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ABSTRACT: Flexibly interconnected distribution networks (FIDN) offer improved operational efficiency and opera-
tional control flexibility of power distribution systems through DC interconnection links, and have gradually become
the main form of distribution networks. Aiming at the impact of constant power loads and converter transmission
power variations in FIDN system stability, this paper presents an impedance reshaping based stability analysis and
stabilization control to enhance the stability of the interconnected system and improve the system’s dynamic load
response capability. Firstly, a small-single based equivalent impedance model of FIDN system, which consists flexibly
interconnected equipment, energy storage, PV units, and constant power loads, is presented, and the total output
and input impedance of the DC distribution network are derived. Secondly, the impacts of constant power loads and
transmission power variations on the small-signal stability of FIDN system are analyzed through Nyquist stability curves
using the impedance ratio criterion. Then, an impedance reshaping-based stability enhancement strategy for the FIDN
system is proposed, which can significantly improve the system stability under the operating conditions of constant
power loads and transmission power variations. Finally, a MATLAB/Simulink simulation model is built and tested. The
results demonstrate that the proposed impedance reshaping strategy effectively mitigates voltage dips, surges, and DC
bus fluctuations, shortens transient responses under power variations, and enables rapid stability recovery with reduced
voltage drop during severe AC sags.
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1 Introduction

Under the low-carbon policy, a high proportion of new energy sources, a high proportion of power
electronic devices, and flexible loads, among other equipment, are being gradually integrated into the
distribution networks on a large scale. Their inherent characteristics such as intermittency, randomness,
volatility, and low anti-interference capability will lead to a significant intensification of such features as
volatility and imbalance between the source and load in the power system [1-3], which in turn will trigger
problems including uneven power distribution among feeders, reduced system stability, and decreased power
supply reliability. Flexible interconnected based distribution networks (FIDN), by constructing DC links in
traditional AC distribution areas through flexible power electronic technologies, can effectively solve issues
related to load imbalance and power quality in distribution networks, which has become a development
direction for future flexible distribution networks [4-6].
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In FIDN system that incorporates diverse power electronic interfaced sources and loads such as
PV, energy storage, and various types of loads, the system stability exhibits significant differences under
varying operating conditions. Therefore, it is urgent to carry out research on the operational stability of
multi-converter systems and corresponding stability enhancement measures in flexible interconnection
systems. In terms of stability analysis, Reference [7] established the impedance model and analysis stability
of PV energy storage direct energy router based on flexible interconnection. Reference [8] presented
Large-Disturbance Stability Analysis of Flexible Interconnected System of Distribution Areas Considering
Load-Balancing. Reference [9] discussed the weak damping characteristics and is prone to low-frequency
and high-frequency unstable oscillations of dc distribution network system equipped with a large number
of power electronic equipment. Reference [10] presented the T-S Fuzzy Model Based Large-Signal Stability
Analysis of DC Microgrid With Various Loads. Reference [11] discussed Large Disturbance Stability Analysis
of DC Microgrid with Constant Power Load Based on Sum of Square Programming Estimating Attraction
Domain. Reference [12] established a small-signal impedance model of a grid-connected inverter with
phase-locked loop (PLL) control in the d—q coordinate system. Based on the developed impedance model,
it analyzed the relationship between the PLL control parameters and system stability under weak grid
conditions. Additionally, factors such as the negative impedance characteristics exhibited by converters
operating in constant power mode will also affect the stable operation of the system [13,14]. In terms of
system stabilization control strategies, Reference [15] proposed collaborative transfer operation strategy for
flexible interconnected systems considering transient stability. Reference [16] proposed an active damping
method based on capacitor voltage feedback for three-phase current-source grid-connected inverters,
which effectively suppresses system resonance caused by the filter. Reference [17] defines converters in DC
distributed systems as Bus Current Controlled Converters (BCCC) and Bus Voltage Controlled Converters
(BVCC), and proposes a simple, practical impedance-based stability assessment criterion for DC distributed
power systems. Reference [18] proposes a distributed uniform control strategy for bidirectional interlinking
converters to achieve resilient operation of hybrid AC/DC microgrids, which enhances the stability margin
and power supply reliability of hybrid AC/DC microgrids under various operating conditions. Based on
the above analysis, the previous literature focuses on the operational stability and stability enhancement
strategies of a single converter or AC/DC microgrid. The stability analysis model for a FIDN system that
incorporates multiple types of elements (including flexible interconnection equipment, constant power loads,
and photovoltaic-storage systems) from the perspective of the overall system have not been addressed well,
especially on the stability impact mechanism and stability enhancement strategy of the FIDN under the
conditions of power transmission changes and constant power load changes.

To address these issues, this paper presents an impedance reshaping based stability analysis and
stabilization control to enhance the stability of the interconnected system and improve the system’s dynamic
load response capability. The main contribution of this paper can be summarized as follows.

(a) A small-single based equivalent impedance model of FIDN system, which consists of the flexible
interconnection equipment, constant power loads, and photovoltaic-storage systems, is presented, and
the total output and input impedances of the DC distribution network are derived.

(b)  The impacts of constant power loads and transmission power variations on the small-signal stability
of FIDN system is analyzed through Nyquist stability curves using the impedance ratio criterion.

() Animpedance reshaping-based stability enhancement strategy for the FIDN system is proposed, which
can significantly improve system stability under constant power loads variations, transmission power
variations and voltage sag conditions.

The paper is organized as follows: the second part of this paper introduces small-signal impedance
modeling of FIDN system. The third part introduces impedance stability analysis of FIDN System. The fourth
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part presents impedance reshaping based stabilization control. And the fifth part is present the case study
simulation analysis, and the sixth part is the conclusion of this paper.

