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[57] ABSTRACT 

An arrangement which provides for automatically 
shedding the separable loads of a power distribution 
area in accordance with predetermined priorities 
established, not on a basis of system frequency or rate 
of system frequency change as is present day conven 
tional practice, but on a basis of actual area capability 
as compared to area load. The total prevailing capa 
bility of the power sources of the area is compared 
with the prevailing area load to produce a signal in 
dicative of the prevailing area reserve power. That 
signal is compared with the preferred reserve and the 
difference is then the excess or de?ciency with regard 
to the preferred reserve, de?ned as the prevailing area 
margin. That margin in turn is compared with the mar 
gin settings for each separable load so that when the 
margin decreases to a value equal to or below the 
margin setting for each separable load, that load is au 
tomatically sequentially disconnected. 
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LOAD SHEDDING APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for selectively 
shedding blocks of load in an area of an interconnected 
power system in accordance with predetermined area 
priorities so that the power system can continue in 
operation when the generating and tie line capabilities 
of the area are inadequate to meet the normal total 
connected load of the area. 

In power distribution systems, including those which 
have interconnected areas maintaining generation to 
match their own load changes and interchanging power 
with other areas, the procedures which have been used 
for load shedding have been based upon the system 
frequency or the rate of change of system frequency. 
More speci?cally, load shedding practices have in 
volved the progressive shedding of load in steps as the 
frequency drops in order to bring the load into balance 
with generation with the load shedding being initiated 
at a particular frequency, such as 59 hz. in a 60 hz. 
system, and with all of the load shedding preferably 
being accomplished before the frequency reaches 57 
hz. 
The practice of shedding load on the basis of 

frequency drop has an inherent limitation in that it does 
not serve to identify the area in which the reason for 
the dropping frequency exists and thus all areas shed 
load, whereas it may only be necessary for one area to 
shed load. In addition, it will be evident that the 

. shedding of load on the basis of a drop in frequency 
results in the shedding occurring only after the problem 
or emergency has already arisen. 

Under certain circumstances, as for example when 
the cause for the frequency drop is in one particular 
area of an interconnected group, if other areas assist by 
shedding load, the result can be a higher than permissi 
ble tie line ?ow toward the area in need, causing its ties 
to trip and depriving the area of all assistance from the 
remainder of the interconnection. 

It is an object of this invention to provide apparatus 
for shedding of load wherein an individual area of an 
interconnected power system can identify any im 
balance between its load and its capability before the 
imbalance actually occurs and can therefore shed load 
in good time to prevent loss of area operability and 

‘ possible catastrophic conditions for the area and the 
system. 

SUMMARY OF THE INVENTION 

In carrying out this invention there is provided ap 
paratus for automatically shedding load in a power dis 
tribution area in which a plurality of sources are con 
nected to supply power to a plurality of loads. This ap 
paratus includes a means operable to produce a signal 
which is representative of the magnitude of the prevail 
ing reserve power of the area and other means which 
are operable to disconnect at least one of the loads of 
the area when the prevailing area reserve power drops 
to a predetermined value. 

DEFINITION OF PREVAILING AREA 
CAPABILITY 

When an area is part of an interconnected system, its 
ability to satisfy its own area load may be de?ned in 
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2 
various ways, depending on agreed upon relationships 
with its neighbors. The area may consider that it can 
count on the full incoming power capacity of its tie 
lines to augment its own on-line generating capacity. It 
may count on only a portion of its incoming power 
capacity as a ?rm commitment from its neighbors. On 
the other hand, it may have a ?rm commitment to 
supply power to its neighbors when they require it 
either in the amount of its own tie line capacity or a 
?rm portion thereof, the amount of which in either case 
it would subtract from its own on-line generating 
capacity to establish its area capability. Finally, it may 
choose to de?ne its capability only in terms of its own 
generating capacity. 
Thus the following relation may be written for 

prevailing area capability, C: 

