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Abstract: Isolated power systems (IPS) usually have multifaceted operational objectives in engi-
neering scenarios, and many key tasks are performed by multiple pulsed loads. The research on
multi-objective energy optimal scheduling in isolated power systems which contain multiple pulsed
loads is the subject of this paper. In addition, optimal mobility and maximum multiple pulsed load
performance value are discussed. By introducing the concept of ship speed at the end state, isolated
power system maneuverability is properly characterized by the final state ship speed, combined
with the maximum efficiency of multiple pulsed loads, and a multi-objective optimization model
of weighted form is constructed using a general, given solution method. In addition, two specific
solutions regarding typical engineering scenarios are proposed in this paper: accelerating the catch-up
situation and accelerating the evacuation situation. Algorithms for general situations and specific
solutions regarding typical engineering scenarios are proposed. Study cases regarding specific engi-
neering scenarios are demonstrated to verify the correctness and efficiency of the method. Finally, the

f‘r;e;:t?sr limitations and shortcomings of the established methodology are emphasized.
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Multiple Pulsed Loads in Isolated

Power Systems. Sustainability 2022, 1. Introduction
14,16021. https://doiorg/103390/  1.1. Motivation

su142316021 Isolated power systems (hereinafter referred to as IPS) often operate in an environment
where devices are frequently accessed and exited, and the topology is flexible [1-6]. In
addition, when multiple special types of pulsed loads are connected to the IPS, system
energy optimization scheduling will face greater challenges.
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1.2. Related Works

As described in [1], due to the high energy density of the pulsed load, in order to

reduce the energy impact caused by the frequent switching of the pulsed load and avoid the
transient instability of the system, the pulsed load generally has an energy storage device.
Specifically, at a common connection point where the pulsed load is connected to the power
grid, an energy storage device such as a supercapacitor or a flywheel can be installed, and
the energy required for the pulsed load operation can be obtained by charging the energy
storage device. After charging, the energy storage device discharges the pulsed load and
drives its operation. In this way, the energy impact brought by the pulsed load operation
to the grid can be eliminated, and the controllability, safety and economy of the system
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can be improved. To solve the problem caused by the ship power system supplying the
pulsed load, some scholars have studied and proposed the supercapacitor charging process
control method for energy buffering when a single pulsed load is connected, in [2].

As described in [2], the pulsed load can be connected to an independent power system
through an energy storage device, which buffers the energy required for the pulsed load,
and then, by controlling the charge and discharge of the energy storage device, it can
effectively isolate the pulsed load power fluctuations from the system’s direct impact. The
control approach proposed in [2] takes into account the power ramping limit and maximum
power limit of the synchronous generator, the maximum current limit of the converter
and the current ramping limit. The control objective is to charge the supercapacitor in the
shortest possible time.

As proposed in [3], shipboard integrated power systems usually have multifaceted
operational objectives in engineering scenarios, and to improve survivability in the face of
emergencies, a system-level energy allocation scheme with maneuverability enhancement is
formulated in [3] to coordinate the power consumption of different functions. As proposed
in [6], quantitative indices are proposed to measure the impact of the system’s inherent
characteristics on the initial-stage short-circuit current. The ship operation scenario and
the corresponding energy optimal scheduling problem are discussed in [7]. Based on
these research results, the optimization objectives of IPS operation conditions and energy
scheduling under each condition can be achieved. The normal mode refers to the navigation
and berthing of ships similar to ordinary ships. The application scenarios include maritime
patrol, maritime operation, material transportation, etc. The optimization goal is mainly the
operation economy of IPS. Under normal mode, the load curve is easy to predict. On this
basis, the economy can be improved through unit combination, selection of working point
and the formulation of a charging and discharging strategy for energy storage equipment.
In this process, certain randomness should be considered. In the emergency mode, the
ship needs to face emergencies. At this time, economy is no longer the most important
optimization goal; mobility plays an important role instead. At the same time, suppression
capability and self-healing may also need to be considered. The optimization means are
mainly to select the working point of a generator set and formulate the charging and
discharging strategy of the energy storage equipment. In the suppression mode, the normal
operation of the power system shall be ensured first, and then the suppression capability
shall be taken as the main optimization objective, with mobility and self-healing considered
at the same time.

