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Abstract

For any distance protection scheme, the ratio of source=line impedance
as seen by the relaying point should be calculated to determine the
most suitable relay characteristic. The ratio is calculated from the
short circuit analysis of the network wunder consideration. As an
example in the Alexandria 66«30 kv netwgerk, it was found that relays

with Mho characteristics are the most suitable for protection purposes
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1. Introduction

The overcurrent relay is the simplest method to protect transmission
lines. The operating signal of the overcurrent relay depends upon the
value of the fault current. For all types of faults, the fault current
is considerably higher than the maximum load current. In medium and
low voltage distribution circuits, the used lines are usually of
relatively short length. Moreover, they have a large cross=sectional
area, i.e., low resistance per Km. This causes a large current to flow
in case of short circuit even at the farthest end of the transmission
line. With high and extra high voltage transmission circuits that
transfer large energies over long and very long distances, the
situation is quite different and more complex, since the lines,
generally have a high impedance per Km. Then, the faults at the end of
such lines or elsewhere along the line cause fault currents which may
be of the same order or even less than the load current. Overcurrent
‘relays are not used under such cases and other means of detecting
faults have to be adopted. The distance relay, for instance, is an
apparatus which can discriminate accurately between healthy and faulty
line conditions even with a weak supply and far away faults which may
cause fault currents of magnitude less than the load current as stated

before [1].

The distance relay measures the impedance between the relay and the
fault. sSince the impedance of the line per unit length is knewn ,then
the measured impedance by the relay is a measure of the distance

between the relay and the fault.

The basic principle of measurement involves the measurement of the

fault current and voltage at the relaying point, dividing these two
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quantities we obtain the impedance of the line up to the point of

fault.

In the past two decades, distance relays of special characteristics
were widely used for the protection of high voltage transmission
lines. These were Mho, offset Mho, quadrilateral etc. Their
characteristics are created from impedance, reactance and Mho
characteristics. To get the best characteristics of distance relays
for specified high voltage networks, it is essential to calculate the
ratio of Zs/ZL at the relaying point. From values of ZS/ZL we

can calculate also the value of the voltage at the relaying point.

The Alexandria zone (66 kV=30kV) network have been analysed during
fault conditions to calculate the ratio ZS/ZL and voltage at the
relaying point. From these values a choice of the most suitable

distance relay characteristic is made.

2. Short Circuit Studies

The short circuit calculations provide currents and voltages for any
point of a power system during fault conditions. The majority of short
circuit studies involve only the calculation of three=phase and

line=to=ground faults.

The single line diagram of the Alexandria zone 66 kV = 30 kV network,
shown in Fig. (1), 1is considered for our studies. These studies

involve the short circuit analysis for the following cases:

1. Case A : if the coupler of Moharam Bey sub=station is

disconnected
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2. Case B : if the coupler of Moharm Bey is disconnected and no
connection between Semcha and Gleem sub=station

3. Case C : if the coupler of Moharm Bey is connected

4, Case D : if coupler of Moharm Bey is connected and no connection
between Semoha and Gleem S.S.

5. Case E : if the coupler of Moharm Bey and Siof thermal are
disconnected

6. Case F : if the coupler of Moharm Bey is connected and
coupler of Siof thermal is disconnected

7. Case G : if the coupler of Moharm Bey, Gleem and Siof thermal are

disconnected, and Semoha is supplied from Gleem

A computer program has been written to estimate the short circuit
level at all buses for three=phase short circuit. Table (1) shows the
values of three=phase short circuit MVA for all cases, assuming 10 MVA

and 66 kV as base values.

3. Source Impedance Determination with Data From Network Analysis for
3-phase fault [2]

The source impedance is the total impedance between the source and the
short circuit point. With respect to a distance relay and a fault just
ahead of it, it is taken as the impedance behind the relay up to the

source, this then results in the smallest source impedance.

For other fault locations along the line it varies as it becomes
dependent on the right hand side impedance. Source impedance 1is
therefore not an invariable quantity even for a definite relay

location.
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i1 1
|

1 '.Tili'
During load conditions source impedar

involving ground there exists, not o
positive sequence, but also a negati

impedance.

Thus the relay divides any network
has its positive (z1), negative(z,)

components.

