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Abstract – This paper presents a topology structure and control method for an input-
parallel-output-series(IPOS) inverter system which is suitable for high input current, high 
output voltage, and high power applications. In order to ensure the normal operation of the 
IPOS inverter system, the control method should achieve input current sharing(ICS) and 
output voltage sharing(OVS) among constituent modules. Through the analysis in this paper, 
ICS is automatically achieved as long as OVS is controlled. The IPOS inverter system is 
controlled by a three-loop control system which is composed of an outer common-output 
voltage loop, inner current loops and voltage sharing loops. Simulation results show that this 
control strategy can achieve low total harmonic distortion(THD) in the system output voltage, 
fast dynamic response, and good output voltage sharing performance. 
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1. Introduction 
 

System integration technology in power electronics has 

developed greatly since the beginning of this century. As 

integration technology has a very high application value, it 

has become one of the most popular topics in the field of 

power electronic research in recent years. Power electronic 

system integration can be divided into component-level 

integration, module-level integration and system-

level integration [1]. We can make standardized modules 

for DC-DC converters or inverters. Then, these 

standardized modules, which are characterized by low 

power ratings and low stress of voltage or current, are 

grouped together through certain connection modes such 

as parallel or series. This series/parallel conversion system 

embodies the idea of system-level integration technology. 

According to different combination forms, the series/ 

parallel system can be divided into the following four 

categories:input-parallel-output-parallel(IPOP) inverter system, 

input-parallel-output-series(IPOS) inverter system, input-

series-output-parallel(ISOP) inverter system, and input-

series-output-series(ISOS) inverter system. The series/ 

parallel conversion system in which the basic modules are 

DC-DC converters has been studied extensively, for 

example in [2-6]. This paper, on the other hand, focuses on 

the DC-AC series/parallel inverter system. A lot of research 

has been done on IPOP inverter systems, for example in 

[7]. In order to solve current sharing, a number of control 

strategies, such as wireless-parallel control, master-slave 

control, and distributed-logic control, have been put 

forward. The ISOP inverter system has been analyzed in 

depth in [8]. The three-loop control, including input voltage 

loop, current loop in each module, and input voltage 

sharing loop, is used to control an ISOS inverter system in 

[9]. This control strategy has two control objectives. One is 

input voltage sharing (IVS) among modules. The other is 

equality of phase in both output voltage and current. OVS is 

automatically achieved as long as these two objectives are 

controlled. Meanwhile, few studies have been done for 

IPOS inverter systems. In this paper, a novel control 

strategy for the IPOS inverter system is presented.  

The topology structure of the IPOS inverter system is 

presented in Section 2. This topology structure can not 

only reduce current stress of switching devices in the DC-

DC converter, but can also reduce voltage stress of 

switching devices in the inverter. It is suitable for high-

input-current, high-output-voltage and high-power 

applications. Through the analysis in Section 3, we find ICS 

is automatically achieved as long as OVS is controlled. The 

control strategy used in this paper is described in detail in 

Section 4. It is composed of an outer common-output 

voltage loop, inner current loops, and voltage sharing loops. 

Simulation results, shown in Section 5, show that this 

control strategy achieves low THD in the system output 

voltage, fast dynamic response, and good OVS performance. 

*  Dept. of Electrical Engineering, Zhejiang University, China. (scw0220

@yahoo.com.cn) 

Received 10 July 2011; Accepted 29 February 2012  

85



A Novel Control Strategy for Input-Parallel-Output-Series Inverter System 

  

 

2. Topology Structure of IPOS Inverter System 
 

The presented topology structure of the IPOS inverter 

system is made up of N identical modules. The simplified 

diagram of this system is shown in Fig.1. In Fig.1, E is the 

input voltage of the system, iin is the total input current, iin1, 

iin2, …, iinN are the input currents of the modules, u0 is the 

total output voltage, and u01, u02, …, u0N  are the output 

voltages of the modules. All input ports of the modules are 

connected together in parallel. The high-voltage output is 

obtained by connecting all output ports of the modules 

together in series. 
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Fig. 1. Simplified diagram of IPOS inverter system 

