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Abstract-- This paper survey of different accurate models of I
load and synchronous generator model. | would likéo described )
one out of two basic types of load modeling. One mMponent- Load modeling is a very important issue in powestasm
based load modeling which contain ‘ZIP* (polynomia) model, analysis and control. Accurate load models haveaifagnt
exponential model, combination of this two called xponential- — jmpact on the operations flexibility and exploitati costs in
ZIP' model and ETMSP & EPRI model as an example of o oystems. Exploitation costs can be reduceduse of

combination of fundamental models. Second one is @&urement- there is possible to test new solution and cha Svstem
based load modeling, however, this is not on my mgsideration. IS posSI W soluti ogeep Sy

The second part survey consists synchronous generatmodeling configuration  without any disturbances of normalwpo

by electrical circuits. Moreover, there are dc gentors, but this ~ System work. The operations flexibility is also wemportant
model is not covered in this paper. regarding to beater fit power system modeling irgtal power

system. That is why both power industry and acadeane
looking for now, and more accurate loads representaWe
can distinguish two approaches for load models ldeieg:
here are two general issues to consider modelimpaer component-based and measurement-based. “The conipone
systems. One of them is loads modeling as well based approach builds a load model using detailiedmation
generators modeling. Loads and generators modatimyery about all the individual components at each load. bthe
important in determining the stability of power wyss. measurement-based approach involves placing measunte

LOAD MODELING

I.  INTRODUCTION

Moreover there are valuable tools in the stabditydies. systems at the load buses for which load modelstarke
Load modeling application can be distinguished istatic developed.”[3] The measurement-based approach gises
and dynamic models. First of all | would like thostly actudl load behaviors at any given moment. In toevep

describe static load model. The static models wiseovered Ndustry is also used on-line data recording systéhs tool
to investigate steady-state power systems. In thisels gives important information about actual load bétavduring

occurs constant voltage magnitude, but on the dthed there S}(/)SstsrbTe %Iissttﬂ:?)ziﬂzzz rel?syr:)?‘?écarlgaﬁ r?lmcrjeeg) regafltrl(tim;g
is variation of load frequency. Lastly the statimd models b P gny

. L .7 lot of power system models representations, moredhis
featu_re IS V(_)Itage-depend_ent c_haractenstlc. Seasnal 't_ 'S models are commonly used in power industry for diemt
mentioned in the technical literature about dynartoed

. ) N ) . stability analysis. On the other hand, it increasésystem
modeling. This load model is in time-domain and teors y 4 4

. . , representation for simulation. [3]
loads electromechanical behavior. Phasors methdlaeidoad Loads modeling has always been a difficult issuzbse:

steady-state representation. The dynamic load misdeased > many different types of load are connected to the
on time variation frequency. Moreover, the dynartoad power system at any period of time,

model is describe by dynamic voltage and frequency » level of complication and quantity of data is very
characteristics.[1] high at any given moment,

The second part of this paper is to survey genevato » itis hard to predict loads response (behaviol), [4
modeling. The Generators can be classified as etriel@ We can distinguish three main load models:

motors. There are dc generators, synchronous gererand v' ‘ZIP’ (polynomial) model,

inductor generators. The dc generators are rasglgl in power V' exponential model and

systems. The most popular and common use in thesiridl v' exponential — ‘ZIP’ model - combination of this two
applications is synchronous generator. There haeenb above [1]

developed big number of synchronous generators. The

generators are the heart of power systems. ” Wita tA- Polynomial-ZIP’ Model

increasing cost of detailed prototyping of eleatrimachine, it o )

is becoming necessary to replace or supplementith w ©One of the oldest load representation is polynomiadel.
mathematical methods and computer simulation. fjwever, It is essentially combination of constant |mpe<jar(<29,
the inductor generators are used in power systbaotsmostly constant current (I? an,d constant power (P)’. thay it is
in wind turbines. The number of wind turbines carted to the commonly called “ZIP* model. This model is not acate

. : representation of the system, because of high nunalbe
rid increase every year. Papers [8], [9], [108 apntained . :
%ore information‘sy aybout doFlJJbIe [fgd[illdhc(?on ga inductor motor loads in the system. Nowadays tlaeeemore

