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Abstract - Power supply units (PSUs) with an equally shared load 

current are widely employed for data processing equipment like 

servers due to their advantages such as easy extension of power 

processing capability and simple thermal management. This 

paper presents a method to improve light-load efficiency by 

reducing load-independent losses such as capacitive turn-on and 

core losses and reduce the THD of input current of a boost PFC 

converter used in applications to high performance server power 

supply units. The conventional system constant frequency and 

average current mode control scheme will result lower efficiency 

and high THD current distortion under light load operation. To 

overcome this problem, this paper proposes a digital multi-mode 

control scheme with variable switching frequency control. A 

nonlinear control scheme with gain scheduling has been used to 

improve dynamic response under light load condition with 

discontinuous conduction mode (DCM) operation with lower 

switching frequency. 

Keywords: Fuzzy with on/off control, Boost converter, paralleled 
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I. INTRODUCTION 

The number of server systems and corresponding energy 

consumption is rapidly increasing energy saving through 

efficient power conversion is becoming important. In 

particular, in the server power system which consists of 

paralleled PSUs, each PSU has more chances of operating 

under light-load conditions since the total load current is 

distributed among the paralleled PSUs. Therefore, the light-

load efficiency, as well as the heavy-load efficiency, is 

important in the paralleled PSUs for servers. Much literature 

has been presented to improve the light load efficiency of a 

single ac–dc PSU. Although these paper are focused on 

optimizing the PFC stage or dc–dc stage of the single PSU, 

the light-load efficiency of paralleled ac–dc PSUs can also 

be improved by controlling the overall system operation. 

One way of controlling the overall system operation is to 

turn off some ac–dc PSUs at light loads. However, the main 

difficulty of this scheme is the need to turn on the idle PSUs 

fast enough so that power can be supplied without 

interruption even though the operating PSUs are at fault. To 

cope with this, additional circuits and controllers are 

required, which increase cost and complexity. In addition, 

since the output capacitors of both the PFC and dc–dc stages 

cannot be charged instantly due to a surge current, for the 

fast turn-on, output voltages should be maintained although 

the PSU is idle, which indicates that the idle PSU still 

consumes power. 

 
Fig.1 Two Paralleled ac-dc PSUs 

In regard to the turning off of some PSUs, by operating 

paralleled PSUs with an equally distributed load current 

even at light loads, the system can maximize the reliability 

without any problems related to the fast turn-on of idle 

PSUs.  

To improve the light-load efficiency of paralleled PSUs 

with an equally shared load current, this paper proposes a 

Fuzzy with on/off control which is a method for controlling 

the overall system operation. The proposed scheme reduces 

load free losses, such as capacitive turn on and core losses, 

to short by alternately operating the PFC stages of paralleled 

PSUs during one cycle of a 50-Hz ac input. Compared with 

turning off some PSUs, the proposed scheme does not have 

the fast turn-on problem since both PSUs are at the steady 

state, which maintains the rated voltage. In addition, the 

proposed operation improves harmonic performances by 

narrowing the discontinuous conduction mode (DCM) 

region. 
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II. SYSTEM MODEL 

Principle of proposed Fuzzy with on/off control: 

The proposed Fuzzy with on/off scheme operates PFC boost 

converters alternately during one cycle of VAC  at light loads. 

This indicates that each stage transfers the average power of 

P0during the active half cycle, zero during the idle half 

cycle, and 
P0

2
during the entire cycle. Therefore, the 

amplitude of iLB with the proposed scheme during the active 

half cycle is two times larger than that of the conventional 

scheme. The proposed scheme is employed for a single 

PSU, harmonic performances are degraded significantly 

since the input current iIN  becomes a half sine wave. 

However, because it is employed for paralleled PSUs and 

the absolute value of iIN   is equal to the sum of two boost 

inductor currents. 

 
Fig.2 Boost converters key waveform 

Although the planned scheme has an increased low-

frequency ripple in the output voltage VLINK  it is not a 

serious problem since the proposed scheme is employed at 

light loads with a small output-voltage ripple. 

Analysis and Features of Proposed Fuzzy with On/Off 

Control: 

Efficiency: 

The calculation is based on two1.6-kW boost converters 

used in the experiments. The total load power is the sum of 

power handing each boost converter. Also, the calculated 

losses are the sum of losses in each boost converter. At the 

load conditions below approximately 900 W, the proposed 

scheme can improve the efficiency since the sum of reduced 

capacitive turn-on and core losses. Therefore, by operating 

the paralleled PFC boost converters with the on/off control 

at light loads (below 900 W in this calculation) and without 

on/off control like the conventional scheme at heavy loads 

(above 900W in this calculation), the light-load efficiency 

can be improved without the deterioration of the heavy-load 

efficiency. 

In view of each PFC boost converter, the proposed scheme 

is employed below 450 W since two paralleled PSUs share 

the total load current equally. The current stress on the 

devices with the proposed on/off control at 450 W is the 

same as the current stress on the devices without the on/off 

control at 900W, which is far below the rated power of 1.6 

kW. Therefore, the devices should be selected to cope with 

the rated power of 1.6 kW, and there is no need to use 

devices with higher current rating although the proposed 

scheme is used. 