A simplified model shown in Fig. (

required for relay investigations a

‘From table (1), 3=phase short cire

and 66 kV,
The Z - kV2/MVA o !
source e
Zgource * = 2-6855 x (100
Zijest = 2%
z1right represents the posi

Gleem line as shown in Fig.
3.1 2/z Ratio [3]

The impedance Zs and ZL are
impedances because of their
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position. Source impedance Z_ is a measure of the fault level at
relaying point and for faults involving earth it is dependent upon the
relaying point. Line impedance is a measure of the impedance of the

protected zone.

Source to line impedance ratio means by the following expressions:

vR = IRZL is the applied voltage to the relay

V/(Zs + ZL) is the relay current

—
[}

<
[}

R ZL (1/ZS + ZL ) Vv

v/(1 + Zs £ ZL)

a. For phases; V is the line to line voltage and the ratio (ZS/ZL)

is the positive sequence source to line impedances ratio

hence VR =V/(1 + Zs1/ ZL1)

b. For earth faults; V is the phase to neutral voltage and the ratio
is the composite ratio involving the positive, negative and zero

sequnce impedances as follows

4. Basic Type of Distance Relay [4]

Distance relays are of two basic types:

a. Impedance relay that compares the magnitudes of the voltage and the
current, the ratio being the magnitude of the impedance. The
characteristic 1is a straight line on the impedance diagram, a

circle with the origin as its center in the R,X plane as shown in
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Fig. (5b).
b. Reactance relay that compares the magnitude of the component of the
voltage 90° out of phase with the current, the ratio being the

reactance up to the fault point as shaewn in Fig. (4).

Several modified typed of relays have been developed, the
characteristics of these relays are essentially a modification of, or

a combination of, the characteristics of impedance or reactance relays

The purpose of these special relays has been to minimize the danger of
undesired relay operation during load swings or other system
disturbances, while retaining or improving the ability of the relay to
operate for faults in the protected =zone with fault resistance

present.

The Mho characteristics is generally known as an admittance because
its characteristic is a straight.line on the admittance diagram. The
Mho relay is clearly directional and the characteristic of this relay
when plotted on the R/X diagram will be a circle whose cirumference
passes through the origin as shown in Fig. (5c), while that of Fig.

(5a) represent an offset Mho relay. characteristic.

5. Variation of Relay Characteristic with Source Impedance

The suitability of relay characteristics for the protectaon of
transmission depends upon the nature of the line or the ratio ZS/
ZL‘ For low ZS/RL the impedance characteristics of the relay
should be a circle and for high ratio it should be a straight line =
circle of infinite radius. For intermediate values of the ratio, the

intermediate curves would be satisfactaory The variable
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polarized Mho relay has an offest Mho Qiﬁ
degree of offest is a function of 2_/Z J!l:

,*auur
Since reactance relays are preferable
infinity) and Mho relays for long lines
it would be advantageous if the relay
to suit the length of the line or, still

since the fault resistance increase
(increasing Zs) as well as increasing in

as shown in Fig. (6)

From table (1) and data of 66 kV and 30
calculate the values of Zs/zL corr
circuit Table (2) respresents 66 kV lin

|
For phase fault Z, represents positive
first step of the relay setting, say
66kV,

Z)jp = 0-235 x 7.5 = 1762 ohm

|
i
y

Z)ine® ™ Zygn ® MV X 100/(KECIN
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0.404 %

ZL1 =0.8 Zline

0.3235 %

And from computer results ZS = 0.6164 %

Hence ZS/ZL = 1.9039 and so on

Note the relation between 2ephase short circuit current and three-=

phase short circuit current is as follow
r
g EY

Is.c.3-ph - Ey/z1 and Is.c.2ph without earth 23

1
= 0.866 Is.c 3~ph

Hence Z_ % (for 2=phase) = (1/0.866)ZS% (for 3=phase)

6. Results of values for Z /Z
—8 L

From Tables 2,3,4, and 5 we get
For 66 kV lines

(3=phase short circuit):

minimum ;atio 0.7254 to 1 and maximum ratio 15.8432 to 1

(2=phase short circuit):
minimum ratio 0.8376 to 1 and maximum ratio 18.2946 to 1

