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ABSTRACT OF THE DISCLOSURE 
In well pumping apparatus including multi-phase elec 

tric motors, power consumption apparatus sensing in 
stantaneous power consumption including means for sens 
ing overload as an indication of equipment failure or 
single phasing of the motor; means also sensing minimum 
power consumption at selected intervals in the pumping 
cycle as an indication of inadequate iluid in the down-hole 
pumping apparatus; said means interrupting current to the 
motor on achieving alarm conditions. 

This invention relates to a control system for oil well 
pumping apparatus, and more particularly relates to a 
power monitoring and control system wherein the appa 
ratus controls power delivered to the pumping apparatus 
and further provides means for analysis of the oil well 
pumping apparatus. 

Electrically pumped wells are commonly used for the 
recovery of petroleum products from formations having 
insufficient pressure to flow to the surface. One apparatus 
commonly used is the walking beam pumping apparatus 
whereby an electric motor oscillates a walking beam about 
a pivot and the horse head is reciprocated above the well 
head. The horse head is connected to a string of metallic 
members known in the trade as sucker rods which extend 
the full length of the well internally of the production 
tubing as a means of providing motive energy to the 
pump which is located near the producing formation. 
Since the details of the down-hole pumping apparatus are 
subject to some variation, and since they are provided 
with the present invention only by way of background, 
it will be appreciated that a survey of pumping apparatus 
is an aid to the description of the present invention. 

Customarily, the lluid from the producing formation is 
lifted to the surface through the production tubing and is 
communicated to a gathering system whereby the fluid 
Hows in a network of pipes extending to a collection point 
for handling in bulk by suitable means. 
The power consumption of a producing well is usually 

substantial due to the fact that a producing well may be 
several thousand feet deep. While the weight of the sucker 
rods and pumping apparatus attached at one end of the 
walking beam is counterbalanced by weights either associ 
ated with the opposite end of the beam or else attached 
to a crank throw associated with the gear box and electric 
motor, it will be appreciated that substantial power is 
required at most wells. Since petroleum is customarily 
recovered from petroleum ñelds which are somewhat geo 
graphically con‘lpact, it has been noted that electrical 
power lines have been extended even to remote rural areas 
to provide the electrical power for pumping recovery. 
These electrical lines usually provide three phase electrical 
power which may be either 220 volts AC or even 440 
volts AC. At any event, the horse power of the pumping 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

1 3,509,824 
Patented May 5, 1970 

ß 

ICC 

2 
motors is generally substantial and therefore, the motor 
is both expensive to operate properly and quite valuable in 
its own right. Moreover, the length of the lines and diñi 
culty of voltage regulation introduces voltage fluctuations 
which are a problem to be dealt with by the present ín 
vention. 

With a view of the economic worth of pumping appa 
ratus generally found at oil wells, and with a further View 
of the problems of pumping oil wells, it can be appreciated 
that control apparatus is particularly economical in oper 
ation of electrically pumped oil wells. The present inven 
tion provides such a means. 

Proper operation of a pumping well is particularly bene 
ñcial in the avoidance of damage to the apparatus. For 
instance, it will be obvious that an electric motor will 
burn up if overloaded. For instance, the pumping appa 
ratus is customarily intended to operate with a fully 
charged pump resulting from an adequate ñuid head from 
the producing formation. When the level of the fluid in 
the pump drops, the pump plunger compresses expanded 
gases in the top of the chamber above the pump and the 
pump contacts the surface of the liquid in a manner caus 
ing a condition known as “fluid pound.” The vibrations, 
oscillations, and structural shocks in the pump, sucker rods 
and production tubing are destructive to the equipment 
and may engender expensive repairs. Note should be taken 
of the fact that often the repair of downhole apparatus 
usually requires pulling the production tubing which is 
quite expensive. Therefore, one object of the present inven 
tion is to provide pump control apparatus for operating 
electric pumping apparatus only when iluid is available 
in the well bore in providing eil‘ìcient operation to lift 
maximum ñuid per unit cost of operation. 

Another object of the present invention is to provide 
new and improved control apparatus for well pumping 
apparatus including means therewith for detection of elec 
tric motor overload conditions as indicated by excessive 
power consumption. 
A related object of the present invention is to provide 

a new and improved control apparatus including means 
therewith detecting excessively low power consumption as 
an indicator of iiuid pump olf in the downhole pumping 
apparatus for shutting in the well to permit adequate accu 
mulation of iiuid from the producing formation. 
An important object of the present invention is to 

provide new and improved control means for pumping 
apparatus preventing the electric motors from operating 
after loss of one or more phases of electric power sup 
plied to the motor. 

Other objects and advantages of the present inven 
tion will become more readily apparent from a considera 
tion of the following specification and included `drawings 
wherein: 

FIG. l is a schematic block diagram showing the elec 
trical apparatus of a pum-ping well connected with the 
circuit means of the present invention; 

FIG. 2 is a schematic wiring diagram of the preferred 
form of the watt transducer adapted for use with the 
present invention; 

FIG. 3 is a schematic wiring diagram of circuit means 
for sensing overload of the pumping apparatus; 

FIG. 4 is a schematic wiring diagram illustrating means 
for sensing the power load during down stroke of the 
pumping apparatus; and 
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FIG. 5 is a schematic wiring diagram of pulse inte 
grator circuit means. 

