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INTRODUCTION

In the past twenty years, the capacity of electric arc furnaces has
increased from 20 MVA to 80 MVA and even 100 MVA furnaces are under con-
sideration.(1’2) The advantages of the arc furnaces are not entirely cost;
the high heat concentration combined with quick regulation, metallurgical
flexibility, contamination free melting and refining, inherent nature which
can remove sulfur and phosphorus (eliminating the expense of buying premium
grade of scrap) as well as easy starting and shut down, makes the electric
arc furnace one of tﬁe most effective production tools in the steel industry.

As a power company looks at the electric arc furnace, the arc furnace
represents a large increment of load, good reveﬁue, high load factor (above
60%)(3) and concentrated service area. However, with accompanying flicker
voltage, such a load may affect other electricity users which is of paramount
concern to an electric utility company. In lighting, flicker is annoying; in
television, objectionable from the critical user's viewpoint, and in certain
technical or utilization processes it may even disrupt production.

The agony for the utility is that there is no criterion of how much
arc furnace capacity a utility company should supply. Usually, the higher

the short circuit capacity, the larger the furnace that may be served.(h)
CAUSE OF FLICKER

A. Arc Furnace Principle

The general construction features of an arc furnace as manufactured in
this country vary, of course, with size and with the different manufacturers.
The shell of a typical furnace consists of a steel plate construction with a

refractory lining and is usually circular in cross-section. The hearth is a
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shallow bowl formed in the refractory lining of the bottom. The lining may be
of acid or basic refractories. Suiltable doors for charging the metal to be
melted and a pouring spout for discharging the finished metal are provided.
The roof is a removable member, made as a sepsrate part of convenience in
refilling and also in some cases to provide for overhead mechanical charging.
In the roof are three egquidistant opennings through which the vertical carbon
or graphite electrodes can travel. The electrodes are manipulated by winches
coperated by motors with reversing control.

The methods of stating the size of a three-phase arc furnace is to
rate the furnace in terms of the holding capacity in tons of molten metal or
by the capacity of furnace transfcrmer in MVA.

The method of operating an arc furnace so far as the charging of cold
scrap is concerned, varies with the kiﬁd and degree of subdivision of the
scrap. For instance, the weight of cold scrap in the form of roll turnings
that can be charged in a furnace initially will rarely be enough to form the
weight of molten metal desired, so that additional quantities can be added as
the metal in the furnace becomes molten. This practice affects adversely both
the energy consumption of KWH per ton and consumption of electrodes.

The open circuit voltage of three-phase arc furnaces varies with the
capacity of the furnaces (Fig. l).(5)

For arc furnace applications, transformers of special design are
required. The secondary coil construction involves large heavy coils,
requiring special bracing of the winding to meet the mechanical strength
required with large variations of secondary current. Because of the magnitude
of current required, mﬁltiple secondary ccil terminals are brought out
through the transformer tank cover.

Since a certain degree of flexibility of secondary voltage is



desirable the general method of changing seccndary voltage delivered to the
furnace is by use of suitable tap in the prirmary winding.
B. Types of Flicker

Essentially, the furnace operation may be considered as a random
occurrence of phase to phase short circuits, with the load swings causing
corresponding voltage fluctuations. Three types of load swings may be
generated by large arc furnaces, causing corresponding voltage swings.(6’7)
1. Cyclic

Single phase swings occur at a rate of 2-8 per second, and at a magni-
tude of roughly 40-50% of furnace rating, with the power factor of the swings
at about 60%, well below normal furnace power factor. This flicker results
from arc excursions in the molten metal and is most severe just after a
charge of scrap. | |
2. Very Frequent

Single phase swings at a rate of no more than once per second, and at
a magnitude of about 60-80% furnace rating. Power factor is about 60%. This
flicker occurs in the initial melt-down period and just after a charge of
scrap.
3. Gradual

Three phase power swings, lasting several seconds and having a magni-
tude equal to (or greater than) the furnace rating. Power factor may be as
low as 50%. The character of such swings will depend on the sensitivity of
the current control devices on a particular furnace.
C. Limitation of Flicker

After the study of the mechanism of the load swings in electric arc
furnaces, the question arises as to what happens to the performance of such

sensitive devices as light bulbs when their operating voltage is fluctuating.
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The emission of visible light from the filament of a light bulb is a
function of the power which in turn depends on the operating voltage. A drop
of the line voltage from 100 to 99 per cent results in a decrease of approxi-
mately 3. per cent of the visible light emission afﬁer the filament has
adjusted itself to the lower power level.(a)

It is obvious that the thermal inertia given by the diameter of the
filament determines the speed of reaction. Small bulbs of the 15 or 25 watt
type react much faster than 75 or 100 watt bulbs with their heavier filament.
As for fluorescent light bulbs, the light output follows line voltage
variation almost instantaneously.(a)

The problem of lighting flicker, however, cannot be entirely
attributed to the light bulb. The human element enters the picture in a
variety of factors including perceptibility, speed of reaction, irritation,
etec. Contrary to physical conditions, these factors vary over a wide range
and cannot be easily pinned down in figures and formulae. They require a
statistical approach. Customer reaction to the flicker may vary, not only
among utilities, but in different types of service territory served by one
company. Customers have had differing experiences with electric service.
Supposedly, the rural areas are more tolerant, but again, effects on tele-
vision reception in fringe areas may counteract this tendency.

Based on the above facts, many flicker curves have been proposed to
show permissible voltage fluctuation as a function of occurrence fre-

(6,9,10)

guency. The most widely adopted curve is shown on Fig. 2,

"CALCULATION OF VOLTAGE FLICKER

A. Symmetrical Component Analysis of Electric Arc Furnace.(ll’13)

An equivalent circuit for a three phase arc furnace could be present
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as Fig. 3. The X,y, Xgp, etc., denotes the mutual reactance between the u and
v phases, the a and b phases, etc.
Talkding the circuit constants, voltages and currents as shown in Fig.

3, the following five equations may be set up from Kirchhoff's laws:

I,+Ip+I, = 0 o))
'Va. 'Za Xab Xcal [ 1a
Vo = |Xab %o Xpe| | Tb (2)
,Vc‘ L Xca Ape Zc Ie
(1, (-1 1 o) [y,
=] 0o 1+ 1] |5, | (3)
) L1 o )|y

R L, (&)

) XW'U- XW ZW IW

v, [0 o 1] Zy Hoy X i
C

a
Vm| = | V| - |Vp (5)
Vn Vi Ve

Solving these equations simultaneously for V;, Vp, and Vn, one obtains

1 ~Za + Xcg

Vm| = | Za - Xap

(Zu“Xuv)/B.’ —Xab + X‘bC - (Xuv-xwu)/33
(Xuv'zv)/3: Xab - zb - (Zv-wi)/B:
Vn b= Xon = KumZvul)/3s Zp = Xpo - (XguZ,)/3;

Xea t Ze t (Zy—Xn)/3 Ia Ly vy K| [Two
Xc.aJrX’z;’c"' (Xuv" vw)/3 Iy + X-uv Zv Xvw Iuo (6)

Xpe = Ze + (XW-ZW)/B I. X'wu XW ZW Lio



Where L5 = (Iu ¥ Ty + Ty df3-

With a = ¢J2"/3, substituting

into (6) and simplifying yields

V10

V12

0]

(a2-1) (2,-2%-aXyy1) /3
(a2-1){-aZa2-22%X gt (ZuzH2akiyy2) /3]

(a2-1){Za0-Xab0t (Zyo-Kuv0)/3

Where

Z40]
Zy1
Zu2

3 ’

h

rZaO

1/3

1/3

V10

(a-1)(Zy2-aX__,)/3;
V1| =| (a-1) (Zal'azxabl) > (a'l){ZaO'XabO+ (ZuO_Xqu)/ 3 }’

(a%-1) (Zap-aXgp),  (a-10{~a?za1-2aXap1+ (Z1+25%%01)/3)

Zy T B
a1} | Xuv v x\rw

X Eyw Zoy IuO

Ia0 Tuo

1.0 (7)

Lao
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s 11 1] %
Xuvi| = 1/3 |1 a &2 | Xy
LXuv2‘ L a® a ) V) s
(Xab0) (11 1] [xy)
Xapr| = /3|1 a a2 | X
LXab2‘ (1 a? a [ Xea) -

Moreover, since Iz0 = (I + Ip + Ic)/3 = 0, Eq. (7) becomes

Vio Zyo T 2yvos (a-1) (2112"33{11\"2)/3:
V11| = |Zu1 - &%Xuvs (3‘1){Za0‘xab0+(ZuO"Xqu)/B},

Vio|  |Zuz - aXuve, (a-1){-a2Z4-2aX 1+ (2142021 )/3),

(a%-1) (Zy1-2%%yy1)/3 Lo
(a2-1){-2Z 0202 a2t (Zygt2aXyv2) /3 | | Tar (8)
(a*-1) {Z 20~Xab0t (Zy0=Xuy0)/ 3} Ta2

To avoid needless complexity Eq.. (8) may be abbreviated as

Viol (20 Bo Co| {Two

Vig| | A2 B2 Cp Ta2

In a three phase balanced system, where zero sequence, negative
sequence currents and mutual impedance elements do not exist, as shown in
Fig. hA,(lz) the balanced electric arc furnace can be represented by simple
diagram as Fig. 4B.