(1=phase short circuit):

minimum ratio 0.833 to 1 and maximum ratio 38.837 to 1

For 30 kV lines
(3=phase short circuit):

minimum ratio 0.451 to 1-and maximum ratio 3.849 to 1
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Table (1)
Values of 3-phase short circuit (all values in MVA)
Bus No Name case Alcase B|case C|case D |case E|case F|case G
1 Mex P.S 813 808 817 928 813 8117 808
2 Siouf gas P.§ 1622 | 1235 | 2155 | 1235 | 1612 | 5145 | 1235
5 Siouf thermal P.S | 1245 1110 1375 1110 830 967 | 890
4 |30 KV Mex P.S 742 436 748 19217 742 747 436
5 Karmouz P.S 600 598 €03 1565 600 603 598
6 Nehass S .S 1004 915 1086 915 508 922 508
7 Abis S.S 1182 584 1519 1230 1180 1513 70
8 & # 1290 | 1060 | 1555 [ 1060 | 1255 1513 | 1060
9 Mex 66 KV 3385 | 3100 | 3721 | 3280 | 3385 3718 | 3100
10 Nozha S.S 950 8170 1023 | 870 582 614 | 582
1" Mgharram-bey S.S 1268 | 480 - - 1264 = 64
12 | Gleem 5.5 1410 | 990 | 2120 | 990 | 1405 | 2113 [0400990
i 3 Semouha $.S 1366 445 2146 1237 1360 2140 3930
14 Menshia S.S 1311 465 2222 1404 1306 2217 64
15 Wardian S.S§ 2135 1910 2640 2065 2135 2636 1910
16 Meharram-bey S.S | 1495 | 1380 | 2350 | 1595 | 1495 | 2346 | 1380
17 Abis S.S(220KV) 78117 18117 7819 7818 7188 | 7819 | 7817
18 | Karmouse P.S 530 | 560 | €18 | 560 |450 |469 | 450
19 | Deshoudt s.S 1462 | 1097 | 1476 | 1325 | 1460 [ 1475 | 66
20 Tersana S.S 611 | 608 615 1590 | 611 614 608
21 Siouf thermal P.S - - = = 637 617
22 | Nozha S.s T 1. - |48 |02 | 488
23 Gamila S.S - - - - - - 1030
October 1989
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Table( 3 ) 30 KV Lines, Values of Zs/Zu,
3-Phase Short-Circuit.

Alexandria Engineering Journal
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N weroin | size | Zus CAE A case ® CAsE ¢ ' cAsC D CASE € CASE ¢ |wart OF

B0 INKm. | nikm |08 Z\% | 25% isilu I3’ Isu is'h 2siTu Is% Isu 2s% | 2si2w | 1s% Isllu s1Tu
SIOUF -GLCEM 1.50 Q235 0.3235 a6ies | 19037 |0&104 [2.5028 [0.4639 | 14340 Q8106 (25051 06204 | 19177 0.4661 | 1.4 408 [1.4340:25051
oucH-SoUF | 7.50 |0.235 |0.3235 |0.7088 |22675 [1.0098 [3.2i4 [0.478 |[1.456¢ |1.0098 |34i83 0.7 22012 | 0.4232 | 1.4627 |l.eselizie
GLECM-SEMOMA | 4.9 [0.112¢ [0.022 |0.7088 | 69775 | — :i*l"'"\- 0.4718 |4.6164 | e ‘« scona-l 07121 |6.3677 0.4732 (46301 [4.6166:6.8)75
SCMOHA-GLEEM | .95 [0.1124  [0.1022 |0In9 [ 70625 | e . 0.4659 | 45587 | ——— | « 102381 74927 ]0.4672 |&.SM& [L.55822.1625
on-SoO 720 o126 |oases 07675 |e.s2s0 [24626 [13.9700 [0.4499 |2.5063 |0.712¢ 4.6020 ]0.7655 |4.9450 0.4509 [2.9120 |28063:13.970
oooseron ] 720 losize 04548 07319 |&7250 [2.2990 [165930 [0.4659 [2.0096 |0.808¢ |52227 |0.7351 |4.2487 |0.£687 [3.0180 3.0096:14.59)
oot | 6.00 0420 |0.265 |0.7625 |5.5636 [24626 ps.ec32 [Q.4439 [2.2959 |0.72¢ |S.2190 [0.7655 |5.6080 04503 3.2032 |22959:15.8¢3
MB-MONSH. | .00 04240 [03265 [0.788¢ [5.7725 [2.0776 [1S.2200 * |0.6254 Jai66 |Qscsé (55223 07911 |S5.7956 |0.4262 {3u223 (364 522
VARDIAN-MD | $.00 |0.3430 | 0.3204 [0.685 |1.622 [0.5227 |1.6:3 [0.3789 | 11825 |04E9 | 1.5103 | 04957 |I.S4N | 0.3793 | 1.1838 |1.1825:1.631
MB-WARDUN | 5.00 |0.3490 [0.3204 04685 | 2.086& |0.7232 2257 |0.4256 | 1377 o626 | 1.9581 | 06959 [24719 04262 | 13302 |1.3277:2.257
OUNIEATL 5.00 lo.3®0 |0.320¢ |0.c685 | L4622 |0.5227 [1.633 [0.3789 | 11825 [0.4839 | 1.5102 [0.4957 |1.5471 10.3793 | 1.1838 1.1825:4.6313
MOTLYEROUN | .00 0.3430 |0.3206¢ |0.29% |osna [0.32% [1.0062 [0.2687 |0.8386 (0048 |0.953 [0.2955 |0.9222 0.8 0.8352 10.8286:1.0062
M8 -ABS ‘7-53 ’&‘31“’3 0.5%¢ losea | 1.3w3 |2.0776 [3.5¢29 |o42s¢ [0225¢ [0.62% | 1.0699 | 0.7 | 13491 0.4262 |0.7268 4225429
apis-us | 250 [0-3490 foseee fo.ew [1eszt 116 [2967 06602 | Lizss |O-8k | LIASE [oacrc | Le4S0 |0.6608 L1268 | L1258:2.9187
0725045 8432

