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Vorwort

Dieser Norm-Entwurf wurde vom Arbeitsausschuss NATG-A.144 "Komponenten in Drehstromsystemen”
auf der Grundlage der DIN 13321:1980-09 erarbeitet mit dem Ziel, ihn als Vorschiag fur eine Internationale
Norm beim IEC/TC 25 einzureichen. Er wird in englischer Sprache veréffentlicht, weil die zu informierende
Fachoffentlichkeit Uber ausreichende englische Sprachkenntnisse verfugt, dieses Projekt nicht im
Zusammenhang mit Rechts- und Verwaltungsvorschriften steht und keine Sicherheitsfestlegungen enthait.
Es ist beabsichtigt, dass DIN 13321:1980-09, wenn dieses Projekt beim IEC/TC 25 angenommen wird,
durch die daraus entstehende IEC-Norm — als DIN-IEC-Norm ibernommen — abgelést wird.

Anderungen

Gegeniiber DIN 13321:1980-09 wurden folgende Anderungen vorgenommen:

Inhalt volistandig Gberarbeitet.

1 Scope

This standard deals with transformations from original quantities into modal guantities for the widely used
three-phase AC systems in the field of electric power engineering.

The examination of operating conditions and transient phenomena in three-phase AC systems becomes
more difficult by the resistive, inductive or capacitive coupling between the strangs and line conductors.
Calculation and description of these phenomena in three-phase AC systems are easier if the quantities of

the coupled strangs and line conductors are transformed into modal quantities. The calculation becomes
very easy if the transformation leads to decoupled modal systems.

2 Quantities and concepts

2.1 General

Quantities in this standard are usually time-dependent. These quantities are for instance electric currents,
voltages, electric and magnetic fluxes or the electric power.

For quantities the general letter symbol g in case of real instantaneous values, g in 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.

2.2 original quantities
quantities g or G of a three-phase AC system
NOTE Subsripts 1, 2, 3 in general, and additional subscripts if necessary

2.3 modal components

quantities g, g or G found by a transformation from the original quantities according to clause 3.

NOTE Subsripts M1, M2, M3

Documents
Copyright by the DIN Deutsches Institut Fur Normung E V

Tue Feb 15 23:19:29 2011
Full document details: E DIN 13321:2002-05


http://www.avadocuments.com/doc/e-din-13321-2002-05
http://www.avadocuments.com/doc/e-din-13321-2002-05

— Entwurf — E DIN 13321:2002-05

2.4 column vector of quantities
vector containing the three original quantities or modal components of a three-phase AC system.

NOTE Column vectors are described by g or and G or G, respectively.

2.5 transformation relationships

relationships between original quantities and modal components given by a 3x 3 transformation matrix 7

or between modal components and original quantities given by its inverse [‘1.

NOTE The transformation can be unnormatized (reference-component invariant) or normalized (power invariant),
see tables 1 and 2.

2.6 transformation into symmetrical components; Fortescue transformation

linear transformation with constant complex coefficients, which converts the three original phasors of a
three-phase AC system into the reference phasors of three symmetric three-phase AC systems — the so
called symmetrical components — , the first system beeing a positive-sequence system, the second system
beeing a negative-sequence system and the third system beeing a zero-sequence system.

NOTE1 The transformation into symmetrical components is used for example for the description of asymmetric
steady-state conditions in three-phase AC systems.

NOTE 2  See tables 1 and 2.

2.7 transformation into space phasor components

linear transformation with constant or angie-dependent coefficients, which replaces the instantaneous
quantities of a three-phase AC system by the complex space phasor in a rotating or a non-rotating frame of
reference, its conjugated complex value and the real zero-sequence component

NOTE 1 The real zero-sequence component represents three quantities having equal instantaneous values.

NOTE2 The space phasor transformation is used for example for the description of transients in three-phase AC
systems and machines.

NOTE 3 Seetables 1and 2.

2.8 transformation into aff0 components; Clarke transformation

linear transformation with constant real coefficients, which replaces the instantaneous quantities of a three-
phase AC system by the real part and the imaginary part of a complex space phasor in a non-rotating frame
of reference and a real zero-sequence component or replaces the three phasors of the three-phase AC
system by two phasors (o and 8 phasor) and a zero-sequence phasor

NOTE 1 The unnormalized form of the space phasor is given by g = &a + ] gg and the normalized form is given

1 .
by g =—E(gu +jgp).

S

NOTE 2 The real zero-sequence component represents three quantities having equal instantaneous values.

NOTE3  The af0 transformation is used for example for the description of asymmetric transients in three-phase AC
systems.

NOTE 4  Seetables 1 and 2.

3
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2.9 transformation into dq0 components; Park transformation
linear transformation with coefficients sinusoidally depending on the angle of rotation, which replaces the

instantaneous quantities of a three-phase AC system by the real part and the imaginary part of a complex
space phasor in a rotating frame of reference and a real zero-sequence component.

