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APPENDIX A

Derivation of the Frequency Decrement Equations

\

The torque versus freguency characteristic of generator

prime movers and of the electric load is éuch that as the frequency
starts to change because of an unbalance between load and generation,
the magnitude of the unbalance is diminished and eventually is
reduced to zero. The relationship which defines the variation of
frequency with time after a sudden loss of generation, is derived from
the basic equation for the motion of a rotating machine:

1]
% wee | a°

ate = 1P/ e

Ta = I 1b~-ft (pound-feet) (1)

Definition of terms: see Figs A.l and A.2

Ta = net accelerating torque

e = displacement angle, mechanical radians from a fixed
axis

] = displacement angle, electrical radiansfrom a fixed
axis

8 = displacement angle, mechanical radians from a syn-

chronous rotating axis
3 — displacement angle, electrical radians from a syn-

chronous rotating axis

'
Wo = synchronous velocity, mechanical radians per second
\
Wo = synchronous velocity, clectrical radians per second
P = number of poles

fo = base frequency, Hz.
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e
Fael

Fig./A. Angles in mechanical unit

Fig. A.2 Angles in electrical unit
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£ = actual frequency, Hz.
rpmo = base or synchronous speed
t = time in seconds
From Fig. A.l o x. & Wk

55

Taking the derivative of both sides of the equation with respect to

time,
' /
a8 = ®0 e
dt = dat :
and taking the derivative again
¢
326 / /| rovtats
at? at?
Substituting equation (2) in equation (1)
2 2¢/
WRSC 49
Ta B e — 1b-ft
3242 dt2
/
P -
Now 5 R S
P 60 fo
and - =
< rpmo
sl T pro
2.8 - e
ab 23, Trpmo dg
dt i 0f6. . -dt
2 2¢
0 rprao d~O
and — = gBm“ —
dt2 Ofo dt2

328 r
_ _WR™ _ rpmo du it
T - i IR e -

(2)

(3)

(%)

(5)
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Base torque are 223000 bp 1b-ft BELOOO»base,KW 1lb-ft
2 rpmo 29 rpmo 0.746

actual torque
base torque

per unit. torque =

ERZero 2T rpmo 0.746 d%s
32.2 60fo 33,000 base KW dt<

i

Hence p=-u accelerating torque. Ta

In p=-u system base KW = base KVA
k2 _ 0,2310R" (rpmo)2107°. 1 8%
g & KVA base Wfo® 2
dt
2
O
or Ta = T, -Tp = —;;E p-u torque (6)

s 2, ~=b
|1} . &
where B = 3250 PR A0 N generator inertia constant
KVA base
= the kinetic energy of rotation in KW seconds per KVA
TG = per unit mechanical torque
TL = per unit electrical torque on ‘I‘G base
From Fig. A.2 e Toean +  Wot
ae &G 1) .,
It = It + Wo
. B e a8 . T
The velocity of the machine is W = it o = 2 f
: 2
Taking the derivative 9—§ n-Urioegs (7)
2 dt
dt
Substituting equation (7) in equation (6) and rearranging
(P, - 7.) fo Ta f
af e L = "‘H’a g (8)
dt o 2H . 2.

This expression can be used to give system frequency when
there is sudden change in generation and when generator and load
torques remain constant.

In this case:

rate of change of frequency in Hz/sec.

= S8

system inertia constant. This is equal to the
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sum of all of the generator inertia constants in
per-unit on the total remaining generation base.
T = per unit torque of the remaining system generation.
TL = per unit load torque on the remaining system
generation base.
Ta = net accelerating torque. ''hen TG > Tro
Ta is positive and acceleratine. ‘'hen TG4< TL’
Ta is negative énd decelerating.

Since Ta is constant, this equation represents a straight

Ta fo
2H

When load and generator torque varied with frequency. Load

line, (starting at f = fo and t = 0), having a slope of

power will vary directly as some power of frequency.l

ki PL = ka
where PL = per unit load power
k = __~constant
f = frequency
D = factor which is a function of

the composition of the load

or load reduction rate.

lJ. Berdy, "Load Shedding--Application Guide," General Electric

Company, Trans, 1968, p.4; and charles I'. Dalzied and Edward W. Stein-
back, "Underfrequency Protection of Power Systems for System Relief,"

AIEE Transactions, Pt. III-B, December, 1959, 1237.