Attention is ñrst directed to FIG. 1 for a broad con 
sideration of the means of the present invention. In FIG. 
1, the motor for the pumping apparatus is indicated by 
the numeral 10. It will be appreciated that symbolic 
representation of the schematic of FIG. 1 is that of a 
delta-connected resistive load intended only to be repre 
sentative of the load placed on the three phase system 
to be described. The motor 10 is connected to a plurality 
of conductors indicated at 12 and includes the phase 
conductors 12-1, 12-2 and 12-3. The conductors are 
provided with a main circuit breaker means indicated 
generally at 14 which includes a relay operative device 
and a plurality of switches 14a interposed in the power 
delivering conductors provided to the motor 10. As a 
generalization, it should be noted that the well pumping 
apparatus including the motor 10 and the source of elec 
trical power connected to the three phase distribution 
system indicated at 12 has interposed therebetween power 
transfer means including the main breaker means 14 
which interrupts power delivered to the motor 10. The 
control means is operatively connected to the power 
leads 12 to provide an indication of the power consump 
tion. The power consumption monitoring means senses 
wattage consumption of the well pumping apparatus in 
cluding the motor 10 to control the power consumption 
of the well :pumping apparatus within predetermined 
limits and at selected time intervals as will be described 
in greater detail hereinafter. 

Considering the invention more in detail, FIG. 1 illus 
trates Watt transducer or signal multiplier means indi 
cated generally at 16 which is operatively connected to 
the power leads 12 input to the motor 10. The power 
conductor 12-1 incorporates a current transformer 17 
which provides an indication of the current ñow in one 
phase to the transducer means 16. In addition, the con 
ductors indicated at 18 provide the voltage between two 
phases, one of the phases being the phase of conductor 
i12-1 so as to relate the current flow sensed by transformer 
17 to the voltage input to the Watt transducer means 16 
with the proper phase angle therebetween. As understood 
by those skilled in the art, the watt transducer means 16 
measures the power which is indicated by the well known 
relationship of voltage times current times the cosine 
of the phase angle. The output is a `direct current signal 
on the conductor 20 which is provided to additional cir 
cuitry to be desired. 
As will be appreciated by those skilled in the art, 

the watt transducer means 16 may be replaced alterna 
tively with a double wattmeter arrangement whereby 
power is measured in two multiplier transducers and the 
direct current signals are summed. However, it will be 
appreciated that, with a generally symmetrical load such 
as a motor 10, the load on each phase is equal and 
therefore the arrangement shown in FIG. 1 is more 
economical. However, mention is made of more complex 
apparatus for measuring the wattage should it be desira 
ble to connect three phase power measuring apparatus 
to the power input leads shown in FIG. 1. 
The conductor 20 which provides the direct current 

signal of the transducer means 16 is supplied to a number 
of circuits for further utilization. For instance, the trans 
mitter 22 which is shown connected to the conductor 
20 is preferably a device providing telemetry ability 
whereby the analog signal of the wattage consumption 
is relayed to a central data collection pbint to be analyzed 
or stored for other purposes. As one embodiment, the 
transmitter 22 may include tone modulator circuitry and 
frequency modulated transmitter apparatus whereby the 
signal is provided on the modulated carrier for high quali 
ty transmission. 
The conductor 20 is also provided as ra signal input 

for overload sensor means indicated at 24. The overload 
sensor means provides a set point for contrast with the 
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analog signal on the conductor 20 to obtain an indication 
of overload or excessive power demand lby the motor 10. 
This can be indicative of a number of conditions to be 
described, and the reaction of the overload sensor means 
24 is to provide an output signal to additional apparatus 
whereby the operation of the motor 10 is interrupted 
as a safety precaution. Briefly, the overload sensor means 
24_ provides a connection to the neutral return or as indi 
cated in FIG. 1, a ground connection at 26. The ground 
26vis connected by the overload sensor means 24 to a 
conductor 28 which extends to additional circuitry illus 
trat-ed in FIG. 1. Briefly, the conductor 28 is the output 
ofthe overload sensor means and is communicated to 
various circuits to be described. 
The conductor 20 is additionally provided as an input 

to the underload sensor means indicated generally at 30. 
The means 30 provides set point operation whereby 
power consumption of the motor 10 as indicated by the 
transducer means signal level is monitored, and on 
dropping below a predetermined level, the means 30 
interrupts the motor because the underload power con 
sumption of the motor is indicative of a lack of fluid in 
the Well bore or a malfunction. The underload sensor 
means 30 is timed in operation relative to the pumping 
cycle by a pair of switches 31 and 32. Switches 31 and 
32 relate the underload sensing of the apparatus of the 
present invention to the down stroke portion of the 
pumping cycle which varies the load on the motor 10. 
To obtain proper timing of the operation of the under 
load sensor means 30 with respect to the actual down 
stroke of the pumping apparatus and minimum power 
consumption of the motor, the switches 31 and 32 are 
placed on the walking beam apparatus to gate the appa 
ratus on during the down stroke. As drawn and as will 
be later described, the underload sensor means 30 is gated 
on when the switches are opened to deñne the orientation 
point. 
The possibility of low fluid level in the pumping ap 

