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'his invention is for lmprovements in or
g to pumping apparatis, and has for
its object to provide an improved construc-

the same, whereby among other ad-

tion of
vantages, an unvarying rate of delivery can
be obtained. This feature is of particular
importance in the manufacture of artificial
silly, in which one of the operations consisis
in squirting a spinning solution from a fine
nezzle in the form of a filament; in order to
produce a satisfactorily uniform product, it
15 necessary that the nozzle should be con-
tinuously supplied with a spinning soluticn
ab a uniform rate or pressure. It is desir-
able that the supply should be a continuous
one, ag distinet from one in which a uniform
pressure is abtained by using large reser-
voirs or the like, and 1t is therefore neces-
sary to provide a pumping apparatus which
shall deliver the solution at a substantially
uniform pressure or rate. :

Any ordinary form of reciprocating pump
has a discharge which fluctnates and which
consequently varies in pressure and velocity
from moment to moment; the extent of the
fluctuations of pressure and velocity can be
reduced by using several pumps all deliver-
ing into a common collector which supplies
the squirting nozzle or nozzles, the pumps
being so arranged that their delivery strokes
are out of phase with one another. - For ex-
ample, three single-acting plunger-pumps
can be actuated by cranks set 120° apart,
and in this case, although there will still be
fluctuations in the common delivery, such
fluctuations will be of much less magnitude
than those of the discharge of any one of
the pumps. But this method, even with
the customary use of air vessels on the de-
livery main, merely reduces the fluctuations
in extent and does not eliminate them.

It is an object of the present invention fo
provide a pumping apparatus so constructed
asto eliminate the fluctuations of velocity
or pressure in the delivery main, which pro-
ceed dfrom a plurality of reciprocating
pumaps or other pumps which ave like them
in that the discharge of an individual pump
vmittent or fluctuating, more- nearly

is inte
than has heretofore heen practicable, and
without the use of air vessels.

The present invention, therefore, com-
prises in - pumping apparatus, the com-
bination with a pump or pumps having a
eyclically-fluctuating rate of delivery, of a

cam-aciuated additional pump, the actuat-
ing cam of which is characterized in that
i 15 given a shape determinable from the de-
livery curve of the companion pump or
pumps; and is used to operate its own pump
at a fuctuating rate producing a delivery
from that pump such that it counteracts, by
its own departures from uniformity, the
cdepartures from uniformity that occur in
the rate of delivery of the said companion
pump or pumps, the complete apparatus be-
ing further characterized in that the deliv-
ery passages of the plurality of pumps as
above set forth ave distinct from one an-
other and each passage is appropriated to
one end of a pump-cylinder and is arranged
to deliver “in parallel” with the companion
passages to a-chamber common to all of the
pumps,

According to another feature of this in-
vention, a viscose-pumping apparatus coin-
prizes the -combination with a pump or
pumps having a cyclically-fluctuating rate
of delivery, of a cam-actuated additional
puinp, the actuating cam of which is charac-
terized in that it is given a shape determin-
able from the delivery-curve of the compan-
ion’pump or pumps, and is used to operate
its own pump at a fluctuating rate produc-
ing a delivery from that pump such that it
counteracts by its own departures from uni-
formity, the departures from uniformity
that occur in the rate of delivery of the said
companion pmp or pumps.

This invention further comprises the com-
bination with a pump that is to be used in
combination with another pump or pumps
having a cyclically-fluctuating rate of deliv-
ery and that is actuated by a cam caleulated
as aforesaid to give a uniform rate of de-
livery for the group of pumps, of a delivery-
valve which controls the conduit lsading
from the pump towards the common outlet
of the plurality of pumps, the valve being of
the kind which in its opening and closing
movements does not alter the cubic content
of the pump charge, and a valve-operating
mechanism that is actuated by the pump-
gear during pauses which occur between the
working-strokes of the pump-piston.