Per

frequency

For small changes

e T
f 5 £
ka-l

in frequency, the load torque may be

ocbtained by the following procedure:

substituting
Then
where
f'
D

D=1

TLO + z;TL

!

ka-l

(Do —2

i
245

(D-1)kf T

R R e e

k22 e + (0-1) &t

ﬁfD_l £+ 0Dar]

ey
W

v, 1+ -1 £

i 1+ (@1 ff}

3%3 per unit change in frequency

f' is negative for a change below 50 Hz

f' is positive for a changec above 50 Hz

function of load composition-damping factor

58

unit load torque (Tr) is equal teo load power de¥ided by

(10)

(11)
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TTO - initial per upit load torque
TL = per unit lcad torque after a per unit frequency

change:of 1.
Assuming constant input power to the local prime mover when
loss of generation occurcd. Generator torque will vary inversely
as the first power of freduency.
-1

. k
. o TG = ? = kI

(12)
For small changes in frequency, the generator torque may be

obtained by the following procedure:

dTG 4 kf_z
4 F s A
A Teibis! - KET2 AS
T/ R et - k72 At
GO S RG
-1
kf
'TGO B A“TG AR, (f - ATD)
A ; -1
substituting kf = g 1P
Then Ra 1 kel ) (13)
where
f' = per unit change in frequency
f' is negative for a chanse below 50 Hz.
f' is positive for a change above 50 Hz.
TGO = 1initial per unit generator torque.
'I‘G = per unit generator torque after a per unit frequency

change of f'.

Berdy,

e
o
(e}
°
(¢]
-
o
.
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From equation (8) gives

df!
O e = c = &
2l 3T = Ta T T

in substituting the torque cxpressions equation (11) and (13) in this

equation
A, T { S
21 5 =o Bl £) % L |1+ 1)1 |
e I
=) Pgo = Tro = LI‘G_O + (D-l)fLO“% £
Let Dp = Tgo + (D=1) T;o = total damping factor
: af! ¢/ oy
2H =4 DA 7 Do e = Ta (18)
Solving this differential ‘equation
2H(DE') 4/ D £ =\ Ta
. - Ta
Set-¢iD =0, Particular Integral = bl
T
D
Set Ta = O, D — m.x
21
o
. a1 i
o o Conplementdry' function = Ke )
T
- == T
. ! Zh Ta
e o Soclution of the differential equaticn is f = Ke + 5
T
at t =20, FL== Q gives K = e
D
T
.« The solution of the differentirl equation (14) is
ik ;
pro= Baa-e (15)

T
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where £y = per unit frequency change
Ta - accelerating torque in per unit on remnining genera-
tion base
T = total domping factor

the inertia of

Ide

H == system inertia constant. This is
remaining system generation on the rem2ining penera-

tion hase

The change in frequency (f') times base frequency (fe) gives
the change in Hz. If Ta ig neégative, the chnnge in frequency will
be negative and thce frequency at any instant of time will be equal
to (fo - f').

The above discussion assumes that the frequency decay starts
at 50 Hz. The frequenéy decay starting at¥some other frequency level
(after some load has been shed) can be tbtained using the same expres-
sion. In this case, ‘the net acceleratin;s torque at the new frequency

B

must be determined using the gencrator and load torques equations.
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APPENDIX B

Derivation of equations for calculating curves of final frequency
due to system overload for differcnt percent load reductions per one

percent drop in frequency (4d).

Given d

il

percent load reduction per one percent of
frequency rcduction or load reducticv: » %o,
fo = ©base frequency, Hz

f = final frequency, Hz

Load = Sum of unit loading remain in service
OL . = 1 p=u
Sum of unit loading remain in service

Deficient generation
= , in p-u of remaining area
Remaining generation

generation.

Deficient generation

& P 3 y in p-u of remaining
1 - Deficient generation

area generation

OL : 0
o Deficient generatiocn = in p-u of initial area locnad before

1l + OL
deficiency cccured. Suppose that this amount of deficiency in genera-

tion caused the system frequency to settle cut at f Hz. At this fre-

quency, the load was reduced by (igfgmi)-d in p-u of initial area
load.

OL £0 -
So that, . {___._.."fo f] a (1)

1 + CL
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APPENDIX C

Derivation of equation for load shedding requirements to have frequency

settle out at f Hz.

