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Abstract. In order to conform to the development trend, distributed generation came into
being.Distributed generation accesses to distribution network, which has increased the burden of the
distribution network. One the one hand, distributed generation’s accessing position is changeable
and accessing capacity is increasing. On the other hand, as a dynamic component, distributed
generation has its controlling problem and also brings stability problem to the main network.
Starting from the modeling of distributed generation, this paper established distributed generation’s
circuit and controller model under the dq axis. These models are symmetric but the voltage of the
distribution network is asymmetric. So a method was put forward solving the contradiction between
the symmetric distributed generation model and the asymmetric voltage of the distribution network.

Introduction

In order to reduce the pressure on the environment and energy, distributed generation is
promoted. Distributed generation (DG) develops rapidly for its advantages, such as a small
investment, being friendly to environment, reliable supply and flexible power generation[1-3].
Distribution network (DN) is the access network of the distribution generation, and will inevitably
be influenced by DG. DN’s power quality and local voltage stability will be affected with the
growing number and capacity of the DG, and the voltage stability problem belongs to the category
of the transient research[4-7]. The traditional DN has almost no dynamic element, so the
transient research attracts little attention. The access of the DG makes the transient research of the
DN come into being. However, the conventional transient simulation containing DG isn’t deeply
involved in the problem of asymmetric network, and simulation is based on some commercial
software such as matlab, PASCAD and DIgSILENT, which leads to the lack of knowledge of the
specific process and the key link of the time domain simulation[8-13].

This paper mainly finishes the model of the elements of the distribution network containing the
distributed generation, and the electromechanical transient simulation can be realized on this basis.

Main Elements of The Network

To conduct the time domain simulation of the DN, the elements should be modeled. Main
elements of the DN are line, load and DG. Lines generally adopt the transient model, whose
three-phase form is:

Zaa Zab Zac
z=12, Z, Z.|D
Zac Zbc ch

Loads generally adopt the constant impedance model. Provided the static load and dynamic
load are considered, the transmission network processing method can be borrowed. The model of
the dynamic component, DG, will be discussed in this part.
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The control  strategy of grid connected DG is generally PQ  control
method , and PQ control requires that grid-side voltage is symmetric, here to consider grid-side
voltage symmetry ( hereinafter specifically address the problem of asymmetric). In addition,
DG modeling also needs to assume that the harmonic problems are ignored, and the output of the
inverter is always symmetrical three-phase fundamental sinusoidal quantity.

The typical grid connected topology of the distributed power inverter is shown in Fig.1, where

Lis filter inductor, Ris all inverter device loss equivalent resistance, U, ., is inverter grid-side

voltage. To simplify,U, , a constant DC voltage source, is used to substitute distributed power

supply side.
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Fig.1 The grid connected topology of DG

Model of distributed generation

Circuit Model of Distributed Generation

Models of actual value:.As is shown in Fig.1, the DG circuit topology is mainly made up of DC
power supplies, inverters and filters, and the inverter model has two forms: switch function model
and duty model. The switch function model is generally used for electromagnetic transient
simulation and accurate instantaneous value simulation, but also requires that all components are
using electromagnetic model. This paper focuses on the electromechanical transient simulation of
conducting RMS calculation, inverter using duty-cycle model, ignoring the state of various switches
of the inverter, assuming that the inverter output voltage is symmetrical sinusoidal voltage
controlled by a duty.

Assuming that system-side symmetrical three-phase voltage is:

Uga 5 cos wt

Ugp =\f3ug cosCat—2/137m) |. )

" cosCawt+2/371)

wherey is the RMS of the network-side line voltage.