paratus is properly ascertained every cycle or oscillation 
of the Walking beam apparatus. Therefore, the underload 
sensor means 30 provides an indication during each pump 
stroke to additional circuitry to be described. The under 
load sensor means 30 inputs its signal to a pulse inte 
grator 36 which does not time out as long as the under 
load sensor does not detect low power consumption indi 
cative of iluid or gas pound, or a loss of volumetric 
efficiency of the apparatus. In addition, a thermo 
electric timer circuit 38 is provided which is “in effect” 
a start-up delay timer which allows the pump to recharge 
and start pumping properly during the initial starting 
period. The timer 38 is normally closed preventing opera 
tion of the pulse integrator by shorting out the pulse in 
tegrator for an interval. 
A shut-in timer 40 is provided with the apparatus of 

the present invention. Shut-in is the term applied to pro 
ducing oil wells to indicate that period of time when the 
pumping equipment is not in operation. Shut-in is a re 
quirement imposed on producing wells for several rea 
sons. One important use of the shut-in timer is to allow 
time for recharging the well bore with fluid from the 
formation. Also, a well may be shut-in because the regu 
latory agency concerned with conservation of natural re 
sources may limit the production of the well to a stated 
percentage of the calendar period in question so that the 
shut-in timer is necessary to accommodate such a regula 
tion. In addition, reservoir engineers may determine that 
a shut-in cycle is necessary to enhance the production of 
the well to avoid prematurily depleting the formation and 
possibly damaging the formation and thereby reducing 
the total recovery from the formation. At any event, shut 
in timing is sometimes required for producing wells and 
to this end, the motor driven timer 40 is provided as 
shown in FIG. 1. As will be appreciated, motor driven ' 
timers commercially are available and usually include a 
synchronous, clock driven mechanism adjustably set to 
provide the timing cycle desired. At any event, the timing 
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cycle selected for the motor driven timer 40 is within the 
purview of those skilled in the art and the schematic 
diagram of FIG. 1 is sufficient to indicate that the motor 
driven timer provides an actuation initiating the opera 
tion of the apparatus of the present invention. 
The motor driven timer is provided with switch mecha 

nisms 40a and 4017. Switch 40a provides a netutral (the 
neutral in the AC power distribution system as indicated 
as ground) to the pulse timer 36 and the start-up delay 
timer 38 through the conductor 41. The conductor 41 
communicated through the switch 40a to an additional 
conductor 42 eventually connected to the overload sensor 
means 24. Again, it should be noted that the conduc 
tor 28 communicating with the overload sensor means is 
subject to interruption thereby but, as will be noted, the 
conductor 28 closes the neutral path for the power distri 
bution apparatus. Switch 40a, during shut-in, interrupts 
the ground return for the integrator 36, timer 38 and a 
relay 44 which -controls the main circuit breaker 14 which 
opens on loss of power. It should be noted that circuit 
breaker 14 and relay 44 are wired so that a continual 
flow of current is required to maintain operation of the 
pumping motor 10. An additional switch 40b provides a 
neutral return for the motor driven timer 40 which serves 
the function of selflatching the timer 40. The motor driven 
timer, at the end of its cycle, opens the switch 40b and 
thereby removes the neutral connection to the motor 
driven timer to terminate its operation. In this regard, 
the motor driven timer is initiated by a short neutral 
pulse on the conductor 46 from the pulse integrator 36. 
The pulse on the conductor 46 opeartes the motor timer 
40 sufficiently to return the switch 40b to self-latching 
position. 
At this juncture an overall perspective of opeartion of 

the apparatus of the present invention is believed de 
sirable. When the pumping apparatus including the elec 
tric motor 10 is started, the start-up of operation is 
initiated by the shut-in timer 40. The shut-in timer co 
operates with relay circuitry to be described to place the 
main motor breaker 14 in an operative condition where 
by three phase power is delivered to the motor 10. The 
construction >of the preferred embodiment provides a con 
trol apparatus whereby continued monitoring by the over 
load sensor means 24 and a favorable indication of 
nonexcessive power load indicated thereby is a perre 
quisite to continue operation of the main circuit breaker 
14 interposed between the power source and the electric 
motor 10. Specifically, operation of the overload sensor 
singles the main circuit breaker 14 and opens the main 
breaker contacts interposed between the power source 
and the motor 10. Moreover, continued pumping is also 
conditioned on the start-up timer 38. It will be appre 
ciated that the presence of various electrical and mechani 
cal transients require a sort period for stabilization where 
in the underload sensing means is essentially disabled. As 
previously noted, the start-up timer 38 provides a short 
circuit until the heating element of the relay “times out” 
to open the short circuit. In addition, gate point is defined 
whereby the underload sensor means 30 cooperates with 
the pulse integrator 36 during each down stroke of the 
pumping apparatus to ascertain the magnitude of fluid 
pound as best indicated by power load relative to a se~ 
lected level. Thus, in restrospect it will be understood that 
the relay circuitry to be described cooperates with the 
overload sensor means and the underload sensor means 
and the timer previously noted to maintain the main 
circuit breaker 14 in an “on” position when conditions 
indicated by the power consumption of the motor 10 are 
favorable. With this in View, the remainder of the relay 
circuitry and various connections shown in FIG. 1 will 
be described after which the circuits represented in block 
diagram form in FIG. 1 will be considered in greater 
detail. 
The main circuit breaker 14 is provided with electrical 