where 26,,’ is the capacity of the area‘s n on-line 
generators, ET,’ may be de?ned by the area as either: 

a. total incoming capacity of the area’s m ties with its 
neighbors in which case it has a minus sign; 

b. something less than incoming capacity of the 
area’s m ties with its neighbors, representing a ?rm 
commitment from neighbors, and having a minus sign; 

c. total outgoing capacity of its m ties with its 
neighbors, inwhich case it has a plus sign; 

d. a ?rm power ?ow commitment outward to its 
neighbors but less than outward capacity, in which case 
it also would have a plus sign; or 

e. zero, re?ecting no ?rm dependence on, or com 
mitment to tie line ?ow in calculating area capability, 
the area capability simply being its own area on-line 
generating capacity. 
The load shedding apparatus described in this inven 

tion can readily be accommodated to any one of the 
foregoing de?nitions of area capability. 

OTHER TERMINOLOGY AND DEFINITIONS 

Prevailing area load is designated L, and is de?ned 
as: 

where 26,, is prevailing area generation representing 
sum of the generation of the n generators in the area, 
ET, is prevailing area tie line flow for the m ties to 

neighboring areas and is plus for outgoing power and 
minus for incoming power. 
Note that in some instances an area may wish to in 

clude only incoming tie line power in the calculation of 
L by the foregoing relationship. 

Prevailing area reserve power is designated R, and is 
de?ned as: 

Preferred area reserve is designated P, and is the 
reserve level above which the area would prefer that 
the prevailing area reserve power be. 

Prevailing area margin is designated M, and is 
defined as: ' 

Margin settings, designated M’ with suitable sequen 
tial subscripts, are set to margin levels at which selected 
loads are to be shed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the circuit of the 
invention in one form. 

FIG. 2 shows another modi?cation of a portion of 
FIG. 1 for taking into account tie line interchange of 
only one direction in computing total reserve. 

Description of the Preferred Embodiments 

In FIG. 1 there is shown a plurality of generators (3,, 
G2 and G3 which are connected by lines ll, 12 and 13, 
respectively, to the area bus 16 upon the closing of the 
respective breakers Bl , B, and B3 . The area which in 
cludes the generators 0,, G, and G3 is shown as being 
connected to other areas by interconnecting tie lines T, 
and T2 which connect to the bus 16 through breakers 
B" and B12. 
The area bus 16 is shown as having individual inter 

connecting lines 21, 22, 23 and 24 which connect the 
loads L1, L1, L3 and L4, respectively, to the area bus 16. 
The connections between the bus 16 and loads L,, L, 
and L,, are shown as being made through breakers hav 
ing contacts 5,, S2 and S3, respectively, while L, is 
shown as a load which is not subject to shedding. The 
8,, S2 and S3 breakers will normally be located at a 
point distant from breakers B,—B3. 

If all of the generators G,-g;, in the area are being 
utilized as power sources and power is being imported 
or exported over both tie lines TI and T2, breakers 
B,-B3 and B" and 8,, will be closed as well as switches 
A and D. In determining when load is to be shed, an ac 
count will be taken both of the capability of the genera 
tors 0,1,3 and the capability of the tie lines T, and T, to 
supply power. ‘ 

Each of the breakers 8,, 8,, B3, B,l and B‘, is shown 
as incorporating two contacts. One completes the cir 
cuit carrying the power to or from the bus 16 and the 
other completes a circuit from each of the respective 
capability setters G1’, G2’, 03', T,’ and T,’ to a 
summing circuit consisting of operational amplifiers 30 
and 32. 
The operational ampli?er 30 is operative to sum the 

potential established by the capability setters T,‘ and 
T,’ while the operational ampli?er 32 is effective to 
sum the output of ampli?er 30, connected through 
closed switch A to one of the input lines of ampli?er 
32, and the outputs of the other capability setters G,’ 
G,,'. As a result of this summation, there is produced as 
an output from ampli?er 32 on line 34 a signal C 
representative of the prevailing capability of the power 
sources of the area shown. Thus, 

