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Patented Nov. 19, 1/940' o | '2,221}55

'UNITED STATES PATENT OFFICE
_ 2221855 ' o

Jess M. Bartholomew, Michigan City, Ind., assign-
or to Sullivan Machinery Company, & corpora-
tiop of Massachusetis i :

Application December 2, 1935, Serial No. 52,552
19 Claims.  (CL 230—4) -

My invention relates to pumping apparatus, tem, operate for long periods unloaded and use -
and more particularly to pumping apparatus considerable quantities of operating medium
having special controlling means whereby the without benefit, the stop-and-start system of
same may be caused to operate with maximum operation is obviously the more economical; and,

5 efficiency irrespective of the mode employed for ~further, very material economy can be effected if 5
maintaining its output within the desired limits. = re-starting is deferred for a maximum possible
From another aspect, it relates to fmproved pilot period. If the pumped fluid be air and the maxi-
mechanism especially adapted to, but not ex- mum desired operating pressure is 100 pounds per

\ clusively limited to, pump control. . square inch, it is possible, without undue loss of

10  Under certain conditions, where a relatively efliciency and -with sound economy for the en- 10
uniform and high demand prevails (near the tire system, to allow the pressure to drop per-
maximum pumping capacity), it Is desirable to haps to 80 pounds per square inch before re-
operate pumping apparatus—and particularly, starting the compressor.
though not exclusively, reference is here had to.  Now it will be evident that it may be highly

15 compressors—upon & system In which there is no  desirable to operate the same plant selectively on 15
stopping of the compressor drive, put instead an  either of the two systems specified, employing
interruption of the delivery of fluid by the con- the one during day shifts and the other at night
tinuously driven pumping apparatus for so long - or on holidays; and it will be noted that it would
a time as may be requisite to reduce the quan- be desirable to change the minimum pressure

20 tity of previously pumped fluid to the desired ' limit although not the maximum pressure limit, 20
minimum value. - in making the change from the one system to the -

Under other circumstances, where the demand  other. . o
for pumped fluid is relatively low and accordingly It is an object of my invention to provide an .
the quantity of fluid pumped within a unit of improved apparatus in which the change-over

25 operating time is likely to suffice for a consider- - from one system to the other is automatically 25
ably longer perfod of demand, it is desirable, to accompanied by a change in the minimum pres-

" reduce wear and to economize on' operating sure limit. It is a further object of my invention
medium, to interrupt the drive of the pumping to provide in such an apparatus improved means
apparatus completely and to bring the same to whereby the .change in the minimum pressure

30 a stop until such time as the consumption of the limit does not appreciably affect the maximum 30
pumped fluid again makes necessary further pressure limit. It is a still further object of my
pumping to preclude the reduction of the avail- invention to-provide an improved pumping ap-
able pumped fluid to less than a desired minimum. paratus in which a single “pilot apparatus” may

When operating upon the first system, it is con- be automatically adjusted, in making the change-

35 sidered good practice to effect interruption and . over from the one operating system to the other, 35
resumption of the pumping ‘gpparatus upon com- to perform its function produced on attainment
paratively small changes in the available quan- of a predetermined minimum pressure at dis-
tity of pumped fluid. For example, in the case tinctly different minimum pressures, without al-
where the pumped fluid is air and the pumping = fering materially the point of functioning at a

- 40 apparatus is an air compressor, and the maxi- maximum pressure. It is another object of my 4q

mum desired value is, let us say, 100 pounds per invention to provide an improved apparatus of

. square inch—at which point unloading would be the character set forth, in which devices having

resorted to, t6 preclude further delivery of fiuld— substantially the same maximum control pres-
it would be desirable to effect re-loading and a  sures and widely ‘ differing minimum control
45 r?ption of the delivery of pumped fluid after pressures may be selectively ‘connected into con- 45

a reduction of perhaps five pounds. This is true trolling relation to the system when a change in
both because the rate of consumption of pumped {pasic type of control of the system is effected.
fiuld is rapld and because it is desirable to provide A still further object of the invention is to pro-
... as nearly & uniform’ pressure, ordinarily, at the. vide an improved, adjustable pressure-responsive
“50 pumped-fluid-utilizing devices as possible. pilot mechanism. Still another object of my in- 5o
Under other circumstances, where—for ex- vention is to provide an improved snap action
ample during a night shift—there might be com-  pilot mechanism having associated therewith
paratively little demand for pumped fluid and & means for varying the lower snap joint while leav-
compressor sdequate to supply the daytime needs ing the higher snap point unchanged, and pro-
55 would, if opziated on the JoaG-and-unload sys- viding for said improved pilot mechanism means 53

Al




10

15

20

2

for automatically varying the snap point when
the basic system of control of the apparatus as a
whole is changed. Still another object of the in-
vention is to provide an improved pilot means

mum value without varying the maximum value,
when the system of which said pilot mechanism
forms a part is shifted from one of the operating
systems previously mentioned to = the other.
Other objects and advantages of the invention

.will hereinafter more fully appear.

In the accompanying drawings, in which sev-
eral illusirative embodiments of my invention,
from various aspects, have been shown for pur-
poses of illustration—

Fig. 1 is'a somewhat diagrammatic view of a
pumping apparatus in which one illustrative em-
bodiment of the invention is incorporated.

Fig. 2 is an enlarged, somewhat diagrammatic
view showing a portion of the unloading mech-
anism of the compressor and a portion of the

- controlling apparatus therefor.

Fig. 3 is a view, aiso on an enlarged scale, and
in vertical section, showing g portion of the ad-

. justable piloi means employed in the system of

. 30

85

40

. pariially diagrammatic, ;
apparatus of Figs. 3 to 7 in-

45

50

55

70
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Fig. 1,

¥ig. 4 is a vertical, fragmentary section on the
plane of the line 4-4 of Fig. 3. .
Fig. 4* is a detail showing a possible modifica-
tion. )

Fig. 5 is a fragmentary view showing details of
@ modified apparatus for effecting a transfer

from one operating system to another.

Fig. 6 is a horizontal section on the plane of
the line §—8 of Fig. 5, but with the switch arm
in a different position. .

