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, 1938, Serial No. 202,374
(C1. 103—152)

Application April 16
10 Claims.
This invention relates to pumps, and more par-

ticularly to improvements in pumps of the mulii-

chamber, diaphragm type which are especially
useful in pumping liquids. - '

In oil well drilling, particularly where rotary
drills, such as diamond core drilis, are employed,
it is desirable to use mud fluid as a circulating
fluid, so that the fluid, as the rod line rapidly ro-
tates, is thrown by centrifugal action into the
walls of the drill hole to plaster the sides thereof,
thereby to reduce the possibility of caving. Mud
fluid is usually pumped into the drill hole under
pressure by a conventional liquid pump of the
piston type. It is relatively thick and often con-
tains acid which exerts a corrosive action on the
pump parts. Moreover, the conventional pumps
are comparatively heavy, and it is desirable to cut
down to'a minimum the weight of the apparatus,
so that transport thereof may be made.less diffi-
cult. :

A primary object of
provide a liquid pump, especially designed to be

5
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the present. invention is to.

used in pumping mud fluid in oil well drilling, in

which the objectionable features of a conven-

tional liquid pump are, to a substantial extent,
eliminated. Another object is to provide an im-
proved pump of the multi-chamber, diaphragm
type having novel means for actuating the pump
diaphragms, together with improved controlling
valve means for regulating the pumping action.
A further object is to provide an improved mud
fluid pump especially designed to use in oil well
drilling, for circulating the mud fluid in the drill
hole. A still further object is to_provide a pump
of the above character which is relatively simple
and rugged in design and extremely compact and
light in weight, well adapted to meet the demands
of service in oil well drilling work. Yet another
object is to provide an improved pump especially
designed to use generally in pumping lquids, and
which is especially applicable to the pumping of
liquids such as acids, which exert a corrosive ac-
tion on metals. Still a further object is to pro-
vide an improved diaphragm-type, pressure-
fluid-operated pump having improved distribu-
tion means for ‘the operating fluid. Yet another
object is to provide an improved vacuum-actu-.
ated valve mechanism.
to provide an improved trigger-type valve actu=-
ating system. Other objects and advantages of
the invention will, moreover, hereinafter more
fully appear. .

In the accompanying drawings there are
shown for purposes of {llustration two forms
which the invention may assume in practice. -

2]
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still another -object is

50

- In these drawings,—

Fig. 1 is a plan view of one
ment of the invention. - :

Pig, 2 is a side elevational view of the pump

{llustrative embodi-

shown in Fig. 1. -

Pig. 3 Is a horizontal sectional view taken sub-
stantially on line.3—3 of Fig. 2, and -with its
showing partially diagrammatic.

Fig. 4 is a fragmentary vertical sectional view
taken substantially on line 4—# of Fig. 3.

Pig. 5 1s a view similar to Fig. 3, but with
parts omitted and with a number of the parts
shown. differently positioned. : . .

Fig. 6 is & view in longitudinal section taken

‘substantially on line 6—86 of Fig. 1,

Fig. 7 is a vertical sectional view taken sub-
stantially on line 1—T of Figs. 2 and 6. -

Pig. 8 is a detail sectional view, on a larger
scale, showing a portion of the securing means for
the pump diaphragm. .

Fig. 9 is a detall view
plate. . :

Fig.-10 is a detail sectional view taken on line
10—10 of Fig. 8. . s

Fig.11is a horizontal sectional view somewhat
similar to Fig. 3, showing another form of the in-
vention. :

Fig. 12 is a detail sectional view. ‘ .

n the illustrative embodiment of the invention
shown in Figs. 1 to: 10 inclusive, the numeral 1
generally designates 2 pump of the multi-cham-
ber, diaphragm type, generally comprising a base
2, a pump chamber casing 3, a motor driven pump
4 and a control valve mechanism generally desig-
nated 5. The pump chamber casing is herein
shown as comprising a. pair. of .opposite end
plates 6, 6 and & central body portion 1. A ped-
estal 8, herein {ntegral with the body 1, supports’
the pump casing 3 on the base, while & frame 9
supports the valve mechanism on the base. The
pump casing body 1 and the heatls 6, § cooperate
in providing laterally-spaced, circular, vertical
coaxial diaphragm chambers ({ and (2, and the
body 1 provides -a bottom liquid-<supply chamber -
13, intermediate pump chambers 14 and 1§ and a
top discharge chamber 16. “As shown in Fig. 3,
the chambers {4 and 15 are divided by & diagonal
vertical septum {1 and communicate through
perforated, disc-like strainer plates 18, 18- (see
also Figs. 9 and 10) with the diaphragm cham-
pers 11 and 12; and as shown in Fig. 6, the pump
chambers {4 and |5 are spaced from the dis-
charge chamber (6 by & generally horizontal wall