B. Computer Program for Flicker Calculation

For the study of the flicker problem, Mr. Bob Oltroggie of the
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(appendix A) 5 prs1c using a

General Electric Company has written a progran
G; E. 265 time sharing digital computer to calculate voltages and power fac-
tors at different metering positions of a furnace.

Fig. 5, 6, 7 present the equivalent circuit for the program and a

brief eﬁplanation of the program which simulates the different coperating con-

ditions of an arc furnace by varying the arc resistance R.
VOLTAGE FLICKER OF MULTIPLE FURNACES

With two or more furnaces operating in parallel, the magnitude of the
voltage fluctuations obviously is greater than with one furnace. It is also
reascnable to assume that few fluctuations occur at the same instant in all
furnaces (although that may happen on occasion). Generally, adding a second
furnace which is substantially smaller than the first furnace will not
appreciably increase the flicker.(ls) The voltage swings aretoo irregular and
difficult for the analyst to determine how much worse one condition is than
énother. Also, operating procedures of various plants vary.

Investigation has shown that the resultant rms voltage fluctuation is
the square root of the sum of the squares of the individual rms volt-
ages.(ls’lé) Moreover, when N furnaces of equal size are operated in
parallel, the magnitude of the voltage fluctuation is the fluctuation pro-
duced by one furnace multiplied by a factor K¢, which is equal tofN. It is
also found that the flicker level is reduced if one or more furnaces are in
the refining cycle and that the fluctuation of a refining furnace can be con-
sidered about half that of a furnace in the melt-down cycle. Assuming,
therefore, a mill with several equal sized furnaces, some of which are on the

refining cycle, the multiplier becomes:

Kr =\ N+ (0.25)N,,
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Where N is the number of furnaces on melt~dovn and N,. is the number of
furnaces on the refining cycle.

_The problem of flicker level of two or more furnaces of different
sizes operating in parallel can be estimated with a similar routine:

K = \/ N + F1% + Fpo—uF, 2

Where N is the number of largest furnaces of the same size and F is the per-

unit MVA of smaller furnace sizes. For any furnace on the refining cycle,
one-half the per-unit size should be used in this equation,

The AIEE Committee on System Engineering and Working Groupyon Arc
Furnaces has recommended and approved the mutual drop constant (Xﬁn) as an
index of the ability of a power system to supply arc furnaces without
objecticnable flicker by correlating many operating furnaces.(lh)

Referring to the Fig. 84, the furnace transformer bus is designed as
m and the location of the closest lighting load as n. With 1.0 per-unit
reactive current (based on the furnace transformer name~plate kva) drawn from
the system at point m, Xpn is defined as the voltage drop from the generator
equivalent internal voltage to the point n. The quantity Xpm 1s defined as
the voltage to the point m, and this quantity is designated as the "self-
drop constant." The quantity X;, is the reciprocal of the short-circuit
capacity at the furnace transformer bus., For the simple radial circuit in
Fig. 8A, X, is the reciprocal of the short-circuit capacity at the lighting
tap, but in more general networks, this is not the case. The determination of
Xpn and X, for the general 3-terminal net work is shown in Fig. 8B.

The assumptions used by the working group for setting up the 3-termi-
nal network for the various furnaces covered by the survey are as follows:

l. Voltage of generators and synchronous condensers are equal

and in phase.
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2. Shunt impedance branches are neglected.

3. Subtransient reactance is used for all synchronous

machines,

4. The-resistance in lines, transformers, and generators

are neglected,

The self- and mutual-drop constants can be determined by network
deduction by use of calculating board or digital computer.

Fig. 9, 10, 11 present the results of the study, plots of X, against
furnace size for installations with one, two and three or more larger furnaces
with some smaller furnaces ignored.

The AIEE working group's survey mainly dealt with electrode voltages
of 350 volts or below., However, it is understood (14) that the larger furnace
operates with higher electrode voltages and consequently, the gap between
electrodes and melt is larger. The influence of wave ripple decreases with
increased gap or arc voltage. Therefore, the problem of lighting flicker in

relative terms is less critical with large furnaces.

FLICKER STUDY OF SHEFFIELD PLANT OF ARMCO STEEL

CORPORATION

Since 1950's, Kansas City Power and Light Company has been serving the
Sheffield Plant of Armco Steel Corporation at Kansas City, Missouri.

In 1968, the capacity of Sheffield Plant consisted of three furnaces
of 30, 30, 44 MVA, supplied by an 80 MVA transformer which steps down from the
161 KV bus at Blue Valley substation to 13.2 KV bus at the Sheffield plant.
Also, there were six overhead 13.2 Ky, 500 MCM cables connected directly from
Hawthorn station generator Unit No. 3 to the Sheffield bus.(17)(Fig. 13)

These cables were removed after the new 80 MVA fransformer was installed.
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Armco Steel has planned to add a new furnace of 52.2 MVA which
probably will be uprated to 58 MVA in the future. To meet the increased load,
the Kansas City Power and Light Company has installed another 80 MVA trans-—
former at Blue Valley substation in 1969. (Fig. 14)

To investigate to what extent the furnace operation at Sheffield Plant
may cause voltage fluctuations at the Blue Valley 161 KV bus where the nearest
.lighting loads are connected, the following studies were conducted.

A, Field Tests
1. A visicoder (Honeywell Model 1612) record of voltages at different
furnace operating conditions were made. The operating conditions

and results were analyzed below:

Operating Condition No. 1

Scrap was Jjust contacted by electrode.
#1 furnace working in high tap but flat bath.
#2 furnace refining (low tap)

Voltage Average Flicker Per Second
Fluctuation A=-Phase B-FPhase C-Phase
0-2,2% 4.1 0.9 1.8
2.2-5% 4.1 L.5 4.1
5-8% 0.9 2.3 2.7
8-10% 0.5 0.5 0.9
10-15% 0 1ok 1.4

15% Up 0 0.5 0.5



Operating Condition iio. 2

3 minutes after breaker was closed.
#1, #2 furnace conditions same as condition No. 1.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% 1.5 0.7 0.4
2.2-5% 5«5 L.6 Lok
5-8% 30 2.6 3.3
8-10% 0.4 0.4 e B
10-15% 0 0 1.7
15% Up 0 0] 0.7

Operating Condition No. 3

7 minutes after breaker was élosed.
#1 furnace on low tap.
#2 furnace off,

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Fhase C-Phase
0-2.2% 0.4 2.7 0
2.2-5% b2 5.4 5.8
5-9% | 4.2 1.9 4.2
8-10% 0 0 0.8
10-15% 0 0 0

15% Up 0 0 0



Operating Condition lio. 4

13% minutes after breaker was clcsed, cave-in on #3 furnace.

