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Introduction

The Knoxville distribution system of the Tennessee

Public Service Company receilves 110 KV. power at the Washing-
wton primary substation. Transformation to 13,2 KV. 1s made
here, and energy for domestic and industrlial use is distrib-
uted throughout the network.

Fig. 1 1s a representation of the lines and gener-
ating statlons considered as supplying current to the Knox-
ville network under fault conditions, Other generating sta-
tions are interconnected, but they are sufficiently remote to
be neglected. As a matter of fact, the group of PFig. 1 1s
a small section of a completely 1nterconnected network of
power systems,'extending from Mississippi through Alabama,
Tennessee, Georgla, North Carolina, and South Carolina, and
up Into Virginla. Some of the largest hydro and steam plants
In the states are parts of this general network, and the ca-
paclty connected 1s enormous.

That the Knoxville 13.2 KV. network 1s In the na-
ture of & shunt load connected by comparatively low capaclty
equipment to the general system considerably reduces fault
KVA., and, as will be evident in the study, none of the sta-
tions supplylng power are overloaded, unless operating at
capacity at the time of the addlitional demand. The individ-
ual machines 1n the various plants therefore operate well
within the range of thelr voltage regulators, and any demag-
netizing action of fault current 1s readily compensated for
by these regulators. This consideration obwlates the neces-

sity for a thorough investligatlon of machine characteristics,




and warrants the conclusion that fault currents, as ascer-
tained for the 13.2 KV network, may be regarded as values
substantlally sustained.

One source of power is the Watervlille Hydroelectric
\ plant of the Carolina Power and Light Company. Here are
three generators, each rated 45,000 KVA., 80% power factor,
400 R.P.M., 13,800 volts, three phase, 60 cycles. Each gen-
erator connects directly to 1its bank of transformers, all
paralleling belng made on the high side. Transformers are
single phase, 15,000 KVA., the bank connected delta-wye,
ratly 15.2/110 KV., and the high side 1s solidly grounded.
Generator voltage regulation 1s of the quick response type,
and 1n additlon, automatic frequency and load control, simi-
lar to that at the Norwood station in the eastern: network of
the same operating company, is provided. Of the several dif-
ferent types of control afforded by this "automatic operator",
that usually in effect 1s constant station load with economic
distribution between two or more machines 1n parallel.

Waterville power 1s transmitted to Arlington over

two routes. The main line 1s direct, approximately 50 miles,
.a;d operates at 110 KV. This line is new, having been put up
about the time Waterville was erected. The older line con-
sists of a sectlon operated at 66 KV., extending from Arling-
ton to Newport, via Jefferson City. Auto-transformers at
Newport transform to 110 KV., the line golng thence to Bridge-

port, where 1t taps onto the Waterville-Kingsport 110 KV, line.

f

Comparatively, the older line is considerably "weaker" than

— e e — -

the direct. One section 1s of #l1 wire - that from Newport to ]
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Jefferson City, while the section from Jefferson City to Ar-
lington 1s of one size larger. The direct line is 250,000 cm.

Other than as shown 1n Fig. 1, the only iInformation
at hand regarding characteristics of the system supplying
power to Arlington over the Maryville and Lenoir City lines
is the short circult KVA. for a three phase fault at Arling-
ton 110 KV. bus, and ground current for single phase to
ground fault at the same location., Thils 1s enough for the
purpose of this study.

Two short parallel lines connect the 110 KV. busses
of the Washington primary and Arlington substatlons.

Transformation to 13.2 KV. at Washington 1s made by
six parallel banks of transformers, two 3750, two 5000 and
two 10,000 KVA., a total of 37,500 KVA. High and low sides
of all are connected wye. The two 5000 KVA. are three wind-
ing, tertiaries also connected wye, ungrounded. One of the
10,000 KVA. banks 1s three winding, its tertiary in delta,
unloaded; low side of this bank is grounded through a resist-
ance of 20 ohms, high side so0lldly grounded. This transformer
provides the only path for ground current between the 110 and
13.2 KV, systems.

Eight feeders take off from the Washington 13.2 KV,
bus, but two of these are dead end and are omitted from con-
slderation in this study.

There are six substations within the 13.2 KV. net-
work proper, the arrangement approximating a loop or ring
system, with the additlion of a few criss-crosses, Flg. 2 rep-

resents the general arrangement, shows the relative location
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6
of the stations, and also indicates the few instances of par-
allel line construction.