2 Small-Signal Impedance Modeling of FIDN System

Fig. 1 shows the basic structure of a two-terminal FIDN system, where two voltage source converters
(VSCs) form a DC distribution path to connect two AC distribution areas with photovoltaic systems.
Through power regulation between the two VSCs, power mutual assistance between the two AC distribution
zones can be carried out, thereby realizing the management of heavy overload in the AC distribution areas.
Meanwhile, DC elements such as energy storage, photovoltaics, and constants loads are connected in the DC
distribution area, enabling efficient DC access and local consumption of photovoltaic-storage systems.
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Figure 1: The basic structure of two-terminal FIDN system

When the FIDN system experiences significant fluctuations (e.g., a sudden surge in load or PV
system), the transmitted power of the FIDN system accordingly fluctuates. Affected by the control structure
or parameter limitations, there is a time delay in the coordinated power control between the two VSC
converters. This may lead to instantaneous power surplus (causing overvoltage of the DC bus voltage) or
instantaneous power deficit (causing undervoltage of the DC bus voltage), which affects the dc voltage and
goes beyond the system’s regulation range. Meanwhile, the negative impedance effect of constant power loads
(CPLs) in the distribution area (where the voltage drops, which current increases) can be affected across
distribution areas, exacerbating power imbalance. Additionally, fluctuations in the grid impedance on both
sides will restrict the regulation capability of the flexible interconnection system, further reduce the stability
margin and trigger instability.

In the established DC-side impedance model, the DC-side PV unit is equivalent to a controlled current
source, which, together with the VSC, supplies energy to the constant power load (CPL). If the PV output
varies and the CPL is consonant, the transmission power of the VSC should be regulated. Therefore,
fluctuations in the DC-side PV output can be equivalent to either VSC transmission power variations (with
the CPL remaining constant) or fluctuations in the CPL load (with the power transmitted by the VSC kept
constant).

Under normal operating conditions, when the flexible interconnection system transmits power between
feeders, its primary objective is mostly to balance the load rates across multiple feeders, thereby addressing
the issue of feeder overloading. When the output power of PV units on the AC side fluctuates, this can be
equivalent to a change in the load of the AC feeder. In such cases, the VSC can adjust the transmitted power
in real time to maintain balanced load rates among feeders. Therefore, fluctuations in the AC-side PV output
can also be equivalent to fluctuations in the power transmitted by the VSC.

Therefore, the stability analysis and discussion of this paper focuses on the influence mechanisms of the
transmitted power of flexible interconnection devices and constant power loads (CPLs) on system stability.
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2.1 Model of the Flexibly Interconnected Equipment

Fig. 2 shows the topological structure of the flexible interconnection equipments (FIE). Among them,
resistors R; and R, are the equivalent resistors on the AC side of converters VSC, respectively. L, and L, are
the equivalent inductors on the AC side of converters VSC, respectively. C is the DC bus capacitor. tgpc1(2) is
the AC voltages on the side of AC distribution area I and II, respectively. i,1(2), #b1(2)» ic1(2) are the AC currents
on the side of AC distribution area I and II, respectively. u,1(2), Up1(2) te1(2) are the AC voltages of converters
VSC, respectively. u,. is the DC side voltage. izc1(2) is the DC side currents of converters VSC respectively.
Sa1(2)> Sp1(2)> Se1(2) represent the on and off states of the upper bridge arm switching devices, and §';1(2), S'51(2)>
S'c1(2) represent the on states of the lower bridge arm switches.
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Figure 2: The topological structure of the flexible interconnection equipment

Based on the KLV and KCL functions, the state-space mathematical model of FIE under d-q axis can
be expressed as

d [iq Ugdl Ry -wLi||ia da
L,— . = & - . - C 1
ldt |:qu:| [ngl COL] R1 lql dql 44 ( )
dudc _ 3 idl .
C i 2 [ddl dql] [iql] ) )
d |ig Ugd2 Ry, -wLy|]|iq daz
L,— . = - § - . + C 3
2 dt [lqz] [ung wl, Ry [|ig dq ud ©)

During steady-state operation, the modulation component exhibits a fixed steady-state value. When the
system is subjected to a small disturbance, the modulation component generates a small variation around
this steady-state value. By linearizing Eqs. (1)-(3) around their steady-state values, neglecting high-order
disturbance terms, and performing Laplace transform, the small-signal model of the VSC DC side can be
obtained as

Aidl Au d1 Rl —(()Ll Aidl Ddl Addl
L = il - A - 4
s I[Aiql] [Augql] [le R ][Aiql] [Dql] Hde [Adql Uac @
3 Iy 3 Aig .
A = — A A - D D - A C
sCAugqc 2[ da Adg] [Iql] + 2[ a Dal [Aiql idc2 (5)

Aigy Augqr R, -wL;||Aig Dq> Adg,
L - | AHed2| A U 6
S5 I:Alq2:| [Aung (0L2 Rz Aiqz - qu Hde + Adqz de ( )
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where A denotes a small disturbance variable, which is used to describe the small variation of a specific
physical quantity around the steady-state operating point. And Ad and Aq stand for the small variation value
for d-axis and g-axis duty cycle.

The control strategies adopted by converters VSC1 and VSC2 are respectively constant DC voltage-
reactive power (V4.Q) control and constant active power-reactive (PQ) power control, and the corresponding
diagrams are plots in Fig. 3.

PWM
abc Modules

PWM
abc Modules

QZref iquef
K] oty
L [ I_ Inner Control Loop

(b) P-Q Control for VSC2
Figure 3: Control diagram of the FIEs

For VSCI under constant DC voltage control, the disturbance of its DC voltage reference value is 0.
Therefore, the control equations can be delivered as

Addl Ugc = Augdl + (,l)L]Aiql + GpifiAidl + GpifiGpifchudc (7)
Adql Uge = Augql —wLiAig + GpifiAiql + GpifiGpifQAQl

where Gyi_ac = kpac + kiac/s, Gyi_q = kpq + kiq/s, Gpi_i = kpi + kii/s. And kyqc and ki . are respectively the integral
and proportional parameters of the voltage outer loop controller of VSCI. k,q and k;q are respectively the
integral and proportional parameters of the reactive power controller of VSCL. k,; and k;; are respectively the
integral and proportional parameters of the current inner loop controller of VSCI.