Fig, 7 is a fragmentary horizontal section on
the plane of the line 7—7 of Fig. 5 and with the

.cam shown in the position corresponding to the
‘position of the switch arm in Fig. 6,

Fig. 8 is a view, partially in side elevation and

i of & system similar to
that with which the )
ciusive is employed, but employing a still differ-
ent type of control for the pilot means.

Fig. 9 is a fragmentary view showing a detail -
of construction of the apparatus of Fig. 8. - .
- Fig. 10 is a fragmentary horizontal section on
the piane of the line 18— of Fig. 9. . )

Fig. 11 is an enlarged view, partially in sec-
tion and with parts broken away, showing details
'of another form of pilot apparatus. o

Fig. 12 is a fragmentary section on 8 plane
paraliel to the view in Fig. 11, showing detalls of
construction. . i g
- Fig. 13 is a fragmentary view from below,
showing a detail of construction. " .
- Fig. 14 is & small transverse view on the plane
of the line 14—I4 of Fig. 11, showing a detail of
construction.. . = T '

Fig. 15 is a partially diagrammatic and par-
tially side elevational view of a system employ-
ing a pilot apparatus of the character shown in
Figs. 11 to 14, Inclusive. g .
__Referring first to the apparatus fllustrated in ‘
Fig. 1, it will be observed that a suitahble driving
motor | arranged to receive current from power
lines 2 upon the closure of a main line switch 3,
is connected in driving relation with & compres-
sor 4, herein of the multi-cylinder type. This
compressor is provided, for each cylinder there-

-of, with intake and discharge mechanism as il-

lustrated in Fig. 2. ‘This mechanism includes a

?

. having control mechanism 4
associated therewith operative to alter the mini-
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discharge valve § and an inlet valve §, the space
between the valves being placed in communica-
tione}ith a cylinder bore through a passage 1.
To eflect unloading of the cylinder, a fork 8
having an operating piston 9 normally held-in
loading position by a spring 10, is arranged to
engage and unseat the inlet valve proper, [{.

5

The compressor cylinders deliver, through con-

nections 12, 12, to a common discharge connec-
tion 13, which leads herein to a receiver 14, the
pressure from within which is conducted through
& pipe 15 to a conirolling valve mechanism 1§ in-
cluding a lower receiver-pressure-filled chamber
{1, an intermediate chamber 18 connected by a
pipe 19 with a cylinder 26 in which the plunger 9
reciprocates, and an upper, vented chamber 2{
having an atmospheric or other suitable veni
connection 22. . Oppositely facing valves 23 and
.24 are adapted, in the position of the parts shown
In Fig. 2, to open communication between the
line IS and the pipe 19, and in the reversed
(raised) - position of the valves 23 and 24, to in-
terrupt communication between pipes {5 and- 9
and open communication between pipe 19 &nd
the vent 22, .Springs 25 and 26-are provided. at
opposite sides of the valves, and these valves meay
be separately formed and have stéms abutting
each other, as at 21. An operating plunger 26
having a heavy spring 29 normaily maintaining

the valve 24 seated and the valve 23 open, is

adapted to control the position of the valves.

- 'This plunger constitutes the cere of an electro-

magnetic device, and is surrounded by a solenoid
or magnet. winding- 30; and upon energization of
this winding, valve 24 is unseated and valve 23 is
allowed to close. ‘When, however, the winding
30 is not energized, the spring 28, the weight of
the plunger 28, etc. seat the valve 24 and hoid
. 1t closed, and unseat the valve 23, and thereby

place the unloading plungers 8, since both are

supplied through the connection {9 and its ex-
- tension 19’, with receiver pressure substantially

10

15

26

25

35

40°

simultaneously, under pressure, and so ho_ld the -

compressor unloaded. o

Now, from the description so far given, it will
be evident that the compressor 4 is adapted to
be driven when its driving motor f is supplied
with current, but-that it will not be loaded until
the winding 30 is energized; and s0, unless the
winding 30 be energized before the compressor
is started, the compressor will start unloaded,
which is a very desirable condition.

The switch 3 is of the normally open type and
is adapted to be closed by a solenoid 32. The
solenoid 32 is connected at one end by a con-
- ductor 33 with the-. ary 84 of a transformer

3§ whose primary 36 is connected across two of

the power lines 2. The other end of the solenoid
32 is connected to a conductor 37.

‘The magnet winding 38 is connected at one

. end to a conductor 38 and at its other end to &

conductor 39. ‘The conductor 3§ leads from a

‘time delay relay of well known commercial con-

.- struction, marked TDR in the drawings, and the

conductor 39 is adapted to be connected, upon
the circult-closing operation of the time delay
relay, with a conductor 40 leading to the end of
);he iransformer secondary 34 to which the con-
ductor 33 is also connected. The time delay
‘Telay is also connected by a conductor 41 to the
‘conductor 37, and when & circuit is established
between the condictor 41 and the end of the
transformer secondary 34 to which the con-
ductor 40 is not connected, the time delay relay
is set in operation, and after a predetermined

50

55

%
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time interval closes a circuit between the con-
ductors 40 and 39. As this function and the
structure of these devices are well known, and
this time delay relay mechanism may assume
s many forms and is a standard article of manu-
facture which can be bought in the open market,
“further description of its mode of operation is
unnecessary. Beyond its point of conéction with
the conductor 41, the conductor 37 is connected
10 to other conductors 42 and 43 respectively. These
lead respectively to contacts 44 and 45 in a so-
called transfer switch 46, and this transfer switch
also is provided with other contacts 47 and A8
and with a movable contact 48, which may be
15 caused, in one position of the switeh, to connect

the contacts 44 and 47, and in an opposite posi-

tion to connect the contacts 4% and 48. The
contact 48 is connected by a conductor 58 and a

further conductor 81 to the end of the trans--

90 former secondary 34 to which conductors 33 and
49 are not connected. The contact 47 has a
conductor, 52 connected thereto, to which the
conductor 38 leads, and also is connected, by a
conductor 53, to ove of the contacts of a “Mer-

. 95 coid” switch M whose other contact is connected

by a conductor 54 to the conductor §i. The
“Mercoid” switch forms a portion of a pilot
mechanism, generally designated P. This pilot

