Acta Mechanica Malaysia (AMM) 1(2) (2018) 19-21

ZIBELINE IN
P U B L I S H | N &

ISSN: 2616-4302 (Online)
CODEN : AMMCFL

Journal Homepage : https://actamechanicamalaysia.com/

y ©

Acta Mechanica Malaysia (AMM) o

e Meshris | AMM

DOI : http://doi.org/10.26480/amm.02.2018.19.21

@ CrossMark

ANALYSIS OF DIFFERENT MODELS OF MOA SURGE ARRESTER FOR THE

TRANSFORMER PROTECTION

Ahmed Abugalia, Mohamed Shaglouf

Sirte University Libya

*Corresponding Author email: abugalia55@yahoo.com, shaglouf@su.edu.ly

This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited

ARTICLE DETAILS ABSTRACT

ArticleHistory:

A summary of different mathematical models of MoA surge arrester from the previous literature, are presented in

this paper. Application of the surge arrester as protective is analysis through a numerical example considering the
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protected substation including transformer. The static model as well as dynamic one is analyzed and compared from
the point of view of protected distance.

1. INTRODUCTION

Circuit breakers, which can operate within 50 ms, are too slow to protect
against lightning or switching surges. Lightning surges can rise to peak
levels within a few microseconds, and switching surges within few
hundred microseconds, fast enough to destroy insulation before a circuit
breaker could open. Protective devices such as surge arresters are
employed, and these can be used to protect equipment insulation against
transient overvoltages. These devices limit voltage to a safe level and
absorb the energy from lightning and switching overvoltage.

Since years metal oxide surge arresters are well accepted for effective
protection against overvoltage in air insulated substation (AIS) and (GIS).
The advantage of MO- arresters are of the greatest importance for the
reliability of SF6-gas insulated substations (GIS) and gas-insulated cable
as well.

Metal-Oxide surge arresters generally have such characteristics that
their residual voltage rises for current impulse having steeper front
than standard impulse current (8/20us). Rising rate of residual
voltage depends on the time to crest, peak value of the current and
kinds of models. The laboratory tests prove that the Metal-Oxide surge
arresters have very strong dynamic V-I characteristics for lightning and
other fast-front surges. These characteristics become important in
considering the insulation coordination and arrester location, [1]. For
example, for G. switchgear the insulation coordination must be
designed more rationally, taking into account of the protection
performance of surge arresters.

2. MATHEMATICAL MODELS OF MOA SURGE ARRESTERS

Since 1975 when the first practical application of Metal-Oxide surge
arrester to real power system took place, a number of studies and
publications describes many methods of MoA modeling. Summary of
some models proposed and investigated in several previous
literatures is discussed in the following paragraphs.

2.1 Nonlinear Resistors model (static model)

The nonlinear resistor is a such device which has the property that their
resistance diminishes sharply as the voltage across them increases. This

characteristic is usually expressed as: | =KU*“ ,where o is the degree
of nonlinearity between the current and voltage and is dependent on the
MoA material [2]. The constant K is likewise dependent on the material,
but in addition it is controlled by geometry of the element, it is

proportional to the cross-sectional area of element and inversely
proportional to its length.

These kinds of models are applied in circuits at all voltages levels, for
example in large chunks, under oil, across the windings of power
transformer. They are connected across the apparatus to be protected and
so they withstand the system voltage under nominal operation conditions.
Onincidence of a surge of voltage, the resistance falls rapidly as the voltage
arises, thereby diverting much of the current and energy of the surge into
the suppresser.

2.2 Dynamic model

This static characteristic can be changed to dynamic characteristic as
adding a series inductance L. The equivalent circuit is sown in fig. (1). The
value of non-linear inductance may estimate once the arrester current is
known from trail run [3].
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Figure 1: a) Equivalent circuit for dynamic model b) u-i characteristic

The u-i characteristic of this model for a surge current has a looping
tendency as shown in fig.(1-b), this loop is due to a time lag in response of
MOA element, the size of loop depends on the magnitude and wave shape
of current. This characteristic suggests that there is equivalently a non-
linear inductance the series with non-linear resistance. Considering static
v-i characteristic as in figure 1, a suitable non-linear voltage current
relation U(I) may be expressed in dynamic characteristic. So, using this
non-linear resistance, the equivalent circuit presented in figure (1-a)
should characterize transient response of MOA element if the value of non-
linear inductance L is good chosen.
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The problem lies in that the fixed value of L is not valid for all operation
conditions, and this fact should be taken in the analyzing of v-i curve U(I).

