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2,932,285
AIR MOTOR FOR A COATING MATERIAL PUMP

PDonald 3. Peeps, Rossford, Chio, assignor to The De Vil-
biss Company, Toledo, Ohio, a corporation of Chio

Original application April 20, 1956, Serial No. 579,648,
now Patent No. 2,895,421, dated July 21, 1957. Di-
vided and this application September 23, 1957, Serial

No. 685,753 s
6 Claims. (CL 121—164)

This invention relates to an air motor for a reciprocat-

ing pump for delivering coating materials and. similar
liquid compositions under constant, regulatable pressure
and continuous flow and is a division of application
579,648, filed April 20, 1956, now Patent 2,895,421, is-
sued July 21, 1957. More particularly, it relates to an
air motor driven pump capable of handling material of
high viscosity in substantial volume and under consider-
able pressure. )

Due to pigments in coating materials as well-as their
high viscosity much difficulty has been experienced with
pumps for dispensing such products. Sealing elements
have been inclined to deteriorate rapidly causing leaks
which lower the pressure and the volume of the coating
material being delivered. The consequent shut-down for
repairs may disrupt the production schedule and there-
through add extra costs.. ‘Abrasive action upon valves and
valve seats also have frequently put them out of com-
mission with resultant failure of ‘the pump-and interrup-
tion of operations while replacement of parts is being
made. ’ ,

Also, earlier pump designs did not: have valve mecha-
nism fully capable of conveying high viscosity coating ma-
terials at satisfactory rates. Another reason pumps avail-
able heretofor proved inadequate ‘s that the power-de-
veloped by the @i motors was less than that required,to

build up the necessary fluid préssure for cértain operations. -

A principal object of this invention is to provide a pump
which alleviates the aforementioned difficulties and short-
comings. .. - . ' ] :

More specifically; an object of my invention is to pro-
vide a compact pump in which the i ’
pumping umit are Vertically stream
nected by 2 conimon piston rod.

Another object of my invention is the
internal valve mec nis
and quick acting.

Another object
easily s_eparablé air.
tween the air motor

{ined and are con-
provision of an
anism for the air motor ‘which is sturdy

is the .provisien of a pump having an
‘motor and a coupling casting be-
and thé pump unit serving second-

arily as an air manifold.

These and other object and advantages of the invention
will become apparéiit i1polr'1!perusal of the following de-

_scription and referring to the drawings in which:

an elevation of -a pump assembly embody-
attached to a cover of a

Figure 1 is

‘Figure 2 is a plan view of the embodiment of Figure 13
" Figdre 3 is a vertical section of the air motor of the
pamp émbodied in Figuré b3 . ) v
Figure 4 is an entarged vertical section of the valve
: C the air motor;
Figure 5is 2 horizontal section taken on the
of Figure 3; '
Figure 6 is an enlarged elevation of one of the valve

line 5—35

“stems;

Figure 7 is a similar view of the retainer of the exhaust

-yalve O-Tings;
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" tubing projects through

2

. Figure 8 is an enlarged vertical section of the
unit;

Figure 9 is & stilt further enlarged horizontal section
taken on the line g9 of Figure'8;

Figure 10 is an elevation with parts broken away of
the portion of the pump unit in the area adjacent to the
line 9—9 of Figure 8; and

Figure 11 is a vertical section of a
drain plug and its plastic sealing ring.

Referring to the drawings in more detail, the pump em-
bodying this invention has an air motor 1 fixed upon the
coupling casting 2 which in turn is fitted to the top of the
pump unit 3. The pump assembly is supported upon the
lid 4 to which it is secured by -boits 5. The lid 4 fits
loosely over a special form of material drum 6.

As shown in Figures 1 and 2 coating material is drawn
from the drum 6 by the pump and delivered to a T con- .
nection 9 on the side of the pump and hence to nipple
10 leading to a fluid regulator 12. From the regulator
which has a pressure reporting gauge 13 the coating ma-
terial proceeds through a shut off valve 14 and 2 flexi-
ble hose 15 to a manually operated spray gun 16.