power through the conductor 45 from the relay 44. Term 
ing the relay 44 the main breaker control relay, it will be 
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6 
noted that the relay 14 is provided with electrical power 
from a 110 volts source through the relay contacts 44a. 
When the relay 44 is in the energized condition, the con 
nection is made whereby 110 volts is provided through 
the relay contacts 44a to the main breaker 14 to maintain 
it in the holding condition, it :'being noted that the con 
ductor 45 provides the current to the relay 14 and the 
conductor 14b is a neutral return circuit. Operation of 
the relay 44 is related to the provision of a neutral re 
turn circuit therefor. The neutral circuit provided through 
the conductor 43 depends on the operation of the motor 
driven timer 40 including the switch 40u to the pumping 
position. The conductor 43 provides a neutral return 
through the contacts 40a and thence through the conduc~ 
tor 42. 

Additional functions are accomplished by the circuitry 
of the present invention as will be described. Attention is 
next directed to a relay 48 and the connections provided 
therefor. Operation of the relay 48 switches relay contact 
48b> to provide electrical power to the trouble light 51. 
The relay contacts 48b are provided with 110 volts AC 
and during routine operations of the apparatus, the 110 
Volts AC is switched away from the overload light 51. 
In the illustrated position, the 110 volt power is pro 
vided by way of a conductor 53 to the heater element of 
the thermoelectric delay circuit 38. The conductor 53 
provides the heater element with power when the neutral 
through the conductor 41 is completed by switch 40a. 
In addition, the conductor 53 provides electrical power 
through the relay contact 48b to conductor 54 which 
communicates with the motor driven timer 40. The power 
is provided to the shut-in timer 4()7 and, as previously 
noted, the power distribution circuit is completed through 
either conductors 46 or 47. Thus, it will be appreciated 
that the maintenance of the relay 48 with the contacts 
48b in the illustrated condition energizes the above noted 
circuitry, while on the other hand, operation of the re~ 
lay 48 to the opposite position energizes the trouble light 
51 and switches the pumping apparatus off. 
As previously noted, the conductor 42 connected with 

the contacts 48a provide neutral paths for the timer 38, 
pulse integrator 36, and the relay 44. 
The wiring of the relays of the present invention also 

incorporates the various switch elements of the motor 
driven timer 40. However, attention is re-directed to the 
motor driven timer 40 to disclose further details con 
cerning the connection of the switches associated with 
the timer 40. As previously noted the switch 40a pro~ 
vides a neutral return for either the pulse integrator 36 
and the thermoelectric timer 38 on the one hand, or, on 
operation to the other position, provides a neutral con 
nection for its own operation. In further particular, the 
operation of the switch 40a to the non-illustrated and 
non-pumping position also provides a neutral (the con 
ductor 42) for itself which thereby enables the motor 
driven timer to continue operation. As previously noted, 
the neutral on the conductor 42 is conditioned on the oper~ 
ative position of the relay `48 and the overload sensor 
means 24 as previously noted. 

While an adequate understanding has been obtained 
concerning the present invention, attention is directed to 
additional detail drawings whereby the various circuits 
shown in block form will be described in greater detail. 
It is *believed that greater revelation of the preferred em~ 
bodiment will be useful. Of course, the details of the vari 
ous blocks are subject to variation and are intended only 
to disclose the preferred embodiment of the invention. 
With this in mind, attention is ñrst directed to FIG. 2 

which illustrates the watt transducer means 16 in greater 
detail. In the first instance, it will be noted that the con 
ductor 12-1 is provided in FIG. 2 to couple the signal 
indicative of current ñow through the conductor 12-1 
by way of the transformer 17 through the pair of con 
ductors 17a and 17b to the means 16. In addition, the 
transducer 16 utilizes the voltage diñerence across the 
conductors indicated generally at 18. The voltage is meas 
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ured between phases of conductors 12-1 and 12-2. A 
double pole, double throw switch 18]c is provided to con 
nect the voltages from the transformer 18h to the Watt 
meter with the proper polarity. 
The input of the signal corresponding to the current 

ñow in phase A is provided through the conductor 17a 
and 17b to the nodal points 16a and 16b. The points 16a 
and 16b are provided with a pair of resistors therebetween 
indicated at 16e and 16d. The voltage developed between 
the points 16a and 16b is a voltage analogous to or 
corresponding to the current ilow through phase A of the 
three phase power distribution system connected with the 
well pumping apparatus. In addition, it will be noted that 
the resistors 16C and 16d do not comprise the only path 
between the nodal points 16a and 16b, but rather, the 
diode circuitry to be described will also provide a path 
therebetween. It will be further noted that the voltage 
across the resistors 16e and 16d is a voltage corresponding 
not only to the current but it is timed in relation to the 
phase angle used in the conventional formulae for calcu 
lation of power. 