This invention also comprisés certain de-
tails ‘of construction “and arrangement of
pumps as heéreinafter  described with ref-
erence .to ‘the accompanying drawings in
which~— ) '
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Figure 1 is a 01‘1ph showmo the varia-
tions in the rate of ‘delivery of a pump or
group of pumps;

Figure 2 shows a delivery curve for each

of the two similar cam- operated pumps
which mutually counteract the variations in

the rate of delivery of the other;

Figure 3-is a graph showing the relation
betwoen the total delivery of a pump or its
piston ‘displacement; and time;

Figure 4 is an ele Svation partly in section

of a pair of pumps constructed in accord-

ance with this invention;

Tlgme 5 is a transverse section on the
ling 5—5 of Figure 4;

Figure 6 is a plan in section on the line
6—06 01‘ Figure 5;

Figure 7is an elevation in section show-
ing 1 group of punps 2s lustr: aued in ig-
ures. 4 to 6, and the arrangements for driv-

“ing them;

mee 8 is a plan of I‘mule 73

Tlotlres 9 and 10 are a side elﬂv ation and
a trmsverse sectional view showing the man-
ner of mounting the pump units;

Figure 11 is a sectional elevation showing
a modified construction of pump

Figure 12 is a plan in section of another
constriction of pump,

Tigure 18 is an elevation in section on the
lines 18~=13. of Figure 12;

Figure 14 is a more or less diagrammatic

Cview in plan ShOW‘IIG‘ a method of driving
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518

r
<

“the pumps;

Figure 15 is a section on the line 15—15 of
Figure 14;

Kigure 16 is a section on the line 16—16
of I‘l"ﬂ.re 14, and

Flo ure 17 1s.a part diagr ammatic view in
seetlom,l elevation ShOWlllO the auanoemwm
of the pumps in a bath of Tubrica

Like réference characters. lnfhc“te like
pzuts throughout the drawings.

Jefore d escmbmov mn devm the conq ruc-

- tion: of pumping app%ratus in twcoumnc

with this invention, the method of determin-
ing the shape of the cam for driving the

“additional pump above mentioned will fivst

be described.

Tigure 1 shows a graph or curve plotted
on a horizontal base-line 20, 21 which rep-
resents to a uniform scale dle effluxion of
time, and the ordinates indicate by their
heloht the rate of delivery of the punp > ab
any mstant The curve is drawn of an ar-

bitrary shape such as might be met with in

60

practice. It will be seen that the dehvery
of the pump commences at the point 20 on
the time-base and the rate of delivery in-
cieases to the time 22, and then remains uni-
form during the pevod of time indicated by
22, 23. The rate of delivery then diminishes
and becomes zero at the-time 24. The suc-
tion period of the pump is mdlcated at 2

25, when the delivery-curve of course vel

1,788,874

mains at zero. The cycle then recommences
in exactly the same form. In this particu-
lar curve, the delivery-period 20, 24 is con-
siderably longer than the sitetion- perioa 24,
25, or, in other words, the pump has a slow
qehvcly stroke and a rvapid reluin- or suc-
tion-stroke. TFurchermore, it will be appre-
ciated that the accelera tmn and unm.mhmu
rates of delivery are represented by curved
podnons of the graph, since the mechanical
driving of the parts renders it desivable to
avoid bt upt or sudden changes in movemend
or rate of movement.

The object of this invention s to provide
a nnholm delivery rate from the nozzle fed
Uy this pump, and this will conveniently b
selected as being equal to the maximun

rate of Lhe delivery of the pump (hu ing the

period 22, 255 this total uniform rate of de-
livery will then he 101)1%@11“\11 by the
straight hovizontal line 20, 27.