#1 furnace off.
#2 furnace off.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% 1.6 2.8 3.6

2.2-5% 6.8 5.6 6
5-8% 2.8 3.2 1.2
8-10% 0 0 0
10-15% 0 0 0
15% Up 0 0 0

Operating Condition No. 5

18 minutes after the breaker was closed.
#1 furnace off.
#2 furnace off.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% L.L 0.4 2.5
2.2-5% 4 2.4 Bl
5-8% 0.4 0 0.8
8-10% 0 0 0
10-15% 0 0] 0]

15% Up 0 0 0
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Operating Condition No. 6

22 minutes after breaker was closed.
#1 furnace off.
#2 furnace off.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% 3.7 245 3.7
2.2-5% 6.6 6.1 L.2
5-8% 0.8 1.2 0.8
8-10% 0 0 0
10-15% 0] 0 0
15% Up 0 0 0

Operating Condition No. 7

#3 furnace cave in.
#1 furnace off.
#2 furnace off.

Voltage Average Flicker Per Second
Fluctuation A-Phase B~-Phase C-Phase
0-2.2% 23 55 1.9
2.2-5% 5:8 4.1 6.2
5-8% 4.1 1.9 Bl
8-10% 0 0.4 0.4

10-15% 0 0] 0

15% Up _ 0 0 0
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Operating Conditicn No., 8

#3 furnace tried to catch a cave-in but the
electrodes pulled out.
#1, #2 furnaces off.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% 2.7 2.7 1.9
2.2-5% 4.1 3.9 65
5-8% 0.4 0 " |
8-10% 0 0 0.4
10-15% 0 0 0
15% Up 0 0 0

Operating Condition No. 9

3rd charge for #3 furnace.
2nd charge for #2 furnace.
1st charge for #1 furnace.

Voltage Average Flicker Per Second
Fluctuation A-Phase B-Phase C-Phase
0-2.2% 5.3 2.9 4.1
2.2-5% 5.3 1.0 7.6
5-8% 0.6 2.3 2.3
8-10% 0 0.6 1.2

10-15% 0 0 0

15% Up o} 0 0
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Operating Condition XHo. 10

3rd charge for #3 furnace.
2nd charge for #2 furnace.
1lst charge for #l furnace.

Voltage Average Flicker Per Second
Fluctuation A-FPhase B-Phase C-Phase
0-2.2% 39 3.9 2:6
2.2-5% 5.5 7.0 Gl
5-8% 1.3 1.7 1.7
8-10% 0 0 0
10-15% 0 o 0
15% Up 0 0 0

The voltage was recorded at the Blue Valley 161 KV bus by

a Brush recorder. The magnitude of the very frequent flicker
was about 0.071%.

A visual test was performed with a light bulb. No flicker was

observed during the test.

B. Computer Calculation

of:

1.

Table 1 shows the system and input data for the cases

The year 1968, normal system condition with no. 3 furnace

(44, MVA) in operation.

. The year 1969, with normal system condition with no. 4

furnace (52.2 MVA} in operation.

. The year 1969, furnace no. 4 (52.2 MVA) operated at all

system ties connected, with Hawthorn Unit no. 3 the only

generating unit in the metropolitan Kansas City area,.
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L. The year 1969, furnace no. 4 (52.2 MVA) operated at all system
ties connected, with Hawthorn unit no. 5 the only generation

unit in the metropolitan Kansas City area.

" 5. The year 1969, normal system connection and furnace no. 4

uprated to 58 MVA.

The result of the computer calculations (see Appendix 2) for
the voltages at Sheffield plant 13.2 KV (E6) and at Blue Valley 161
KV bus (E3) were plotted with respect to the per cent value of dead
shorted electrode current. (Fig. 14 to Fig. 18)

Comparison of Computer Resulis and Field Tests

A comparison of the computer calculations and recorded voltages
at both the Armco 13.2 KV bus and the Blue Valley 161 KV bus shows that
they are very closely correlated. Condition 4 through condition 8
in the field tests are referred to case no. 1 of computer calcu-
lation. The record at the Armco 13.2 KV bus shows cyclic flicker of
5-8%, while the computer results show 6.3% (see Fig. 14 and
Appendix 2). At Blue Valley 161 KV bus, the Brush recorder recorded
approximaﬁely 0.071% voltage fluctuations, while the calculation
shows less than 0.12%.

The computer results for all cases of voltage fluctuations
at the Blue Valley 161 KV bus (E6) show no one case has a fluctu-~
ation that exceeds 0.15%. According to the flicker curve (Fig. 2),
this amount of fluctuation 1s below the berder line of visibility
at any occurrence frequency.

Multifurnace Operation at Sheffield Plant
By applying the factor K¢ to the computer results for the

case of year 1969,

36



37

ke =1+ G2+ @7+ @D - 12

the maximum fluctuation is only 0.21% at worst (assumed furnaces on
melt-down)}, which is still under the border line of wvisibility for

any occurrence frequency on flicker curve.
CONCLUSION

As it has been proved in the case of the Sheffield Plant, the results
of computer calculations agree very well with the field tests. Once the maxi-~
mum voltage fluctuation is determined, this approach to the flicker problem
provides a nearly exact answer to the question of how much furnace capacity
could be supplied at a particular bus where the short circuit capacity is
known, thereby eliminating the guessing art in determining the power supply to

the arc furnaces.
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APPENDIX A

FLICKR

50 PRINT"STUDY 1968

55 PRINT

90 READ M,K,B3,B,J2,D2,J3,D3,J4,D4,d5,D5,J6,C,V,K1
95 PRINT M;K3;B3;B;J2;D2;J33D3;J43D435J5;D5;J€6;C3 VKL
100 1ET F=B/(1.73205%(V/1000))
105 LET X1=(V/1000) 2/M

106 LET X2=J2%(V/1000) 2/(K*100)
107 LET X3=J3%(V/1000) 2/(B3%*100)
108 LET X4=J4%(V/1000) 2/(B*100)
109 LET X5=J5/1000

110 LET X6=J6+%(V/1000) 2/(C*100)
111 IET X7=(V/1000) 2/C

115 LET R1=X1/10

116 LET R2=D2%(V/1000) 2/(K*100)
117 1ET R3=D3%(V/1000) 2/(B3*100)
118 LET RA4=D4*(V/1000) 2/(B*100)
119 IET R5=D5/1000

125 LET XO=X3+X4+X5

126 LET RO=R3+RA41R5

128 LET E=V#(1-K1)/1.73205

130 PRINT "X1="X:L nx2—1rx_2 !IXB._.I'!XB "Xh-”Xh r1x5_nx5 |I'X6_I’IX6 ”X'?_"X'?
132 PRINT an—an "R2‘”R2 ”RS—”RB "RL—"BJ;. ”RS—-"R5 "F""F "E_”E
134 IET Q1=1

135 LET k=0

136 GOSUB 980

137 LET Q1=0

140 IET X=.0037

150 IET Y=.0001

160 IET N7=0

170 IET N1=1

180 LET N2=0

190 LET N3=1

200 LET N4=0

210 GOSUB 720

220 1ET N4=1

230 LET S2=51

240 IET 53=51

250 LET Al=X

260 IF N2 1 THEN 290

270 1ET N2=0

280 LET S3=51

290 IF N3=3 THEN 690

300 IF N3=2 THEN 350

310 LET X=X+Y

320 IET N3=2

330 GOSUB 720

340 GOTO 260

350 IF S1-53 O THEN 410

L1



FLICKR CONTINUED

360 IET Y=-Y

370 LET X=X+2%Y

380 LET N3=3

390 GOSUB 720

LOO GOTO 260

410 LET S3=S1

420 LET N3=1

430 IF 53-52 O THEN 570
410 IF N1 1 THEN 650
450 LET X=Al

L60 1ET N4=2

470 GOSUB 720

480 IF N7 O THEN 1340
490 LET N7=1

500 LET ¥=R

510 LET Y=,1%Y

520 GOTD 170

570 LET 52=33

580 LET N2=1

590 LET N1=0

600 1ET BRl=¥

610 LET X=2#X-A1l

620 LET A1=Bl

630 GOSUB 720

640 GOTO 260

650 1LET N1=1

660 LET X=A1

670 LET $3=52

680 GOTC 290

690 IF 51-53 O THEN 410
700 LET X=X-Y

710 GOTO 420

720 IF N4=0 THEN 770
730 IF N6 100 THEN 780
7L0 LET NL=2

750 LET N&OQ

760 GOTO 450

770 LET N&60O

780 LET N&=N&+H1

790 LET R=X

800 GO TO 980

810 LET Q1=2

820 1LET R=0

830 GOSUB 980

840 FOR K=0 TO 2.5 STEP .25
850 IET R=.0001%10 K
860 GOSUB 980

870 NEXT K

880 LET R=100

890 GOSUB 980

900 GO TO 2000

L2



FLICKR CONTINUED

980 LET C8=ATN(XO/(ROtR))
990 LET F8=C05(C8&)

1000 LET
1010 IET
1020 LET
1030 IET
1040 1IET
1050 LET
1060 LET
1070 IET
1080 1ET
1090 1LET
1100 LET
1110 LET
1120 IET
1130 LET
1140 IET
1150 LET
1160 LET
1170 LET
1180 LET
1190 1ET
1200 LET
1210 LET
1220 1IET
1230 1IET
1250 IET
1260 LET
1270 1ET
1280 LET
1285 LET