Given Lp = Load required to be shed in p-u of initial

area load

OL = System overload in p-u of remaining area
generation
OLf = System overload in p-u of remaining area

generation that allow system frequency to

settle at f, Hz.

fo = base frequency, Hz.
s = settle out frequency, Hz.
Pt Ly % d (0L = OLf)/(1 + OL) in p=-u of initial area
load. (1)
L _ (oL - OLf) 1
2 (0L e - a1 - 2))
co MR - Sk
y 1 + OLf
f OLf
(1L +oLf)(1 - a(1 -f.c-)) = (1 +o0oLf)(1 - i:O_L-i-'-)
= .l
‘ L (0L + OL.OLf - OLf - OL,.OLf)
Ll . D L

(1 + OoL)(1 +0Lf)(1 - a(1 - I:-1;))

OL(1 + OLf) - OLf(1 + OL)
(1L +0oL)(1 + oLf)(1 - 41 -é))
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OL£(1.4.01)
(1 + OLf)
£y

(1 +o0)(1 - a1 - b

OL -

OLf(l + (L)
- & e A0IZw s o a d
oL a dor T Oif + A0L + d

rm———— o ——— 1 ——— o .t S ..."—-_—._--A

(1400 - aQ --;))

oL - d(l + 0Ly a1 + OI)(}MﬁgL_f) - OLf(1 + OL)

(L +01)(1 - a1 -f-c;))

td .+ d0Lf -« OLf) (1 +.0L)
Y + OLf

L =-a(l-+ QL)+

(L +01)(1 - a(1 - —-))

OL—d(l+OL)+}-§'1+OL)

(1/+ /oA d(1 & Iﬁ_—fc))

oL = At -fi)(l +.OL)
O

P T e —————"

= b3
(X REOL)LT = att -f—o))

' oL £
g A(1 - —C-))
fut - (2)

(1 - a1 - -))
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APPENDIX D

Derivation of equation for caleulating the area under the minimum

load shed curve.

Given

Area under the minimum load

OL

OL

oL
m

= Load required to be shed in p—u of
initial area load

= Initial system overload in p-m of
remaining area generation

> System overload that will cause
frequency to setlle at frequency f
if no load is shed (in p-u of
femaining area generation)

- Maximum overload that the load shedding
program is designed to protect and
settle at frequency f.

= (OL—OLf)/(1+OL) in p-u of initial area

load '
~ OY
l/' m
shed curve = & Ld a(oL)
“oL
> Ok f
( m
_ i OL-0L
= g ) £ a(or)
“OL,  1+0L
m { OLf
- OL 4(on) - | —Z a(on)
1+0L o 1+0L
OL, OLg
(oL, 7Oy
L 1+0L ! a(1+0L)
o ; o d(1+0L) - g i
J

£ OLf
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. OL
o dtot)
@ OF; : s ot
- S 1+CL
0L
£
. , OL
| OLm i "
= (1+0m) - 1n (1+0L)
i ' !
oL, 0L,
, 0L
: m
- OL, 1n (1+0L) |
|
OL,

Area under the nininun load shed curve
= (1+0L )=(1+0L_)=1n(1+0L )+1n(1+0OL_)
m f m &
0L, 1n(1+0Lm)+0Lf
¢/ /(on ~0L)=1n (1+0Ly)  _ op  1n (1+OLy)

1ln (1+0Lf)

(1+0L,) > (1+0L,)

{(1+0L )

m
# oOlEevOB] )= (1+0L,) 1n. ——-
£ gy ™p- (10t 1 (1)
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APPENDIX E

Sample caleculation of welay setting coordination

System inertia constant, H = 2.25 p-u
Load reduction = 0.79 % per one percent frequency meduction
Maximum overload to be protected; 92.3 percent
Minimum settle out frequency, 50 Hz
Total load to be shed, 48 percent
Number of load shedding steps, U4
Frequency at which last step is shed, 44 Hz
Circuit breaker operating time and aux.relay time = 0.37 scce
Relay settings selected for first trial:
relay 1 - 49,0 Hz, 7 percent load shed
relay 2 - 48,5 Hz, 14 percent load shed
relay 3 = 47,5 Hz, 14 percent load shed

relay 4 - 46.5 Hz, 13 percent load shed

A) Check Eoordination between adjacent relay settings,

A.1) Relay 1 and 2,

a) Determine the overload for which the frequency would settle
out just above the setting of relay 2, allowing for the load shed by
relay 1

Initial overload for which frequency would settle out at 48,5

Hz with 7-percent load dropped at 49.0 Hz can be calculated from the

equation (1) of Apvendix C, For convenience, the equation can be
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rearranged to give the following :
oL, + L

Initial overload = g d (1)
1-Ld
where OL_, is the overload which would result in a final frequency of

f

f if no load had been shed and is obtained from equation (3) of

Appendix B. or Fige. 3, and Ld is the amount of load shed.