All line construction within the network is wood
pole, standard W.E.L.A. medium voltage arms. Single clrcult
ﬁses a pole top pin with 7 ft. arm on second galn; double clir-
cult utilizes a 10 ft. arm on second gain, 7 ft. arm on first,
each circult completely on its side of the pole.

All transformer banks within the 13.2 KV. network,
and also at the termlnation of dead end 13.2 XKV. feeders, for
transforming to various subsidiary lower voltage distribution
systems, are connected delta-delta. This 1s lmportant in
that a path for zero sequence current 1ls not provided by them.

Present protection is stralght overcurrent line and
ground relays on all feeders taking off from the Washington
bus. Directional overcurrent line and ground relays are pro-
vided for all network lines at the other substations. Dead
end feeders from other substations are protected by overcur-
rent and/or overcurrent ground relays, but these are not con-
sidered in this investigation.

The distribution system originally operated ungrounded,
with consequent impossibility to automatically detect and sec-
tionalize any portion in which a single phase might be faulted
to ground. Shifting of the neutral caused Incorrect operation
of the directional overcurrent relays.

| The system neutral was then solldly grounded, but
difficulty was experlenced in getting sufficilent potentlal to

operate ground relays. Recently a 20 ohm resistor was Iin-

stalled in the neutral of the grounded transformer. What cur- M
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rents and voltages exist wlthin the network under fault con-
ditions, now that the neutral 1s grounded through thls reslstor?

Thls 1s the question considered in the study.




Study
The primary purpose of thils study is the determina-

tion of the magnitude and direction of residual current and
voltage 1n the network branches upon occurrence of a ground
fault within the 13.2 KV. network of the Tennessee Public Ser-
vice Company's Knoxville Distribution System.

The network 1s solved for the four types of faults,
and factors are glven for the ready determination of all cur-
rents in all branches, but the results are dlscussed only in
connection with the ground relay scheme.

The method of symmetrical components 1s now in gen-
eral use for system short clrcult studies, and 1s employed
whether the actual calculations are made on the network cal-
culating board or by mathematical analysis. The latter 1s
more adaptable to small systems, and 1s followed in this study.

Complex notation is used for all vector quantities,
except wherelin one of the components 1s less than 1/5 the
other, in which case the actual modulus 1s considered all real
or all imaginary, according to the predominant component of
the original vector. Thls applies particularly to the zero

;;'aequence network Impedances, computations being carried out
:'with values as scalar quantitles, but the result 1s converted

to the complex notation by average multipliers, in order to

more closely approximate the actual result.
| A summary of the procedure may be of assistance in
following the study:
(1) Collection and tabulation of all system data, as

received.




(2) Converslon of data as recelved into form re- 1
quired for making computations. .
(3) Tabulation of system constants. w
(4) Single line diagrams of supply positive, negative 'i
and zero sequence networks., ‘;.
(5) Reduction of supply system component networks yﬁ
into "equilvalent sources". !
(6) Single line diagram of distribution system posi-

tive, negative and zero sequence networks.

{7 Reduction of dilstribution system component net- !
works to "equivalent impedences™ to point of fault, i;§
and determination of "distribution factors" of all ?
branches, for various locations of faults. ‘s

(8) Determination of the sequence component currents
for the varlous types of faults. !

(9) Tabulation of distribution factors, with component |

sequence currents, for the various faults at the

different locations.

(1) System data, as received.

Table 1 gives transmission and distribution line char-
acteristics as received. Single and double circult wood pole
construction within the 13.2 KV network is indlcated 1in Fig. 3. I
Oﬁe column of Table 1 indlcates, by the notation S or D, which
of Plg. 3 applies., This same column for the high tension lines
cérries the equilvalent spacing, as there is some question about
the actual arrangement of conductors for these lines.

Table 2 collects data on the varlous transformers

within the supply network. There are no transformers wlthin
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the 13.2 KV.network having bearing on thls study.
Complete and definite information is at hand only on
the Waterville generators. This 1s:
Rating: 45,000 KVA., 80% power factor, 3 phase,
60 cycle, 13,800 volts, 400 R.P.M.
Characteristics, on rating base.

Positive sequence -

Synchronous reactance, X5 - 107%

Transient reactance, Xé - 28%
u

Subtransient reactance, Xg =~ 14%

Negative Sequence reactance X, =~ 16%

Zero sequence reactance, Xo - 18%

Time constants -

Open circult transient Tgo - 8.7 sec.
Short circult transient T& - 2.3 sec.

t
Short circult subtransient T3 - .035 sec.