2.3 IEEE Recommended Model

The model for fast front currents surges with time to crest in the range of
0.5 to 10 ps is developed by Durbak, and simulated in EMTP as shown in
figure 2 [4]. The main idea is to divide a single non-linear resistance into
m parallel non-linear resistance, separated by low pass filters, in practical
case two parallel non-linearity are sufficient. The R;-L; circuit is the low
pass filter which separates two non-linear resistance defined by io(u,),
iz(uz). The inductance Lo represent the small but finite inductance
associated with magnetic fields in the immediate vicinity of the surge
arrester [5].

L, L
f'Y'Y'\J YA
R, c - 4, R; A4,

Figure 2: Recommended model of [IEEE W. G.

Ro is used only to damp numerical oscillation and C is the stray
capacitance of surge arrester. In the case of slow-front surges, the filter R;-
L1 has very little impedance and the Ao and A; section of the model are
essentially in parallel. For fast-front surges the impedance of the R;-L;
filter becomes more significant, the result is that the arrester model active
at high voltage. As general this model has many applications problems, one
of them how to choose specific values of their parameters.

3. NUMERICAL EXAMPLE

The following example is focused on application of MoA surge arrester as
a protective device. A simple model, which contains one non-linear
element with static characteristic, and high dynamic model, which
contains two or more non-linear elements [IEEE recommended model],
are chosen. Further analysis of surge arrester efficiency as the protective
device for transformer in a substation is presented.

Figure 3 represents the layout of protected substation containing
transformer which is protected by surge arrester connected in parallel
with it. The substation is represented by input capacity Cs and the
transformer is represented by input capacity Cr. These, approximations
are allowable taking into account that the main aim of this analysis is the
comparison of two models of arrester.
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Figure 3: Layout of network of numerical example

The equivalent electric circuit of this layout is presented in figure 4.

Figure 4: Equivalent circuit of network in figure 3

If we consider t = h, 2Ah,....,...., kh, where h is the time step, then, the digital
solution of voltages sources of the circuit presented in fig.(4) can be
written as; [6, 7]

&, =2u,(K) (31
e01(k) = U1(k - n01) + Zcilo(k - n01)

e,o(k)= Uo(k—n01)+ZciO(k —n01) (3-2)

ecs (k) =1 (k—1)+ Reg.i; (k —1) (3-3)

e (K)=uy(k—ny )+ Zc iy (k—ny,) (3-4)
e (K)=w(k—ny)+Zc.ip(k—ny) (3-5)
€y (K)=us(k—ny )+ Zc iy (k—ny) (3-6)
s (K)=U, (K —ny )+ Zg iz (k =Ny, ) 3-7)
(k) =u,(k—ny )+ Zc.ig(k—ny) (3-8)
i (K)=Uy(k—ny )+ Zc ip(k—ny,) (3-9)
ecr(K) =U, (k 1) = Rer i, (3-10)

ec (k) =—eu(k)+ Zcio (k —1) — U (k —1)] - R (k —1) (3-11)

Where; nos = wi/h, n12 = tiz/h, nz3 = 723/h, nza = ©24/h, 7is the traveling time
[1s].

These equations have the following initial conditions for k < 0:

U (K) =ty (k) = us (k) = u, (k) =0
oy (K) =1 (k) =1i,(k) =1, (k) =i, (k)=0

The digital solution of Kirchhoff’s equations at connection point (0) can be
obtained as follows from:

io (K) = [el(k)—ec(k)—em(k)]/[Rc +2Z, |

(3-12)
U (K) =g, (k) + Zcig (k)

The digital solution of Kirchhoff's equations at connection point (1) can be
obtained as follows from:

ul(k) = e01(k) + elZ(k) + ecs(k)F\Z)_; /

2+— (3-13)

iy (K) = Zl—c[ul(k)—elo(k)] (10
i (k)= Rlcs[ul(k) ~ecs(K)] (315)
i, (k)= Zl—c[ul(k)—elz(k)] (316

