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Abstract 

At present, the technology of the distributed power grid gradually become mature. The 

focus of the study is from controlling power quality to reducing the loss of power grid, 

improving the network efficiency and reducing the cost. In the link of distributed 

generation grid connected power generation, the loss of the switching device is an 

important factor affecting the efficiency of grid connection. This paper puts forward a 

systematic solution to this problem. Firstly, as for topology structure of grid connected 

controller, aiming at the research on NPC, a traditional topology which is energy-saving 

and low loss, we present an improved NPC topology with a more continuous flow state. At 

the same time for this topology, the corresponding control strategies are designed in this 

paper. It makes the switching device of the grid connected controller have more freedom 

of switch and make the system can achieve the precise control of the switch tube ,which 

can achieve the balance of system device lose heat so as to solve the problem of local high 

temperature from inverter. The system is verified by grid connected test, the power 

adjustable PWM strategy can be used to achieve different working states without affecting 

the output current of the system. Through the comparison between light and heat sensors 

finds that the topology and control strategy proposed in this paper are successfully 

completed by the new hardware topology and control strategy to achieve the loss balance 

of the system switching devices. 

 

Keywords: grid - connected photovoltaic system, topology structure, loss distribution, 
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1. Introduction 

With the development of new energy industry, the distributed generate on and grid 

connected technology are also mature. At present, how to reduce the loss of the grid 

connected distributed generation, improve the efficiency and reduce the cost of power 

generation has become the focus of research in this field. The loss caused by the 

switching device of the distributed generation and grid connected controller is an 

important factor affecting the efficiency of the grid connected. In recent years, one of the 

main researches for the application of NPC topology is to reduce the loss. 

NPC topology has good EMI characteristics. It is firstly applied to the power 

transmission in the electrical field for eliminating the leakage current caused by the high 

frequency modulation in the motor, thereby reducing the power loss. At the same time, 

due to the motor control system and the photovoltaic control system in the topology, the 

stator and rotor of the leakage capacitance between the solar panel and the capacitance 

structure is similar to the ground, in recent years, the NPC topology is introduced into the 

grid connected photovoltaic technology. The traditional NPC topology has three levels of 

output voltage, similar to unipolar tone H full bridge, it can improve the inverter 
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efficiency and reduce the switching loss. EMI performance is good, but the traditional 

NPC topology DC input voltage is improved a lot compared to the H full bridge structure, 

and switching device loss distribution is easy to cause local overheating of the control 

system. 

In this paper, according to the topology efficiency experiment of grid connected 

controller, it is obvious that under different conditions, the loss of the devices on different 

semiconductor devices is significantly different in the traditional NPC topology, the 

uneven distribution of the device losses will increase the difficulty of the design of the 

radiator. In view of the above problems, this paper puts forward the improved NPC 

Active topology and the grid connected PWM strategy. The device loss distribution of the 

NPC Active topology is balanced by using this PWM strategy and the error free tracking 

of the sinusoidal current command can be made. Besides, we can get the experimental 

verification. 

 

2. Improved NPC Topology 
 

Grid

Filter

ANPC inverter

PV Array

L1

VPV

CPV1

VPE

Vg

A

CPV2

B

S1

S2

S3

S4

D1

D2

D3

D4

VPV/2

VPV/2

O

N

S5

D5

S6

D6

 

Figure 1. NPC Topology 

In this paper, the new NPC topology is shown in Figure 1.In the traditional NPC 

topology, there is only one continuous flow loop in the current of the different flow 

direction. Compared with the traditional NPC structure, the proposed topology can have 

more zero current state in the control process. 

As shown in the graph, there are two controllable switching devices in the inverter 

circuit and the continued flow direction of two to two. Therefore, the corresponding 

control strategy is provided with a larger free control space to achieve the loss balance of 

the device.  

In this paper, the new topology output voltage waveform has three levels: -VPV/2, 

VPV/2, 0; Similar to unipolar modulation H full bridge topology. Compared with the 

bipolar modulated H full bridge, the inductance can be reduced and the efficiency of the 

inverter can be improved. Low switching loss, good performance of EMI; 

Compared to the traditional NPC, adding two switching devices (a bridge arm), due to 

the design of the converter, the use of the same device is conducive to spare parts, At the 

same time, the effect of adding a switch device bridge on the converter cost is not 

obvious. 

