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Abstract: This paper focuses on different switching strategies of dual active bridge DC-DC converter. The structure of
non-linearity of the device and power flow is a critical problem in BDC. This paper presents a comparative analysis on
Alternate phase-shift modulation (APM) schemes such as triangular current modulation (TRM), modified triangular
current modulation and Hybrid modulation scheme. A feedback linearized controller is designed to attain better dynamic
response for different load. This controlling analysis of isolated bidirectional full bridge converter (IBDC) is controlling
of power under different switching strategies to improve their performance of converter for nonlienarity.

Keywords: Isolated bidirectional full bridge converter (IBDC), Alternate phase-shift modulation (APM), triangular
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1 INTRODUCTION

Dual active bridge converter is a type of isolated converter which is very popular and attractive towards technology for
conversion stage of voltage. It can be used for various application like aerospace application, PV plants, hybrid and
electric vehicles etc [1]. The DAB converter is a type of bidirectional, controllable, DC-DC converter contains eight
switching devices, inductor to transfer energy, high frequency transformer for isolation purpose and a dc-link capacitor.[2]
There is a famous technique which is used for back to back bidirectional converters isolated with high switching frequency
transformer. It can be either voltage fed or current fed full bridge converter [3]. In fig.1. represents basic topology of
DAB converter having two full bridge converters in both sides of high switching transformer. Transmission of power in
DAB is proportionate with the number of switches means more switch more power transmission at the same time there
is a concern of switching losses.[4] It can be handled by either silicon carbide (SiC) or gallium nitride (GaN) power
switch. Transfer of energy can be handled with the help of adjustment of the phase shift of primary and secondary
windings of the transformer.

The paper [6] discuss about hybrid modulation scheme to extend the power range of operation of BDC. A feedback
linearized controller is designed to attain better dynamic response for different load. The detail modulation theory and
controller design are represented by paper experimental verification of proposed modulation and control scheme is done
in this paper. The paper [7] discuss about classification of converters such as isolated and non-isolated converter and each
divided into eight group. A brief comparison of non-isolated and isolated converters. This paper also discusses about the
control strategies and their comparison. This paper [8] discusses a full set of equations for calculation of gain and phase
of buck converter in continuous and discontinuous modes. The paper [9] discuss about mathematical modelling, small
signal analysis, stability analysis of open and closed loop transfer function of the system thorough compensation
technique. Since most modern system uses more than one type of output capacitor, and this can affect the stability of
power system, solutions are presented for up to three different types of capacitors.
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Fig.1. Layout of Dual Active Bridge Converter
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In the layout, the first stage performs DC to AC conversion.
In second stage stepping up of the AC voltage takes place with the help of high frequency transformer.
In the third stage, AC to DC rectification takes place.

Y V V

Il. WORKING PRINCIPAL (POWER FLOW ANALYSIS)

Fig. 2 (a). shows the representation of Dual Active Bridge Converter where two DC-AC converters are connected to two
DC voltage sources V, and V, and interfaced with an inductor L,. To transfer the power output voltage V, and V, must
be supplied by H; and H, to the inductor L,. So here DAB may be changed with two individual Alternating voltage
sources V, and V, interfacing with the inductor L, as depicted in figure 2 (b). The BDC voltage-current relationship can
be analysed with the help of phasor representation of fundamental component of voltage and current to clarify the
characteristics of the BDC [10]. Fig.2 (c) represents phasor diagram of fundamental components of voltage and current.
From phasor diagram fundamental power flow can be written as follows between two AC sources.

Py = \;(l—:f sin @ 1)
Where, V1 = amplitude of the fundamental voltage of primary side
V., = amplitude of the fundamental voltage of secondary side
® = phase shift between the secondary and primary voltage
Xt = Wl
From equation 1 it can be seen that P41, varies with variation in fundamental phase angle ®. So, there are two cases with
respect to phase angle.

1 If (@> 0% means Vs lagging wrt V1 transfer of power from source V1 to Vtakes place (Forward power flow).
2 If (d< 0% means V:is leading wrt V1 and transfer of power from source V,to V; takes place (reverse power
flow).