Several coordinated optimal voyage planning and energy management options of all-
electric ships were discussed in [8-14]. As described in [12], an optimal scheduling method
driven by real-time response data instead of accurate system models was given. The method
in [12] turns an energy management problem into a Markov decision process to characterize
the interaction between environmental states and policy. Different kinds of energy storage
systems for mitigating the effects of pulsed loads were proposed in [13] and [14], but the
optimization of multiple scenarios and objectives has not yet been considered.

In summary, domestic and foreign scholars have a certain foundation in the study of
multi-objective energy optimal scheduling in isolated power system with pulsed loads.
However, no matter what operation mode, there is little literature which considers the
optimal energy scheduling of IPS when the load suddenly enters or exits and the system
topology changes, which is neither economical nor safe. In addition, in the normal mode,
the existing literature often ignores or weakens the consideration of mobility, pursues fuel
economy too much, and lacks multi-objective optimization for collaborative optimization.

Two important issues are still to be addressed.

(1) Indifferent modes, the optimization objectives and constraints of multiple pulsed load
energy optimization scheduling in IPS are quite different. When the conditions such
as pulsed load running time, running times, available power and real-time control
performance are changed, the corresponding energy optimization scheduling method
needs to be given to maximize the effectiveness of multi-pulsed loads.
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(2) Inthe IPS operation, a variety of complicated working conditions need to be consid-
ered, especially in special scenarios such as accelerated catch-up and rapid evacuation,
and the mobility and suppression capabilities of the system need to be considered
at the same time. Only in this way can we improve the survivability of ships and
achieve multi-objective optimization of systems in special scenarios.

1.3. Main Contribution

This paper discusses the basic multi-objective energy optimal scheduling model, taking
into account multiple pulsed loads in IPS.

Based on the model, the optimal mobility and the maximum multiple pulsed load
performance value are discussed. By introducing the concept of ship speed at the end state,
the IPS maneuverability is properly characterized by the final state ship speed, combined
with the maximum efficiency of multiple pulsed loads, and a multi-objective optimization
model of weighted form is constructed using a given, general solution method.

In addition to the above, this paper also analyses two specific solutions regarding
typical engineering scenarios: accelerating the catch-up situation and accelerating the
evacuation situation. The method of transforming the optimization target into the con-
straint condition is adopted. The multi-objective optimization problem is transformed into
the single-objective optimization problem in the two specific scenarios. The problem of
improper selection on the weight of the objective function is solved.

1.4. Paper Organization

This paper is organized as follows. The basic optimal scheduling model, which
includes assumption and a mathematical model, is introduced in Section 2. The solution
method is proposed in Section 3. Section 3 includes two parts: an algorithm for general
situations and for specific solutions regarding typical engineering scenarios. In Section 4,
several case studies are performed to verify the effectiveness of the proposed method.
Section 5 concludes this paper.

2. Problem Formulation
2.1. Assumption

Figure 1 is a graph showing the charging power variation of a supercapacitor sin-
gle charging process, in which the abscissa represents time and the ordinate represents
instantaneous charging power. The supercapacitor starts charging from the moment 0.
During the time period [0, t,], the charging power ¢ is limited by the rate of increase in
the charging current, that is, the rate of increase in the charging current gradually reaches
the upper limit. From ¢, to t;, limited by the power ramping capability of the generator, the
rate of increase in charging power is at the upper limit. From f;, to t., the charging power
reaches the upper limit due to the maximum power generation of the generator. If the
instantaneous change of charging power has a large impact on the system, the charging
current is gradually reduced to zero by the introduction of [t., ;] process, and the charging
power is gradually reduced to zero. If there is an error in the control process and the
charging current still does not decrease to zero, then the current needs to be reduced to
zero during the [ty, t.] time period. However, if multiple pulsed loads are simultaneously
connected to the system and randomly charged and discharged, the accumulated charging
power of the energy storage device connected to the pulsed load may fluctuate greatly.
When an independent power system with multiple pulsed loads is running, if the optimal
scheduling is improper, the charging power peaks of the pulsed load device level energy
storage may be superimposed, resulting in system instability. It can be seen that the energy-
optimized scheduling of independent power systems with multiple pulsed loads is of
great significance for improving the operational efficiency of independent power systems.
However, IPS energy optimization scheduling with multiple pulsed loads has not been
discussed in the literature, so relevant research is urgently needed.
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Figure 1. Charging power curve of supercapacitor single charge process.

As proposed in [15-19], pulsed loads with high energy density are integrated into
isolated power systems through an energy storage system. As proposed in [15], the single
pulsed load connected to IPS with device level energy storages (DLES) is introduced in the
Appendix B.

