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Abstract. This paper takes the application of bidirectional DC-DC converter in Marine hybrid power system 
as the background, the problems of high reflow power and current stress in dual active bridge converter under 
traditional phase shift control are studied in this paper. Based on the dual phase shift control strategy, the 
power transmission optimization algorithm model is analyzed and derived, and a control method for 
optimizing mode switching is proposed. The optimized control algorithm is validated by Matlab/Simulink 
simulation experiment. The results show that the reflow power and current stress optimization control 
algorithm can effectively reduce the reflow power and the current stress of the converter, so as to improve the 
operation performance of DAB converter in high-power ship hybrid power system. 

1 Introduction 

Generally, energy storage devices are introduced in the 
ship microgrid to enhance the dynamic response 
performance of the ship’s power grid. In order to solve the 
problem of matching the output voltage of the DC bus bar 
with the energy storage system and ensuring lithium 
batteries, it is necessary to introduce a two-way between 
the energy storage device and the DC bus DC-DC 
converter. However, unlike land-based and vehicle-
mounted two-way DC-DC, the electric drive system of 
marine hybrid power needs to respond quickly to large 
load mutations, which puts forward higher requirements 
on the dynamic response and power transmission 
performance of the two-way DC-DC. 

The Dual Active Bridge converter has many 
advantages such as high power density, electrical isolation, 
fast response speed, and easy implementation of soft 
switching, and is suitable for applications in medium and 
high power such as ships [1]. In order to reduce the 
switching frequency of the switching tube, phase shift 
control has become the main control method of the current 
DAB DC converter. Facing the application characteristics 
of marine high-power transmission, this paper adopts the 
dual-phase-shift (DPS) control method. In the dual phase 
shift control, power reflow and current stress are two 
important factors that affect the performance of the 
converter[2]. Therefore, the optimal control of power 
return and current stress has become the focus of current 
converter research and design. In view of this, this article 
will introduce the working principle of the converter based 
on the characteristics of power reflow and current stress 
under dual phase shift control, derive the mathematical 
model of the DAB converter, and propose an optimized 
control scheme for power reflow and current stress based 

on dual phase shift control[3]. Some references are 
provided for converter’s design. 

2 Working principle 

2.1. DPS control principle 

The topology of DAB converter is shown in 
Figure1,which is composed of two H-bridges, inductance 
L ,high-frequency transformer T, capacitance 1C f , 2C f etc.

1V and 2V are the voltages on both sides of the converter, 

the direction of energy flow is controlled by controlling 
the on-off time of the switch tube. In Figure1, 1V and 2V

are the input or output voltages of the primary and 
secondary sides. The voltage value and current value of 
inductance are respectively expressed by LU  and Li ,the 

ratio of transformer is n, the switching period is 
represented by Ts ,For the convenience of analysis, this 

paper assumes that 1V  side is the input 2V side is the output 

and the voltage variation ratio is 1

2

Vk nV .Dual Phase 

Shift is to increase the phase shift value inside two full 
bridges on the basis of single phase shift, and the phase 
shift angle is the same, so as to reduce the reflow power 
and improve the working efficiency. 
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Figure 1. circuit topology of DAB DC converter 
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In the DPS control, the inward shift ratio of the dual 
active bridge converter is 1D , and the outward shift ratio is

2D [4]. The ideal waveform is shown in Figure2. 
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Figure 2. Ideal waveform under dual phase shift control 

2.2. Working mode analysis of DAB converter 

 Working mode 1 (t଴ െ tଵሿ): 
Before entering working mode 1, the primary side 

switch 2Q and 3Q are in conduction state, the secondary 

side diode 6D and 7D  are in conduction state, and Li  is 

negative value. At time t଴, the original side switch 3Q  is 

off, and 4D starts to conduct. The on/off state of the 

secondary side remains unchanged, and the current 
transmits energy through 6D and 7D . At this point, Lu is 

2nV  and the inductive current gradually decreases. 

 Working mode 2 (tଵ െ t′ଵ） 
According to the working principle diagram of DPS, Li

is still less than zero at time tଵ. At this time, the original 
side switch 2Q  is off, 1D and 4D start conduction, and the 

inductance current continues to flow. The state of the 
auxiliary side switch tube remains unchanged. The 
inductance current continues to decrease, and at time t′ଵ 
the inductance current decreases to zero. Under this 
working mode, the reflow power phenomenon exists on 
the original edge. 
 Working mode 3 (t′ଵ െ tଶ) 
After time t′ଵ, the inductive current i୐ changed from 

negative to positive. The primary side switch 1Q opens, 1Q

and 4Q  start conduction, and the secondary side switch 

6Q  and 7Q  start conduction. In this state, power backflow 

phenomenon exists on the secondary side, making the 
primary side charge the inductance at the same time. In 
this case, the inductance voltage Lu  is 1 2V nV . 