Without regard to the polarity of the signal or the in 
stantaneous value of the voltage provided through the 
conductors 18, it will be noted that the signal is input 
through the nodal point 16e after being properly switched 
by the switch 181‘. In addition, the switch 18]" communi 
cates with the set point provided by the rheostat 161‘ 
which is a balancing potentiometer assuring a zero output 
for zero input conditions, taking into account the factor 
that diodes Vary in voltage in the forward direction. In 
addition to the potentiometer 16f, resistors are provided 
at 16g and 16h on each side and the resistors communi 
cate with nodal points indicated at 16j and 16k. The volt 
age at the two nodal points 16j> and 16k is provided to 
filtering circuitry including the filtering capacitor 16m 
connected therebetween and the filtering choke 1611 con 
nected in the output leads. It will be appreciated that se 
lected leads for the output signal of the watt transducer 
means 16 eliminates the need of ñltering circuitry. For in 
stance, the lead circuitry may include input filtering means. 

Several diodes are indicated by reference numerals 16p~ 
16W, inclusive, and are connected as illustrated. 

Consider for a moment operation of the circuitry of 
FIG. 2. A voltage of some polarity is provided between 
the nodal point 1611 and 16b. Assume for purposes of i1 
lustration that the point 16b is positive with respect to the 
point 16a. As previously noted, the factor relating the 
cosine of the phase angle is incorporated in the voltage 
between the point 16a and 16b. As the voltage provided 
through the conductors 18 increases, it is again proper 
to assume that the voltage input to the potentiometer 16f 
is positive with respect to the voltage at the nodal point 
16e. In this event, the diodes 16p, 16! and 16u are blocked 
and therefore do not conduct. Moreover, the remaining 
eight (-8) diodes are biased in the conducting direction 
and therefore do conduct. However, since the operative 
Voltage range of the apparatus is such that the forward 
conduction of the diodes is reduced by the forwardvolt 
age drop, the diodes effectively provide a non-linear resist 
ance. Thusly, the resistance in the forward direction is 
proportional to or dependent on the voltage between the 
nodal point 16a and 16b and is therefore proportional to 
the amplitude of the current provided by the pair of con 
ductors 17a and 17b and indicative of the current tlow 
in phase A of the three phase power distribution system. 
In this event, the forward drop is therefore made depend 
ent on or proportional to the current ilow in the power 
distribution apparatus. 

This dependency on the current flow alters the voltage 
divider which provides the output signal of the means 16. 
The voltage divider includes the input of the voltage signal 
at the variable resistor 16)C whereby the series resistors 
cooperate with the variable resistors (the diodes which are 
conducting) to divide the signal so that the voltage drop 
between the nodal point 16j and 16k is varied in relation 
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8 
to the current flowing through the three phase distribu 
tion system, then the voltage between the nodal point 16a 
and 1Gb is therefore small. The result of this is a very 
large series drop even though the diodes 16v and 16w are 
biased in the conducting direction and the net result is 
that a very small voltage appears between the points 16j 
and 16k. This is indicative of lower power consumption. 
Obviously, low power consumption is associated with a 
small current. On the other hand, a large current will 
produce a large current flow through the diodes in the 
forward direction and the equivalent resistance of the 
diodes resulting from their conduction in the forward 
direction is therefore reduced. Since these diodes form a 
voltage divider cooperating with the resistors connected 
serially with the potentiometer 16f, then the output signal 
provided to the filtering circuitry is made larger. In this 
event, the signal output by the transducer is increased and 
is therefore again analogous to the power delivered by the 
three phase distribution system previously described. 
As previously noted, the filtering circuit elements 16m 

and 16n are useful dependent on the type of apparatus 
connected with the circuit means of the present inven 
tion. 
The output conductors are connected as illustrated in 

FIG. 2 with the additional conductor 20a serving as a 
ground connection. Since the signal is a DC analog signal, 
it is appropriate to utilize only one conductor representing 
the output of the means 16 in FIG. l whereas two con 
ductors are shown on FIG. 2. 

Attention is next directed to PIG. 3 of the drawings of 
the present invention for an understanding of the over 
load sensor means 24. In FIG. 3, the conductor 20 is the 
input for the analog signal from the means 16 previously 
described. Briefly, the overload sensor means serves as a 
set point circuit which latches on obtaining an input signal 
exceeding the set point whereby the circuitry maintains 
the latched condition until manually released from the 
latched condition. This is particularly desirable since the 
overload of the motor 10 may be cyclic or periodic and 
interspersed with intervals of acceptable power consump 
tion less than the overload condition. However, damage 
can be done even in such circumstances. Therefore, it is 
desirable to provide a latched circuit which is operated 
by even a momentary overload to protect the motor so 
that proper maintenance can be given to the motor 10 
and the well pumping apparatus. With this in View, it 
should be recognized that the circuit in FIG. 3 has a nor 
mally quiescent condition which is non-operative and 
operates only on obtaining an overload condition and 
remains latched until Imechanically or manually re-set. 
The conductor 20 inputs the analog signal for contrast 

with a set point provided by a variable resistor 64. The 
resistor 64 is adjusted to some bias level for a transistor 
65. The set point voltage from the resistor 64 and the 
signal from the conductor 20 are matched against one an 
other to obtain indications of proper or improper opera 
tion of the motor 10. Connection of the conductor 26 to 
the conductor 28 is obtained by a self-latching relay 66. 
Specifically, operation of the relay 66 closes the relay con 
tacts 66a which continues without interruption to provide 
the neutral to the conductor 28 to operate the circuitry 
previously discussed. 

