International Core Journal of Engineering

Volume 7 Issue 5, 2021

ISSN: 2414-1895

DOI: 10.6919/ICJE.202105_7(5).0073

Research on Stability of Ship Power Grid based on Supercapacitor
Deyun Mao1,a, Jianmei Xiao1,b and Xihuai Wang1,c
1Logistics

Engineering College, Shanghai Maritime University, ShangHai 201306, China.

a1547720752@qq.com, bjmxiao@shmtu.edu.cn, cwxh@shmtu.edu.cn

Abstract
In order to solve the problem of power fluctuation at bus terminal of power grid caused
by sudden change of load, a double closed-loop PI control strategy is proposed. Firstly, a
hybrid ship model with super-capacitor is built in Matlab/Simulink. Then, a double
closed-loop controller is designed in the DC/DC converter to control the charging and
discharging of the super-capacitor, so that the supercapacitor can quickly compensate
the energy of the ship grid bus and absorb the excess energy for storage. The simulation
results show that the super-capacitor can effectively smooth the power fluctuation of
marine power grid bus, provide energy for DC bus quickly, maintain bus voltage stability,
and keep the speed and output active power of diesel generator set stable.
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1. Introduction
With the continuous development of power electronic components, the load type and capacity of ship
power grid are increasing [1]. The structure of ship's power system becomes complex, and the sudden
change of load is easy to occur when sailing on the sea, which will cause the disconnection of ship's
power grid and economic loss. Sudden load change will cause power fluctuation of DC bus in marine
power grid [2], affect the stability of bus voltage, and cause marine diesel generator set and electrical
equipment cannot work normally.
In order to solve the above problems effectively, energy storage system and control strategy are added
to ship power grid. M. S. Khan et al. [3] According to the voltage, current and charging state of battery
and super capacitor, an energy storage management system based on fuzzy logic is designed. It can
change the charging and discharging rate according to the SOC state of energy storage. It doesn't need
deep discharge and over discharge protection controller, but it needs fuzzy controller to provide
reference power for charging and discharging of hybrid energy storage unit at all times and design
power generation limit check controller. Zhou et al. [4] proposed a coordinated power management
strategy based on dynamic load power distribution of diesel generator and battery. In order to suppress
power fluctuation, high frequency fluctuation value was extracted from load power and distributed to
battery pack. However, due to the lack of high- power density energy storage elements, the number
of battery pack should be increased. Liu Zhong et al. [5] proposed load power distribution method of
equivalent SOC consistency control and dynamic droop control to evaluate SOC parameters.
The energy storage system can stabilize the power fluctuation caused by load change during islanding
operation of power grid, maintain the frequency stability of power grid, provide power compensation,
improve power quality, and stabilize DC bus voltage [6]. In this paper, super capacitor and double
closed-loop PI strategy are used to solve the imbalance between the output active power and load
consumption power of diesel engine, and to stabilize and smooth the voltage fluctuation of ship power
grid. The supercapacitor in microgrid can quickly provide power compensation to buffer the impact
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of load changes on the grid. The control strategy can make the supercapacitor quickly provide power
through bidirectional DC/DC converter when the diesel engine output is insufficient. When the power
consumption of diesel engine and load is balanced, the excess energy on DC bus can be absorbed and
stored.

2. The establishment of the model
2.1 Mathematical modeling of diesel generator set
Diesel generator set includes diesel engine speed control system and synchronous generator excitation
system [7], which provides main power for ships. However, the working system is nonlinear and very
complex, so it is usually simplified as a first-order inertia link with delay link [8]. The overall control
block diagram of diesel generator set is shown in Figure 1, and the program diagram is shown in
Figure 2.
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Figure 1. Control block diagram of diesel generator set