) mechanism, best illustrated in Fig. 3, comprises

30 a diaphragm 55 which is subjected, upon its ex-
terior, to receive pressure through a connection
56, which opens into a chamber §1 surrounding
the diaphragm 55. It will be noted that the
diaphragm 55 is operatively connected to and

35 tends to effect a swinging movement of an acn
58 about a pivot 59 provided by a casing 68 hotis-
ing the component elements of the pilot mecha-
nism: P. The range of movement of the arm 58
is limited by stops 6f and 62, The arm b8 formsa

40 portion of & trigger or snap mechanism, generally
designated 63, and is subjected to the endwise
‘pressure of a spring 64 whose compression may
be varied by varying the projection within the
casing 60 of a plunger €S, which provides a re-

45 action point for the end of the spring & remote
from the arm 58. A link 66 connects the free

. end of the arm 58 with the switch M, which is
of the so-called Mercoid type and contains
mercury, as at 61, which in the tilted position of
50 the switch shown in Fig. 3 establishes an electric
circuit befween the conductors §3 and 54. The
plunger 65 is disposed substantially in alinement
with the pivot 59, and accordingly the spring 64
exercises little effect upon the movement of the

55 arm 58 when said arm is in depressed position,
i. e. as shown in Pig. 3. A primary control
spring 68 acting in opposition~to the diaphragm
55, provides substantially exclusive control of the

movement of the arm 58 upwardly, and provides

g0 & major load théreon; and-the adjustment of
the compression of the spring 68 varles the maxi-
mum pressure imit of operation of the apparatus

P. When the arm §8 is in its upwardly tilted

~ position, which it assumes upon the attainment
65 of the maximim
which position the switch M is swung about the
pivot m and the mercury §1
conductors 53 and $4 and opens the circuit be-
tween sald conductors), the spring 64 exercises
70 a very substantial force and plays & very ma-
terial part in determining the pressure at which
movement of the arm $8 in the downward direc-
tion shall take place. It will be found that the
pressure range between the opening and closing
750ftheswitchueanbemarkedlyvarleddmply

desired receiver pressure (in .

away from the:

3
by varying the eompresslon orthesprlnzll
without materially varying the pressure at which
opening of the switch will occur; and the plunger -
¢85, upon being variously projected longitudinally,
will provide for the necessary variation in the 5
compression of the spring 84 to secure a large or -
small pressure difference, as may be desired, in
the pressure at which the spring 68 will be ef-
fective to cause re-closing of the switch M.

‘Many ways of varying the projection of the 10
plunger 85 may be employed. In Figs. 1,3 and 4,
one simple and somewhat diagrammatic mode of
accomplishing this function is illustrated. It
will be noted that the transfer switch 48 is
provided with a sprocket 10 turning therewith 15
and connected by a chain 1! with a sprocket 12 -
mounted upon a shaft 13 whose axis is at right
angles to the axis of the plunger 65. The shaft
13 carries a cam T4 which, in the “off” position
(the intermediate position) of the transferswitch 20
46, simply holds the plunger. 68 in.the position
shown in Fig. 3. Upon movement of the transfer
switch 46 to connect the contacts 44 and 41, the
‘cam T4 will project the. plunger 65 substantially
to the right in Fig. 3, and then hold it there, 25
Upon movement of the transfer switch from
the position shown in Fig. 1 to a position con-
necting the contacts- 45 and 48, no movement
of the cam 74 affecting the position of the plunger
85 will take place. It will be noted that the 30
cam T4 has a long, low arcuate portion 76 and a
quadrantal high operating portion T1.

. If it be desired to vary the pressure difference
produced by moving the cam T4 into pin-pro-
truding position, this may be easily accomplished 35
by providing a cam of varying radial dimension
and sliding the cam longitudinally along its
‘shaft, of course providing suitable holding means

to maintain it in desired position. Such an ar-
rangement is shown in Fig. 4%, in which the cam 40
portion TT’ is sloping and the cam is movable by
the adjusting mechanism 78, held in different
positions by the pin devices 18, to provide dif-
ferent movements, as may be desired, of the
plunger 85. This mechanism is merely illustra- 45
tive of a wide variety of devices which may be
employed.

The mode of operation of the apparatus so far
described will be. readily understood from what
has been said. In Fig. 1 the apparatus is shown 50
with the parts in the relative positions they would
occupy before the motor is started. The switch
48 is in neutral position and must be moved in
one direction or the other to place the system in -
operation. I will be borne in mind that in the &5
position of the parts shown, the 'solenoid 30 is de-
energized and accordingly the compressor is un-
Joaded. Depending upon which direction the -
switch mechanism 46 is turned, the system will
operate either with .continuous running of the 60
compressor and periodic loading and unloading,
or with intermittent running of the compressor
and starting each time unloaded. Continuous
running of the compressor will take place when
switch 48 is moved counter-clockwise from the 63
position shown in Fig. 1. Intermittent running
of the compressor will be the mode of operation
upon movement of the switch 46 clockwise In Fig.
1. It should be borne in mind that in the posi-
tion of the plunger 65 shown in Fig. 3 the pilot
mechanism will effect opening of the switch at a
maximum pressure, let us say, of 100 pounds, and

(-]

- closing of the switch again when the pressure

falls off, let us say, to 95 pounds; while with the

plunger 68 projected into the casing 88, as would 75
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occur when the cam portion 77 contacts the end
of the plunger, the switch will open still at ap-
proximately 100 pounds, but will not close again
until the pressure falls off perhaps to 80 pounds.