 

The specific circuit structure of each module is 

composed of a single-phase full-bridge DC-DC converter 

with LC low pass filter and a single-phase full-bridge 

inverter with output filter made up of inductor Lf and 

capacitor Cf. Module 1, with low pass filter L1C1, inductor 

Lf1, and capacitor Cf1, is shown in Fig.2. The output of each 

DC-DC converter is the DC side of an inverter. So the 

voltage of the DC side of the inverter can be regulated by 

the converter. According to the volt-second characteristic of 

both ends of the inductor L1, we have 
 

1 2 s pE D E N N¢ = × × ×           (1) 

 

where 1E¢ is the output voltage of the converter, D is 

the conduction ratio of switching devices, NP is the turns of 
the transformer primary winding, and NS is the turns of 
the transformer secondary winding [10]. 
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 Fig. 2. Power circuit of Module 1 

The volume of the high-frequency isolation transformer 

in the DC converter decreases with the increase of 

switching frequency so that the power density of the IPOS 

inverter system can be improved. In addition, the high-

frequency isolation transformers isolate the low-voltage 

input ports from the total output voltage. There is no short 

circuit and no loop current between each module because of 

the existence of the high-frequency isolation transformers. 
 

 

3. Relationship between ICS and OVS 
 

We first assume that every module is a linear two-

terminal circuit and that the circuit parameters of the 

modules are equal. Then, based on the reciprocal theorem 

for Module 1 and Module 2 we have 

    2 01 0 1 02 0in inE i u i E i u i× + × = × + ×         (2) 

where i0 is the output current of the IPOS inverter system. 

According to (2), we can obtain 

     2 1 0 02 01( ) ( )in inE i i i u u- = -           (3) 

Similarly, combining the relationship between Module i and 

Module i+1, for 2 ≤ i < N, we have 

2 1 0 02 01

3 2 0 03 02

( 1) 0 0 0( 1)
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( ) ( )
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ï - = -î

M
    (4) 

If the OVS condition is met (including voltage amplitude 

and phase angle), we have 

       01 02 0Nu u u= = =L             (5) 

Substitution of (5) into (4), yields 

        

2 1
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           (6) 

From (6), we have 

         1 2in in inNi i i= = =L             (7) 

Therefore, if the output voltage is shared evenly among 

the modules, so is the input instantaneous current. However, 

in the actual system, the circuit parameters of the modules 

are not exactly equal. Every module consisting of power 

electronic devices is a nonlinear two-terminal circuit. Even 

if the OVS condition is met, we cannot ensure that input 

instantaneous current sharing is achieved. But, if the output 

voltage is shared by the modules, i.e., u01=u02=…=u0N, then, 
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based on the following analysis, output active power 

sharing among the modules is achieved. The output active 

power of each module is expressed as 

      
0

0 00 ( ) ( 1, 2, )
t

ox xP i u d t x N= × =ò L       (8) 

Substitution of (5) into (8) yields 

          1 2o o oNP P P= = =L             (9) 

So, the output active powers of the modules are equal. 

Suppose the efficiency of each module is 100%. Then, by 

power conversion, the input active power Pinx (x=1,2,…,N) 

of each module equals its output active power. Thus, we 

have 

0
0 ( ) ( 1,2, )
t

inx inx oxP E I d t P x N= × = =ò L    (10) 

Substitution of (9) into (10) yields 

0 0 0
1 20 0 0( ) ( ) ( )

t t t
in in inNE i d t E i d t E i d t× = × = = ×ò ò òL   (11) 

The average input current of each module is expressed as 

      
0

0
0

1
( ) ( 1, 2, )

t
inx inxI i d t x N

t
= =ò L       (12) 

From (11), we have 

0 0 0
1 20 0 0

0 0 0

1 1 1
( ) ( ) ( )

t t t
in in inNi d t i d t i d t

t t t
= = =ò ò òL   (13) 

According to (12), (13): 

         1 2in in inNI I I= = =L            (14) 

So, we can conclude that if OVS is achieved, the average 

input currents of the modules must be equal. 