By combining Eqs. (4), (5) and (7), the DC-side output impedance of converter VSCI can be obtained
as
Audc Uchl (5)

Zysclde =~ = (8)
Aidge (SCUdC - 1-SId1GpifiGpi7dc) Ay (S) +1.5 (Dd1 Ugc + IlePLi) A, (S)
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where A;(s), Ay(s) is

Al (S) = SLI + Rl + Gpi_i

9
A, (s) = Dg; + Gpi_iGpi_dc ®)
Similarity, For VSC2 under P-Q Control, he controls equations can be delivered as
AdgUqc = Atigay — WLy Aigy + Gpi_i2Gpi_p (APares — APy) — Gpi_inAigy (10)
AdgrUqdc = Autgqy + 0Ly Adgy + Gpi_inGpi_q2 (AQarer — AQ2) — Gpi_inAigy

where Gpi_p = kyp + kip/s is the transfer function of the active power outer loop for VSC2. Gyi_q2 = kyq2 +
kiqa/s is the transfer function of the tractive power outer loop for VSC2. Gy; iz = kyiz + kiia/s is the transfer
function of the current inner loop for VSC2.

By combining Eqs. (6)-(10), the DC-side output impedance of converter VSC2 can be obtained as

_ Auge Uac (A3 (s) + A (s))
Zvscade = ——— = (11)
AldCZ _IdCZ (A3 (S) + A4 (S)) + 1~5Ugd2Dd2
where Az(s), A4(s) is
As(s)=sLy+ R, + Gpi_i2 (12)

Ay (s) = 15U Gpi_pGpi iz

2.2 Model of Energy Storage

The energy storage unit is connected to the DC bus via a bidirectional DC-DC converter. Fig. 4a shows
the topological structure of the energy storage units, and the corresponding control block is shown in Fig. 4b.

5.—=
iy /Y[;‘}Y\ iLp bi/ iach
L] +
—— =, I Upref +
O i g{ Co= o oret Gyi wulS) |—>| PWM S
— Uy NOT Sy,
(a) Topological structure of the energy storage unit (b) Control block of the energy storage unit

Figure 4: The topology and control structure of energy storage unit

In Fig. 4, upeer is the DC bus voltage reference value, u, is the output voltage of the energy storage
converter, and Gp;_py(8) is the transfer function of the constant voltage controller. The charging or discharging
of the energy storage battery is controlled by regulating the on-off states of the switching devices Sy;
and Sp,. Based on the topology of the bidirectional DC-DC converter and the conduction states of the
switching devices, small disturbances are introduced around the steady-state operating point of the energy
storage converter. By eliminating the steady-state quantities and high-order terms, the linearized small-signal
mathematical model of the energy storage converter after analysis is obtained as follows:
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dAirp
Ly dtL = Aup, — (1- Dy) Auge, + UaepAdy,
dA
Co1 = = Aiy, — Ay, w
dt
dAuge, . :
Ch m = (1 - Db) Airy — Iy Ady — Adgep

After Laplace transformation, the small-signal state-space equations in the frequency domain mode can
be obtained as follows

sLyAiry = Aup — (1 - Db) Auger + Ugep Ady
SCblAub = Alb - AiLb (14)
sCr2Audc = (1 - Dy) Airy — IipAdy — Addcy

where Ad, is the duty cycle disturbance value of the energy storage DC-DC converter.

According to the control block diagram of the energy storage converter, the control equation for the
small disturbance of the output duty cycle can be obtained as follows:

Ady = (Autpres — Auty) Gpi_bu (15)

where Gp;i_pu = kpb + kip/s is the transfer function of constant voltage for energy storage DC-DC converter.
By combining Eqs. (14) and (15), the DC-side impedance of the bidirectional DC-DC converter in the
energy storage unit can be obtained as follows:

A7 (s)

Zach = — (16)
' sChaA7 (s)+ (1- Dp) Ag (s)

where

A7 (S) = Ssz Cbl +1- Udchpi_bu (S) (17)

Ag (s) = 5Ch1 (1= Dy) + IpGpi_pu (5)

2.3 Model of the PV Units

PV units typically operate in maximum power point tracking (MPPT) mode to achieve the maximum
power output of photovoltaic cells. The photovoltaic power generation unit is connected to the DC bus
through a Boost converter. Fig. 5a shows the topological structure of the Boost converter for the PV unit,
and the corresponding control block is shown in Fig. 5b.

Ldepy

]
Lzl
+ +
T ==Cp S.»Ai Con=— taepr _
Upy. Ltpvre iLpvref4 dy,
i MPPT > Gri pn(s) Gyi i(5) PWM PWM
_ _ e
(a) Topological structure of the PV unit (b) Control block of the PV unit

Figure 5: Topology and control block diagram of PV unit
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In Fig. 5, the iy, upy are the output voltage and current for PV. Gy, Lpy, Cycpy are respectively the
capacitor on the photovoltaic string side, the equivalent inductor of the converter, and the DC-side capacitor.
iLpys idcpys Udcpy are respectively the converter inductor current, the output DC current at the converter port
side, and the DC voltage. S,, is the converter switching function.

Based on the topology of the PV unit converter shown in Fig. 5a, impedance modeling is performed for
the Boost converter. According to the on-off states of the switching devices, small-disturbance linearization
is carried out around the steady-state operating point of the photovoltaic Boost converter. After neglecting
the steady-state terms and high-order terms, the small-signal mathematical model under small-disturbance
conditions can be obtained as

dAip,,
Lpy dtp = Autpy — (1- Dy ) Attgepy + UdcpyAdypy
dAugy ) ]
Covmgp = Doy = Aty (18)
dAle . .
Cdcvacpv = (1 - Dpv) Adppy — AdPVILPv = Aigepy

where Ad,, is the duty cycle disturbance value of the PV Boost converter.