Now let us consider that the operator wishes to
start 'up the system and to. cause the same to
operate on the continuous running, loading-and-
unloading system. He will therefore turn the
switch 46 through 90° counter-clockwise in Fig. 1
and cause the contact 48 thereon to connect the
contacts 45 and 48. Immediately, current will
flow from the transformer secondary 34 through

the circuit including the conductor 5i, conductor
58, contact 48, contact 49, contact 45, conductor

43, conductor 37, solenoid 32 and conductor 33;
and the switch 3 will close and the motor will

" start,” Simultaneously with the establishment of

“the circuit through the switch operating sclenoid

.32, a circuit will be established including the

‘20

transformer secondary 34, conductor 5f, conduc-

. 'tor 50, contacts 48, 49 and 45, conductor 4%, con-

25

30

85

40

45

. the switch 46 with the contact 43 in lower posi-

60

ductor 37, conductor 41, the time delay relay op-

‘erating circuit, and conductor 48; and the time

delay relay will close its internal contactor after
a predetermined time interval. When the time
delay for which the time delay relayo is set, has
elapsed, current will likewise flow through a cir-
cuit including the transformer secondary 34, the
conductor 5i, conductor 54, switch M if the latter
be closed, conductor §3, conductor 38, solenoid 30,
conductor 39, time delay relay TDR, and condue-
tor 40. It will therefore be evident that only
when the switch M is closed will the compressor
load; and it will further be evident that the com-
pressor will load and unload under the control of
the movements of the switch' M as long as the
system Is set to operate in the manner men-
tioned, that is, as long as the switch 46 .remains
in the position last described. During this oper-
ation, loading and umloading will be brought

about as a result of the pressure changes, loading -

occurring when the pressure drops to, say, 95
pounds, and unloading occurring when the pres-
sure rises to 100 pounds. :

When it is desired to operate on the stop-and-
start system, the operator, instead of positioning

tion, will move the switch-46 to cause the contact
49 to connect the contacts 47 and 44. Then the
following operations will occur. Only when the
switch M is .closed will anything take  place.

- When the switch M is closed, however, a circuit

55

60

will be established including transformer sec-

‘ondary 34, conductor 51, conductor 54, mercury

€7, conductor 63, conductor 52, contacts 47, 49
and 44, conductor 42, conductor 31, solenoid 32,
and conductor 33; -and the motor switch 3 will
then be closed. This will start the motor. Con-
currently with the establishment of the circuit
just described, there will also be established a
circuit including transformer secondary 34, con-

ductor 51, conductor §4, mercury 61, conductor -

§3, conductor 52, contacts 47, 49 and 44, conduc-
tor 42, conductor 31, conductor 41, the operating
device of the time delay relay, and conductor 49.
Accordingly, the time delay relay will be set in

~.operation concurrently with the closing of the

<81, conductor §8, conductor 38, winding 30, con-

(1

. motor circuit. 'Then, after the time lapse com-
. pelled by the time delay relay, a further circuit

will be established including the transformer sec-
ondary 34, conductor §f, conductor 54, mercury

ductor 39, the time delay relay, and conductor 40;
and the compressor will be.loaded due to the
movement of the valves 23 and 24 respectively to

2,221,855

shut off further fiuld supply to the unloading
plungers and to vent the latter {o atmosphere. '

Now it Is important to note that as the switch .

48 was moved to position the contact 49 in en-

gagement with contacts 47 and #4, the sprocket -

10, chain 11, and sprocket 72 moved the cam 14
and brought its high point 77 into engagement
with the plunger €5, and forced that plunger in-
wardly, thereby increasing the compression of the
spring 64 and making necessary a much greater
receiver pressure drop before the switeh M would
move from open to closed position. Accordingly,
when rising receiver pressure has once caused
opening of the switch M and stopping of the
compressor through the breaking of the circuit
through the solenoid 32, a much more marked
pressure drop will be necessary before the switch
M will reclose, say, a drop from 100 to 80 pounds.
However, due to the special relation of the parts,
this result, which follows upon the protrusion of
the plunger 68 into the casing 68, will not ma-
terially affect the upper pressure limit of 100
pounds.

From the description given, it will be obvious
that I have provided an apparatus adapted ef-

fectually to conirol the output of a pumping sys-.
_tem, either by loading or unloading upon the

occurrence of close pressure differentials, or start-
ing and stopping upon marked pressure differen-

.tials, using the same general pilot mechanism in

each case and varying the responsiveness of the
pilot mechanism to dropping pressures while
maintaining its operating value substantially un-
changed for maximum pressures. This appara-
tus automatically effects a change in responsive-
ness of the pilot mechanism with the change in
system, in the desired manner and with great
simplicity and absolute certainty. .
It will be evident that instead of employing a
mechanism ufilizing the chain and sprockets of.
the species of the invention shown in Figs.1to0 4,
the transfer switch 46 may be arranged coaxial

10

15

20 °

25 -

35

40

with the cam; and such an arrangement is shown. -

in Figs. 5, 6 and 7. In these figures it will be

observed that a transfer switch mechanism, gen- -

erally designated 4§, is arranged in a generally
vertical position and mounted at the left-hand
end of the casing 60’ of the pilot mechanism P’.
The plunger 65 is shown in the same relative
position as in Fig. 3, but instead of employing a

‘cam rofating upon a horizontal shaft, as in Figs.

1 and 3, the cam T4’ is mounted upon a vertical
shaft 13’ which is coaxial with the switch arm
80 which carries the movable contact 49’ and
moves it selectively into engagement with the
stationary contacts 41’, 44’ and 48°, 45’. In Fig.
6, the switch arm 80 is in the position for load-
and-unload operation, and accordingly the cam,
which is shown in the corresponding position in
Fig. 7, is not effecting protrusion of the plunger
65. Further description of this simplified and
more compact arrangement of the parts is un-
necessary, as how it works will be obvious. )

In Figs. 8, 9 and 10 a further modification is
shown, in which the transfer switch does not
manually shift the cam, but in which instead a
circuit is established through a solenoid which

50

-85

60 -

-85

moves the cam for actuating the plunger 65°

when the transfer switch is moved to “stop and
start” operating position. In this form of the
of the invention there is arranged adjacent the

70

plunger 68’ a guide 88, in which there is recipro-
cable a cam-providing' member 86 providing a -

