DYNAMIC AGGREGATION OF GENERATING UNIT MODELS

3.1 Introduction

This chapter presents j% grouping generating units

that are coherent into ale__‘t & unit model. Actually,

types of synchronous e systems, excitation

systems, and power® the generating unit

models for a group Js gk ,' are ito be replaced by an

is generally known as dye
Available method £ 2 lat ng . the parameters of the
equivalent generating mt’%’l ivided into two methods:
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parameters of the equivalent machine are calculated as weighted mean

y E of the wvarious

values of the parameters of the machines include in the coherent group.
By the definition of coherency, coherent genefating units have
the same speed w, and the same terminal voltage Vi, since they are
attached to a common bus as a result of generator buses reduction.
The block diagram of Figure 3.1 repregents the functional
relations between the mechanical input power and electrical output
power  of {an ir;dividual generating unit and its spéed w, and the

terminal voli:age Vr , these being considered as input variables.
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ir = terminal current
u = power system stabilizer input signal
Ve = power system stabilizer output
é = angle of machine internal voltage
PY S = Laplace operator

Figure 3.1 Generating Unit Model
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A similar block diagram is used to model an equivalent
generating unit, with the individual mechanical power replaced by the
sum of individual mechanical power in the coherent group and the
electrical power replaced by the sum of individual electrical power in
the coherent group.

The method for identi:
generating unit models can , idering separately the rotor

dynamics, the govern d. t i ﬁé, the electric-magnetic

circuits of synchronous 1ne eitation systems and the power

system stabilizing sy

3.2 Rotor dynami

'The mechanical f g > is described by:

.nll"ﬁ'a’ﬁ
.-"";': i | w-' s

2.H;. (A AWrdt (3.1)

where @ : > ticﬂ in per-unit values
= inertia constant of rotor and turbine in
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= mec anical power in per—um.t values
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= machine subscript
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As all machines in a coherent group have the same frequency
deviation, the equation of motion of the equivalent machine can be
arrived at by adding up the equation of motion of all machines in the

coherent group:
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This assumes that all parameters being referred to the same
base MVA. If, howevér, the parameters being referred to the rated
outputs of the individual machine as base MVA, we obtain:

n
J
De = (3 .4 )
3
where the equivalent machine

, the equivalent machine
pated power o machine no. j

&fé ut of the equivalent machine
ERICE TN

T,

343 Magnetic circuits of the sync
R

Seven di £ ér machine are wused in

this thesis: m

A T L TTEr P

d-axis and S,wo damper w1nd.1ng in q— is. Saturation
ST ANN INYIR El
mla rElt saturation excluded.

Model with one field w1nd1ng, one damper winding in
d-axis and one damper winding in g-axis. Saturation
included.

Type 2A: As type 2 but saturation excluded.

Type 3: Model with one field winding and no damper
windings. Saturation included.

Type 3A: As 3 but saturation excluded.



Type 4: The machine is modelled with a constant voltage
behind the transient reactance.

3.3.1 Equivalent machine time constants
Time constants of the equivalent machine T’4o, T"ao, T’q0 and

T"q0o are calculated by using first method, weighted by the rated

output power of the c , the following formulars are

obtained:

T’aoe (3.5)
T“doe (3-6)
Tiiee £35¢)
T qoe (3.8)
where ; T=d-axig open circuit time constant
‘v} \, ‘
H do sient open circuit time

constant of mchi e no.

J
; M i {ﬁ circuit time
AuEd ey
, T gqes = ,-(xis subtrafisient open@.€ircuit time
RN TRAIIR
9 T’aoe = d-axis transient open circuit time constant
of equivalent machine
T"ace = d-axis subtransient open circuit time
constant of equivalent machine
T’qoe = g-axis transient open circuit time

constant of equivalent machine
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T"qoe = g-axis subtransient open circuit time
constant of equivalent machine
j = 1,2, ----- ,n

3.3.2 Equivalent machine reactances
The reactances of the equivalent machines Xa, Xq, X'a, X’q,

X"q and X1 are calculated by connecting the relevant

reactances of the coherer achinp in parallel. As the reactances

are expressed in per-unit vali

to rated output and rated

voltages of the machines The i @ulars are obtained:

Xde = # v ' "1 ' = (3‘9)

qu = ' | J Xicki nj (3-10)

¥'ge o B ' | G0, (X5 2U%0;5) ] (3.11)

X'ge  =[SnafMSaa i ;. U2g5)] (3.12)

X'ae =R )] (3.13)
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where Xaj = d-axis reactance of machine no. j
Xq3; = g-axis reactance of machine no. j
X'aq; = d-axis transient reactance of machine no. j
X'q; = g-axis transient reactance of machine no. j
X"a; = d-axis subtransient reactance of machine no. j
X"q5; = g-axis subtransient reactance of machine no. j
X35 = leakage reactance of machine no. j

Xae = d-axis reactance of equivalent machine
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Xqe = g-axis reactance of equivalent machine
X'4e = d-axis transient reactance of equivalent
machine

X'qe = g-axis transient reactance of equivalent

machine

X"ae = subtransient reactance of equivalent

>nt reactance of equivalent

of equivalent machine
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\; guivalent machine
\\\\\ ircuits of equivalent