 Working mode 4 (tଶ െ tଷ) 
At time tଶ the original side switch 1Q  and 4Q  start to 

conduct; In this mode, the inductance voltage is 1 2-V nV , and 

the inductance current keeps increasing in a positive way. 
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Figure3. Working mode of DAB under dual phase shift control 

3 Operation Charactertistics 

According to the analysis, it can be known that when 

1 2 1D D  ,the operating state of the converter has a large 

fluctuation, and the operating state isn’t well[5]. so this 
paper only studies the operation characteristics analysis of 
the converter in the case of 1 2 1D D  , 1 20 1D D   . 

3.1. Power characteristic analysis 

In 1 20 1D D    mode, the transmission power model of 

the dual active bridge converter controlled by DPS can be 

established by analyzing the working mode and waveform 
of the dual phase shift: 

DPS 0

1
= ( )

hsT

ab L
hs

P u i t dt
T                         (1) 

In order to facilitate comparative analysis, the 
maximum transmitted power under single phase shift 
control is taken as the reference value NP , based on which 

the nominal unit value DPSp  can be obtained under double 

phase shift control. 
1 2

8N

nVV
P

fL
                               (2) 
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According to formula (3), the transmitted power unit 
value of DAB converter under DPS control is related to 1D  

and 2D . 

Due to the phase difference between abU and cdU , in the 

process of power transmission, the original side voltage 
and the inductive current have opposite phase. As shown 
in Figure 3, the transmission power of  tଵ~t′ଵ in this 
period is opposite to the total average power, which 
reduces the transmission efficiency of the converter. 
Therefore, it is called reflow power. 

Figure. 2 shows that 2( ) 0Li t   at time  tଶ , so the 

converter passes zero point t′ଵ, and the reflow power at 
stage tଵ~t′ଵ is: 

'
1

1

cirDPS

( )
P =

t

abt

hs

u iL t dt

T


= 21 2

1 2 1[ (1 ) 2 1]
16 ( 1)

nVV
k D D D

fL k
   



(4) 
Similarly, in order to facilitate the analysis, the reflow 

power should be normalized to obtain the standard value 
of reflow power under dual phase shift control: 

2
1 2 1[ (1 ) 2 1]

2( 1)cirDPS

k D D D
p

k

   



                  (5) 

From the above formula, it can be seen that after the 
input/output voltage ratio is ensured, the reflow power is 
only related to Dଵ, Dଶ. 

3.2 Current stress analysis 

Current stress is the maximum current value of DAB 
converter circuit during operation. Excessive current 
stress not only causes excessive loss of the converter, but 
also increases the requirement of the device and increases 
the production cost[6]. Therefore, current stress analysis 
is an important procedure for converter design. 

Combined with Figure 2, it can be seen that when 
1k  , the maximum value of inductance current stress of 

DAB converter under the control of dual phase shift is 
located at time t଴. 

maxiL  2
0 1 1 2( [( 1) 1 2 ]

4

nV
iL t D k D D

fL
    ）            (6) 

According to Equations (6) and (1), the nominal value 
of the inductance current stress LmaxG can be obtained.  

max
L max 2 1 1G = 2( 1 2 )L

N

i
k D D kD

i
                     (7) 

4 Design of Phase Shift Control System 

Combined with the characteristics of the ship's flexible 
operation state, this paper designs a phase shift control 
system of the Marine DAB DC converter that can be used 
for mode switching based on the optimization control 
algorithm. 

4.1.Design of phase shift control algorithm 

4.1.1.Control based on minimum reflow power 

Under the condition of transmission power p and voltage 
ratio k are setted, the Lagrange function is established with 
the minimum reflow power as the optimization objective, 
and the control method of the minimum reflow power 
under the control of double phase shift is analyzed and 
deduced. 