G1=(RO+R) 2+(XO-X7+X6) 2
G2=(X6-X7) 2%(ROHR)
G3=(ROtR) 2+X0¥* (XO-X7+X6)
Gl=R1+R2+G2/G1

G5=X1+X2+ (X6-X7)*G3/G1
7=SQR (G4 2+G5 2)
C1=ATN(G5/GL)

F1=Cc0s(C1)

I1=E/(Z*10 3)
G6=I13#C0s(C1)
G=TI1*SIN(C1)

T2=E-G6% (R1+R2 ) 1000693 (X1+X2 ) #1000
T1=GA* (X1+X2)*1000-G9# (R1+R2) 1000
E5=SQR(T2 2+T1 2)
C5=ATN(T1/T2)

15=E5/ ( (X7-X6)*1000)
G8=I5#3IN(C5)
G7=15%C05(C5)

SI=G6-G8

S5=GHGT

CL=ATN(S5/S4)

FL=C0s{CL)

I4=SQR(SL 2+35 2)
F7=C0S(C1-C5)
AS=TLR*1000

I6IL 2

P3=3%16%R

P2=3%16%(RO+R)
V2=3#16%40

1290 IF Q1=2 THEN 1404

1300 LET

S1=P3

1310 IF Q1=0 THEN 1330

1320 IET

Q7=147

1330 RETURN

1340 1ET

P7=pP2

1350 PRINT "P7="P7
1360 PRINT
1370 GOTO 810

1404 LET
1407 IET
1410 LET
1413 LET
1416 LET
1419 IET
1422 1ET
1425 LET
1428 LET
1431 1ET
1434 LET

H&6=143C0s(CL)
HO=T43SIN{(CL)
V2=3%163X0

V3=V2/P7

I19=14/Q7

P9=P3/P7

P&=P2/P7

AG=A8/E

W3=E-G6¥R1#10 3-G9#X13#10 3
Y3=G6#X1%10 3~GPR1*10 3
E3=SQR(W3 2+Y3 2)

43



FLICKR CONTINUED

1437 IET W,=E-G6#(R1+R2)#10 3-GGH*(X1+X2)¥10 3

1440 LET YA=GE#(O4X2)¥10 3~G9#(R1+R2)*10 3

1443 ILET EA=SQR(W, 2+YL 2)

1446 LET W6=WL-HE#R3%1000-H$#X3%1000

1449 LET Y&=YL+HE#X3%1000-H#R33%1000

1452 1LET E6~SQR(W6 2+Y6 2)

1455 LET W7=W,L-H6%(R3+RA )#1000-HG* (X3+X4 )32100

1458 1LET Y7=Y/+H6*(X3+XL4 )*1000-HG (R3+RL )*10C0

1461 LET E7=SQR(W7 2+Y7 2)

1464 LET W8=WL-H6*RO*1000-H$#X0%*1000

1467 LET Y&=YI+H64X0%1000-HI+#R0*1000

1,70 LET E&=5QR(W8 2+Y8 2)

1474 PRINT "P3=MP3;"P2="P2;"V2="y2;"R=WR;"AG="AS

1476 PRINT "IL4="IL;"F7="F7;"F&="Fg;"P.U. V2="V3

1478 PRINT "P.U. I="I9;"P.U. P3="P9;"P.U. P2="P8;"P.U. A&="AQ
1480 PRINT "P.U. E3="E3/E;"P.U. EL="EL/E;"P.U. E5="E5/E
1490 PRINT "P.U. E&="E6/E;"P.U. E7="E7/E;"P.U. E&="E&/E
1500 PRINT

1510 RETURN

1900 DATASL991.,100,100,33, 104, »153,0,0,5.8,.56,3.1166, . 34053,
1901 DATA 0,16.2,540,.05,

2000 END :



APPENDIX B

ARMCO 9:12 CH-E WE 07/10/8
STUDY 1968

5492.1 100 100 33 10.4 .l 33 0 0 i

.56 3.1166  .34033 O 16.2 540 .05
X1= 5,30944 E-6 X2= 3.,03264 E-4 X3=0  X4= 4.94836 BE-4 X5 3.11
X6=0 X7= 018
Rl= 5.30944 E-7 R2= L.L6148 E-6 R3=0  RA4= 4.94836 E-5 R5= 3.40
F= 35,2825 E= 296.181
P7= 34.4817

P3= 0  P2= 6.82293 V2= 63,2111 R= 0O AS= O

1= 76.3829 F7= .134202 F&= ,107315 P.U. V2= 1.83318
P.U. =1 P.U. P3=0 P.U. P2= ,197871 P.U. A& O
P.U. E3= .9989 P.U. El= .936773 P.U. E5= .936773
P.U. E6= .936773 P.U. E7= .8u8527 P.U. E8&= 7.70268 E-9

P3= 1.74035 P2= 8,52449 V2= 62.8518 R= .001 A8 7.61655

IL= 76.1655 F7= .16803L F& .134398 P.U. V2= 1.82276

P.U. I= .997153 P.U. P3= 5.0,4718 E-2 P.U. P2= 247218 P.U. A8 2,5715
P.U. E3= .998904 P.U. El= .937215 P.U. E5= .937215

P.U. E6= .937215 P.U. E7= .80942 P.U. E8= 2.57159 E-2

P3= 3.07849 P2= 9.8268 V2= 62.5198 R= 1,77828 E-4 A& 13.5085

I4= 75.9641 F7= .194094 F&= ,155273 P.U. V2= 1.81313

P.U. I= .994517 P.U. P3= 8,92789 E-2 P.U. P2= ,28,986 P.U. A8 L.56092
P.U. E3= .998909 P.U. E4= .937629 P.U. E5= .937629

P.U. E6= .937629 P.U. E7= .810314 P.U. E&= 4.56091 E-2

P3= 5.41329 P2= 12,0862 V2= 61.8217 R= 3.16228 E-4 A& 23,8875

Ik= 75.5388 F7= .239739 F&= ,191869 P.U. V2= 1,79288

P.U. I= .988949 P.U. P3= .15699 P.U. P2= .350512 P.U. A8 8.06516 E-2
P.U. E3= .99892 P.U. EL= .938508 P.U. E5= ,938508

P.U. E6 .938508 P.U. E7= .812313 P.U. E8&= 8.06516 E-2

P3= 9.38,19 P2= 15.8893 V2= 60.2666 R= 5.62341 E-L A& L1.9L09
I4= 74.5827 F7= .31823 F8= .25,938 P.U. V2= 1.7L779

P.U. I= ,976431 P.U. P3= ,27215 P.U. P2= .460803 P.U. A8 .1,1606
P.U. E3= .998946 P.U. E4= .9404L89 P.U. E5= .9.0.L89

P.U. E6= .940489 P.U. E7= .81706 P.U. E8& ,141606

P3= 15.6978 P2= 21.817 V2= 56.6915 R= ,001 A8= 72.3367

Ih= 72.3367 F7= 447224 F8&= ,359159 P.U. V2= 1.6441

P.U. I= .947027 P.U. P3= .455249 P.U. P2= ,632712 P.U. A& .244231
P.U. E3= .999013 P.U. E4= .945086 P.U. E5= .9.5086

P.U. E6= .945086 P.U. E7= .828578 P.U. E8= 244231
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P3= 24.0643 P2= 29,339 V2= L8.8712 R= 1.77822 E-3 A8 119.433
Ii= 67.1623 F7= .636712 F&= .514711 P.U. V2= 1.41731