The 10,000 KVA. condenser on the Washington 13,2 KV.
bus. Reactance glven as 80% on 20,000 KVA. base.

The only information regarding the system supplying
power to the Arlington 110 KV. bus over the Maryville and
Lenolr City lines is as follows:

- For 3 phase short circult on Arlington 110 KV. bus.

Maximum Minimum
Maryville line 300,000 KVA. 110,000 KVA.
Lenolr City line 135,000 KVA. 125,000 KVA.

Ground current for single phase to ground fault at

Arlington 110 KV bus.




i
11 1

Maximum Minimum i

Meryville 1line 816 amps. 234 amps. I[ }
uil b

Lenolr City line 507 amps. 440 amps. 1

"The difference between maximum and minimum values
shown above 1s due chlefly to the fact that Alcoa is
considered in parallel for the maximum conditions." Il

"As a result of tests run jointly by the Tennes- ?#

see Public Service Company and the Southern Bell Tele-

phone and Telegraph Company, 1t was found that earth

b i |

4 \
(2) Conversion of data. h
System studles may be made upon an arbitrarily cho-
'ﬁen KVA. or voltage base. Whichever 1s used, 1t 1s necessary

to convert all constants Into figures referred to the chosen

fiaae before computations may be made. The KVA. base 1s more
gadaptable to solution by means of the calculating board,

- whereas the voltage base 1s better adepted to the mathematical
solution.

Since the.distribution network under conslderation
operates at 13.2 KV., thls voltage 1s used as the reference
base, and constants of all equlpment are corrected accordingly.
Calculated values of perecent reactance and zero se-
quenée Impedance check the constants as receilved in all but a
few instances, in which cases, calculated values: are accepted.
Furthermore, received filgures cover the reactance component
only (in the positive and negative sequence nétworks) whereas
resistance component 1s comparable with reactance, particularly

in the 13.2 XV network.

conductivity could be taken as 10™*% " apmhos per cm®. e
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DATA AS RECEIVED - SurPLy % NETWORK.

e
R e e
fp— S e e e




Aol
®
[ Lt
R 5
o P
W |
bl

SINGLE CIRCUIT

2y’

N

DousLE CIRCUIT

Fic. 3
13.2 KV. Line CoNSTRUCTION




14
ocation [ 25ee] | comnection. | N0 2o
i Main |Vmding : _ High | High |Low
Transformer Windings High [ Low | Ter. |High |Low it B T::-
Waterville 45,000 2ol Y1 D 1o |13.2 |36l | = |~
Waterville 45,000 2 \ﬁ D 1o |13.2 (361 = |-
Waterville 45,000 2 ﬁ D o (3.2 3.61| =~ |~
Newport 9,000 Ago‘ Kigd iR pe D 1o | 66 124|307 |zi3]
Arlington 1500 |3 Yl Y| Do |ee | 8 |50 354
Arlington 7,500 A & 2l -t D 110 | 66 | & | 450|354
Washington | 3750 | 2 " [T | T o (3.z|eo | = |-
Washington. | 3750 | 2 | Y.| Y oS e o | -
Waahlngfon 5,000 3 Y Y Y (1o (13.2 | 48 0 ?
Washington | 5000 | 3 | Y | Y | Y |vo (32|47 | 2 |2
Washington [1o000 | 2 | Y | Y o ez 2z | < |
Washington [ 10000 | 3 | Y| Y& D luo |1s2]22 | 25 |3
TABLE 2
TRANSFORMERS.
DATA ASs RECEIVED — SupPLY AND NETWORK
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The positive and negetlive sequence lmpedance of all IE{

lines (the two are equal) are determined from standard 60 cy- j
cle reactance tables and are recorded 1n one coclumn of Table 3. |;
The method emplbyed is that usually followed for the customary &ﬁ
- lmpedance of transmission lines, and no particular comment 1s

necessary.

Zero sequence impedance 1s celculated by the formula:

De
Zg = R + ,0543 + J0.1587 logjp T ohms per 1000 ft.
e per phase, 60 cycles,

Earth conductivity for the supply system is given as
10"14 abmhos per cm?, corresponding to an "equivalent depth"
of 8800 ft, Conductivity of the earth under the distribution
system 1s assumed 10'15, the value for damp soll, because of
the proximity of rivers, This corresponds to a De of 2800 ft,.