(1- 48.5)
oL, = o0 9479 - o.0243
48,5
1-0.79(1= T)
OL initia®’y” oL 0 = 0.1014
1-0.07
«’e Initial load torque, Ty = 1+0L initial = 11,1014
Initial gencrator tqrque,TG-= 1.0
Accelerating torque, Ta =" Te=Ty = -0.1014
Total danping, Dy E [TG+ (D -1) TL]

TG+(O.79-1) TL

1-0.23

0.77

1e¢ Substituting the valuc of D& snd Te in cquation (15) of

Appendix A will give the initial frequency varintion with times

D
._gt
f = fo + _T:a__fc_’._(']_e-ZH )
Dp

2 At frequency 49 Hz, relay 1 is pick up and the time will be

1n M- (49.0-50.0)x
; ,L ; Ta x 50 -

I}

0.963 sec.



3¢ The accelerating torque and total damping at frequency
49 Hz can be obtained as follows:
1.0
50

Using cquation (11) and (13) of Appendix A, the new torques

At 49 Hz, the frequency change is - = -0,02 P-u

can be calculated

T " 1.1014{14,(0.7:9-1) (-0.02)]
¥ !

g . 1.0 {1-(-0.02) |

Ta = - R —— -0.082

Dy = (TG-(0.21) TL) = 0.79

4s The time at which load step 1 is shed,

t pick up time + breaker operating time +

aux,relay time

0.963 + 0,37

10333 SecCe.

5« The frequency at which load step 1 is shed,

Tafo B = ..n.rx-O.37
k9.0 + L1—e cH
D
Hz

L]
"
.

]
=
o
.
(o))
N
~J

Since, this frequency is above the setting of relay 2,
coordination is satisfactory and final rate of change of frequency

can be obtained as follows:

6. At frequency 48,657 Hz, the frequency change is - 0'283

= =0,00666 p=u. Then adjust the load torgue and generator torque to

this frequency according to the precedure described in step 3 above,.

70
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The equivalent load shed is also calculated using equation (11) of

Appendix A,

Pen = 0.07 §14+(0.79- 48. 657~ i
SL 1T5 07 T:H(O 79-1) (48.657 50)] = 0,076

Subtracted TSL from adjusted load torque gives net load torque.

Then accelerating torque and total damping can be determined.
7« Substituting t = 0 in the differential equation of
equation (15) of Appendix A will give the final rate of change of

frequency after load is shed,

D
D N t
Then, af £ /I iie ) T e\ BH
dt D 2H
pu
!
as |
t‘t:O = Ta fo
| 2 H

= =0.026 Hz/sec.

As2) Reloy 2 and 3

OLf:h?.s + 0.07+0,14
OL initial = . G
1-(0.07+0.14)
Initial load torque, Ti = 1.040.322 = 1,322
Initial generator torque,TG= 1
Ta — TG-TL
D = Ty-(0.21) (T.)

Following the procedures in steps1 through 5 above, the frequency
at which load step 1 is shed is 47.79 Hz with time 0.659 sec. after

deficicncy occurreds The time between the pickup of relay 1 and relay
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2 is ralso cglcul&ted according to procedume step 2. Now, the net

loag torque, the generator Forque, the accelerating torque and total
damping after first step load was shed can be determined according. to
procedure step 6, Procedure step 5 is repeated using t = time between
pickup of relay 1 and 2 + breaker operating time of relay 2 - breaker
operating time of relay 1. The frequency at which load étep 2 is shed
is found to be 47.45 Hz which is lower than setting of relay 3,
coordination is unsatisfactory. To obtain proper coordination, the
setting of relay 3 should be changed to 47.3 Hz. Now, all the
procedures of scction A.2 are repeated and the frequency at which
relay 2 shed . load is 47,44 Hz with time 0.8037 sec. after deficiency
occurped., Repeated procedures étep 6 and 7 give final rate of change

of frequency = =0,149 Hz/sec.