By performing Laplace transform on Eq. (18), the small-signal mathematical model in the frequency
domain mode can be obtained a

SLpyAirpy = Aty — (1= Dpy) Attgepy + UdcpyAdpy
sCpyAuipy = Adpy — Alppy (19)
SCdchAudch = (1 - Dpv) Ainv - Advava - Aidcpv

where D, is the steady-state value of the duty cycle of the Boost converter, and its specific expression is
Dpy =1- Upy/Ugcpy. Upy is the steady-state value of the photovoltaic cell voltage. I4cpy is the steady-state value
of the inductor current of the Boost converter. Uqcpy is the steady-state value of the port voltage on the DC
bus side. I4cpy is the steady-state value of the DC-side current.

According to the control block diagram of the photovoltaic Boost converter, the duty cycle control
equation of the converter under small-signal disturbance is obtained as

Adpv = Gpi_i (Ainvref - AZ.va) = Gipv [(Aupv - Aupvref) Gupv - Ainva (20)

where Gupy = kpy1 + kivi/s, Gipy = kpva + kiy2/s is the transfer function of the outer and inner control loop. By
combining Eqs. (19) and (20), the DC-side impedance of the PV unit can be obtained as

As (s)

7 = (21)
P 5CacpvAs (s) + sCpy (1- Dpy) Ag (5)
where
AS (5) = SZLpVva + SCpv Udcvaipv + UdcvaipVGupv +1
(22)

1
Ag (S) = (1 - Dpv) + IvaGipv + IvaGivaupv?
pv
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2.4 Model of the Constant Power Loads

Constant power loads, as the main type of load in DC distribution areas, are considered to be
connected to the DC bus via DC-DC converters, with their topological structure and control strategy shown
in Fig. 6a,b, respectively.

_|_ - ———— — —
Ude | Constant Power Loads |
DC | DC_DC Resistive | " .
Bus | Converter | Load | UerL” 4 PI M,(?_, PI o PwM der | bun
! - -
L | ucpL e
(a) Topological structure of the CPL unit (b) Control block of the CPL unit

Figure 6: Topology and control block diagram of constant power loads

The voltage and current relationship for a constant power load connected to a DC bus can be expressed
as

Pcpr, = ucpricpr (23)

where ucpy, is the DC bus voltage, icpy, is the load current of the constant power loads, Pcpy, is load power.

The impedance modeling of the constant power load is carried out near the steady-state operating
point using the small-signal linearization method. The steady-state operating point voltage Ucpy, serves as
the linearization reference point. Through linearization processing based on the first-order Taylor series
expansion, the small-signal mathematical model of the constant power load is obtained as follows:

Pcpr  Pcpr

Ucpr, U2

CPL

Pcpr  Pepr
Ucr U

CPL

icpL = (ucpL — Ucpr) =2 UcpL (24)

Based on Eq. (24), the small-signal impedance model of the constant power load can be obtained as

2

U
Zcpr = Repp, = ——= (25)
Pcpr,

3 Impedance Stability Analysis in FIDN System
3.1 Equivalent Impedance Model of FIDN System

In the FIDN system, on the basis of the independent and stable operation of each converter unit, the
overall stability of the system is related to the impedance matching characteristics between subsystems.
According to the impedance matching theory and system topology analysis, there are dynamic interaction
processes in three intervals in the flexibly interconnected distribution network as shown in Fig. 7. AC
area I has an interaction between AC distribution Area I and the AC side of converter VSCI. DC Area
has an interaction between the DC side of converter VSCI and the DC side of converter VSC2, and this
dynamic interaction process also includes the mutual interaction between the PV unit and the energy storage
converter in the DC distribution network. AC Area II has an interaction between the AC side of converter
VSC2 and AC distribution area II.
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Figure 7: Interactions diagram of FIDN system

Based on the established small-signal model, the equivalent impedance diagram of the DC distribution
area interacting with the VSCs on both sides can be obtained. The simplified equivalent circuit diagram of
the DC interval impedance can be obtained as Fig. 8. Zyscy dc and Zysca 4c care respectively the DC-side
impedances of converters VSC1 and VSC2. Z,, is the output impedance of the PV unit. Z, is the output
impedance of energy storage unit. Zj,,q is the constant power load, and Z; is the line impedance of DC bus.
Za_out and uy_ oy are respectively the equivalent impedance and equivalent voltage source on the source side.
Zp_in and ig_;, are respectively the equivalent impedance and equivalent current source on the load side of
the DC interval.

| . | p
| Za |
I ' z
| Zysci_de Zoat 7 | A out

VSC2_de |
I 7y A Zs inI:I ()
| EIONIION R
I Uvsci_de Upat I Tvsca del UA_out IB_in
| I
| ' D
| | 1
| Dynamic Interaction I | v
——————————————————————— - ZA out ZB in

Figure 8: Interval impedance diagram of DC distribution area

From Fig. 8, the total output impedance and total input impedance can be obtained as

ZA_out = ZVSCl_dc//va

ZB_in = Zbat// ((ZVSCZ_dc//Zload) + Zd) (26)

3.2 Impedance Characteristics Analysis of FIDN System

Based on the established equivalent circuit model and combined with the parameters in Table 1, the
Bode diagrams of the input and output impedances in the DC area can be obtained, as shown in Fig. 9. It
can be seen that the total output impedance characteristics of the DC interval are closely related to converter
VSC1, and the total input impedance characteristics are related to the constant power load in the DC
distribution network area and converter VSC2. The parameters related to the converter’s DC-side impedance
model include: the equivalent inductance L on the converter’s AC side, equivalent resistance R, DC-side
capacitor Cy., and converter control loop parameters, etc. In addition, the variation of constant power load
and the transmitted power on the AC side will affect the impedance characteristics of the DC interval.