Table( 2 ) 66KV Lines, Values of Zs/Zu.
3-phase short circuit.

WAL wuner | size | Zu CASE A CASE © CASE € CASE D case t CASE F war of

NKkm | amm 082u% | gy fziz, | e 2oz | B | rsng | 2sm | 2zsmg | 8% | zsru | 2en | 2size | 3t

SOUF-SOUK? | 2225|0420z |0.336 | 0.803¢ | 2.300 093 | 2637 om7s | 2465 |0.69% | 2477 | 1R |24k | 1033 [3.0% |2465: 3344
soux 2. SIOUF | 2225 04206 [023¢ | 0-8% 2520|0963 | 2807 [o7m6 |26 o336 [2.807 [1a6m |34 [norm |3206 f22%:32%
sigu-soux’ | 2425 |ope {0439 |os03c | 1830|0493 (200 fO7225 | LEST 0490 [2.043 |1.6202 | 3430 L%% 3520 [1.657:2.630
SOUKS-SIOUF | 2428 jotoe 0439 (08367 {1805 02301 |2438 |0.7592 | 1-657 09301 |2418 | 16519 | 3762 | 15991 | 36e2 | 1457:3.02
Siuf.nozMat | 7300 09208 [1a0¢  [0.803¢ |0227  [04%38 |o815  0.7275 |0.G58 |04£998 [0-815 | 11239 | 1018 | LS | 1419 OGSE:L4I9
NOZMA 1-SIOUF| %300 [0470¢ [1104 | 11ses | R0ed  [1.2646 | 1S | 1075 |0973 | 12666 | LS | 1718 | 1.S56 [ 1.993) | 1805  [0.972:1.805
SouF.t0ZiA D | 2650 [0-204 | 1385 [o-83¢ 0580 [089%¢ [0.643 |0-7275 [0-525 08998 |0-649 |1.6202 | 168 | 1.033) 0.6 ]esa:ms
0zHA 3-SiouF] #650 0206 [ 1385 | iises o086 [12e6 osid [ 1095 [0.7% | 12646 0910 | 2.0458 [ 1477 | 1.6279 | 1175 Jo-126 11427
OTHA-RARMOZ | 5000 | 04704 |0-256 |Lises [1s30 |i2ses |1em [1ors | nan [r2se6 | 1602 [1mee |23 [rs29 |2as peaiam
x0L-NOZHA | $-000 [01204 |0-756 |18615 |2462 |19625 | 2602 [1.278 | 2352 | 16975 [2:245 | 2.2202 [2936 | 24300 |2.8178 [2.265:2.9%
NEHAS - NOZMA | 3758 [01s33 Jo-s1 | 10961 |2.4es | 13083 | 2.352 [10126 |1.981 |1.2023 |2.352 un‘ 3.809 | 1.91&2 [3.2¢5  [1.981 ;3849
luouF-RAS SODA1| 8700 [02085 | 161 |0603¢ |0-438 |02998 | 0554 [0-2275 | 0451 08998 |0558 | 1.6202 | 1.005 | 1.567¢ [0.972 |0-451:1.005
as sopay-siour| 8700 02085 1 k611 08927 | 0.5% 0990 0616 [o96 | 0508 | 0950 [OGle | imal 1062 | 1658 [ 1029 oS08:1.062
souF-aassooa)| SO0 01706 [1.361 [0-803¢ [0.590 [0-893%8 |0-661 [07295 0534 |o898 (o661 |ic202 |[14s0 1563 | 1451 f0.534: 16207
nAsS00ASOUF | 9000 0106 | 1361 02927 |06sS 0990 | 1408 |0-81% [0.602 [0990 |tios [1.7m  [e257 | 1.6%83 | 1218 IMm:Lm
ourrasscoa] 206 | 10¢ [ st Josae [0t [omms forwm [omn o6z [oeme Jow [ram [rar [rsex |10 —IoTu:uor
wmwiﬁ; las{ mst oeen o775 fosso foso  fodise fozz  |osso osso [1aun [iess | 16583 | 1.4eo Joma = vz
OUF-NEHASS 1 0% 02085 | 079 0-8034 | 1.0m 0-8998 | 1201 01215 | 097 o.898 |201 | 1123 1500 1@ | 1313 b : 1500
INEHASSY -SIOUF| ©05 | 02085 | 0749 | 1096l | 1.¢60 | +2023 | %605 - | 106 [ 1352 | 12023 |teos | 1.2208 | 1629 | 10833 | 1459 [1.352:1629
SIOUF-NEMASSI| 680 | 01305 | 0788 | 0.803¢ | 1.019 [o0.2998 [ 1162 | 0.7275 |0923 [0.8998 [11¢2 | 162 | 2.056 | ns6x | 1989 |o923:2-056
MEHASSI-SIOUF| 640 01305 | 0788 | L0361 | L3900 | 12023 | 1525 | 1026 [ 1285 | 12023 0S5 | 1967 | 2.296 | w912 | 2.429 |1285:2.49¢