R in the above formula is determined from standard

wire tables in the same manner as for the positive and negative
sequence Iimpedances, About all now required is determination
of GiM.R., the group geometric mean radius of the three line

conductors., To to this -

First, find conductor G.M.R. (example: line 1B4S15)

Conductor G.M.R. = conductor radius x factor

= _'f’-gﬁ x .759, for 4/0, 19 strand.

= .02 inches

1

= 0167 ft.
Then,

Group G.M.R. = [Conductor G.M.R. x (Equivalent Spacing)z']l/S




|
i
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|
The equivalent spacing for 1B4815 is:

[3x 3 x 2.505]1%/3

or 2.985 ft.

1
Group G.M.R. = [.0167 x (2.985)2] /3

i
Therefore: W
= 0.530 f£t.

The zero sequence Iimpedance:

|
Zo = 053 + .0543 + § 0.1587 logyo 2222 I

1073 + ] 572 ohms per 1000 ft. one conductor.

i

= 1,06 + J 5.85 for the total length of 1B4S15. i |
Since the 1line opereates on 1l3.2 KV., thls value 1s
already upon the proper voltage base, and no reduction 1s re- ;5

quired.

1B4815 and 1B5Ul7 are in parallel for 7.5 x 109 il
To determine the mutunal zero sequence impedance, it 1s first
necessary to find the geometric mean distance between the two
circuitﬁ.
- G.M.D. = [dyg x d1p X dje X dpg X dop X doe X d3g X dAzp X dgcfﬁ :I
whlich, for the double clrcult wood pole construction, 1s
| =[5 x6x5.17x6x 0 x 7.92 x 5,17 x 7.92 x 6]/9
= 5.98 ft.
the mutual impedance, zero sequence -

ohms per 1000 ft. per
phase, 60 cycles.

which, for the llnes in question, becomes:

Zom = «0543 + J 0.,1587 logig E‘“x%g‘ﬁ“’

_ 2800 i1
Zow = 0.0543 + § 0.1587 logy, 2800 |

= .0543 + J 0.424 ohms per 1000 ft., one conductor. i
E . or il
Zop = 04406 + § 3.18 for the 7.5 x 109 ft. the two lines are |

v




1% 1
together. These lines are operated at the reference voltage,

and no reduction is necessary.

1B8C1l6 and 1B8Cl4 are 1n parallel for thelr entilre

length. The zero sequence (self) impedance of the two groups 1

is:

Zo = & + .0543 + J 0.1587 logyq De L, » omms (
[(G.M.R.) (G.M.D.)] /2
per 1000 ft., per phase, 60 cycles.

G.M.R. 18 group G.M.R., = 0,53 ft. for #4/0 wire double cir- ﬂ

cult construction. G.M.D. is 5.98 fto :{lll
Hence |
Zg = 0.0264 + 0.0542 + J 0.1567 log,, — 2200 , ohms '|'-;

1
[0.53 x 5.98] /e
per 1000 ft.

= 0458 + J 3.65 ohms, total length of the lines.,

These llnes are within the 13.2 KV network and the
Impedence as determined 1s upon the reference base.
Table 3 1s a compilation of the transmlission and

distribution line constants.

For trensformers, it 1s customary to neglect the re-

glstance component of the impedence, as it 1s an inapprecla-
pole part of the whole.

The five ungrounded transformers at the Washington

substation are most convenlently treated in parallel. The

impedances of these devices, on 20,000 KVA. base, are, re=-

spectively, 22, 60, 48, 47 and 59 percent. Hence the 1lmpedance

of the parallel group 1s

gis 1
=T 1 L L 1

Il
o0
.
0
2

N
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Converting into ohms, on 13.2 KV. base

2
ohms = 885z 13.22 x 10
20,000

= J 0.718 chms.
And this value 1s recorded in Table 4 for the group.
There is no path for zero sequence current through
any of the above transformers, and the zero sequence impedance
is therefore infinity, represented on the network diagram by
an open cilrcuilt, as shown in Table 4.

The 10,000 KVA. three winding transformer at Wash-

ington:
Given Corresponding
Windings Percent Reactance ohms on
Consldered 20,000 KVA. bhase 13.2 KV. base
110 to 13.2 22 3 1.91
110 to Ter. 23 J 2.0
13.2 to Ter. 63 J 5.47

Therefore, reactance of the individual windings

1.91 + 2.0 =~ 5,47

X110 = j %) = "‘:j 078 ohms
Kig,p = § =22 F 5AT = 20 = 5 2,69 ohms
xTer. - J 5.47 + aéO i 1.91 - j 2.78 oms

The 20 ohm resistor in neutral of the 13.2 KV. slde
1s applled in the zero sequence network as 60 ohms, connected
to the transformer 13.2 KV. lead.

