main role of the ultra capacitor is to store the drive braking 

energy and/or provide energy for the ride-through 

extension [10]. In this case, the ultra capacitor charge and 

discharge energies are 

 

 
 

where tB and tRT are braking and ride-through times, ɖB 

and ɖM are the efficiencies of the conversion system in 

braking and ride-through modes, and P0(t) is the drive 

shaft power. 

 

B. Capacitance 

The capacitance selection depends on the drive 

application. In a general case, assuming that the ultra 

capacitor is a linear capacitor without internal resistance 

[10], the capacitance C0 can be computed as 

 

 
where ECH and EDCH are charge and discharge energies, 

which depend on the application. 

 

C. Ultra capacitor Current Stress and Losses 

 

The ultra capacitor current can be decomposed in two 

different frequency ranges: 1) very low frequency current 

and 2) high switching-frequency current. Very low 

frequency current corresponds to the transfer of the energy 

between the drive and the ultra capacitor. It could be 

braking and motoring from the ultra capacitor and the peak 

power smoothing. Considering that the ultra capacitor is a 

linear capacitor [10] and neglecting the internal series 

resistance RC0, one can find the ultra capacitor charging 

current as 

 

 
 

where the initial ultra capacitor voltage is UC0min. 

Discharging 

current has similar form 

 

 
where the voltage UC0 is the ultra capacitor initial voltage. 

The 

ultra capacitor charging/discharging power PC0 is constant. 

 

The ultra capacitor losses are computed as 
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High-frequency losses can normally be neglected because 

the current ripple at high frequency is quite smaller in 

comparison to the ultra capacitor average current. 

 

VII. CONTROL ASPECTS 

 

A. Control Objectives 

The objective is to asymptotically regulate the dc bus 

voltage to a desired reference, where the reference depends 

on the system-operating mode. The secondary control 

objective is to smooth the drive input power, regardless of 

variation of the drive load. Control objective is to control 

the ultra capacitor state of the charge, including control of 

the ultra capacitor current. 

 

B. Control Scheme 

The two control blocks: 1) DC/DC1 CONTROL and 2) 

DC/DC2 CONTROL. The first control block consists of 

two cascaded controllers GiREC and GvBUS. The controller 

GiREC regulates the rectifier current (to be constant or 

quasi-constant [15]), while the controller GvBUS 

asymptotically regulates the dc bus voltage to the reference 

VBUS(REF). The block denoted as DC/DC2 CONTROL 

consists of the ultra capacitor current controller GiC0, the 

ultra capacitor voltage controller GuC0, and two dc bus 

voltage controllers designated as GvBUSmax and GvBUSmin. 

 

To explain the control scheme, let us recall Fig. 12(a) that 

shows waveforms of the input and load powers PIN and 

PLOAD, the dc bus voltage vBUS, and the ultra capacitor 

voltage uC0 and current iC0. The drive load PLOAD is 

assumed as a single pulse load. The drive input power PIN 

is assumed as a smooth function. Three regions can be 

identified: A, B, and C.  

 

1) A: Whenever the load is greater than the input power, 

the ultra capacitor is discharged. The input converter 

DC/DC1 regulates the input power to be smooth, while the 

DC/DC2 converter (via the controller GvBUSmin) regulates 

the dc bus voltage at lower reference VBUSmin. Since the dc 

bus voltage is lower than the reference VBUSmax, the upper 

voltage controller GvBUSmax is saturated, and its output is 

u2(REF) = UC0inM. Thus, the controller GvBUSmax can be 

dropped from the control 

scheme. 

 

2) B: During the complementary state, when the input 

power is greater than the load power, the ultra capacitor is 

charged. The input converter DC/DC1 regulates the input 

power to be smooth, while the DC/DC2 converter 

regulates the dc bus voltage at lower reference VBUSmin. 

