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Abstract—This paper presents a double band peak 
current control for the DAB converter that permits to avoid 
the risk of transformer saturation. Additionally, feed-
forward compensation is employed to achieve a fast 
transient response under load variations. The proposal is 
described, analyzed, and numerically simulated.  

Keywords— DAB Converter, Peak current control, 
Transformer saturation. 

I. INTRODUCTION 

Double active bridge (DAB) converter is one of the most 
employed power stages for different applications, like the 
solid-state transformers [1]-[7], multiple input converters [8]-
[12], and more applications [13]-[14]. This converter provides 
isolation between the input and output, by employing a high-
frequency transformer (Fig. 1), and then reducing volume and 
space. Additionally, the input voltage, output voltage, and 
power level may be selected by design, this is why the 
converter is suitable for many applications.  

The DAB converter have been studied extensively in 
different aspects, the modulations techniques are focusing on 
reducing losses at different operating modes [15]-[18]. In [15] 
an algorithm to control the power flow, but mainly to minimize 
the total power losses of the DAB converter is proposed, based 
on the modulation. A similar method in [16] is proposed, that is 
focused on assuring soft-switching in the whole range of 
power, by changing the modulation technique. Different modes 
of operations are proposed in [17] to increase the efficiency, 
the burst mode and frequency change are considered. 

Another important aspect in isolated converters is 
transformer saturation. The importance of avoiding it is 
because of results in overcurrent troubles that might incur in 
switches damage or in the best way of triggering current 
protection that implies to shut down the converter [19]. 

Regarding preventing transformer saturation for DAB 
converters, different works have been proposed [19]-[22]. 

In [19] is proposed, for a type of DAB converter, an extra 
control loop to eliminate the possible DC offset at the 
transformer, it is measured the transformer current at the 
primary and secondary windings, additionally to other 
variables.  A control loop is employed for both power bridges. 
This scheme does not assure a fast dynamic response, and also 
multiple variables are measured. 

In [20]-[21] are proposed predictive controllers, employing 
a peak current control. These schemes permit to predict the 
displacement phase of the DAB converter for the desired peak 
current reference, the transformer saturation might be avoided, 
but not proofs of that were shown. In [22] a similar controller 
is employed, but to operate in a bidirectional way. Despite the 
before mentioned, feed-forward compensation is not included, 
resulting in a low response if the output voltage is controlled 
since the current reference depends on the voltage loop. 

Other control schemes have been proposed to achieve a 
good dynamic response and to operate in a bidirectional way, 
but they do not consider peak current control [23]-[28]. In [23] 
is proposed a feed-forward compensator for the phase lag 
control. In [24] another type of feed-forward compensation is 
employed based on average current control. An output current 
estimator and a feed-forward compensator are proposed in 
[25], the control is based on the average output current. 

In this paper is proposed a double-band peak current 
control to avoid transformer saturation for the DAB converter, 
but also a feed-forward compensation is considered for a fast 
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Fig. 1. Double Active Bridge (DAB) Converter 
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dynamic response when the output voltage regulation is 
required. The system is described, analyzed, modeled, 
designed, and numerically simulated to demonstrate the 
performance of the proposal. 

II. DOUBLE ACTIVE BRIDGE CONVERTER 

The DAB converter is shown in Fig. 1, as it can be 
observed it is composed of two full-bridge stages, a 
transformer, and additionally, an inductor in series may be 
employed in combination with the inductive parasitic element 
of the transformer. The simplified circuit usually considered 
for this converter is the shown in Fig. 2(a) [23], where two 
square voltage sources are considered plus the inductive 
element. 

A. Steady state analysis 

The steady-state waveforms of the DAB converter for the 
selected operating mode are shown in Fig. 2(b), it can be 
observed the voltage sources with its phase displacement, but 
also the inductor current. When the current reaches the valley 
and the peak value, the transition of the voltage V2 is made.  

