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ABSTRACT OF THE DISCLOSURE 
A computing circuit is provided wherein certain con 

stants and certain measurable variables relating to the op 
eration of a prime mover are operated upon by a computer 
to produce an output indication of that portion of the 
useful operating life of the prime mover which has been 
consumed. 

It is well known that most prime movers have deter 
minable useful operating lives. The useful operating life 
is defined as the life during which the prime mover may 
operate prior to either breakdown or maintenance. The 
useful operating life is a function of many variables of the 
physical system. For example, the output load driven 
and/or produced by the prime mover, the temperature of 
the physical system, the pressure relative to the physical 
system and the like are typical variables of a physical 
system. The useful operating life of such a prime mover 
is established as a number of hours of operation under 
a set of standard or optimized conditions and is iden 
tified as the Base Load of the machine. It is axiomatic 
that the machine will not always be operated at the Base 
Load condition. A variation from any or several of the 
standard conditions produces a calculable variation in 
the number of hours of the useful operating life of the 
machine. Such a shift in the useful operating life is iden 
tified as the Equivalent Base Load Hours. Accordingly, 
these variables may be operated upon individually or to 
gether to produce a mathematical expression of the operat 
ing life of the prime mover. 

Because of the last mentioned relationship, it is desir 
able to be able to compute the consumption or the rate 
of consumption of the useful life of the prime mover 
under operating conditions. This information is used so 
that the prime mover is not overloaded or excessively op 
erated under undesirable conditions. Moreover, the prime 
mover is not removed from useful production and over 
hauled prior to the actual necessity thereof if the useful 
life of the prime mover has not been fully utilized. 

Therefore, the subject invention relates to a computer 
which manipulates input signals in accordance with a 
mathematical expression of the measurable variable Such 
that the rate of consumption of the useful operating life 
of a prime mover can be monitored. In a preferred embodi 
ment, the computer utilizes a plurality of amplifiers for 
producing and/or summing the various expressions of 
constants and/or measurable variables, a time division 
multiplier for producing a signal representative of the 
equivalent base load on the prime mover, time integra 
tion means for selectively operating upo the rate signals 
to produce an indication of the percentage of operating 
life which has been consumed. In addition, a Switching 
circuit is utilized to selectively include a simulated base 
load signal if the actual operational load is below a mini 
mum value. 

Consequently, one object of this invention is to provide 
a base load computing circuit. 

Another object of this invention is to provide a com 
puting circuit which indicates the consumption of useful 
operating life of a prime mover. 

Another object of this invention is to provide a com 
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2 
puting circuit wherein the operation of a prime mover is 
detected and rated for purposes such as billing or main 
tenance or the like. 
These and other objects and advantages of this inven 

tion will become more readily apparent when the follow 
ing description is read in conjunction with the single figure 
which is a schematic diagram of the computing circuit. 

Referring now to the drawing, the schematic diagram 
includes amplifiers 1, 2 and 3 which are connected as lin 
ear amplifiers having a predetermined loop gain. In addi 
tion, amplifier 4 is connected as an integrating amplifier 
while amplifier 5 is connected as a comparator. 
More specifically, variable resistor 10 is connected be 

tween a --15 volt source and ground. The variable tap of 
resistor 10 is connected via fixed resistor 11 and variable 
resistor 12 to the input of amplifier 1. Variable resistor 12 
is connected such that the resistance thereof in series with 
resistor 11, may be varied. The output of amplifier 1 is 
connected via normally open contacts K2B and resistor 
14 to the input of amplifier 1. Normally closed contacts 
K2A and temperature sensitive resistor 13 are also con 
nected between the output and the input of amplifier 1. 
The coil K2 associated with contacts K2A and K2B are 

connected to switch 40 and source 39. Thus, by closing 
switch 40 during the calibration operation, coil K2 is en 
ergized. When energized, coil K2 causes contacts K2A to 
open and contacts K2B to close. It should be noted that 
resistor 14 is a precision resistor which is equal to the 
resistance of temperature sensitive resistor 13 at a pre 
determined temperature. Therefore, when in the calibra 
tion mode, resistor 12 is varied such that the loop gain 
of amplifier 1 is unity. That is, resistor 12 is set equal to 
the resistance of resistor 14 whereby unity gain of am 
plifier 1 at the predetermined base temperature is achieved. 

Resistor 13, a temperature sensitive resistor, may be a 
high precision nickel probe. This type of probe exhibits 
extreme sensitivity and accuracy in measuring tempera 
ture. Since it is frequently desirable to measure the tem 
perature of a physical system relating to a prime mover 
at a fixed predetermined temperature, the resistance value 
of the probe at the predetermined temperature is cal 
culated and used during calibration. The output of am 
plifier 1 is connected via coupling resistor 15 to summing 
junction 37 at the input of amplifier 3. 