Considering now the circuitry shown in FIG. 3, atten 
tion is first directed to the input. The conductor 20` is pro 
vided with a series dropping resistor and diode indicated 
at 67 and 68. The transistor 65 obtains its negative supply 
voltage through series resistor 69 and resistor 70. Output 
from the transistor 65 is derived through series coupling 
resistor 71 and input to a transistor 72. Transistor 72 has 
appropriate circuitry including resistors 73, resistor 74, 
and capacitor 75’. The transistor 65 has an emitter supply 
through Zener diode 76 which also communicates with the 
base of a transistor 75. The collector of transistor 75 is 
communicated with the base of transistor 72. 
The relay 66 is communicated through a switch 86 t0 

provide latching power to the relay 66 directly from the 
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B- supply including series dropping resistor 69, the cir 
cuit including the armature of the relay 66 and the col 
lector of the transistor 72. In addition, operation of the 
switch 80 to the position not illustrated in FIG. 3 com 
municated the switch 80 with the resistor 81 at one ter 
minal and with the resistor 82 at the other terminal. The 
resistor 82 is serially connected with Zener diode 84 and 
series resistor S5 as a voltage source for the set point re 
sistor 64 previously noted. In the quiescent condition (the 
relay 66 is not operated), the circuitry attains conditions 
whereby transistor 65 is turned on suñiciently to saturate. 
This results from the negative supply provided through 
the resistor 85, the Zener diode 84, series resistor 82, and 
the B- supply. When the transistor 65 is conducting 
heavily, current flow through Zener diode 76 is sufficient 
to also provide an operating point to the transistor 75 
whereby the transistor 75 is also approximately saturated. 
Heavy conduction of the transistor 75 results in a col 
lector voltage which is very nearly zero. In addition, heavy 
conduction of the transistor 65 provides an approximate 
zero potential at its collector which is communicated to 
the transistor 72. Provision of an approximate zero level 
on the collector of transistor 65 which is coupled to the 
base of transistor 72 provides a voltage on the base which 
is somewhat positive with respect to the emitter voltage, 
and therefore, the base is reversed biased and the tran 
sistor is a non-conducting condition. Thus, transistor 72 
is blocked and current flow is minimal. Because of this, 
no current ñows through the armature of relay 66 and 
therefore the relay is in the non-energized condition. 
These conditions may continue for an extended inter 

val of time until the signal provided on the conductor 20 
rises suñiciently to alter the conditions. As previously 
noted, the negative bias provided by the set point adjust 
ment at 64 is such that the transistor 65 is biased on. 
When a large positive voltage is provided through the 
conductor 20 and input to the base of the transistor 65, 
the transistor 65 is biased to an off condition and current 
ñow is materially reduced. The interruption of current 
ñow through the transistor 65 causes the collector voltage 
to decrease rapidly, approaching the B- potential. When 
the collector becomes quite negative, this negative volt 
age is coupled to the base of transistor 72. In like man 
ner, the current iiow through Zener diode 76 is materially 
decreased and the Zener diode conducts forwardly with 
a large drop. This changes the current flow through the 
collector circuitry of transistor 75 and the net result of 
this change is that the emitter voltage of the transistor 
72 is materially increased, thereby providing proper bias 
ing for conduction through the transistor 72. The tran 
sistor 72 is turned on rapidly to pulse current through 
the collector circuitry of transistor 72. Since the collector 
of transistor 72 is connected to the armature of the relay 
66, the heavy conduction energizes the relay and causes 
same to close the leaves of the magnetic bias relay and 
communicate conductor 2S with conductor 26. 

It should be noted that the above described conduction 
of the circuitry is continued because current ñow is in 
adequate through the Zener diode 84 to maintain con 
duction. Therefore, even a momentary signal on the con 
ductor 20 indicating overload of the motor 10 is adequate 
to place the circuitry of the present invention in the 
latched condition. 
The circuit can be re-set by the switch 80, it being noted 

that the switch` 80 is preferably a hand-operated switch 
which is operated only after inspection of the apparatus 
of the well pumping equipment for defects and the like. 
When the switch 80 is operated, in effect, the resistor 82 
is shorted and sulìicient current ñow across the shorted 
resistor through the Zener diode 84 enables the transistor 
65 to reobtain its set point bias. This bias, of course, 
maintains the circuitry in the. original described condi 
tion preparatory to receiving another large signal on the 
conductor 20 indicative of an overload. Also, operation 
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10 
of the switch 80 interrupts current ñow through the coil 
of the relay 66 and therefore allows the relay to open. 