Figure 2. Control program diagram of diesel generator set
2.2 Mathematical modeling of bidirectional DC/DC converter
The topology of non-isolated DC/DC converter is simple, the energy conversion ratio is small, and
the dynamic response is fast [9], which meets the requirements of marine power grid. Therefore, the
bi-directional half bridge DC/DC converter is selected, and its topology is shown in Figure 3. In the
DC/DC converter, the high voltage side is connected with the DC bus terminal, and the low voltage
side is connected with the super capacitor.
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Figure 3. Topology of bidirectional half bridge DC/DC converter
According to the topology, the DC/DC converter is modeled by the state space averaging method
with 𝐶2 and 𝐿 as the state variable [10,11].
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1

^
U dc ( sc2 +
)

Rep
 Gid ( s ) = iL ( s )
=
^
L

2
s +1
d ( s ) U^ ( s ) =0 LC2 s +

dc
R
ep


^


U dc
U C2 ( s )
=
Gvd ( s ) = ^
L

LC2 s 2 +
s +1
d (s) ^
R

ep
U dc ( s ) = 0


(1)

•

(2) In boost mode, the transfer function is:
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2.3 Mathematical modeling of supercapacitor.
The super capacitor adopts the classical RC equivalent model, and the circuit is shown in Figure 4,
which is composed of ideal capacitor C and equivalent series resistance R [12].

Isc
R

Usc

C

Figure 4. RC equivalent model of supercapacitor
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The circuit equation can be obtained from Figure 3:
1

𝑈𝑠𝑐 = 𝐼𝑠𝑐 ∗ 𝑅 − 𝐶 ∫ 𝐼𝑠𝑐 𝑑𝑡

(3)

The supercapacitor SOC is [13]:
t
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=
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The super capacitor energy storage is:
1

2
2
𝐽𝑠𝑐 = 2 𝐶(𝑈𝑚𝑎𝑥
− 𝑈𝑚𝑖𝑛
)

(5)

To sum up, the program of supercapacitor is shown in Figure 5:

Figure 5. Super capacitor program diagram

3. Controller design
3.1 Control chart design of DC/DC converter.
In order to quickly eliminate the influence of power fluctuation caused by load change, double closedloop PI control of current inner loop and voltage outer loop is adopted for super capacitor [14], which
is mainly to improve the response speed of providing instantaneous power in case of power mutation,
compensate energy for DC bus, and balance the mismatch between active power output of diesel
engine and power consumed by load, The fluctuation of DC bus voltage is smoothed and stabilized
to keep the speed and output power of diesel generator set constant. The super capacitor control
diagram is shown in Figure 6.
𝑈𝑏𝑢𝑠−𝑟𝑒𝑓 is the reference voltage of DC bus; 𝑈𝑜𝑢𝑡 is the actual voltage of DC bus. The difference
between 𝑈𝑏𝑢𝑠−𝑟𝑒𝑓 and 𝑈𝑜𝑢𝑡 generates the current reference value 𝐼𝑆𝐶−𝑟𝑒𝑓 under the action of
voltage regulator and limiting link, and then compares with the super capacitor current 𝐼𝑆𝐶 in DC/DC
converter. The PWM modulation wave is generated by the action of current regulator, which becomes
the gate trigger signal of IGBT and drives DC/DC converter to work in Buck mode or boost mode.
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Figure 6. Control diagram of DC/DC converter
3.2 Parameter design of DC/DC converter controller.
The principle of double closed loop PI control for DC/DC converter is shown in Figure 7:
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Figure 7. Schematic diagram of double closed loop PI control of DC / DC converter
According to figure 7, the open-loop and closed-loop transfer functions of the current inner loop are
equation (6) and equation (7) respectively:
G1 (s) = GPWM (s)Gid (s) Hi (s)
(6)
G2 ( s) =

Gic ( s)GPWM ( s)Gid (s) H i (s)
1 + Gic ( s)GPWM ( s)Gid ( s) H i ( s)

(7)

The inner current loop adopts PI controller, and its transfer function can be set as follows:
G3 (s) = Kci +

Kcp
s

(8)

The controller parameters meet the following requirements:
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Where: 𝑓𝑛𝑖𝑑 = 100𝐻𝑍, 𝑓𝑐𝑖𝑑 = 1000𝐻𝑍 [15], it can get 𝑘𝑐𝑖 = 0.3, 𝑘𝑐𝑝 = 40.
The open-loop transfer function of the outer voltage loop is as follows:
G4 (s) = G2 (s)Z (s) H v (s) = G2 ( s)

R
H v ( s)
RCs + 1

(10)

The outer voltage loop adopts PI controller, and the transfer function can be set as:
G5 (s) = Kvi +

Kvp

(11)

s

Where: 𝑓𝑛𝑣𝑑 = 500𝐻𝑍, 𝑓𝑐𝑣𝑑 = 100𝐻𝑍 [15], it can get 𝑘𝑣𝑖 = 8, 𝑘𝑣𝑝 = 400.