04512 3849
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LaGh | S12C CASC A CaSC ® Cast ¢ cT':c 0 CASC € CASC F Lot or
NAME 7 T
W km. | nlnm L PISA P 1Y 218 3% s/l s 28/ 'ty Is Ty 25% I8/20 PEVA sl Il
SIOUF-GLECH | 3. 0.2350 | 1335 1esee | 1269 0% 1805 | 120 1038 | 20%0 1565 12001 | 1278 [BEH 1062 |1.009: 1965
GLLEM - SI0UF 7.5 02350 1238 2-2900 - ns 2,197 7.06% 1-809 1398 2197 1:06'1 2-296 1.9 a2 1357 [ 1297:2.005
GLLOM-SOM0MA | ¢85 |onx 0658 | 22900 | 3480 | —— |ouawer | 1609 | 2X9 —  luramcy] 2395 | 3209 e | 279 | 2.349: 348
SCHMOMA-GLCEM | &85 | 04124 0-G58 | 2.596 3.960 s " 1.0% 24 ——— . 2003 | 3.955 | 2056 | 4 )DL :1D.955
MENSH.-SEMOIR! 220 [*31}13 0 958 3029 3162 3.3 33230 1.38% 148 628 .00 3035 54“ 1-286 2490 | 2480:21.837
[SOMOUA-HENSH. | 120 | 04124 | 0559 [ 2:596 2.209 [32.36 {33330 | 2cs¢ | aaee {2220 [ 2sco | 2.603 | 217 | 2.05¢ | 2¢6 |24¢:2.316
EnsH-H8 | 6.0 [0.8& |0.823 [2.029 | 3.680 | 31637 | 3e-660 | 2325 | 2.697 | 6.7¢8 | o199 | 3.005 | 3.687 | 2.38¢ | 2-899 |2-897:33837
MB-MOGM. | .00 [O0126 | 0.623 | 3.289 | 4.7 | 31.426 | 38180 | 2.635 | 2.200 |6.237% | 7.7200 | 3.295 | 4425 | 2.637 | 3.20¢ [2.201:31.Q26
WARDIAN-M.B 5.00 0.343 1.762 7548 £.28) 22.830 | 12.956 3on 1709 15.50 361 7549 £.288 301 1.709 | 1.209:22.80
M.B -WARDLLH S0 0-349 1762 8.425 |&283 23710 | 13.456 | 2.€38 1,495 [6.3371 | 3.596 [ 8.0 | 4784 | 2.637 [ 1.49G [1.495:22.710
WARDIANAEXTL| S.00 | 0.3¢8 | 1962 | 2.548 [&.283 | 22,830 |12.856 | 3.00 | 1709 |58M 300 | 2569 | 6286 | 3.01) | 1709 |1209:12.956
MXTLWROWI | 500 | 0349 1762 | €.667 | 3.73¢ | 21.950 | N.487 3.095 | 1756 | 4.232. | 2.685 |6 668 | 2.20&4 | 3.095 | 1.756 |%756:12.457
mp-ans | 3_-5‘% '»?{i‘? 3964 [3.2899 | 1071 | 3L426 | 5930 [ 2635 | o8 |6am | 2.002 {3395 | 4023 | 2637 | o833 [0.423:9.9%
ams-mp | 320100 L anee |esao [ uen f29eek [sem | enio [ azme (23 | 2330|4533 [1ed [ | 1299 [1298:9.422
Table( 4 ) 66KV lines,Values of Zs/ZL. i
1 -phase short circuit
2ss 2Lsiv Use
. 10,000 '
I =0-8022u 4 2ualy (W )
e LG siac - CASE A CASE @ ‘ CASE ¢ CASE p CASE E CASE F W4T OF
W kn | ndm § 178 Tow | gin | Jean | ww |asee | s Jesee | T | zsee | 2o | 2siee | 3in
SIOUF.SOUK 2 | 2225 | 004 | 1.661 27 | 1668 190 | L 1.6 1576 190 |{1% 3447 | 2.6 |26k 2205 |1506:2016
Soux 2 SIouF | 2225 | Q104 | LLGH 1602 | 2,68 3800 | 2.287 | 1448 | 2075 3000 12.287 | L6217 | 285 | (k9% 2705 |2015:2015
sioue-souk$ | 24% [ 0206 | Lsss 12712 | L 2910 | 1.519 el |18 | 2370 |59 8767 | 2.9¢9 | S.0C0 [2.895 |Lu7:2.9¢9
SQUKS-SIOUF | 2-¢25 0206 | 1sss | 10 |i12¢s 1620 (152 (3269 [ 4622 | 3620 [1882 eass’ | 222 |G s ueninm
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Table( 5 ) 30KV Lines, values of Zs/Zt, ST
‘1-phdse short circuit
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Determination of The Distance Rel
T
L