An air supply hose 20 is fastened to the inlet nipple 21
‘of an air manifold 22 within the wall of the coupling cast-
ing 2. Air for operation of the air motor 1 passes from
air manifold 22 into regulator 23 and through hose 24
to the air inlet opéning 25 of the air motor. Upon regu-~
lator 23 are mounted a pressure gauge 28 and a safety
valve 29. .

Atomizing air for the spray gun leaves manifold 22
from. the left hand outlet entering pressure regulator 390.
The gauge 31 shows the pressure established by regula-

pump

tube locating and

tor 36, A flexible hose 34 carties the atomizing air from

the shut off valve 32
un 16.

attached to regulator 30 to the spray

A vaive 37 is fastened to the ofher branch of coating
‘haterial T connection 9. When desired-for agitation or
cleaning purposes this valve is opened to permit return
fiow of the coating material drawn up by the pump back
to the drum 6 by way of tubing 38. The end of the
an -opening 39 in lid 4

A supporting ring 42 at the top of air motor cap 43
is provided for raising or lowering the pump assembly by
means of a block and tackle. This is useful when a drum.
becomes empty and is to be replaced with one carrying a
fresh siipply of coating material. '

In Figures 3 through 7 the interior structure of the air
motor is depicted. As shown, the air cylinder 46 is closed
af its upper end by the cap 43.- The casting 47 threaded
to the lower end of the cylinder has an axial opening 48
for the tubular lower piston 49. The piston 49 is guided
in the cylindrical bearing 56, 2 depending member of re-
ducing diameter fixed to casting 47. A packing 51 of U
shape is held around piston 49 in an gnnular chamber be-
tween the adjoining ends of casting 47 and its threadedly
joined bearing member 50. A ported bushing 54 is
threaded into the lower end of piston 47 and connects the
piston . to shaft 53 serving as a common piston rod or
-drive shaft between the air motor and the pump unit.

At the upper end of lower piston 49 is closure 56 with
an integral upwardly projecting nipple portion 57.
Firrnly»threaded upon the nipple 57 is upper piston 69.
An axial bore 61 in this piston forms with the nipple
an air passage communicating with the interior of lower
piston 49. A packing Ting 62 of U form ina peripheral
groove §3 in upper piston 60 seals the piston against the
inner surface of cylinder 46.

Two vertical air passages 64 and 65 extend through
piston 60 on opposite sides of the axial bore 61. Re-
ciprocably suspended in these passages arc valve stems
66 and 67. The lower ends of the valve stems protrude



2,082,285

L9
below piston 60 where they are rigidly secured by nuts
78 to a valve carrier annulus 71,

The annulus 71 is held by the nuts 79 against flanges
72 and 73 on stems 66 and ¢7. he flanges rest in
shallow circular recesses 74 and 75 on the upper sur.
face of annulug 71. .

The periphery of each flange flares upwardly and
O-ring valve elements 76 and 77 against the
cylindrical rims of their associated recesses, i

upper piston 60,

The valve stemg 66 and 67 with the O-ring carrier
annuius 71 and valve carrier 8¢ compose i
valving unit 87 movable as one piece,

A spring 88 rests upon annular shoulder 86 within end
casting 47 of air cylinder 46. When assembly 90, com-
Dposed of the upper and lower pistons, travels downwardly
it valving unit 87, spring 88 is in the path

which a spring 84 is frictionally held.

On upward travel of the piston assembly 99, the valve
i strikes spring 94
87 is consequently stopped and
relation to the piston assembly.
This seats O-ring valve 82 against annular ridge 84 and
forces O-ring valve elements 76 and 77 away from their
seats on the under side of upper piston 60.

to by a bolt 104 extending through split portions 105
of the lower part of casting 2 and lodged partially in 3
8roove 106 of the side of the cylindrical Projection 103,

A cylindrical bump casing 108 is supported by the
head member 102 to which jt is threadedly joined over a

a ported insert. 119 providing an eniry passage to the
i i Back flow of material is
111 held loosely within
the insert by a cross pin 112, The lower side of the insert
110 is slotted to provide channels for the material should
the insert rest against the bottom of a supply container.

