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intention relates to displacement pumps 
the comprising a pair of cc-acting dis 

vilccei‘s, such as plungers, actuated by separate 
crank-shafts, and working in 5. common chamber,‘ 
or ‘.urality of ioairs of co-acting displacers, 
cool: air working in a common chamber the 
volumetiic discharge from which chamber ‘or 
circle oi chambers is varied by varying the 
phase relation of the crankshaz' 
when the crankshafts are chase, the 

volumetric displacement is the maximum; when 
' e crankshafts are in opposite phase relation, 

.5 ~ known to drive the two crankshaft-s by 
.eans of two synchronous motors and to vary 

the v‘lc’ive timing of the two crankshafts by 
partially rotating the stator of one motor so as 
to alter the position of the poles of said stator 
relatively to thenoles of the stator of the other 
motor, and thereby to alter the relative timing 
of the two nlrshaits. 
In the pi . 2 according to the present invention 

he csanlzshafts are normally driven at equal 
speeds icy motors having fixed stators, associated 
with means controlled by the delivery pressure 
of the .- and’ adapted momentarily to bring 
about ential speeding of the rotors of said 
niotoi's “shy to change the relative timing of 
the on .sshai‘ts driven by said motors. 

variable .elivery displacement pump driven by 
two induction motors coupled to D. C. machines, 

. the changers being shown in phase corresponding 
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I motor 

to mecziimmi delivery. Fig. 2 shows diagram 
statically the same pump as in Fig. l but with 
the integers in opposite phase corresponding 
to ‘ um delivery. Fig. 3 shows a modi?ed 
can‘ .b merit of the hunting controller. Fig. 4» 
shows a further modi?ed arrangement of the 
hou ing'contrcller. Fig. 5 shows diagrammati 

-, an arrangement incorporating a slip-ring 
lg a variable rotor resistance, the 

plungci's be cg shown in phase. Fig. 6 is a. view 
similar to Fig. 5 but with the plungers shown 
out of phase. Fig. '7 is a fragmentary view‘ show 
ing a further modi?cation incorporating two slip 
ring induction motors with‘ variable rotor re 
sistances. ' 

Referring to Figs. 1 and 2 of the drawings, 1 
and 1a denote two co-acting plungers driven by 
separate crank shafts 5 and 5a, respectively, and 
adapted to operate in a common chamber 2 pro 
vided with a suction valve 3 and with a discharge 
valve 4. As shown in Fig. 1, the crankshatts 5 

(Cl. 

and 5av are in phase'so that the volumetric dis 
placement of the plungers l and la- is the maxi» 

The crankshafts 5 and 5a are driven nor 
mally at equal speeds through gearing 7 and ‘m 
by induction sectors 6 and 6a which are prefer 
ably of the squirrel-cage type. ‘iliircctly coupled 
to the motors 6 and 6a are two D. C. machines 
3 and 5a the armatme circuits of which are _ 
coupled in opposition, so that with equal ?elds 
the some voltage is generated in each and no 
current flows. The delivery pressure in the pump 
discharge pipe 9 acts on one end of a piston lo 

opposition to a spring 11 acting on the other 
end of said piston 16. A spindle 12 attached to 
the piston to is oneratively connected to the slid 
ing contact of a potentiometer is. 
The craukshafts 5 and 5a drive bevel wheels 

1‘; and 15a, shafting, and bevel wheels 16 and 16a‘ 
of a cli?'erential gear. Meshing with the bevel 
wheels and 16a are two intermediate bevel 

' wheels 1'? and i8 jomnalled in a casing 19 rotat 
able about the common axis of the bevel Wheels 
16 and 16s and presenting a cam 20 cooperating 
with a follower on aspindle 21 connected to the 
potentiometer is. The potentiometer resistor is 
coupled in series with the ?elds 22 22a of the 
D. 0. machines 8 8a, the brushes of which 
machines are coupled to form 9. circuit 23 electri 
cally connected to the contact 13 of the potenti 
ometer 14. 
With the contact 13 in mid position with respect 

to the resistor the voltage generated by the ma 
chine 8 is equal to the voltage generated by the 
machine 8a and no current ?ows in the circuit 23. 
If, however, the contact '13 is moved to unbalance 
the resistance, for example to insert additional 
resistance in the field 22, and to cut out resistance 
from the field 22a, the D. C. machine So becomes 
a generator while the D. C. machine 8 becomes a 
motor, thus transferring power from the shaft of 
the induction motor 611 to the shaft of the induc 
tion motor 6. The e?ect is to increase the speed 
of the armature of the induction motor 6 and to 
reduce the speed of the armature of the induction 
motor So, so that the crankshafts 5 and 5a are 
di?erentially speeded to bring about variation in 
the relative timing of said crankshafts and so vary 
the volumetric displacement of the plungers l 
and la. ' 

