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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC POWER ENGINEERING -
MODAL COMPONENTS IN THREE-PHASE AC SYSTEMS -
QUANTITIES AND TRANSFORMATIONS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote

9)

Internatignal ~/Standard IEC 62428 has been prepared by IEC technical comm
Quantitiels and’units.

internaffional co-operation on all questions concerning standardization in the electrical and electroni
this engl and in addition to other activities, IEC publishes International Standards, Technical~Sp4
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred t
Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National Committegq
in the [subject dealt with may participate in this preparatory work. International, gavernmenta
governmental organizations liaising with the IEC also participate in this preparation.,[EC collaborg
with the International Organization for Standardization (ISO) in accordance with~conditions det
agreemfent between the two organizations.

The forfnal decisions or agreements of IEC on technical matters express, as nearly as possible, an ir
consengus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international, use and are accepted by IH
Commiftees in that sense. While all reasonable efforts are made_to ‘ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for the/way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC National.Committees undertake to apply IEC H
transpafently to the maximum extent possible in their mational and regional publications. Any
betweep any IEC Publication and the corresponding national or regional publication shall be clearly
the lattg

=

IEC provides no marking procedure to indicatecits approval and cannot be rendered responsil
equipmpnt declared to be in conformity with an IE€ Publication.

All userns should ensure that they have the latest edition of this publication.

No liabllity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees-ahd’IEC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publications.

Attentign is drawn to the Normative references cited in this publication. Use of the referenced puj
indispefpsable for the carrect application of this publication.

Attentign is drawn te, the possibility that some of the elements of this IEC Publication may be th¢g
patent flights. IEC-shall not be held responsible for identifying any or all such patent rights.
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cifications,
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ittee 25:

The text of this standard is based on the following documents:

FDIS Report on voting
25/382/FDIS 25/390/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.


https://iecnorm.com/api/?name=36663fc7db9377a9a2063472acbba1a7

—4— 62428 © IEC:2008

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition; or
*+ amended.
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ELECTRIC POWER ENGINEERING -
MODAL COMPONENTS IN THREE-PHASE AC SYSTEMS -
QUANTITIES AND TRANSFORMATIONS

1 Scope

This International Standard deals with transformations from original quantities into modal
quantities for the widely used three-phase a.c. systems in the field of electric power
engineering

The examination of operating conditions and transient phenomena in three-phase a.c.
systems pecomes more difficult by the resistive, inductive or capacitive coupling betiween the
phase elements and line conductors. Calculation and description of these phengmena in
three-phgse a.c. systems are easier if the quantities of the coupled phase‘elementg and line
conductors are transformed into modal quantities. The calculation beeomes very easy if the
transfornjation leads to decoupled modal systems. The original impedance and admittance
matrices|are transformed to modal impedance and admittance/ matrices. In the| case of
decoupling of the modal quantities, the modal impedance and admittance matriced become
diagonal |matrices.

2 Normative references

The following referenced documents are indispetisable for the application of this dpcument.
For dated references, only the edition cited applies. For undated references, the latept edition
of the referenced document (including any_ amendments) applies.

IEC 60050-141, International Electrotechnical Vocabulary (IEV) — Part 141: Holyphase
systems pnd circuits

3 Terms, definitions, quantities and concepts

3.1 Gdgneral

Quantities in this standard are usually time-dependent. These quantities are for|instance
electric currents,\voltages, linked fluxes, current linkages, electric and magnetic fluxefs.

For quanltities the general letter symbol g in case of real instantaneous values, g ip case of

complex instantaneous values and G in case of phasors (complex r.m.s. values) are used.

NOTE Complex quantities in this standard are underlined. Conjugated complex quantities are indicated by an
additional asterisk (*). Matrices and column vectors are printed in bold face type, italic.

3.2 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 60050-141 and the

following apply.

3.21
original quantities
quantities g or G of a three-phase a.c. system

NOTE Subscripts 1, 2, 3 are generally used in this standard; additional letters may be put, for instance L1, L2, L3
as established in IEC 60909, |IEC 60865 and IEC 61660.
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3.2.2
modal components
quantities gy, gy ©or G\ found by a transformation from the original quantities according to

Clause 3

NOTE Additional subscripts 1, 2, 3 are used.

3.2.3

column vector of quantities

column matrix containing the three original quantities or modal components of a three-phase
a.c. system

NOTE Co[ummn vectors are described by g or gM and—G or G\ Tespectvety:

3.24
modal transformation
matrix efuation T gy = g for a column vector gy containing the three- unknown modal
quantities, where g is a column vector containing the three given original quantities gnd T is a
3x 3 trangformation matrix

NOTE The transformation can be power-variant or power-invariant, see Tables'1"and 2.