 

 

4. Control Strategy 
 

The goal of the control strategy is OVS. Each DC-DC 

converter is controlled by open-loop control. The 

conducting ratio of the switching element is 0.5. The 

cascaded inverters are controlled by three-loop control as is 

shown in Fig.3. The input ur is the given reference voltage. 

GV0 is the voltage PI regulator in the outer loop. Gi1, Gi2, …, 

GiN are current PI regulators in the inner current loops. GV1, 

GV2, …, GVN are voltage sharing PI regulators in the voltage 

sharing loops. Lf1, Lf2, …, LfN are the values of the filter 

inductors. Cf1, Cf2, …, CfN are the values of the filter 

capacitors. 

The outer control loop, which uses the output voltage as 

feedback, controls the output voltage and frequency of the 

IPOS inverter system. iref0 (the output of the outer-loop 

voltage PI regulator GV0) is the input to the inner current 

loops, which use the current of the filter inductor as 

feedback in each inverter. If the output voltages of the DC-

DC converters are equal and, meanwhile, the modulated 

signals of the inverters are the same, then OVS can be 

achieved by just using the outer voltage loop and inner 

current loops. But, in the actual conditions, the circuit 

parameters of the modules are not exactly equal. Therefore, 

the feedback currents of the filter inductors are not the same, 

so that the output voltages of the DC-DC converters are 

also not the same. Although the modulated signals of the 

inverters are the same, OVS cannot be achieved by just 

using the outer voltage loop and inner current loops. The 

voltage sharing loop is added to adjust the reference value 

of the current in each inverter. IREFx, which is the reference 

value of the current for Module x (x=1,2,…, N), is 

expressed as 

  0 ( 1, 2, , )REFx ref refxI i i x N= + = L        (15) 

where irefx is the output of GVx. 

The voltage u0/N is the reference value of each voltage 

sharing loop. When u0/N > u0x (u0x is the output voltage of 

Module x), irefx will increase. Then, IREFx increases 

according to (15). The relationship between the current iLx 

of filter inductor Lfx and u0x is 

    
0

0 ( 1, 2, , )x
Lx fx

du
i i C x N

dt
- = = L        (16) 

From (16), we have 

0 00( ) ( ) ( 1,2, , )t
x Lx fxu t i i C dt x N= - =ò L      (17) 

Based on (17), with an increase of iLx, u0x will increase until 

u0/N = u0x. Conversely, when u0/N < u0x, irefx will decrease. 

Then, IREFx decreases according to (15). Based on (17), 

with a decrease of iLx, u0x will decrease until u0/N = u0x. 

Thus, OVS can be achieved.  Then, ICS is automatically 

achieved according to Section 3. 
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 Fig. 3. Block diagram of the control strategy 
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5. Simulation Results 
 

The simulation model consists of two standard modules. 

Simulation parameters are set for two cases. The following 

parameters are common for both cases. The capability of 

this IPOS inverter system is about 10 kW. The desired 

output voltage is 380 sin(100πt) V. The input voltage is 250 

V. Load resistance RL is 15 Ω. The carrier frequency of the 

SPWM modulation is 10 kHz. In order to avoid a huge 

impulse current in the input port of each module, the initial 

voltage of the filter capacitor in each DC-DC converter is 

set at 200 V. 

In the first case, all corresponding parameters are the 

same in the two modules. There is no voltage sharing loop 

in the control method of the cascaded inverters. L1 = 0.6 

mH, C1 = 500 µF, L2 = 0.6 mH, C2 = 500 µF in the two DC-

DC converters. Lf1 = 1 mH, Cf1 = 20 µF, Lf2 = 1 mH, Cf2 = 20 

µF in the two inverters.  