When the crankshafts 5 and 5a are differen- ' 
tially speeded, the bevel wheel drive 15 and 15a 
causes the casing 19 partially to rotate the cam 
20 and thereby displace the potentiometer 14 until 
the contact 13 is again at the mid-point of the 
resistor, when the resistances in the ?elds 22 and 
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2 
22a will again be equal. No current will then 
?ow in the circuit 23, the D. C. machines 8 and 8a 
will generate equal voltages, and the armatures 
of the motors 6 and 6a will again rotate at equal 
speeds, the crankshaits 5 and So being now out 
of phase. 

Fig. 2 shows the plungers in the opposite phase 
position corresponding to minimum pump deliv-r 
ery. It will be understood that, by varying the 
phase relation of the two crankshafts .5 and 5a 
between the position shown in Fig. 1 and the posi 
tion shown in Fig. 2, any pump delivery between _ 
maximum capacity and minimum capacity can'be 

_‘ obtained. The pressure in the pump delivery pipe 
is 
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9 controls the position of the piston 10 which is 
' the ?rst part of the hunting controller, movement 
of the piston 10 being communicated to the po 
tentiometer contact 13 which causes the requisite 
differential speeding of the armatures of the 
motors 6 and 6a to produce the'required change 
in the phase relation of the crankshafts 5 and 5a. 
The change in the phase relation of the cranlr 
shafts 5 and 5a causes the second partof the 
hunting controller, comprising the parts 15 to 21, 
to displace the potentiometer v14 in the direction 
to restore the resistorto equilibrium position so 
that the delivery pressure in the pipe 9 and the 
pump output are in the desired relation. For any 
given delivery pressure there is a ‘corresponding 
phase relation of the crankshafts 5 and 5a and 
therefore a corresponding pump output. As 
shown in Fig. 1, when the crankshafts 5 and 5a' 
are in phase, the cam 20 is in its maximum throw 
position and the piston 10 is in its uppermost or 
minimum delivery pressure position. Conversely, 
and as shown in Fig. 2, when the crankshafts 5 
and 5a are in opposite phase, the cam 20 is in its 
minimum throw position and the piston 10 is in 
lowermost or maximum delivery pressure position. 
Thus, in the construction according to Figs. 1 and 
2, the delivery pressure will fall continuously from 
minimum pump output corresponding to the op 
posite phase position shown in Fig. 2 to maximum 
pump output corresponding to the in-phase posi 
tion shown in Fig. 1‘, so that the pressure capacity 
characterismc of ,the'pump will fall continuously 
from no load to full load. ' _ ' 

In the modi?cation shown Fig. 3 the cam 20 
. of the hunting controller is so arranged that the 

ab. 
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delivery pressure of the pump will rise continu 
ously from no load to full load and the pressure 
capacity characteristic‘of the pump will closely 
approximate ‘to the vresistance capacity charac 
teristic of the delivery system, the power required 
to drive the pump being thereby reduced to the 
minimum for all capacities. ' ‘ 

In this arrangement the spindle 21 acts on one. 
end of a ?oating lever 13’ carrying the contact 13, 
the other end of said lever being operated by the 
piston 10 through the spindle 12. The lever 13’ 
holds the contact 13 at‘mid position of the poten 
tiometer when a given pump output corresponds 
to the predetermined delivery pressure for that 
output. - 

With a, fall in pressure the piston 10 and spindle 
12 rise, and raise the. contact 13 relatively to the 
resistance 14. . In consequence, the output of the 
pump will be increased until the spindle 21 is 
lowered and lowers the contact 13 to mid position. 
Conversely, with rise in pressure the piston 10 
and spindle 12 will be lowered, the contact 13 will 

, be lowered relatively to the resistance 14, and the 
output of the pump decreased. 