-cam surface 87 at the bottom of a slot 88 into

‘which the plunger 6§’ projects. A connection 89°

(]
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attaches the cam-providing member 88 to the -
core or plunger 80 of an operating solenoid 81,
and a spring $2 normally maintains, except when
said solenoid is energized, the cam in position so
that the pllot device P’’ operates on relatively
small pressure changes. The solenoid 91 is con-
nected at one end, by a conductor 93, to a con-
ductor §1 which leads to one end of the trans-
former secondary 34; and the other end of the
solenoid is connected, by a conductor 94, to the
contact element 47’’ of a switch 46’’. The con-
tact element 44°’ Is connected by a conductor 85
to a conductor 40 which connects the time delay
relay with the end of the transformer secondary
34 to which the conductor 51 does not lead. The
same end of the transformer secondary 34 which
is connected to the time delay relay by the con-
ductor 40 is connected by a conductor 33 to the
switch operating solenoid 32, and the other end
of the latter is connected by a conductor 37
through a conductor 41 with the time delay re-
lay, and through a conductor 42 to a contact
88 which is connectable, in the closed position
of a switch 81, with a second contact 98’ electri-
cally connected with the conductor 38 leading to
the solenocid 30, and also connected by the con-

 ductor 53 to the switch M. The contact 48" is

60

75,

5 anism P*’.

connected with the conductor 37, and the contact
4%’ with the conductor 5i. Further description
of the connections is unnecessary in view of sim-
flarity to the system illustrated in Fig. 1.

The mode of operation of this device can now
be readily understood. When the switch mech-
anism 46’’ is operated to position the swingable
contact elemerit 49’ in the position fo connect
contacts 48’’ “and 45’’, the motor will operate
continuously and the compressor load and unload
in accordance with the receiver pressure varia-
tions. It will be evident that circuits will be
established connecting the transformer second-
ary 34, through the conductor 51, contact 45’
contact 49’7, contact 48’’, conductor 37, motor
switch operating solenoid 32, and conductor 33,
to close and hold closed the motor starting switch;

5 and also the time delay relay operating circuit

will be energized as soon as the switch 48"’ 1s
actuated to effect the positioning specified, 8
conductor 48 leads to one end of the transformer
secondary 34 while the other end of the trans-
former secondary is connected, through conduc-
tor §1, contacts 45’’, 49"’ and 48’’, conductor 37,

-and conductor #1, to the time delay relay. The

solenoid 30 will be energized and de-energized,
depending upon the operation of the pilot mech-
After the time delay relay operates,
it will be evident that a circuit will be established
from the left-hand end of the transformer sec-
ondary 34 through conductor 48, through the time
delay relay, through conductor 39, through the

‘solenoid 30, through conductor. 38, through con-

ductor 53, and, when the switch M is closed,
through that, and through conductors 54 and 51
back to the transformer secondary, so that when-
ever the switch M is closed the compressor will
‘be loaded, and whenever the switch M opens, the
compressor will be unloaded. Accordingly, this
system will operate on the load-and-unioad prin-
ciple with relatively small pressure changes be-
tween loading and unloading.

When the switch mechanism 46”’ is actuated
to position the contact element 49’ to connect
-contacts 471’ and &44””, the solenoid 31 will be
energized continuously through a circult includ-
ing transformer secondary 34, conductor 51, con-
ductor 93, the solenoid, conductor 94, contacts

5
471, 49 and 44’’, and conductor 48. This will
move the cam 87 to increase the pressure range
of the pilot mechanism P’* and to make the same
effective to move in switch-opening direction at
the same maximum pressure, but to effect switch
closure only at a considerably reduced pressure,
say, opening the switch M at 100 pounds and
closing it again at 80 pounds. The upward move-
ment of the cam will be accompanied by upward
movement of the contact 87, which will then con-
nect contacts 86 and 86’. As a result of this,
there will be provided controlling circuits con-
trolled by the switch M for the motor starting
magnet 32, the time delay relay and the solenoid
30. Accordingly, when the receiver pressure be-
comes low enough, and the switch M is closed,
the transformer secondary 34 will deliver current
to the motor starting switch solenoid 32 through a
circuit including conductor 5i, conductor 54,
switch M, conductor 583, contacts 86°, 97, and
96, conductor 42, conductor 37, magnet 32 and
conductor 33. Also, sincé conductor 41 connects
to conductor 42 and conductor 48 connects to the
left-hand end of the transformer secondary 34,
operating current will be supplied to the time de-
lay relay TDR simultaneously with current sup-
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ply to the operating magnet 32. Current cannot

be supplied to the solenocid.38 until the time de-

lay relay operates to establish a circuit, and so,

in spite of the fact that a circuit is otherwise
completely established through the solenoid 38
upon closure of the switch M, through conduc-
tors 51, 54, switch M, conductors 53, 38, solenoid
38, conductor 39 and conductor 40, the com-
pressor will not be loaded until the time delay
relay operates. Accordingly, with this form of

connection there will be stopping of the motor.

and of the compressor each time the compressor
builds up, let us say, 100 pounds pressure in the
recelver, and thereafter the compressor will re-

.main out of operation until the recelver pressure

drops to the lower level caused by the action of

-the cam 81, for example, 80 pounds.

It is obviously unnecessary to employ, in mak-
ing avail of the broadest aspects of my inven-
tion, a.single pilot mechanism having provision
for the effecting of a radical modification of its
operating range; and accordingly in Fig. 15 I have
illustrated another embodiment of the invention
in which a pair of pilot devices selectively placed
in control of the operation of the system are
employed, these pilot devices being arranged to

‘effect unloading upon the attainment of sub-

stantially identical upper receiver pressure limits
but to .effect re-loading at markedly different
lower receiver pressure limits. In this system I
may use pilot switches of the type generally il-
lustrated in PFigs. 11 to 14, but without the
special lower Himit adjustment of that switch.