A.3) Relay 3 and &

OLf=46.5 + 0,07+0.14+0.14

OL initial = = 0,6
1-(0,07+0.14+0,14) ,

Similarly, using the procedures described in sectionA.Z, the
frequency at which load step 3 is shed is found to be 45.5 .Hz and the
setting of relay 4 should be changedlto 45.3 Hz. Then, all the
procedures arc repeated and the frequency at which relay 3 shed. loa8
is 45.49 Hz with time 0,747 sec, final rate of change of frequency is

~0,544 Hz/sec,

B) Check coordination 23 maximum overload.

Using the new relay setting of section A and the procedure

described previously,relay 4 will drop its load when frequency is



43,99 Hz with time 0,843 sec and final rate of change of frequency

is 1.1 Hz/sece This is only 0.01 Hz below the desired value of 4k

Hz and for this example is satisfactory.

C) Find the area under load shedding step curve and area under

minimum load shecd curve,

Arca under the minimum load shed curve can be calculated

by using equation (1) of Appendix D, Because settle out frequency

is 50 Hz, so OLf = 0 and maximum overload (OLm) for this case is

equal to O+0.0‘7+O."L|.+O,']I++O.']3 - 0,923

1=(0,07+0,14+0,1440,13)

Thereforc,

Area (1) 0.923 - 1n (1.923)

= O 269 P=-u

9

Area under load shedding step curve can be calculated by

using equation (3) of Appendix B and equation (1) of Appendix E as

follow :

0L(1)

oL(2)

0L(3)

OL(4)

oL(5)

Area(2)

OL = 0,016

f=49

PLf=48157f.0'07 = 0.101
120,07

OLf=47.3 + 0,07+0.14 - 0.338

1-(0.07+0,14)

OLf=45,3 + 0,07+O.1h+0.14 ks

1-(0,07+0,.14+0.14)

OL

m

0.07{0r(2)-01(1)] + 0.14 [or(3)-0L(2)]
40,14 [on(-01(3)] +0.13 [0L(5)-0L(4)]

%
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Area (2) = 0.118 p-u

The area between the load shedding step curve and the mininun
load shed curve can be calculated using Area(2) - Area(1). Since are=
under the minimum load shed curve is constant for all case, the
combination of number and size of load shedding steps that gives the

minimum area of the load shedding step curve is the optimum.
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operated

N1 to ghed lo6ad.

Find time and
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.
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rate of freq.

I
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PROGRAM FOR LOAD SHEDDING
_NSTEP ‘= NUMBER OF LOAD SHEDDING STEP
‘LD = P-U LOAD SHED FOR EACH STEP . i

F = FREQUENCY SETTING FOR EACH STEP

FANSTEP+1) = SETTLE QUT FREQUENCY :

“FO = BASE FREQUENCY ; e e

M=2H, INERTIA TIME CONSTANT OF THE REMAINING svsten
_DL = LOAD DAMPING FACTQR

D = TGTAL DAMPING FACTOR

TCB = RELAY AUXe TIME £ CeBe OPERATING TIME
— OLIN = INITIAL OVERLOAD —

OLF = OVERLOAD THAT WILL SETTLE AT SETTLE i
OUT FREQUENCY IF NO LOAD IS SHED 3
“TOLM=0VERLOAD LOAD SHEDDING PROGRAM TO PROTECT
AND SETTLE AT SETTLE OUT FREQUENCY
AREA = AREA BETWEEN THE LOAD SHECDING
STEP CURVE AND THE CURVE OF MINIMUM
LCAD THAT MUST BE SHED
~———AULS = AREA UNCER THE LOAD SHECODING STEP CURVE
AULC = AREA UNDER THE MINIMUM LOAD SHED CURVE
TL = LOAD TORQUE
—T TG = GENERATCR TORQUE

TA = ACCELERATING TORGUE
__IMPLICIT REAK AL M) So =

DIMENS ION LD(8) F(6).T(5),0L(5)

DINENSIGN TIME(S).OLF(é),OLIN(G
- DATA OL/0e21/,TCB/Ge36/4F0/5Ce0
306 READ(1,3)NSTEP,LDF

3 FORMAT(I12,5FCe3,6FS5el) :

T IF(NSTEPGEQeC) GO TO 7 : ==
.. IF(NSTEPECe360ReNSTEPeEQe2) M = 442 :
S_MWRITE(8,4)

4 FORMAT('1?,//,5X, t%%%',3X, '"LOAD SHEDDING STEPS aufr)

DO 5 NN =1,NSTEP
S WRITE (By6)NNFCNNIFLOCNNY — =
6 FORMAT(//417X, 'STEP!,12,! FREQUENCY SETTING xs' +

1F6e2,' HZy AMOUNT OF LOAD SHED IS', :

