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Abstract
In wind power plants two types of generators are used either
synchronous generator or induction generator. In this paper a
comparative study of induction generator and synchronous
generator using d-q model is carried, results are compared
and furnished in this paper.

Keywords —4d-q model, Induction generator, Synchronous
generator, Space vector model, Rotor flux, VVoltage equation

1. Introduction

In the recent times, the power needs are increasing day
by day .To meet the demand, new ways of power
generating techniques to be investigated. In wind
power generation, synchronous generator and
induction generators are used in present scenario. In
this paper, a d-g modeling of synchronous generator
and induction generator are modeled. And
comparisons between the two generators have been
tabulated.

2. Modeling of Induction Generators
A. Space Vector model:
To develop induction generator space-vector model,
two assumptions are considered
(1)The induction generator structure is symmetrical
and three-phase balanced
(2) The stator and rotor magnetic core is linear with
negligible core losses.
It is generally composed of three sets of equations:
voltage equations, flux linkage equations, and motion
equation
The Stator and rotor voltage equations are

V, =R, +pis +jaJZ-:I

U, =Ri, + ph + jl@-0,)A,

where

» V,—stator and rotor voltage vectors (V)

i., I,—stator and rotor current vectors (A)

A, A,—stator and rotor flux-linkage vectors (Wb)

R,, R,—stator and rotor winding resistances (A)
w—rotating speed of the arbitrary reference frame (rad/s)
w,—rotor electrical angular speed (rad/s)

p—derivative operator (p = d/dr).

=]

The stator and rotor flux linkages As and Ar:

i.t =(Lls+Lm );;+Lm;; :Lsi.;-"-Lm;;
A= (L, + L, i+ LT =L 4L,

where

L. =L, + L, —stator self-inductance (H)

L,=L, + L,—rotor self-inductance (H)

L, L,—stator and rotor leakage inductances (H)

L,—magnetizing inductance (H)
The last equation is the motion equation; this equation
describes the dynamic behavior of the rotor
mechanical speed in terms of mechanical and
electromagnetic torque:

T, =—Re(_fij'):-?’TPRe(_fZ,i')

where

J—moment of inertia of the rotor (kgm?)

P—number of pole pairs

T,,—mechanical torque from the generator shaft (N - m)

T.—electromagnetic torque (N - m)

,—Trotor mechanical speed, w,, = w,/P (rad/sec)
These equations develop the space-vector model and
the equivalent circuit is shown below.
The generator model in arbitrary reference frame, with
the arbitrary speed ®
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- jok, L L, - 0N, - The electromagnetic torque T, can be conveyed by d-q axis
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oA —— ) ~ \f,:, o flux linkages and currents. Using mathematical operations,
* ~ [* i +T ~ * various equations for the torque can be attained. The most
. " commonly used equations are given by
Vs ph Ly Pr, v, 3P . .

l l T(Iq.v;"df\' —ig Ay )
° . ° T,= 3Pz]‘"* Ggslar = iasig.)

With regard to the direction of the current that flows
into the stator, induction generator space vector model
is build on the motor convention e
The above convention is unquestioned as most of the ~ d-axis circuit:
induction machines are used as motors, as there is no P L L, (@ o
loss of generality the equations related to space vector

model are used to model the induction machine as a

3PL . .
27 = (lq.w;{'dr g A’qr)

motor or a generator. Vae Var
B. d-q Model: S -
The d-q model of the induction generator is acquired by
separating the space-vectors into their corresponding d-axis S
and g-axis components g-axis circuit:
i K jﬁi‘f! Lyg Ly Jot %y R, 1, itq'.'n‘ Ry @has Ly Ly (@ @k R, iqr
Tw— r
Vi P ™ P, Vr

o— 5

3. Dynamic Model of Synchronous
Generator

The Synchronous generator commonly modeled in the
rotor field synchronous reference frame. The stator
circuit of the d-g axis model is similar to the induction
generator the speed of the arbitrary reference frame ®
in the induction generator model is replaced with the

Vg =V + Vs ip=iy F gy Ay =Au + Ay rotor speed o, in the synchronous frame the
- = . magnetizing inductance Lm is replaced with the d-q
U = Vo Vgt by =t Jigs A=Ay + Ay axis magnetizing inductances Ldm and Lgm of the
synchronous generator.
Substituting and gathering real and imaginary components ; o

s Ry is
+ C +

on the two sides of the equations, the d-axis and g-axis

voltage equations are acquired l Idm W p
'f
. Vds Phys iLdm Pha D Vgs
Vg = Ryig + phy — 04, l {
Vo = Ryl + pA, + 04, = = -

. Stator Rotor Stator
Var = Rolg + phyp — (0=, ) Ay, The equations of voltage for the synchronous
Vg = Riy, + pA, +(0-®,)2, generator are

Similarly, the d-axis g-axis flux linkages are obtained

Vas = —Rgige — mr’lq: + pﬂ‘ds

;l'ds = (L.!s + Lm )ids + Lm idr = Lsids + Lm idr vqs = —R:iqs + CO,. ;Lds + P A‘qs
Ags = (L Ly Yigs + Lygiyy = Lyigy + Ly i

; o Ads, Ags—»  d-axis and g-axis stator flux linkages
a‘dr = (Llr+ Lm )ld,- + Lm g = Lrldr + Lm IR

Age =Lyt Ly Vige + Lyyige = Lyigy + Ly

'm“gs rigr m'ys
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he=+Lj,+L, (If _ids) ={L,+L, ), +Ldm[f =-Lj, +4
lqs =L, tL,)i, ==L},

Aar —»  rotor flux,

Ld, Lg —p stator d-g axis self-inductances

Ly, =L +L,,
Lq. =L, + Lqm

in R, Orlgig

e W—

vds = _Rji(ﬁ +GJquiqs _Ld.pid!'

Vs = _R.riq.s =0, Lyly, +(!}rﬂ.,. - Lqpiqs

The Synchronous generator model is valid for permanent-
magnet as well as for wound-rotor synchronous generator.
For a given field current I¢ in the wound-rotor synchronous
generator, the rotor flux can be calculated by Ar = Ldm ;.
Permanent magnets produce rotor flux Ar in permanent
magnet synchronous generator and the rated value of
generator is picked up from the name plate details and
generator specifications. This model is viable for salient pole
synchronous generator as well as for non salient-pole
synchronous generator. In a non salient generator, the d-q
axis synchronous inductances, Ld and Lq are same .Where
as they are different for a salient-pole generator.
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4. Flow Chart For Induction Generator
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5. Flow Chart For Synchronus Generator
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6. Result
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Table: voltage comparison for different speeds

Speed S.G(volts) 1.G(volts)
1500 2460 1057
1510 2476 1060
1520 2493 1063
1530 2509 1066
1540 2526 1069
1550 2542 1072

The Result in the form of graph

A. Induction Generator:
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B. Synchronous Generator:
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In this paper, an algorithm is developed for the d-g model of
the synchronous generator and induction generator. The [2] Cisneros-Gonzalez, M., Hernandez, C,,

results are compared and tabulated. From the results, it is Escarela-Perez, R., & Arjona, M. A. (2011).
concluded that synchronous generator is providing the better Determination of Equivalent-circuit
voltage profile compared with the induction generator. But Parameters of a Synchronous Generator
induction generator is preferred in wind power generation Based on the Standstill DC Decay Test and a

because of its different speed ranges. Hybrid Optimization Method. Electric Power

Components and Systems, 39(7), 645-659.
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