The total de! ivery from the pump during
any specified time 1s measuved by the aren
enclosed hetween the curve of its «delivery
rate, and the time-base, that is to say, the
total delivery oi the puinp during the time
20, 22 is vepresented by the area 20, 26, 29,
30, 22, 20, and similarly during any other
period 0(’ time. It the total delivery is to be
at a unitorm rafe represeated by the graph

26, 27, 1t is cleny thar £ ene pump delivers a
quantity represented by the area befween
the curve 20, 29, 80, and the base-line 20, 21,
there must be 2 second pumyp which will give
a delivery indicated by the avea above the
curve 20, 29, 30, between that curve and the
horizontal line 26, 80, so that when these
two deliveries (he added together, the total
is represent ted by the area 20, 20, 3(), 22,
which is a flgure 01 wniform height

1t follows, therefore, that the curve 24),
28, 29, 30, referved to the line 26, 27 as a
base, indicates the rate of delivery that is
required from the additional pump, and the
pump is therefore actuated Ly a cam where-
of the profile is so shaped as to give this
curve of rate of delivery.

In the preferred form of the invention,
two pumps ave used, and both are can-oper-
ated by similar eams. This 1s most easily
effected by setting out, as in Figure 2, upon
co-ordinates 55, 56 and 5 5h, 87, the desired
uniform delivery-curve 57, 58.  Within the
area between the lines 57. 58 and b, bo,
there 1g drawn a convenient delivery-carve
59 which bears the same relation to the line
57, 58 base, as it does to the line 53, 56
as o base, or in other words, which is syni-
metrical about a line 80, parallel with and
midway between the lines 55, 58 and 57, 58.

aa n
a8 &

The eurve 59 constitubes the rate-of-delivery
curve ¢f one pump wben referved to the

base-line 55, 56, and also {'ho rate-of-delivery
curve of the co-operating pumnp when re-
ferred to the , D8, Sinee the
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curve 59 bears the same relation to the two
base-lines 55, 56 and 57, 58, it follows that
the cams for the two pumps are identical
with one ancther, and their angular relation-
ship is determined by the fact that the de-
livery-period of one pump is to start imme-
diately the rate of delivery of the other
pump starts to fall off.

It may be pointed out here that the design
of the cams may be derived from a consid-
eration of curves representing the relation-
ship between total delivery (or displace-
ment) and time, instead of rate of delivery
and time, and such a curve is illustrated in
Figure 8. The base-line 180, 131, represents
to a uniform scale the effluxion of time, and
the vertical line 130, 132 represents the dis-
placement of the pump piston from its inner
end, that is to say, lengths measured up-
wards from the base-line represent the
amount which the piston has moved out-
wards on its delivery-stroke from the begin-
ning thereof.

ihe curve or graph showing the displace-
ment of the piston is illustrated as starting
at 130, and in order that the action may be
as smooth as possible, the curve at this point
is tangential to the base-line 130, 131. ~ The
graph rises, slowly at first, but at a gradually
increasing rate up to the point 183, where
it is continved as a straight line, 133, 134,
which is tangential to the curved part 180,
133. The piston, during the part 133, 134.ig
moving at a uniform velocity. From the
point 184, the piston has to be slowed down,
as it is approaching the end of its stroke,
and the graph is again given a curved form
184, 135, this curve being such that the line
133, 134, is tangential to it at 134, and the
line 132, 135, is tangential to it at 135.

Trom the point 135 the graph continues
for a short distance to the point 136, parallel
with the base line 130, 1315 this repiesents a
pause at the end of the delivery-strole, when
the piston remains stationary for a period
during which the valves of the apparatus
are adjusted to a new position. : The rveturn-
stroke of the pump is made more rapidly,
being represented by the curve 136, 137, 138
which is tangential at its ends to the line 132,
136 ‘and the base-line respectively so as to
give a smooth action and is otherwise a
smooth curve. From 138 to 139, the graph
is coincident with the base-line, giving a
period during which the piston remains sta-
tionary at the inner end of its stroke whilst
the valves ate being readjusted. ‘

The shape of the graph 136, 137, 138 for
the return-stroke is determined only by such
congiderations as will give smooth mechani-
cal working. ‘

The corresponding graph for the com-
panion pump is indicated at 140, 141, 142,
143, 144, 145, and is cexactly similar but is
displaced in phase from the graph 130, 134,

3

139. A shape of graph which gives suitable
working is one in which the portions 130,
133, and 134, 135 are portions of parabolas
adjacent their vertices. The portions 130,
183, and 140, 141 of the two curves are ex.
actly similar to one ancther but inverted and
reversed. Further, it will be seen that the
return-stroke of each pump takes place dur-
ing the period whilst the other pump is
moving at a uniform rate in the middle por-
tion of its delivery-stroke.