P.U, I= .879285 P.U. P3= ,697885 P.U. P2= .850847 P.U. A& .L0324L5
P.U. E3= .999169 P.U. E4f= .955176 P.U. E5= .955176

P.U. E&= .955176 P.U. E7= .854553 P.U., E8&= .L03245

P3= 30.699 P2= 34.4832 V2= 35.0593 R= 3.16228 E-3 A& 179.888
I4= 56.8854 F7= .85166 F&= ,701225 P.U. V2= 1.01675

P.U. I= 744741 P.U. P3= .890297 P.U. P2= 1.00004 P.U. A8= ,607357
P.U. E3= .999461 P.U. Eif= .972906 P.U. E5= .972906

P.U. E&= .972906 P.U. E7= .900477 P.U. E8= .607357

P3= 29.6725 P2= 31,729, V2= 19.0561 R= 5.623,1 E~3 A& 235.839
I4= 41.9388 F7= .989507 F8&= .857273 P.U, V2= ,552641

P.U. I= .549061 P.U. P3= ,860529 P.U, P2= ,92018 P.U. A8= .796269
P.U. E3= .999818 P.U. E4f= .993226 P.U. E5= .993226

P.U. E6&= .993226 P.U. E7= ,952818 P.U. E&= .796269

P3= 22.0655 P2= 22,9256 V2= 7.9688 BR= ,01 AS= 271.204

I4= 27,1204 F7= .957996 F&= .9L4L565 P.U. V2= .231102

P.U. I= .355058 P.U. P3= ,639917 P.U. P2= 66,862 P.U. A8 .91567
P.U. E3= 1,00008 P.U. Ei= 1,0072 P.U. E5= 1.0072

P.U. E&= 1.0072 P.U. E7= ,988%905 P.U. E8= .91567

P3= 14.0081 P2= 14,3152 V2= 2.8L485 R= 1.77828 E-2 A8= 288.157
IL= 16.2042 F7= .T76166L4 F8&= ,98082 P.U. V2= .082503

P.U. I= .212145 P.U. P3= .406247 P.U, P2= 415152 P.U. A8= .972908
P.U. E3= 1.00021 P.U. E4= 1.01368 P.U. E5= 1.01368

P.U. E6 1.01368 P.U. E7= 1.00608 P.U. E& .972908

P3= 8.27929 P2= 8.38135 V2= .945526 R= 3.16228 E-2 A8 295.417
Il= 9.34192 F7= .509624 F&= .993697 P.U, V2= 2,74211 E-2

P.U. I= .,122304 P.U. P3= .240107 P.U. P2= ,24,3067 P.U. A8 .997,22
P.U. E3= 1.00026 P.U. E4= 1,01612 P.U. E5= 1.01612

P.U. E6= 1.01612 P.U. E7= 1,01294 P.U. E8&= ,997422

P3= 2.72511 E-3 P2= 2.,72512 E-3 V2= 9.84,156 E-8 R= 100 A8&= 301.3
If= 3.01392 E-3 F7= 1.80027 E-4 F&= 1. P.U. V2= 2.8541), E-=9
P.U. I= 3.94580 E-5 P.U. P3= 7.90305 E-5 P.U. P2= 7.90308 E=5

P.U. A8 1,01759

P.U. E3= 1.0003 P.U. E4= 1.01744 P.U. E5= 1.0174L

P.U. E6= 1.01744 P.U. E7= 1.01744 P.U. E8= 1.0174L

RAN 11.50 SEC.
READY.



L7

ARMCO 9:26 CH-E WE 07/10/8
STUDY 1969 NORMAL

7153.0 200 100 52.2 10.4 .153 0 0 4.32

432 2.8 3 0 - 4 540 .05
X1= 4.07661 E-6 X2= 1.51632 E-,, X3=0 XI= 2.41324 E-4 X5= .0028
X6= 0 X7= 7.11220 E-3
Rl= 4.07661 E-7 R2= 2.,23074 E=6 R3=0 R4= 2.41324 E-5 R5= .0003
F= 55.8106 E= 296.181
P= 42:7155

P3= 0 P2= 8.61465 V2= 80.831 R=0 A= 0

1= 94.1233 F7= .184566 F&= .105976 P.U. V2= 1.89231
P.U:, =1 P.ll. FPF=0 P.U. P2= ,201675 P.U. A8&= 0
P.U. E3= 999255 P.U. E= 971975 P.U. E5= 971975
P.U. E6= .971975 P.U. E7= .894904 P.U. E8= 6.74693 E-9

P3= 2.63854 P2= 11.1909 V2= 80.2466 R= .0001 A8= 9.37824

I4= 93.7824 F7= .240009 F8&= .,13812 P.U. V2= 1.87863

P.U. I= .996378 P.U. P3= 6.17701 E-2 P.U. P2= ,261987 P.U. A& 3.1663
P.U. E3= .99926 P.U. E4= .972321 P.U. E5= .972321

P.U. E6~ .972321 P.U. E7= .89559 P.U. E& 3.16639 E-2

P3= L.65966 P2= 13.153 V2= 79.6923 R= 1.77828 E-L, A8 16.619.