Considering these waveforms, the converter is analyzed. 
Then, the inductor current is: 
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where:  ω is the switching angular frequency, 

             I0 is the initial current, 

             L is the inductance of the topology. 

The other semi-cycle of the inductor current is omitted 
since it is symmetrical, due to the ac operation. Notice that the 
vertical axis was shifted to determine the second equation, this 
was made for simplification purposes on the analysis. 

Due to the half-wave symmetry, the value of the inductor 
current at π−δ is determined by: 
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Then, the initial current value may be determined from (2), 
and it is given by: 
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The peak current of the inductor, then, it is determined by 
the first term of (1) and (3), but solving at δ, resulting: 
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The valley of the inductor current is then the negative value 
of (4). 

The power can be determined by considering just the first 
semi-cycle, that is: 
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Then considering the intervals of the current, the equation 
(5) becomes in: 
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And considering (1), (3), (6), and simplifying is obtained: 
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III. PROPOSED CONTROLLER 

The block diagram of the proposed controller is illustrated 
in Fig. 3. As it can be observed, it is composed by a voltage 
compensator, the feed-forward compensation, the double band 
peak current controller, and a combinational logic circuitry. 
Each block is described in detail in the following sections. 

A. Voltage compensator 

The voltage compensator is used to determine the value of 
the peak current that assures the proper voltage regulation. 
When the feed-forward compensator is used, only a 
proportional controller (KP) may be considered in this case. 

In case that the feed-forward is not employed, a PI 
compensator is recommended, or at least an integrator term, 
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Fig. 2. DAB Converter: a) Simplified circuit, b) Waveforms 
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because a significant steady-state error will appear if not, but 
also the dynamic response will be deteriorated. Then, to assure 
a fast dynamic response the feed-forward compensator is 
recommended.  

B. Feed-forward compensator 

The feed-forward compensator is used to assure a fast 
response under input/output variations, the operating point is 
determined and added to the voltage compensator output. This 
means that ideally at steady-state, the output of the voltage 
compensator is zero, because the feed-forward loop determines 
the operating point, and therefore only acts when it is required.  

In our case, the operating point to be determined is the peak 
of the inductor current, and this is determined by (4). This 
means that the input voltage, output voltage, the system 
parameters, but also the displacement angle are required to get 
this peak current. The value of this angle is obtained from (7), 
resulting: 

a
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where:  P is the output power, 
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The output power is determined by measuring the output 
voltage and current, and “a” depends on the known variables. 
The sign considered in (8) is the negative, since it is operated 
with a displacement phase lower than π/2. Then, considering 
(4) and (8), the peak current of the inductor is estimated and 
used as feed-forward compensation (Fig. 4(a)). Additionally, a 
first order low pass-band filter was employed to reduce the 
high-frequency noise at the output.  

C. Double-band peak current controller 

The peak current reference obtained from adding the 
voltage compensator output and the feed-forward stage output 
is used as the set point for the controller. The positive and 
negative values of this reference are considered for control 
purposes (hysteresis band), as illustrated in Fig. 4(b).  

When the inductor current reaches the positive value of the 
band, the output voltage of VT2 is turned to the positive value. 
However, when the inductor current reaches the negative band, 
the output voltage of VT2 is turned to the negative value. 

When the current is in between the two bands the actual state 
of VT2 is maintained. 

To assure this operation a flip-flop SR is employed, that is 
triggered by the double band comparators.  

D. Logic circuitry and flip-flop 

The last stage is a logic circuitry, and it is employed to 
assure the operation of the proposal. This circuit permits to fix 
the switching frequency, but also it determines the range of the 
displacement phase angle. Also includes the Flip-Flop RS. 
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Fig. 3. Block diagram of the controller 
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Since the converters are operated in a bipolar manner only 
S11 and S21 are obtained, since the other control signals of the 
switches are automatically determined by this operation. 