Energy Eng. 2026;123(4):8 1

Table 1: Simulation parameter of the FIDN system

Parameters Value Parameters Value
AC distribution area I voltage 10 kV AC distribution area II voltage 10kV
AC distribution inductance Ly 5.6 mH AC distribution resistance Ry 0.062 O

VSCI equivalent inductance L, 43 mH VSC2 equivalent inductance L, 43 mH
VSCl1 equivalent resistance R 0.545 Q VSC2 equivalent resistance R, 0.545 Q

VSC switching frequency f; 10 kHz AC grid frequency 50 Hz
DC load Piyaq 3 MW DC bus capacitor Cy. 7.8 mF
DC line resistance 050 DC line inductance 2.5 mH

VSC1 DC voltage reference ugcref 20 kV  VSCl reactive power reference Qpref 0 Var
VSC2 active power reference P,y 5 MW  VSC2 reactive power reference Qe 0 Var
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Figure 9: Bode Plot of DC interval output, input impedance

3.3 Analysis of Stability-Influencing Factors

To analyze the impact of AC-side transmitted power on the stability of the FIDN system, Fig. 10a-c,
respectively shows the Nyquist curves of the total output/input impedance ratio of the interconnected system
under three operating conditions in the DC interval: power transmission direction, different power, and
varying constant power load capacities.

It can be seen from Fig. 10a that when power is transmitted in the positive direction, the Nyquist curve
of the ratio of total output impedance to input impedance in the DC interval is closer to the (-1, jO) point
on the imaginary axis, and the stability margin of the interconnected system is lower than that under the
condition of reverse power transmission. As can be observed from the Nyquist curves shown in Fig. 10b,c,
when the transmitted power on the AC side is increased or the constant power load is increased, the Nyquist
curve of the impedance ratio in the interconnected area continuously approaches the (-1, jO) point, resulting
in a decrease in the stability of the interconnected system.
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Figure 10: Nyquist curves of DC interval impedance ratio under different operating conditions

4 Impedance Reshaping Based Stabilization Control
4.1 Control Structures for Impedance Reshaping Based Stabilization Control

To improve the load-carrying capacity of AC feeders and DC lines, this paper proposes a strategy
for optimizing active damping control based on impedance reshaping, shown in Fig. 11. By introducing
DC voltage feedback, the current inner-loop control of converter VSCI is optimized to mitigate the DC
voltage disturbance caused by load power changes in the interconnected system. Additionally, a DC voltage
controller is incorporated into the power outer loop of VSC2, in which the value of the DC voltage controller
determines the power variation of VSC2, thereby enabling the tracking of such power changes in VSC2. In
which, the Gg(s) is the low-pass filter of impedance resharing control in inner current loop of VSCI, and
Gac(s) is the voltage proportional controller of impedance resharing control in outrt active power loop of
VSC2, which can be expressed as

Gp = N
P lasT (27)
Gdc = _kchdc

where kg is the gain coeflicient of the low-pass filter in the voltage feedback loop, and T is the time constant.
kg is the feedback coefficient of the DC voltage stability control, and I, is the steady-state value of the DC
current.

Impedance |
Reshaping Control |

d. | PWwM
abc " Module

(a) Udc-Q Control with impedance reshaping Control for VSC1

Figure 11: (Continued)
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Figure 11: Block diagram of impedance reshaping control strategy for FIDN system

4.2 Stability Analysis for Impedance Reshaping Based Stabilization Control
4.2.1 Small-Signal Impedance Modeling for Impedance Reshaping Based Stabilization Control
(1) Small-Signal Impedance Modeling for VSC1

The proposed control is based on the Eqs. (4)-(6), the small-signal output of the impedance reshaping
based stabilization control can be expressed as

AdgUqc = Auggr + wLiAigy — Gpi_i (Aidirer — Gpi_rAuiac — Aidgr)
Adql Udc = Augql - leAidl - Gpifi (Aiqlref - Aiql)

Aidlref = (Audref - Al’ldc) Gpi_dc

Aiqlref = (Aeref - AQl) Gpi_Q

(28)

After equivalent transformation of Eq. (28), the small-signal output of the control loop can be obtained
as

{ Addl U4 = Augd1 + leAiql + Gpi_iAidl + Gpi_i (Gpi_dc + Gpi_p) Augc (29)

Adql Ugc = Augql —wLiAig + GpifiAiql + GpifiGpifQAQl

where Gpi_de» Gpi_q and Gpi_i are respectively the VSCI voltage controller, reactive power controller, and
current inner-loop controller, Gp is the low-pass filter in the DC voltage feedback link of the current
inner loop.

Based on Eqs. (28) and (29), the DC-side impedance of converter VSCI after impedance reshaping can
be expressed as
* _ _Audc _ Uchl (S)
vsede — Ajge  sCUqcBy (s) + 15D UgcBs (5) + L5140 Gpi iBs (s) + Bs (s)

(30)

where B;(s)-Bs(s) is

Bl (S) = SLl + R1 + Gpi_i
B, (5) = Da1 + Gypi i (Gpi_dc + Gpi_r) (31
B; (S) = _1-51d1Gpi_iB1 (S) (Gpi_dc + Gpi_F)
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(2) Small-Signal Impedance Modeling for VSC2

Based on the Eqs. (4)-(6), when the impedance reshaping control with a DC voltage feedback link is
added to the power outer loop, the small-signal output of the system can be obtained as

AdgUqc = Attggr — WLy Aigy + Gpi_iz (Adgarer — Aigz)
Adqz Ugc = Aung + wl,Adg; + Gpi_iZ (Aiqzref - Aiqz)

. 32
Aigoref = (APZref - AP, + (Audcref - Audc) Gdc) GpifP ( )
Aiq2ref = (AQZref - AQZ) GpifQ

Further, the small signal output of VSC2 can be obtained as
AdgUqe = Attgay — WLy Aigy — Gpi_inGpi_p (APy + GacAugc) — Gpi_iAigs (33)
Adqz Uqge = Aung + (,OLzAidz - Gpi_iZGpi_QAQZ - Gpi_iAiqZ

where G,i_p, Gpi_q> Gpi_iz are respectively the transfer functions of VSC2’s active power control, reactive
power control, and current inner-loop controller. Gy is the controller transfer function of the DC voltage
feedback link in the power outer loop.