The saturati _ =k o ST ircuits of . the synchronous

and S(1.2) of the individual

ine no. Jj

machine depends on pars
efined in eq(3.16) and
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eq(3.17).
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Figure 3.2 The saturation of magnetic circuits



Form the Figure 3.2

$(1.0) = [ A(1.0) - B(1.0) 1/ B(1.0) (3.16)
8(1.2) =1 &(1.2) - B(1.2) 1/ B(1.3) (3’717)
Then the paramete of sétbnation for the equivalent machine

are obtained:

S(1.0)e (3.18) -

S(1.2)e (3.19)

These valueg e form of weighted mean

values in the same

3 S —————————————— ———_J",
3.4 Turbine i'_' erning Y

Six typeg of turbine and three typg of govéernor are used in

=eguiInEningIns
s;ﬁi:i CRORGIE Qb AF TR

superimposed sinusodial variation as a function of
time.

Type 22: Mechanical torque varies with an arbitrary function
of time.

Type 3: Mechanical torque consists of a constant part and a
part which varies with the speed of the mechine.
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Type ST1: Approximate model of steam turbine with single
reheat. (See appendix 2)

Type ST2: General model for steam turbine system.

' (See appendix 2 )

Type HT1: Classical penstock turbine model 1. (See appendix 2)

The paramgfergl ¢f / turbines governors for equivalent
machines must be ca gte el ted mean values of the parameters

5 SnL group.
One type of oi},:- > \ SGl + type HT1 ) |is

considered. pR—to—me 3 ypes of governor turbine is

straightforward. - In Toliowing ™ , index i indicates that
;L governor n *;-" d index e indicates
- that the parameter 8 hine.

the parameter bel

Hydro governor-turbine ( type SGl1 + t HT1 ) are represented

- e TTING NS
RINNINUNINYIAY



REF "‘A\ 1/(1+s.TP)
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Fugn£:3 3 The model of governor-turbine

(type SG3 + type HT1)
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where = pilot value time constant. Seconds.

= response time; pilot or main servo-motor. Seconds.
= main servo-motor time constant. Seconds.
transient droop time constant. Seooruis.

= water starting time.

TP
TY
TS
97 '=
™
KD
BT
BP

- The followin ' Xz b Ware n the formular below;

Sni =
Ser . = 2 coherent group
Sntot = at group
’1. .
Governor droop ogether with KD, YPMAX, YPMIN,

— l‘
- YMAX and YMIN of équivalent machine are we ted by Sar;

AUBINPNANNT .
R AIATHERDINYIANY o

KD. = (1/s..r)f‘,1(s..i.rm‘) (3.22)
o

YRMINe = (I/Snr)i21 (Swi.YPMIN;) (3.23)

YPMAXe = (1/s.,r)ig;1 (Sni.YPMAX; ) (3.24)

MAXe = (1/s..r)iz1 (Swi.YMAX;) ‘ (3.25)
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MNe = (I/Snr)% (Sni.YbﬂNi) (3-26)
i=1 :

Time constants TP, TY, TS and TW are weighted by Sar/BTe ;

n
TPe = (BTe/Snr)z ‘_Sni/BTi)-TPi (3.27)

i=1
TYe ‘3-28)
TSe ' PUTS (3.29)
TWe (3.30)
Time co
TTe {3.31)
Finally, governor @ : == D L/ and 1/BT. are multiplied by a

factor which depend n of the machine in the
coherent group \ fretedw

E (l/BPe) (Snr/Sntot) m
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3.5 itation systems

Seven types of the excitation systems are used:

Type 1: Excitation system with DC Generator-Comutator Exciter
(See appendix 2)

Type 12: Excitation system with Alternator-Rectifier Exciter
(See appendix 2) ]
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Type 15: The ASEA Excitation system with Potential
Source-Rectifier Exciter (See appendix 2)

Type 4: Excitation system with DC Genertor-Comutator Exciter
and Non-Continuously Acting Regulator (See appendix 2)

Type BBC: Static voltage exciter (See appendix 2)

Type ST2: Excitation system with DC Generator-Comutator Exciter

) is considered. The
raightforward. In
e parameter belongs

to the excitation ng# i d es that the parameter

L)

to the excitatiow £ m‘ hin

UF

U
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Figure 3.4: The model of the excitation system type 12



where = regulator-gain

= regulator stabilizing circuit gain

= exciter time constant

KA

KF

TA = regulator time constant

TE

TF = regulator stabilizing circuit time const;nt
TR

voltage transducer filter time constant

xcltatlon system of - an

. “values, weighted by the

daud X 3\\;\\ e coherent group

equivalent machine

rated output po

KAe (3.34)
KF e (3.35)
TAe _ {3.36)
TFe o \ (3.37)
(3.38)

%uaﬁﬁaéﬂ%’% g7
z (1/s..,)}3(s... TR ) (3.39)
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VRMAXe = (1/s.,e)z (Sni.VRMAX; ) (3.40)
VRMIN. = (1/s...)ZnZ (Sni.VRMIN;) ; (3.41)

i=1
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3.6 Other control equipments

For this purpose othe;' control equi;ment‘s. to include, other
types of turbine, other types of governof : Aother types of excitation
system and all types of power system stabilizers . Model data for
this control equipment is selected so that the equivalent generating

unit model has the same’contuol Jc \aracteristics as the "largest"

AULINENINYINS
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