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To all whom it mey concern:
Be it known that 1, WALTER J OSEPH RICHARDS a,

- .c1t1ren of the United Statee residing at Milwaukee, in

the county of Milwaukee and State of Wisconsin, have
invented a certain new and useful Improvement in
Gontrollmg Apparatus, of which the following is a full,
“clear, concise, and exact deeerlptmn referenee being

- . had to the eeoompenymg drewmge forming a part of

15

- this specification.
10

A

My invention . relates- o’ means for automatmelly
regulating the operation of fluid pumps, and i particu-

Narly well adapted for use in eon]unetlon with air com-
preesors when operated by meens ‘of electric motors.”

One of the particular purposes of my invention is to

so regulate the load upon the motor means employed to
drive the pump or compressor that when starting the
‘motor may obtain substantially its full speed before |

" being subjected to the full normal load of the com-
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pressor or pump.

One of the well-known uses . of the alr eompreeeor is-

that of supplying a pressure syetem with air to be main-

tained so near as possible at uniform pressure. In
conjunction with such preeeure eyeteme means have
been provided for causing the operation of -the com-

pressor when. the pressure in the system drops to a

minimum limit, and causing cessation of the operation

of the compressor when the pressure in the system at-

“tains to the maximum limit. . In this way an intermit-
tent, operation of the oompreseor and its motor means

is required. “When an eleetrle motor is employed to
drive the compressor, if is found desirable to control

“the motor circuit by means of the preeeure in the pres-
sure system. If the compressor is permanently con-

nected with the motor, the closure of the motor circuit

will cause an unduly great quantity of current to flow
_through the motor, unless means are prov 1ded for: de-
creasing the 1c *d upon the motor at etartmg |

‘My invention relates to such méans as wﬂl 50 regu-
late the load and eupply of ‘current ‘to a motor as to |
prevent an injurious flow of current at starting. Where.
such a combination as I have above. descrlbed s em-
ployed, it is frequently found desirable to provide an
- -alitomatic rheostat for restricting the. eupply of current
to the motor at startmg Whether or not such an
automatic rheostat is employed, it is desirable that. |

~ means be provided for rehevmg temporarlly ‘the load |

upon the motor at etertmg

My present-invention js cloeely allied mth thet de-
- scribed and claimed in my eo-pendmg appllcatlon Se-
rial No. 164,085, filed, July 2, 1903. | o
- In:the preferred. embodlment of my present inven-"
tion, means aré-prov ided for normally memtemmg the
- valves of an air ¢ sqpressor in an open or moperetwe |
_condition. The automatic rheostat is employed for mn-
_dependently limiting the supply of current to the mo-"

tor at starting; t_h1s rheostat eervmg, upon the closure

of the motor cu'cult gradually to cut out the reeretenee

normally included in the circuit. _There is in con-

junction W1th this automatlc rheoetat a ewmtchmg de- |

| vice, Whlch is actuated at about the time the resistance
1s cut out of the motor circuit, to put the valves of the .
compressor in an operative condition. . When the com-
| pressor valves are inoperative, there is, of course, only
_a very slight or nominal load upon the motor, but when
| the valves are released for operation by means of the

actuation of the switching device referred to, the load

60
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upon the motor is increased to its _110rma1 .opera.tingi.: .
j condltlon | * | | .
- My invention will be underetood by referenoe to the -

| accompzmymg drawings, in which 70

- Figure 1 illustrates the. preferred embodl.ment of my

invention, and in which Figs. 2 and 3 represent cer-
{ain modiﬁeetione thereof. Figs. 4 and  diagrammat-

ically represent modifications in which no automatic |

controller and no automatic rheostat are shown.

~ All of the figures represent the dewcee employed m'
_dlegrammatmel or symbolical form.

75

In all of the figures the features common to ell are

~designated by similar characters of reference.

‘Referring more particularly to Fig. 1, I have 111118-

‘trated the air compressor at 11; this compressor being

30

mechanically connected or geared with a series elec-

tric motor 12, to the terminals 13 and 14 of which a

suitable supply of electric current is furnished.

 The suction valves of the compressor are- repreeented_
| d1agrammet1cally at 15 and 16, and the d1echarge valves -

are located at the points 17 and 18. The dlecharge pipe
19 leads from the discharge valves of the compreeeor

: cylmder to an air reservoir 20, to which the pressure Sys-

tem is connected by means of the p1pe 21. The reser-

‘voir is connected by means of the pipe 22 with the-cir-

cuit controlling device 23. This latter consists essen-

pressure gage. This bent‘. pipe is connected through

suitable lmke and lever meehomem with a switch-arm

26, which may make connection with the contact 27, or
w1th the contact 28. An increage in the pressure on the
regervoir 20, causes a movement of the switch-arm 1 in

the dn-ectmn ehown by the arrow 29, while a decrease in
| the pressure causes a movement in the reverse direction.

The electrie current for the motor is supplied from the
mains 30 and 31, these mains being connected with a

tion with shoe 33. The shoe 33 is connected through

2 helix or solenoid 35 with the controller contact 28;
“contact 27 18 cormeeted through the eolenold 36 with the

magin 31.

The automatic rheoetat referred to eomprlsee the seri~

85
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| tially of a bent pipe 24, similar to that of a Bourdon
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| suitable source of current not shown. A manually op-
‘erated switch 32 serves to connect main 30 with the con- _
| tact shoe 33. The current is supplied through the au-
| tomaticrheostat (to be hereinafter more fully described, )
‘tothe motor 12, when the contact shoe 34 makes connec-

110



elly cmmected remeteneee 37 38 and 39 tegether with

- switch mechanism for centrellmg the eperetlen of theee

10

_reeletences and their functions, =~ . /

~ A conductor 40, leads from the conteet’ shoe 34 threugh

2 eoleneld 41 to the outer termme,l of the resistance 37.
A core 42 is edepted to move within the solenoid and is |
g _eenneeted at its lower end with a daeh-pet 43; this dash-
~ pot serving to retard the motion of the core 42. The
| stem 44 extending upwardly from the core controls the
movement of the switch-arm 45, which makes connec-

o _t1en Wlth the contact 46. ‘I‘he contact is eonnected

- - througha, second solenoid 47 w1th the common terminal

. inovement Wlthlll the solenoid 47 and is eonnected at

15 its lower end with the deeh-pet 49, and at its upperend

of the resistances 37 and 38. A core 48 is adapted for

by means of the stern 50 with the eWLtch-arm 51; this .