A particular construction and arrange-
ment of installation comprising pairs of
am-operated pumps, which are suitable for
pumping viscose or like liquids, will now
be deseribed with reference to Figures 4 to
10 of the accompanying drawings.

The body 61 of the device is preferably
a casting with various passages  bored
through it from end-to-end, of which a cen-
tral uniform bore 62 accommodates a con-
trolling-valve. At the bottom and top there
are bores 63, 64 respectively which constitute
a supply-pipe and a return-flow-pipe for the
liquid; the supply-pipe 63 communicatos
with the valve-chamber by means of a ver-
tical bore 65, and the valve-chamber opens by
a vertical bore 66 into a transverse bore which
contains a manually-adjustable valve-mem-
ber 67. This member is capable of move-
ment along its axis, to the lefé in Figure 5,
so that communication can be established
from the passage 66 aforesaid, either to the
outlet.68 or to a vertical bore 69 which com-
municates with the return-flow-pipe 64. The
outlet passage 68 is extended in any con-
venient manner, for example, as shown in
Figure 4, to an outlet 70 whereto the spin-
ning-nozzle can be connected when the appa-
ratus is used in the manufacture of artificial
silk. The valve-member 67 is limited in its
movements by a pin 71 engaging a slot 72
in the body of the device. This prevents
rotation of the valve or other movement into
an inoperative position.

The pump cylinders are constituted by
longitudinal bores 73, 74 respectively, (see
Figure 6) which contain plungers 5, 76,
these plungers being a cloge sliding fit there-
in.  These plungers are operated by push-
rods 77, 78 which extend through openings
of a suitable diameter into the pump-cham-
bers respectively where they engage by their
rounded ends the plungers aforesaid. The
pump-chamber in each case is constituted by
the annular space surrounding the push-rods
77, 78 which are of less diameter than their
corresponding plungers. 75, 76.

The: pump-chambers communicate. each
with the valve-chamber 62 by means of an
opening 79 (Figures 5 and 6) bored trans-
versely through the body 61 from front to
hack. : ‘

The valve controlling these two pumps is
& cylindrical plug &0 fitting accurately in
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its bore 62 and provided with oxtensions 81,
82 respectively (Figure 6) projecting from
the two ends of the pump-body for opera-
tion by any convenient means. The part 82
is provided with a longitudinal slot 83 which
is engaged by -a pin-in the casing for the
purpose of preventing the valve rotating in-
to an inoperative position. The valve-body
80 is provided with recesses 84, 85 which
can put the supply-passage 65 aiternatively
into communication with one side or other

“of the transverse borve 79 and therethroygh

with one or other of the pump-chambers 73,
74. These two recesses are so situated that
they come into operation alternately, and
both can not be simultaneously in use.
The valve is also provided with two other
recesses 86, 87 vespectively, whereby the
pump-chambers can be put in communica-
tion with the outlet-pipe 66. These two re-
cessos extend longitudinally along the valve
for a greater length than the inlet-recesses

‘84, 85, and they overlap ome another longi-

tudinally as shown most clearly in Figure
6, so as to permit of communication being
established simultaneously from both pump-
chambers to the outlet.

Tt will be seen that all the passages and
chambers in the pump are formed as
straight-through bores, the ends being cloged
where necessary by removable plugs. This
construction greatly facilitates the cleaning
and” maintenance of the device and at the

‘same time renders the machining operations

simple and the construction therefore inex-
pensive.