where T,‘ and T2’ are plus for ?rm commitments of 
power out of the area, minus for ?rm power commit 
ments into the area, and each is zero if tie line capacity 
is not to enter into the capability computation. 
With switch D closed as well as switch A there is pro 

vided by another summing circuit a signal L on line 36 
representing the total actual power at bus 16, which is 
the prevailing area load. This signal is provided by 
summing the output of each of the generators 6,, G, 
and G3 and power flow measured on lines T1 and T,. 
The tie line power flow measurements are made by 
utilizing transducers 41 and 42 which are designed to 
produce on the respective lines 43 and 44 DC. poten 
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4 
tials of magnitude and polarity indicative of the power 
flow in the respective tie lines T. and T,. The lines 43 
and 44 are input lines to operational ampli?er 48 which 
suns the inputs so as to produce on line 50 a signal 
representative of the total tie line power flow into or 
out of the area. ‘With switch D closed, the potential on 
line 50 provides an input to operational ampli?er 54 
which also receives inputs from transducers 61, 62 and 
63. These transducers may be any one of a number of 
available watt transducers capable of providing a DC. 
output potential proportional to the power flow on the 
connected power line. Thus, 

where T, and T2 are plus for outgoing power and minus 
for incoming power. 
The operational ampli?er 66 receives its inputs from 

lines 34 and 36 with these lines being connected so as 
to provide a comparison between the signals C and L 
on those lines or, in other words, a subtraction of those 
signals to produce on the output line 68 of ampli?er 66 
a signal representative of the available reserve power R 
of the area. Thus: 

The signal R would then represent the total prevail 
ing reserve of the area. This computed total prevailing 
reserve may be compared to a preferred reserve P by 
utilizing amplifier 70 to compare the signal on line 68 
with the signal on line 72. The signal on line 72 is 
derived from a manual setter, identi?ed as block 74, 
which produces on its output line a signal representa 
tive of the preferred reserve P of the system. That 
signal will be provided as an input on line 72 when 
switch 76 is closed. Thus, ampli?er 70 provides a com 
parison of the signal on line 72 with that on line 68 so as 
to provide a subtraction to produce on line 78 a signal 
M which represents the margin for the system in terms 
of power. Thus: 

The signal M can be utilized as a basis for determin 
ing when the various loads should be shed in order to 
maintain the desired relationship between area capa 
bility and area load. The value of P may in some cases 
remain ?xed. in such a case the value of M can be said 
to be representative of the prevailing reserve as is the 
signal R. 
The criteria which establish the basis for the 

shedding of the several loads are the magnitudes of the 
signals produced by the margin setters M,', M,’ and 
M,’ which, respectively, set the available margin below 
which the respective loads L], L, and L3 should be 
shed, and the arrangement of the sequence contacts S,‘ 
and S,’ which determine the sequence in which the 
load shedding taka place. The signals generated by the 
margin setters M,', M,’ and M,’ may be referred to as 
margin setter signals. 

Thus, for example, the output of setter M,’ on line 81 
is a margin setter signal of magnitude M,‘ which is com 
pared with the magnitude of signal M in the comparing 
circuit represented by block 82, and if M is equal to or 
less than M,', there is then produced a potential on line 
84 which is effective to energize actuator 85 to open 
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breaker contact S, and thereby disconnect or shed load 
L,. Simultaneously with the opening of S, the contact 
S,’ is closed so that the load which is next in the desired 
sequence for shedding can be shed under appropriate 
conditions. The contacts S, and S,’ will remain in those 
positions due to the action of the mechanical latch 86 
shown associated with the actuator 85. The other ac 
tuators 90 and 94 are similarly equipped to be latched. 
As a result of the shedding of load L,, there will be an 
increase in the magnitude of the signal M by an amount 
equal to that of load L1. 
The output of setter M,’ on line 88 is compared by 

the comparing circuit of block 87 with the magnitude 
of signal M and when M is equal to or less than M,', the 
output on line 89 through closed contact 81' causes an 
energization of actuator 90 to disconnect and latch 
breaker contact S2 and connect contact S2’ and thereby 
shed load L2 and set up load L3 as the next load to be 
dropped in the established sequence. After load L2 is 
shed the magnitude of M will rise by an amount equal 
to L2. ‘ 