showling a strainer screen

{9 and from the supply chamber by horizontal
21, of any suitable type, -

wall 20, Inlet valves 21,
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68 between the heads 64 and 65 and 69 between -

control the flow of liquid from the supply cham-
ber 13 to the pump chambers 18 and | 5, while

discharge valves 22, 22, which may also be of any -

suitable type, contrcl the discharge of liquid
:from the pump chambers {4 and 15 to the dis-
charge chamber 16. The supply chamber is pro-
vided with a supply pipe 23, and the discharge
chamber 16 is provided with a discharge pipe 24,

As illustrated, clamped between outer annu-

lar surfaces on the pump casing body and the’

detachable head members 6, § are flexible dia-
phragms 26, 28, herein. preferably composed of a

10,

rubberized material, having their sides exposed

to the liquid to be pumpegd impregnated or coat-
ed with a suitable acid-resistingsubstance. * As

15

- shown most clearly in Fig. 8, the coacting dia- .

Phragm-clamping surfaces on the pump casing
body and heads, between which the diaphragms
. are clamped, are serrated or roughened at 21, so
that when the heads are clamped in position on
the pump casing body, as by clamping bolts 28,

the heads 65 and 86. The width of the grooves
is such that each groove is capable of connect-
ing an adjacent pair of the portings 47, 48, 49,
50 and 51." Rods 71 ang 12 are fixedly mounted,

coaxlally with the valve 62, in the latter, and -

project from the opposite ends of the valve, being
surrounded by annular spring-receiving recesses
13-and 14 opening through the ‘ends.of the valve
element.

in the bores 54 and 5T7. Connections 171 and 18
connect the motor spaces within the chambers ||

and 12, when the diaphragms 26 are in such po- .

sition as to provide motor spaces within these
chambers, with' the outer ends of the bores 54

“‘and 57.

20

the annular portions of the diaphragms adjacent .

their outer peripheries are securely held. It may
. be.noted that the  remaining portions of the
diaphragms 26 are movable within the dia-
phragm chambers-{1 and 12 and form movable

.- boundaries for the bortions of such' chambers

which - are in communication with the . pump
chambers- 14 and 15 respectively, while ‘the por-
tions of the diaphragm chambers which lie to the

~ -outsides of - the diaphragms. respectively consti-

tute ‘motor spaces later to be described in more |

- detail. The particular portions of the diaphragm
chambers 1{, 12 which operate as motor spaces;
are connected through suitable gratings 30, with
passages 31 and 32 respectively, which each con-
stitute alternatively working fluig supply and ex-

haust passages; and lead to-and are controlled by

the valve mechanism 5. '

-Referring now .in -detail to the’ vélve mechas

. nism, ar more particularly to Figs. 3, 4 and 5,

“cludes a tr

ated with the chambers {1 and 12, The valve

‘chest member 35 is bored longitudinally as at 38,
and surrounding and communicating with said
.‘bore 88 there are five ‘annular chambers 39, 40, .

50
tively communicate with the passages 31 and 32. -
The 'central annular chamber "4 is a - supply
-chamber, and the chambers 39 and 43, which-are .
the outside, i. e. relatively most remote, cham- |
‘bers, constitute exhaust chambers. The bore 38

41, 42" and 43. The chambers 40 and 42 respec-

noted that this valve mechanism in-.
ansversely extending valve chest-mem-
ber- 35, ‘herein connected- through' couplings 36
and 37 with the heads 6, 6 respectively associ- '

40

45

65

is provided with a liner 4§ suitably ported to',

- provide communication between its interior and:

the several annular chambers 39 ‘to 43 through
annular portings respectively designated 41, 48,

49,50 and 51.

