International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 5034-5036
© Research India Publications. http://www.ripublication.com

Negative Sequence Impedance of a Synchronous Machine under
Complicated Fault Conditions

Prof. Hani Obeid

PhD EE, P.Eng.,SMIEEE
Applied Sciences University, P.O.Box 950674
Amman 11195- Jordan

Abstract

The paper presents a method of obtaining a formula for the
calculation of negative-sequence impedance of synchronous
machine when complicated faults occurred in external
network.

The mathematical manipulations in this paper is based upon
the mathematical model of synchronous machines under
complicated fault conditions.

Numerical values are obtained for representative machines by
applying this formula and by using the traditional method of
calculating negative-sequence reactance.
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Introduction

When the method of symmetrical components is used to
calculate the short circuit current, the synchronous machine is
represented in negative- sequence network by its negative —
sequence impedance, which is the ratio of the negative-
sequence fundamental frequency voltage to the currents [1],
and is equal to:

Z, =1+ jX;
Where:

ryindicates the power associated with the negative sequence
current.

X,is the negative sequence reactance, and if we ignore the
third harmonic [2], it may be calculated from sub-transient
reactances as follows:

_ XytXg

1)
Or
X, = 1.22X, (1-1)

The model of a synchronous machine presented in [3] will be
used to obtain an equation for the calculation of negative
sequence impedance of the machine.

Let us obtain equations of rotor and amortissur windings when
negative sequence voltage V,is applied to stator circuit.

The differential equation of amortteuser winding in g-axis is:
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dy
d:q = Ws.Prq-Era 2)
This equation may be expressed in the following
k=00 ik .
form:d(Rezk:" brake) Re Ykze gy Lrak 4

dt dat
Re Zﬁzg}]kws . quk' e]ky = Re. [ws- prq Zﬁzgo Erdk- e]ky]
@)
Now, assume k=2 and equate members with the same
exponent e’/2 in the two sides of above equation, we obtain:

AYrq2

dt = wsprqErdZ - ijs-l/)rqz (4)
Neglect emftransformation% , yields:

p o= jlra
lprqz =] 2xrq . Erdz (5)

Substitute Eq. (5) into Eq. (19) Part | and convert to qd
coordinate system, yields:

2

Erd = X_:-jz - Erdz

. rrq
T 2X,q
Finally:
2
T, o 12
(FH+i%rq)

Similarly, for d axis, neglecting high order harmonics, and
convert to qd coordinate system, we obtain the following two
equations:

~jEraz = (6)

ho— -Xczml' E Xad f» 7
l/)rz_lx_r- 2+ q2 +X_r. rq2 ()
. X2 . X . .

Yraz =]XLTZ-12 +X;:Z'qu + Erqz (8)

Now, differential equations in d-axis, considering that
negative sequence emfe,.,is equal to zero, will be:

drs
dat

©)

(10)

= —ws. pr-Egz
d’l"rdz
dat

Expressing differentiation in seires according to Eq. (20) Part
I, and equate members with the same exponent j2y in both
sides of equation, and considering Egs. 9 and 10, we obtain:

iy,
dt

= —Ws. Pra- Erqz

= —Ws. pr-Eqy — j20s. lprz
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dd)rdz = —w
dt - s- Prd-

Neglecting transformation emf, finally obtain:

Equ - jzwslpbrdz

jzws-lj}rz = _a)s-pr-EqZ
jzws-l[)rdz = _ws-prd'Equ

Substitute Egs. 7 and 8 in the abovementioned equations
yields:

20 (;X—5d1 v E, 4+ e g )z—w Ly
S Xr 2 q2 Xr rq2 S Xr q2
ng . Xad . . Yrda -
j2 j— .1, + —E_,+.E = —w;.—.E
JRACH (] er 2 er q2 rq2 Wg er rq2
After some manipulations, we obtain:
qu (7"2_r +jXr) +and- Erqz = ng- i2 (11)
JXaa Eqz + (Z2 4 jXya) L+ Xy = X241, (12)
From Eq. (11) we find;
E — ng _ and E
T Tex " Ty,

Substitute £, in Eq. (12), yields:
JjX3a
T4 )X,

Xaa
T+ jX,

. Trd i . .
2 -Equ + (T? +]er) 'Erqz = Xc%d-lz

Therefore, we can obtain the value of:
Eo = Xaa(F+i%r)-iXaa
raz (TTTd+jxrd).(rz—r+jXr)+X§d
From Eq. 912) we find:
Xaa

Tz—*+jX,'

(13)

and
27T, . :
er + ]er

Equ -

q2

Substitute the value of E,,, from the last equation into Eg.
(11), we obtain:

2 (Trd, : 3
Xad.(T+]XTd)—]Xad

Ces) (5 ) o2
Now substitute Egs. (6), (130, and ((14) into eqg. (30), we
obtain;

qu = (14)

2

i, _jxad (TT"‘ +ij) + Xoa. (% +J'Xr) _axe,
? [(r? +jXr) ' (er +J'er) + X2,
XZ

. aq . , .
_1T7.12:](V2 +T.12)
(5+%) “

=12

Taking into consideration the following relationships:
Xra = Xsra + Xaa
Xr = X + Xgq
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And after some manipulations we can obtain an equation for
the calculation of negative sequence complex impedance of a
synchronous machine with amortisseur windings:

Zy =7, +jXs +

X aa(E+iXsr ) (ot X gra)
2{(txsr ) (L4 jXgra )+ X aa| (L Xer )+ (24X ora) |}
J'Xaq-(rrTq"'szrq)

2(h+ixrq)

(15)

Fig. 1 shows equivalent diagram of a synchronous machine
with amortisseur windings in qd coordinate system.

rrd

iX

srd

(a)
. ! .
fa IXs % XKsrg
Xaq
o °
(b)

Figure 1. Equivalent circuits of a synchronous machine with
amorttiseur winding in dq coordinate system to determine
negative sequence-impedance.

In the abovementioned formula we ignore the skin effect in
the conductors of rotor circuits. This effect will change the
values of resistances due to the flowing of negative sequence
current.

Table 1 shows results of negative sequence impedance
Z,calculated by formula (15) and negative sequence reactance
X, for some types of machines.
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Table 1. Negative sequence complex impedance

Machine type Z,(p.u) . = XatXq | X, = 1.22X,
, =44
rz XZ (p.u)z (pu)

Turbogenerator | 0.260 | 0.212 0.191 0.232
200 MW

Turbogenerator | 0.252 | 0.164 0.176 0.211
300 MW

Turbogenerator | 0.282 | 0.258 0.248 0.272
600 MW

Hydrogenerator | 0.0074 | 0.276 0.331 -
64 MW

CONCLUSION

The paper demonstrates a new approach for obtaining a
formula to calculate the negative sequence impedance of
synchronous machine under complicated fault conditions. The
results are more accurate than the previous values used till
now in the calculations.
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