In the early stage of the optimization period, the initial ship speed is maintained as vy.
The ship begins to accelerate at the later stage of the optimal period and the speed of the
ship reaches the set value vr. The initial value of generation power pg(t) is the propulsion
power pg(0) = kvg when the speed of the ship maintains vg, and during the acceleration
period pg(t) increases to the maximum value pg max according to the maximum uphill
climbing capacity 7*. When the optimization period is about to end, pg(t) descends to kv3.
according to the maximum downhill climbing capacity v%. The ship speed will maintain
vt at the end of the optimization period. The schematic diagram of the power variation of
the ship’s generator during the optimization period is shown in Figure 2.
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Figure 2. The schematic diagram of the power variation of the ship’s generator.

The area enclosed by the generator power curve and the horizontal axis are divided
into three parts by the solid line, which correspond to the energy supplied by the ship to
the pulsed load DLES, the energy used for accelerating the ship and the energy used to
overcome the seawater resistance. Among them, the energy used for accelerating the ship
is E = 1m (v — 03), while the energy used to overcome the seawater resistance is difficult
to calculate. For calculating the third part of the energy, an approximate method is used [3].
According to [3], the power to overcome the resistance is proportional to the cube of the
velocity, which is proportional to two thirds of the energy of the acceleration. The different
time points in Figure 2 are calculated as

_ PGmax — PG(O)

t o

)
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2.2. The Typical Operation Model and Senarios of IPS

As shown in Table 1, The typical operation modes of IPS include normal mode,
emergency mode and suppression mode, where each mode includes different operation
conditions. Therefore, different optimization objectives should be set for different operation
modes and conditions in engineering practice. According to the working conditions and
possible situations of the ship, the application scenarios of IPS in different operation modes
are shown in Table 1.

Table 1. The typical operation scenarios of IPS.

Mode Working Condition Target Variables and Means
Berthing on shore Long time scale: Load forecasting,
Accelerating Unit commitment
Decelerating
Normal . Economy Middle time scale: Optimization of
Mode Uniform generator operating point
Velocity
. Short time scale: Automatic
Berthing at sea -
generation control
E transf Safety, Regulati distributi
Emergency mergency transfer self-healing, Maneuverability egulating power distribution
Mode
Comloss Suppressive ability Charging capacity
Attack Maneuverability Charging and dlscharglng
Suppression Mode power regulation
Defense Suppressive ability Power distribution

A. Normal Mode

The normal mode refers to the navigation and berthing of ships, and the application
scenarios include maritime patrol, maritime operations and transportation of materials, etc.
The optimization goal is mainly economy.

B. Emergency Mode

In the emergency mode, the ship needs to face emergencies. At this time, economy is
no longer the most important optimization goal, but mobility plays a more important role,
and the suppression ability and self-healing also need to be considered. The optimization
means are mainly to select the working point of the generator set and formulate the charging
and discharging strategy of the energy storage equipment.

C.  Suppression Mode

In the suppression mode, the normal operation of the power system is ensured first,
and then the suppression capability is taken as the main optimization objective, with
mobility and self-healing considered at the same time.

2.3. The Chosen of Optimal Targets

It is not difficult to find that as IPS operate and work in different modes and conditions,
the optimization objectives concerned in engineering practice also change.
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Economy: when IPS is in normal mode, it mainly focuses on the economy of IPS,
including fuel consumption, unit startup and shutdown times, etc.

Maneuverability: when IPS is in emergency mode and suppression mode, the mobility
of the IPS becomes the main target of concern, including the ship speed in terminal state,
the ability of emergency start and stop and steering ability, etc.

Suppressive ability: when the IPS is in emergency mode and suppression mode,
suppression capability becomes a crucial research objective of IPS, which refers to the total
efficiency value of multiple pulsed loads in IPS.

This paper mainly studies the most representative targets of the terminal state ship
speed and the total efficiency value of multiple pulsed loads under emergency mode and
suppression mode.

2.4. Mathematical Model

The optimal targets maximize both the IPS suppression capability and the ship’s final
state ship speed during the optimization period. The two objectives are processed in
a weighted manner, as shown in Equation (5)

T — wj

max (Z Vi——
wit s dor im it Dj

+ Bor) ()

where  whose unit is s/m refers to the weight of ship speed. Through leading in B, the
ship speed can be converted into a dimensionless variable which can be summed up to the
same dimensionless suppression ability. Z Vi o D L indicates the suppression ability of the

=1
ship. V; > 0 is a constant utility value gained for an action of pulsed load.