3.2.5
inverse modal transformation
solution gy = T™' g of the modal transformation that expfesses a column vector gy cpntaining
the three modal quantities as a matrix product of thé inverse transformation matrix| 7' by a
column vector g containing the three original quantities

3.2.6

transformation into symmetrical components
Fortescye transformation

linear mqdal transformation with constant complex coefficients, the solution of which|converts
the thred original phasors of a thrée-phase a.c. system into the reference phasorg of three
symmetric three-phase a.c. systems — the so-called symmetrical components — | the first
system heing a positive-sequence system, the second system being a negative-$equence
system and the third system:being a zero-sequence system

NOTE 1 The transformation into symmetrical components is used for example for the description of fgsymmetric
steady-state conditions inithree-phase a.c. systems.

NOTE 2 dee Tables 1/and 2.

3.2.7
transformation into space phasor components
linear modal transformation with constant or angle-dependent coefficients, the solution of
which replaces the instantaneous original quantities of a three-phase a.c. system by the
complex space phasor in a rotating or a non-rotating frame of reference, its conjugate
complex value and the real zero-sequence component

NOTE 1 The term “space vector” is also used for “space phasor”.

NOTE 2 The space phasor transformation is used for example for the description of transients in three-phase a.c.
systems and machines.

NOTE 3 See Tables 1 and 2.

3.2.8

transformation into a0 components

Clarke transformation

linear modal transformation with constant real coefficients, the solution of which replaces the
instantaneous original quantities of a three-phase a.c. system by the real part and the
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imaginary part of a complex space phasor in a non-rotating frame of reference and a real
zero-sequence component or replaces the three original phasors of the three-phase a.c.
system by two phasors (o and B phasor) and a zero-sequence phasor

NOTE 1 The power-variant form of the space phasor is given by gS =gq *+ ng and the power-invariant form is
ven b (ga +igp)
givenbyg =-—(gq g8)-
s \/E B
NOTE 2 The afi0 transformation is used for example for the description of asymmetric transients in three-phase
a.c. systems.

NOTE 3 See tables 1 and 2.

3.2.9

transformation into dq0 components
Park transformation

linear mqgdal transformation with coefficients sinusoidally depending on theangle off rotation,
the solufjon of which replaces the instantaneous original quantities of\a three-pTase a.c.
system bly the real part and the imaginary part of a complex space phasor in a rotating frame
of reference and a real zero-sequence component

NOTE 1 The power-variant form of the space phasor is given by g =8&d + qu and the power-invarjant form is
i b —_1 (gda +igq)
given by g &d 8q)-

2 /2 q

NOTE 2 Tlhe dqO0 transformation is normally used for the description of transients in synchronous mach|nes.

NOTE 3 Hee Tables 1 and 2.
4 Modal transformation

4.1 Ggneral

The origipal quantities g4,g5,g3'and the modal components S Evn Ems 2T relatefl to each
other by the following transformation equations:
81 11 12 143 || 8wy
82|21 22 123 &wo (1)
83 131 132 133)( 8\
or in a sherteredform:
g=Tgy, (2)

The coefficients ¢, of the transformation matrix T can all be real or some of them can be

complex. It is necessary that the transformation matrix 7 is non-singular, so that the inverse
relationship of Equation (2) is valid.

g, =T g (3)

If the original quantities are sinusoidal quantities of the same frequency, it is possible to
express them as phasors and to write the transformation Equations (2) and (3) in an analogue
form with constant coefficients:
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Power in modal components
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(5)

(6)

ation relations are used either in the power-variant form as given in Tab

ith three line conductors and a neutral conductor, where u4, cug-and usz are
| voltages and iy, i, and i3 are the currents of the lineg conductors at
bf the network. In a three-phase a.c. system with only thr€e line conductor
bre the voltages between the line conductors and @ ‘virtual star point af

i
I

Lk
2
LK

3

T.x*

p =uqiq +tusip +uzig =(u1 Z5) u3) =uli

e asterisks denote formally the,complex conjugate of the currents i1, ip, i3. If these are rg

tical to i1, i2, i3.

lationship between the original quantities and the modal components
(2) is introduced for the voltages as well as for the currents:

taking info account

e1orin

power-invariant form of transformation, the power calculated with{the thr¢e modal
components is equal to the power calculated from the original quantities of la three-p

hase a.c.
the line-

a given

B, Uq, U

a given

(7)

SR R
al, 11, ip,

given in

(8)

(10)

For the power-variant case where ZTZ* is not equal to the unity matrix an example is given
at the end of this section. In case of

(11)
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with the matrix E being the unity matrix of third order, Equation (10) changes to
inn

N L Lk _ Lk Lk L%

p=upyly = (Elvn U Elvls) M2 | = Uit T UMm2iM2 T UM3IME (12)
Sk
M3

The condition T'T"=E or T™' =T
matrix.

means that the transformation matrix T is a unitary

Because the Equations (7\ and (1?) have identical structure the transformation relationship
with a unjtary matrix is called the power invariant form of transformation.