- The ends of the valve chest member 35 are pro-

vided with' closure members 52, 52. “Each of '

these is  provided with a’ projecting portion of

reduced size, the left-hand head in Fig. 3 having '

its projeeting portion 53 Pprovided with -coaxial

bores 54 and 85, and the right-hand head mem- ‘

65

ber 52 i Fig. 3 having its .reduced  portion 56
- 'provided with & bore §7 corresponding to the

bore 84 and having a bushing 58 bored at 59 to"

correspond to the bore 55, inserted therein. The
bore 58 is connected by a bassage 80 ‘with the
exhaust space 39. ' Within the liner 45 is re-
ciprocable a piston-type valve 62 having four
annular- heads, so to speak, 63; 64, 65 and 86
spaced by grooves, 87 between heads 63 and 64,

70

k6

Suitable springs ‘19, having sufficient strength

to throw the valve 62, are arranged in each of
the bores 13, 14, and are compressible by the pis-
tons 75, 18. © More will be said as to the strength
of these springs.later. .~ . R o
- -A suitable force pump 4 is connectible by a line
80 with a suitable liquid tank 81 under the con-

trol of a valve 82, and- discharges through a li‘n_e’
83 to-the annular space 41 in the valve chest

member 35. The annular exhaust spaces 39 and

43 are connected by lines 84 and 85 respectively.
with a return line 86, which may ‘be. connected
through a by-pass 87 with the pump- intake :or .
through a valve-controlled connection 88 ‘with -

the liquid tank 81. The rod 12, which is recipro-
cable, as above . explained, with the piston valve
62; projects through the outer end of the bush-

ing 58, and is provided with a pair of annular =
With these grooves, rollers

grooves 91 and 92.
93 carried - by  pivoted arms -94.. mounted  .for

swinging movement by pivot-pins 95 -upon the.
. head 52, are adapted: to- coact. Springs .96 con-:
‘nect adjustably locatable pins 97 carried in the:

arms. 94 and:cause rollers 93 to -exert additional

holding force upon: the. rod- 12, depending upon

the location of the pins 81.. s L
It should be understood that the pump 4 is of

‘such a character ‘that it is capable of continued

operation against very high pressures. A staged
centrifugal pump would be one type which could
be used. ' The liquid system, including the motor
spaces in the diaphragm chambers, the connec-
tions” 31 .and 32, the connections 17 and 718, the

distributing - valve and valve chest spaces, :the k

piping 83; 84, 85, 86 and 87 and the pump 4, will
be provided with a quantity of liquid such that at
the instant when the. distributing valve is sbout

to be thrown all the spaces to which it is con-

nected to deliver fluid will be filled. with liquid,
and there will be sufficient fuid in the spaces con-

nected to the intake of the pump 4 so that, while -

a suction sufficient to effect main pump intake
will be provided, the pump 4 will still have liquid
‘at its intake, - s

With the further understanding that the pres.

sure necessary to move‘the valye 62, when -the

latter is held statiohary by the rod 12 and trigger

mechanism, - excéeds " that ‘which is exerted by

. the'plungers 15 or 16 and springs. 19 except when'

the diaphragms have completed their normal
pumping movements, the operation of the mecha-

nism will be readily understood. : The mud fuid:

or other liquld to be ‘pumped-is taken: into. the
intake thamber -1, through the ‘pipe 23, and is
adapted to be discharged from - the "discharge
chamber through ' the discharge line 24.  With

the position of the parts shown in Fig. 3, the por--

tion of the chamber 12 to the left of the-dia-

Annular pistons 15 and 16 surround -
_the rods 71 and 12 respectively, and fit and slide -

B
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phragm 26 and the ‘pump’ chamber -15-are filled
with- liquid ‘to -be displaced. The ‘chamber: 11
has the space: to its left ‘side filled with’ motive
liquid, ‘but is' connected with' the intaké-sidé of
the hydraulic pump-4.-"The chamber 14 is filled
with ‘mud fluld awaiting entrarnce to the portion
of the chamber {1 which will be to the right-of
the diaphragm 26 as ‘that, diaphragm ‘moves to
Now, the operation
arranged as-in Fig. 3-will force liguid under con-
‘siderable pressire through ‘the line 83, the ar-
nular-chamber- 41 and-the ‘porting ‘48, the ‘valve
groove 68, the porting 50, -the annular-chamber