The signal on line 91 from setter M3’ is compared 
with the magnitude of signal M in the comparison cir 
cuit 92. When M is equal to or less than Ma’ actuator 
94 is energized by the output of block 92 which is con 
nected through contact S2‘. Breaker contact 8,, is 
disconnected and latched upon energization of actua 
tor 92 and load L3 is shed. M will then increase by the 
magnitude L3. The signals Ml’, M2’ and M3’ produced 
on lines 81, 88 and 91, respectively, may be established 
so that the loads L1, L2 and La are shed at different 
values of M. Alternatively, M,', M2‘ and M;,' can all be 
set at the same value since S,’ and S,’ are effective to 
establish the sequence for the shedding. Alternatively, 
M2’ and M3’ could be omitted and actuator 85 could be 
coupled to operate a sequential switch which could 
disconnect the loads sequentially based in each case on 
the comparison of M,‘ and M. 
The comparing circuits, such as 82, may incorporate 

a time delay so that the associated load, such as L1, will 
not be shed until the tie lines to the area have had a 
chance to respond. Such an arrangement would be 
used when the area is depending on the ties to provide 
help in meeting the area load requirement. 
Under some circumstances it may be desirable to 

open switches A and D and thereby omit from the 
operation of the load shedding system shown in FIG. 1 
any consideration of the power ?ow on the tie lines T, 
and T2. 
As an example of one illustration of the manner in 

which the circuit of FIG. 1 operates, consider the 
sequence of events detailed in the following para 
graphs. 
Assume the signal on line 36 represents a prevailing 

area load of 1,050 MW, or in other words, a total 
supply of power from generators 0,, G2 and G, and tie 
lines T, and T2 to the bus 16 of 1,050 MW for the 
supply of loads L,—L4. Also, assume that the signal on 
line 34 represents a prevailing area capability of 1,200 
MW representing the maximum power which can be 
supplied by the generators and ties to the bus 16 for the 
loads L,—L4. Under those conditions the prevailing area 
reserve signal on line 68 would represent 150 MW, and 
if we assume that the preferred reserve represented by 
the signal on line 72 with switch 76 closed represents 
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6 
50 MW, then the signal on line 78 would be a positive 
signal representing 100 MW which is the prevailing 
area margin or the increase in the loads Ll-L. that can 
occur before the margin is reduced to zero. Thus, the 
prevailing area load can be increased l00 MW to equal 
the prevailing area capability minus the established 
preferred reserve before the margin becomes zero. 
Assuming that the loads L,, L,, La and L. are increas 

ing in magnitude and assuming that the settings M,’, 
M,’ and M,’ are respectively 0 MW, —l0 MW and —l 5 
MW, then it will be evident that when the signal on line 
36 has reached a value representative of a load of l, l 50 
MW, the signal on line 68 will represent a prevailing 
reserve of 50 MW while the prevailing margin 
represented by the signal on line 78 will be zero. Load 
L1 will then be disconnected. If we assume that the load 
L1 at the time of disconnection represented 30 MW, 
there will, as a result of the normal load-frequency con 
trol in the area, be a compensating change in the 
generation of the generators Gl-Ga and the signal on 
line 36 will then represent 1,120 MW so that the signal 
_on line 68 represents 80 MW and the signal on line 78 
represents a 30 MW margin. 