Il= 93.458 F7= .282365 Fe&= ,1628LL P.U. V2= 1.86565

P.U. I= .992932 P.U. P3= ,109086 P.U. P2= .30792 P.U. A& 5.61125 E-2
P.U. E3= .999266 P.U. Ef= .972653 P.U. E5= ,972653

P.U. E&= .972653 P.U. E7= .896295 P.U. E&= 5.61125 E-2

P3= 8.16265 P2= 16.5293 V2= 78.5044 R= 3.16228 E-4, A& 29.3329

1= 92.7588 F7= .355591 F&= .206036 P.U. V2= 1.83784

F.U. = .985503 P.U. F3= 191093 P.U. P2= 386963 P.U, A&~ 9,90371 E-2
P.U. E> .99928 P.U. Ek= .973375 P.U. E5= .973375

P.U. E6 .973375 P.U. E7= .897898 P.U. E& 9.90372 E-2

P3= 14.0194 P2= 22.1001 V2= 75.8212 R= 5.62341 E-4 A8 51.2629
I= 91.1598 F7= .477697 F&= .279831 P.U. V2= 1.77503

P.U. I= .968515 P.U. P3= .328203 P.U. P2= .517378 P.U. A& .17308
P.U. E3= .999316 P.U. Ef= .975025 P.U. E5= .975025

P.U. E6= .975025 P.U. E7= .901741 P.U. E& .17308

P3= 22.916 P2= 30.3438 V2= 69.6949 R= .001 Ag8= 87.3994

TL= 87.3994 F7= .663215 F8& .399187 P.U. V2= 1.63161

P.U. I= .928564 P.U. P3= .536479 P.U. P2= .710369 P.U. A8= ,295088
P.U. E3= .999403 P.U. E4f= .978829 P.U. E5= .978829

P.U. E6&= .978829 P.U. E7= .910957 P.U. E& .295088

P3= 33.3337 P2= 39.4095 V2= 57.0093 R= 1.77828 E-3 A8 140.566
I4= 79.0462 F7= .882698 F&= ,568639 P.U. V2= 1.33L463

P.U. I= .839816 P.U. P3= .780364 P.U. P2= ,92260L P.U. A& .L745%96
P.U. E3= .999595 P.U. E4= .986745 P.U. E5= .986745

P.U. E6= .986745 P.U. E7= .93063 P.U. E8 .474596



P3= 38.8037 P2= 42,7811 V2= 37.3195 R= 3.16228 E-3 A& 202.24)
Il= 63.9552 F7= .999959 F&= .75357 P.U. V2= .873676

P.U. I= .67948L P.U. P3= .908422 P.U. P2= 1.00154 P.U. A&= .6828)
P.U. E3= .999911 P.U. E4f= .999019 P.U. E5= .999019

P.U. E6&~ .999019 P.U. E7= .961505 P.U. E8&= .6828}

P3= 33.8865 P2= 35.8398 V2= 18.3269 R= 5.62341 E-3 A& 252.03
Ik= L4.8181 F7= .878596 F&= .890346 P.U. V2= .L29046

P.U. I= .476163 P.U. P3= .793308 P.U. P2= .835034 P.U. A& .850934
P.U. E3= 1.00023 P.U. E4= 1.01082 P.U. E5 1.01082

P.U. E6= 1.01082 P.U. E7= .991426 P.U. E&= .850934

P3= 23.5338 P2= 24.2966 V2= 7.1574 R= .01 A8= 280.082

Il= 28.0082 F7= .61475 F8= .959244 P.U. V2= 16756

P.U. I= .29757 P.U. P3= .550944 P.U, P2= ,568801 P.U. A& .9L56L6
P.U. E3= 1.00043 P.U. Ef= 1.01778 P.U. E5= 1.01778

P.U. E6= 1.01778 P.U. E7= 1.00936 P.U. E&= .945646

P3= 14.4639 P2= 14.7275 V2= 2.4737 R= 1.77828 E-2 A8 292.807
Ii= 16.4657 F7= .377929 F8&= .986186 P.U. V2= .057911

P.U. I= .174938 P.U. P3= .338609 P.U. P2= 344781 P.U. A& ,988609
P.U. E3= 1.00052 P.U. E4f= 1.02073 P.U. E5~ 1.02073

P.U. E6= 1.02073 P.U. E7= 1.01727 P.U. E& .988608

RAN 12.00 SEC
READY.

P3= 8.43711 P2= 8.52359 V2= ,8114, BR= 3.16228 E-2 A&= 298,22

Il= 9.43053 F7= .219846 F8= .995499 P.U. V2= 1.8996) E-2

P.U. I= .100193 P.U. P3= .197519 P.U. P2= .199543 P.U. A8 1.00688
P.U. E3= 1.00056 P.U. E4f= 1.0218 P.U. E5= 1.0218

P.U. E6= 1.0218 P.U. E7= 1.02034 P.U. E&= 1.00688

P3= 2.75292 E-3 P2= 2.75293 E-3 V2= 8.37252 E-8 R= 100 A8 302.9
Ii= 3.02926 E-3 F7= 7.11475 E-5 F&= 1. P.U. V2= 1.96007 E-9
P.U. I= 3.21839 E-5 P.U. P3= 6.L4L78 E-5 P.U. P2= 6.44,80 E-5
P.U. A8= 1.02277

P.U. E3= 1.00059 P,U. E4= 1.02238 P.U. E5= 1.02238

P.U. E6= 1.02238 P.U. E7= 1.02238 P.U. E&= 1.02238

48
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ARMCO 9:39 CH-E WE 07/10/8
STUDY 1969 HAW NO.3 ONLY

4L683.9 200 100 52.2 10.4 #1338 0 0 &332

432 2.8 3 0 L1 5,0 .05
X1= 6.22558 E-6 X=1.51632 E-4 X3=0 Xi= 2.41324 E-L  X5= .0028
X&= 0 X7= 7.11220 E-3
Rl= 6.22558 E-7 R2= 2.23074L E-6 R3=0 Ri= 2.41324 E-5 R5= .0003
F= 55.8106 F= 296.181
PE= 43.712

P=0 P2= 8.60789 V2= 80.7675 R= 0 Ag= 0

1= 94.0863 F7= .184566 F8= .105976 P.U. V2= 1.89098
PU. =1 P.U. P3= 0O P,U. P& 201533 Pl A~ D
P.U. E3= .998863 P.U. EAf= .971594 P.U. E5= .97159
P.U. E&= .97159L P.U. E7= .894553 P.U. E& 7.11221 E-9

P3= 2.63648 P2= 11.1822 V2= 80.18L R= .0001 A8= 9.37,58
Il= 93.74L58 F7= .2,0009 F&= .13812 P.U. V2= 1.87732

P.U. I= .996381 P.U. P3= .061727 P.U. P2= .26180) P.U. A8 3.16516 E-2
P.U. E3= .998871 P.U. E4= .971942 P.U. E5= .971942

P.U. E6= .971942 P.U. E7= .895241 P.U. E&= 3.16516 E-2

P3= 4.65605 P2= 13.1428 V2= 79.6307 R= 1.77828 E-4 A& 16.613

I4= 93.4218 F7= .282365 F&= .162844 P.U. V2= 1.86437

P.U. I= .992938 P.U. P3= .10901 P.U. P2= .307707 P.U. A& 5.60908 E-2
P.U. E3= .99888 P.U. Ef= .972277 P.U. E5= .972277

P.U. E6= .972277 P.U. E7= .895948 P.U. E8& 5.60908 E=2

P3= 8.156L6 P2= 16.5168 V2= 78.44L9 R= 3.16228 E- A8 29,3218

I4= 92.7236 F7= .355591 F&= ,206036 P.U. V2= 1.8366

P.U. I= .985516 P.U. P3= .190964 P.U. P2= .386702 P.U. A& 9.89996 E-2
P.U. E3= .998902 P.U. E4= .973006 P.U. E5= .973006

P.U. E6= .973006 P.U. E7= .897558 P.U., E&= 9.89996 E-2

P3= 14.0092 P2= 22.0841 V2= 75.7665 R= 5.62341 E-4 A8 51.244L
I4= 91.1269 F7= .477697 F&= .279831 P.U. V2= 1.77389

P.U. I= .968546 P.U. P3= .327993 P.U. P2= .517048 P.U. A8= .173017
P.U. E3= .998955 P.U. EA= .974673 P.U. E5= .97L673

P.U. E6= .974673 P.U. E7= .901416 P.U. E& .173017

P3= 22.9016 P2= 30.3247 V2= 69.651. PR= .00L A8= 87.3719

Ij= 87.3719 F7= .663215 F&= ,399187 P.U. V2= 1.43071

P.U. I= .928636 P.U. P3= .536186 P.U. P2= .709981 P.U. AS8= .294995
P.U. E3= .999088 P.U. E4f= .978521 P.U. E5= .978521

P.U. E6= .978521 P.U. E7= .910671 P.U. E& .29L995

P3= 33.3194 P2= 39,3927 V2= 56.985 BR= 1.77828 =Z-3 A8 140.536
If= 79.0293 F7= .882698 F8= .568639 P.U. V2= 1.334,17

P.U. I= .839966 P.U, P3= .78096 P.U. P2= .922285 P.U. A& .L7L4L95
P.U. E3= .999382 P.U. EL4= .986534 P.U. E5= .986534

P.U. E6= .986534 P.U. E7= .930432 P.U. E&= L7LL95
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P3= 38.8001 P2= 42.7771 V2= 37.316 R= 3.16228 E-3 A& 202.235
Ihk= 63.9522 F7= .999959 F&= .75357 P.U. V= .873666