42 and conduit 32, and the holes in the grating 39, -

to act upon theé right-hand side of the digphragm
" 28 arranged in-chamber 12; -causing ‘the" dia-
‘phragm to displace ¢rom - chamber 12:the mud
fluid therein and thereby effect a discharge of
mud fliid from the pump chamber- 15 through the
‘discharge valve meéchanism 22" to the ‘discharge
chamber -16; and t ence -through the ‘discharge
line 24 - Simultaneously, the ‘motive liquld with-
in’ the chamber 1| ‘to the left of ‘the ‘left hand di-
aphiragm 28 will be withdrawn through’the con-~
‘nection 3f; the annular groove 40, the porting 48,
the- groove 87 {0 the ‘'valve, the ‘porting 41, the
‘space 39, the’ discharge line ‘84 -and" the return
line 86; and the left hand disphragm 26 will be
‘caused to move to effect-the entry-of s diaphiragm
¢hamber full of liquid from ‘the intake ‘chamber
{4 to the chamber f1. - When the diaphragm 26
assoclated with chamber 12 has been moved to
the position shown in Fig. 5, continued operation
of the pump will increase the pump discharge
pressure ‘within the ‘chamber 12, ‘and since, with
the dlaphragm member of chamber 12 moved

of the pump 4 with the parts

25

20

‘30

35

from the position shown in ‘Fig. 3, the pressure -

acting upon its right side is enabled, through the

connection 18, to act upon the’ piston 18, that

‘piston will be subjected to the increased pressure.
When this pressure has increased sufficiently to
‘compress the spring within the spring chamber’
‘81, as will occur when the piston 716 moves to the
left in Fig. 3, to a position’ corresponding to that
of the piston 15, a pressure sufficient to move the
rod 12 longitudinally despite ‘the action ‘of the
rollers 93, will be developed; and the valve 62

will then move sharply to the. Teft until the posi-
‘tion shown in'Fig. 5 1s reached. It will be noted

that the rollers 93 will then cooperate with the
groove 92 and hold the valve in the position of
Fig. 5 until conditions for a reverse flow are
brought about by, the development of a high pres-
sure to
1t will be observed that the springs acting to move
the piston valve 62 in opposite directions are of
such length, and that the travel of the pistons
" 75 and 16 is also’ of such length, that even at the
completion of valve throwing there is 4’ prepon-
derance of pressure in the t‘,lﬁrowing direction un-
til ‘after the piston 18 or 16 which has effected the
throwing starts to move ‘outwardly in its respec-
tive cylinder, It should ‘be_noted with respect
to Pig. 3 that this is an instantaneous position,
so to speak, afid that the piston 16 4s shown in
. the position if ‘occupled to effect the throwing of

the distributing valve 82, instead of in the posi-

tion in the left-hand end of the cylinder 54
which it will occupy almost immediately after

the position of ‘the distributing valve shown in
Fig. 3 is establishec. It will be noted that the

points of communication of the passages 11 and
78 will be S0 related relative to the. diaphragm .
cﬁismbers that any small rises in

pressure during

o

act upon the outer end of the piston T8

B~

45

40

0

- 83 ‘connected with the chamber ai".

“graoved:to enable

‘portings for connecting

chamber 41°,
‘discharge cha ‘
'mediate the central “chamber ‘41’ “and each wof
the ‘chambers ‘39"

‘tnanent magnets 108 and

5 inatertal as-“Alnico.”