R ._jemt(’:h-erm making connection, when in its upper posi-

25
B conducter 61 mth the main 31 elreedy mentmned The ¥
o leoleneld 59 controls the movement ef the- cote 62 thet,j

energlze,tlen of the solenoid serving to elevete the core

| - and the (ie-energlzetmﬁ of ‘the solenoid permlttmg the
80"

-tion, with the centect“52 Thle latter conte.ct is in-turn’
‘connected with a third: eelenmd 53, which actuates'the
tore 54, this core bemg retarded in its motion by the’
deeh-pet bb, an;i serving, through the etem 56.to actuate
. the'switch 57, which makes electrical connection with
. the:contact 58. The contact 58 is connected through |
"~ the eelenelde 59 and: 60 with the terminal 13 of the elec-
tric motor; the other terminal belng connected through

“core to drop to'its normal peemen shiown in the. figure. |

B Normally, the Welght of the core is eueh as te raise the

~_suction valve 18 from its seat by meeﬁe of the connec-
 tion’afforded by the pweted lever 63; in the same way
- the solenoid 60 controls the position ef thé suction valve
15 by means. ef the'core 64 and the lever 65. The suc-
- tion valyes 15 and ‘16 gre normally raised from their
. “geats as. ehewn and the energization of the solenoids 59-

| .35._

" and 60 perm1te the valves to seat’ themeelvee where-

. .upon they ate opere.ted by the suction eeueed by the
40 |

mwement of piston 66 within the cylinder! 67. y

- _sure in the reservoir 20 has fallen to the mlmhnum limit,

. the emtch—erm 26 will be hreught into cennectmn with
the contact 28, thereupon causing the paeeage of cur- |
rent through thesolenoid 35; the circuit bemg traced as-

. follows: from the main 30 threugh the smtch 32, solen-

- 'I.Old 35, contact 28, switch-arm 26, conductors68 and 40,

080

solenoid 41, the resistances 37, 38 and 39 to terminal 13

of the motor, and from termmel 14 of the motor through

~ the conductor 61 to the main 31. The slight current

~ passing through this circuit is meuﬁelent to cause the

eperetmn of the motor 12, but is of eufﬁment etrength to
.. eguse an energmetmn of the solenoid 35 such ‘that its
core 69 will be drawn to the left, thereby causing an
electnc connection between the contact shoes 33 and -

N 34—t hemg noted that the shoe 34 is mechemca,lly
" connected with the core 69. - Upon connection of these
' contact shoes, the following circuit may be traced:

from the main 30 to the switch 32, contact shoes 33 and
~ 84, conductor 40, solenoid 41, the resistances 37, 38 and
- 89, and thence threugh the motor to the main 31 ‘The

~ current passing through this circuit is limited by the

65

strength to start the motor. The operation of the mator

. I I L...-'

' leete n motmn the compressor 11, but as the suction

valvee 156 and 16 are. held open, due to the weight of the
cores 62 and 64, the COmpressor places no appreciable
‘load upon the motor, theair being alternately admitted
: “and exhausted through the suction valve at either end 70
of - the compressor cylinder. The current passing
through the circuit last traced i is sufficient to cause the .
| energization ‘'of the solenoid 41, whereupon its core 42
is‘attracted into its upper peeltlen, thereby causing an
electrical connection between the switch 45 and 1its 75
contact 46. It will be noted that the connection of
‘these parts serves to short-circuit or shunt the section 37
of the resistances through the solenoid 47. = The conse-
-quent energization of this solenoid causes the attraction
{ of its core 48, whereupen the second section 38 of the 80
redistances ie short-circuited, and the solenoid 53
| brought into the motor circuit. The consequent ener-
| glze.tlen of this letter solenoid in turn causes the at-
| traction of its core 54 to close a connection between the
‘switch-arm 57 and its contact 58. - The resistance 39 ig 85
suﬁiment to divert part of the metoi* current from the
switch 57 th.reugh the solenoids 59 and 60, thereby
"causing their energization and the upward attraction of
_their cores 62 and 64. It will be noted that until the
I reewtencee 37 and 38 have been shunted out of the cir- 90
‘cuit and untll the thlrd solenoid. 53 has been energized
: 'te cause the actuation of its switching mechanism, the °
eolenelde 59 and 60 remain in their nermally deéner- °
gized condition, thereby maintaining the suction
~valves of the compressor in their open condition.” The 95
resistances 37 and 38 may be replaced by any desired
nimber of sections; some or ail of them associated with
__'-electro-megnetm controlling: mechanism such as de-
‘scribed in connection with the sections shown. As the
| resistances are cut out of the circuit, the speed of the 100
motor increages; 80 the,t when the solenoids 59 and 60
become energlzed and raise their cores, the motor is
epere,ted at substantially its full normal speed. Upon
removing the influence of the weighted cores from the

| suction valves, the latter are placed in an operative 105
" The epera,tlon of th:le embodiment of m mventlen;-
" ‘may be described as follows: .Assuming that the pres-

condition, so that the reciprocations.of the piston 66
raise and lower the suction valves from their seats and
cause compression of airin either end of the cylinder,
whereupon the discharge valves are operated and the
_compreesed air is delwered into the pressure eyetem 110
‘The dellt(ery of this air into the reservoir causes an in-
- crease in'the pressure, and the switch-arm 26 is moved
in the direetion indicated by the arrow 29. When the
| pressure reaches its maximum limit, connection is
made Wlth the cente,et 27, thereby cleelng a circuit, 115
which may be traced as follows: from the main 30
threugh the switch 32, contact shoes 33 and 34; con-
ductor 68, emtch—erm 26, contact 27, solenoid 36, and
back to the main 31. The energization of this solenoid:
- ¢auses an. attraction of the core 69 moving it toward the 120
right and breekmg the motor circuit closed by the con-
| tact shoes 33 and 34. Upon the interruption of the mo-
1 tor circuit, the solenoids 41, 47, 53 59 and 60 are all de-
| energized, thereby permitting their respective cores to
drop into their norinal positions as shown in the draw- 125
ing. In this embodiment of my invention the air com-
pressor is normally in such condition, due to the fact

| that the suction valves are raised frem their seats, that
.se_rml_ inclusion of the resistances, but is of sufficient

its epemtmn requires the exPendlture of only a negh—

: g1ble e.meunt of energy—m other words, the operation 130
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_tor cireuit is closed.