If after the disconnection of load L, the loads L2, L3 
and L‘ increase so that the signal on line 36 represents 
a prevailing area 1 equal to 1,160 MW, then the 
load, L, will be disconnected. Assuming that in discon 
necting load L, the only loads left are loads L3 and L4 
and that that prevailing load is of the magnitude of 
1,100 MW, then as a result of the load-frequency con 
trol on the generators G1, G2 and G3 the signal on line 
36 will represent 1,100 MW and the signal on line 68 
will then represent l00 MW while the signal on line 78 
will represent +50 MW. After the disconnections of 
loads L,, L, there must be an increase in the loads La 
and L4 of 65 MW to a value of 1,165 MW total before 
the limit M3’ is reached and the load L3 is disconnected 
since at that value for the sum of L3 and L, the signal on 
line 78 will have reached a value representative of —l 5 
MW. 
The above example of the manner in which the cir 

cuit of FIG. 1 operates may be further illustrated by the 
following table: 

Ll Li L: 
L c R P M M,’ ' M3’ 
36 34 68 72 78 Shed Shed Shed 

'7 a 0 

I050 1200 15050 100 0 No —l0 No —lS No 
H50 1200 50 50 0 0 Yes —l0 No —l5 No 
I120 I200 80 50 30 0 Yes —l0 No "[5 No 
i160 I200 40 50 —l0 0 Yes —l0 Yes —l5 No 
I100 I200 I00 50 +50 0 Yes —l0 Yes —l5 No 
I165 I200 35 50 —l5 0 Yes —l0 Yes —lS Yes 

In still other circumstances it might be desirable to 
omit the inclusion of the signal on line 72, representa 
tive of the preferred reserve, in which case the switch 
76 would be opened and the signal on line 78 would 
then be equivalent to the signal on line 68 and the loads 
would be shed in accordance with the established pri 
orities based upon the prevailing area reserve 
established by the signal on line 68. The computation 
of that reserve would, of course, be independent of tie 
line capability and tie line power ?ow when the 
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switches A and D are open. It would be independent of 
tie line capability but would include tie line flow in the 
computation of area load when switch A is open and 
switch Dis closed. 

In the circuit of FIG. 1 there is shown a means for au 
tomatically disconnecting or shedding load in a particu 
lar area, it being assumed that the reconnection of the 
load may be advantageously accomplished by manual 
means as the generating capability of the area increases 
or the load decreases to the point where additional load 
can be added in the area. 
Under certain circumstances it is desirable to take 

into account the power flow over the tie lines T, and T, 
only when it is in a direction providing power flow to 
the bus 16. FIG. 2 shows a circuit diagram in block 
form for accomplishing that mode of operation. The 
circuit of HO. 2 differs from that shown in FIG. 1 only 
in that it incorporates diodes 110 and 112, each of 
which is shown with its cathode connected to ground 
and its anode connected to the output of the associated 
transducers 41 and 42, so as to prevent input signals 
from appearing on lines 43 and 44 whenever the out 
puts of the transducers 41 and 42, respectively, are 
positive in potential, as when power is ?owing out of 
the area over tie lines T1 and T2. The diodes 110 and 
l 12 still allow the negative potential outputs on lines 43 
and 44 to be summed by the ampli?er 48. Thus, an area 
utilizing the arrangement of FIG. 2 would not take into 
consideration any power ?ow from the area over tie 
lines T, and T2, in calculating the magnitude of prevail 
ing area load, L. 
What is claimed is: 
1. Apparatus for automatically shedding load in a 

power distribution area in which a plurality of sources 
are connected to supply power to a plurality of loads 
comprising 

a ?rst means operable to produce a signal represen 
tative of the magnitude of the prevailing reserve 
power of the area, and 

a second means operable to disconnect at least one 
of the loads of said area when said prevailing 
reserve power signal drops to a predetermined 
value. 

2. Apparatus as set forth in claim 1 in which said ?rst 
means includes 

means responsive to the power flow to or from the 
sources of the area for producing a ?rst signal 
representative of the prevailing area load, 

means for producing a second signal representative 
of the total prevailing capability of said sources, 
and 

means for comparing said ?rst and second signals to 
produce said signal representative of the prevailing 
reserve power. 

