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ABSTRACT

For hybrid micro grid system, this paper is established the dynamic phasor model based on the micro grid
branch model and the system load line model of micro grid. In order to study micro power grid operation
control and energy optimization problem, considering the accuracy and rapidity of the models, the micro
power grid dynamic phasor model is put forward and set up including micro power supply and power
electronic converter. The simulation analysis is carried out, and is validated the feasibility and superiority of
the model. This model lay the foundation for the whole micro grid system optimization control and energy

management research.
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1. INTRODUCTION

Because the hybrid micro grid system contains various
types, a lot of power electronic converter, important and not
important elements such as load and transmission lines, so to
establish the system of mechanical and electrical or
electromagnetic transient model model are difficult and
simulation run slower.

In order to study the micro power grid operation control
and energy optimization management, considering the
accuracy of the models and the quickness of operation [1-6].
The dynamic phasor model is an effective modeling method
of hybrid micro grid. Dynamic phasor model belongs to the
dynamic model of a general average essentially, that is, the
model can be modeled under certain conditions equivalent to
time domain model [7-15]. The dynamic phasor model is
based on Fourier series as the theoretical basis to establish its
mathematical model.So far, the dynamic phasor model is used
in motor control commonly, power system analysis and
transmission, and application in the micro grid system is less.

2. THE DYNAMIC
CONVERTER

PHASOR MODEL OF

As shown in figure 1, it is given by the composition and
includes converter of micro power grid structure, both
through their respective branch and micro grid connected
point of common coupling (PCC).Figure of each symbol in

the content is as follows: U ; is DG, the voltage of the
machine; R; is the resistance of DG, branch line; L; is the

inductance value of DG, branch line; U is the PCC voltage.

Below as well as its branch line, load and converter as an
example, its corresponding dynamic phasor model is set up.
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Figure 1. The diagrame of a microgrid

The DG1 branch topological structure of micro power grid
is shown in figure 2, which adopts PQ control method, the
specific structure of the controller is shown in figure 3 Graph.

In the diagram, Ug,l,. is the voltage and current of

abc

machine side inverter respectively; C is the constant

abc/dq
power Park transformation, and its inverse transform is satisfy.
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Figure 2 .The Circuit model of microgrid DG1 branch
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By the output power of inverter instruction value P and Q
be the dqg axis current reference is:

i = (ud = +qu)/(u§ +u§)
Iy = (qu —udQ)/(uj +u§)

The instantaneous power relationship between power and
current reference values as shown below:

2

P= udldref + uqlqref

e . 3)
Q = Ug lyrer _uqlqref
By figure 3, the generation of pulse width modulation
(PWM) trigger pulse is through the id ) iq of d, q axial by three

phase current Park trans formation firstly. Then compared
with the given reference current deviation, the deviation value
through the PI regulator, that can obtain axial modulation
signal. At last, the control circuit trigger pulse is obtained
though comparing the modulation signal into inverse transform
with triangular carrier.
The dynamic model of the three-phase symmetrical grid

inverter is as follows:

Li=u,—u—Ri o

Type: L is the filter inductance, L =diag ( L, L, L) :

deiag(R, R, R) is the parasitic resistance between H
bridge and the filter inductance and. Machine side current

L. .. LT
vectorlslz[la,lb,l] .

. U
Inverter output voltage vector is U, :[uoa,uob,uoc] .

, . . u
Machine terminal voltage vector is U =[ua,ub,uc] n a

phase for example, fundamental component dynamic phasor
model is obtain as:

{Ld (i), /ot == jeo(i,), +{upa), —(U,), ~ R {0, ),

. . i (%)
Ld <Ia >—1/dt = _Ja)<la>—1 +<u0a>-1 _<ua >-1 - R<Ia>—1
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In the type (5) @ =27 f =1007 . Because (i, >1 =i, >71

So, just consider one order dynamic phasor, which the real
part and imaginary part of the amount for the dynamic
equation is as follow:

Ld (i, /dt =(ua); —(u,); ~R(E); +@L(i,);
Ld (i, ), /dt =(u ), (), ~R{i,); ~@L(i,);

B and C phase dynamic phasor equation is available in
the same way as:

(6)

Ld(ib>f/dt:<uob>f—(ub>f—R<ib>lR +alL(i,),
Ld <ib>1l/dt :<uob>l —(ub>l - R<ib>1l _a’L<ib>1R )
Ld (i), /dt = (upe), —(uc), —R{ic); +oL(ic),
Ld (i), /dt = (u,.), ~(uc), =R(i.), ~oL (i),

If the machine side voltage of positive sequence
fundamental component is as follows:

u, = Esin(at+9¢)
u, = Esin(wt—27/3+¢) (8)
U, = Esin(at+27/3+¢)

On the type of each in conformity with the said content is
as follows: E is the amplitude of the input voltage of the
machine; ¢ is the phase voltage of the machine.