) complex and accurate load models which capture Mio¢h
modeling. static and dynamic load, such as induction mos.[



This is the combination of both exponential andPZI
models which are shown above. Diagram can be the s in

o C. Exponential-ZIP’ Model

previous model.
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Fig.1. The structure of ‘ZIP’ load model. [5] Q_o = (1 + (in + Koe + Kg1 + Kq2)> (V_0> *
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QL= Qo [Ch (7) +q (V_> + ‘h] (1 + KqrAf)
0 0 K,; andK,; are the constant current parts of the total load,
K,. andK,. are the constant power parts of the total load,
Kp1: Kppi, npvl, Ko, Koy npv2, Kgy,s qul, nqvl, Kgo, Kqp2z,
nqu2 are the parameters of exponential part of the togal.[3]

p; and g, are the constant impedance load parameters,
p, and g, are the constant current load parameters,
p3; and g5 are the constant power load parameters,

K,r and K, are the frequency sensitivity parameters, D. ETMSP & EPRI Model
and p; +p; +p; = 1,41 + gz + g3 = LwhenV =V,. [2] Scheme is shown in Fig.2. However, there are somem
B. Exponential Model models discoverd by the companies. The companigshwh

have made distribution system computers prograofsa@are).
They have used this three types of load modelirdy randify
them. EPRI's LOADSYN and ETMSP packages are orthef
T atent Comboants most commonly used software for dynamic studiess Tio
packages based on load models presented abovelittigh
¢ I changes. Below the result of this changes is shown:
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Fig.2. The structure of any static load models.[6] QL =P {Qal (70) (1 + qulAf)
Kqu2
This scheme can be used for any static load maglefin, it fit + Qo _ Q Yy (1 + Ky 72Af)
i A P al v qf2
for every presented in this paper load model. 0 0
vV \Kpv where,
P, =P (70) (1 + KpfAf) P, is the frequency dependent fraction of real load,

Q.1 is the reactive load coefficient of uncompensatsattive
v\ Kav load to real power load,
Q. = Q, (_) (1 + quAf) K,,, and K,,, are the voltage exponents for frequency-
Vo dependent and frequency-independent real power load
K4 andK,,, the voltage exponents for the uncompensated
K,y -voltage-dependent parameter of real power, and compensated reactive power load,
Kqv -voltage-dependent parameter of reactive power, K,r, andK,, are the frequency sensitivity coefficients for
K,; and K, ; are the frequency sensitivity parameters.[3] real and uncompensated reactive power load

Comparing of “ZIP” and exponential load modeling 5econd g ., is the frequency sensitivity coefficient for reaet
one is more accurate. compensation [3].



We have showed this load model as a example of one A. Synchronous Generators Modeling by Electrical

combination of this fundamental models. Circuit
. GENERATORS MODELING From figure above the machine equations in threis ax
] ) framework is shown below:

Generators convert mechanical energy to electeicatgy. d
There are three possible types of generators: dergtors, Vape = —Tslape +E‘Pabc
induction generators and synchronous generatoss fifdt one d
are useless because all the power systems aroendottd are vp = 17ip + Elpf
AC. So there are two main types of generators:afrthem is
synchronous generator and second is induction geerThe 0=rpip + EWD
inductor generators mostly occur in the wind millBhe d
synchronous generators are common use in most tgpes 0 =rpip + EWQ

power plants.

First of all the synchronous machines work withstant ; andj, are the direct and transverse dumpers’ currents,
speed what means constant frequency. The speecheof il is the exciter current,

synchronous generator linearly depends on the émiu and Y, and¥, are the direct and transverse dumpers" total flux,

numbers of poles. The constant frequency is vepddeature - @

because one of the power systems requirements kedp Labc IS the stator total flux,

frequency in one specified level. Another advantagenes s IS the main field total flux,

from reactive power compensation in the grid. ThEhe Park’s matrix can be written as:

synchronous generators produce active power anctivea

power. The last important feature is high efficignof 5[ cos6)  cos (98 _2_”> cos <96 +2_”>

synchronous generators. P, = |= 3 3
The inductor generators are less popular then the ° 3 ; ; ( 27T) . ( 27T)