The digital solution of Kirchhoff’s equations at connection point (2) can be
obtained as follows from:
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0, (k) = %[elz(k)+ez3(k)+e24(k)] (317
i (K) = Zl—c[uz(k) ~ e (K)] G19)
s (K) Zl—c[uz(k)—ezs(k)] 19
i (K) = Zl—c[uz(k)—e24(k)] 20

The digital solution of Kirchhoff's equations at connection point (3) at
which surge arrester is stated are depended on its model. For static model
the equations at point (3) can be written as:

u, (k) —e5 (k) —Zci,(k)=0 (3-21)
u, (k)= Aif (k) (3-22)
Uy (K) = u, (k) (3-23)
ig (k) =—i,(k) (3-24)

For the IEEE model the equations at connection point (3) can be written
as;

e, (K)—ey(k —1) 7 [im(k)—i%(k -1) iRO(k)—iRo(k—l)J
h ¢ h

" h
io(k)_io(k_ ) ic(k)+ic(k_ )

JEEAE RS REN RISy
h h h h
i, (K)+ig (k-1
+R0 RO( ) RO( ): (3-28)
2
JECEERCEE NN IS
' h h ' 2
i i
R, =2l g fuly 530

L a, Ia

The digital solution of Kirchhoff's equations at connection point (4), at
which the transformer is installed, can be obtained as follows from:

i0(K) = [ecr (K) — 50 (K)] /[Rer +Z¢]
Uy (K) = Uy (K) = € (K) + Zgi o (K)

(3-31)

(3-32)

4. DATA APPROXIMATION AND RESULTS

The surge voltage impulse wave 1.2/50 usis approached to the substation
node from infinite loss-less line, the surge is modeled according to
standard wave form as [8]:

U(t) = 10534V, {exp(~1478 x 10*t) - exp(~1653 x 10°t)}
(3-33)

A 100-kV transmission line, with 550 kV maximal testing voltage [BIL] is

- Ro h - 2% C =0 (3-25) considering. Substation parameters are taken as Cs= 0.8 nF and Cr= 1.2 nF.
etal-Oxide surge arrester type xlim is used wit
Metal-Oxid ABB Exlim T AM 123 i d with
. . parameters which calculated from manufacture catalogue as: a. = 0.05950
Ic(k) + iC (k - l) Ia, (k) — Iy (k — 1) and K = 114.463 kV for static model [9]. The IEEE model parameters are
" — RA0 (k) =0 (3-26) evaluated from the recommended equations [5, 10]. The electrical circuit
2*C h parameters are taken as Lc= 0.05 mH, loi=li2= 9 m, and the distance
Between the surge arrester and transformer is taken as 9 m and 18 m. The
I'% (k) _ iAo (k _ 1) iA1 (k) _ iA1 (k _ 1) output voltages and currents are qbserved at the transformer and surge
R (k) -R (k) arrester. The computer program is prepared to solve the problem and
Ao 2 A 2 transient simulation results are plotted in figure 5.
i,(K) +iy(k 1)
1 1
—R,(k) =0 (3-27)
2
ul[V] ulVv]
600000 600000
i \\\ i / \\\
a)
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——— |Voltage at transformer B [njcfted wave
- — |injected wate - ——— Voltage at transformer
N A A
0 T T T t[us] T 0 T T T t[us] T
(1) 2 4 6 8 10 o 2 4 6 8 10
(Static model) (IEEE model)
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Figure 5: Comaring between the models results for surge arrester type Exlim T AM 123 ata) 9 m, b) 18 m, ¢) 27 m from connection point.

5. DISCUSSION AND CONCLUSION

Special two models are presented in this paper to illustrate the influence
of surge arresters and their applications as protective devices for
equipment like transformer through the transient computer program.
From the results obtained the following points can be expressed.

1.  The action of surge arrester for the overvoltage surge observed at
transformer should prevent the surge magnitude exceeding the
protective level, and this is verifying according the computed results.

2. For a certain time [few microseconds], the oscillations have been
observed on the voltage at transformer, that is due to the wave
propagation along the line and the value of wave impedance. The
peak value of voltage at transformer should be not exceed the value
of basic insulation level voltage [BIL], which verify in the
computation results.

3. The peak of overvoltage wave observed at transformer is increase by
increasing the distance between the transformer and surge arrester.
This gives a good match point with the fact which recommends that
the installation of surge arrester should be as nearest as possible to
the protected equipment.

4.  The dynamic model gives better characteristic level of protection
than the static one.
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