CHAPTER 5
STATE SPACE MODEL GENERATION ALGORITHM

5.1 Problem Formulation _

Many references [5, 6, 9] use a S|mFIe AC-DC Q/ower system to calculate the state
space representation and design“the controller in the HVDC link. They use one generator
and ong HVDC link which connect to infinite bus. The development of state space
representation is simple. The following figure shows configurations of the system.
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Fiqure 5.1 A simplified single machine and infinite bus power system with
J P I-R/DC link [5], P y

This kind of configuration did not show the actual system. In the real system we
have many generators, HVDC links, buses and branches. With system depicted in Fig.
5.1 the investigation that we can do is only local oscillations. We cannot see anY inter-
area/ global oscillations in the system because the representation of system is simple.

In this thesis the power systems (see Fig. 3.1 in Chapter 3) can be consist of :

*  Multiple number of generators

o Multiple number of HVDC links

J tAﬁC ne%work which consist of multiple number of buses and branches depend on

e system

_ ThISykInd of system will be useful for complete analysis of small signal stability
in the system. We can study both local and inter-area/ global oscillations. Thus, we can
see the” interaction between one generator to other generators or interaction between
group of generators to other groups.. In this system also account the presence of HVDC,
S0 that we can study also the interaction between generators and HVDCs in the system.

5.2 Input Data Preparation _

We use the actual system data to get the state Space representation of the system.
No need to reduce the size of the systeni. In this Program we need three kind of data :
network data, generator and exciter data, HVDC data. _

The déveloped program_can handle power system with many numbers of
generators, HVDCs and buSes. The input which is needed by the program are data of
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generators (including exciter), data of HVDCs, and data of network. The same network
ata for load flow studies is used for the calculation. _

The initial conditions of the state variables for the model in Chapter 2 are
computed by systematically soIvm? the load-flow of the network first, and then
computing the other algebraic and stafe variable.

521 Network Data _ -

The network data is useful to calculate the operating condition of the system. In
this thesis we refer to MATPOWER for running the load flow. The format of the input
network data are shown in Table 5.1-5.4. However, the original data for MATPOWER i
not account for the ﬁresence of HVDC. Because the conﬁBura_non i our system s
|nclud|n1thVDC, we have to add to the network data with HVDC information.

e network data is consist of : bus data, generator data, HVDC data and branch
data. Here are the detailed data needed for each subdata.

able 5.1 Bus data format _
Bus Type Pd Qd Gs Bs Area Vm Va haseKV Zone Vmax Vmin HVDC

Table 5.2 Generator data format _
Bus Pg Qg Omax Qmin Vg MBase Sta  Pmax  Pmin

Table 5.3 HVDC data format _
Bus Interface ldc Alfa  Gamma Tap min Tap max  Edi

Ta le 54 Branch data format _
fous tus R X B rateA rateB raeC Ratio Angle Status

_ The data files used by MATPOWER are simply MATLAB M-files or MAT-files
which define and return the variables haseMVA, bus, branch, gen, areas, and gencost.
The baseMVA variable is a scalar and the rest are matrices. Each row in the’ matrix
corresponds to a single bus, branch, or (Ilenerator. The columns are similar to the columns
in the standard IEEE and PTI formats LZO], The details of the specification of the
MATPOWER case file can be found in the

Load flow has been the traditional mechanism for computing a O|oroposed steady-
state operatm? point. Loads are of the constant power type. The standard requirements of
load flow analysis are as follows : _

»  Specify bus voltage mag?mtudes numbered 1tom
»  Specify bus voltage angle at bus number 1(slack bus).

elp for caseformatm.
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»  Specify net injected real power Pi at buses numbered 2to .
o Specify load powers Puand Q at buses numbered m+1to .
~this case, we have to add HVDC information. Because of this reason, we
modify format data in bus data and adding one more data which is HVDC data.  bus
data we add one more column, such that we have 14 columns now (see Table 5.1). . the
14t column of Table 5.1. we fill 0 (zero) if the bus is not HVDC bus and I(oné) if the
bus is HVDC hus, _ _

For HVDC data (Table 5.3), in column 1 we fill the number of HVDC hus.
column 2 we fill L when it exports power and fill 2 when it imports ﬁowe_r. Alfa and
Gamma are in radian. |k and EIL are in pu. We have to choose the difference of
tap max and tap min to be as small as possible to make the calculation more accurate.

this developed prog[gam, we orcer and arrange the number of the bus to be the

first ‘m ”huses for generator ouses, the next ‘cl buses for HVDC huses and the last 'p'
buses are load buses.

5.2.2 Generator and Exciter Data _ _
this. developed program, we use two axis model for generator and exciter IEEE
g%pe 1 The input parameter needed for each generator and éxciter are shown in Table

5 and 5.6.
Table 5.5 Generator data
Parameters Unit  Explanation

H secs  the inertia
Xd ou the d axis synchronous reactance
K pu the d axis transient synchronous reactance
pu the g axis synchronous reactance
X; pu the g axis transient synchronous reactance
G0 secs the daxis transient open circuit time constant
<0 secs  the 8 axis transient open circuit time constant
D pu the damping factor
Table 5.6 Exciter data
Parameters unit  Explanation
X i the regulator gain
G secs  the regulator time constant
X, py  the exciter gain
k- secs  the exciter time constant
X, i the regulator stabilizing circuit gain
Tt secs  the regulator stabilizing circuit time constant
A o the derived saturation constant for rotating exciters
B k the derived saturation constant for rotating exciters
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5.2.3 HVDC Data

_ The developed J)rogram needs data of parameter in HVDC. Table 5.7 shows the
input parameter needed for each HVDC with control scheme such as : constant current
( C)tcon_téol at the rectifier side and constant-extinction angle (CEA) control at the
Inverter side.

fable 5.7 Parameter of AVDC link
Parameter Unit  Explanation

Kr ou  the gain for inverter
Tr secs the time constant for inverter
K, pu  the gain for inverter
T, secs  the time constant for inverter
Rc pu the resistance in HVDC link
pu the leakage reactance in rectifier
X, JT1  the leakage reactance in inverter
pu— the smoothing reactance in rectifier
L* pu the smoathing reactance in inverter

5.3 Programming Flows / o _
In this part we_ will explain how the program works. We will give the main
program and some detailed program.