The output voltages of the two modules 

completely overlap, as is shown in Fig.4. Fig. 4 

demonstrates that when corresponding circuit parameters, 

switch signals of DC-DC converters, and the carrier phases 

of SPWM modulation of cascaded inverters are the same 

in the two modules, OVS can be achieved without voltage 

sharing loops in the control strategy. 
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Fig. 4. Output voltages of the two modules without  

voltage sharing loops in the first case 

 

The input currents of the two modules also 

completely overlap, as is shown in Fig.5. Therefore, when 

the two modules are fully symmetrical, if the output voltage 

is shared evenly among the modules, then so is the input 

instantaneous current. 

In the second case, some circuit parameters are different. 

L1 = 0.6 mH, C1 = 450 µF, L2 = 0.5 mH, C2 = 500 µF in the 

two DC-DC converters. Lf1 = 1.2 mH, Cf1 = 20 µF, Lf2 = 1 

mH, Cf2 = 25 µF in the two inverters. If the control strategy 

that is used is the same as in the first case, the output 

voltages of the two modules are as shown in Fig.6. We can 

easily see that OVS is not achieved.  

So, ICS also cannot be achieved, as indicated in Fig.7(a) 

and Fig.7(b), when OVS cannot be achieved, which is the 

case when the control strategy without voltage sharing 

loops is used. 
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Fig. 5. Input currents of the two modules without  

voltage sharing loops in the first case 
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Fig. 6. Output voltages of two modules without voltage  

sharing loops in the second case 
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Fig. 7. (a) Input currents of two modules without voltage 

 sharing loops in the second case 
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Fig.7. (b) Average input currents of two modules without   

voltage sharing loops in the second case 
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In order to improve the OVS effect, the cascaded 

inverters are controlled by three-loop control, which is 

described in Section 4. The waveform of the output voltage 

that has been filtered is shown in Fig.8. The output voltage, 

whose THD is only 0.01%, can quickly reach a stable state. 

0 0.01 0.02 0.03 0.04 0.05 0.06
-400

-200

0

200

400

time(sec)

O
u

tp
u

t 
vo

lt
a

g
e

 o
f 
th

e
 s

y
st

e
m

(V
)

 

 

THD 0.01%

 
Fig. 8. The output voltage in the second case 

 

The output voltages of the two modules almost overlap, 

as is shown in Fig.9. The OVS effect is good because of the 

addition of the voltage sharing loops. 
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Fig. 9. Output voltages of two modules with voltage 

 sharing loops in the second case 

 

Because the parameters of corresponding elements are 

different in the two modules, the input instantaneous 

currents, which are shown in Fig.10(a), are not always 

equal even though there is good OVS effect.  

However, Fig.10(b) shows that the average input current 

is shared evenly among the modules when OVS has been 

achieved. 
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Fig.10(a). Average input currents of two modules with  

voltage sharing loops in the second case 
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Fig.10(b). Average input currents of two modules with   

voltage sharing loops in the second case 

 

 

6. Conclusions 
 

Through the analysis in this paper, input current sharing 

is automatically achieved as long as output voltage sharing 

is achieved. The IPOS inverter system is controlled by 

three-loop control, which is composed of an outer common 

output voltage loop, inner current loops and voltage sharing 

loops. Simulation results show that this control strategy can 

achieve low total harmonic distortion in the system output 

voltage, fast dynamic response and good output voltage 

sharing performance whether corresponding parameters 

among modules are equal or not. 

 

 

Acknowledgements 
 

The authors gratefully acknowledge Doctor Minglei Zhu in 

Zhejiang University for the many valuable discussion. 

 

 

References 
[1] Jiangang Wang, Xinbo Ruan, Wei Wu, et al., “Integrated 

power electronics module using flip chip technology,” 
Proceedings of the CSEE, vol. 25, no. 17, pp. 32-36, 2005. 
(in Chinese) 

[2] Petar J. Grbovic, “Master/slave control of input-series- and 
output-parallel-connected converters: concept for low-cost 
high-voltage auxiliary power supplies,” IEEE Transactions 
on Power Electronics, vol. 24, no. 2, pp. 316-328, Feb. 2009. 

[3] R. Ayyanar, R. Giri, N. Mohan, “Active input-voltage and 
load-current  sharing in input-series and output-parallel 
connected modular DC-DC converters using dynamic input-
voltage reference scheme,” IEEE Transactions on  Power 
Electronics, vol. 19, no. 6, pp. 1462-1473, Nov. 2004. 