P.U. I=.679719 P.U. P3= .908412 P.U. P2= 1.00152 P.U. A8= .682808
P.U. E3= ,999864 P.U. Eif= .998972 P.U. E5= .998972

P.U. E& .998972 P.U. E7= .96146 P.U. E8 .682808

P3= 33.8948 P2= 35.8485 V2= 18.3314 P= 5.62341 E-3 A8 252.061
If= L,.8235 F7= .878596 F&= .890346 P.U. V2= .429187

P.U. I= .476409 P.U., P3= .793567 P.U. P2= ,839308 P.U. A& ,851038
P.U. E3=1.00035 P.U. E4f= 1.C1l095 P.U. E5= 1.01095

P.U. E6= 1.01095 P.U. E7= .991547 P.U. E8= .851038

P3= 23.5445 P2= 24,.3077 V2= 7.16066 R= ,01 A8 280.146

Ik= 28.0146 F7= .61475 F8= .959244 P.U. V2= 16765

P.U. I= .297754 P.U. P3= .55124 P.U, P2= .569107 P.U. A8 .9L45862
P.U. E3= 1.00066 P.U. El= 1.01801 P.U. E5= 1.01801

P.U. E6= 1.01801 P.U. E7= 1.00959 P.U. E&= .9,5861

P3= 14.4718 P2= 14.7356 V2= 2.47506 R= 1.77828 E-2 A8= 292.888
I4= 16,4703 F7= .377929 F&= .986186 P.U. V2= 5.79477 E-2

P.U. I= .175055 P.U. P3= .33882) P.U. P2= .3L4999 P.U. A8= .988881
P.U. E3= 1.0008 P.U, E4= 1.02101 P.U. E5= 1.02101

P.U. E6& 1.02101 P.U. E7= 1.01755 P.U. E&= ,988881

P3= 8.44208 P2= 8.52862 V2= .811918 R= 3.16228 E-2 A8= 298.308
If= 9.43331 F7= .2198L46 F&= .995499 P.U. V2= 1.90091 E-2

P.U. I= .100262 P.U. P3= 197651 P.U. P2= .199677 P.U. A8 1.00718
P.U. E¥= 1.00085 P.U. Ef= 1.0221 P.U. E5= 1.0221

P.U. E6= 1.0221 P.U. E7= 1.02064 P.U. E& 1.00718

P3= 2.75463 E-3 P2= 2.7546L E-3 V2= 8.37773 E-8 R= 100 A&= 303.02
I)= 3.03020 E-3 F7= 7.11475 E-5 F&= 1, P.U. V2= 1.96145 E-9
P.U. I= 3.22066 E-5 P.U. P3= 6.44,932 E-5 P.U. P2= 6.4,93L E-5

P.U. A8 1.02309

P.U. E3= 1.0009 P.U. E4= 1.0227 P.U. E5= 1.0227

P.U. E6 1.0227 P.U. E7= 1.0227 P.U. E8= 1.0227

PAN 12.33 SEC.
READY,



Ji

ARMCO 9:59 CH-E WE 07/10/8
STUDY 1969 HAW NO.5 ONLY

5566.6 200 100 52.2 10.4 w53 0 0 L.32

432 2.8 «3 o] 41 5L0 .05
X1= 5.23839 E-6 X2= 1.51632 E-4 X3=0 X= 2.41324 E-L  X5= .0028
X6= 0 X7= 7.11220 E=3
R1= 5.23839 E-7 R2= 2.23074 E-6 R3=0 Rl= 2.11324 E-5 R5= .0003
F= 55.8106 F= 296.181
P7= 42,7136

P3= 0 P2= 8.61099 V2= 80.7967 k= 0 AS= D

I= 94.1033 F7= .184566 F&= ,105976 P.U. V2= 1.89159
Palle I Pl P2=0 P.U, P2= 201598 P.U. A8= 0
P.U. E3= .999043 P.U. Ef= .971769 P.U. E5= .971769
P.U. E&= .971769 P.U. E7= .894714 P.U. E& 6.98943 E-Q

P3= 2.63743 P2= 11,1862 V2= 80.2128 R= .0001 A& 9.37626

1= 93.7626 F7= .2,40009 F&= .13812 P,U. V2= 1.87792

P.U. I= .99638 P.U. P3= 6.17468 E-2 P.U. P2= .261888 P.U. A&= 3.16572
P.U. E3= .99905 P.U. E4~ 972116 P.U. E5 .972116

P.U. E6= .972116 P.U. E7= .895401 P.U. E& 3.16572 E-2

P3= 4.65771 P2= 13.1475 V2= 79.659 R= 1.77828 E-L A8= 16.616

Il= 93.438L F7= .282365 F&= .1628L44 P.U. V2= 1.86496

P.U. I= .992935 P.U. P3= .109045 P.U. P2= .307805 P.U. A8= 5.61007 E-2
P.U. E3= .999057 P.U. E4= .97245 P.U. E5= .972L5

P.U. E6= .97245 P.U. E7= .896108 P.U. E&= 5.61008 E-2

P3= 8.1593 P2= 16.5226 V2= 78.4722 R= 3.16228 B-4 A8 29,3269

I4= 92.7398 F7= .355591 F8&= .206036 P.U. V2= 1.83717

P.U. I= .98551 P.U. P3= .191024 P.U. P2= .386822 P.U. A& 9.90168 E-2
P.U. E3= .999076 P.U. E4f= .973175 P.U. E5= .973175

P.U. E6= .973175 P.U. E7= .897714 P.U. E8= 9.90169 E-2

P3= 14.0139 P2= 22,0915 V2= 75.7916 R= 5.62341 E-L A& 51.2529
I4= 91.142 F7= .477697 F&= .279831 P.U. V2= 1.774L41

P.U. I= .968532 P.U. P3= .328089 P.U. P2= .517199 P.U. A8= .173046
P.U. E3= .999121 P.U. E4= .974835 P.U. E5= .97.L835

P.U. E6= .974835 P.U. E7= .901565 P.U. E& .1730L6

P3= 22,9082 P2= 30.3335 V2= 69.6712 R= .00L A= 87.3845

If= 87.38L5 F7= .663215 F&= .399187 P.U. V2= 1.63112

P.U. I= .928603 P.U. P3= ,53632 P.U, P2= ,710159 P.U. A8 ,295038
P.U. E3= .999232 P.U. Eif= .978662 P.U. E5= .978662

P.U. E6= .978662 P.U. E7= .910802 P.U. E8& ,295038

P3= 33.326 P2= 39.4004 V2= 56.9961 R= 1.77828 E-3 A& 140.55
1= 79.0371 F7= .882698 F& .568639 P.U. V2= 1.33438

P.U. I= .839897 P.U. P3= .780219 P.U. P2= .922L32 P.U. A8 .L74L5L1
P.U. E3= .99948 P.U. ELf= .986631 P.U. E5= .98%631

P.U. E6= .986631 P.U. E7= .930523 P.U. E& .L7L541



34

P3= 38.8017 P2= 42.7789 V2= 37.3176 R= 3.16228 E-3 A8 202.239
1i= 63.9536 F7= .999959 F&= .75357 P.U. V2= .873671

P.U. I= .679611 P.U. P3= .908417 P.U. P2= 1.CO153 P.U. A& ,682823
P.U. E3= .999886 P.U. E4= .998994 P.U. E5= .99899,

P.U. E6~ .998994 P.U. E7= ,961481 P.U. E8= .£82823

P3= 33.891 P2= 35.84L5 V2= 18.3294 R= 5.623/1 E-3 A8= 252.047
1= L4.821 F7= .878596 F& ,8903L46 P.U. V2= .429122

P.U. I= .476296 P.U. P3= .793448 P.U. P2= .839182 P.U. A8= .85099
P.U. E3= 1.0003 P.U. E4= 1,01089 P.U. E5= 1.01089

P.U. E6& 1.01089 P.U. E7= .991492 P.U. E& .85099

P3= 23.5396 P2= 24.3026 V2= 7.15916 R= .01 A8= 280.117

)= 28,0117 F7= .61475 F&= .959244 P.U, V2= .167608

U. I= .29767 P.U. P3= .551104 P.U. P2= .568967 P.U. A8= .945763
.U. E3= 1.00055 P.U. Ef~ 1.0179 P.U. E5= 1.017%9

U. E6= 1.0179 P.U. E7= 1.00%49 P.U. E8= .945763

P3= 14.4682 P2= 14.7319 V2= 2.4744L R= 1.77828 E-2 A8= 292.851
Ii= 16.4682 F7= .377929 F&= .986186 P.U., V2= 5.79308 E-2

P.U. I= .175001 P.U. P3= .338725 P.U. P2= .344899 P.U. A8 ,988756
P.U. E3= 1,00067 P.U. E4= 1.02088 P.U. E5= 1.02088

P.U. E6= 1.02088 P.U. E7= 1.01742 P.U. E8= .988756

P3= 8.4398 P2= 8,5263 V2= .811698 R= 3.16228 E-2 A8= 298.247
1= 9.43203 F7= .219846 F&= .995499 P.U., V2= 1.90033 E-2

P.U. I= .100231 P.U. P3= .19759 P.U. P2= .199616 P.IJ. A8 1.00704
P.U. E3= 1.00072 P.U. E4= 1.02197 P.U. E5 1.02197

P.U. E6~ 1.,02197 P.U. E7= 1.0205 P.U. E& 1.00704

P3= 2.75383 E-3 P2= 2.75384 E-3 V2= 8.37528 E-3 R= 100 A8 302.9
I)= 3.02976 E-3 F7= 7.11475 E-5 F&= 1. P.U. V2= 1.96080 E-9
P.U. I= 3.21961 E-5 P.U. P3= 6.44719 E-5 P.U. P2= 6.44721 E-5

P.U. A8 1.02294

P.U. E3= 1.00075 P.U. E4= 1.02255 P.U, E5 1.02255

P.U. E6= 1.02255 P.U. E7= 1.02255 P.U. E&= 1.02255

RAN 11.83 SEC.
READY.