‘hand end- of ‘the

; 3
starting” of “diaphragm’ movement - will;:not - be
transmitted: to the pistons.15 and:18: Obviously
thé faces. of the plates: or: heads: 6,6 -could:-be
/ action on- & larger diaphragm
ares’ of ‘the  pumping:lquid, immediately: upon
supply’ thereof, if ‘desired.’ =" et e Dewnand
" The: valve mechanism describedis/ positivein
action; ‘does not ‘have ‘any:tendency'to stop “in
an’intermediate position; and is:firmly held-in
its different” working -positions: while -in. them.
By apprbpria.teiselection ‘of materials;: the pump
chamber . gratings,’ the: valve mechanisms.:and
the ‘diaphragms can be’ made to be very durable
‘and largely immune to: injury by the mud-fluid
oracid.: A light: and: powerful: pumping - unit
is'provided by the structure:described. ¢ oo
“/Fig,+11:-shows' & different embodiment of:the
irivention: :The details of the pump .casing body,
the pump; casing heads and most: of the structure
of ‘the: distributing valve: chamber’are the:.same
as-the structure disclosed: in-“Figs: 1-to:10.in-
clusive, -but instead: of “effecting: high: pressure -
valve -throwing, this -embodiment ‘of the: inven-
tion is-designed to produce: the differential pres-
surés: which effect transfers:-of: the.distributing
valve - from: one ‘working position’ to-the: other
as‘a result of the sibjection of one .end thereof
or ‘the ‘other to ‘sub-atmospheric pressure;and
the holding-of the valvein its ‘opposite positions:
is ‘effected by ‘magnetic, :rather than- trigger-
type, detent mechanism. - SR AR e S

“Begring - in . mind t‘hat,cor’respondini* un-

changed parts will be numbered the same as 'in

Figé 1 to 10, it may be observed that the valve
mechanism §’:of ¥ig: 11 comprises a ivalve: chest
member *35" having ' a- liner 45" i pgovided “with
its interior at its longi-
tudinal ‘center ‘with -an ‘annular “fluid’ supply
and. its ends ‘with annular fluid
mbers 39’ ‘and 48’; and “inter-

. ’ and 43" is another’ ghnular -
space, ‘these: numbered respectively- 40’ .and-#2° .
and connected through' conduits 31" and. 32" with
the chambers §1°and 12, The valve 62’ is. herein
desirably ‘made “of  light ‘material, as, -for €x- -
ample; of aluminum, and-is provided at'its oppo-
site ‘énds - with plates . of ‘iron” or -other- suitable .
material which may ‘coact with ‘Stationary ‘per-
106 fixedly arranged:in
of “the vatve’ chest body
35’. The heads 107 and-108 are preferably made
of - nonmagnetic material and the magnets 105
and. (06 may advantagedusly be-made :of such
‘ Each of: :the -heads 101
and 108 is.provided with a: chamber 110 con~
taining a-spring-pressed check: valve 't {1 having

the heads 107 and 108

“a stem {12 projecting into'the bore of the liner

45’ sufficiently far so: that when the valve 62" is
in either of its extreme ‘opposite positions, its
end -shall’ strike the -stemof one .of the valves
112 and open the latter.” The-léft-hb;nd»:‘end..or

‘the chamber in which' the valve 62" is recipro-

cable, is eonnectéd through™a passage {13, hav-.
ing a check valve |l4 therein opening towards -
the passage 3{’, with that passage yand'the right.
distributing ‘valve chamber ‘is
connected through ‘a passage 115 and & check
valve 116 opening towards thé:passage ‘32’, with
the 1atter. ‘The force pump 4 has ‘its :discharge
Lines 84

- and 85 connect the spaces 39’ ‘and 43’ with a re-

turn line ‘86 which’ connects through ‘a:by-pass
87 with the intake side of the pump 4. A liquid

reservoir is provided at 81, -and its ‘communica=




4 |
~tions with the return-line 86 and with the suc-
_7-tion- side” of the pump 4 are respectively con-

“trolled by valves 88 and 82, all as in Fig. 3. Ob-

- Viously, by suitable control of the valves 82-ahd -
--88 the requisite: quantity of motive liquid may be -

insured in the hydraulic system. Deslrably, the

~ . liner 45" ana: possibly also the entire valve chest
. member -35’ ‘may- be:‘made of non-magnetic
. ‘material, so that the action of the:distributing
valve 62’ may be made more positive: S

-~ Fig. 11 shows the relation -of the parts at the
‘instant when valve §2’ has been snapped to.its
extremeé - right-hand position. . “Valve 62’, as_ it

. completes this movement, shoves.the right-hand
valve Il from.its seat and permits air to flow

2,260,308
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15

at atmospheric pressure -into the right-hand end .

of " the valve ‘chest, thus: relieving :the  vacuum.