Fig. 4 shows an alternative ‘arrangement of the 
hunting controller to obtain a rising pressure ca 

1,988,229 
pacity characteristic. The position of the spindle 
zlvactuated by them 20 determines the position 
of‘the spring base 21a in accordance with the 

' relative timing of the crankshafts. For any given 
output of the pump the delivery pressure causes 
a corresponding compression of the spring 11. 
The contact 13 being normally in mid position on 
the potentiometer 14, with a fall in delivery pres‘ 
sure, due to the output being smaller than the 
demand, the spring 11 will be partially unstressed 
and contact 13 will rise. At the same time as the 
"pump output is increased due to, the rise of the 
contact 13, the base 21a is displaced in the direc 
tion to restore the contact 13 to mid position 
whereupon ‘the pump continues to run at in 

80 

creased output. 'Oppositely directed movements . 
of the contact 13 and base 21a are brought about 
by an increase in delivery pressure due to the out 
put being greater than the demand. ‘ ' 

_ In the construction according to Fig. 3 or Fig. 
4 the cam 20 is in its maximum throw position as 
shown when the crankshafts are in phase giving 
maximum output, when the piston 10 is fully 
depressed under maximum delivery pressure, and 
when the contact 13 is positioned at the mid point 
of the potentiometer 14. ‘Conversely, when the 
cam 20 is in minimum throw position correspond-‘ 
ing to minimum output, with the contact 13 at 
mid position, the piston 10 will be located in 
fully raised position corresponding to minimum 
delivery pressure. Manifestly, either arrange 
ment is such as to produce a rising pressure ca 
pacity characteristic incontradistinctiun to the 
arrangement according to Figs. 1 and 2 as evi 
denced by the relative positions-of the cam‘ 20, 
contact 13 and piston 10 as shownin these ?gures. 
While there hasbeen described a differential 

gear driven by the crankshafts as constituting the 
operating mechanism» of the second part of the 
hunting controller, it will be understood that the 
second part of the hunting controller may be ac 
tuated by any portion of: the electrical or driving 
mechanism having a de?nite ‘position for any 
given relative timing of the crankshafts, i. e., op 
erating in synchronism with the :change of rela 
tive timing of the crankshaits. ' 
The second part of the hunting, controller may 

comprise electrical devices. '- For example, the 
armature speeds of the driving motors are equal 
when there is no flow of vruirrer'it through the cir 
cuit 23, whereas, when the, armatures are ‘dif 
ferentially speeded, there is a ?ow of current 
through the circuit 23 and thisf?ow may be uti 
lized to operate a'motor, solenoid, or other device 
for the purpose of restoring the potentiometer to 
equilibrium position aftera movement of the po-_ 
tentiometer effected by the ?rst part of the hunt 
ing controller. ’ 4 ' ' ‘ 

Referring to Figs. 5 and 
driven by a squirrel-cage motor 26 having a rela 
tively high resistance rotor running at a sub; 
stantially constant speed. \The crankshaft 5 is 
driven‘ by a slip-ring induction motor 25 the rotor 

' circuit of which is provided withavariable re 
sistor 27, so that by variation of the resistance in 
the rotor circuit, due to movement of the contacts 
28, caused by a change in delivery pressure in the 
pipe 9 acting on the piston 10, vthe speed of the 
rotor of the motor 25 is increased or reduced rela 
tively to the speed of the rotor of the motor 26 
for the period of time necessary to change the 
relative timing of the crankshafts 5 and 5a to 
bring about the requisite change in pump out 
put. Any movement of the piston 10, which is 
the ?rst part of the hunting controller, varies 

6,>th'e crankshaft 5a is, 

95 

100 

105 

110 

115 

120 

125 

130 

140 

145 

150 



10 

35 

45 

50 

65 

70 

the‘resistanceandcauses avariationintherela 
tive timing of the two crankshafts by diiferen 
tially speeding the rotors of the two motors 25 
and 26, while the changing of the relative timing 
of the two crankshafts causes the second part of' 
the hunting controller, comprising the parts415 
to 21, to restore the resistor to the podtion at 
which the speed of the armature of the slip-ring 
motor 25 is equal to the speed of the rotor of the 
squirrel-cage motor 26 with the pump output 
modified as required by the delivery pressure. 
As shown in Fig. 7 both motors 25 and 26a are 

of the slip-ring induction type with variable ro 
tor resistances 27, 27a arranged to increase the 
speed of the rotor of the motor 260 when the 
speed of the rotor of the motor 25 is being re 
duced and to decrease the speed of the rotor of 
the motor 26a when the speed of the rotor of 
the motor 25 is being increased. 

It should be understood that the structure 
shown in Fig. 7 will be equipped with a differen 
tial follow-up mechanism such as is shown in the 
other ?gures of the drawings. 
What we claim is:— 
1. In a displacement pump, in combination, a 

displacement chamber, at least one pair of dis 
placers working in said chamber, separate shafts 
for driving said displacers, motors having ?xed 
stators and rotors normally rotating at equal 
speeds for driving said shafts, and means con 
trolled by the pressure of the discharged ?uid and 
adapted momentarily to cause differential speed 
ing of said rotors to vary the relative timing of 
said shafts. . 