858,468

of the cempreeeer under normel conditions plecee prac-
tically no load upen the driving motor.

some time succeeding the initial closure of the motor

circuit that the compressor valves are put in commis-
“sion.

It wﬂl be noted that as the suction valves are
normally open there can.be no accumulation of air in
either end-of the cempreeser cylinder due to any slight

leakage which might occur in the discharge valves. .

If there is such leakage from the pressure system back

into-the COMPIessor cylinder when thé machine is not

in 0peretlen the air will be exhausted at once into the

.atmesphere through the open suction valves, thereby -
insuring - the presence of not more than atmospheric

pressure in the eempreeser cyhnder at the time the o-

-

It may be noted thet the force 'Whlt,h may be exerted

b y the weighted levers, that is, by the cores, 62 and 64,

20

by the compressed air within the cylinder. _
 desirable, thereiore, to call attention to the fact that the

29

affect their operation; that is tosay, if the suction valve
is close to its seat, the compression of air ‘within the cyl-
inder will cause it to seat itseld notwithstanding the

'When the

30

30

in the above described construction, 18 small as com-
pared with that which may be exerted upon the valves

valves are lifted prlmerlly by the. suction due to the
movement of the piston within its cylinder. The of-

fice ‘of the cores of the electro-magnets or selenmde is |
essentially that of holding the suction valves up and

away from the pes1t1en at which the compressed alr can

slight opposing force of the weighted lever.:
circuit for the driving motor is open, the solenoids 59
and 60 are, of course, 1mmed1ete1y deénergized. This

would naturelly permit the cores to drop into their nor--

mal positions, causing the suction valves to raise from
their seats; but at the time of stopping the air in either

one or both ends of the eyhnder is likely to be under a

considerable degree of compression, and the force due to

" the compressed air within the cylinder would be quite

40
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D

ence will have been drawn.-

sufficient to maintain the suction valves upon their
seats notwithstanding the slight upward force, due to
the weight of the cores from whwh the magnetic influ-
This defective mode of
eperetlen is prevented, however, by the momentum of

the moving parts of the compressor which causes the
compressor piston to make one or more strokes after the
 interruption of the motor circuit, and consequent de-

energization of the solenoids 59 and 60. Such addi-
tional strokes of the compressor piston serve to raise the

suction valves from their seats, due to the force of ex-

ternal air pressure, thus permlttmg the cores to drop
into their lower positions, as shown in Fig. 1. In the

position shown the suction valves are so far raised from-
their seats that the succeeding reverse stroke of the

piston cannot cause the slight compression of air within

~ the cylinder to reseat the suction Velve against the op-

GO
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posing force of the weighted lever. |

In Fig. 2, T have illustrated a mOdlfF’{‘athIl in which
hoth the leLh&I‘ﬂe and suction valves of the compressor
are free to operate independently of any outside electro-

- magnetic or mechanical control; all of the valves being
 quite free to epera,te solely inaccordance with the differ-
" enceof air pressure upon the opposite sides of the valves.

In this embodiment of my invention, the pipes 70 and

70 lead from either end of the cylinder to the reservoir | ew1tch 57 is brought

It is only after
‘the motor circuit has been closed and after the lapse of

It may be | on both sides of the piston is the same.

1 equalizing valves, 71 and 72.

120. The solenoids 59 and 60 of Fig. 2 are connected in
circuit in the same way-as are solenoids 59 and 60 of
Tg. 1. The cores62and 64 in these solenoids, Thowever,

serve respectively to control the valves 71 and 72

‘These latter valves are cenneeted one in each of the
‘equalizing pipes 70 and 707, and are nermelly open as

shown. Upon the energization of the solenoids 59 and

60 at a time when the resistances have been cut eut of.

the motor circuit and the motor thereby brought to sub-
stantmlly full speed, the cores are upwardly attracted
to close the valves; the valves bemg retamed in’ their

“closed condition until the motor circuit isagain broken,

70

as already described in connection with the disclosure '

of Fig. 1.
conditions the equalizing pipes 70 and 70/ serve to

the compressor. When, therefore, the circuit is first

closed through the motor and the pleten of the com-

pressor set In methn there will be practically no load
placed upon the motor, due to the fact that the pressure
Only after the

It will be apprehended that under normal

80

-| equalize the pressure on the two sides of the piston 66 of

85

motor has attained substantially its full speed, on ac-

count of the removal of the restriction in the supply of
energy to the motor, the valves 71 and 72 are closed,
90
end of the compressor cyhnder and a corresponding

‘tendéncy to produce a vacuum in the other end of the
‘compressor cylinder, whereupen the discharge and suc-
tion valves will be set in operation to deliver air under-
pressure into the reservoir and pressure system. In
other respects, the operation of the apparatus shown in

thereby causing an increased pressure in the air in one

Fig. 2 issimilar to that described in connection ‘Wlth the
arrangement shown in Fig.1. |

In Tlg 3, T have shown somewhat dlfferent arrange-
ment, in which the valves 71 and 72 in the equehzmg

pipes 70 and 70’ are normally in a closed condition; as

shown, the energlmtlen of the eeeeeleted solenoids 73
and 74 serving to raise their cores, 75 and 76, to open.
In many respects the ar-
rangement here shown is e1m1ler to those already de-
scribed, but I shall trace certain of the circuits and the
currents caused to flow therethreugh Upon the de-
crease of the pressure in the pr essure system, the con-

| tact shoes 83 and 34 are breught into engagement as

already described, whereupon a circuit may be traced

from the main 30 through the switch 32, which will have

been closed by hand, and thence threugh the contact

.ehees 33 and 34 and the cenducter 40 to the solenoid 41,

and thence through the resistances 37 and 38 to the
conductor 77, which leads to the solenoids 73 and 74,

and thence to the motor terminal 13. Thus, upon the -

closure of the motor circuit and during the initial and-

restricted supply of energy thereto, the solenoids 73 and

74 will have been energized to cause the upward at-
traction of their cores, thereby maintaining the equal-
izing valves 71 and 72 in their open condition. These
valves being open, the compressor requires preetlcelly
no power to operate it, and the load upon the motor 18