T 2F7e3,'Y P-U OF INITIAL AREA LOAD'}) ~ s

FREC(1) = F(1)

—DPOL = ((FO-F(1))/FQ)*(1e-DLYy -
OLF(1) = DOL/(1e-DOL} :
DO 1¢C 1=1,NSTEP
—— SUMLD = Qo -
OLIN(1) = Qe
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~40e TL = TL*(1e+(DL*DF))
v TG = TGX(1e+DF)
oy —— TA = TG-TL— R —————
b3t D = TG-(OLATL)
(T FREQ(2)=F(1)+(TAXFO/D)*(1s-EXP((-D)*TCB/M)) .
R T T TIREREY 1LY ) ATER = My 5 |
A : IF(IeEQeNSTEP) GO TO 16
e GO TO (12,14,15427),8 S
Wty 12 wRITE(a.75)

4 76 FORMAT(//,8X,1%% CHECK coonotNATION'.
ko "4V OF RELAY1 € RELAY29)———

O GO TGO 17

2 14 WRITE(8,71)

SR 71 FORMAT(/ /48Xyt #%* CHECK COORDINATIONY Yy~
‘aﬂ 1' OF RELAY2 € RELAY3') N

. 50 .70 8%

e 15 WRITE(8,72) -
Tale 72 FORMAT(//,SX,'*# CHECK COORDINATION',
B — 42 - OF -RELAY3-C-RELAYSYY)
oo GO TQ 17
B el 27 WRITE(8,84)

YT .. B& FORMAT(//;BXgt#% CHECK COORDINATION®,— e
=3 - 1' OF RELAY4 & RELAYS!)

R . . GO TO 17 b L
e 16 NQ!TE(8'73)

Tels 732 FORMAT('1¢,//,8X% i
Tl ERE D cHECK COORDINATION FOR MAXTMUM OVERLGAGSY - % . o
Ters 17 N =1 ; ; s
B o DO 200 J =1,1 !

TS IS(J.?E.taﬂﬂoI.EQ&NSTEP)“60“70‘25””—_—““—_—”"““Wf

soldd = J8Y e

.jlg IF(FREQ(JJ)eGE(F(JJ)+Le05)) GO TO 25 . s
ol NN = (FREQ(JJ)I-0eC5)*10e P
e TT = NN : :
I — F(JJ) = TT/10e-

Ty WRITE(B,768)JJyF(JJ)

B 5 78 FORMAT(/ /915X,y VE%% Fneousncv SETT!NG“

T A 1! OF RELAY STEP',I3,' MUST CHANGE TO
g 2F6e2 HZ %%%%)

e _GO. T 18-_V 3 .
ey 28 IF(JeECel) GO TO 20
b TIME(J) = T(x)oTce+t(J’ : .

i —20 WRITE(8,74) JeF(J) — B e
e 74 FORMAT(//415%, 'STEP!, 12. OF UNDERFREQUENCY'

B 1' RELAY WAS SET AT FREOUENCY',FIG.&, HZ')

S T WRITE(B8,75) J,TIME(J), FREO(JOl) i ; i
J“ 75 FORMAT(/ 415X ,'RELAY STEP 1,12,¢ TR!P AT TIME?Y,

. ... 1F10e64"' SECe AND FREOUENCY =V, F1Ceby' HZ')
£at. IF(N.GE.Z.OR.J.EQ.I) GO0 70 22
Sras Jd = I-1
£2e B0 8L -Kiwm. L, e
2 21 T(K+1) = (-M)#ALOG(I-—((F(K*!)—F(l)’*D/(TA*FO))’/O

B Lo GO TO (22422,88,88,88),1

S 88 Tf = (-M)*ALCG(I.—((47.0~F(l)’*DI(TA*FO))’/D_“”””_‘

ES%S 'TL = T(1) +71 e .