In connegtion with Table 2, the following examples can be given:
Papo = Uglg +uBiB +ugip
Pdqo = Udig +uqiq +Upip

o %  —92R { *} .
pSS*O SUglg +£s£s tuglg = € Ulg +uglg

_ Lk % . i =2 { *} .
P = Urly Tupi, +ugioE 2Reu i, [+ugig

In case pf three-phase systems of voltages and currents the complex power is|given in
original ghasor quantities as follows:

I
L4
_ * * ® ® | T %
S=U I +U515+Usl5 =(Uy U, Us)|I;|=U"1T (13)
I3
Substitut|ng the modali\components by
Ul =(ruy) =uhT" and I =TI},
the complex apparent power is found as.
s=unt'T' Iy, (14)

In case of power invariance, the condition T'T = E must also be valid. Then Equation (14)
leads to the following power invariant expression:

Ed
. I
S=UnIy =Uwlys *Unz Ly *UnisIys = U Uz Unis)| Iz (15)
[*
Iys

The power-variant forms of transformation matrices are given in the Tables 3 and 5. They are
also known as reference-component-invariant transformations, because, under balanced
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symmetrical conditions, the reference component (the first component) of the modal
components is equal to the reference component of the original quantities or its complex
phasors, respectively. This is not the case for transformations in a rotating frame.

EXAMPLE According to Table 2 for the power-invariant form of the transformation matrix 7 it follows:

2

1 1 1 1 a° a 1 a a
1 2 T 1 2 T+ 1 2
I=—2a" a 1 I =—1|12a a I =4 |12 a
V3 a 2 Bl Bl
showing that I_1 = IT* or ITIK =F _fulfilling the condition for pawer invariance

If the trapsformation matrix T from Table 1 for the power-variant transformationis’ used, then

the following results are found:

1 1 1 1 a a 1 a a
T=|a> a 1| I'=|1 a a| I"=|1 alla
a & 1 11 1 1NY 1

1_1 from| Table 1 is equal to %ZT*, sothat T'T"=3-E.

4.3 Esitablished transformations

The most widely used transformation matrices T and their inverse matrices 1_1 arg given in

the Tables 1 and 2, whereby Table 1 ‘contains the power-variant (reference-component-

form and Table 2 the power-invariant form of transformation matriges. The

invariant
2, 3 and

subscripts for the components are chosen to be equal in both cases of Tables 1 and
4,5 and b.

The Tables 3 to 6 give the relations between the different types of modal componentg.



https://iecnorm.com/api/?name=36663fc7db9377a9a2063472acbba1a7

62428 © IEC:2008 -1 -

Table 1 — Power-variant form of modal components and transformation matrices

Component: Subscript:
First M1 T 1
Modal components - T~
Second M2 a -
Third M3
) positive-sequence (1) 2
symmetrical 1 1 1 1 a a
components negative-sequence (2) 2 1 2
a a1 ~|1 a a
(Fortescue zero-sequence (0) ) 3
components) ) a a 1 11 1
” ” 1 0 1 O3 -2
o0 comgonents, 2 2
non-rotat|ng frame P _1 B 1 g 0 V3 _ 43
zero-sequence 0 2 2 3 2 2
(Clarke cpmponents) 1 3 1 |1a 1
"2 ~2 ] 2 |2 2
direct-axis d
cqg —s1 1 cq1 | ¢o  c3
dq0 comgonents, quadrature-axis c s 1 Z s —s -5
rotating ffame 2 2 3 1 2 3
zero-sequence 0 ca — £ 1 1 1 1
(Park components) 3 3 2 2 2
¢ c
space phasor s 1 1 1 1 2
a a
zgamceoﬁt;:ts;r conjugated complex 1 > 2 2
P ’ space phasor s* 5 a” a 1 3 112" a
non-rotat|ng frame zero-sequence 0 a a 1 7|2 2
space phasor 1§ e’ e i? e d e? g%
space phhsor conjugated complex . 1 2 s o s 2 s s
componehts, space phasor r > ae ae € ae ae
rotating ffame zero-sequence 0 a e’ Qzeﬂﬂ 7 7 7
c o]
@ All theftransformation matrice's T given here fulfil the following conditions:
Lyg i) +139 =0, Byt iop +135 =0, 143 =153 =133.
b The IHC Standards'60909, 60865 and 61660 have introduced the subscripts (1), (2), (0) for the power-variant form of
the symnjetrical components, to avoid confusion, if the subscripts 1, 2, 3 instead of L1, L2, L3 are used.
c _ X _ 5 2m _ 9 21 — sing — sin( 21
c1 =08V, cp =cos(d—-57), c3 =cos(d+5), sq=sind, sy =sin(d-57),