The slow-acting clectro-magnetic mechanism forming

a part of the automatic rheostat, operates, as already

described, to gradually cut the resistances out of the
motor circuit, and as the last golenoid 53 becomes ener-
gized causing the upward attraction of. its core 54, the
into connection with the contact

95
100
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115 _

120

‘decreased to such a degree that its effect is negligible.
125

130



- B8, wherenpon the solenoids 73 and 74 are ehnnted or

short-circuited to cause their” de-energization. Upon
the de-energization of these coils, their cores drop back
into thelr normal condition as shown thereby closing

the eqne,hzrng valves and perrnlttlng the operation of

the suction and dlecheree valves of the COMPressor as

“under usual conditions.

10

The Inodlﬂcetron last descrlbed diff

ers from thoee

., shown in Figs. 1 and 2 in that, under normal condi-
tion of rest, the. compressor 18 1n its operative condition

-~ 8o far ag the suction and. discharge valves are concerned;

~ whereas in the otlier embodiment of the invention, the_.
‘compressor is normally in an Inoperative condition.

In

- the embodrment of the invention illustrated in Fig. 3

the operation of the compressor valves ig 1rnn1ed1ete1y

-+ prevented upon the closure of the motor circuit by
- means of the accompanying opening of the equalizing

- ‘valves due to the concurrent energization of their con-
T trolllng golenoids 73 and 74. - -
20

In Fig. 4 I have illustrated a.modification of 1ny in-

.." - vention in which the electro-magnetic control is some-

95
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what similar to that shown in Fig. 3, but in which the |
.' mechanical arrangement is drf:Eerent

In this modifi-

- catlon a separate valve or valvee are placed in the suc-
‘tion pipe- of the compressor.
.- 'modification shown in Fig. 4, are normally open but are

o '_e,utomatloally closed during a suitable period immedi-
"+ ately following the closure of the motor circuit, where-

These valves, 1n the

upon they are again opened to perrmt the operation of
the compreeeor | |

In the modification ehown in. I‘1g 41 hnve not illus-"

' ~ trated an automatically governed switch for the motor

-circuit, but have shown merely a hand switch 32/,

- motor, compressor and the system into which the com-
. 85

pressor discharges, are eubetantrally like those shown

~ in the other figures and need not be more epecrﬁcally
- described.  Leading to each of the suction valves, 15

- and 16, of the compressor, there is what may be called

. asuction pipe, 80 or81. The pipe 80 is provided with a

40
~ similar cock 83. The cocks are respectively controlled,

norrmlly open oook 82, pipe 81 being provided with a

to a certain extent, by the cores 84 and 85, which are

) ',_.adapted to be actuated by their associated solenoids,

45

‘the motor crrourt a8 ehown

86 a.nd 87. These solenoids are norrna,lly included in
There is also 1nclnded in

" the circuit a controlling solenoid 88, whose core 89, is
_I'mechanlca,lly associated with the dash-pot 90, or other
- sultable restraining ‘mechanism. A stem extendrng

50

- switch 32 being closed current is caused to flow from
. the main 30, through the switch 32, solenoid 88, and
~normally (the switch.91 belng open) through the eolen-

b5 oids 86. and 87 to the motor and thence tothe other:

from the upper end of the core serves to close the switch:

contacts, 91, upon the energization of the solenoids 88.
The operation of this arrangement 18 a8 follows: The

main. 31. The energization of the gsolenoids 86 and 87

- causes an immediate attraction of ‘their cores, which

60

- ‘areraised to their upper position, thereby closing cocks
- 82and 83, which are normally in an open condition asg
‘shown. - These cocks in the suetion pipes being closed,
R | i P 1mpoeerb1e for air to be admitted to the compressor
- cylinderat eitherend. The air previously admitted to-
- the compressor cylinder is, of course, oompreeeed but

L. a8 thle requrree compera.twely little power the motor

The

- = ]

| switch contacts 96 are closed. After a brief interval

|

nary engineer or mechaniec.

- 858,468

1s started under practically a no load condition. Af-
ter the lapse of a suitable period of time,—determined
to a certain extent by the adjustment of the dash-pot
90, or other retarding mechanism, the switch contacts
91 are closed, thereby ehort-mreurtrnrr the solenoids 86
and 87; whereupon, they are de-energized to permit

{ their cores 84 and 85 to drop to the normal position

shown, thereupon opening the cocks 82 and 83 to admit
air under atmospheric pressure of the lower side of the
suction valves 15 and 16. The rapidity with which
the slow- aotlng mechanism 18 actuated to close the con-

69

70

75

tacts 91 is regulated in such a way that the motor will

have attained substantially its full speed before the

opening of the auxiliary cocks 82 and 83 in the suction |

pipes of the compressor. After these cocks are opened
the load i1s thrown upon the compressor, but at that
time the motor had attained sufficient epeed to take
care of its full normal load.

In Fig. 5 I have shown a similar mechanical arrange-

ment associated with the electro-magnetic scheme of

the modification shown in I‘1g 1. Inthis Fig. 5 I have
shown also 4 single cock 92 in a single suction pipe 93
which leads to both of the suction valves 15 and 16.
The cock 92 of Fig. 5 is normally closed as shown, the

opening of this cock being effected by the mechanic-

ally connected core 94 of the solenoid 95. The circuit
through the solenoid 95 is controlled by the switch con-
tacts 96, normally open, as shown. I have 111ustmted Q.
resistance 97 for causing current to flow through the
solenoid 95, upon the closure of the switch 96. Tho

-operation of the modification here shown is as follows:

The closure of the switch 32/ causes current to flow
through the solenoid 98, and thence through the resist-

-ance 97, to the motor which is started while the closed

cock 92 prevents the admission of air to either end of the
compressor cylinder. The retarding mechanism as-
goclated with the core 99 prevents its immediate attrac-
tion, due to the energization of the coil 98, and a suit-

,_nble interval is thus caused to elapse subsequent to the

initial closure of the motor—circuit, and before the

however these contacts are closed, whercupon current
from the solenoid 98 divides and passes partly through
the resistance 97, and partly through the coil 95 to the
motor. The energization of coil 95 causes-an upward
attraction of its core 94, to open the cock 92, the cock

being maintained in thle open condition durrng the
‘Ssubsequent operation of the compressor and motor un-

der normal full load conditions. Upon opening the
motor circuit the coils 95 and 98 are de-encrgized, per-
mitting. their armatures to drop back into the normal
positions shown, the former causing the closure of the
cock 92, and the latter causing the switch 96 to be

opened, whereupon the subsequent closure of the

switch 32/ will cause a repetition of the operations al-

ready described.