4. Simulation examples and analysis
In this paper, a ship power grid model with super capacitor is built in Matlab/Simulink environment
to simulate the operation of DC bus voltage, diesel generator speed and output active power in case
of load mutation. The main parameters of the model are shown in Table 1.
Table 1. Main parameters of ship power system model
Parameter name

numerical value

Output power of diesel engine

50𝑘𝑤

Set voltage of DC bus

750𝑉

Inductance of DC/DC converter
𝐿

5𝑒 −3 𝐻

Parameter name
Rated voltage of super
capacitor
Super capacitor rated
capacitance
DC/DC converter
capacitor 𝐶2

numerical value
480𝑉
10𝐹
2𝑒 −3 𝐹

4.1 Simulation results
Within 0~2 seconds, the ship is connected to 50kw load to start operation; in the second second, the
ship is loaded with 50kw power to run; in the third second, the ship is unloaded to reduce 50kw load.
The loading and unloading of ship power system is shown in Figure 8.

Figure 8. Loading and unloading of ship power system
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Figure 9. Comparison of operation of ship power grid under loading and unloading
It can be seen from figure 9 that in 0~2 seconds, the output active power and speed of the diesel
engine are almost the same when the ship contains super capacitor and does not contain super
capacitor. However, in the second second, when the ship suddenly loads, the diesel engine starts to
run overload, and the speed begins to deviate from the set nominal value, and the fluctuation range is
too large. In the third second, the ship suddenly unloaded, the diesel engine appeared low load
operation, and the speed was still in a state of fluctuation. At the same time, the DC bus will also be
greatly reduced, and the maximum voltage drop is nearly 200V. In case of sudden loading and
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unloading, it is difficult for DC bus voltage to quickly return to the set value, which is not conducive
to the stable operation of ship power system and electrical equipment. After adding the super capacitor,
the diesel engine has good dynamic characteristics and maintains the previous running state in case
of sudden loading and unloading, which can ensure the normal operation of the ship. When the DC
bus voltage is loaded in the second second and unloaded in the third second, the voltage changes, and
decreases by 12.5V and 13.2V respectively. The fluctuation range is within 1.76% , and the voltage
can quickly return and stabilize after about 0.047 seconds of load fluctuation.
4.2 Result analysis
The compensation power, SOC and terminal voltage of the supercapacitor are shown in Figure 10.

Figure 10. Compensation power, SOC and terminal voltage of super capacitor
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According to figure 10, in the second second, the sudden loading of ship power grid leads to
insufficient output of diesel engine. Under the action of double closed-loop PI control strategy, super
capacitor can quickly respond and provide stored energy to maintain DC bus voltage and stable
operation of diesel engine. The SOC curve of super capacitor decreases continuously in 2 ~ 3 seconds,
which indicates that the power supply is in the process of power supply.

5. Conclusion
In conclusion, the supercapacitor can meet the transient power demand, suppress the power
fluctuation caused by load changes, and keep the DC bus voltage stable within the expected amplitude
margin. When the total power demand of the load exceeds the total power output of the diesel
generator set, the double closed-loop PI control can make the super capacitor provide energy to
support the generator through the DC/DC converter, which can keep the power balance between the
diesel generator set and the load; when the output power of the diesel generator set can maintain the
total power demand of the load, it can absorb the excess energy on the DC bus through the DC/DC
converter Quantity. The control strategy improves the response speed of super capacitor and greatly
reduces the impact of load mutation on the stability of marine power system.
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