IV. SIMULATION  RESULTS 

The converter was designed and numerically simulated. 
The software employed is PSIM®. The parameters are 
summarized in Table I. In order to evaluate the performance of 
the system, different tests were carried out. First the steady 
state is addressed; second, a load variation is made; and finally, 
the performance of the system to avoid the transformer 
saturation is presented.  

A. Steady state operation 

The results for the converter operating at steady state is 
shown in Fig. 5. The tests were performed for around 95% of 
the nominal output power, then a resistive load of 24Ω was 
employed. In Fig. 5(a), the waveforms of VT1, VT2, and the 
primary current of the transformer or inductor current are 
shown. As it can be observed the converter is effectively 
working in the boosting mode since VT2 is higher than VT1, but 
also the inductor current is being discharged during π−δ. That 
correspondence with the theory. And finally in Fig. 5(b), the 
output voltage ripple is shown and contrasted with other 
signals. 

B. Load variation 

A load variation was performed in order to evaluate the 
performance of the controller (Fig. 6). The load was changed 

from 24Ω to 48Ω at 0.5 ms. In Fig. 6(a) are shown the output 
voltage, the inductor current, the current obtained from the 
feed-forward compensator, but also the output current. The 
settling time is less than 15ms, and the maximum overshoot 

a) 

b) 
Fig. 5. Simulated results at steady state, in all cases from top to 
bottom: a) VT1, VT2, and Inductor current, b) Inductor current, VT2, and 
output voltage ripple. 

 
a) 

 
b) 

Fig. 6. Simulated results under load variation, from top to bottom: Output voltage, feed-forward compensator output (IPK-FF), inductor current, and 
output current. a) load reduction, b) load increment. 
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was of 2.5V above the desired output voltage; as it can be 
observed a very fast dynamic response was obtained. In Fig. 
6(b) is shown the load variation from 48Ω to 24Ω; again are 
shown the output voltage, the inductor current, the current 
obtained from the feed-forward compensator, but also the 
output current. The dynamic response obtained for this second 
test is satisfactory, around 20ms is the settling time. 

C. Avoiding transformer saturation 

The system was tested with a dc source voltage in series 
with the transformer primary winding, this permit to evaluate 
the performance of the system and verify properly if it is 
avoided the transformer saturation. The voltage source has a 

value of 1V. Fig. 7 illustrates the operation under this 
circumstance, the output voltage, the inductor current, and 
output current are shown. 

As it can be observed in Fig. 7(a) the inductor current 
shows at the beginning that is becoming negative, and this is 
because at the start-up the controller is not working, since a 
fixed modulation is given. Once the controller is under 
operation, at around 110ms, the current is returned to the 
proper value that avoids transformer saturation.  

In Fig. 7(b), a zoom at the time 110ms is shown, where the 
details of the inductor current are appreciated more clearly. 

V. CONCLUSION 

The DAB converter is used in different applications, like 
solid state transformers, electric vehicles, and so on. Most of 
the published papers are related to different modulation 
techniques and/or increase the efficiency of this topology. 
Some other works are related to the current control and some 
of them to avoid transformer saturation. 

In this paper is proposed a double-band peak current 
controller with a feed-forward compensation. The proposal 
permits to have a very fast dynamic response under load 
variations but also avoids effectively the transformer 
saturation.  

The system was described, analyzed, and numerically 
simulated; different tests were performed to show clear 
evidence that the proposal is suitable with a fast dynamic 

 
a) 

 
b) 

Fig. 7. Simulated results with DC source in series with transformer primary winding, from top to bottom: Output voltage, inductor current, and output 
current. a) Complete evolution, b) zoom. 

TABLE I.  SYSTEM PARAMETERS 

System parameter Value 

Transformer ratio 20:1 

Inductance L 
165mH 

Switching frequency 3kHz 

VDC 3.8kV 

VOUT 400V 

Po 7kW 

R1 24Ω 

R1 48Ω 

KP 0.25 
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response, but also permits to prevent the transformer 
saturation. 
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