In Fig. 11 there is shown a pilot mechanism
which is essentially the well known commercial
apparatus known as s Mercoid pressure control
switch. - This device includes a Bourdon tube 180

which is adapted to operate, through mechanism -

not shown, the switch M’’ in opposite directions
upon the attainment of upper and lower critical
pressures. This apparatus is provided with a
graduated scale 181 over which pivoted fingers
102 and 103 are adjustable, and these fingers are
adapted to indicate the pressure settings of the

mechanism. In the commercial device, a pair of

adjusting elements like the element 104 are pro-
vided, and by manipulation of these elements

_the internal mechanism of the switch apparatus

may be adjusted to vary the operating points.
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For example, adjustment of the element marked
{84 on the drawings changes the upper pressure
Hmit and also changes the position of the finger

{82 so that the upper working pressure limit may
5 be continuously known. Similar mechanism is

provided in the standard “Mercoid™ switch for:

adjusting the lower pressure limit and the index
finger i43. According to my invention, however,
as illustrated in Figs. 1I to 14, the adjusting
16 mechanism on the standard “Mercoid” switch
associated with the low pressure limit control is
replaced by a plunger (05 having a threaded por-
tion 186 entering a nut 0¥, and provided also
with & lock nut {08. The nut {GT has a pro-
15 jecting pin (89 which msay be actuated by an

appropriately formed cam 0 supported em a2

bracket fff when it is desired to use & single
Mercoid switch of this type, in a system such as

Is illustrated In Fig. 1, for example. It will be "

20 evident that it is possible, since guides {2 are
provided for the stem (0% in & form to permit
access to the knurled periphery {3 of the nut
187, to effect adjustment of the position of the

' screw (08 and so of the lower pressure limit;

25 and by rotating the cam {0 at the same time
that- the transfer switch is moved, the lower
pressure limit may be increased or diminished
as the control system changes from stop-and-
start to load-and-unfoad, and vice versa. Since

30 it will be obvious how the cam {8 may be ro-

"~ tated in conjunction with the transfer switch,

from what has been previously fHustrated, this:

arrangement needs no further description.
In Fig. 15 two such Mercoid switches are illus-
35 trated at WR and NR. In this case, however,
- the Mercoid switches are of the standard com-
mercial type. and are not provided with the
special attachment shown in Figs. 11, 12, 13 and
14. Switch WR is set to provide an upper op-
40 erating pressure of 100 pounds, let us- ‘say, and
- & lower operating pressure of 80 pounds: while

switch NR is set to provide an upper operating

pressure of 100 pounds and a lower operating

pressure of 95 pounds. Each of the switches WR

45 and NR Is simply shown with diagrammatically

represented connectlons, and it will be under-

stood that upon the atiainment of the upper

pressure limits for which the switch mechanisms

are adjusted, the switches will open, and upon

. 50 the lower pressure limits heing attained, the
switches wm close.

Now referring to the circuits of an 15, it will

beomervedthatatransfmmersshasa.primary

36 connected across two of the power lines and

55 a secondary 34 connected to the motor starting

switch winding 32 by a conductor 33 and fo a

time delay relay TDR by & conductor 48, as well

as by a pert of the conductor 33. . A transfer

switchisdiagnmmaﬁeaﬂymustratedmm 15 .

60 at T and comprisés a serfes-of stationsry con-
tacts 120, §2, 122, 123, (28, 25 and a pair of

- spaced movable contacts {26 and 127 connected
. for movement together. Any suitable operating
means for this switch may be provided, and in

65 the upper peosifion thereof contact $26 connects .

contacts §28 and J2t, while the con-~

stationary
tact 121 connects statxonary contacts- i24 and-

t25. In the other position of the switch, contact
{26 becomes inactive, but contact (2T connects
contacts 122 and 123. A conductor (368 connects
the end of the transformer secondary 34 not pre-
viously referred to, to contacts 128 and i22. A

conductor 13§ connects contact 2f to pilot

mechanism ‘WR, and the other side of this pilot
75 mmechanism is connected by a conductor i33 and

2 221,855

a conductor !32 to contact 128. A conductor 3¢ .
connects one side of the switch NR also to con-
tact 23, and a conductor £3% connects the other
side of switch NR to contact 124. A conductor

£36 ‘connects the first mentioned side of switch 5 5
NR to contact £25. Conductor 38 is connected to
the same side of switch NR as conductor £35.
Conductor 317 is connected to contact 23,

The mode of operation of this apparatus may
now be readily understood. Let it be assumed 10
that the switch mechanism T is moved upwardly. .
‘This establishes connection hetween contacts 128
and (2 and between contacts (24 and (25. Ac-
cordingly, transformer secondary current will
traverse & circuit including the conductor 130, 15
contact {20, movable contact {26, contact I2f, -
conductor £3f, the switch of WR when the latter
is closed, conductor (233, conductor 37, motor
switch winding 32, and conductor 33, and there- )
for obviously switch mechanism WR will, when 29
closed, effect closing of the motor switch. Ob-
viously, since the time delay relay is connected
by conductor 41 to conductor 37 and by conduc-
tor 40 to conductor 33, opening and closing of
the switch WR. will also open and close the cir- 25
cuit of the time delay relay operating mecha-
nism. When switch WR is closed and the time
delay relay operating mechanism is operated, a
cireutt will also be established through the wind-
ing 30 of the unloading-mechanism-controlled 3¢
switch, ineluding transformer secondary 34, con-
ductor (30, contacts 128, 26 and 2f, conductor
i3t, conductor {33, conductor 134, conductor 36,
contact (25, movable contact (27, contact (24,

‘conductor (35, conductor 3%, the winding 38, 35

conductor 3%, the time delay relay switch mech-
anism, and conductor 48; and the compressor
will loaded at the appropriate time after. the
motor has come up o speed.

With this arrangement, since themecha.nism 40
WR is set for a wide pressure range, the system
will operate to start the compressor and, after
the same has had an opportunity to come up to
speed; to load the latter upon the attainment
of the desired relatively low minimum pressure, 45
say 80 pounds per square inch; and will stop the -
compressor and cause unloading thereof at the
desired upper pressure value, say 100 pounds. -

Now, when it Is desired to run the compressor
continuously with loading and wunloading to go
maintain the receiver pressure within the desired
limits, this may be accomplished by moving the

" switch mechanism T to its lower operating posi-

tion. This will eause contact 121 to connect .
confacts 122 and (23 and place pressure switch 55

mechanism NR ir control. The motor switch will
be closed and mzaintained closed by energization

. of the magnet 32 through a circuit including con-~

ductor 33, transformer secondary 34, conductor
{30, contact (22, contact (27, contact 123, and 60
conductor 37. The time delay relay operating

. cireuit will also be energized since.conductors &1

and 48 are arranged as shown and previously
described.