Assuming the inverter output voltage phase advance network side voltage of 4 , we have:

u, 5 cos(wt+0)
U, :\/;KUdc cos(awt—2/37+0) €)
cosCawt+2/37+68)

c

where K is the ratio of inverter, defined as the ratio of the output line voltage and DC voltage of
the inverter.
The domain circuit equation of Fig.1 is:
d ia ?a ua uga
LE b, |+ R, [=] U, |—| Ug (4)
i i u u

c c c gc

Since the inverter control is decoupled in the dq axis, the circuit model under the dq axis can be
obtained by orthogonally transforming, with transformation matrix phase angle and the network
side voltage being the same:
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The Park's Transformation of the voltage vector:
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Substituting (3) into (7) and (4), we have the DG’s actual value equation of the circuit model:

i_id =_—R/L 1) id +5 0?55 Udc—l Uy @®)
dt| 1, -0 —R/L][I, L |sino L | Ug

It should be noted that according to (6), U, =0, and for the explanation of the principle and the
writing symmetry, all y_in this paper representuy, =0.

Models of per-unit value:Models of actual value have drawbacks that control parameter
selection will have no uniform reference standard as actual system capacity, voltage changes, in
addition a single-phase value and a three-phase value are not uniform, the line value with the phase
value are not uniform, abc and dq coordinate values are not uniform. Thus, selecting the
network-side reference value to per-unit normalize each dynamic element makes the interface
processing of the dynamic element of the whole network and the network simple. The variables and
parameters per-unit normalized can get rid of the limitations of the specific physical quantity,
reflecting the essential mathematical characteristics of the model.

Let network-side line voltage and power base value beUy , S, theny  _ 1 Se
ph_

U sl =1 = 5
\/g B B ph_B \/§UB

2 . .
z, :%B, so DG side hass,  =s,,u, ,-U,, according toS, =1, U, 5.we can deduce that
B
— M 1 .
o s = NEY 4 4 8 = Zp - Let time base value betB -— .Now each value has its base value.

According to (8), we have:

d |1 -R/wL 1 Iy K [cosd 1 | Ugg
== N B T ©
odt | 1 -1 -R/wL ||, | olL|sind ol | Uy,

According to the base value obtained above, per-unit normalize(9) and gain the per-unit value
equation of DG’s circuit model:

dli| [-R/x 1 |iy] K[eoss] 1|U

axic | | 4 R/X Q| X |sins| X[,

Where the base value of the ratio is introduced as K - Ye s making the reasonable value of K*
base — U

base

is about 1 no matter how much the DC side or the network side voltages are, which makes it easier to
design duty cycle limiting link. With (7), it can be inferred that K" and & are related to the voltage
control value or output value of the inverter under the dq axis, the relation is:

u; =K’ cosd

u; =K"sind

(11)

The orthogonal park matrix is different. Let the voltage in the equation b F"‘}F"} per-unit
m|Yb | T q
u 0

c
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So the orthogonal park matrix in the form of per-unit value is:

(=]

0

C

| 5 coswt cos(wt—2/37) cos(wt+2/3r)
—D, =—Z|-sinwt —sin(wt-2/37) -sin(wt+2/37)| (12)

B 1/42 1/42 1/42

Hereinafter, for convenient writing, all per-unit values’ superscripts '*' are omitted, and all
parameters and variables are per-unit values if there are no special instructions; the orthogonal park

matrix is referred to as the park or D, transformation.

Distributed Generation Controller Model

The DG grid-connected in the DN usually adopts PQ control strategy, i.e. its output refers to a
given power, voltage problems and imbalance problems caused by load fluctuations in grid are
solved by large power grid. PQ control strategy adopts power outer loop and current inner loop, and
its control mode is generally PI link.

Power outer loop.The power injected into the grid by DG under the dq axis is:

When the phase angles of transformation matrix and the network-side voltage are uniform,u , =0,

and substituted the equation into (13), we have:
Pdg = Ugq Iy

. (14)

ng = Ul

The active and reactive outputs of the DG can be separately controlled by the control of i andi .