3. Apparatus for automatically shedding load in a 
power distribution area in which a plurality of sources 
are connected to supply power to a plurality of loads, 
comprising: _ 

means operable to produce a signal representative of 
the magnitude of the prevailing reserve power of 
the area. including; 
l. means responsive to the power flow to or from 

the sources of the area for producing a signal 
representative of the prevailing area load, in 
cluding; 
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a means for producing ?rst signals respectively 

representative of the power flow from each of 
the generated sources connected to supply 
power to said area, 

b. means for producing second signals respec 
tively representative of power ?ow on each of 
the tie lines connected to supply power to or 
from said area, and 

c. means for summing said ?rst and second 
signals to produce said prevailing area load 
signal; 

2. means for producing a signal representative of 
the total prevailing capability of said sources, in 
cluding; 
a. means for producing third signals respectively 

representative of the capability of each of said 
generating sources, 

b. means for producing fourth signals respec 
tively representative of the capacity of each of 
said tie lines, and 

c. means for summing said third and fourth 
signals to produce said total prevailing capa‘ 
bility signal; and 

3. means for comparing said prevailing area load 
signal and said total prevailing capability signal 
to produce said signal representative of the 
prevailing reserve power; and 

means operable to disconnect at least one of the 
loads of said area when said prevailing reserve 
power signal drops to a predetermined value. 

4. Apparatus as set forth in claim 1 in which said 
second means includes 
means for producing for each portion of the load to 

be shed a margin setter signal representing the 
magnitude of prevailing reserve power at which 
the associated load should be shed, 

means for individually comparing each of said mar 
gin setter signals and said signal representing the 
prevailing reserve power, and 

means responsive to said last named means for 
disconnecting each of said loads when the signal 
representing the prevailing reserve power equals 
the associated margin setter signal. 

5. Apparatus as set forth in claim 1 in which said ?rst 
means includes 

means responsive to the power flow from said 
sources for producing a ?rst signal representative 
of the total power ?ow to the loads of said area, 

means for producing a second signal representative 
of the total capability of said sources, 

means for producing a third signal representative of 
the preferred reserve power, and 

means for comparing the difference between the 
values of said ?rst and second signals and the value 
of the third signal to produce a resultant signal 
representative of the prevailingarea margin. 

6. In a power distribution area having a plurality of 
sources providing power ‘to a network to which a plu 
rality of loads are connected, apparatus for selectively 
shedding said loads in accordance with pre-established 
priorities comprising 

transducer means associated with each of said 
sources for producing signals representative of the 
power being provided to said network from each 
of said sources, 
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capability setter means each associated with one of 
said sources for producing capability signals each 
representative of the power producing capability 
of the associated source, 

means responsive to said power signals and said 
capability signals for producing a signal represen 
tative of the prevailing reserve power of said 
sources, 

means for producing a signal representative of the 
preferred reserve capability of said area, 

means for comparing the prevailing reserve power 
signal and the preferred reserve capability signal to 
produce a signal representative of the prevailing 
margin of the area, 

means for producing for each of the loads a margin 
setter signal representing the magnitude of the 
prevailing margin of the area at which the as 
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10 
sociated load is shed, 

comparison means for comparing each of said mar 
gin setter signals to the prevailing margin signal 
and operative when said last named signal 
decreases to the value of a margin setter signal to 
disconnect the associated load from the network 
when that load is next in priority to thereby avoid 
loading said area beyond the prevailing area mar 
gin while maintaining priorities in the shedding of 
said loads. 

7. Apparatus as set forth in claim 6 which includes 
means operable to prevent the transducer means as 

sociated with those sources which are tie lines 
from producing signals which are of sense 
representative of power ?ow from said area over 
said tie lines. 

* * III * Ilt 