—sin(6,) —sin(0, ——| —sin(0, +—

synchronous generators. However, they have somengatyes. 3

One of them is that inductor generators are simeglifin

construction. Furthermore, they are lighter andapkee than Va Vg4

any others. However the frequency cannot be adjuste P(6e) * Vape = P(6,) |Vn| = [vq]

simple as in the synchronous generator and thdiveguower Ve

cannot be compensated. When one would like to nhector o .

generator it should also have special control systhe speed W€ can rewrite first equations as:

3

controllers are going to be cheaper and cheaperirahattor Vg = —Tiig +i1pd - w,Y¥,
generators are commonly used in the wind mills. Cét
| would like to present synchronous generator niadeby Uy = —Tig + — ¥, — w, Yy
electrical circuits. There are more synchronousegaors dt d
models in papers [7],[11], [12], [13]. v =T15ip + — W
dt

d
0=rpi — Y
Tpip + dc ‘D

) d

Then the following relationships can be written sidering the
generator convention for stator
Wy =Wou + Wosa + Wora =

= lad(_icl +ip + if) — lgsala + ldfd(if - id)
W, = Wy + Wy, =

= laq(_iq +io) - Losql
lpf = lpad + lpo-f + lpa'fd =

e

Fig.3. Synchronous generator winding with dampers.

D and Q represent d-axis and g-axis dampers. Thee th Wp = Waq + Wop =
synchronous generator modeling methods presented laze =luq (—id +ip + if) + l,pip
based on this scheme.[2] Wy =Wy + Wy =

= laq(_iq + iQ) — ool



From all this equations we can draw the synchromoashine
electrical scheme as follows:
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Fig.4. d-axis and g-axis electrical equivalentwits. [2]

¥, is the rotor leakage flux,

¥,p and¥,, are direct and transverse dampers leakage flux,
are direct and transverse stator dampers

Wosa  andWggq
leakage flux,
W,rq is the linkage flux between main field and stateaxis,
¥q.q and¥,, are direct and transverse main flux,

lasd and lasq
inductances,
ls s the rotor main field leakage inductance,
lag  andlg,
inductances,
l;p andl,, are dampers leakage inductances,

lsra s the linkage inductance between the rotor rfiald and
the stator d-axis,

In these scheme the linkage inductance betweersdstator
and direct damper is neglected. “In the Fig.4. hecks "d-
load" and "g-load" represent the equivalent loadsPark's
framework of the real power factor load. This laststar-
connected and an inverse Park’s transformatioreésied to
elaborate "d-load" and "g-load". This is useful dese all
equations involved in the simulation are given iarkPs
framework” [2]

IV. CONCLUSIONS

In this paper, different accurate models of loadd an

generation were examined. As a load models compdressed
load modeling were shown which contain ‘ZIP’ (pabynial)
model, exponential model, exponential-'ZIP’ modehda

ETMSP & EPRI model as a example of combination of

fundamental models. All models examined in this gragre
static load models. The static load models can &ed uor
approximation of the dynamic behavior of the powgstem.
Moreover static nonlinear load models can be usettdnsient
stability analysis. However this model is not appiate for
capturing true load response and for industrialliegions

are direct and transverse stator leakage

are the direct and transverse stator main

measurement-based models are required. ‘ZIP’ mgdels
only approximate results of real power behaviorpd&hential
model is more accurate and has only two paraméteiise
estimated. Exponential-‘’ZIP’ model is also very pising but
it is a little bit more complex what can give unueth
confusion [3]. “With continued expansion of powetidg it
becomes more and more important that the model used
simulation programs consist with the actual chanstics of
electric apparatus. Up to now, the model of geoesat
transformers and power lines have been establipbeeéctly,
as for the model of load, due to its randomnesse-rarying
and distribution property, it could barely descritee whole
characteristics exactly by one or more groups afaéqns.
Accurate load modeling has become one of the miffstudt
problems in power system research fields.”[5]

Second part of the survey consists synchronousrgteme
model by electrical circuit. This model consiste thlobal
electrical scheme of the generator by flux equati®aper [2]
contains tests of the thregnchronous generator models which
can be distinguished into: synchronous generatatetitg by
electrical circuits, by state equations using agidie load and
by state equations using an outside load.
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