I have not attempted to show i in these drawings the
~actual mechanical design or construction of the various
perte as these matters lie within the skill of the ordi-
I have represented, how-
ever, in a diagrammatical way, certain embodiments
of my 1nventron, which 1ndlcate the spirit and hcope
thereof. |

Wlthout therefore, wrehlng to limit l:nyBelf to. the
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) _preolne conntructions

. .-853;433 o

and desire to secure by Letters Patent:—

1. In combmanon a fluid pump having check valves |

normnil:,r maintained in an open condition, motor means
for driving said pump, and means automatically actuated
after the initial supply of energy to the motor means to

~ permit the closure of said valves.

10

2. In oombination, a fluid pump ha,rmg mlot valves nor-

mally maintained in an oper condition, a motor for driv-
ing said pump, and automatic means actuated after the
Initial supply of energy to the motor to permit tho ¢lo-

| nnie of sald valves.

15
20
25
30
35
40

50

~ 4, In combination,

. In combination, an air compressor having suction

vaIVES normally maintained in an open condition, an elec-
tric motor for driving said pump, and electromagnetic
means automatically actuated after the initial supply of

current to said motor to permit the clonure of sdid suction -

valves.

electric motor for driving said pump, means for restrict-
ing the supply of current to said motor at staiting, and
means automatically actuated after the removal of the re-

striction in the snppl;',ir of current to permit the olonuro of
said valves. -

5. In Comblnntlon a ﬂuld pump haring ralres normally |

maintained in an open.condition, a pressure system sup-

plied thereby, a motor for driving sald pump, means gov-:

erned by the pressure in said pressure system to control

the supply of energy to said motor, and means automatic-
ally actuated after the initial supply of energy to sald
‘motor to perimit the closure of said valves. -

6. In combination, a fluid pump having nnction vnlven
normally maintained in an open condition, an electric mo-

tor for driving said pump, and means for permitting the
closure of said valves upon the Yapse of a suitablo 1nterra1
after the closure of the motor circuit.

7. In oombmatlon, an air compressor having valves nor-
mally maintained in an inoperative condition, a pressure
system supplied thereby, a motor for driving.said ¢om-
pressor, means, governed by the pressure in said system to
control the supply of energy to said motor, and means
clectromagnetically actuated upon the lapse of a nuitable

interval after the initial supply of energy to said motor to |
-1endel said valves oporatire ~ - .
8. In combination, a ﬂuid pump having ouotion vn,lves

normaily maintained in an inoperative. condition, motor
means for driving said pump,- and means electromagnetic-
ally actuated upon the lapse of a suitable interval affer

the initial supply of energy to said motor to render said.

valves operative.

9, In combmatlon, an electric motor, a fluid pump

~ driven thereby, a pressure system supplied by said pump,

55
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switching means controlled by the pressure in said system

to govern the circuit for said motor, means in the path of

the valves of said pump serving normally to prevent the
actuation of the valves, and electromagnetic mechanism
for automatically removing said preventive means from

the path of the valves upon the lapse of a nuitable interral

after the closure of the motor circuit.

10. In combination, an‘ electric motor, a fluid pump'_

driven thereby, switching means for controlling the  cir-

. cuit through said motor, and means serving to hold the

.65

valves of the pump off their geats unt11 aftor closure of

the motor cireuit.

11. In oombination, an electric motor, |

in said systom to & minimum limit and to open the motor

~circuit upon an increase in the pressure in sald system to

a maximum limit, restricting medns serving normally to

" maintain the valves of sald pump in an inoperative condi-

75

%ion, and electromagnetic means for removing sald restrict-

12. In combination, -a fluid pump having check valven

i normally maintained in an open condition, an electric mo-

“tor for driving said pump, a pressure system nnpplied by said

nn air compressor having check
valves normally maintained in an open condition, an

. (‘ﬂuia pump_
driven thoroby, a pressure syntem supplied by said pump, -
switching means controlled by the pressure in said system:
to close the motor circuit upon a decrease in theé presouro'

R

. . e
T et R

herem aot forth I Cl&l]]l as new l srntem to close the motor circuit npon a decrease in the
1-pressure in said system to a minimum limit and to open.
| the motor cirouit upon an increase in the pressure in sald
system to a maximum limit, and means eloctromagnetically |
_actuated after the lapse of a suitable interval after the

closure of the motor. cuoult to permit the closure of said
valves. | S

13. In- comblnntlon, an ‘air compressor havmg check

valves normally maintained in an 1nopeiat1re condition,

an electric motor for driving said compressor, a pressure
‘system supplied by said compressor, switching means gov-
erned by the pressure in said system to conftrol the motor

86 -

cireuit, means for restricting the supply of current to said =~

motor at starting, and ‘electromagnetic means for render-

- ing said vnlres operative upon the removal of the restric-
tion in the supply of current to said motor. | |
~ 14. In combination, an electric motor, a fluid pump .

driven thereby, sald pump having valves normally main-
tained in an inoperative condition, a pressure system sup-
plied by said pump, switching means governed by the pres-
sure in said nystom to control the motor circuit, means for
restricting the supply of current to said motor at starting,

and electromagnetic means automatically actuated to per-
‘mit the operation of said valves upon tho removal of the

restrictlon in the supply of current to said motor.

- 15. In combination, a fluid pump having suction valves
normally maintained in an open condition, an electric mo--
tor for driving said pump, a pressure system supplied by
‘8said pump, switching means controlied by the pressure in

said system fto control the oircuit through said motor,

means for restricting the supply of current to said motor -

at starting, and meansg for automatically pe1m1tt1ng the
operation of said valves and for removing the restriction
of the supply of current to said motor after the lapse of a

| smtabin interval &ftEI the closure of the motor circuit.