Sgg = (Ugg + JUy ) x(iy + jiq)*_ (13){

And this is the ideology of the power decoupling, which is based on the correctness of the (2) and (5)
that the network-side voltage is symmetric and the phase angles of transformation matrix and the
network-side voltage are uniform. The power control loop is shown in Fig.2.
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Fig2 The power outer loop control chart

Current inner loop:The reference output values, iy, andi. , ofi;andi, are obtained by the

power outer loop control. In order to achieve accurate current inner loop control, we need to consider
the actual circuit model. Organizing (10), we have:

Uy =(X %+ R)i,—Xi, +Uy,

) (15)
u, = X(a+ R)i ,+Xiy +Uy,

The purpose of current inner loop control is to obtain the required voltage PWM wave signal by
giving the current reference and controlling the current, it is perfect if U, andu, can be controlled
respectively through the control of i, andi, . According to (15), we can know there is a coupling of
the output voltage and the output current under the dq axis, which is manifested as the fact thatu, is
influenced byi, and u, is influenced by i, and they are both also affected by the network-side voltage
Uy - The current controllers commonly used adopt feedforward decoupling control strategy to

achieve decoupling. When the current loop also uses PI regulator, the control equation according to
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the feedforward decoupling control strategy is:

K. . . : ,
Uy = (k, +?I)(Idref —lg) = Xig +Ug

: (16)
Uy =k, )

aref —|q)+ X, + Uy,

The current inner decoupling control chart accourd'ng to (16) is shown in Fig.3.
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Fig3 The current inner decoupling control chart
To sum up, the complete PQ control block diagram is shown in Fig.4. It should be noted that:

e All parameters and variables should be in the form of the p.u.;

e All the PI output value and the ratio K can set a limiting link;

e R+ jXis a filter and loss link, which model is shown in (10), and its inverter-side voltage
given by the controller output;

e The precondition of the block diagram is that the network-side woltage is three-phase
symmetric and the phaseangles of transformation matrix and the network-side voltage are
uniform;

e The minus must be added before the PI3 link, which is due to the (14) where there is a
negative correlation between Qg and i, .
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Fig4 The complete PQ control block diagram

The solution to asymmetric grid-side voltageE

Either modeling the inverter circuit model or designing the controller of DG are all based on the
precondition that the network-side voltage is three-phase symmetric and the phase angles of
transformation matrix and the network-side voltage are uniform, but the actual DN’s asymmetric
network and operation will inevitably lead to the network voltage asymmetry of each node, thus it is
required to solve the contradiction between the symmetric model and the actual asymmetric network
voltage. The network voltage of the actual DN’s each node is asymmetric, but the voltage
asymmetry is relatively low under normal circumstances, according to GB-T 15543-2008 GB
provisions which stipulates that the negative sequence voltage unbalance of common connection
points and load nodes in the power system can not exceed 5%][14-16]. So grid voltage asymmetry is
low when it is non-fault(otherwise this operating mode is defective), in addition DG injection current
is generally also close to sinusoidal current, that is to say the current asymmetry is also low (also
assuming less than 5%), then the negative sequence and zero-sequence power only account for less
than 0.25% of the injectionpower, and the majority of DG injection power is in positive sequence. If
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DG’s power is given as symmetric positive-sequence, the contradiction can be solved. To conclude,
the solution to the contradiction in this paper is: get the positive sequence voltage after measuring the
network-side three-phase voltage, then ignore the zero-sequence and negative sequence components,
and select the phase of D, consistent with the phase of the positive sequence voltage.

According to the DG model in this paper, we can obtain positive sequence current. Even if the
network side voltage is asymmetric, only positive sequence power inject into the network because
the sum of the three-phase power constituted by the positive sequence current and negative
sequence, zero-sequence voltage is zero with positive sequence current injecting into the network.

Conclusions

We have accomplished modeling the DG’s circuit and per-uniting the model, and modeling the
controller. After that, in view of the contradiction between the symmetric DG model and the
asymmetric voltage of the DN, we have proposed a solution that extracting positive sequence
component, Park array tracking the phase angle of thepositive sequence component.

The drawbacks of this paper is that we have not modeled and studied the complex source side of
the DG, and the output characteristics of DG are different from the reality to some extent.
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