Based on the Eqs. (32) and (33), when DC voltage feedback is introduced into the outer loop of VSC2,
the expression Gy;(5) between the d-axis current id2 on the AC side and the DC voltage u;. can be expressed

as
Ai D4y — Gpi iGpi pG
Gui (S) _ 142 _ d2 pi_iYpi_PYdc (34)
Aug. (SLZ + R, + Gpi_i (1.5Gpi_p Ugdz + 1))
The DC-side impedance of converter VSC2 after impedance reshaping can be expressed as
* _ Augc _ Udc _ UdacBs4 (5) (35)
vsede © Njgo —Igep + 15UganGui () —lacaBy (s) + 1.5UgayBs (s)
where B4(s), Bs5(s) is
B4 (S) = SL2 + Rz + Gpi_iZ (1.5Gpi_p UgdZ + 1) (36)

Bs (s) = Daz — Gpi_i2Gpi_pGac

Fig. 12 plots the comparison of impedance characteristic curves between the total output impedances
and total input impedances of the DC power distribution area before and after impedance reshaping. It
can be observed that after impedance reshaping, the magnitude peak of the total output impedance in the
DC distribution area has been effectively mitigated. Furthermore, with the addition of a voltage control
loop in the power outer loop for optimized control, the total input impedance within the frequency band
has transitioned from negative impedance to positive impedance. Therefore, the impedance reshaping
significantly improves the system’s stability and dynamic response quality by increasing the phase margin,
suppressing resonance peaks, and smoothing the phase transition, without weakening the gain robustness.
Meanwhile, to validate the effectiveness of the established impedance models, a simulation model of the
FIDN system was built in Simulink, and the input and output impedances of the FIDN system were obtained
using the frequency sweep method, as shown by the dotted line in Fig. 12. It can be seen that the Bode plot
of the established model is basically consistent with the Bode plot obtained by the frequency sweep method,
which indicates that the established impedance models can well describe the response of the actual system.
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Figure 12: Bode plot of total output and input impedance of DC distribution area before and after impedance
remodeling

4.2.2 Stability Analysis for Impedance Reshaping Based Stabilization Control

To tune the values of the gain coefficient of converter VSCI1 and the DC voltage feedback coeflicient of
VSC2, the characteristic curves of total output and total input impedance in the DC distribution network
area, and the Nyquist stability analysis via the impedance ratio T, are compared and analyzed, and the
results are shown in Fig. 13. It is determined that the interconnected system achieves good stability when
the gain coefficient of the impedance reshaping loop of converter VSCI is set to kg = 1.5. Regarding the
feedback coefficient for the optimized control of the power outer loop of converter VSC2, when this feedback
coefficient k4. changes from 2 to 3, the total input impedance exhibits a positive impedance characteristic.
Combined with the impedance ratio Nyquist curve, the feedback coefficient is selected as k;. = 5.
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Figure 13: (Continued)
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Figure 13: Effect of impedance resharpening coefficient on DC interval impedance

Based on the tuned coefficient, Fig. 14 plots the Nyquist curves comparison of the different consists loads
conditions, it can be that Without impedance reshaping, under bidirectional power transmission, the Nyquist
curves of the total output-to-input impedance ratio in the DC distribution network area are relatively close
to the imaginary axis. However, after impedance reshaping, the area of the Nyquist curves of the output-to-
input impedance ratio in the DC distribution network area on the imaginary axis is reduced, resulting in a
higher stability margin.
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Figure 14: Nyquist curves at constant power load variations before and after impedance reshaping

Fig. 15 plots the Nyquist curves comparison of different power transmission direction, it can be been
that without impedance reshaping, under bidirectional power transmission, the Nyquist curves of the total
output-to-input impedance ratio in the DC distribution network area are relatively close to the imaginary
axis. However, after impedance reshaping, the area of the Nyquist curves of the output-to-input impedance
ratio in the DC distribution network area on the imaginary axis is reduced.
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Figure 15: Nyquist Curve for different power transmission direction

5 Simulation Verification

To verify the effectiveness of the proposed stabilization control, an FIDN system as shown in Fig. 1 is
built in the Matlab/Simulink simulation software, the simulation parameters are listed in Table 1.

5.1 Power Transmission Variation in the FIDN System

Firstly, set the initial power reference value P,¢ of VSC2 to 5 MW. During the simulation, set the P,,¢ of
VSC2to 8 MW at 0.5 s, and then regulate it to 10 MW at 1.5 s. The variation of the transmitted power is shown
in Fig. 16a. Under this condition, the DC bus voltage waveforms under the conventional control strategy and
the proposed impedance reshaping based stabilization control are shown in Fig. 16b,c, respectively. It can
be seen that when the magnitude of transmitted power changes, the DC bus voltage is affected, leading to
voltage fluctuations. The proposed impedance reshaping control obtains smaller voltage drop and overcharge
amplitudes when the system power transmission changes, thus providing better system stability.
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Figure 16: Simulation analysis of transmission power variation in FIDN systems

Secondly, to verify the theoretical research on the stability of the FIDN system under changes in power
transmission direction, a simulation verification is conducted by changing the power transmission direction
of converter VSC2. The power reference value of converter VSC2 is set to switch to the negative direction at
1.0 s and return to the positive direction at 1.5 s, the variation of the transmitted power is shown in Fig. 17a.
Under this condition, the DC bus voltage waveforms under the conventional control strategy and the
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proposed impedance reshaping based stabilization control are shown in Fig. 17b,c, respectively. It can be
seen that the proposed impedance reshaping control obtains smaller voltage drop and overcharge amplitudes
when the system power transmission direction variations, thus providing better system stability.
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Figure 17: Simulation analysis of transmission direction in FIDN systems