Minimize
2

1 2 1[ (1 ) 2 1]

2( 1)cirDPS

k D D D
p

k

   



 (8) 

Subject to

 2 2
1 2 2 0

1 2
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0

D D D p

D D

D D
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    
  
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 (9) 

 
2

2 21 2 1
1 2 1 2 2 0

[ (1 ) 2 1]
( , , ) +2D -2D

2( 1)

k D D D
L D D D p

k
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   


（2 ）

 (10) 
According to the derivation of Lagrangian function, 

the mathematical relationship between the externally 
shifted phase called 1D , 2D and the voltage change ratio k 

can be obtained. 

1

2

0

0

L

D

L

D

 
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

                              (11) 

According to Equation (8), (10) and (11), it can be 
obtained: 

1 1
2

(1 ) 2 1

2( 1)

k D D
D

k

  
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 2

2 2
1

k
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k
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       (12) 

According to (10) and (12), the combined solution of 
the optimal phase shift Angle under the variable voltage 
ratio k and power transmission p can be obtained 
respectively: 

1 2

2 2

1
( 1)

( 1) +1

1 2 1
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p
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2

2 2
1

k
p

k

   
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   (13) 

4.1.2.Optimal control based on current stress 

In order to obtain the optimal phase shift ratio 
combination solution under the minimum current stress, 
the method of constructing Lagrange function is adopted 
in this paper[7].In the mode of  1 20 1D D   , the per-

unit value of the inductance electric stress at time t଴ is 
taken as the objective function. In order to obtain the 
minimum value of the objective function, the expression 
under multi-constraint conditions is obtained as follows: 

Minimize max
L max 2 1 1G = 2( 1 2 )L

N

i
k D D kD

i
      (14) 
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Construct Lagrange function: 

 2 2
1 2 2 1 1 1 2 2 0L D D D D D D +2D -2D p  （ , , ）=2(k-1+2 -k )+[2 - ]

 (16) 

Solving the above equation, the optimal solution can 
be obtained as follows: 
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D k
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                (17) 

By substituting the above formula into the peak current, 
the peak current value can be solved: 

2
max 2 (1 )(2 +6-4k)LG k p k               (18) 

4.2.Design of phase shift control system 

According to the working principle of the converter phase 
shift control, the minimum reflow power control and 
current stress control are based on the dual phase shift 
control. Firstly, the voltage and current signals on both 
sides of high and low voltage are collected through the 
acquisition module. The input-output converter ratio k and 
the power required by the low-pressure side ship load p଴ 
can be calculated; Then, according to the formula, it can 
be calculated the Internal and external shift ratio 1D and 

2D  and control the pulse signal generated by the pulse 

modulator to drive the switching tube's opening and 
closing time. 

Based on the above analysis, this paper proposes a dual 
phase shift control scheme for optimal control of reflow 
power and switching of current stress modes. As is shown 
in Figure 4. 

 

Figure 4. Optimized control system of DAB 

5 Simulation Analysis 

In order to verify the effectiveness of the control scheme 
under dual phase shift control, the simulation model of 
dual active bridge converter is built in the Matlab 
Simulink simulation platform. By comparing the 
waveform effects of traditional single phase shift control 
and double phase shift control, the effectiveness of the 
proposed double active bridge converter double phase 
shift control scheme is verified. 

Figure5 and 6 respectively show the inductance 
current waveforms based on traditional phase shift control 
and double phase shift control under given working 
conditions. According to the figure, under the same 
transmission power, the operating current stress of the 
proposed optimal control scheme is lower than that of the 
traditional control scheme, which can reduce the 
switching loss and improve the operating safety 
performance of the converter. 

 

Figure 5. Inductance current curve under SPS control 
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Figure 6. Current stress curve under DPS control 

Figure7 and 8 respectively show the voltage and 
inductance current waveform of the primary side of the 
converter under a given working condition. Through 
comparison, it can be seen that under the same 
transmission power, the reflow power of the primary side 

can be reduced by the optimal control scheme of reflow 
power based on double phase shift. Therefore, when the 
transmission power is constant, the optimal control 
scheme can suppress the generation of reflow power and 
improve the efficiency of the converter. 

 

Figure 7.Reflow power curve under SPS  control 

 

Figure 8. Reflow power curve under DPS control 

6 Conclusion 

Through the comparative analysis of the experimental 
results, it can be seen that the reflow power control 
scheme proposed in this paper can effectively reduce the 
relow power of the converter, and the current stress 
optimization control can reduce the current stress of the 
converter. It ensures the safety and stability of the 
converter in the start-up and operation of the high-power 
ship energy storage system, improves the working 
efficiency of the converter, and provides a reference for 
the design of the high-power DAB converter for ships. 
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