2. In a displacement pump, in combination, a 
displacement chamber, at least one pair of dis-’ 
placers working in said chamber, separate shafts 
for driving said displacers, a substantially con 
stant speed motor driving one of said shafts, a 
motor having a fixed stator and a variable speed 
rotor adapted normally to drive the other of said 
shafts at the same speed as the first mentioned 
shaft, and means controlled by the pressure of 
the discharged fluid for momentarily varying the 
speed of said rotor to change the relative timing‘ 
of said shafts. I‘ I 

3. In a displacement pump, in combination, a 
displacement chamber, at least one pair of dis 
placers' working in said chamber, separate shafts 
for driving said displacers, motors having rotors 
normally rotating at equal speeds for driving said 
shafts, and means for momentarily causing dif 
ferential speeding of said rotors to vary the rel? 
ative timing of said shafts, said means comprising 
a part controlled by the pressure of the discharged 
?uid, and a part controlled in synchronism with 
the variation of the relative timing of said shafts. 

4. In a displacement pump, in combination, a 
displacement chamber, at least one pair of dis 
placers working in said chamber, separate shafts 
driving said displacers, motors having armatures 
rotating normally at equal speeds for driving said 
shafts, and means for initiating and then dis 
continuing differential speeding of said armatures 
to vary the relative timing of said shafts, said 
means giving a delivery‘ pressure falling from a 
maximum at zero discharge to a minimum at 
maximum discharge, and comprising a part con 
trolled by the pressure of the discharged fluid and 
a part controlled in synchronism with the varia 
tion of the relative timing of said shafts. 

5. In a displacement pump, in combination, a 
displacement chamberLat least one pair of dis 

3 
placer-s working in said chamber, separate shafts 
driving said displacers, motors having armatures 
normally rotating at equal speeds for driving said 
shafts, and means for initiating and :then dis 
continuing diiferential speeding of said armatures 
to vary the relativetiming of said shafts, said 
means giving a delivery pressure rising from a 
minimum at zero discharge to a maximum at 
maximum discharge, and comprising a part con 
trolled by the pressure of the discharged ?uid 
and a part controlled in synchronism with the 
variation of the relative timing of said shafts. 

6. In a displacement pump, in combination, a 
‘displacement chamber, at least one pair of dis 
placers working in said chamber, separate shafts 90 
driven by said displacers, motors for rotating said 
shafts normally at equal speeds, means controlled 
‘by the pressure of the discharged ?uid for ini 
tiating differential speeding of said motors to 
vary the'relative timing of said shafts, a dif 
ferential gear including a member responsive to 
variation, in the relative timing of said shafts, 
and means cooperative with said member for re 
storing the relative speeds of said motors. 

7. In a displacement pump, in combination, a 100 
placement chamber, at least one pair of dis 

placers working in said‘chamber, separate shafts 
driving said displacers, motors for rotating said 
shafts normally-at equal speeds, D. C. machines 
coupled to said motors and having armature oir- 105 
cults connected in opposition, a potentiometer -, 
controlling the field circuits of said machines, 
and means comprising a device responsive to the 
pressure of the discharged ?uid and acting on 
said potentiometer to initiate di?erential speed- 11;) 
ing of said motors to vary the relative timing of 
said shafts, and mechanism responsive to varia 
tion of the relative timing of said shafts and act 
ing on said potentiometer in opposition to said 
device to restore equality of speeds of said motors. 115 

8. In a displacement pump, in combination, a 
displacement chamber, at least one pair of dis 
placers working in said ‘chamber, separate shafts 
driving said displacers, a substantially constant 
speed motor driving one of said shafts, ‘a slip- :20 
ring induction motor with variable rotor resist 
ance driving the other of said shafts normally, 
at the same speed as the first shaft, means com 
prising a device responsive to the pressure of the 
discharged ?uid for varying the speed of said in- ; 
duction motor to vary the relative timing of said 
shafts, and mechanism responsive to variation of 
the relative timing of said shafts and operat 
ing in opposition to said device to vary said rotor 
resistance to discontinue the di?erential speed- 3190 
ing of said motors. 

9. In a displacement pump, in combination, a 
displacement chamber, at least one pair of dis 
placers working in said chamber, separate shafts 
driving said dlsplacers, slip-ring induction mo 
tors with variable rotor resistances driving said 
shafts normally at equal speeds, and means com 
prising a device responsive to the pressure of 
the discharged ?uid for varying said rotor re 
sistances whereby to initiate differential speed 
ing of said motors to vary the relative timing 
of said shafts, and mechanism controlled in syn 
chronism with the variation of the relative tim 
ing of said shafts and operating in opposition to 
said device. ~ 
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