5.2 Constant Load Power Variation in the FIDN System

For the operating condition where the DC distribution network can carry constant power loads, the
constant power load is increased from 6 to 12 MW at 0.7 s, and then further increased to 15 MW at 1.4
s. Under different impedance optimization control strategies, the waveforms of DC bus voltage and AC
grid current are shown in Fig. 18. Fig. 18b shows the fluctuation curve of DC voltage under constant power
fluctuations with the conventional control strategy. It can be seen that when the constant power load changes,
the DC bus voltage fluctuates significantly, and there is even a risk of instability at 1.5 s. The proposed control
strategy significantly improves the stability of the DC-side voltage through impedance reshaping. Under the
condition of constant power load fluctuations, the DC-side voltage can remain stable around the reference
value, demonstrating higher system stability.
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Figure 18: Simulation analysis of different constant load conditions in FIDN systems

5.3 AC Voltage Sags in the FIDN System

To verify the stability enhancement capability of the proposed impedance reshaping based stabilization
strategy during AC voltage sags, a comparative analysis was conducted under the voltage sag condition. At
the initial moment, the AC grid voltage was in a normal operating state, while the voltage dropped to 0.4 p.u.
at 1.0 s. The waveforms of the DC bus voltage and AC grid current are shown in Fig. 19. When the AC grid
voltage sagged to 0.4 times its original value, without the impedance reshaping strategy, the AC grid current
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surged abruptly and the DC voltage dropped to approximately 2 kV, the system could no longer maintain its
original stable operating state. In contrast, with the proposed impedance reshaping control strategy, the DC
bus voltage recovered to the set value within approximately 0.2 s after the grid voltage sag, and the system
maintained a stable operating state.
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Figure 19: Waveform comparison between the proposed stabilization control and conventional strategy under grid
sags conditions

6 Conclusions

This paper proposes an stability analysis and impedance-reshaping-based control strategy to address
FIDN stability challenges caused by constant power loads and converter power variations. The key findings
are summarized as follows:

(1) Asmall-signal impedance model of the converter’s DC side after reshaping quantitatively demonstrates
how impedance reshaping mitigates adverse effects of constant power loads and power fluctuations.

(2) The Nyquist stability analysis verifies that the proposed control improves small-signal stability by
reducing the proximity and area of impedance ratio Nyquist curves near the imaginary axis.

(3) MATLAB/Simulink simulations validate the effectiveness of the proposed method. The results demon-
strate that the proposed impedance reshaping strategy effectively mitigates voltage dips, surges, and
DC bus fluctuations, shortens transient responses under power variations, and enables rapid stability
recovery with reduced voltage drop during severe AC sags.

This work provides theoretical and technical support for stabilizing FIDN systems and ensuring reliable
operation. However, the proposed impedance reshaping based stabilization control does not consider the
cross-zone impact of output fluctuations of distributed generation (DG) on the AC side on the stability of
the DC section. Meanwhile, due to the three-phase three-leg (3P3L) converter cannot provide the zero-
sequence current flow path [19,20], which cannot achieve the compensation of three-phase unbalance power.
Future research will explore the three-phase four-leg (3P4L) VSC based FIDN system to handle three-phase
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unbalanced conditions, and cross-zone impact of distributed generation fluctuations on DC stability and the
coordinated tuning of impedance control parameters.

Acknowledgement: Not applicable.

Funding Statement: This work was supported by the key technology project of China Southern Power Grid
Corporation (GZKJXM20220041), and partly by the National Key Research and Development Plan (2022YFE0205300).

Author Contributions: The authors confirm contribution to the paper as follows: Conceptualization, Yutao Xu;
methodology and software, Zukui Tan and Xiaofeng Gu; data curation, Xiaofeng Gu and Zhuang Wu; writing—original
draft preparation, Xiaofeng Gu and Jikai Li; writing—review and editing, Qihui Feng; supervision, Jikai Li and Zhukui
Tan. All authors reviewed the results and approved the final version of the manuscript.

Availability of Data and Materials: The original contributions presented in the study are included in the article; further
inquiries can be directed to the corresponding author.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

References

1. Wei YM, Chen K, Kang JN, Chen W, Wang XY, Zhang X. Policy and management of carbon peaking and carbon
neutrality: a literature review. Engineering. 2022;8(7):52-63. doi:10.1016/j.eng.2021.12.018.

2. Zhang M, Long Y, Guo S, Xiao Z, Shi T, Xiang X, et al. Stability boundary characterization and power quality
improvement for distribution networks. Energies. 2024;17(24):6215. doi:10.3390/en17246215.

3. Kong W, Ma K, Wu Q. Three-phase power imbalance decomposition into systematic imbalance and random
imbalance. IEEE Trans Power Syst. 2018;33(3):3001-12. doi:10.1109/TPWRS.2017.2751967.

4. LiG, LiJ, Yan K, Bian ]. Centralized-distributed scheduling strategy of distribution network based on multi-
temporal hierarchical cooperative game. Energy Eng. 2025;122(3):1113-36. d0i:10.32604/ee.2025.059558.

5. Guo P, Tian Z, Yuan Z, Qu L, Zhang XY, Zhang XP. Future-proofing city power grids: FID-based efficient
interconnection strategies for major load-centred environments. IET Renew Power Gener. 2024;18(15):3003-19.
doi:10.1049/rpg2.13027.

6. GuoX,GanL,LiuY,HuW. Coordinated dispatching of flexible AC/DC distribution areas considering uncertainty
of source and load. Electr Power Syst Res. 2023;225:109805. doi:10.1016/j.epsr.2023.109805.