Power flow

]k B a3
| Dc-AC
= (a)

12
&
Vi ‘ V1o ? V2

(b)
Fig.2.[11] (a) Basic block diagram.(b) Equivalent circuit model. (c) Phasor diagram

Power flow in DAB can be engaged by phase shifting of the pulses of one bridge wrt to the other bridge. This type of
technique is named as phase shift modulation. As pulses of switches Si, S, are of the primary bridge and Ssand Sg are of
the secondary bridge decides the shifting of the secondary bridge by either by ® or by — ®.

I11. ALTERNATE PHASE SHIFT MODULATION FEEDBACK LINEARIZED CONTROLLER
SCHEMES FOR ULTRACAPACITOR

For wide input and output voltage range to minimized the switching and conduction losses an alternate phase shift
modulation scheme is introduced. Various technique is used to minimized the conduction losses and for modification of
switching strategies.[11] For this there is two approach in first we use additional component like snubber circuit and
resonant circuit. In this technique there is risk of increase in circulating current and this leads to increase in conduction
losses . In second technique modification of switching control is done without addition of any extra component this
technique is named as APM. In APM there should be phase shift between primary and secondary voltage. For APM
scheme modification in DAB converter is required which is shown in Fig 3.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 832


https://iarjset.com/

IA R\] SET ISSN (O) 2393-8021, ISSN (P) 2394-1588

(@ International Advanced Research Journal in Science, Engineering and Technology
ISO 3297:2007 Certified :¢ Impact Factor 8.066 :: Peer-reviewed / Refereed journal < Vol. 10, Issue 7, July 2023
DOI: 10.17148/IARJSET.2023.107132

- iO

~ Huc ~
-~ ~
1] s3) g a3l
s3 M1 M3 DM3
s17) 4Ps? fDS?"—t M1
Vuc iLt Vo
s2 i i

—2— DM4a

DSs2 Ds4a 1
4 s4 ) 4 M2 lJI\/IZ M l_f

Fig.3. Moadified circuit of the BDC with two H-bridges

There is various APM scheme which are as follows-

> Triangular current modulation

> Hybrid modulation scheme

> MTRM hybrid modulation scheme
> TRM-TZM hybrid modulation

1. Triangular current modulation

Triangular current modulation is a type of alternate phase shift schemes in which reduction of circulating current takes
place with the help of maintaining the triangular waveform in primary winding of the transformer [13]. The applied
waveforms are shown in the Fig.4. It may be splited into six intervals over one complete cycle when V>V, for TRM
scheme for BDC. Where the vpi(t) = (V1 = Vuc) and Vsec(t) = (V2 = Vo/n). There are three-time interval in and the inductor
current is given as follows.

Vi

0<t<t
ol
O =1 22— 1) +i) 4 <t<p @
0 th <t<t

And transfer power is given by equation (3) when V1> V; in UCDM

p = VitVi-vad ©)

ue 2nmLt

Transferred power in relation to ¢ where t; = 2¢ whenV, >V,

22
pPTRM _ 20*Viv3 4
ue noLy(V1—V2)?
TRM _ 1 (Vi=V2)
Pmax =3 7 (5)

pIRM w3 (V, = V,) (6)
= 1 2

uc_max 2U)LtV 1

By seeing equation (6) there is three cases in respect with V; and V>

When V1>V, power can be transferred and TRM can be used in this case and BDC is in UCDM. In second case V1<V,
and third case V1=V, TRM cannot be used in both cases. To operate BDC under TRM a higher turn ratio should be there.

n> —2 )

Vuc_min
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Fig. 4. Waveforms of the TRM scheme, when V, >V,

For V1<V, switching pattern has to be modified to attain TRM operation which is shown in Fig.5. Now for this case ty, t
and ts have to be recalculated as like previous case but it is more complex than previous one.
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Fig.5. Transformer voltage for V1<V, of TRM scheme in UDCM
2. Hybrid modulation

The requirement of hybrid modulation scheme is to reduce the conduction losses and for improving the soft-switching
operation but there is problem with maximum transferable power because it is less than the maximum possible power of
the BDC. That’s why it cannot be use for high power applications. [14] So, for to elimination of this problem hybrid
modulation schemes are use. There are two types of hybrid modulation scheme such as MTRM (Modified Triangular
Current Modulation) and TRM-TZM (Triangular current modulation-Trapezoidal current modulation) hybrid modulation
scheme.