Harmonic Distortion: 

Typically, for high-power applications, PFC boost 

converters are designed for the continuous conduction mode 

(CCM) because of low device stresses and conduction 

losses. Under heavy load conditions, CCM boost converters 

show superior PF and Total harmonic distortion (THD) 

performances. However, at light loads, the DCM region 

occurs around the VAC  zero-crossing points. As the load 

decreases, this zone is gradually expanded and occupies the 

entire line cycle. The DCM operation causes a distortion in 

the input-current waveform since the resonance between  

LBand COSS occurs in DCM and the gain of the CCM 

controller is too low to ensure good input-current tracking in 

DCM. 

Extension to Multiple Modules: 

The proposed Fuzzy with on/off scheme can be extended to 

multiple PSUs. When the overall system consists of an even 

number of PSUs, 2 · K (K: positive integer), it can be 

employed by operating two PSUs as a pair. On the other 

hand, in case of an odd number of PSUs, 2 · K − 1, the 

proposed scheme can be extended by operating one PSU 

without the on/off control. 

III. PREVIOUS WORK 

The Existing system is designed with a PFC corrector based 

on/off control scheme. The scheme operating the PFC 

stages of paralleled PSUs during one cycle of ac input. The 

existing system is constant frequency and average current 
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mode control scheme will result lower efficiency and high 

THD current distortion under light-load operation. Usually 

when the light load condition occurs the Parallel PSU’s will 

be switched off. But existing system have the Fast turn-on 

problem. 

IV. PROPOSED METHODOLOGY 

The proposed system is designed to operate efficiently by 

ON-OFF control algorithm. In order to extend a  ON-OFF 

controller for a  load range without increasing the inductors, 

a light-load frequency modulation (LLFM) control is 

proposed.Compared with turning off some PSUs, the 

proposed scheme does not have the fast turn-on problem 

since both PSUs are at the steady state, which maintains the 

rated voltage.To give variable frequency in the proposed 

system. 

V. SYSTEM IMPLEMENTATION 

The PFC boost controller is designed as a two-loop structure 

with average current control. It consists of an outer voltage 

controller GV (s)for output-voltage regulation and an inner 

current controller GC(s)to make iLB follow the sinusoidal 

current reference iREF  .With the two-loop PFC controller, 

the on/off control algorithm for alternating operation is 

implemented using a TMS320F28027 micro control unit 

(MCU). By using resistor dividers, the input voltages and 

output voltage are scaled down to voltage levels that are 

appropriate for the MCU analog to digital converter inputs. 

The boost inductor current is sensed by using a small 

resistor RSENS E . The negative voltage across RSENSE  is 

converted and scaled up to the appropriate positive voltage 

level by using an inverting operational amplifier. 

Switching loss of power semiconductors is the major cause 

of low efficiency of single-stage PFC converters under 

light-load condition. Due to the dead angle of input current 

of the buck PFC group, it is probable to utilize this period to 

turn off the PFC cell to reduce switching loss of power semi 

conductors and conduction loss of passive devices. This 

section hence explores the possibility of reducing the 

switching loss by different PWM patterns while maintaining 

output voltage V0 regulation and dc bus voltage VB   control. 

Note that it is common in single-stage PFC converters that 

the bus voltage cannot be regulated but only be controlled 

within a certain range due to the lack of extra control device 

in the simplified converter structure; the power MOSFET 

can achieve only one dimensional control which is the 

output voltage regulation. 

Although some research has been done using continuous 

variable frequency control to limit the bus voltage, the wide 

switching frequency range will incur extra switching losses. 

But instead of having a random pattern of pulses, the 

proposed light load power management has deterministic 

patterns of pulses as described as follows. The consideration 

of four distinctive PWM patterns to operate the single-stage 

buck-derived PFC converters under light load condition is 

implemented. In all cases, the output voltage is regulated by 

a voltage-mode controller. 

The first scheme (M1) does not use any specific switching 

pattern. The converter operates at fixed switching frequency 

and the duty cycle reduces when the load decreases. This 

scheme is used as a reference for comparison of the 

proposed power management schemes (M2 toM4).The 

second scheme (M2) operates the converter in the zero 

crossing region of rectified input voltage where the buck 

PFC cell is inactive. Note that the duration of Mode A is 

defined by the voltage conversion ratio. However, if 

operating in Mode A only, the dc bus voltage will decrease 

to zero gradually as the charge is taken away from the bus 

capacitor by the buck-boost dc/dc cell but there is no input 

current flowing into the buck PFC cell in order to charge the 

bus capacitor. Therefore in order to control the bus voltage, 

the converter will continue to operate and enter Mode B for 

a short duration so that the buck PFC cell is active. Hence 

the bus capacitor can be recharged to maintain its voltage 

but at a lower level. 