7. Fan W, Cao Y, AnJ, Zhao Z, Tan X, Du J, et al. Research on stability analysis of power router with PV and energy
storage based on flexible interconnection. In: 2023 3rd International Conference on Energy Engineering and Power
Systems (EEPS); 2023 Jul 28-30; Dali, China. p. 152-8. doi:10.1109/EEPS58791.2023.10256934.

8. Ning X, Ji Y, Shao Y, Yu M, Wu M, Xu Y. Large-disturbance stability analysis of flexible interconnected system
of distribution areas considering load-balancing. In: 2023 6th International Conference on Power and Energy
Applications (ICPEA); 2023 Nov 24-26; Weihai, China. p. 208-13. d0i:10.1109/ICPEA59834.2023.10398624.

9. Zheng Z, Zhang S, Zhang X, Yang B, Yan F, Ge X. Stability analysis and control of DC distribution system with
electric vehicles. Energy Eng. 2023;120(3):633-47. d0i:10.32604/ee.2022.024081.

10. Zhang Y, Zheng H, Zhang C, Yuan X, Xiong W, Cai Y. T-S fuzzy model based large-signal stability analysis of DC
microgrid with various loads. IEEE Access. 2023;11:88087-98. doi:10.1109/access.2023.3305526.

1. CaiY, Wang Y, Zheng H, Xu Y, He M, Wen X. Large disturbance stability analysis of DC microgrid with constant
power load based on sum of square programming estimating attraction domain. In: 2024 7th International
Conference on Energy, Electrical and Power Engineering (CEEPE); 2024 Apr 26-28; Yangzhou, China. p. 1194-9.
doi:10.1109/CEEPE62022.2024.10586581.

12. Wen B, Boroyevich D, Burgos R, Mattavelli P, Shen Z. Analysis of D-Q small-signal impedance of grid-tied
inverters. IEEE Trans Power Electron. 2016;31(1):675-87. doi:10.1109/TPEL.2015.2398192.


https://doi.org/10.1016/j.eng.2021.12.018
https://doi.org/10.3390/en17246215
https://doi.org/10.1109/TPWRS.2017.2751967
https://doi.org/10.32604/ee.2025.059558
https://doi.org/10.1049/rpg2.13027
https://doi.org/10.1016/j.epsr.2023.109805
https://doi.org/10.1109/EEPS58791.2023.10256934
https://doi.org/10.1109/ICPEA59834.2023.10398624
https://doi.org/10.32604/ee.2022.024081
https://doi.org/10.1109/access.2023.3305526
https://doi.org/10.1109/CEEPE62022.2024.10586581
https://doi.org/10.1109/TPEL.2015.2398192

Energy Eng. 2026;123(4):8 21

13.

14.

15.

16.

17.

18.

19.

20.

Khaligh A. Realization of parasitics in stability of DC-DC converters loaded by constant power loads in advanced
multiconverter automotive systems. IEEE Trans Ind Electron. 2008;55(6):2295-305. doi:10.1109/T1E.2008.918395.
Karimipour D, Salmasi FR. Stability analysis of AC microgrids with constant power loads based on popov’s absolute
stability criterion. IEEE Trans Circuits Syst I Express Briefs. 2015;62(7):696-700. d0i:10.1109/TCSII.2015.2406353.
Cai Y, Xu Y, Liu T, Zheng H, Wang E, He M. Collaborative transfer operation strategy for flexible interconnected
systems considering transient stability. In: 2024 IEEE 5th International Conference on Advanced Electrical and
Energy Systems (AEES); 2024 Nov 29-Dec 1; Lanzhou, China. p. 319-24. d0i:10.1109/AEES63781.2024.10872562.
Geng Y, Song X, Zhang X, Yang K, Liu H. Stability analysis and key parameters design for grid-connected current-
source inverter with capacitor-voltage feedback active damping. IEEE Trans Power Electron. 2021;36(6):7097-111.
doi:10.1109/TPEL.2020.3036187.

Zhang X, Ruan X, Tse CK. Impedance-based local stability criterion for DC distributed power systems. IEEE Trans
Circuits Syst I Regul Pap. 2015;62(3):916-25. d0i:10.1109/TCSI.2014.2373673.

Wang ], Dong C, Jin C, Lin P, Wang P. Distributed uniform control for parallel bidirectional interlinking converters
for resilient operation of hybrid AC/DC microgrid. IEEE Trans Sustain Energy. 2022;13(1):3-13. doi:10.1109/TSTE.
2021.3095085.

Aizpuru [, Davila A, Planas E, Cortajarena JA, Martin JL. Phase-independent control of a three-phase four-leg
inverter. In: 2023 IEEE 32nd International Symposium on Industrial Electronics (ISIE); 2023 Jun 19-21; Helsinki,
Finland. p. 1-6. doi:10.1109/1SIE51358.2023.10228068.

Tan Z, Zhou D, Deng S, Li ], Wu Z, Feng Q, et al. Optimum operation of low-voltage AC/DC distribution areas with
embedded DC interconnections under three-phase unbalanced compensation conditions. Energy Eng. 2025:1-10.
doi:10.32604/ee.2025.069610.


https://doi.org/10.1109/TIE.2008.918395
https://doi.org/10.1109/TCSII.2015.2406353
https://doi.org/10.1109/AEES63781.2024.10872562
https://doi.org/10.1109/TPEL.2020.3036187
https://doi.org/10.1109/TCSI.2014.2373673
https://doi.org/10.1109/TSTE.2021.3095085
https://doi.org/10.1109/TSTE.2021.3095085
https://doi.org/10.1109/ISIE51358.2023.10228068
https://doi.org/10.32604/ee.2025.069610

	Impedance Reshaping Based Stability Analysis and Stabilization Control for Flexibly Interconnected Distribution Networks
	1 Introduction
	2 Small-Signal Impedance Modeling of FIDN System
	3 Impedance Stability Analysis in FIDN System
	4 Impedance Reshaping Based Stabilization Control
	5 Simulation Verification
	6 Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