Concentrical]y within casing 108 is stationary tubuylay
cylinder 114, This cylinder is secured in place by four
hollow plugs 115. The Iatter are threaded into g sleeve
cylinder 114, which they
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is slowly introduced to the air

108. The holes and
the plugs and sleeve
compressed between

reach through holes 117 in casing
the threaded conneetions between
are sealed by plastic gaskets 118,
the flanged heads of the plugs and recesses in vertically
elongated bosses 121 on the sleeve 116. The plugs have
broached boreg of a hexagon Cross section so that an
Allen set screw wrench may be used for screwing the
plugs in or out,

grooves of the sleeve 116,
Threaded into and closing the lower end of tubilar
Piston 124 js 3 stopper and plunger carrying member
128. The common piston rod or drive shaft is connected
nd of member 128, The lower portion of
said member is hollow to provide a chamber 129 for 3

A bushing 131 retains the valve 130 in the chamber
and has an axijal Passage 133 flaring at jts upper end to
serve.as a seat for the check valve, A spring 134 in-
clines the valve to jts seating position.

Between a shoulder 135 on the bushing and the lower
end of member 128 plunger leather 138 is held with
Supporting washers 139 and 140 on opposite sides.

In preparing the pump for operation the pump with
a lid attached may be placed over an open top drum
such as that illustrated.” Tn case the supply drum is a
closed shipping type a special lid 4 is not necessary and
the casing 188, enclosing the pump unit, is inserted
through the bung hole of the drum with the assembly
supported upon the cover by the lower flange 145 of the
pump head member 182, Because of the narrow width
of the casing 108, derived from the compact pump de-
sign, the bung hole need be no larger than two inches
in diameter.

. -The air supply hose 20 is then connected to the inlet
21 of the air manifold formed in the wall of the coupling
casting 2.

The atomizing air hose 34 is then connected to valve 32
on the outlet side of the regulator 30 which receives air
from air manifold 22,

The hose 15 for delivery
Spray gun 16 extends from
regulator 12, :

With the attachment of the hose to the spray gum, air
motor by turning the

of coating material to the
.the valve 14 attached to

knob of regulator 23. This air

through passages
as well as below
on both sides of
restricts the effective force of the air
lower piston 49,

threadedly mounted on member 128.

Coating materia] which has entered casing 108 past
foot valve 111 js then forced by the descending plunger
247, of which plunger leather 13§ is a part, to pass up-
wardly through passages 133 and past check valve 130,
This materia] is then directed into the annular space dis-
posed at its lower end between pump piston 124 and cas-
ing 168 and extending upwardly between the stationary
tubular cylinder 114 and casing 108. Ag thi
space has no more than half the capacity of the ful] cylin-
i 108 below plunger 147 the
displaced material is forced to a height double its original

The downward stroke of plunger 147 is terminated and
its return upward initiated whep the air valving unit 87
carried by upper air piston 60 strikes spring’ 88 and is

|

w
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“gaoved upwardly in respect to the piston. This impels
O-ring valve clements 16 and 77 to their seats on the
underside of piston 60 interrupting the flow of -air
through passages 64 and 65 to the upper side of piston 69.

At the same’ time the yalve carrier plate 80 having

raised away from piston. 60, O-ting valve 82 has moved
from its seat on annular ridge 84 permitting the com-
pressed air above the piston to flow down axial bore 61
‘to the interior of piston 49. This air is vented fo the at-
‘mosphere by traveling through' the ported bushing 54 at
the bottom of lower piston 49 and into the interior of
casing 2 from which it escapes through the saw cuts be-
{ween vertically split portions 98 and 105 at the top and
bottom respectively of the cotipling casing 2. ‘These
separate restricted outlets from thie interior chamber of
the casting cooperate with the chamiber im substantially
silencing the staccato discharge of the exhaust air.
"~ With the compressed air above the uppet piston 60 thus
dissipated the force of the compressed air-is applied onty
to the underside of this piston. As the area of the upper
piston 60 is slightly more’ than twice that of the lower
piston 49 the piston assembly 90 is then driven upwardly
with at least the samie power utilized in its downward
thrust. In view of the weight and friction involved in
the up stroke it is desirable that somewhat greater force
be exerted in order that the met pumping power of the
up and down strokes be approximately equal. :

As the drive shaft 55 is pullcd.upwardly another in-
‘crement of coating material is drawn past _
into the lower portion of casing 168 by the rising plunger
147.