Attention is next directed to FIG. 4 which illustrates 
the underload sensor means 30. The input to the under 
load sensor means 30 is again the analog signal from the 
watt transducer means 16 on the conductor 20. The cir 
cuitry of FIG. 4 is similar to the overload sensor means 
shown in FIG. 3; therefore, circuit elements of the under 
load sensor means 30 have been given reference numerals 
increased by one hundred in FIG. 4 corresponding to like 
parts of FIG. 3. Attention is directed, however, to two 
variations in the circuitry shown in FIG. 4. In the ñrst 
instance, the previously described switches 31 and 32 are 
connected by way of a conductor 188 to the base of the 
transistor 172 to input the gate time switching determined 
by the switches 31 and 32. In addition, the re-set switch 
has been eliminated from the underload sensor means 30, 
and the circuit connects conductors 90 and 91 together. 
The underload sensor means shown in FIG. 4 provides 

set point operation whereby the set point is obtained from 
variation of the resistor \164 in the same manner as re 
sistor 64 previously noted. Again, the signal on the con 
ductor 20 is compared to the signal on the set point 164 
so that the circuitry again operates in the same manner 
as the previously described circuitry including transistors 
65, 72 and 75. Thus, operation of the circuitry results in 
current ñow through the armature of the relay 166 result 
ing in closure of the relay contacts 166a and connection 
of the conductors 90 and 91. 

Attention is next directed to FIG. 5 which illustrates 
the pulse integrating circuit means indicated generally by 
the numeral 36. Input conductors 90 and 91 are provided 
thereto and one of the pair of conductors is grounded. 
Briefly, the pulse timer circuitry indicated generally at 36 
is designed to cooperate with underload sensor means 30 
as a means for preventing ñuid pound in the downhole 
pumping apparatus. As was previously noted, a loss of ñuid 
level in the downhole pumping apparatus reduces the 
power requirements of the pumping apparatus but causes 
damage to the pumping apparatus by excessively stressing 
the sucker rods and other equipment. The underload sensor 
means 30 (at the proper instant determined by the beam 
switches 31 and 32) analyzes the power delivered to the 
pumprng motor 10 and provides an indication of low 
power consumption. Underload signals on the conductors 
90 and 91 cause the pulse integrator means indicated gen 
erally at 36 in FIG. 5 to “time out” resulting in shut-in of 
the well. When the pulse timer 36 does time out, the 
closure of a relay contained therein provides a neutral 
pulse through the conductor 46 to the motor driven timer 
40 which initiates operation of the motor driven timer to 
shut in the well. 
A consideration of the circuitry shown ín FIG. 5 dis 

closes an _unijunction transistor oscillator manufactured 
by the M1dland_Standard Company with an adjustable 
t1me_constant triggered by the signal on conductor 90. 
Speclñcally in FIG. 5, the diodes 100 and 101, the re 
slstor 102, and the capacitor 103 cooperates to provide a 
DC voltage for charging an RC circuit. The capacitor 
104 cooperates with the variable resistor 105 to provide 
the adjustable time constant for the trigger circuit shown 
1n FIG. 5. Operating current is provided for the unijunc 
tron transistor 106 by means of resistors 107 and 108. AC 
signals are grounded by capacitor 109. 
The input of the signal from the RC timing circuit is 

provided through series resistor 110 which is also con 
nected to the conductor 90. As long as the conductor 90 
is grounded, the RC timing circuit has no affect on the 
transistor and therefore the transistor is withheld from 
firing. However, if the` conductor 90 is electrically dis 
connected from the iixed potential, and the input is free 
to follow the voltage provided by the RC timing circuit, 
the potential provided through the series resistor 110 in 
creases to the unijunction transistor 106. When the tran 
sistor input signal achieves a predetermined level, trig 
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gering occurs and the pulse of current through the resistor 
108 forms a trigger pulse on the conductor 111. The con 
ductor 111 communicates with a silicon controlled recti 
fier 112 to gate the silicon controlled rectifier on. The 
anode circuitry of the silicon controlled rectiñer includes 
the armature 113a of the relay 113 and controls of the 
relay contacts. Closure of the relay contacts communi 
cates the conductor 46 with the conductor 41. It will be 
recalled that conductor 41 is a neutral return permitting 
continued operation of various components. In addition, 
it will also be recalled that the conductor 46 provides the 
short neutral connection which initiates operation of the 
shut-in timer 40. The momentary closure of the relay 113 
provides the pulse initiating operation of the shut-in 
timer; and it will be recalled that the purpose of the 
shut-in timer is to set the interval for which the pumping 
apparatus is turned off to permit the accumulation of pe 
troleum iiuids in the well bore. 
A back to back diode 114 is provided to protect the 

relay contacts against inductive arcing of the contacts. 
While the foregoing has described the preferred embodi 

ment of the present invention, a consideration of its opera 
tion will be helpful in focusing attention on some features 
of the apparatus. 

Consider an oil well having an accumulation of liuid 
suñicient to recharge the pumping apparatus. The shut-in 
timer 40 initiates operation of the motor 10 by closing 
main breaker 14. Closure of the breaker is the result of 
release of the relay 44 in response to operation of the 
switch 40a associated with the timer 40. 