3. Modified Triangular Current Modulation (MTRM)

In MTRM technique modification in gate pulse is done to operate BDC when V1=V, modified TRM scheme named as
“‘proposed TRM’’ (PTRM). Half cycle is divided in three parts such as to, t;, and tz. In this technique there is no overlap
of primary and secondary voltage and inductor current is given as follows-

Vi

ty<t<t
()

L® =1 Z2-0) +in) u<t<y (8)
0 t <t<t

20V - Vi . . .

t,=2¢0—t, and t; = V‘pﬂf and transfer power is given as PPIRM = S- maximum phase shift and maximum
1 2 t

transferable power is is given as follows-

PTRM _ — —
Prox . =T/2=t1=1
202V3iV3
= 2o ®

" moL(Vi-V2)
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By seeing maximum transferable power MTRM technique gives positive power transfer for UCDM for any values of V
and V; Although this technique has disadvantage of large RMS values and peak current and can be used for light load.
Maximum transferable power is given as-

PTRM Vivi
Puc max — — 2 (10)
- Z(DLt(V1+V2)
TC
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Fig.6. Waveform of voltage when V1 > V; of PTRM scheme

In modified triangular current modulation scheme duty cycle is varied between 0% to 50% with respect to phase shift (¢).
For light load circulating current is minimized but it could not be achieved for medium and heavy load. [15]. But it
diminishes the BDC power transfer ability because there is no phase shift between bridges, however only changes the
root mean square voltage crossways the bridge to control power flow.
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Fig.7. when V1 > V3 in case of MTRM scheme
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Fig.8. Waveform when V3 > V; in case of MTRM scheme with ZCS

4. Feedback linearized controller:
A feedforward linearized controller has been atached with switching strategy to control the power fluction due to current
oscilation. The block diagram has been shown in Figure 9.
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Fig. 9 Feedback linearized controller
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IV. SIMULATION AND RESULT ANALYSIS

Fig.10. Simulation model of modified DAB

Result under TRM scheme based linearised feedback controller

(a) Result under TRM scheme based linearised feedback controller shown in Fig. 11, when Vi>V- in this case
inductor current increasing during interval t; and reach to its peak value that is I, after it starts decreasing during interval
t, and goes to zero and remain zero till time interval ts. After it increases linearly in negative direction and goes to a -lp«
peak current till completion of interval t4 and after it goes to zero during interval of ts.
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Fig.11. Result under TRM scheme based linearised feedback controller when V1>V;
(b) Result under TRM scheme based linearised feedback controller shown in Fig. 12, when Vi < V3 in this case

inductor current increasing during interval t; and reach to its peak value that is I, after it starts decreasing during interval
t> and goes to zero and remain zero till time interval ts. After it increases linearly in negative direction and goes to a -y«
peak current till completion of interval t, and after it goes to zero during interval of tsand remain zero till interval of t;.
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Fig.12. Result under TRM scheme based linearised feedback controller when V1< V;

Result under MTRM scheme based linearised feedback controller

(a) Fig.13. represent key waveform of MTRM scheme based linearised feedback controller when Vi > V, without
ZCS.
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Fig.13. Waveform under MTRM scheme based linearised feedback controller when Vi <V,

(b) Fig.14. represent key waveform of MTRM scheme based linearised feedback controller with ZCS realisation
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Fig.14. Waveform under MTRM scheme based linearised feedback controller when V1 >V,
Result under TZM scheme based linearised feedback controller

Fig.15. Represent different waveforms under TZM scheme based linearised feedback controller when V1>V in which
inductor current increasing during interval Ty and attain Ik further current increases during interval To, in interval Tz it
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decreases and remain zero during entire T4 interval. Now in second half current decreases in negative direction during
interval Ts, Te and in half of interval it goes to zero and remain zero till completion of entire T7 interval.
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Fig.15. Different waveform of TZM scheme based linearised feedback controller when V1 >V,

V. CONCLUSIONS

Dual active bridge converter is a type of isolated converter which is very popular and attractive towards technology for
conversion stage of voltage. In paper different switching pattern are discuss. All have its some limitations and its
advantage which are discussed. Controlling of power is discussed under different switching strategies to improve their
performance of converter.Alternate phase-shift modulation (APM) scheme is discussed here such as triangular current
modulation (TRM), modified triangular current modulation and Hybrid modulation scheme. TRM has limitation of lower
power transfer capabilities. But the hybrid modulation can extend the range of power transfer capabilities.
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