" The operation. of this device is as follows.

The pistons 75, 76 are reciprocated by cam-

. mechanism constructed in the manner de-

M
(13

Tt
Tt
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seribed with reference to Figure 3. The pis-

ton 75, inn the position illustrated in Figure
6 has just commenced its delivery at its maxi-
mum rate and the piston 76 has just stoppec
delivery. Thevalve 80 isnow moved towards
the right in Figure 6 so as to bring the re-
cess 84 into alignment with the passages
79 and 65. The outlet recess 86 is theveby
chut off from communication with the out-
lot 66 and is also shut off from the cross
passage 79. The outlet recess 87, however,
still provides communication from the c¢ylin-
der 73 to the cutlet. As soon as the valve
has completed this movement, the piston 76

‘malkes its rapid return-stroke towards the
right in Tigure 6;

on the completion of
this stroke, during which a fresh charge is
drawn in from the supply-pipe 63, the-piston
pauses again, and the valye 80 is moved back
to the position shown in Figure 5. The
piston 75 thereupon slows down and simul-
taneously the piston 76 commences its de-
livery-stroke so that they are both deliver-
ing simultaneously, the total amount de-
livered being such as to maintain the desired
uniform rate of delivery, This continues

4 , 1,723,874

with the piston 75 slowing down wntil it
stops, having reached the end of its delivery-
stroke, and the piston 76 1s delivering at
the maximum rate. The piston 75 pauses
whilst the valve 80 is moved to the left in
Figure 6 so as to open communication from
the supply-pipe 63 to the evlinder 3
throueh the recess 85, The piston 5 then
malkes its rapid return- ov suction-stroke
and pauses at the end tl ercof. and during
this pause the valve is brought hack again
to the position illustrated in Figure 6.
Meanwhile the piston 76 has been maintali-
ing the full delivery at a uniform rate.
When the piston 75 starts its delivery-
stroke, the motion of the piston 76 slows
down, so that their joint delivery is at the
desired uniform rate. The piston 76 then
reaches the end of its stroke and stops, and
this completes the cycle, the various pavis
having now returned to the position illus-
trated in Figure 6 from which they started.
This cycle of operations is repeated contin-
ucusly, so that a periectly uniform rate of
delivery from the outlet is obtained.

Tt will be appreciated that pumps may be
constructed in various ways in accordance
with this invention, and the particular ar-
angement illustrated wherein the pistons
and valves move endwise, is selected so that
a number of pump-units can be assembled
together as shown in Figures 7 and 8, and
all operated simultaneously by a sin ale dviv-
ing mechanism. Referring to these fig-
ures, it will be seen that a number of the
pump-units are arranged end-to-end  1n
alighment with one another, each moving
part of each unit abutting endsvise the cor-
responding moving part of the next unit
and operating it. The supply-pipe 63 and
the return-flow-pipe 64 similarly alion with

one another to provide a channel extending

throughout the whole length of the series of
pumps. At the end of the series, a special
unit 88 is provided to serve as a guide for
plungers 89, 90, 91 which are aligned with
the valves and pistons respectively. ‘Lhese
plungers are provided with rollers wherehy
they engage cach an operating cam 92, 93,
94, respectively, so that rotation of the cams
causes an endwise movement of the plungers
and of the corresponding parts of the whole
geries of pumps. At the other end of the
serics, the various moving parts abut the
plungers 95 of a hydvaulic or other suitable
yielding pressure-device 96 which effects the
veturn-strokes of the vavious parts, these
strokes being of course governed by the
profile of the cam. It will be appreciated,
however, that the invention is not limnited
to this particular construction of pumps,
for each pair of pumps could be actuated by
its own cams, if so desired.

