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Constant Power Load stabilization Based on
Trajectory Control in Dual-Active-Bridge DC-DC

Abstract—This paper analysed the trajectory control (TC)
based on natural switching surface (NSS) in dual-active-bridge
(DAB) DC-DC converter. Which improves the fast transition
process when load changes from constant resistor (CR) to
constant power (CP). In order to obtain the NSS based state
trajectory, the state-space equation is derived mathematically
based on the small-signal model of DAB converter. Under the TC,
the DAB can both achieve the constant power load (CPL) stability
and fast start-up stage simultaneously . Finally, the comparison
of open-loop control, closed-loop with linear controller and TC
are given to validate the effectiveness of the proposed strategy.

Index Terms—Bidirectional full bridge DC-DC converter, Con-
stant power load, Transient-state, stabilization.

I. INTRODUCTION

Because of the widely used distributed generating sources,
DC microgrids are preferred as the interface of the power
distribution system [1-4]. In DC microgrid system, due to
the requirement of the bidirectional power conversion be-
tween various energy storage system, the bidirectional DC-
DC converter plays a critical role [5-9]. It is usually placed
between battery unit, ultracapacitor unit and DC buses as
shown in Fig.1. Dual-active-bridge (DAB) DC-DC converter,
which has the advantages of galvanic isolation, high voltage
conversion ratio and zero-voltage-switching capability, is se-
lected and depicted in Fig.2 [10-13]. In this converter, eight
MOSFETs from S; to Ss formed two full-bridges H1 and
H2, which connected the high frequency transformer as the
isolation. L represents the total inductance of leakage and
auxiliary inductance.

As for the load terminal, constant resistive load and constant
power load are frequently found in microgrid system. Com-
pared with traditional CRL, the stability of the whole system
is challenged because of the negative impedance instability
of CPL [14-16]. To stabilize the CPL, passive stabilization
methods were proposed by utilizing the RC and RL networks
in converter [17]. However, these additional elements increase
the complexity and reduce the transmission efficiency. One
proposed methods named as circular switching surface tech-
nique based on buck+boost cascade converter is proposed to
control the CPL [18]. However, the buck+boost converter can-
not achieve the galvanic isolation and high voltage conversion
ratio. NSS based boundary control was proposed for DAB
in [19-23]. However, the load terminal is resistive load, the
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Fig. 2. Topology of dual-active-bridge DC-DC converter.

CPL condition is not mentioned. Thus, this paper analysed
the trajectory control based on NSS for the DAB converter,
especially to achieve the stability of CPL.

II. CONSTANT POWER LOAD AND PROPOSED IMPROVED
TRAJECTORY CONTROL

A. Constant power load

Constant power load (CPL) are easily found in microgrid,
which fed the power converters with the unique dynamic
characteristics [14]. For example, the motor drive expressed
the constant power (CP) behavior from the input terminal
of DC bus under tight speed regulation. Another example is
the DC-DC converter with tight voltage regulation. In CPLs,
the multiplication of voltage and current is constant, which
is shown in (1) and (2), although the instantaneous value of
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impedance is positive, the derivative voltage with respect to
current is negative shown in (3) and (4), which named as
negative impedance instability and makes it difficult to control
[14-16].

Popr =v xi (1)
R= U _Ter @
Pepr i

B. Natural switching surface based trajectory control

Natural switching surface (NSS) based trajectory can be
derived from the inductor current iz, and the voltage of output
capacitor ucs. To simplify the control strategy, single-phase-
shift control with four switching cases is adopted and shown
in Fig.3. p; and ps stand for the parameter of bridge voltage
vqp and v.4, wWhich can also reflect the on off condition of each
switches, p; = 1 stands for S; and S; on, p; = —1 stands
for S; and S35 on, po = 1 stands for S5 and Sg on, po = —1
stands for Sg and S; on. Details are illustrated in Fig.3. The
mathematical expression is shown in (5).

{ Vab = pr;Ln

5
Ved = pZVo ( )

The normalized state space equation of DAB under SPS
control can be derived as follows

C dUCZ'n,

'dtn =PpP2Nipn — ton (6)
dZLn

L = p1Vinn — P2nuc2n
dt,,

Where, Ucon = UC’Qn/V;"efs t, = tfns fn = 1/<27T\/ LC)’

Ly = V L/C, iLn = iLZn/‘/'ref» lon = Z‘oZo/Vref and
Vinn = Vin/Vies. The solution of the inductor current iy,
is expressed in Eq.7, where w = 27 fj.

iLn = (iLn (O) - pgi(m) COS (wt)
1 dig, (0)
+ (271' dt,,

As a result of this, the natural switching surface trajectory for
different states can be calculated as follows.

sin (wt) + paion )

€234 = (P1Vinn — P2uc2n)’ = (iLn1,2,34 — P2ion)’
_(pl‘/inn - P2)2 + (ZLn - p2ion)2
()
Where, £123.4 stands for Mode 1 to 4 respectively. The
trajectory for each mode is shown in Fig.4 with color labelled.
The red curves depict the steady-state operation under TC,
because of the existence of 4 modes, the steady-state of the
DAB shows a part of combination of &; 5 3 4. The variation of
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Fig. 3. Switching cases of DAB. (a) Mode 1: p; = 1 ,p2 = —1. (b) Mode
2:p1 =1 ,p2 = 1. (c) Mode 3: p; = —1 ,p2 = 1. (d) Mode 4: p; = —1
p2 = —1.

this red curve influenced by the output capacitor Co and the
equivalent load resistance.