The magnet- 105' now. holds the valve 62’ in the.

right-hand ' position. - The ~pump- 4.n0W -pumps
P ‘liquid;throu'ghzthe'passagej!"-t_o act. upon:the
- right-hand: sideof : the: right-hand :diaphragm

20

© 26; and the liquid to. the left of the.left-hand.

diaphragm 26 is pumped-out.  As.soon as the

" .diaphragm26-in the chamber i1 reaches its left-
- ‘hand" .extreme'. position, a. substantial- vacuum
- will-be:produced in the passage 31’ and this will

result ‘in~a reduction inpressure, within the

Space to the left of the valve 62’ in the chamber
in which the ‘latter moves; so great that the
«differential in: pressure-on the, opposite ends of
the valve will overcome the holding force of the
magnet 105, .and valve 62’ will be snapped.over
“ito ‘its-:left-hand - position. . It will .there. open
-valve [11.in the head 108, breaking the. vacuum;
‘and 'be held- in-its new ] ‘
106, Tt will-be: noted that the pumping . fluid
cannot ‘be -discharged- from either. the. bassage
31 or the passage 32’ into either of the opposite
:ends “of - the chamber in- which the valve 62’

" moves.... The ‘quantity .of liquid in ‘the pump
operating system will be chosen so that it will be

- less than sufficient completely to fill the entire
. system, *the - actual- amount being-determined:
ssimilarly to the method. used in connection with
the system of Figs. 1t0°10. -As air in small quan-

position by the magnet 3:

)
ot

May assume in practice, it will be understood
that these forms are shown for.purposes -of il
lustration and that the invention may' be modi-
fled and .embodied in various other forms with-
out departing from its spirit or the ‘Scope of the
appended elaims. . . S e
What I claim as new and desire to secure by -
1. In ‘combination, in g diaphragm pump, a
chamber having a movable diaphragm dividing
its interior into pump and motor spaces, means - .
for supplying and exhausting motive fluid rela-. -
tive to sald motor space including a pressure fluid - -
actuated valve, and a controlling passage for said
valve connected with said motor space at & point-
covered by said diaphragm when said valve ase
sumes the position for admission to said. motor -
space; .- .. G e s T
2. In combination, in & diaphragm- ‘pump,. &
chamber having a movable diaphragm dividing its
Anterior into pump and motor spaces, means for
supplying and exhausting motive fiuid relative to
said: motor space including g bressure fluid actu- -
ated valve having associated therewith means for

_holding the same against throwing: except when - -

30

the valve is subjected to a greater pressure than
is normally present in said motor space during
displacement -of fluid from said pump space, and
a throwing passage for said valve connected. with
said motor space at a.point covered by said dia-
phragm. when said valve assumes the position - -

~.for admission to said motor space.. -

&9
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tity will be-taken into the.system upon each re-

~versal- of: the valve, suitable means for its dis-
. - charge must be provided. *Such
| © clude liquid discharge,

-shown in. Fig. 12 may
~A:lecation at the top’

description :so. far given. . . .

,ﬂuid’at'a'tmospheric.pressure -acting upon one end

" overcome s magnetic -valve holding force.. .

| ‘be: appreciated ‘that: there is provided a_com-

| “which would be harmful to ordinary steel, recip-

~-ular fleld for-which-the

- bodiments are primarily intended. - = E
" While. there are in this application specifi-

It will be noted that. this apparatus functions.
very similarly to that of Figs. 1 to 10, ‘with this -
-exception-—that - valve. throwing is -effected by !
166
.ofthe .valve, following: the -production of a vac-"
“uum-at;the other end: of the valve, acting to -

~ - In both emhbodiments of the invention, it will |

means must pre-:

50 -a- combinationof a -
float valve 118 and .a:check valve (19 such as is,
~be advantageously -used. |
of each-diaphragm-cham- {
ber :will -be “advisable, and - any ‘suitable. valve
.means.may be employed,. The continuous: oper-

‘ationof -the spump ~will be apparent -from .the’ 5:

50
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- 3..In. combination, i a diaphragm puihp, a
chamber having a diaphragm movable therein to

vary inversely the volumes at opposite sides.there- .

of, inlet and exhaust valves for. a fluid to. be
bumped connected with said chamber at one side
of sald diaphragm, means for delivering to and.

withdrawing. from- the: other side of said - dia-
phragm a fluid under pressure, and means for
switching the pressure fluid connections, said last
mentioned means having .oppositely: facing sur-
faces one subjected to -atmospheric. pressure ‘to
effect actuation of said means when. the other

-surface is subjected to subatmospheric pressure -

produced at one side of said. diaphragm after the
latter reaches one of its extreme positions:” .