. 2 i
s3=sin(@+), a=e?™, a’=a’, 1+a+a’=0.

In case of synchronous machines ¢ is given by & = I.Q(t)dt , where Qis the instantaneous angle velocity of the

rotor.
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Table 2 — Power-invariant form of modal components and transformation matrices

Component: Subscript:
First M1 T 1
Modal components - T
Second M2 a -
Third M3
) positive-sequence (1) 2
symmetrical 1 1 1 1 a a
components negative-sequence (2) 1 P 1 1 1 Py
— a a —_ a a
(Fortescue zero-sequence (0) \/5 - _2 J§ -
components) ) a a 1 11 1
o o 1 0 1 ; ]
— 1 N .
2 2 2
of0 comgonents, B V2
non-rotatng frame 76r0-s6 2|_1 3 1 2 B _B
quence 372 2 ]2 3 2 2
(Clarke cpmponents) 1 N Y
"2 T2 % V21 V2 V2
direct-axis d .
c — 81 0NG=
quadrature-axis 1 N2 ¢ €2 €3
dq0 comgonents, 2 _ A 2| _ _ -
rotating ffame zero-sequence 3|c2 2 J2 3 151 f2 f?’
(Park components) €3,/ —9S3 ﬁ ﬁ ﬁ E
Cc
c
space phasor s 1 1 1 1 a az
space phpsor . = =
conjugated complex 1 2 1 2
componefts, * ——|a a 1 —1|1 a a
space phasor 5 3| © da \/g d d
non-rotat|ng frame zero-sequence ) a g2 1 1 1 1
h . i i i i
space phasor r er? e jo 2 e o a e i QZe o
conjugated complex 1 . . 1 ) ) )
space phpsor . 2 jo -jo L RPN 2_jo j»
componehts, space phasor r \/g ae ae 2 \/g e a‘e ae
rotating flame zero-sequence 0 ae”? a%e’? 2 1 1 1
c [
a All theftransformation'matrices T given here fulfil the following conditions:
Ly +igp +139 SOL L4y +1pp +135 =0, 143 =1p3 =133
b The IHC Standards 60909, 60865 and 61660 have introduced the subscripts (1), (2), (0) for the power-variant form of
the symnijetrical components, to avoid confusion, if the subscripts 1, 2, 3 instead of L1, L2, L3 are used.

© ¢4 =cos¥, ¢y =cos(19—27"), c3=cos(19+27”), sy =sind, so =sin(19—27"),

53:Sin(z9+27“), a=e2" a’=a", 1+a+a =0.

In case of synchronous machines oJ is given by ¢ = J..Q(t)dt , where @ is the instantaneous angle velocity of the

rotor.

Tables 3 and 4 contain the relations of the a0 components and the dg0 components with the
space phasor components in the power-variant and the power-invariant form.
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Tables 5 and 6 contain the relations between modal components, if the original quantities are
sinusoidal ones of the same frequency and can be written as r.m.s. phasors.

Table 5 — Transformation matrices in the power-variant form for phasor quantities

T T T
(G, G, Gj) . (Q(n G2 Q(o)) . (Qq Gg Qo)
Gy 100 T 11 10 1
/3
G, |= 010 a® a 1 -3 2 1
Gj 00 1 a a1 _1 A3y
— 2 2
Gy 1 a a 10 0 o
G |= %1g2g 010 Sl a0
&) 11 1 00 1 0o p 2
G 1 -3 -3 1 10 10 0
o 2|y 3 _4B
Gg | = 5073‘7 -jj o [010
1 1 1
Go 7 5 3 0 0 1 0 of 1

Table p — Transformation matrices in the power-invariant form for phasor quantities

T T T
(G Gy Gs) ’(Qm) G2 Q(O)) .(Qq Gg Go)
EN
G, 100 NAER 1?&
_ Al 2|1 8 4
Gz 1= 0 10 \/§§§21 3172 2| 2
Gs 001 a a 1 BN I
2 4 2
Gy 11gg2 100 (1o
Gy |= =1 a° a 010 — 11 -jl o
G2 a a
G0 HERE 00 1 2o o |2
1 1
Gq T -3 3 (1o 100
Gg | = 20 B _B Lo o 010
G la 4o 2|0 0 2 00 1
G T
=0 2 2 12
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5 Decoupling in three-phase a.c. systems

5.1 Decoupling in case of steady-state operation with sinusoidal quantities

Figure 1 gives the example of a three-phase a.c. system with inductive coupling between
three line conductors L1, L2, L3 or three phase elements of a three-phase motor or generator
with the neutral point earthed via an impedance Z,.