Variable resistor 17 is connected between a -15 volt 
source and ground. The variable tap of resistor 17 is con 
nected via resistor 16, to summing junction 37. Resistors 
16 and 17 provide an input signal which is a constant 
which is utilized to represent a characteristic of a par 
ticular prime mover. This constant may vary between 
different prime movers. As well, the constant may vary 
in relation to the type of measurable variable of the phys 
ical system which provides other inputs. 
Another measurable variable is supplied at terminal 41 

where this measurable variable represents a signal which 
is referred to ground potential. This signal may repres 
ent, for example, pressure of the physical system or the 
power generated by the prime mover or the like. Terminal 
41 is connected to the input of amplifier 2 via variable 
resistor 21 and fixed resistor 22. The output of amplifier 
2 is connected to the input thereof via feedback resistor 
23. Resistors 22 and 23 are designed to produce a suit 
able loop gain of amplifier 2, for example 60, to operate 
upon the signal applied at terminal 41. However, inas 
much as the desired output signal of amplifier 2 is a func 
tion of other environmental conditions such as atmos 
pheric pressure and the like, as well as the input signal at 
terminal 41, resistor 2 is inserted to provide variability 
in the amplifier loop gain. Typically, variable resistor 21 
is set at the predetermined initial conditions and there 
after said resistor is used to adjust the gain of amplifier 
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2. As the System variable represented by resistor 21 is 
varied, resistor 21 is also varied to insert a larger resist 
ance into the equation-representing amplifier 2 such that 
the gain thereof is decreased. The output of amplifier 2 
is connected via resistor 24 to summing junction 37. 
Summing junction 37 is connected to an input of ampli 

fier 3. The feedback network connected around amplifier 
3 includes resistor 18 and switch 20. In addition, depend 
ing upon the position of switch 20, the feedback network 
may be connected either directly or via resistor 19 to the 
output of amplifier 3. When amplifier 3 is connected to 
the feedback network as shown, the loop gain thereof is 
typically unity. However, in the event that the loop gain 
of 60 is too large for amplifier 2 and produce instability 
or other inaccuracy, amplifier 3 may be designed to have 
a loop gain of 2 while amplifier 2 has a loop gain of 30. 
In the feedback condition shown, the output signal Z of 
amplifier 3 is a function of the signals which are supplied 
to Summing junction 37. If switch 20 is repositioned, to 
insert resistor 19 in the feedback circuit, the output signal 
Z is a function of the signals supplied at Summing junc 
tion 37 modified by a factor represented by resistor 19. 
It should be noted that the factor represented by resistor 
19 is correlated with the signal effect produced by resistor 
21. 
The signal Z produced by amplifier 3 is supplied to an 

input of the time division multiplier TDM 25. A suitable 
circuit for performing this function is shown in the 
copending application of W. H. Crowell, the instant in 
ventor, entitled Time Division Multilier, bearing Ser. No. 
675,596, filed Oct. 16, 1967 and assigned to the common 
assignee. In the referenced patent application, there is 
disclosed an arithmetic circuit which includes a plurality 
of operational amplifiers interconnected to operate upon 
an input signal in such a manner that, inter alia, a recip 
rocal function is provided. The time division multiplier 
described in the copending application is not a part of 
this invention, per se, but is a preferred means for supply 
ing the reciprocal signal 1/Z at the output thereof. 
The output signal supplied by TDM25 is supplied via 

normally closed contacts KIA to the armature of switch 
38. Depending upon the position of switch 38, the signal 
is Supplied to the input of integrating amplifier 4 via re 
sistor 27 either directly or via variable resistor 26. It 
should be noted that switches 38 and 20 are ganged and 
operate together. The switches are concurrently in the 
position shown. In the alternative, both switches are in 
the opposite position. Thus, it will be seen that when re 
sistor 19 is connected in the feedback circuit of amplifier 
3, resistor 26 is disconnected from the input circuit of 
amplifier 4. In other words, if the factor represented by 
resistance 19 is inserted into the signal Z, it is not neces 
sary to insert it into the signal 1/Z. Conversely, if the 
signal Z does not include the “resistance 19 factor, a 
corresponding similar factor is inserted into the 1/Z. 
signal by means of resistor 26. 
The output of amplifier 4 is connected to the input 

thereof via integrating capacitor 28. The output of ampli 
fier 4 is further connected to a counter driver 29. The 
output of counter driver 29 is supplied to a suitable 
counter 30 wherein a digital output is presented and/or 
displayed. 

Thus, it is seen that amplifier 4 integrates the signal 
1/Z as a function of time and provides a suitable output 
signal. In a preferred embodiment, the time constant for 
the inegrator amplifier 4 may be on the order of Ao hour 
or 6 minutes. On the other hand, the counter 30 may be 
designed to provide an indication which is related to 
hours. In this case, a decade counter or divider maybe 
inserted before the counter. Obviously, if the time con 
stant of amplifier 4 is enlarged and the counting rate of 
counter 30 is reduced, the decade counter may be elimi 
nated or, conversely, expanded to provide a greater num 
ber of counts if desired. 