 
Fig.3 Proposed Circuit diagram 
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The third scheme (M3) operates the converter around the 

peak input voltage only. Both buck PFC cell and buck- 

boost dc/dc cell are in active states. Apart from the output 

regulation, with this method, the dc bus voltage is somehow 

controlled as charging and discharging of bus capacitor 

occur simultaneously. The fourth scheme (M4) combines the 

two schemes above; the converter operates at both the zero 

crossing and peak input voltage regions. Unlike scheme M2, 

however, the converter will not operate just beyond the dead 

angle of input current except for region around the peak 

input voltage duration. This method also allows for bus 

voltage control and output voltage regulation. 

VI. PRACTICAL IMPLEMENTATION 

A logic circuit is added to the PWM controller to implement 

the above four light load power management schemes. The 

truth table of the logic circuit design is represented, where X 

denotes a don’t-care option and C1and C2 denote binary 

control variables. The light load operation (M2to M4) will be 

enabled once  RL_det is at level high. The signal RL_det is 

generated from the current sensing amplifier and the 

comparator. The output load current of RL is sensed via Rs. 

Once the current in RS_det is below a pre-determined level 

(in this example was equivalent to 3W of output 

power), RL_det will set to high and enable (M2to M4) light 

load operation schemes. The full logic function of the 

proposed four light load power management schemes can be 

summarized by the following Boolean equality. To 

activate  M2 (near zero crossing of input voltage PWM 

switching), the rectified input voltage is sensed and 

compared with a voltage reference. Once the rectified input 

voltage goes lower than the reference voltage, VZ_det is set 

to high. 

This reference voltage is set such that it allows the single-

stage converter or the buck PFC cell to operate for a short 

duration in Mode B and charge the bus capacitor.   VP _det 

and VB_det are set to low level at all time in this scheme. 

With such settings the enable signal ENB is at high level 

only when VZ _det is at Level high, enabling PWM 

switching to occur. 

VII. SIMULATION/EXPERIMENTAL RESULTS 

This simulation diagram consist two converters. This 

operates Paralleled in the system. Used fuzzy with on/off 

control so improve efficiency in power supply units at light 

load conditions. Measured efficiency according to different 

input voltages in the system. 

To verify the proposed work, the experiments are performed 

by using two PFC boost converter. The rated power of each 

converter is 1.6 kW. The maximum load power is set to 1.6 

kW since one PSU should be able to supply the maximum 

load power for the fault tolerance in the paralleled power 

system with 1 + 1 redundancy. 

 
Fig.4 Proposed simulation circuit diagram 

 
Fig.5 Proposed system output voltage waveform 

 
Fig.6 Proposed system output current waveform 
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The proposed Fuzzy with on/off scheme is employed below 

the total load power of 800 W by considering a small 

margin because the efficiency can be improved by the 

proposed scheme below approximately 900 W. For most ac 

inputs and load conditions below 800 W, the proposed 

Fuzzy with on/off scheme shows the reduced THD and 

improved PF performances. 

This paper is presented based on a high input voltage. Even 

though the proposed scheme has more advantages at high 

input voltages, efficiency still can be improved at low input 

voltages. Therefore, the proposed scheme can be extended 

for the paralleled boost PFC converters with the universal 

input voltage range. The proposed scheme can be reduce 

load- independent losses such as capacitive turn-on and core 

losses. The proposed on/off scheme is well operated with 

less distortion in the input-current waveform compared with 

the conventional scheme. To proposed scheme improve the 

power factor performance and In addition, the proposed 

operation improves harmonic performances by narrowing 

the discontinuous conduction mode(DCM) region. To 

measured PF and efficiency according to various ac inputs 

at light-load conditions in boost PFC converter. 

 
Fig.7 Measured Power Factor according to load power for 

different ac inputs. 

 
Fig.8 Measured Efficiency according to load power for 

different ac inputs. 

VIII. CONCLUSION 

To verify the proposed work, the experiments are performed 

by using two PFC boost converters having circuit 

parameters. The rated power of each converter is1.6 kW, 

and the isolated dc–dc stages are regarded as constant 

current sources. The maximum load power is set to 1.6 kW 

since one PSU should be able to supply the maximum load 

power for the fault tolerance in the paralleled power system 

with N+1 redundancy. 

The proposed  on/off scheme is employed below the total 

load power of 800 W by considering a small margin because 

the efficiency can be improved by the proposed scheme 

below approximately 900W.The steady-state waveforms of 

two boost converters at VAC  = 230Vrms and 50% load 

condition (800 W). The proposed on/off scheme is well 

operated with less distortion in the input-current waveform 

compared with the conventional scheme. Although the 

proposed scheme has an increased output-voltage ripple of 

about 15 V, it is well below 4% of the output voltage of 

400V.In addition, the proposed scheme can reduce the DCM 

region, the Power Factor performance is also improved the 

system. 

IX. FUTURE SCOPES 

In new Fuzzy with on/off control worked an four PWM 

patterns with handle power management is simple compare 

than existing system so improve efficiency in power supply 

units. Addition this system reduced THD and Improve 

power factor performances. 
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