'16. In combination, a flnid pump, an electric motor for

'drwing said pump, switching means for controlling the

nupply of current to said motor, means serving normally

to prevenit the operation of the pump valves, and olectro-
magnetic mechanism associated with said pump valves
adapted to incapacitate said preventive means after the"

initial supply of current to naid motor.

- 17. In combination, an air comprennor, an olectrio mo-

tor for driving said compressor, a pressure system supplied
by said compressor, meansg governed by the pressure in
said system to close the motor circeuit upon a decrease in
the pressure to & minimum Iimit and to open the motor
circuit upon ‘an increase in the piennure to a maximum
limit, means serving normally to prevent the operation of

the pump valves, and electromagnetic mechanism assoei-
said pump valves adapted to incapacitate said
preventwo means after the 1nit1a1 supply of current to said-

ated with

1notor - L
18. In combination, an air compressor, an electric motor

for driving said compressor, a pressure system supplied by
said compressor, means governed by the pressure in said
gystem to control the motor circuit, and electromagnetic-
‘ally controlled means for maintnining an opening in each

end of the compressor cyhndor until naid compressor has
been started. - - -

19. In’ oombination, a ﬂuid pump, an electric motor for -
driving said pump, switching means for controlling the
motor circuit, a valve communicating with each end of the.

compressor cylinder, means for maintaining said valves
in an open condition during the initial supply of current to
said motor at starting, and electromagnetic means actu-
ated after the lapse of a suitable period subsequent to the

- closure of tho motor oiromt to permit the closure of said
*_ralren . -

- 20. In combination, a ﬂuid pump, an electric motfor for-
driving said pump, switching means for controlling the
_motor circuit, a valve communicating with each end of the
- compressor cylinder, and eleotromagnetically controlled-
means for maintaining said valves in an open condition

_ until the lapse of a, nuitable period after the closure of the
ing means upon the lapse of a suitable interval afier the |- .

closure of the motor circuit to render said valves operative.

motor circuit.

21. In combination, a-fluld pump; an electric motor for
driving sald pump, ‘a pressure system supplied by said
- pump, switching means governed by the pressure in said

gystem for controlling the motor circuit, a valve communi-

: '_30 pump, switching means controlled by the prossuro in said 4 cating with each end of the comprensor cylinder, means for

.'-
1|- I'. '
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‘simultaneously maintaining said valves'in an open condi-

tion during a-certain perfod subsequent to the closure of
the motor: circuit, and relectromagnetic -means: actuated
after the lapse of a suitable:period subsequent to:the eclo-

sure of ‘the meter circuit, te permit the cleeure ‘of eeid-
valves. |

22, In combination, an . eleetne meter, a- fluld 'pump.

driven theleby, ewitehlng ‘means eentrelling the cireult

10

" through said ‘motor, a resistance -normally: included in’the
motor circuit, gutomatic’ ‘means ‘for" gradually cutting: said _'
resistance out of the'motor:circuit;:-upon the 'closure 'of

gaid-circuit, means serving '-ne‘rmejily? totprevent the opera-

been: cut outiofithe: motor:eircuit.
23, In combination, an eléctricimotor; an air cempreeeer

- ‘driven ‘thereby, & -pneumatic- pressure gystem- supplied by

- 25

said compressor, »ewitehing ‘mechanigi- governed by "the

tion -of -the 'valves:'.of the ceompressor, -eleetro-magnetic |
- mechanism serving when'energized to permit-the operation
- ofsaid valves, and 'means for.causing’'the'energization of
said electro-magnetic mechgnism -aftersgid-resistance ‘has

pressurein-gaid gystem to causerthe: elesu*re' of'the efrenit

through said -motor: upen 2 decrease of:the pressure in:sdid
gystem to a.minimum’ tHmit, and: to:cause a:-bréak: in - 'the

‘eirenit through- eeid 'meter upon ‘an dncrease-in the pree-l |
sure in said. system - to' & maximum 1imit, a slow aeting;
automatic’ 1'hee}etet in the motor circuit, Adapted greduelly-;

to short circuit resistances dormally incliided in the meter

cireuit iafter the closure ‘of : the ‘motor’ cirecuit, means serv-:

| 30.. ing normaily to prevent the opefetien_efi the ‘valves .of gaid.

compressor, -electro-magnetic ' mechanism -

-gerving, ' when

energized, to permit‘the "operation: ef said valves, and a
slow "acting- eleetuemegnetie ewltehing -device :serving to.

~-close cirenit'through' said eleetrem‘ignetie téchanism after

-85

4

the lapse of a suitable interval subsequent te the’ cleeure ef-
'the motor circuit. -

24, In eemblnatlen, an eleetrie meter, an air eompreeeer*
-driven thereby, a-'pneumdtic ‘pressure system” suppHted: by,

said compressor, *BWitehing 'mechanism governed by the

pressure in sgid system-to cause the'closure ‘'of the circait
of said .motor upon the decrease In ‘the spressure- of -sald
system to'the minimum iimit :and to: ‘cause a break’ in° the
motor ecircuit upon:‘an 'increase in: “the ‘pressure'in- eeid'
gystem ' to a ‘maximum- Hmit, a ‘slow racting: eutemetie-
‘rheostat-in the ‘motor circult -adapted: gradually ~to short
-circuit resistances: nermally included in the motor circuit,
. ‘after the closure ‘of the: ‘motor ‘éircult; ‘means serving qnor- .
.' -mally te maintain. an opening “in-‘each--end ‘'of the ‘com- |

- ‘presgor eylinder, 'and :electro-magnetic’ mechanism ‘ener-
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gized after szid résistances have been:cut out of the motor

circuit, to cause the:closure: of the epeninge in the: ends Df

-the compresgor cytnder. - - ~ ;

+25. In combination; ¢ ﬂuid pump, an electrie moter feri_j
driving said pump; ewltehing meansg for, controlling ‘the
circuit through-said motor, a nermally'epen valve commu- .