NOTE Subscripts L1, L2, L3 are introduced for the line-to-neutral voltages at the locations Q or N and for the line
currents (see 3.2).

m D |1 11 R4 X411 N
\./ sl L . _ I
~ o Iis Ry X12 = jX21 iXan s = i
S — L Rl
N
A~ | s Iis Rs jX23 = 1X32§ X33
Y — ] .

ol

Ui2a
Uisa ON

Y

IEC 1237/08

Figure(1 — Circuit, fed by a three‘phase voltage source with U, 4, U 5q, U, 3q at the
conneciion point Q and earthed at the neutral point N via the impedance Z, = R\ + jXy\

From Figure 1 follows:

Uiia Ziw Zie Zis 1, Uy
U, Q |~ Lo Zioe Zios L, | + Uy, (16)
Uisq Zisir Zize Ziss I, Uy

QLQ:ZL!L +Uy (17)

If the original quantities of Equation (17) are substituted by the modal components using
Equation (2), the following equation is found:

TUpg =Z, T In+TUyy (18)
Equation (18) multiplied with 1_1 leads to Equation (19), because T'T=E:

-1
Uwa=T Z, TIy+Uuyy=ZmIy+Unun (19)
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The following modal components are therefore defined:

Modal im

Modal vo

pedance matrix

Zy=1"2

N

Itage vector in Q

1
Uya=T Uq

(20)

(21)

Modal cufrent vector

Modal vo

If Zy is finite, the following equation is obtained from Figure*1:

Then Eqgdiation (23) is changed:-to:

Table 7 ¢

Itage vector in N

-1
Uuw =T Uy

Uy Zy Zn _ZN) (L

QN =|Zy 4\ Zy I,

Uy Zno i Zn) \Lis
Uv=2Z\1,

1
Uuw=T Z\Ily=Zynly

ives the'modal voltages and the modal impedances for the symmetrical cor

(22)

(23)

(24)

(25)

(26)

nponents

and the ¢p0 components in the power-variant (reference-conductor-invariant) and the power-

invariant

form_ih case of phasor quantities under the following conditions:

e Symn

etrical system with:

Uoq=8Uyq, Usq=2aU,q, from which results: U ;o +U ,q+U 39 =0

e Impedance matrix cyclic and symmetric:

ZL1 L1

ZL1 L2

=2y =23 = Za,

=Zioi1 = Zis =Lz = Ziois = Lisie = Zs

e Impedance matrix only cyclic:

ZL1 L1

ZL1 L2

ZL1 L3

=2y =23 = Za,
=23 =21 = Zs,

=Zo1 =232 =2

From Table 7 it can be seen, that decoupling is possible if the impedance matrix Z, has

diagonal cyclic symmetry or, if the symmetrical components are used, also in that case if the
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impedance matrix Z, has only cyclic symmetry. Figure 2 demonstrates this result. A voltage

source does not exist in the zero-sequence system.

Table 7 — Modal voltages and impedances in case of phasor quantities

Power-variant form Power-invariant form
Modal components
(1) (2) (0) apo (1) (2) (0) apo
symmetrical system of
source voltages
UUQW (UM‘]Q) (QL‘IQW (UUQ ) (QUQ) QUQ
Z_1 Uizet=1Uee 0 —iUi4a NE] 0 x/g —1U11q
QLCQJ LQM3QJ L OJ L 0 J LO J 0
=N QM‘]N
Z_1 QN — QMZN 0 0 0 O £M1 O 0 O ( £M1
U U 0|=j00 o0 |1, \/§O=00(1M2
e Un) 0 0 32y )\ Iz Un) 0 0 34y)(Iys
b
Z_1ZLZ =Z)\ with Independent of the given modal components
4n Zp Zp Zwvi 0 0 AN 0 0
Z =48 Za ZB Zy=| 0 Zyl~0 |= 0 VAN 0
4 Zg Za 0 0 Zys 0 0 Zp+PZp
c
only for symmetrical components (1) (2) (0)
1721 = 2} witn Zw 0 0
Zy= 0 Zo 0
An Zp Zc 0 0 Zy
Z, =7 Z Z
=Loe oA B Z,+a’Zs+aZ; 0 0
4s Zc Za 2
3 = 0 ZhtaZg+a'Z; 0
0 0 Zpat+ZgtZe
: QLzazészmv Usq=2aUlq, UigtUirq+Ue=0
b U, .. =L —II —L caa Eicura d
YIIN T SR SN 2N oeeTigure—-