R ____WRITE (8,87) T1 . L e NELRIE 050
253 87 FORMAT(/ 430X,%2222 T(F=4T7.0) =V ,F10e6,' SECe 2222") &
905 22 DF = (FREQ(J)-FREQ(J+1))/FO :
34 Th-= TLE(1e+(DL*DF)) :
ko «2 TG = TG¥(1e+DF) -

#oel : TSL = OL(J)*(l.+DL*(FO~FREQ(J+1))/FO)
pen e R
ﬂ’ TA = TG-TL
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BT’ '
[ ¥l
| R
| L pe;
N S 0




|
1

¥ Pwyg S [enteiwt 3
=
oy - ) i

1
1
{

3 (-~
g

LA O 5K

e )

Fodelnef
“aee a0

w

79

Eh e

v g
fer et
s o

]

f

’l‘Q.t
tee
i
|

IF(JoEQs NSTEP) GO TO 19 .
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==
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~ s | S S R 4 SR Dl
e 23 TT = T(Je1)
ot GO TC 3¢ ]
e 24 TT-a-T{Jeg) =-TH¢I}— ————————— :
54 & 30 FREG(J+2) =FREO(J+1)O(TA*FOID)ttto-EXP((~D)*TT/M))
bl N =N+1 i
DS ABCERRERT | 0 e T A %
bpeg 13 OF = (FREQ(J+1)-F(J+1))/FO >
T - . TL = TL*(1e+(DL*DF)) .
el s gt o G*(l.+DF) &
stet TA = TG=-TL
2 16 DFOT = TASFO/M e S L S
- . 26 WRITE(8,7€)DFDT

‘ 76 FORMAT(/ 485X, 'FINAL RATE OF CHANGE OF FREOUENCY'
—————————"1'¢ "AFTER SHEDDED LAST STEP LOAD IS',F10e¢6," HZ/SEC')'—“‘"
100 CONT INUE
VAR e 5 | NSTEP#1 . 2 R RS e e (i P
IF'(NSTEP.EG.3QOR.KK.EO.2) GO TO <
AULC= CLN—O!.F(N’ (1 -+OLF(N) )*ALOG( ( lofOLM)/( 1 o*OLF(N, ))
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R =R i g e NN T e T e T : i

: $ OLIN(1) =OLF(1)
OLIN(N) =0LM

AULS = Te ,
DO 8 NN = 1,NSTE TR vt i
8 AULS = _AULS +LD(NN)*(OL1‘.N(NN* l’-OLINlﬂN)) 5 B

GOM g+ 53 S

AREA = AULS-AULC

WRITE(8,6G)(CLIN(CI), I=1
80 FORMATL// {r8xpire i AL L OVERLOAD. ARE 1
1Fi3eG,5("* 1F13e9)) 3
WRITE (8479) F(N) e
70 FORNAT(/ /910Xy {SETTLE OUT FREQUENCY WAS',FGe2; % —HZ')-
WRITE (8¢81)AULC,AULS
81 FORMAT(//41CX g VAREA UNDER THE MINIMUM LOAD"

vy R e ey e e

ter gy
e

AR Y RS
o

1

‘s o ¢ by

1' SHED CURVE [S';,F13e9, P-U 4 AREA UNDER

(D
e v ¢y
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= —  WRITE(8,82) o . s -
oty g2 FonuAT(/I.nex.'AREA BETWEEN THE LOAD SHEDDING ',
v 1 'STEP CURVE AND THE CURVE OF MINIMUM LOAD ',
G zﬂmm-mmrassmnn s HOER e - i
25 WRITE(8,83)AREA '
. . B3 FORMAT(L1X,'TO SETTLE AT SETTLE QuUT ', dp R S
el 1 'FREGUENCY IS',FXB.Q, P=-Ut)
e GO TC (300 ,77,7793004300),NSTEP
et Y- L - NV 2
e NSTEFP = NSTEP+2
et ¥‘t; = (FREQ(II’-0.0S)*!O.
;” F(II) = T¥J/10.
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S GO TQ 85
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TABLE Z.1