The coating miaterial of the first-increment NOW above
the plunger is impelled into: chamber 151 within--the
pump head member 162 and hence into outlet nipple 153
and T connection 9. At the start of the operation of
the pump the spray gua is held open in order that air in
the coating material line from the container to the gun
may be expelled. With the line thus unblocked the
coating material advances from T connection 9 through
regulator 12 and hose 15 to the gun.

The coating material -discharge rate from the spray
gun may be measured by letiing the material flow un-
atomized, into 2 small container of known capacity and
recording the filling time. As the discharge rate is
proportional to the air pressure actuating the air motor
it may be varied by adjustment of air regulator 23.

With the use of a single spray gun a fluid pressure 1€g-
ulator such as 12 is not ordinarily required. ‘When two
‘OF more spray guns are being supplied by the same pump
some fluctuations in pressure may occur. These are
usuaily not of sufficient magnitude 1o be objectionable in
the application of waterproofing, structural and mill
paints. However, when several spray gums are operating
from a single pump and are utilized in high quality pro-
duction finishing, maintenance of exact material pres-
sure is important and the use of a regulator for each
spray gun is advisable. o

As piston assembly 90 reaches the limit of its up stroke
the valving unit 87 is thrust downwardly in respect to the
piston assembly by the meeting of spring 94 with the top
of valve carrier plate 86. This restores the elements to
the position presented in Figure 3 with O-ring valve 82
on its seat closing entry to the venting bore 61 and O-
ring valve elements 76 -and- 77 depressed below their
geats leaving passages 64 and 65 open. Again upper
piston 68 has air on both sides and becomes ineffective
and air pressure upon lower piston 49 forces the piston
assembly and the drive shaft 33 downwardly for a start
of the second pumping cycle. As longas coating material
is being consumed the reciprocations of the air motor and
pump elements automatically continue.

With cessation of the spraying operation the dead
pressure of the coating material in the system instantly
brings the pump to a stop as there is no space into which
additional material may be forced and the material itself
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‘ample dimensions of air passages

‘piston. Assisting t
‘tions of the valves

45 practically non-compressivle. At the fame time the
desired pressure is maintained on the coating matetial as
static air préssure under the selected regulated pressure
continues to exert moving force on the air piston assem-
bly. DR ) .

Tn the particular embodiment selected for illustration
the net effective aif piston aréa is twice the net effect
tive area of the pumping plunger 147 and the pump pis-
ton 124. Accordingly, if the aif pressifé admitted to
{hie air motor i§ set at twenty pounds, the coating maté-
rial is dispensed undet a préssure approaching forty
pounds. However, friction naturally diminishes the
fatio when the miaterial préssure is meastred at the
spray gun, particularly when 1ong stretches of hose and
hose of limited diameter ate -involved.

Featuies of the invention it is wished to emphasize par-
ticularly include the valving meéchanism of the air motor.
The solid, integral valving unit 87 comprising the valve
element carrier annulus 71, the valve stems 66 and 67,
and the valve carrier plate 80, moves as one piece with
no looseness between the parts. This assures 0o wear-
ing contact between the elements and maintains
rect relative positions.

their cor-
1t leaves no question in regard
tus of O-ring valve 82 wheén O-ring ¢le-
ments 76 and 77 are closed on the up stroke or of the
reverse condition on the down stroke.

The short distance of travel of the valves effects quick

réversal of the piston assembly 90 as it réaches the end

of each stroke. . Contributing to fhis fast action are the

p: ¢4 and 65 which per-
mit unimpeded flow 'of air to the top sidé of the upper
¢ easy dir flow are the. widé propor-
and their face contact with their seats.