The portion of appendlx A devoted to constants of
transformers explalns in greater detall the treatment.

Table 4 gives representation on the component network

diagrams for the various transformers or transformer groupings.

e L o T it e~ =
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It is necessary to replace the Maryville and Lenoir
City lines by an "equivalent source®. Using values for the
maximum condition, these sources are determined as follows:

For the Maryville line - maximum for a three phase
short circuit on the Arlington 110 KV. bus 1s 300,000 KVA.

The theory of symmetrical components demonstrates
that only positive sequence impedances 1limit current supplied
to a three phase short. Therefore, referred to the 13.2 KV.
base, the positive sequence impedance of the Meryville line is

2
13,300
Z1 = 35576557555 = 0.58 ohms.

Experlence indlcates that negative sequence system
impedaence may be assumed as 90% the positive sequence impe-
dance. Hence

22 = 0058 x .9 = 0052 Oh]ns.

Alsc from symmetrical coﬁponent theory, the zero
sequence current for a single phase to ground fault is limited
by the sum of the three sequence Impedances. Since the ground
current, given, is three times the zero sequence current, and
since line voltage is 110 KV.:

110,000 x 3
2, component sequence impedances=— 1/ ohms .
2

816 x [3]

234 ohms on 110 KV. base

2
= 234 x(iiég ohms on 13.2 KV. base

= 3,37 ohms.
Z1+ 2o =_1.1 ohms.

e e ZO = 2027 Ohms-

These lmpedances are nearly all reactive, and are

used as J values,

e e e S 1 S e T T
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IMPEDANCE ON 13.2 KV. BASE

Line or PoSITIVE & NEGATIVE ' Zero
Section Rk s o 5 R P e X

Waterville - 3 _ - :

Bridgeport, ' 042t 4 .154 093 + § .556

Bridgeport - . )

N&u?ar‘l‘. 044 + ‘} .054 063 -t d. . R08

Newport - . _ _ _ ers -

Jeffersen City. Hipie10 0k B o e a8 L 4 R.O6
- Jefferson Cﬂ'j - '

Arlimgton . .595 +‘d‘= 856  .‘30| ‘f‘vj, 302
Tetal - Waterville- JeFfer- '

son Cify -Arlington line. V.251 + d. Y. 139 I |.861 '}‘c} 6.744
Wafcrwﬂe - . T N A
Aclington direct. A79 t 4 .65 .298

B2 | 006t i .onzj, 0I5

1B 13 o - ,006& +J, 01

15 - 3L 18 (todap) 4RI L -85 693

45 3L 28 531 +.j .856 812

\B 45 15 : 524 + (} .18 |.06%Z

18 5V 17 hakey k- - R d’ 1875 Ll A

1B T 43 - 454" 1 01..755 47t 43.09
I8 8C 14 soE d‘ .857}

IB 8C 16 . »381 + i .857

58 +t43.65

6G M 22 .505 t+ i .8l B30 '+5,a.+5
™ 8C 2l  .R69 + § .435 443 i 1.83
8C 9K 24 Lol S %o +j2.96
T 9K 664G ;34_ .505 ¥ d 816 -.83_0 *&3.4_5_
6 G- 8V 235 bob gt 900 991 t ;4.9
4?:552:36“6 Mufuaibifped;; e

1845 1S and 1BSUT, quqllel For 1.5 x10*f+, = .Hob -ra', 3.18

TABLE 3
TRANSMISSION _AND Dtslmawnon Line ConNSTANTS.




oj?rzigr::.— Re prese:rr}-cd‘ion on Positwe Representation on
Group & Negative Sequence Nefworks | Zevo Sequence Networks
Waferville O
45,000 KVA. Open Circu
12 g B W0 KY. pd ot i3zky. | wowkv FIF 0'15
i i EL

Representation for
each Transformern

Newport
Auto-~
9000 KVA.

"® /66/ttery KV.

¥ <

b6 KV.

o KV.

66 KV.

1o Kv.

95

}.13 r
JMIZ

o—ter
= L open Circuit

Arlington
Auto-
T.500 KVA.

"0/66/(1'31-.) KV.

s

Representation-each.