l r, ‘,‘.,

(2=phase short circuit): |
minimum ratio 0.5207 to 1 and maximum }
(1=phase short circuit : )
minimum ratio 0.369 to 1 and maximum g;f;ﬁ'
i

The Mho relay can operate with sou
to100 to 1 for phase faults

reactance relay can operate with

infinity.

voltages

Since for any protection sct
ratio of 2z /7 at the relaying
value of the voltage at the r
calculate the value of z'/zL1 aﬁ: 3 {

Take some values of zs/zL1 fron
corresponding relay voltage fr.{

VR = v/(z'/zL1+ 1)

1
i

where vR is the relay voltage
V is the line to line volt

volts for voltage transformer 6¢
The results are plotted in Fig.
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Conclusion

The distance relay has characteristics that depend upon the actual
values of the input voltage and current. A practical distance relay
consists of starting element, measuring element, directional element
and timer, the heart of the distance relay is the measuring element
which compares the current and voltage at the relaying point. The
factors affecting the choice of the measuring element are ZS/Z11

ratio, fault resistance, power swing and loads.

For the practical example considered in this paper, Alexandria Zone 66
kv=30 kV) network, short circuit calculations have been carried out
for 3=phase and single=phase to ground faults in order to calculate
the ratio of Zs/ZL1 at different locations and therefore determine

the limits of operation of any distance relay for different short
circuit points.

From the values of ZS/Z the minimum voltage at different

s
relaying points were calculZLed as given in Fig. (7). From the results
obtained relays having Mho characteristics are recommended for the
protection scheme in the Alexandria Zone (66 kV = 30 kV) for the
following reasons:

1. The range of ratio zs/ZL is within the range of the best
operation of a Mho relay (ratio Zs/ZL1 of up 100 to 1 for phase
faults and 60 to 1 for earth faults [3].

2. Since in Alexandria Zone most of the transmissior. line network (66
KV = 30 kV) consists of under ground cables, the arc resistance is
usually small. The Mho relay can operate satisfactorily since it

can accomodate the arc resistance, Also, adjustment of the
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characteristic angle is easly
resistances. :

The Mho characteristic is “M‘
heavily loaded transmission lines be

on power swings than the conventi
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