C

A:L1L1 =L2L2 = L3L3, B:L1L2 =L2L3 = L3L1
A:L1L1 =L2L2 = L3L3, B:L1L2=L2L3 = L3L1,

C:L1L3 =L2L1 =L3L2
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/7 Q I ZFMJ N
N - —
U
“M1Q UmiN
OM1
Z
9 I a2
N - —
Uwza Uman
0OM2
Q Iv3 M3 N
- [~}
Umsza
OM3 UmaN
Iq
Figure 2/ — Three decoupled systems which replace the-coupled three-phase a.c
of Figure 1 under the described conditions (see text)
Decouplipg is also possible if an admittance matrix,for instance for the line-to-ling
line-to-egrth capacitances, is given instead of the.impedance matrix.
5.2 Decoupling under transient conditions
For the doupled three-phase a.c. systemyin Figure 1 the following differential equatid
found:

U 1q R 0 .0 I 4 Ly L Lo I 4 U N
Usq 0 RO L, |t a Loy Lo Lo, Lo ||| ULon
U 3q 0n.0 R h3 Layy Lan L ha U 3N

. d .
uq =R i +E(LL i)+ upy

| ZmgN = 32N

C 1238/08

system

and the

n can be

(27)

(28)

If the original quantities of Equation (28) are substituted by the modal components using

Equation

(2), the following equation is obtained:

. d )
Tuyg =R Tiy +E(LL IEM)+Z£MN

(29)

Equation (29) multiplied from the left hand side with 1_1 leads to Equation (30), because

T'T=E

-1 , d, 1 , -1 d - .
uyg =T RLZ!m"’E(Z L Tiy)+(T ET)T L Tiy+uyy

(30)
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Introducing the modal resistance matrix:

TR T =Ry
and the modal inductance matrix:

T7'L T=1Ly,

Equation

(30) leads to:

i = Ry g+ gy i)+ (TS 1) Ly iy + gy

62428 © IEC:2008

(31)

(33)

The additional matrix term of Equation (33) in comparison to Equation (28) for th¢ original

quantitie

af0c

dq0 q

spacq

If the ne

series, the voltage vector then can be expressed by:

5 can be found in connection to Table 2 as follows:
pmponents and space-phasor transformation in a non-rotating frame:
r"9r-o0
@t
uantities:
g q 0 -4
_—1—1=d—” 140" 0
t t
00 0
phasor transformation in a rotating-(angle-dependent) frame:
d do ] 00
i L
0 0 O
htral point in Figure 1-is earthed through a resistance Ry and an inductan

Uy RN RN RN Ii4 d LN LN LN I
usn | =Ry Ry Ry | + E Ly Ly Ly P
Uy Ry Ry Ry is Ly Ly L I3

(34)

(3%5)

(36)

ce Ly in

(37)

. d .
u N =RyiL +E(LL i)

(38)

If the original quantities of Equation (38) are substituted by the modal components using

Equation

(2), the following equation is obtained:

Tuyy=RyTiy +%(LN TiM)

(39)

Equation (39) multiplied from the left side with 1_1 leads to Equation (40), because T 'T=E:

"4y iy,

-1 . d, 4 .
u =T RyTiy+—(T LyTiy)+(T
ZMN — L NLIpm dr (_ N__M) (_ dr—'—

(40)
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Introducing the modal resistance matrix:

and the modal inductance matrix

Equation

(40) leads to:

(41)

(42)

. d . 1 d .
uyn = Ry in +E(£MN ig)+(T EZ)LMN iy

(43)

The additional matrix term of Equation (43) in comparison to Equation (38) for th¢ original

quantities

In the sp
uyn — 4
Equation

Table 8
dq0 com

b can be found in connection to Table 2 as follows:

ugN =0, ugn =0, ugy=0, uy =0,

upn =0, ugy =0, ugy=0, dg =0,
. d . .
UON = 3RN ) +3LN alo with RMN = 3RN and LMN = 3LN

. . . d .
ecial case of steady-state operatign-where uyq = Uygq. iy = Iy, 4iu
MN and if T is time invariant, Equation (30) leads to Equation
(43) leads to Equation (26).

jives the expressions\.for modal voltages and inductances for o0 con
bonents, and space phasor components under transient conditions.