ARMCO 10:11 CH-E WE 07/10/8
STUDY 1969 NORMAL, UPRATED

7153.0 200 100 58 10.4 .153 0 0 4.8
A48 2.8 3 o 41 5,0 .05
X1= L.07661 E-6 X2= 1.51632 E-4 X3=0 = 2.41324 E-L X5 .0028
X6= 0 X7= 7.11220 E-3
Rl= 4.07661 E-7 R2= 2.23074 E-6 R3=0 Ri= 2.41324 E-5 R5= .0003
F= 62.0117 E= 296.181
P7= 42.7155

P3=0 P2= 8.61465 V2= 80.831 ER= 0 AB= 0O

I4= 94.1233 F7= .184566 F& ,105976 P.U. V2= 1.89231
P.U. I= 1 P.U. P3=0 P.U. P2= ,201675 P.U. A= 0O
P.U. E3= .999255 P.U. EL= .971975 P.U. E5= ,$71975
P.U. E6&~ .971975 P.U. E7= .894904 P.U. E& 6.7.693 E-9

P3= 2.6385. P2= 11.1909 V2= 80.2466 R= .0001 A& 9.3782,

/= 93.7824 F7= .240009 F& .13812 P.U. V2= 1.87863

P.U. I= .996378 P.U. P3= 6.17701 E-2 P.U. P2= .261987 P.U. A8 3.1663
P.U. E3= .99926 P.U. E4= .972321 P.U. E5= .972321

P.U. E& .972321 P.U. E7= .89559 P.U. E& 3.16639 E-2

P3= 4.65966 P2= 13,153 V2= 79.6923 R= 1.77828 E-4 A8 16.619,

IL= 93.458 F7= .282365 F8= .1628L) P.U. V2= 1.86565

P.U. I= .992932 P.U. P3= .109086 P.U. P2= ,30792 P,U, A& 5.61125 E-2
P.U. E3= .999266 P.U. E4= .972653 P.U. E5~= .972653

P.U. E6= .972653 P.U. E7= .896295 P.U. E& 5.61125 E-2

P3= 8.16265 P2= 16.5293 V2= 78.5044 R= 3.16228 E-4 A8 29.3329

Ii= 92.7588 F7= .355591 F&= .206036 P.U. V2= 1.8378L

P.U. I= .985503 P.U. P3= .191093 P.U. P2= .3856963 P.U. A8 9.90371 E-2
P.U. E3= .99928 P.U. B4= .973375 P.U. E5= .973375

P.U. E6= .973375 P.U. E7= .897898 P.U. E8 9.90372 E-2

P3= 14.0194 P2= 22.1001 V2= 75.8212 R= 5.62341 E-4 A8 51.2629
I4= 91.1598 F7= .L77697 F& .279831 P.U. V2= 1.77503

P.U. I= .968515 P.U. P3= .328203 P.U. P2= .517378 P.U. Ag8= .17308
P.U. E3= .999316 P.U. E4= .975025 P.U. E5= .975025

P.U. E6&= .975025 P.U. E7= .901741 P.U. E&= ,17308

P3= 22.916 P2= 30.3438 V2= 69.6949 k= .001 AgS= 87.3994

I4= 87.3994 F7= .663215 F&= .799187 P.U. V2= 1.63161

P.U. I= .928564 P.U. P3= .536L79 P.U. P2= .710369 P.U. AS= .295088
P.U. E3= .999403 P.U. E4= .978829 P.U. E5= .G782829

P.U. E6= .978829 P.U. E7= .910957 P.U. E&= .255088

P3= 33.3337 P2= 39.4095 V2= 57.0093 R= 1.77828 -3 A& 140.566
Ik= 79.0462 F7= .882698 F&= .568639 P.U. V2= 1.33463

P.U. I= .839816 P.U. P3= .780364 P.U. P2= .922404 P.U. A8= .474,596
P.U. E3= .999595 P.U. E4f= .986745 P.U. E5= .G857L5

P.U. E6&= ,986745 P.U. E7= .93063 P.U. E8= .L7L596
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P3= 38.8037 P2= 42.7811 V2= 37.3195 R= 3.16228 E-3 A8 202.244
Ik= 63.9552 F7= .999959 F&= .75357 P.U. V2= .873676

P.U. I= .679484 P.U. P3= .908422 P.U. P2= 1.00154 P.U. A8 .68284
P.AL EF 99991l P.U. E4f= 999012 P.IF. E5= .599019

P.U. E& .999019 P.U. E7= .961505 P.U. E&= .£8284

P3= 33.8865 P2= 35.8398 V2= 18.3269 R= 5.623L1 E-3 A& 282.03
I4= 44.8181 F7= .878596 F8= .890346 P.U. V2= 429046

P.U. I= .476163 P.U. P3= .793308 P.U. P2= ,839034 P.U. A8= .85093L
P.U. E3= 1.00023 P.U. E4f= 1.01082 P.U. E5= 1.01082

P.U. E6= 1,01082 P.U. E7= .991426 P.U. E= .850934

P3= 23.5338 P2= 24.2966 V2= 7.1574 R= .0l Ag= 280.082

I)= 28.0082 F7= .61475 F8= .959244 P.U. V2= .16756

P I. I= .29757 P.U. P3= .550944 P.U. P2= ,568801 P.U. A8 .945646
P.U. E3= 1.00043 P.U. E4f= 1.01778 P.U. E5= 1.01778

P.U. E6= 1.01778 P.U. E7= 1.00936 P.U. E&= .945646

P3= 14.4639 P2= 14.7275 V2= 2.4737 R= 1.77828 E-2 A& 292.807
Il= 16.4657 F7= .377929 F&= .986186 P.U. V2= .057911

P.U. I= .17,938 P,U. P3= .338609 P.U. P2= .344781 P.U. A8 .988609
P.U. E3= 1.00052 P.U. E4= 1.02073 P.U. E5= 1.02073

P.U. E6= 1.02073 P.U. E7= 1.01727 P.U. E&= .988608

P3= 8.43711 P2= 8.52359 V2= .8114) R= 3.16228 E-2 A8 298.22
I= 9.43053 F7= .2198L46 F&= .995499 P.U. V2= 1.89964 E-2

P.U. = .100193 P.U. P3= ,197519 P.U. P2= ,199543 P.U. A8 1.00688
P.U. E3= 1.00056 P.U. Eif= 1.0218 P.U., E5 1.0218

P.U. E6= 1.0218 P.U. E7= 1.02034 P.U. E& 1.00688

P3= 2.75292 E~3 P2= 2.75293 E-3 V2= 8.37252 E-8 BR= 100 A8= 302.9
I4= 3.02926 E-3 F7= 7.11475 E-5 F& 1. P.U. V2= 1.96007 E-9
P.U. I= 3.21839 E-5 P.U. P3= 6.44478 E-5 P.U. P2= 6.44480 E-5

P.U. A8= 1.02277

P.U. E3 1.00059 P.U. E4= 1.02238 P.U. E5= 1.02238

P.U. E6= 1.02238 P.U. E7= 1.02238 P.U. E&= 1.02238

RAN 11.00 SEC.
READY.

BYE

ESH0FF AT 10:20 ELAPSED TERMINAL TIME = 93 MIN.
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A STUDY OF VOLTAGE FLICKER CAUSED BY
ELECTRIC ARC FURNACLS

Electric arc furnace principles and flicker problems were
probed. Equivalent circuits for an unbalanced furnace are pre-
sented and the circuit theory is derived.

A computer program was used to determine the possibility
of flicker of a furnace installation, and the results were com-
pared with field tests, The study provides a new approach to help
system planning on a power supply to new furnace installations

without permitting flicker problems to the other electric users.