NOTE1  The unnormalized form of the space phasor is given by g =84+ i gq and the normalized form is given

1 .
by g, =E(gd +i8q)-

NOTE 2 The real zero-sequence component represents three quantities having equal instantaneous values.
NOTE 3  The dq0 transformation is used for the description of transients in synchronous machines.

NOTE4  Seetables 1 and 2.

3 Modal transformations

3.1 General

The original quantities gy, g»,g3 and the modal components are related to each other by

Emr Emz’ Ema
the following transformation equations:

81 I L2 43| 8w
&2 |=121 f22 23| 82 (13)
g3 31 f32 133 )\ &\n

or in a shortened form:

g=Tg, ' (1b)

The coefficients ¢,, of the transformation matrix T can all be real or some may be complex. It is necessary
that the transformatiom matrix T is non-singular, so that the inverse relationship of equation (1) is valid.

g,=T "2 @)

If the original quantities are sinusodial quantities of the same frequency, it is possible to express them as
phasors and to write the transformation equations (1) and (2) in an analogue form with constant
coefficients:

Gy t14 t12 143 | Gwm
Gp |=|t21 f22 I23|Cm2 (3a)
Gs 131 t32 133 \Gwms

G=TGy (36)

3.2 Power in modal components

Transformation relations are used either in the unnormalized (reference-component invariant) form as given
in table 1 or in the normalized (power-invariant) form as given in table 2.

4
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For the normalized form of transformation, the power calculated with the three modal components is equal
to the power calculated from the original quantities of a three-phase AC system with three line conductors
and a neutral conductor where u;, u, and u3 are the line-to-neutral voltages and iy, i, and i3 are the

currents of the line conductors at a given location of the network. In a three-phase AC system with only
three line conductors, uy, uy and u; are the voltages between the line conductors and a virtual starpoint

at a given location of the network.

The instantanecus value of the power p expressed in terms of the original quantities is defined by:

x
I

P =uqiy +uaiy +uziz = (u1 Uy u3) i |= uli* (5)
;
NOTE The quantities iy, 5, i3 are identical to iy, ip, i3. The asterisks are introduced to denote formally that

the conjugate complex of the currents iy, i5, i3 have to be used when introducing complex modal components.

If the relationship between the original quantities and the modal components given in equation (1) is
introduced for the voltages as well as for the currents:

w=Tuy and i =Tiy (6)
taking into account

ul =(Tuy) =uyT’, (7)
the power p expressed in terms of modal components is found as:

*

p=ugIL T iy. (8)
For the unnormalized case where ZT T" is not equal to the unity matrix an example is given at the end of
this section. In case of

T

T'1" =1 (9)

with the matrix 1 being the unity matrix of third order, equation (8) changes to
x3
T Imt
¥ ¥ ok % L%
p =gy = (ﬂl\m Umz EM3) Imz [=%wnimmn T ¥m2im2 T EMm3ima - (10)
ing

*

The condition ZTZ* =1or 1‘1 = ZT means that the transformation matrix T is a unitary matrix.

Because the equations (5) and (10) have identical structure, the transformation relationship with a unitary
matrix is called the power invariant form of transformation.

In connection with table 2 the following examples can be given:
Papo = Ugig + uBiB +ugig

Pdqo = Uqig +uqiq + uoio

5
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P =Es£'; +£;is +u0i0 =2Re{£si;}+ ugig
=u, i +uri +ugi —2Re{u i*}+u i
Purg S¥ly 78 00 = Zrir 0‘0

In case of sinusodial quantities the complex apparent power of a three-phase AC system is given in original
phasor quantities as follows:

I
S=U4lj+Upaly +Usly =(Uy Uy Us) 1; =u'r (11)
| I3
Substituting the modal components by
u'=([uy)" =unI and I' = 1" Iy
the complex apparent power is found as:
S=UNI'T" Iy (12)

In case of power invariance, the condition Z‘_TZ* =1 must also be valid. Then equation (12) leads to the
power invariant expression:

*
; I
* * * * *
S=UmInm=Umimt +Umpimz +Umzlns = Umi Umz Uwms)| Ine (13)

*
Ins

The unnormalized forms of transformation matrices are given in the tables 3 and 5. They are also known as
reference-component-invariant transformations, because, under balanced 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 valid for transformations in a
rotating frame.

EXAMPLE According to table2 for the normalized form of the transformation matrix it follows:
(11 . 4 4 ST e a?

Z=T @ a 1, IT=T1 a 4%, .T_T*=—\/=1 a® al,
3, 2 1 311 1 1 31 1 1

showing  that [__1 = ZT* or [T T" =1, fulfiling the condition fiur power invariance.

If the transformation matrix T from table 1 for the unnormalized transformation is used, then the following results are
found:

11 1 1 4% a
T=|a® a 1], =1 o« 4,
a a1 | 11 1

T~ from table 1 is equal to %IT'.so that T' T* =3-1.
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