— joly,
19) and

ponents,
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Grandeurs et unités.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
25/382/FDIS 25/390/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouti a |

'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
maintenance indiquée sur le site web de la CEl sous «http://webstore.iec.ch» dans les
données relatives a la publication recherchée. A cette date, la publication sera

* reconduite;

s supprimeée;

* remplacée par une édition révisée; ou
*+ amendée.
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ENERGIE ELECTRIQUE -

COMPOSANTES MODALES DANS LES SYSTEMES AC TRIPHASES -

GRANDEURS ET TRANSFORMATIONS

1 Domaine d’application

La présente norme traite des transformations des grandeurs originales en grandeurs modales
pour les systémes a.c. triphasés qui sont largement utilisés dans le domaine de I’énergie

électriqu

L’étude d
triphasés
éléments

phénoménes dans les systémes a.c. triphasés est plus facile si les grandelrs conce

éléments
calcul de
matrices

d’'impédances et d’admittances modales. Dans le cas ou Yes grandeurs modg

es conditions de fonctionnement et des régimes transitoires dans les(systé
est rendue difficile du fait des couplages résistifs, inductifs ou capaeitifs
de phase et entre les conducteurs de ligne. Le calcul et ladescriptio

de phase et les conducteurs de ligne sont transformées en(grandeurs mo
vient trés facile si la transformation conduit a des systémeés;modaux décou
d’'impédances et d’admittances originales sont .fransformées en

mes a.c.
entre les
n de ces
rnant les
Hales. Le
plés. Les
matrices
les sont

présent
férences

temes et

découplées, les matrices d’'impédances et d’admittances deviennent diagonales.

2 Réfdrences normatives

Les docliments de référence suivants sont indispensables pour I'application dd
documenit. Pour les références datées, seule I'€dition citée s'applique. Pour les rg
non datégs, la derniére édition du document;de référence s'applique (y compris les éventuels
amendements).

CEI 60050-141, Vocabulaire Electrotechnique International (VEI) — Partie 141: Syg
circuits pplyphasés

3 Termes, définitions; grandeurs et concepts

3.1 Généralités

Dans la grésente norme, les grandeurs dépendent usuellement du temps. Ces grand

par exenm
(ou solén

ple des“courants électriques, des tensions, des flux totalisés, des courants
ations), des flux électriques et magnétiques.

burs sont
totalisés

On utilise le symbole littéral général g pour les valeurs instantanées réelles, g pour les

valeurs instantanées complexes et G pour les phaseurs (valeurs efficaces complexes).

NOTE Dans cette norme, les grandeurs complexes sont soulignées. Les grandeurs complexes conjuguées sont
indiquées par un astérisque (*). Les matrices et les vecteurs colonnes sont imprimés en caractéres gras italiques.

3.2 Te

rmes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans la CEIl 60050-
141, ainsi que les suivants s’appliquent.
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3.21
grandeurs originales
grandeurs g ou G d’un systéme a.c. triphasé

NOTE Les indices 1, 2, 3 sont utilisés dans la présente norme; des lettres supplémentaires peuvent étre ajoutées,

par exemple L1, L2, L3 comme dans les CElI 60909, CEIl 60865 et CEl 61660.

3.2.2
composantes modales
grandeurs gy, g, ou G\ resultant de la transformation des grandeurs original

es selon

I’Article 3

NOTE Dep indices supplémentaires 1, 2, 3 sont utilisés.

3.2.3
vecteur ¢olonne de grandeurs

matrice g¢olonne contenant les trois grandeurs originales ou les treis“¢composantes
d’un systeme a.c. triphasé

NOTE Leg vecteurs colonnes sont désignés par g ou gM , respectivement-par Q ou QM'

3.24
transformation modale

eéquation| matricielle T gy = g pour un vecteur colonne g, contenant les trois ¢
modales |inconnues, ou g est un vecteur colonne contenant les trois grandeurs
données et T est une matrice de transformation 3x 3

NOTE Laftransformation peut conserver ou non la“puissance, voir Tableaux 1 et 2.