The viscose, or other liguid, is supplied to
the series of pumps through a pipe-connce-
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tion 97 (see Figure 7) which communicates
with a body-portion having passages regis-
tering respectively with the conduits 63, 64,
and which also has a connecting-passage 98
extending between said conduits. Af the
other end of the series a separate unit 99 is
provided with a similar connecting-passage
100, and conveniently this passage also com-
municates with a valve-controlled outlet 101,
situated at the highest part of the system.
In the passage 98 aforesaid there is provided
a' screw-propeller or other pumping device,
whereby the liquid in the conduits 63, 64 can
be continuously circulated during the opera-
tion of the pumps in order to ensure homo-
geneity of the material supplied to the vari-
ous pumps. When starting up such a series
of pumps, the viscose or other liquid is
allowed to flow in through the inlet 97 so
that it fills the conduit 63 and vises through
the connecting-passages 98, 100, and then
fills the passage 64. Any air in the system
is driven out by the rising liquid through
the outlet 101 whereof the valve is kept open
until the liquid flows out of it. Tt is there-
by ensured that no air is permanently en-
trapped in the circuit and the pumping de-
vice 1n the conduit 98, which device is driven
for example by the pulley 102, can be started,
and then the cams can be set in operation to
drive the pumps in the manner hereinbefore
described. s
When a number of pumps are assembled
end-to-end in the manner illustrated in Fig-
ures 7 and 8, any suitable packing may be
provided to ensure the joints of the conduits
63, 64 being tight, and the various parts are
made of such length that the assembly is
automatically correct. An elastic or yield-
ing packing may be used so as to permit a
reasonable tolerance in the fitting together
of the various parts. Provision may be made
if so desived, for adjusting the length of
any of the moving parts as illustrated on
the end 81 of the valve-member in Figure 6,
to compensate for variations in workman-
ship, ov accumuiations of tolerance, which
might affect the setting of the various parts.
The method of securing the pumps to the
bench is llustrated in Figures 9 and 10. A
channel-section rail 103 is secured on the
bench, and the pump-bodies 104 are so
shaped as to fit into it. Holes are bored
through the side-walls of the channel to give
a substantial clearance to the pins 105, and
these pins ave a close fit in locating-plates
106, 107.  The pins are also a good fit 1n the

ol

body of the pump. When the various pumps

are first assembled, they are accurately
aligned with one another, and the pins 105
ingerted, with the plates 106, 107 loose.
The plates 106, 107 are then locked in posi-
tion, as by the bolts 108, so that the posi-
tion of any pump-unit is accurately deter-
mined. By simply withdrawing the pin 105

S

the pump-body can be removed for inspec-
tion or cleaning, and when it is replaced, it
has only to be aligned, so that the pin 105
can be inserted, and it is then assured that
the pump is properly aligned with the other
units.

Pumping devices in accordance with this
invention may be constructed in various
ways, and Figure 11 illustrates a modifica-
tion. In this case the pump-cylinders are
arranged transversely to the valve-chamber.
The pump-body 109 is provided with three
bores 110, 111, 112 extending longitudinally
through it and serving respectively as the
supply-pipe, the valve-chamber, and veturn-
flow-pipe. The two pumps are constituted
by plungers 113, 114 reciprocating in trans-
verse bores 115, 116 respectively, which com-
municate with the valve-chamber 111. The
valve 117 is of the same construction as that
previgusly deseribed, as also is the outlet
with its controlling valve 118. It will be
seen that this construction of pump can be
made of a smaller length, measured along
the length of the supply-pipe, than the con-
struction previously. deseribed, so that a
larger number of units can be assembled on
a given length of bench. The pistons of
each pump project transversely from the
line of the row of pumps and they may be
operated in any convenient manner, as-for
example, by the mechanism illustrated in
Figures 14—186.