But compared to the traditional NPC topology, theoretically, NPC Active can control 

the loss distribution of the controller. So NPC Active has more advantages compared to 
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the traditional Active; NPC is more suitable for the converter topology with higher power 

level. 

 

3. PWM Control Strategy 

According to the topological structure of this paper，we have studied and developed the 

corresponding control strategy under different working conditions, which can adjust the 

loss of switching devices and achieve the balance of loss. 

Shown in Figure 1, this control strategy can have six continuous flow paths and can 

complete through application of controlled continuous flow paths by the corresponding 

PWM strategy to complete loss balance control. Table 1 is a given device switch table. 

Table. 1. The Switching States of Strategy 

Voltage S

1 

S

2 

S

3 

S

4 

S

5 

S

6 

Positive 1 1 0 0 0 1 

0+In 1 0 1 0 0 1 

0+Out 0 1 1 0 0 1 

0+ 0 0 1 0 0 1 

0- 0 1 0 0 1 0 

0-Out 0 1 1 0 1 0 

0-In 0 1 0 1 1 0 

Negative 0 0 1 1 1 0 

 

The specific PWM control strategy does not require all of the continued flow path work, 

in normal operation, only four work paths are needed to complete the control. The 

periodic variation of six paths switching options is as shown in Figure 2.When system is 

in the state of commutation of positive half cycle 2 (a) 0+, 0+In, positive signal, 0+In, 0+ 

negative half cycle Figure 2 (c) in 0-, 0-In, negative signal, 0-In, 0-, the loss of switching 

device is on the inner tube. When the system is in the positive half cycle of the 

commutation order in Figure 2 (b), 0+, 0+Out, positive signal, 0+Out, 0+ negative half 

cycle 2 (d) 0-, 0-Out, negative signal, 0-Out, 0-,the loss of switching is reflected in the 

outer tube. 

Figure 2 clearly reflects the process that control strategy of the system is to realize the 

active state to zero current state: When selecting the 0+In over to the 0+ system switch 

device continued to flow, at this point the tube S2 is turn off, while the role of the internal 

tube is off loss. When the 0+Out to 0+ control system continues to flow through the 

control strategy, the outer tube S1 begin to turn off the power switch off at the same time. 

By this control strategy, the new NPC topology is proposed in different working states in 

this paper. According to the programming control switch device, the ideal zero state 

current circuit is selected to achieve the balance of the switching loss. 
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Figure 2. Switching Chart of PWM Strategy 

As shown in Figure 2, the switching strategy is to give the original modulated wave 

signal to multiply a magnification factor K to form an amplified modulated wave Sr’ that 

is the modulation method of PWM control strategy  proposed in this paper. In the Stress 

In state, S1, S4 use triangular carrier and amplified modulation wave Sr' compared to 

produce PWM control signal; In the Stress Out state, the modulated wave Sr' is working 

in the positive half cycle of S2, working in the negative half cycle of S3; When the power 

factor of the system is 1, the S2 and S3 simultaneously use the triangular carrier and the 

amplified modulation wave Sr' compared to produce the PWM control signal. 

Aiming at the control problems arising from the control strategy of the traditional NPC 

structure, the control methods used in this paper are effective to deal with. As for the 

problem of output current direction of amplified modulated wave firstly, after research 

and experiment, this paper find that the output current depends on the active state of the 

system cycle and the time of the current state, as long as the time control strategy does not 

change, the system will not amplify the output current due to the modulation wave 

amplification problem. Whether the output current changed by the use of the amplified 

modulation wave Sr 'is shown in Figure 2.When the system is in the active state system 

S1, while the S2 is conducting, the system does not increase the modulation wave of the 

internal and external switch tube at the same time, therefore, the system does not have the 

output current reverse due to the amplification of the modulation wave. Specific 

experimental waveforms can refer to Figure 4. 

