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Abstract. In power converter, the system model has a significant meaning of the design of the 
controller and the dynamic characteristics. In this paper, the switching network average method 
is used to set up the small signal model of flyback circuit, which is operating in discontinuous 
current mode(DCM). A controller with single zero and single pole is designed based on the 
small signal model which is set up in this paper. Moreover, the analysis of system stability and 
dynamic response is proposed. Finally, the system is simulated and verified by a flyback LED 
constant current drive circuit (220AC input, 0.7A/16W output). 

1. Introduction 
Modeling and Simulation of power electronics is an important method of power converter controller 
design,and also one of the research directions of power electronics technology [1-3]. The high-power 
DC/DC converter usually operates in continuous current mode(CCM). In reference [4],the energy 
conservation method is used to model and analyze the small signal of flyback circuit in CCM. In 
reference [5-6],the state space average method and Euler formula are used to establish the small signal 
model of the forward converter in CCM. In reference [7], the flyback converter operatedat 1 MHz 
switching frequencyestablishes the small signal model by the state space average method. In reference 
[8], theaveraged nonlinear model is established for flyback converter which adapts nonlinear model 
predictive controlmethod. In reference [9],small-signal model of flyback converter in continuous-
conduction mode(CCM) with peak-current control at variable switching frequency is 
proposed.However, the low-power DC/DC converter usually works in the state of discontinuous 
current mode (DCM). In order to better design the controller of the system and obtain better output 
accuracy and dynamic performance, it is necessary to set up small signal modeling for converter 
working in DCM. 

In this paper, the small signal model of flyback circuit in DCM is established by the switching 
network average method. According to the small signal model, the controller is designed and finally 
verified by simulation and experiment. 

2. Working mode analysis and small signal modelling 
The topology equivalent circuit of the flyback converter is shown in Figure 1.The transformer adopts 
the parallel equivalent of magnetizing inductance and ideal transformer.Switching devices in the 
diagram are considered as ideal. According to the working principle of flyback circuit in DCM, the 
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working mode which is divided into three stages and the working waveform are shown in Figure 2 and 
Figure 3 respectively.Among the above two pictures, equivalent inductance current Li ,voltage at both 

ends Lv , and 1i 、 1v 、 2i and 2v  in the switch network are showed. 
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Figure 1. Topology of flyback converter 
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Figure 2. Equivalent circuit of flyback in DCM 
From Figure 3, the following equation can be obtained. 
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The state space average model of switching network is shown in equation (3). 
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Apply a small disturbance to each parameter as show inequation (4). 
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Figure 3. Operating waveforms 

Assuming that the dynamic disturbance component is far less than the steady-state component, the 
first-order disturbance effect is retained and the higher-order parameter disturbance is ignored. the 
steady-state equations of the converter are further obtained, as shown in equation (5). 
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 (5) 

According to (3)-(5),the small signal equations are obtained as shown in equation (6). 
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(6) 

3. Analysis  of small signal AC model 
From equation (6), the small signal AC equivalent model of the converter can be obtained as shown in 

Figure 4,in which 1 2
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Figure 4.Ideal small signal model of flyback converter 
According to KCl / KVL law, control ( d ) - output ( oi ) transfer function can be obtained and the 

simplified equation is shown in (7). 
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From the transfer function, it can be seen that the system has a zero point in the left half plane, a 
zero point in the right half plane and two poles in the left half plane. 

2

2

2 cRC R C
 





AESEE 2020

IOP Conf. Series: Earth and Environmental Science 512 (2020) 012172

IOP Publishing

doi:10.1088/1755-1315/512/1/012172

5

 
 
 
 
 
 

4. Example analysis 

4.1Closed-loop design 
The design of prototype uses the ICE3B0565J IC of Infineon and the single zero point single pole 
controller. The controller circuit and the closed-loop transfer function of the system are shown in 
Figure 5 and Figure 6, respectively. 
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Figure 5.Circuit of controller 
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Figure 6.The system closed-loop transfer function 

( )idG s is the duty cycle of the converter to the output transfer function. ( )cG s is transfer function of 

controller. ( )mG s is transfer function for PWM pulse width modulator. ( )H s is the transfer function of 
feedback. In addition, the transfer function of the controller is shown in equation (8). 
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According to Figure 5: 
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According to the literature [10]: 
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Where sR is sampling resistance for series in the original winding.Let 
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Add disturbance to the duty cycle d and fu : 
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The steady-state equation can be obtained and is shown in equation (13). 
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The small signal equation is shown in equation (14). 
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According to equation (14): 
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Where ( )H s is the scaling of the current sampling, i.e. the output current sampling resistance, so, 

 ( ) samH s R  (16) 
Original loop gain function: 

 0 ( ) ( ) ( ) ( )m idG s G s G s H s  (17) 
Loop gain function after compensation: 

 0( ) ( ) ( )cG s G s G s  (18) 

4.2Experimental verification 
Parameters of the main circuit is shown in Table 1. According to Table 1,the original loop gain 
function can be simplified as shown  in equation (19). 
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s e s
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Table 1. Parameters of the main circuit 
Description Symbol Value
Input voltage Vg 220V 

Output current IO 0.7A 
Input capacitance Cin 47uF 
Switching period Ts 1/67ms 
Primary inductor L 4.43mH 

Turn ratio of transformer n:1 110/12 
Primary sampling resistance Rs 0.975Ω 
Output sampling resistance Rsam 0.3Ω 

Output filter capacitance Cout 1000uF 
Output filter capacitance ESR RC 0.02Ω 

Output power Pout 16W 
The corresponding Bode diagram is shown in Figure 7.  
According to Figure 7,it is can be seen that the gain crossover frequency and phase margin are 

17.1hz and 120 ° respectively. Although the system is stable, the system bandwidth and the gain 
crossover frequency is too small, resulting in the dynamic performance is poor. 
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Figure 7. The Bode diagram of original loop gain function 
Therefore, the single pole single zero controller is designed to adjust the output accuracy, voltage 

regulation rate, band width and dynamic performance of the system. The main parameters of the single 
zero point single pole controller are shown in Table 2. 

Table 2.Parameters of the controller 
Parameter Value

R1 1 KΩ 
R2 75 KΩ 
C1 220 nF 
C2 47 pF 
R3 2 KΩ 
R4 15 KΩ 

After adding the controller, the loop gain function of the system is shown in equation (20).The 
Bode diagram of the loop gain function is shown in Figure8. 
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Figure 8. The Bode diagram of loop gain functionafter adding the controller 

The closed-loop simulation of the system is carried out by using PSIM software, and the output 
current waveform is shown in Figure9. 

The experimental waveform and prototype experiment platform are shown in Figure10 and 
Figure11, respectively. 
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Figure 9. The output current waveform by simulation 
 

 

Figure 10. The output current waveform of experiment 
 

 

Figure 11.Prototype experiment platfor 

5. Conclusion 
In this paper, the small signal modeling of flyback converter in DCM is proposed, and the switching 
network average method is used to solve the small signal model. This modeling method can also be 
extended to other DC / DC converters. It is found that the modeling of the controller is helpful to the 
analysis of the characteristics of the converter and the design of the controller. Compared with the 
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traditional PI controller, the single zero and single pole controller has better high frequency 
characteristics. The experimental results are basically consistent with the simulation results, which 
verify the feasibility and accuracy of the small signal modeling. 
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