The optimizable part is the acceleration process of the IPS and the charging process of
the multiple pulsed loads DLES. The parameters of the multiple pulsed load DLES charging
process are wj, ¢}, c;, Cf and ship’s final state ship speed is v7.

Known parameters and constraints include initial ship speed v, the lower limit of
ship’s final state ship speed UTmin (VT > UTmin), the optimal time period T, multiple pulsed
load DLES parameters V, D, S, the lower limit of multiple pulsed load efficiency value

m
fm (X Vi% > fu), the maximum power of the system level energy storage (SLES) Ps rs,
=1

the ship’s weight m,, the propulsion power function at constant speed py;(v) = kv?, the
maximum climbing rate of the generator 7%, 94 (upper and lower) and the maximum
power of the generator pg max-

3. Solution Method
3.1. Algorithm for General Situation

As proposed in [20,21], a proper problem formulation is provided. Furthermore,
Ref. [22] provides a proper flowchart to reference.

The ship’s suppression capacity and the final state ship speed are converted into
single targets by weighting, that is, the objective function is converted to the Equation (5),
and the solution method still adopts the PSO, which is shown in Figure 3, mentioned
in [15]. As shown in [23], the details and pros and cons of the PSO method are given.
Furthermore, [24,25] show that energy scheduling must consider power quality and power
flow constraints.

In order to deal with complex constraints, this paper proposes adding a “feasible
solution retention strategy” on the basis of the PSO algorithm, after learning from the
literature [20-25]. The specific meaning is as follows: when initializing each point, check
whether the newly generated solution meets the constraint after random initialization. If
not, re-initialize randomly until the constraint is met. When updating the position of the
point in the iteration, if the new solution calculated does not meet the constraint, it will be
discarded; only the feasible solution satisfying the constraint is retained to participate in
the subsequent iteration process.
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Figure 3. The basic PSO control block diagram.

The detailed technological process of the control block diagram is expressed
in Appendix A.

3.2. Particular Solution Considering Typical Engineering Scenarios

Section 3.1 gives a general solution for IPS multi-objective optimization with multiple
pulsed loads. There are two typical ship operation scenarios in practical engineering,
namely accelerating the catch-up situation and accelerating the evacuation situation. For
the above two typical scenarios, the general solution method of multi-objective optimization
proposed in Section 3.1 can still be used. However, the general solution method has the
problem that the optimization target weight is not easily selected. In order to solve the
above problem and to better fit engineering practice, the special treatment methods of these
two typical situations will be elaborated below.

3.2.1. Accelerating the Catch-Up Situation

Suppose that a ship needs to catch up and attack a target. It is hoped that the suppres-
sion capacity will be maximized during the optimization period, and in order to prevent
the target from being lost, the speed of the ship at the end of the optimization period is
required to be not lower than the set value.

In this case, the optimization target can be converted into Formula (6).

T — w;
max (Y Vig o) ©)

d
wi, el o =1

In addition to the constraints given in Section 2.2, it is necessary to increase the
condition that the final state ship speed is not lower than the set value.
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3.2.2. Accelerating the Evacuation Situation

Assuming that the ship is in a state of being chased, it is necessary to speed up
evacuation. It is desirable to maximize the speed of the ship at the end of the optimization
period while ensuring that the ship has sufficient resilience to defend itself.

In this case, the optimization target can be transformed from (5) to (7).

max  (vr) ?)

w; el e et or

In addition to the constraints given in Section 2.2, it is necessary to increase the
conditions under which the suppression capability is not lower than the set value.

4. Case Study
4.1. Case Settings

The number of particle swarm samples is set to 1000, and the maximum number
of iterations is set to 5000. The parameters of multiple pulsed loads and the remaining
parameters of the system are shown in Tables 2—4. Columns 1 and 5 in Table 2 indicate the
number of the pulsed loads.

Table 2. Parameters of pulsed loads.

No. S M) D (s) 74 No. S M) D (s) 74
1 80 5 10 5 145 8 16
2 160 7 25 6 130 9 20
3 120 10 18 7 90 6.5 8
4 105 6 13 8 110 11 19

Table 3. Remaining parameters of the system (1).

v m vT k T Py s B
m/s t m/s MW/(m/s)? s MW s/m
8 500,000 10 0.03 1200 3 10

Table 4. Remaining parameters of the system (2).