531 Main Program : : _ _ _

this flow chart, its give the main programmm,?1 flow. The first step is read mE)ut
data from all com[)onents. fter that the program will run load flow to calculate the
operating point of the network, From operating point, program will continue to calculate
initial condition all variables in generator and HVDC. Then program will calculate the
matrix for each equation,_ and do many calculations based on' the algorithm to develop
state. model. Lastly we will get the matrices A, B, ¢, and D of the system. The flow chart
of this part is in Fig. 5.3 below.
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5.3.2 Subroutine to Incorporate HVDC Links
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Figure 5.3 Subrotine to incorporate HVDC links.

In this algorithm, we saw that there is a possibility of the
state space repreSentation of power systems with or without FIVD
in the system or not. If there is HYDC so we have to
_ Q at the HVDC bus. Thus operatin
all variables will be change. Number of state also increases b

check whether there is HVDC in t
u?date the network data by calculating p and
0

in the system.

8ro%1ram to calculate
. The program will

oint

y the presence of%l DC



5.3.3 Subroutine to Compute Initial Conditions of I1VDC

( Start )
= —— ]
PR
Isit
e / N
Lici Export >—"°__ ~
power? 1
[ 4 o : ' -
‘ Calculate Pr, Qr, | Calculate Pi, Qi, |
5 VD% | vibC
. ! e e ——
' S S
Prand Qrasa ‘ Pi cgzlisaas s;u&;;lg :?d |
load at HVDC bus \

HVDC bus
Y e i

Update network Update network |

data data '

] ===

Y e N

’ Run AC load flow Run AC load flow :

Y v
Get operating condition of Get operating condition of ‘
the network l the network

f

(including Vr_AC) l (including Vi_AC)
T T
Y _!ﬁ
Calculate tap Calculate tap \
Tap=Vr_DC/Nr_AC Tap=Vi_DC/Vi_AC

Is the tap within yes
the limits? ‘

l Calculate initial condition

— of HVDC
Which limit Using egs. 2.5-2.10,
exceeded? 3.22-3.26
|
lowery iupper
Update Edi Update Edi
l Edi=(tap_min/tap)*Edi Edi=(tap_max/tap)*Edi
S . ;

| L

| Q end )
| _ it
]

|

|

Fi"gure 5.4 Subroutine to compute initial conditions of HVDC.
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The_previous flow chart in Fig. 55 shows algorithm to get initial condition of
HVDC. This_flow chart originally from literature [18] but we give modification on it
Firstly we will check whether there is FIVDC in the system or riot. If there is I11VDC in
the system we have to check first whether its export or import power.

When FIVDC exports power to outside of the system, firstly, we calculate p and
Q from the data available. After that we will uPdate network ata. We put p.and Qtobea
load at HVDC bus. Then we will run load tlow and calculate tap (in this case tap in
rectifier). If tap within limits so program will stop, thus we will get oPeratln_g condition of
network and initial condition of al"HVDC variables. If tap outside from limits, we have
to check which limit exceed, upper or lower limit. After that we will update value of E1

and calculate p and o again until the tap within limits, _

When HVDC imports power from outside of the sgstem, same as when it exports
power, we also calculate p and O from the data available. After that we will update
network data. We put p as a supply and 0 to be a load at FIVDC bus. The sign of p i
minus (s a s,upPIy) and 0 s positive (as a Ioad%._ Then we will run load flow and
calculate tap (in this case tap in inverter). If tap within limits so program will stog thus
we will get operating condition of network and initial condition of al' HVDC varia les, If
tap outside from limits, we have to check which limit exceed, upper or lower limit. After
that we will update value of EX and calculate p and 0 again until the tap within limits.

5.4 Outputs of the Program _ _
he developed Ero?ram will generate state space representation of the power
systems with HVDC link. [T produces matrices zI, B, ¢, and D of the systems. We can use
this program to calculate those matrices for two cases : when there is HVDC and when
there is'no HVDC in the systems. Also we have choices whether we import or export
power through HVDC link. After having these matrices, the program will calculate
eigenvalues, Trequency of oscillation, damping ratio, participation factor, controllability
matrix and observability matrix of the system. _ 3
The developed “program is usgful to analyze the small signal stability of the
system. We can get the eigenvalues of the system’thus we can check the stability of it
e also calculate the frequency of oscillation and damping ratio, thus we can investigate
what kind_ of problem in the system. Moreover, we can see the participation factor to"see
the participation of states to each mode. Lastly, we can check the controllability and
observability of the system. BY this analysis, we can see how many modes are
conttrollatblbeI and observable such that we can design corresponding controllér to make the
system stable.



	CHAPTER 5 STATE SPACE MODEL GENERATION ALGORITHM
	5.1 Problem Formulation
	5.2 Input Data Preparation
	5.3 Programming Flows
	5.4 Outputs of the Program