 

3) C: The input power and load are equal. The dc bus 

voltage is regulated by the DC/DC1 converter to the 

reference VBUS(REF). The ultra capacitor current is zero, and 

the voltage is regulated to UC0inM. Fig. 12(b) shows the 

waveforms in case the load is periodic intermittent load. 

Four regions can be identified: A1, A2, B1, and B2. 

 

 
 

Figure7.(a) The waveforms in case the load is periodic intermittent load. 
 

 
 

Fig. 7.(b) shows the waveforms in case the load is periodic 

intermittent load. Four regions can be identified: A1, A2, 

B1, and B2. 

 

1) A1: The load is greater than the input power, and  the 

ultra capacitor voltage is greater than the reference 

UC0inM. The DC/DC2 converter discharges the ultra 

capacitor and regulates the dc bus voltage to the upper 

reference VBUSmax. Since the dc bus voltage is higher 

than the reference VBUSmin, the lower voltage controller 

GvBUSmin is saturated, and its output is u1(REF) = 0. 

Hence, the controller GvBUSmin can be dropped from the 

control scheme. 
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2)  A2: Once the ultra capacitor voltage reaches the 

reference UC0inM, the controller GvBUSmin goes out of 

saturation, and the DC/DC2 converter starts to regulate the 

dc bus voltage to lower reference VBUSmin. The upper 

controller GvBUSmax is now saturated and, as that, could 

be dropped from the control scheme. The ultra capacitor is 

still being discharged. 

 

3)  B1: The load is lower than the input power, and the 

ultra capacitor voltage is lower than the reference 

UC0inM. The DC/DC2 converter regulates the dc bus 

voltage to lower reference VBUSmin. The ultra capacitor 

is charged, and the voltage uC0 is increasing toward the 

reference. 

4)  B2: The load is lower than the input power, and the 

ultra capacitor voltage is greater than the reference 

UC0inM. The upper controller GvBUSmax is now out of 

saturation, and it takes control over the dc bus voltage. The 

lower controller GvBUSmin is saturated. The ultra 

capacitor is charged, and the voltage uC0 is still 

increasing. 

 

 

 

 

.  

 

 

 

 

 

Fig. 8. Block diagram of experimental setup. 

 

TABLE-1 
SPECIFICATION OF THE ULTRA CAPACITOR-BASED 

CONTROLLED ELECTRIC DRIVE 

 

 
 

 

 

 
Fig. 9. (a) Experimental waveforms of the mains current I MAINS [20  

A/div] and the dc bus voltage vBUS [100 V/div] when ordinary diode 
front-end rectifier is used. 
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 Fig 9(b) Zoom of the waveforms. The dc bus load is cycling between no 

load and 5500 W. 

 
 

 

 
Figure 10. (a) Experimental waveforms of the dc bus voltage vMAINS 

[100 V/div], the mains current iMAINS [10 A/div], and the ultra 

capacitor current [5 A/div] and voltage [100 V/div] when the rectifier 
with the new boost rectifier and the power-smoothing function is NO.  

 

 
VIII. EXPERIMENTAL VERIFICATION 

A 5.5-kW three-terminal energy storage and PFC device 

for controlled electric drives was designed and 

experimentally verified. The converter specification is 

given in Table I. The specifications of the DC-DC1 and 

DC-DC2 converters are given in Tables II and III. The 

resistance RDC is the inductor winding resistance at low 

frequency, and RAC is the winding resistance at the 

effective switching frequency. The resistance RC is the core 

equivalent resistance which models the core losses [16], 

[24]. The core resistance was computed from the loss 

model [16] and the manufacture datasheet [28]. The 

control algorithm, pulse width modulation, and all 

protection functions were implemented in a fixed-point 32-

b digital signal processor. The control algorithm is 

executed at 50 kHz. The controllers were implemented as 

proportionalïintegral controllers. 
 

  

 
Figure 10 (b) The dc bus load is cycling between 500 and 5000 W. 

 
  

 
 

 

 