Thus, it is seen that this computer circuit operates 
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4. 
upon at least four factors, two of which are representa 
tive of measurable variable of a physical system, one of 
which is a constant which is a function of the physical 
System and one of which is a function of its environment. 
These input signals are vectorially or algebracically 
Summed to produce an output signal Z which is rep 
reentative of the continuously computed, instantaneous 
useful life of the prime mover. The instantaneous life ex 
pectancy signal is converted into a rate of consumption 
signal which is integrated to produce a percentage or 
similar satisfactory output signal representative of the 
actual useful life consumption. 
As an additional feature, the output signal produced 

by TDM 25 may be connected via resistor 34 to an input 
of amplifier 5. A variable resistor 32 is connected be 
tween a -15 volt source and ground. The variable tap 
of resistor 32 is connected via fixed resistor 33 to input 
36 of amplifier 5. Thus, the low level setpoint signal 
provided at the variable tap of resistor 32 is subtracted 
from the output signal of TDM25 at the summing junc 
tion 36. Zener diode 35 is connected in a feedback path 
around amplifier 5. Specifically, the anode of Zener 
diode 35 is connected to summing junction 36 while the 
cathode of Zener diode 35 is connected to the output of 
amplifier 5 along with coil K1 which is referenced to 
ground. With this configuration, amplifier 5 operates as 
a comparator which produces a low level signal when 
the signal 1/Z from TDM25 is greater than the low level 
setpoint signal supplied via resistor 33. However, when 
the signal at summing junction 36 assumes a negative 
level, amplifier 5 produces a high level output signal 
which energizes coil K1. When coil K1 is energized, 
contacts K1A are opened and contacts K1B are closed. 
Thus, the input of amplifier 4 is connected to the variable 
tap of resistor 31 which is connected between a 4-15 
volt source and ground, instead of to the output of 
TEDM25. This connection has the effect of Supplying a 
constant signal of a predetermined level to the input of 
amplifier 4 whereby the amplifier 4 continues to inte 
grate this predetermined signal and produce an output at 
counter 30. In essence, this operation has the effect of 
continuing the calculation of the consumption of the 
operating life at a minimum level, even though the actual 
consumption level may be less than the minimum level. 
Thus, a certain safety factor is built into the System. In 
the event that the system is used as a billing or metering 
system, this has the effect of establishing a base minimum 
billing rate regardless of relatively low utilization of 
the prime mover. 

Thus, the preferred embodiment of an equivalent base 
load measuring system has been described. This system 
operates upon suitable measurable variables produced by 
the prime mover or other systems being monitored. It 
is clear that modifications of this system will be suggested 
to those skilled in the art. Any modifications of this sys 
tem which fall within the inventive precepts supra, are 
meant to be included in this description. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are defined as 
follows: 

1. A computer for computing the equivalent base load 
hours of a prime mover comprising, in combination, first 
input means including means for deriving a signal repre 
sentative of a first significant parameter determinative of 
Said equivalent base load hours and including a first am 
plifier means for generating a first signal, 

Second input means to which signals representative of 
a Second significant parameter determinative of said 
equivalent base load hours may be applied, second 
amplifier means, said second input means being con 
nected for Supplying signals to said second amplifier 
means for generating a second signal, 

means for establishing a signal representative of the 
base load characteristic of said prime mover, 
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arithmetic means for algebraically adding said three 
recited signals to produce a composite signal which 
is a function of the equivalent base load of the prime 
mover, and integrating means connected to integrate 
a function of said composite signal to produce a 
signal representative of said equivalent base load 
hours of said prime mover. 

2. The combination recited in claim 1 wherein said 
first input means includes temperature sensitive means, 
said temperature means being connected in the feedback 
path of said first amplifier means. 

3. The combination recited in claim 1 wherein said 
second input means includes compensating means, said 
compensating means providing adjustment for environ 
mental conditions relative to a physical system related 
to said combination. 

4. The combination recited in claim 1 wherein said 
arithmetic means includes a third, or summing amplifier 
for summing and weighting said three recited signals. 

5. The combination recited in claim 4 wherein said 
arithmetic means includes means connected to the output 
of Said Summing amplifier for providing a signal repre 
Sentative of the reciprocal of the output signal of said 
Summing amplifier, said integrating means being con 
nected to integrate said reciprocal signal. 

6. The combination received in claim 5 including com 
parator means connected to said arithmetic means, simu 
lated input means, said comparator producing a control 
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signal as a function of the output signal produced by said 
arithmetic means, and switch means controlled by said 
control signal produced by said comparator means, said 
Switch means selectively connecting said integrating means 
to said simulated input means or the output of said arith 
metic means. 

7. The invention set forth in claim 5 including the 
addition of digital output means for displaying an output 
signal. 

8. The combination recited in claim 4 including com 
pensating means connected in the feedback path of said 
third amplifier means to provide adjustment for environ 
nental conditions relative to the prime mover. 
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