* The valving unit is not only guided by the square cross

<ections of valve stems 66 and 67 bt -also. by the up-
wardly projecting fiipple’ 57 on ¢losure 56. : -

Special importance is given the functions and
of the coupling casting 2. Its cylindrical ends insertable
in the air motor and pump unit, to which it is tied by
easily removable Cross bolts 97 and 104, assures axial
alignment while also permitting quick disassembly. For .
removal of the air motor the upper bolt 97 is withdrawn
and the air motor is raised to expose the connection be-
tween shaft 55 and lower air piston 49. Flats on adjoin-
ing areas of these parts are wrench engageable for un-

structure

. screwing the connection.
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The interior -of casting 2 and the slots between the
split portions 98 and 105 in its side wall serve as a final
path for the air exhausted from above the upper piston
60. The size of the chamber within the casting 2 and
the two separate restricted slot outlets act to muffle the
pulsating noise of the air exhaust. Built integrally in the
casting is the air manifold 22 for distributing the supply
of compressed air to operate the air motor and for atom-
jzing the coating material discharged by the spray gui.
An air line oiler should be placed in the air line to the
air motor. - This may be fastened directly to the air iniet
of the air motor. While important from a practical
standpoint, it is not considered an essential element of
the invention. :

While I have illustrated and described 2 single form
of my invention, it is to be understood that various
modifications may be made therein without departing
from the spirit of the invention and the range of the

following claims.

What T claim is: ,

1. In an air motor, a vertically reciprocable piston as-
sembly, said assembly including an upper piston and 2
lower piston of reduced diameter attached to the upper
piston, a vertically reciprocable valving unit carried by
the upper piston and coaxial therewith, said valving unit
including a valve carrier plate above the upper piston, a
valve carrier annulus below the upper piston, and valve
stems extending through the upper piston between the
annulus and the plate and being rigidly attached to the
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annulus and plate, means supplying compressed air be- 4. ‘An air motor according to claim 1 in which there
tween the upper piston and the lower piston, air passages are bearing surfaces in the air bassages vertically guiding
through the upper piston in which the valve stems recip- the valve stems of the rigid valving unit, and ap axially
rocate, valve elements on the annulus constructed to seat located nipple connection between the upper and lower
around the lower ends of the passages means forming an 5 pistons has vertically guiding contact with the axia] bore
air exhaust bassage from the top side of the upper piston of the carrier annulus of the rigid valving unit

axially down through the upper piston and the lower An air motor having ap upright cylinder, a piston
piston, and a valve on the underside,of the plate disposed within the cylinder adapted for vertical reciprocation,
to close the inlet of the exhaust bassage, and means moy- said piston having an axial bore, a tubylar mounting
ing the valve unit upwardly in respect to the piston as- 10 casting for the air motor attached to the lower end of
sembly to seat the valve elements carried by the annulus, the cylinder, sajd casting defining a large, generally en-
and to unseat the valve carried by the plate at the limit closed inper chamber, means providing an ajr exhaust
of downward trave] of the piston assembly, whereby, with passage from the cylinder to the chamber, said means in-
the valve elements seated, the compressed air supplied cluding the axia] bore of the piston, and means forming
between the upper and lower pistons acts on the upper 15 -a restricted outlet from the chamber to the atmosphere,
Piston to drive the piston assembly upwardly from the whereby the chamber acts to mufile the sound of exhaust
limit of downward travel of the piston assembly and air leaving the cylinder, :
means moving the valving unit downwardly in respect to 6. An air motor according to clajm 5 in which there
the piston assembly to unseat the valve elements carried Is an air supply line leading to the cylinder and an ajr

by the annulus, and seat the valve carried by the Plate 20 manifold in the wall of the tubylar casting constituting a
at the limit of upward travel of the piston_assembly, portion of said ajr supply line,

compressed air to the upper side of the upper piston, the - References Cited in the file of this patent
compressed air suppiied between the upper and lower UNITED STATES p ATENTS
pistons acts upon the lower piston to drive the piston' 25 ' -
assembly downwardly from the limit of upward travel of - LU5704  Manes Nov. 3, 1914
the piston assembly, 1,941,222 Pew. etal ____. Dec. 26, 1933
2. An ajr motor according to claim 1 in which flat 2,060,180 Dayis ___ T T Nov. 10, 1936
surfaces constitute the seats for the valve elements and 2,277,641 Harter ____ 7T Mar. 24, 1947
the valve, and the latter are O-rings with one side only g5 2.578.102 Stephanson et al. _______ Dec. 11, 1951
exposed to form an annular seating face, : © 2672101 Shields _______ T Mar. 16, 1954
3. An air motor according to claim 1 in which the . FOREIGN PATENT

valve stems have portions of polygonal cross section of

474,099 Great Britain _______ --- Oct. 20, 1937
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