66 KV Ho K.

Wo.s.hihgfon
Five Transformers
Total Capacity

8
27,000 KVA' 1o KV. 13.2 KV 13,21V
Ay i T s | e i
no / 13.2 KV. z
Open
\r/ \]/ Circuit
Washington O KV. 13.ZKV. 1o K. 13.2 KV.
10,000 KVA . :

0 /3.2 [crer) KV.

iy

TABLE 4-.

TRANSFORMER CONSTANTS
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Constants of the system behind the Lenoir City line

are determined in the same manner, hence, for maximum condi-

tions: 1
Z Zg Zo |
Maryville line j 0.58 J 0.52 ] 2.27 ﬁ

Lenolr City line J 1.29 j 1.16 ] 2.96

Generator constants are available only for the Water-
ville machlines. The short circult subtransient time constant
corresponds to about 2 cycles, and for the purposes of this ﬁ
study, the current during this Interval may be disregarded.

Transient reactance 1s 28% on machine KVA. base, or
1.08 ohms on 13.2 KV. base.

The negatlve and zero sequence reactances are like-

wlse found to be, respectively, 0.62 and 0.7 ohms. Because

the Waterville tfansformers are connected delta on the genera- Kﬁl
tor side, no path ls provided for zero sequence currents be- ii'
tween ﬁransformer and generator, so the zero sequence impedance

of the circuit 1s infinity. This 1is covered in the transformer
connectlon by an open clrcult on the delta side, in the zero

sequence network,

A preliminary calculation indicates Waterville plant
willl not supply more than approximately 50,000 KVA. to a three

responds to a system impedance of 270% on the Waterville plant

KVA. rating. |

Reference to standard decrement curves indicates that, |
f
for system impedences above 100%, initiel fault KVA. may be |

consldered as sustained. This, in conjunction with the fact

that Waterville generators are provided with gquick response ex-

I
!
I
!
i
1
phase fault within the Knoxville 13.2 KV. network. This cor-
'
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citation and corresponding voltage regulators, indicates no
correctlon 1s necessary in order to determine KVA. at any par-
ticular time after the occurrence of a fault within the Knox-

ville 13.2 KV. network.

Since machine reactances are considered as external
to the source of E.M.F., 1t 1s necessary to determlne the in-
ternal voltage. This may be approximated by the following:

1 z 1 2 1/2
Ey = [(Ep + IXg sin 6) + (IXg cos 8)° ]
in which
E4 = Internal voltage.

I = Load current, before fault.
Ep = Terminal voltage, before fault.

Power factor

«Q
(o]
w
D

il

Xd = Transient reactance.

It has been stated that the fault currents to be de-
termined are to be considered as sustalned values. On this
basis, the correct internal voltage would be that determined
by using the synchronous reactance, Xg, in the above equation,
instead of the transient reactance. If thlis were done, the
synchronous reactance would also be used in the network. How-
ever, only transient values may be determined from the data
glven for the Maryville and Lenoir City lines, and as a conse-
quence it 1s necessary to use corresponding values for the
Waterville machines. The difference 1n the current calculated
by the two sets of constants 1s not as much as seems at first,
" because both the internal voltage and the system impedance are
increased when using synchronous constants, However, current

determined by these higher wvalues 1s somewhat less than as

————

e

| i

S St




24

found by the method to be followed, but does not take into i

consideration the effect of voltage regulators. Not that us-

ing transient values makes such correction, but using transient
values and considering the resultant current sustained does. |
At best the answer 1s 1ndefinite. With all machine, i i
regulator, prime mover and accessory constants at hand, 1t
would be possible to determine the exact value of fault cur-

rent at any instant. It is unnecessary to be so thorough. It

is customary to make approximations at this point in all stud-
ies, and at best the standard decrement curves are average val-
ues to be used when system conditions indicate a decrement will
occur,

Returning to the 1Inltlal voltage, assuming machines
approximately 80% loaded, 80% power factor, Ep = 13,200/1,732
- = 17620 volts, X& = 1,08 ohms, the internal voltage 1s found %o
be 8700 volts. This 1s the "refereﬁce"voltage to neutral, and
consequently is all real.

Machine constants as discussed above determine R.M.S. |
values of a current wave symmetrical about the axis of zero cur-

rent. As 1s well known, fault currents during the first few

cycles may or may not be symmetrlcal, depending upon the point

n—

of the voltage wave at which the fault ocecurs, It 1s necessary
to take the D.C. compon