[4] R. Giri, R. Ayyanar, E. Ledezma, “Input-series and output-
series connected modular DC-DC converters with active 
input voltage and output voltage sharing,” Nineteenth Annual 
IEEE Applied Power Electronics Conference and Exposition,   
vol. 3, pp. 1751-1756, 2004. 

89



A Novel Control Strategy for Input-Parallel-Output-Series Inverter System 

  

 

[5] Linbing Wang, “Input-parallel and output-series modular 
DC-DC converters with one common filter,” EUROCON on 
Computer as a Tool, pp. 1398-1402, Sept. 2007. 

[6] Wu Chen, Xinbo Ruan, “Modularization structure for series-
parallel connected converters,” Twenty-Third Annual IEEE 
Applied Power Electronics Conference and Exposition, pp. 
1531-1535, Feb. 2008. 

[7] D. Sha, Z. Guo, X. Liao, “Control strategy for input-parallel-
output-parallel connected high frequency isolated inverter 
modules,” IEEE Transactions on Power Electronics, vol. 26, 
no. 8, pp. 2237-2248, Aug. 2010. 

[8] Chen Wu, Kai Zhuang, Xinbo Ruan, “A input series and 
output parallel connected inverter system for high-input-
voltage applications,”  IEEE Transactions on Power 
Electronics, vol. 24, no. 9, pp. 2127-2137, Sept. 2009. 

[9] Tianzhi Fang, Xinbo Ruan, C.K. Tse, “Control strategy to 
achieve input and output voltage sharing for input-series-
output-series-connected inverter systems,” IEEE 
Transactions on Power Electronics, vol. 25, no. 6, pp. 1585-
1596, June. 2010. 

[10] Xuansan Cai, Shaowen Gong, “High frequency 
power electronics,” China WaterPower Press, 2009, pp. 99-
100. (in Chinese) 
 
 

Chun-Wei Song was born in Zhejiang, 

China, in 1987. He received his B.S. 

degree in electrical engineering in 2009 

from China Jiliang University, Hangzhou, 

China. He is currently working toward 

the Ph.D. degree at the College of 

Electrical Engineering, in Zhejiang 

University, Hangzhou, China. His current research interests 

include motor control and power converter systems. 

 

Rong-Xiang Zhao was born in Zhejiang, 

China, in 1962. He received his B.Sc., 

M.Sc., and Ph.D. degrees in electrical 

engineering from Zhejiang University, 

Hangzhou, China, in 1984, 1987, and 

1991, respectively. He is currently a 

Professor in the Department of Electrical 

Engineering, Zhejiang University, where he is also the 

Director of the National Engineering Research Center for 

Applied Power Electronics. His current research interests 

include motors, motor control, and power converter systems. 

 

Wang-Qing Lin was born in Zhejiang, 

China, in 1985. He received his B.S 

degree in electrical engineering in 2008 

from Hangzhou Dianzi University, 

Hangzhou, China. He received the M.S. 

degree in electrical engineering in 2011 

from Zhejiang University, Hangzhou, 

China. His current research interests include motor control 

and power converter systems. 

Zheng Zeng was born in Chongqing, 

China, in 1986. He received his B.S. 

degree in electrical engineering in 2009 

from Wuhan University, Wuhan, China. 

He is currently working toward the Ph.D. 

degree at the College of Electrical 

Engineering, Zhejiang University, 

Hangzhou, China. His current research interests include 

grid-connected inverters and power quality. 

 

90


	지셈
	A-1_3-9_
	A-2_10-17_
	A-3_18-22_
	A-4_23-29_
	A-5_30-37_
	A-6_38-45_
	B-1_46-52_
	B-2_53-57_
	B-3_58-63_
	B-4_64-69_
	B-5_70-78_
	B-6_79-84_
	B-7_85-90_
	B-8_91-97_
	B-9_98-104_
	B-10_105-110_
	C-1_111-115_
	C-2_116-124_