The pilot valve controlling magnet 38 will be 65
energized only when switch NR 1Is closed, how-
ever, since the conductor 38 is connected through
the conductor {34, conductor {32, contact 123,
contact (27, contact -122, and conductor 130, '
with the transformer secondary only when the. 70
switch mechanism NR is in closed position.

In this illustrative embodiment of the inven-
tion, it will be evident that I have illustrated a -
system using a pairof pressure-responsive switch
mechanisms having similar upper ope 75
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limits but radically different lower operating
limits, to accomplish the same generic resuits
accomplished in- the other species of the mven-
tion heretofore described. .

In all the embodiments of the invention herein
{llustrated and described, it will be evident that
I have provided a simple, effective, automatic
means for changing the operating pressure range

of a pump control system to increase the pressure .

range between interruption and resumption of

- pumping when delivery is to be controlled by
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stopping and starting the compressor, and reduc-
ing the pressure range between interrupting and
resuming pressure delivery when loading-and-
unloading is the method of control used. In
all the forms iltustrated, means is provided
whereby the upper pressure limit may be main-
tained substantially constant if desired, notwith-
standing the wide range of adjustment possible
in the lower pressure limit.

While I have in this application specifically
described several forms which my invention may
assume in practice, and modifications thereof,
it will be understood that these various forms
are shown for purposes of illustration only, and
that the invention may be further modified and

embodied in various other forms without de-

parting from its spirit or the scope of the ap-
pended claims.

What I claim as new and desire to secure by
Letters Patent is:

1. In combination, a pump, & driving motor

therefor, means for stopping and starting pump
drive by the motor, means operative while the
pump is continuously operated for interrupting
or causing pumping, means for rendering either
of said means effective to control fluid delivery,
and means common to both of said first two
means for effecting control of the pumping sys-
tem by the pumped fluid in either case, pro-
viding for interruption of fluid delivery when the
same quantity of fluid is available, irrespective

" of which control means is effective, and for initi-
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ation of fluid delivery upon a less reduction in
the available quantity thereof when control is
by said second mentioned means than when con-
trol is by said first mentioned means, including
means for automatically varying the critical
quantity when the control system is changed.

2. In combination, a pump, a driving motor
therefor, means for stopping and starting pump

drive by the motor, means operative while the

pump is continuously operated for interrupting
or causing pumping, means for rendering either
of said means effective to control fluid delivery,
and means common to both of said first two
means for effecting control of the pumping sys-
tem by the pressure of the pumped fluid in either
case, providing for interruption of fluid delivery
at the same maximum delivered pressure, irre-
spective of which control means is effective, and
for initiation of fluld delivery upon a less re-

duction in the delivered pressure when control

is by said second mentioned means than when
control is by said first mentioned means, said
means including elements movable in predeter-

. mined relation to each other for changing con-

70

75

trols and delivered pressure minima,

3. In combination, a pump, a driving motor
therefor, means for stopping and starting pump
drive by the motor, means operative while the
pump is continuously operated for lnterrupting
or causing pumping, means for rendering either
of said means effective to control fiuid delivery,
and means for effecting control of the pumping

7

system by the pumped fluid in either case, pro-
viding for initiation of fluid delivery upon a less
reduction in the available quantity thereof when
control 1s by said second mentioned means than
/when control is by said first mentioned means
and interruption of delivery for the same avail-
able quantity during control by either means,

sald fourth mentioned means comprising &.

pumped-fluid controlled device having provision
for varying the value of its lower operating limit.

4. In combination, a pump, a driving motor
therefor, means for stopping and starting pump
drive by the motor, means operative while the
pump is continuously operated for interrupting
or.causing pumping, means for rendering either
of said means effective to control fluid delivery,
and means for effecting control of the pumping
system by the pumped fluid in either case, pro-
viding for initiation of fluid delivery upon a less
reduction in the available quantity thereof when
control is by said second mentioned means than

.when control is by said first mentioned means
and for discontinuation of fluid delivery at the.

same maximum available quantity irrespective of
which of said first two control means is. effective,
said means fourth mentioned comprising a pair
of pumped-fluid responsive devices having like
upper settings and materially diﬁerent lower set-
tings. -

5. In combination, a pump, a-driving motor

"-therefor, means for stopping and starting pump
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drive by the motor, means operative while the -

pump is continuously operated for interrupting
or causing pumping, means for rendering either
of said means effective to control fluid delivery,
and means for effecting control of the pumping
system by the pumped fluld in either case, pro-
viding for initiation of fluid delivery upon a less

reduction in the available quantity thereof when

control is by said second mentioned means than
when control is by said first mentioned means
but.interruption of delivery at the same available
‘quantity, said fourth mentioned means includ-
ing a pressure responsive device whose adjust-
ment is automatically varied by the operation of
sald third mentioned means.

6. In combination, a compressor, a driving mo-
tor therefor, means for starting and stopping the

. motor, means for loading the compressor and un-

loading the same, means for rendering either of
said means operative to control the output of the
compressor, and pressure-responsive means hav-
ing an adjustment controlled by said third men-
tioned means for providing like limits for stop-
ping the motor and for uhloading the compresser
and unlike limits for starting the motor and load-

"ing the compressor.

7. In combination, a compressor, a drivmg mo-
tor therefor, means for starting and stopping the

- motor, means for loading the compressor and un-

loading the same, means for rendering either of

35
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said means operative to conirol the output of the °

compressor, and a single pressure-responsive
means “having regulating means controlled by
said third mentioned means for providing like
limits for stopping the motor and for unloading
the compressor and unlike limits for starting the
motor and loading the compressor.

‘8. In combination, a compressor, a driving mo-
tor therefor, means for starting and stopping the

motor, means for loading the compressor and -

unloading the same, means for rendering either
of said means operative to control the output of
the compressor, and selectively operative pres-

sure-responsive means providing like limits for 75
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pressor and unlike limits for starting the motor
and loading the compressor.