3.2.5
transformation modale inverse

solution gy = T™' g de la transformation modale qui exprime un vecteur colonne gy g
les trois guantités modales comme le produit matriciel de la matrice de transformatio
T par uh vecteur colonne g contenant les trois grandeurs originales

3.2.6
transformation encomposantes symétriques
transformation.de’ Fortescue

modales

randeurs
riginales

ontenant
h inverse

transformation modale linéaire a coefficients complexes constants, dont la solution

les trois phaseurs originaux d’un systéme a.c. triphasé en les phaseurs de référence

systémes-a=6 phases—symetdgues apperes-composantes—symetHgydes —e—P

ces systémes étant direct, le deuxiéme inverse et le troisieme homopolaire

convertit
de trois
mier des

NOTE 1 La transformation en composantes symétriques est utilisée par exemple pour décrire des systémes a.c.

triphasés en régime permanent non symétrique.

NOTE 2 Voir Tableaux 1 et 2.

3.2.7
transformation en composantes de phaseurs spatiaux
transformation modale linéaire a coefficients constants ou dépendant d’'un angle

, dont la

solution convertit les grandeurs originales instantanées d’un systéme a.c. triphasé en un

phaseur spatial complexe dans un repére de référence tournant ou immobile, son
complexe et une composante homopolaire réelle

NOTE 1 Le terme « vecteur spatial » est également utilisé a la place de « phaseur spatial ».

conjugué
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NOTE 2 La transformation en phaseur spatial est utilisée par exemple pour décrire des régimes transitoires dans
des systémes ou des machines a.c. triphasées.

NOTE 3 Voir Tableaux 1 et 2.

3.2.8

transformation en composantes o0

transformation de Clarke

transformation modale linéaire a coefficients réels constants, dont la solution remplace les
grandeurs instantanées originales d'un systéme a.c. triphasé par les parties réelle et
imaginaire d’'un phaseur spatial complexe dans un repére de référence immobile et une
composante homopolaire réelle, ou qui remplace les trois phaseurs originaux d’un systéme
a.c. triphasé par deux phaseurs (phaseurs o et B) et un phaseur homopolaire

NOTE 1 Ua forme du phaseur spatial qui ne conserve pas la puissance est donnée par gs = g4

jgp etla
2

V2

(8a +igp)-

forme conskrvant la puissance par gS =

NOTE 2 Ua transformation o0 est utilisée par exemple pour décrire des régimes transitoires asymétiiques dans
des systénjes a.c. triphasés.

NOTE 3 Moir Tableaux 1 et 2.

3.2.9

transformation en composantes dq0

transformation de Park

transfornjation modale linéaire dont les coefficientsidépendent des fonctions sinjyisoidales
d’un ang|e de rotation, dont la solution remplace les“grandeurs instantanées origin‘Eles d’un
systéme ja.c. triphasé par les parties réelle et imaginaire d’un phaseur spatial complexe dans

un repérg de référence tournant et une composante homopolaire réelle

NOTE 1 |a forme du phaseur spatial qui ne conserve pas la puissance est donnée par gr =24 —-qu et la
. . 1 .
forme qui donserve la puissance par g = ==(gq +ng).
Sr \/E

NOTE 2 Ua transformation dq0 est utilisée par exemple pour décrire des régimes transitoires dans lep machines
synchroneq.
NOTE 3 Moir Tableaux 1 et 2.
4 Transformations modales
4.1 Généralités
Les grandeurs originales gq,g2,83 €t 1es composanies modales g Emz’ Ema sont liees par
les formules de transformation suivantes:

81 49 12 113 || &

82 |=|121 22 123 &wo (1)

83 131 32 133)(&us
ou en abrégé:

g=Tg, (2)
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Les coefficients ¢, de la matrice de transformation T peuvent étre tous réels ou certains

d’entre eux peuvent étre complexes. La matrice de transformation T doit étre réguliére, pour
que la transformation inverse de I’'Equation (2) soit valable.

g, =T g (3)

Si les grandeurs originales sont des grandeurs sinusoidales et de méme fréquence, il est
possible de les représenter par des phaseurs et d’écrire, de maniére analogue, les formules
de transformation (2) et (3) avec des coefficients constants:

(G1) (t11_t1z 113 )[Gwi )

ngj = le 122 EszLQWJ (4)
Gj t31 t3 133 )\Gwus
G=TGy (5)
Gy=T"G (6)

4.2 Pdissance en composantes modales

Les formlles de transformation sont utilisées soit sous forme ne conservant pas la guissance
comme dans le Tableau 1 ou sous forme la conservant:\comme dans le Tableau 2.

Dans la forme de la transformation conservant la_puissance, la puissance calculé¢ a partir
des trois| composantes modales est égale a la~puissance calculée a partir des drandeurs

3

originale$ dans un systéme a.c. triphasé avec ‘trois conducteurs de ligne et un cgnducteur
neutre, ou uq, up et uz sont les tensions.étoilées, et