As for the CPL, the is replaced by
ZoP [ucan, / %4 # with a constant power. The new trajectory
for the CPL is shown in Fig. 5 as the dashed curve and the
original NSS is also illustrated. The intersection shows that
the NSS can match with CPL trajectory, which is also the
key point for final steady-state stabilization. By rebuilding
the trajectory of CPL in each mode, there are total four

Ton lon —
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Natural switching surface based trajectory of DAB under 4 modes

intersections of the CPL and CRL, at these points, the CPL has
the similar characteristic of CRL. Although the trajectories for
CRL and CPL are different, the tendency of the CPL trajectory
is stable, the output voltage is also operated around V5 with
a small variation, which proved that the NSS based trajectory
is possible to work.

IIT. SIMULATION RESULTS.

In order to validate the stability of CPL trajectory control,
open-loop control, linear controller like closed-loop control
with PI controller is chosen for comparison. The simulation
parameters are listed as follows, V;, = 80V, V, = 40,
L = 150uH, transformer turns ratio is 1 : 1 and the output
capacitance is Cy = 200uF.

The simulation results with open-loop are shown in Fig. 6.
The step signal stands for load changes, which changes from a
125W CRL to a 300W CPL at 8ms. In open-loop control, the
phase-shift ratio is constant with 0.16, which is valid for CRL.
However, when changes to CPL, the output voltage decreases
to O rapidly, which is labeled as red color. The system is
unstable. The reason can be summarized as follows. If there is
a disturbance which causes a reduction of the current, at the
new current point, the previous output voltage is less than the
load voltage, thus, the current decreases further and make the
operating status point moves away of the stable point. Which
means the open-loop control with a fixed phase-shift ratio is
not possible to control the CPL.

Compared with open-loop control, simulation results under
closed-loop control with PI controller are shown in Fig. 7.
Under closed-loop control, the start-up stage is faster than
open-loop control because the phase-shift ratio is 0.5 with 1
per-unit transmission power. After 1ms, the phase-shift ratio
varies around 0.16. The load changes from a 125W CRL to a
300W CPL at 4ms. In closed-loop control, the phase-shift ratio
varies with the output of PI controller, which is stable under
CRL. However, when changes to CPL, the output voltage
decreases to O gradually as labeled in red color. The system is
unstable finally. Additionally, the PI controller is effective in
a limited range, varies PI parameters may result in different
final states, which leads to a difficult prediction of the CPL.
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Fig. 5. NSS and CPL trajectory under different modes of DAB. (a) Mode

1: p1 =1 ,p2 = —1. (b) Mode 2: p1 = 1 ,p2 = 1. (c) Mode 3: p; = —1
2 = 1. (d) Mode 4: p; = —1 ,pp = —1.

The simulation results with TC are shown in Fig. 8, which
shows the main merit in start-up stage. It merely takes 0.3ms to
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Fig. 6. Simulation results of DAB converter at start-up stage and switch
load from CR to CP under PI controller. (a) Waveforms of output voltage V.,
primary bridge voltage v,p, secondary bridge voltage v.q, inductor current
i1, and step. (b) Phase plane of i, with respect to ucon,.

finish the start-up stage, the fast dynamic response is validated.
Because in TC, the frequency is not constant, which is the
main difference compared with traditional control methods.
The Load changes from a 125W CRL to a 300W CPL at 1m:s.
The transient-state is shrunk into one switching cycle and the
output voltage is stable as expected. Compared with the open
loop control and the closed-loop control with PI controller. The
start-up stage and the transient-state in the dynamic response
are improved effectively.

IV. CONCLUSION

This paper analysed the trajectory control based on natural
switching surface, especially for constant power load applica-
tion. By rebuilding the state-space equation with a fixed power
load, the trajectory for CPL is obtained. Under the trajectory
control, the DAB shows the fast start-up stage. Additionally,
the transient-state from CRL to CPL is also reduced to less
than one switching cycle, the stability of CPL is validated
effectively.
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Fig. 7. Simulation results of DAB converter at start-up stage and switch
load from CR to CP under PI controller. (a) Waveforms of output voltage V.,
primary bridge voltage v}, secondary bridge voltage v.q4, inductor current
i1, and step. (b) Phase plane of i, with respect to ucan.
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