9. In combination, a compressor, a driving
- 8§ motor therefor, unloading means for said com-

_pressor, means for effecting stopping and
starling of the driving motor, means for ef-
fecting operation of the unloading means to ef-
fect compressor unloading and loading, presstre-

10’ responsive means for governing both loading and

pressor, means for effecting stopping and starting
means for rendering said pressure-responsive
means selectively operative to control either load-
ing and unloading or motor stopping and start-

18 ing, and means for automatically varying the op-

erating charaecteristics of said pressure-respon-
sive means with the change from one control to
the other.

10. In combination, a compressor, a driving.

20 motor therefor, unloading means for said com-

pressor, means for effecting stopping and starz-
ing of ihe driving motor, means for effecting op-
eration of the unloading means to effect com-

pressor unloading and loading, pressure-respon--’

sive means for governing both Ioading and un-

loading and motor stopping snd starting, a ro- -

tatable switch for rendering said pressure-re-

sponsive means selectively operative to eontrol -

‘ elther loading and unloading or motor- stopping

30 and starting, and means rotatable with said

a5

switch for automatically varying the operating
characteristics of said pressure-responsive means
with the change from one control to_the other,
to reduce the lower operating limit thereof when
said pressure-responsive means is controlling said
second mentioned means. C
11. In combination, a compressor, & driving

motor therefor, unloading means for said com-
pressor, means for effecting stopping and starting

40’ of the driving motor, means for effecting oper-

45 rendering said

- ation of the unloading means to effect compres-
sor unloading and loading, pressure-responsive
.mesans for governing both loading and unloading
and motor stopping and starting, a switch for
Jressure-responsive means selec-
tively operative to control either loading and un-
loading or motor stopping and starting, and cam
means movable with said switch for automati-
cally varying the operating characteristics of said

50 pressure-responsive means with the change from

65 and start Is effected. :

85 tive

one control to the other to increase the differen-
tial between the operating limits of said pressure-
* responsive means while maintaining one of them
constant, when control by driving ' motor stop

.. 12. In combination, & compressor, & driving
motor therefor, unloading means for said com-’
pressor, means for effecting stopping and start-
ing of the driving motor, means for effecting oper-

~ 60 ation of the unloading means to effect compressor

unloading and loading, pressure-responsive means
for governing hoth loading and unloading and mo-
tor stopping and starting, means for rendering
said pressure-responsive means selectively opera-
contral either loading and unloading or
motor stopping and starting, and reciprocable
cam means for sutomatically varying the oper-
ating characteristics of said pressure-responsive
means with the change from one control to the

70 other.

13. In combination, a compressor, a driving
motor therefor, unloading means for-sald com-
pressor, means for effecting stopping and start-
ing of the driving motor, means for effecting op-

75 eration of the unloading means to effect com-

A _ ‘ 2,221,855
stopping the motor and for unloading the com--

pressor unloading and loading, pressure-respon-
sive means for governing both loading and un-
loading and motor stopping and starting, means
for rendering said pressure-responsive means se-
‘lectively operative to control either loading and
unloading or motor stopping and starting, and
electromagnetically operated means for auto-
matically varying the operating characteristics of
sald pressure-responsive means with the change
from one control to the other.

14. In combination, a compressor, a driving
motor therefor, unloading means for said com-
pressor, means for effecting stopping and start-
ing of the driving motor, means for effecting op-
eration of the unloading means to effect com-
pressor unloading and loading, pressure-respon-
sive means for governing both loading and un-

10

loading and motor stopping and starting, means

for rendering sald pressure-responsive means se-
lectively operstive to control either loading and
unloading or motor stopping and starting, and
electromagnetically operated cam means for au-
tomatically varyingSthe opersting characteris-
tics of said pressure-responsive means with the
change from one control tc the other.

15. In combination, a compressor, a driving
motor therefor, unloading means for the com-
pressor, & motor switch, operating means for the
compressor unloading means and the motor
switeh respectively, pressure-responsive means
controlling both of said operating- means and
providing the same upper operating limit and dif-
ferent lower operating limits, and means for se-
lectively causing control of the output of the com-

pressor through said unloading means by said -

pressure-responsive means providing the higher
of the lower operating Hmits and by said motor
switch through said pressure-responsive means

16. In combination, a compressor, a driving
motor therefor, unloading means for the com-
pressor, & motor. switch, operating means for the
compressor unloading means and the motor
switch respectively, pressure-responsive mesans
controlling both of said operating means and
providing the same upper operating limit and
different lower operating limits, and switch
means for selectively causing control of the out-
put of the compressor through said unloading
- means by said pressure-responsive means pro-
viding the higher of the lower operafing limits
and by said motor switch through sald pressure-
responsive means providing the lower of the
lower operating limits. o

17. In combination, in & system to be con-
trolled, & device whose operation creates one
critical condition in such system, and interrup-
tion of whose operation permits the development

in said system of a- lower critical condition, and

means for effecting the operation of said device

providing the lower of the lower operating limits,’
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to produce said first mentioned critical condi- -

tion having controlling means praviding for the :

selective rendering of said device operative to
produce said first mentloned critical condition
upon the attainment of different lower critical
{ conditions and effective to interrupt operation of
sald device on attalnment of the same upper
critical condition. .
18. In combination, a compressor, a driving
motor therefor, means for starting and stop-

65

0

ping said motor, means for unloading and effect- -

ing reloading of said compressor, s .pressure re-
sponsive element having relatively adjustable
operating Hmits, means for rendering it selec-
tively effective to control both of said first men-

75
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tioned means or the second only in accordance
with compressor discharge pressure, and means
for automatically increasing the lower operating
limit of said element when it is made effective
to control said second mentioned means only,

while maintaining its upper operating limit sub- IS
- stantially unchanged.

19. In combination, a compressor, a driving
motor therefor, means for starting and stopping
said motor, means for unloading and effecting
reloading of said compressor, a time delay de-
vice associated with said second mentioned

9

means, & pressure responsive element having
relatively adjustable operating limits, means for
rendering it selectively. effective to control each
of said first two means and said device or said
second mentioned means only, in accordance with
compressor discharge pressure, and means for
automatically increasing the lower operating
limit of said element when it is made effective to
control said second mentioned.means only, while

maintaining its upper operating limit substan- 10

JESS M. BARTHOLOMEW.

tially unchanged.
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