A ;i P G,max ¥ A? 'Yd UTmin UTmax
MW/s MW MW/s MW/s MW/s m/s m/s
0.4 22 0.15 0.4 0.15 8.06 8.67

4.2. Results and Analyses
4.2.1. General Situation

The results are shown in Figures 4 and 5.

The blue curve in Figure 4 represents the generator power curve, the red curve
represents the power curve of the ship used to overcome the seawater resistance, the
yellow part represents the power curve of the ship for its own acceleration, and the purple
part represents the available power curve of the multiple pulsed loads. The green part
characterizes the power curve in which the critical value of the stability constraint is
converted into a constant power load.

Considering that it is difficult to distinguish all the eight pulsed load DLES charging
power curves at the same time, and people pay more attention to the results of multiple
pulsed loads DLES charging power superposition, Figure 5 only gives the charging curves
of two pulsed load DLES. It is represented by the red curve and the green curve, and
the dark blue curve is used to represent the results of the multiple pulsed load DLES
charging power superposition. The part between the upper and lower yellow lines in
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Figure 5 is the multiple pulsed load DLES charging power after considering the system-
level energy storage. The range of fluctuations of multiple pulsed load DLES charging
power superposition is always within acceptable limits. This shows that after considering
the maneuvrability and the suppression capacity, the multiple pulsed load DLES always
runs within the constraint range.

4
2500 i1
2000
1500 —PG
-y
E — PMf
[
1000 PMa
" —PS
500 ——PSM
0
0 400 800 1200

t(s)

Figure 4. Constant power load curve corresponding to generator output, ship power consumption,
available power and stability constraints.

1200% 10* Pma_high
— A
Pma_low
1000
PS
P1
800
WA ,
W)

600 V ‘|

P(W)

LT
"V"H']‘l“

AN

0
1200

t(s)
Figure 5. Multiple pulsed loads DLES charging power and constraint curve.

4.2.2. Typical Engineering Scenarios
Accelerating the Catch-Up Situation

The multiple pulsed load parameters are the same as in Section 4.1, and other parame-
ters are shown in Tables 5 and 6.
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Table 5. Remaining parameters of the system (1).

(4 my uT k T PspEs
m/s T m/s MW/(m/s)? S MW
8 500,000 10 0.03 1200 3

Table 6. Remaining parameters of the system (2).

A? pG,max ,yu A:'l ’Yd
MW/s MW MW/s MW/s MW/s
0.4 22 0.15 04 0.15

When it comes to dealing with the PSO algorithm, the number of particle swarm
samples is set to 1000, and the maximum number of iterations is set to 3000.

The results are shown in Figures 6 and 7.

The blue curve in Figure 6 represents the generator power curve, the red curve
represents the power curve of the ship used to overcome the seawater resistance, the
yellow part represents the power curve of the ship for its own acceleration, and the purple
part represents the available power curve of the multiple pulsed loads. The green part
characterizes the power curve in which the critical value of the stability constraint is
converted into a constant power load.

Considering that it is difficult to distinguish all the eight pulsed load DLES charging
power curves at the same time, and we pay more attention to the multiple pulsed load
DLES charging power superposition results, Figure 7 only gives the charging curves of
two pulsed load DLES. It is represented by the red curve and the green curve, while the
dark blue curve is used to represent the result of the multiple pulsed load DLES charging
power superposition. The part between the upper and lower yellow lines in Figure 7 is
the multiple pulsed load DLES charging power after considering the system-level energy
storage. The range of fluctuations of the multiple pulsed load DLES charging power
superimposed on the ship during acceleration is always within acceptable limits.

4

2500 10

2000 \

1500 | . e — —PG
E —— PMf
a9

1000 PMa

—PS
500 ——PSM
0
0 400 800 1200

t(s)

Figure 6. Constant power load curve corresponding to generator output, ship power consumption,
available power and stability constraints in the case of accelerated catch-up.
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—P1

—P2

600

P(W)

400

200

0 200 400 00 800 1000 1200

6
t(s)

Figure 7. Multiple pulsed load DLES charging power and constraint curve under accelerated
catch-up situation.

Accelerating the Evacuation Situation

The multiple pulsed loads parameters are the same as in Section 4.1. Other parameters
are shown in Tables 7 and 8.

Table 7. Remaining parameters of the system (1).

v my f k T Psis
m/s t m MW/(m/s)? s MW
8 500,000 1800 0.03 1200 3

Table 8. Remaining parameters of the system (2).