COMPARISON OF NUMBER OF STEP AND SIZES OF LOAD SHEDDING

Area under

Relay operat-

Frequency at

Rate of fre-

Nu??er Frequency setting & size of load shed at each stef load shedding|ing time to |which last quency change
step | ome 1 [omw o [ome > [smpg | smp | TP OEve  [protect poxic|stopload | when last sies
5 4?) 21 giu_ 4% 37 Efu 4g ge ;Ifu 4g::1Lz I:fu 48:52 gfu 0095029 p-u| 0.85102 SEC.| 44.4509 Hz | 0.912 Hz/SEC.
5 48 Sl ?fu 48 37 ;I-Z:u 43 36 g:z-u.’ 43%4 I;fu 4(5)30 gfu 0098679 p=u 0.88560 SEC. 44.480432 0.907 Hz/SEC.
5 o giunﬂg‘ES gfu'4é ¢ gfu‘4zjié“§%;'4gf§;'gf;““"bﬁ6§45§§wé;ﬁ' 0.85102 SEC.| 44.4260 Hz | 0,917 Hz/SEC.
4 42 i gfg_fglgg g:u 4Z 36 ﬁfu 43:;4m§f;'wmu 0.159867 p-u| 0,68028 SEC.| 44.6763 Hz | 0.872 Hz/SEC.
5 | R0 al0:20 vl e oo [Tl B i5s i] 0:094550 pu| 0.85102 suc.| 44.4449 Ha | 0.913 He/sic.
. 48 89 §fu 43 89 ﬁfu 4giggm§fQHAZE§;M§%;,m__mmmmmmmMmé159843 e
5 |2L - oy - s ﬁE;"Afog“ff;'ﬂgfzz ﬁfglwwo 095272 p-u| 0.83952 sEC.| 44. 4978 52 | o. 904 Hz/SEC.
5 14 075 42 §O5§fu i s gfu 42j§é_§fu'“wo 095608 peu| 0.85102 SEC.| 44.4512 Hz | 0,912 Hz/SEC.
5 48 ggsgfu 43J395§fu 4;:56 gfu 4Z:i2 gfu 48:52 gfu 0.094837 p-u| 0.85102 SEC.| 44.6775 Hz | 0,917 Hz/SEC.
2 42.205§fu 42 375gfu 'Z L ifu oo ifu 48:13'§fu 0.0 094724 - 0;83952méEC. 44.4306 Hz | 0.917 Hz/SEC.
M?ww".%g;8§ugiu.4g 88 gfu_4g 28 giu 432i2'§5u 4g:§2'§fuv 0.094325 p=u| 0.85102 SEC.| 44.4347 Hz | 0.915 Hz/SEC.
5 |*0r08 bl 0:08 woal 035 meal a2 pou| B2 moa| 04053958 p-u) 0.8976 si.| 44.1350 s | 0.972 ma/sac.
5 | 40re o 40ag B2 (4T3, e 46T Ha (5L, B | 0.093958 p-ul 0.91538 smc.| 44.2340 m | 0.958 Be/sEc.
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TABLE 2.1 (Continued)

2 . . ___lArea under Relay operat-| Frequency at | Rate of fre-
Nug?er Frequency setting & size of load shed at each step load shedding| ing zimg to which laZt quency change
Step | STEP 1 TEP 2 STEF 3 STEP 4 STEP 5 step curve protect maxi- step load when last step
= g A mum overload | was shed load was shed
¢ |70.07 | ‘0124 poal 0124 pool 033 pra| | 0118399 p-uf 084304 50| 43,9606 i | 1.099 e/
49,0 Hz 48.6 Hz |47. 7 Hz [46.6 Hz
0.05 p-u 0 p-uj 0,10 p-u| 0.23 p=u; |

S
3
0
8
49.0 Hz 48 Hz 4745 Hz | 46. 7 Hz
0
8
0
8

0. 154509 p-u 0.70912 SiC. 44 OOOO Hz 1.096 HZ/uﬁC

0.06 p-ul 0.12 p-u| 0,06 p-ul 0.24 p-u| 61505 -y 0.69891 SuC-| 44,0367 tis | 1.089 /s

5

1

6

i

5

_ _p-uf 0.1 — L -

49.0 Hz |48.4 Hz [47.3 Hz |45.4 Hz  Shndr vk | ' B

0,08 p-u] 0.12 p-u| 0.14 p-u| 0.14 p—u__m_q_m”mpw_.o 117226W97?“"°'85265M°%91 “.43 92)4 Hzmml llZHHZ/SﬁC_m

Hz {48.4 Hz |47.1 Hz {45.2 Hz

14 p-uf 0,13 p-u| 0.13 p-uj
4
il
4
1
4

Y
&

Ce 115243 p-u O, 85344 SEC. 43.9215 Hz l.ll3 Hz/SﬂC.

0. 180541 p-ul 0. 668+O SEC. 44.2800 Hz | 1. 041 Hz/SuC

o]

p-uj O
‘Hz |48 Hz [47.0 Hz
p-u| 0.16 p-u| 0.24 p~-u
e TS Bl B— 7 A
p-u 8 p=u| 0.21 p-u
e e :
p-uj} 0.13 p-u
Hz 3 Hz
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e
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L
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w
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0.167578 p-u O 69891 SiC. 44 2750 Hz | 1. 042 HZ/SLC.
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e e
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T 4
| St IO SO
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