nicating 'with eachend ‘of the pump eylinder, ¢lectro-mag-

-netie” *mechaniem serving, when energized, to 'close sald
valves, an automatic :rheostat in the ameter ¢ireuit, and a
| slow aeting eleetreimagrietlc ewitching device eerving,;
when actuated, to-cause’ the energi 'tien ef eeid electro-

megnetle mechanism,”

‘26, In' combination, e'ﬂuid pump, an eleetrie meter fer 5

driving said pump, switching’ means for: eentmlling the eir-

. ‘cuit through said ‘motor, a normally '‘open valve communi-
- “eating with -each rend: ‘of -the ‘pump eylinder, electredmag-ﬂ
‘Hetie meehanism Serﬁng, when :energized, ‘to close: said
valves, and a slow #cting: ‘electro- magnetic ewitehing de-
vice serving;: when' eetuated t0 cause i:he energizetien 'ef.

said ‘electro-magnetic: meehenlem

27. In combination,  a fluid pump having dieeharge'
valves, ‘an electric: 'motor for: driving kaid- pump, mechan-
i8m -serving normally ‘to- prevent -dctuation of sald valves,

#nd -electromagnetic 'means’ for ' controlling waid meéchan-

-1sm after the lapse of a gultable. peried 'eubeequent to 'the.
‘closure -0f 'the ‘meter circuit te ellew actuetion of eeid..

valves.

- 28. In.. eembinetien, a ﬂuid pump having ﬂieeherge'_k_
*veh*ee, an -electric 'motor for ‘driving sald-pump, a' pressure
~gystem' suppHed by gaid- pump, means governed by the
pressuré in'gaid system to:eohtrol the ‘motor e'lreuit means
30 ‘gerving norimally to prevent ‘the: ‘operation: of gald valves,
- and a- elew aetctng eleet’remegﬁetie deviee inelﬂded ln the

. 858,488

\

-meter eireuit eerving after the leps:Ie of & suitable interval
subsequent to the closure of the motor circuit to control
. sald means to allow actuation of said valves.

“29. In combination, an eléctric -motor, a fluid pump-
‘driven thereby, switching means for controlling the cir-
~euit:through sald motor, means normally effective to pre-
vent actuation of the valves of said pump, and automatic

electremegnetie mechanism adapted to render ineffective

‘gaid mormally effective means nfter the lapse of a euitable
“interval: subsequent to the closure of the motor. elreult
*whereby saild valves become operative. |
'30:"In combination, a. fluid pump having velvee, a meter

for - driving gaid pump, and electromagnetic mechanism

.eewing to prevent the operation of gald valves during the

lapse ‘of a° suitable peried eubeequent to the lnitiel EUDDIF
of ‘énergy to said 'motor, |
31 Inv eemblnetiqn - ‘reexpreceting pump, motor means

for driving sald pumbp, meane for controlling the supply of
energy . to said ‘motor means, 8 neq::nell:gr open’ valve com-
‘municating 'with one‘end of the pump cylinder, and glow

90
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acting ‘electromaghnetic’ mehheniem get in operation upen |

: the*.1nitie1'eupply ‘of'energy to said motor means, ea@d slow
| ‘seting 'mechanism serving to permit the closure of sald

valve after the lapse of a suitable interval subsequent to

"the 1nitial supply of energy to said motor means,

‘32 In eembinﬂtien, a reciprocating pump, motor means
for driving. I}ee.ia:ii pump, means for controlling the supply of
energy to said motor mekns, normally open valves com-
municating ‘with the ‘ends of ‘the pump cylinder, electro-
magnetic meéchanism sét in operation ' upon the Initlal

- supply 'of energy to sald motor means to cause the closure
of said valves, and a retarding- device eeeeeieted with sald

automatic mechanism. .
'’83. In eembiﬂati_en, ‘reciprocating punip,;meter means
for driving sald pump, means for controlling the supply of

energy to sald motor means, an open vdlve communicating
‘with: the ehd of the pump cylifder, électromagnetic mech--

anlsm-'adapted.to be set in ‘operation ‘when the motor Is
-started to permit sald valve to close, and a retarding de-

vlee associated with sald mechanism.
34, In-combination, an air compressor, an electric motor

for driving said compressor, a switch for controlling the

106
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motor circuit, means for maintaining the suction valves of |

said compressor normalily open, and slow aetlng mechan-
ism get in ‘operation upon the closure of the ‘motor circuit
to pe1mit subsequently the. eleeure of said suctlon valve.

85. In combination, a pump, an electric motor for driv-

ing gdld ‘pump, a switch for controiling the motor cirecuit,

an open valve communicating with one end of the pump

valvee

"36. In eembmatien, an alr eempreeeer, an - eleetrlc motor
“for’ driv’ing sald compressor, a switch for controlling the
‘motor circuit, a normally open valve cemmuniceting with
. either- end of ‘the compressor eylinder, electro magnetic
mechanism gerving, when energized, to permit the clogure.
of sald valves, a Bwitch sérving when ‘closed to cause the
~energization of. sald electro-magnetic meeheniem and a
| slow acting ' device automatically actuated to cause the
closure of said switéh after the lapse of a suitable Inter-
val succeeding the closure of the motor circult.

37. In' combination; an electric motor having a ertch

for.c¢ontrolling its clrcult, an alr compressor driven there-
by, sald compressor having a.suction valve in an open con-

125

130

" cylihder, ‘and slow acting solenold mechanism energized by ..
| ",cument in’ the motor circuit to pexmit the closure of said

135'
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dition, eléctro-meagnetic meaus adapted, upon energization,

“to ‘permit the closure of sald suction valve, a ewitehing de-
1 yvice and slow dcting electro-magnetic mechanism set in
“operation upon the ‘closure of the motor circult, and serv-
ing after an appreciable length of tlme to actuate sald
switching device to cause the energlzetien of sald eclectro-

magnetie means for permittlng the- eleeure of sald suctlon
valve P - -
“38. In eembinetien, an eléctric motor, hevlng a’ switch

for eentrelling its eircuit, an air compressor driven there-

by, said compressor having suction valves normally maln-

tained in an open condition, ‘electro-magnetic means adapt-
-ed -upon 'energization to ‘permit the closure of sald suction

valves, an eléetric ‘switching device, eléctro-magnetic mech-
anisi in the motor eircuit serving, when actuated, to op-