Afl pG,max ’Yu A:l 'Yd
MW/s MW MW/s MW/s MW/s
0.4 22 0.15 0.4 0.15

When using the PSO algorithm, the number of particle swarm samples is set to 1000,
and the maximum number of iterations is set to 3000.

Figures 8 and 9 show the optimization results of accelerating the evacuation situation.
At this time, mobility is considered to be a constraint. The meaning of the curve in the
figure is similar to the curves in Figures 6 and 7. The result of multiple pulsed load DLES
charging power superposition at accelerated evacuation is always within acceptable limits.
This shows that the multiple pulsed load DLES always runs within the constraint range
while ensuring that the ship has sufficient resilience and maximizes the speed of the ship at
the end of the optimized time period.
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Figure 8. Constant power load curve corresponding to generator output, ship power consumption,
available power and stability constraints in the case of accelerated evacuation.

x10"
1200 Pma high
—PA
Pma_low
800 —PS
;\ —P1
& P2
400
O k
0 200 400 600 t(s) 800 1000 1200

Figure 9. Multiple pulsed load DLES charging power and constraint curve under accelerated evacuation.

5. Conclusions and Prospects

IPS is often in the following three modes when performing tasks: normal mode,
emergency mode and suppression mode. Each mode contains different operation scenarios.
Under these different scenarios, the optimization operation objectives of IPS will change
among economy, mobility, self-healing and suppression capabilities. The corresponding
optimization problem can be single objective or multi-objective.

In this paper, the IPS multi-operation mode is analyzed, and the multi-objective
optimal scheduling model is designed with two optimization objectives: the optimal
mobility and the maximum multiple pulsed load performance value. By introducing the
concept of ship speed at the end state, the IPS maneuvrability is properly characterized by
the final state ship speed, combined with the maximum efficiency of multiple pulsed loads,
and a multi-objective optimization model of weighted form is constructed with a general
given solution method.
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Aiming at the two typical scenarios of accelerating the catch-up situation and ac-
celerating the evacuation situation in practical engineering, the method of transforming
the optimization target into the constraint condition is adopted. The multi-objective opti-
mization problem is transformed into the single-objective optimization problem and the
effectiveness of the proposed method is verified by simulation. Furthermore, the multi-
objective optimization algorithm proposed in this work can also be used for reference in
studying the renewable energy carrying capacity of receiving-end power grid regarding
the multi-spatial-temporal distribution characteristics of renewable energy.

As described in [26,27], the definition of the optimal strategy for battery utilization is
considered. The proposed multi-objective method can take it into account just by adding
another optimal target. However, the proposed method was still unable to deal with
multiple time varying pulsed loads. This will still be the main research direction of the
authors in the future.
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Appendix A

Due to the fast convergence and high precision of the PSO algorithm, which is suitable
for dealing with complex constraints, this paper uses an algorithm based on PSO to solve
the proposed optimization model [16]. The algorithm involves the following five steps.

Step 1:

Randomly initialize a group of controllable variable values and the variation of con-
trollable variables, and record them as {z} and {v}. In the PSO algorithm, the value of
the controllable variable is called position, and the change of the controllable variable is
called velocity. Each z composed of controllable time points of DLES charging power curve
of all pulse loads, which can be denoted by z = {wi, ci,cs, cf} Each v consists of the
controllable time point variation of DLES charging power curve of all pulsed loads, which
can be denoted by v = {Aw,-, Ac, Acs, AC? }

Step 2:

Check whether the constraint is satisfied. If the constraint is not satisfied, repeat step 1
to perform initialization again. Otherwise, all feasible solutions are marked as candidate
solutions and represented as {4}.

Step 3:

Each candidate solution is updated with randomly selected v. If the maximum number
of searches is reached, perform step 5.

Step 4:

Check whether the newly generated solution meets all constraints, and release the
constraint satisfied solution into the candidate solution set, then return to step 3.
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Step 5:
Select the optimal solution from the candidate solution set.

Appendix B

Suppose that each pulsed load is connected to a PCC bus with a DLES. As shown in
Figure A1, the DLES is charged when K1 is closed and K2 is open. Then, when K1 is open
and K2 is closed, the pulsed load is powered by the DLES to fulfill its function. Generally,
it takes much more time to charge the DLES than discharge it to supply the pulsed load.
Consequently, the IPS may experience relatively small load variations instead of energizing
the pulsed load directly.

IPS PCC
Convertor

K1 K2

|
] oues

Figure Al. Single pulsed load connected to IPS with a DLES.

|Pulsed
_Load |
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