For the problem of choice of system amplification factor, after research ,this paper 

comes to the conclusion that the amplification factor cannot be set too small, or will cause 

the transition time too short, the system cannot be completed. At the same time, the 

modulation amplitude of the system is not more than the amplitude of the carrier by 

specific experiment, the system will occasionally appear error pulse in this case, the 

specific reason analysis and the sampling period are related, and need to be further 

studied. 

When setting the Stress In and Stress Out state, the principle of system control strategy 

is the first choice to consider the device loss balance between inner and outer tubes. 

Secondly, the loss balance between the two switches is considered with the existence of 

internal and external tubes. 

For the control system, the control strategy adopted in this paper is that when the 

positive half cycle of S5 and S4 is disconnected and the negative half cycle of S1 and S6 

is disconnected, the dead zone is added to the zero crossing point of the power network; 



International Journal of Grid and Distributed Computing 

Vol. 9, No. 9 (2016) 

 

 

Copyright ⓒ 2016 SERSC  341 

When the system is in other states, the dead time is not set so that the system cannot be 

disturbed by the dead time in the state of zero sequence current. 
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Figure 3. The Work Mode Choice of ALD Active NPC PWM Strategy 

As shown in Figure 3, the PWM modulation waveforms of the grid period are shown, 

in the state of Stress Out/Stress In 50%-50%, the inner and outer tubes are under the 

control of the loss of 50%; Under the condition of Stress Out/Stress In 70%-30%, the loss 

of inner tube 30% and outer tube 70% is realized. At the same time as shown in Figure 3, 

the dashed line in the diagram is used for the system using modulated wave under 

different working conditions. Figure 4 is the system's working waveform for the system 

under the conditions of the power factor of 1.The experimental waveforms of the system 

can be seen that the system works under different control strategies, and the output current 

waveform is not affected. 

 

4. Experiment 
 

 

(a) Experimental Waveforms of Stress Out/Stress in 50%-50% Mode 
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(b) Experimental Waveforms of Stress Out/Stress in 70%-30% Mode 

 

(c) Experimental Waveforms of Stress Out/Stress in 30%-70% Mode 

Figure 4. NPC PWM Experimental Waveforms 

In this paper, eZDSP28335 is used as the system control core to set up the experimental 

platform, the experimental results shown in Figure 3 are in the active state, while the inner 

and outer tubes are simultaneously conducting. The experimental results show that the 

modulation wave of the inner and outer tubes at different times cannot change the output 

current. Therefore the control strategy proposed in this paper can achieve the control of 

switching device loss. 

In the experiment of power loss distribution, the system is based on the absence of a 

heat sink, and the switching frequency of the system is set to 18 kHz. The experimental 

parameters are shown in Table 2: 

Table 2. Experimental Parameters 

Quantity Value Comment 

AC frequency 

 
50Hz  

Switching frequency 

 
18kHz  

Output inductor L 

 
6mH  

DC capacitor CDC 3000uF Each DC bus 
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DC voltage 

 
450V 225V each level 

RLoad 

 
15Ω  

Experimental power 

 
1350W  

switching devices 

 
PM75DSA120 MITSUBISHI IPM 

power factor 1.0  

 

Modulation system 
0.9  

 

System experimental results are demonstrated by a thermal imager, as shown in figure 

(b) using 50%-50% modulation ratio, inner tube temperature rise rapidly, bear the device 

loss; As shown in figure (b), in the 80%-20% modulation mode, all the switching devices 

of the system assume the loss of balance, the temperature is stable. 

 

 

(a) Stress Out/Stress in 50%-50% Model Experiment 

 

(b) Stress Out/Stress in 80%-20% Model Experiment 

Figure 5. Losses Distribution Experiments 
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5. Conclusion 

Aiming at the topology structure of traditional NPC, there exist different work losses 

due to different switching devices, and the distribution of losses will be changed because 

of the working state of photovoltaic power generation, so the heat dissipation of high 

power inverter is in urgent need of solving. In this paper, an improved NPC topology is 

proposed, which is controlled by the control strategy, so that the switching device of the 

inverter has more freedom of switch, thus solving the problem of the inverter's heat 

dissipation. Through the experiment, we can realize the different working states by using 

the power adjustable PWM strategy, and the loss balance of the device can be realized by 

adjusting the distribution of the switching loss. 
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