" 4.1In -combination, in a pressure-fluid-operated
pump having a fluid actuated pump element,

_pump . operating fluid supply means including a

reversely movable valve for controlling. the sup-

‘Ply of pump operating fluid relative to said pump = k

element, magnetic means for holding said valve .
in opposite extreme positions, and means for sub-
Jjecting the. opposite ends. of “said. valve alter- -

* nately to vacuum and to atmospheric pressure to

(0

“t

4. paratively simple:construction of relatively. light
. ‘weight, .capable of the production of the requisite -
“pumping pressures, not likely to be injured by the :
bresence: of .. substancesin the " liquid Jpumped

70

‘Tocating-type pumps, and: of general applica- |
‘ton, as well as especially adapted to the partic-
-present Allustrative em-:

7

]

- ceeding atmospheric,

- effect throwing of said .valve.

5. In combination, in a pressurefﬂuidfopeiated
pump having a fluid actuated pump element,
pump _operating fluid supply ‘means including a

~reversely movable valve for controlling the supply

of pump: operating Ruid . relative to said pump
element, magnetic means for holding said valve

-in extreme opposite positions, means for subject-

ing one end of said valve to a pressure not ex- -
means for subjecting the op-
posite end of said valve to & lower pressure to
produce a differential throwing' pressure- there-
on, and means actuated by said valve for ad-

‘mitting pressure to restore the lower pressure to
_atmospherie, - ' ' ‘ !

6. In combination, in a pressure-fitid-operated

pump . having ‘a fluid ‘actuated pump element,

pump operating fiuld supply means including o

cally described two forms which the invention S
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reversely movable valve for controlling the sup-
ply of pump operating fluid relative to said pump
element, magnetic means for holding said valve in
extreme opposite positions, means for subjecting

one end of said valve to a pressure not exceeding .

atmospheric, means for subjecting the opposite

end of said valve to a lower pressure to produce :

a differential throwing pressure thereon, and
means for admitting pressure to restore the lower
pressure to atmospheric.

7. In combination, in & pressure-ﬂuid-operated
pump having a fluid actuated pump element,
pump operating fluid supply means including a
reversely movable valve for controlling the sup-
ply of pump operating fluid relative to said pump
element, permanent magnetic means for holding
said - valve in opposite extreme positions, and
means for effecting opposite throwing move-
ments of said valve. a

8. In combination, in a pressure-ﬂuid-operated
pump having a fiuid actuated pump element,
pump operating fiuid supply means jncluding a
vaﬁe for controlling - the supply of pump oper-
ating fluid, springs exerting opposite pressures on

tons alternately to pressures transmitted” past
said valve.

9. In combination, in a multi-working-cham-
ber pump, & distributing valve for supplying pres-
sures to effect discharge from one chamber and
intake into the other and vice versa in alterna-
tion, springs alternatively active to throw said
valve, and means for loading said springs. to a

- valve-throwing pressure including pistons coaxial

10

20

said valve in directions longitudinally of the lat- 25

ter, pistons movable to vary the compression of
sald springs, and means for subjecting said pis-

with said valve.

10. In a pump, in ‘combination, diaphragm
chambers . having. diaphragms therein dividing
their interiors into pump and motor spaces, means ‘
for subjecting the motor space side of one dia~-
phragm to pressure and the motor space side of
the other to suction, means for reversing the pres-
sure conditions upon said diaphragms including
a reciprocably movable valve,  means for con-
necting one end of said valve to atmosphere
when in one of its extreme positions, and means
subjected to the pressures in sald motor spaces
and operative at & predetermined subatmospheric
pressure therein for connecting - the other end
of said valve to. the motor space in which the
subatmospheric pressure exists and producing a
differential throwing pressure thereon. '
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