By type (7) and (8) obtained:

(u,), =Ee™ /2
<Ub >1 _ Eej(¢—2/r/3—7z/2) /2 ©)
<uc >1 — Eej(¢+27r/3—7z’/2) / 2

Will type (9) combine with the 1 order dynamic phase
value of control signal, which can known 1 order dynamic
phasor relationship of grid inverter output voltage is as
follows:

S (ug), 10
<ub >1 = prmqu/abc i ( )
<U > <uq >1



On the type: K pun is the equivalent ratio of grid inverter,
for the three-phase bridge inverter, available:
K pwm =U,./2;{uq )l,<uq >1 is the PI dq axial current

regulator output signal, then:

(ug), = (Kp +K; 15)(igrer =i ),)

thz(KP+KJsﬂwﬂ—COJ

In a phase for example, available:
(Uua), = V273K | (uy), cOS ()~ (1) sin () | =
V273K g (U ) +(u,), cOS(et+¢) = (12
Koy (U): + {0 ) "

The phase Angle in type is ¢ = arctan ((uq >1/<ud >1) .
Similarly for b and ¢ phase as:

(11)
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(13)

3. THE DYNAMIC PHASOR MODEL OF MICRO
GRID SYSTEM LOAD AND LINE

Figure 4(a) shows the dynamic equation of transmission
line is as follows:

di .
Au=L R (14)

By the definition of the dynamic phasor model, dynamic
phasor of the transmission line is as follows:

d (i),

<Au>1=L1T+ja)Ll<i>1+R1<i>l (15)

In figure 4(b) as shown in the sense of resistance load are:

Ld(ie); Fdt=(u) + oL (i), ~R (i), g5
L d (i), /dt=(u.); L, (i) -

el

Same as above principle, in the type (16), the impedance
load dynamic phasor model is obtained via making the L, =0

in figure 4(c). The perceptual load dynamic phasor model is
shown via making the R =0.

In the same way, the DG2, DG3 branch dynamic phasor
model can also be set up like the above DG1 branch dynamic
phasor model, and no give unnecessary details here.
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Figure 4. The dynamic phasors modeling of microgrid
loads and transmission line

4. THE SIMULATION STRUCTURE AND ANALYSIS
4.1 The simulation parameters

In an effort figure 5 micro power grid structure is as an
example, the micro grid system is composed of three DG
branch, each DG connected to the PCC point of transmission
line length is not equal, including specific length as shown in
table 1.
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Figure 5. Verify the dynamic model of micro power grid
structure

Table 1. System parameters

The parameter types The numerical size
Per kilometre of line resistance 0.642 (Q/ km)
Per kilometre of the line reactance 0.083 (Q/ km)
DG Switching frequency 8 (f,/KHz)
DC bus voltage of DG 700 (U, /V)
DG filtering inductance 2(L/mH)
The parasitic resistance between H 01/O
bridge and filter inductance in DG '
The DG proportion of current control

K 10
loop parameters Kp
DG Current control loop integral
parameter K, 1000




Table 1 shows the low line belongs to the impedance
parameters, impedance ratio of 7.7:1, PCC is the low voltage
power distribution network, the RMS voltage is 220 v. The
length of the line L1, L2 and L3 is 0.3 km, 0.4 km and 0.2 km
separately. All the sets of DG connects with the three-phase
symmetrical machine load, DG1, DG2 resistance load size is

R, =30Q,R ,=50Q , the size of the DG3 every phase
load values is R ; =40€, L, ; =50mH .

4.2 The simulation results

The hybrid micro grid dynamic phasor model is
established as shown in figure 6 based on the grid inverter,
transmission line and load dynamic phasor model. And DG1
simulation model structure is shown in figure 7. The
simulation model of DG2 and DG3 is like DGI1, that is
needless is here.
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Figure 6. The micro grid Matlab/Simulink dynamic
phasor model
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Figure 7. DGL1 internal simulation model

When hybrid micro grid system operated at 0.1s, making
the DG1 active power break from 3Kw to SKw, DG2 active
power instructions break from 2Kw to 3.5Kw, DG3 active
power instruction break from 1Kw to 2.5Kw.The reactive

power of the DG order value 1 kvar, respectively, 0.5 kvar
with 0 kvar.

Figure 8 shows the DG of the instantaneous active and
reactive power dynamic phasor model results. Figure 9 shows
the DG each of type a, b, ¢ camera dynamic phasor current
waveform structure.
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Figure 8. The power output diagram of DG1, DG2, DG3
active and reactive
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Figure 9. DG dynamic phasor current waveform

5. CONCLUSIONS

This paper establishes the micro grid dynamic phasor
model including power electronics converter and different
kinds of DG. Then the simulation model is built and verified
under the Matlab/Simulink. The results show that: (1) the
dynamic phasor model can reflect the dynamic characteristic
of the hybrid micro grid containing the electronic converter
preferably; (2) the dynamic phasor model computing speed of
hybrid micro grid is fast.
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