‘erate ‘sald switching -device to cause the-emnergization of.
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valves,
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- said electro-magnetic means, thel'eby permitting the clo- |

sure of said suction valves, and a retarding device associ-
ated with said electro-magnetic mechanism whereby the
actuation of said switching device is prevented until the

lapse of a suitable mtu'val after the 1n1t1a.1 closure of the

motor circuit. °

39. In combination, an electric motor, a {fluid.

cuit through said motor, normally incapacitating means
adapted- to cause inoperativeness of the valves of said

‘pump, and electromagnetic n:eans adapted to remove said

lI]C&p‘]Cltdtll]g means to render the valves opemtw

40. In wmbmdtmn a pump, an eleéctric motor for driv-
ing said pump, 1101mally incapacitating means for render-
ing the pump valves inoperative, and solenoid mechanism

serving to render said valves ﬂperatwe when said motm
has reached normal speed.
41.

is in a state of rest, and electromagnetic mechianism serv-

ing to render said means mupemtwe after said motm has

Leen’ started

42. In combination, a pump, means for dl.wmg said
pump, means serving normally to maintain an opening to
permit the access of atmospheric pressure to a chamber of

said pump, and electromagnetic mechanism serving to close )

said opening after said pump. has been started.
- 43. In comhlnatmn a fltid pump, an electric mofor drlv-
ing said pump, switching means for controlling the, circuit

through said motor, and. electromagnetically controlled -
means .serving to hold the valves of the pump off their

seats until after the closure of the motor circuit.
44, In combmatmn an electric motor, a fluid pump

driven thereby, a pressure.system supplied by said pump,
a suction valve for said pump, an electrical circuit con-
~trolled by the pressure in said system, and electromag-
netic means in said circuit associated with said suction
-valve, said electromagnetic means being actuated after

40

the motor has remhed normal speed to cause actuation of
said suction valve to allow said pump to be operatwe to

force fluid into said system, said magnetic means being

also mechanically associated with said suction valve. to

render said valve mﬂperatwe before said motor has reached |

nm mal speed.

. In combmatmn, -an  electric motﬁr, a ﬂuld pump

driven thereby, a pressure system supplied by said pump,
suction valves for said pump, and mechanism electromag-

netically and mechanically associated with said suction
said mechanism

the mechanical connection of
causing sald valves to be rendered moperatwe while the

“motor is starting and the electromagnetic connecticn of

snid mechanism causing said valves to become opemtive

- after the motor has reached normal speed. |
46. In combination, a fluid pump, an electric motor
driving said pump, a pressure system controlled by said

- pump, an electric ¢ircuit controlled by the pressure in the

60

- *;ystem,

and mechanism mechamcally and electromagnetic-
ally associated with the pump valves, the mechanical con-

nection of said mechanism causing inoperativeness of the }
| llth day of March A. D., 1904.

valves while the motor is starting, and electrumugnetic
connection of said mechanism controlling said mechamcal

~ connection to cause the valves to become operative after

65

the motor has reached a suitable speed.

47, In combination, -a fluid pump, an electrlc mntor '

) pumyj)
~ driven thereby, switching means for controlling the cir-

In combination, a fiuid [mlnp, ‘a’ motor fcu driving
said pump, means for.-preventing the opelation‘ of valves
-of said pump, said medns being gperative when said pump

-voir supplied by said compressor

7

drwm said pump, ‘a pressure system supplied by said
pump, suction valves for said pump, an electric circult
controlled by the pressure in the gsystem, preventative
means associated with said suction valves for preventing
the ﬂlz-emtmn of said valves during the starting period of
sauid motor, and ele(,tuca.l means adapted for inclusion in
said circuit for releasing said pleventatwe means to allow
operation of said valves when the motor has reached su1t-
able speed.

. 48, In comblnatlon, a fluid pump, an olectric 'motor

driving said pump, a pressure system supplied by said
pump, suction. valves for said pump, a circuit for said
motor mcludmﬂf a resistance for limiting the speed of said
motor at starting, mechanism mechanically and electro-
magnetically associated with said valves, the mechanical

- connection serving to render the valves inoper ative in the

starting period of the motor and the electromagnetic con-

nection of said mechanism being rendered effective after |
said resistanee has been removed from the motor circuit.
to cause said valves to become oper ative.

49. In combination, & fluid pump, a pressure qystem sup-
plled by said pump, an electric motor driving said pump,

‘means for controlling the supply of energy to said pump,
normally inoperative valves for said pump and electro-

magnetic means for automatically allowing 0pe1at1011 of
the normally 1noperat1ve Valves after the motor has
reached a suitable speed. -

- 50. In combination, an air compresqor “having valves
normally maintained in an inoperative position, a pressurc
system supplled thereby, a motor for driving said coin-
pressor, means directly gnvelned by the pressure in said
system- to control the supply of energy to said motor, and
means electrically actuated upon the lapse of a suifable

interval after the initial supply of energy to sud motol to

render said valves operative.
51. In combination, an air mmpressor having v
normally maintained in an inoperative cond1t10n, a pres-

- sure system supplied theleby, a motor driving said com-

pressor, means positively connected with the pressure in

said system to control the supply of energy to said motor,.
and means electrically actuated upon the lapse of a suit-

able interval after the initial supply of current to said

‘motor to render said valves operative.

52.-In combination, an air compressor having valves
normally maintained in an 1n0perat1ve position, a reser-
a motor driving said
compressor, means connected directly with said reservoir
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valves
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and directly. governed by the pressure in said reservoir to :

control the supply of ener oy to said motor, and means

electrically actuated for rendering said valves opemtwe.

53. In combination, an air compressor having valves

normally maintained in an inoperative condition, a pres-
sure system supplied thereby, a motor driving said com-
pressor, switch actuating means directly connected with
said pressure system and governed by the pressure therdin

'to control the supply of energy to said motor, and means

electrically actuated upon the lapse of a suitable interval
after the initial supply of enelgy to.said motor to render

said valves operative.

In witness whereof I hereunto subscrihe my name this

WALTDR JOSEPH RICHARDS
Witnesses D
VicTor I GREISSER,
' W. L. WATERS.
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