After starting, the continued operation of the motor 10 
is subject to monitoring by the underload and overload 
sensor means previously described. Briefly, each has an 
interrupt capability as described. Moreover, the under 
load sensor means 30 terminated pumping when the down 
hole pumping apparatus exhausts the accumulated pe 
troleum fluid. The down stroke of the pumping equipment 
encounters a materially altered hydraulic resistance and 
reduces the power consumption of the motor 10. Reduced 
power consumption is correlated to the down stroke by 
the switches 31 and 32 which enable the sensor means 
30. On detection of low power consumption by the sensor 
means 30, the timer 36 is permitted to “time out.” A 
pulsed neutral connection starts the shut-in timer 40 and 
the change of position of switches 40a and 4017 is suf 
licient to stop the motor 10. This starts the shut-in portion 
of the cycle and results in accumulation of even more 
fluid downhole for future pumping. And, proper applica, 
tion of cyclic pumping has been noted as increasing the 
gross daily production of the well. 
The control apparatus of the present invention is par 

ticularly useful in preventing the motor 10 from operat 
ing as a single phase motor. Multiple phase motors are 
known to attempt operation at lower speeds with a poorly 
distributed load on the motor on loss of electric power 
in one of the multiple phases. Thus, referring to FIG. 1. 
should the power in the conductor 12-3 be lost due to any 
one of a number of unforseen circumstances, the motor 
would then attempt to run with current from the remain 
ing two phases. It will be appreciated that this provides 
an uneven load on the motor and generally results in 
overheating of the windings associated with at least one 
phase of the motor. With a load of any size on the motor, 
the motor 10 may be destroyed by overheating. 
The present invention is sensitive to single phasing of 

the motor and prevents operation in this manner. Should 
the power loss be in the conductor 12-3, the motor 10 
will attempt to operate at approximately the same load 
conditions and an increase in current will be noted in 
the conductors 12-1 and 12-2. With the current trans 
former 17 placed in one of the two active phases, the in 
crease in current is reñected to the transducer means 16 
and the transducer means 16 indicates an overload condi 
tion to the overload sensory means 24. If either conductor 
12-1 or 12-2 is interrupted by an unforseen power fail 
ure, the loss of the potential difference obtained by the 
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12 
conductors 18 and supplied to the transducer means 16 
results in an output indication similar to an underload 
which is detected by the underload sensor means 30 
which also terminates operation of the motor 10. It will 
therefore be recognized that in both events, electric power 
to the motor 10 is terminated by opening the main cir 
cuit breaker 14 to prevent the motor 10 from operating 
on less than the intended number of phase voltages sup 
plied thereto. 
Many details have been omitted because they depend 

on the nature of the pumping apparatus, the pumping 
cycle and other factors subject to variations known and 
understood by those skilled in the art. For instance, the 
down stroke correlation -of switches 31 and 32 to the ap 
paratus is subject to variation. As one example, it might 
be possible to use positioned microswitches operable by 
movement of the reciprocating gear. This arrangement 
has only two moving parts (the vanes) and it has the 
further virtue of providing switch gear placed in an all 
weather housing. 
What is claimed is: 
1. Apparatus for use with pumped wells having an 

electric motor connected to a source of power, com 
prising: , 

(a) watt transducer monitoring means adapted to oper 
ably connect to the power inputs of the well pump 
ing apparatus; 

(b) power transfer means interposed -between the well 
pumping apparatus and the source of power there 
for for controllably interrupting power flow to the 
well pumping apparatus; 

(c) control means connected to said power transfer 
means and provided with a signal from said wattage 
monitoring means indicative of the power consump 
tion of the well pumping apparatus to controllably 
interrupt the power supplied to the well pumping 
apparatus; 

(d) level sensor ymeans connected to said transducer 
means for sensing power consumption below a pre 
determined level; 

(e) gating means for relating operation of said level 
sensor means to the down stroke of the well pump 
ing apparatus; 

(f) said gating means enabling said level sensor means 
to interrupt said power transfer means on sensing 
power consumption below the predetermined level; 
and, 

(g) means for initiating the shut in of the well on 
sensing a phase shift in peak power consumption on 
the down stroke. . 

2. Apparatus for use with pumped wells having an 
electric motor connected to a source of power, com 
prislng: 

(a) watt transducer monitoring means adapted to oper 
ably connect to the power input of the well pump 
ing apparatus; 

(b) power transfer means interposed between the well 
pumping apparatus and the source of power there 
for for controllably interrupting power flow to the 
well pumping apparatus; ~ 

(c) control means connected to said power transfer 
means and provided with a signal from said wattage 
monitoring means indicative of the power consump 
tion of the well pumping apparatus to controllably 
interrupt the power supplied to the well pumping 
apparatus; 

(d) and wherein said wattage means includes current 
transformer means communicated with one phase 
of a multiple phase power distribution system, and 
also includes means for providing a voltage measured 
between two phases of the multiple phase power 
distribution system to said ypower consumption mon 
itoring means. 

3. The invention of claim 2 wherein said wattage mon 
itoring means is sensitive to loss of current flow through 
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one of the phases of the multiple phase power distribu 
tion system and operates said control means to interrupt 
power transfer by operation of said power transfer means 
to the well pumping apparatus to prevent damage thereto 
on loss of the one phase of the multiple phase power 
distribution system. 
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