Referring to these drawings, a number of
the pumps or like devices for controlling the
rate of delivery of the liquid are arranged
side-by-side. as indicated dizgrammatically
at 146 with their pistons projecting trans-
versely from the line of pumps as indicated
at 147, 148,

A rectangular frame 149 surrounds the
group of pumps and is constituted by four
frame-members 150, 151, 152 and 158, The
member 150 at the front is arvanged to bear
by its rear edge 154 against the pistons 147
of the group of pumps, and its front edge
155 is formed with the cam-surface whereof
the shape is predetermined according to the
movement which is to be imparted to the
plungers or pistons 147,

To co-operate with the cam-surface 155
there are provided two rollers 156, 157 which
are mounted as shown in Figure 16 in such
a manner that they can be traversed in a
straight line longitudinally of the frame-
member 150, so that the frame is moved in
accordance with the contour of the cam 155,
and in so doing moves the plungers 147.
A pin 158 is secured on the underside of the
frame-member 152 and engages a straight
slot 159 to constitute a guide for the frame
149, so that the frame is supported and
guided in its operative movement at three
points, namely, by the rollers 156, 157 and
by the pin 158.
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Tach of the rollers 156, 157 is mounted as
shown in Figure 16 in a carriage or slide
block 160 which can slide in a slot in the
base-plate. - Each roller also has mounted
on its spindle a gear-wheel 161 which en-
gages a screw-threaded spindle 162 which
1s rotated at a uniform speed.. The rotation
of the wheel 161 received from the spindie
162 causes the roller 156 to roll on the sur-
face of the cam 155 and thereby traverses
the roller along it. The roller 157 is simi-
larly operated, and its screw-threaded
spindle 163 may be oppositely-handed from
the spindle 162 so that the two spindles can
be -coupled together and rotated in one
direction to cause the two rollers to ap-
proach one another, and rotated in the op-
posite direction to cause them to recede from
one another.

A second group of pumps may be ar-
ranged ‘as shown at 164 back-to-back with
the first -group 146, and. operated by a
similar mechanism at the other side of the
bench. In this case the rear frame-member
152 may be used to operate the plungers of
the second group on. their reverse strole,
and similarly, the rear member 165 of the
second frame can operate the plungers of
the first group on their rearward stroke.
With this arrangement it is not necessary to
use pumps in which the plungers or pistons
are moved outwards by the pressure of the
fluid supply as above mentioned. Further-
more, with this arrangement the side-frame-
members are cranked as shown in Figure 15
at 158 in order to clear the other iframe-
members and permit the desired relative
movement of the frames.

Any desired number of groups of pumps
may be arranged along a bench and the
screwed operating-spindles of all the groaps
may be connected together and driven by a
single motor at the end. The operating
mechanism is thereby simplified and con-
siderable economy in. space is effected. It
will be seen that the features of simplicity
of construction and facility for cleaning
and maintenance are provided in this con-
struction with transverse pistons, as in the
previously-described construction,

In order to make clear the great flexi-
bility of design which is possible with
pumps in accordance with this invention,
yet another construction is illustrated in
Figures 12 and 13. In this case, the sup-
ply- and return-flow-pipes are indicated at
119, 120 respectively, and the valve-chamber
121 is arranged with its axis transverse to
that of the supply-pipe. The pump-cylin-
ders 122, 123 ave arranged in the same hori-
zental plane as the valve chamber, one on
each side of it, parallel with it, and extend-
ing in opposite directions from the centre-
line -of the. supply- and  return-flow-con-
duits. The valve 124 is reciprocated by

1,723,874

any convenient mechanism, such for ex-
ample, as a moving frame 125 underncath
the pump, having an upstanding lug 126 to
receive a pin 127 engaged with the end of
the valve-stem.

The other details of construction need not
be described in detail, for it will be obvious
that they may be varied within very wide
limits without departing from the scope of
the invention as set forth in the appended
claims.

It will be appreciated that when a num-
ber of pumps as above described are as-
sembled in a group and all driven by the
same mechanism, it may be desired to stop
the delivery from one pump without inter-
fering with that of the others, and it is for
this reason that the by-pass valve 67 afore-
said has been provided. If the delivery
from a pump is to be stopped, it is only
necessary to adjust the by-pass valve so that
the liquid delivered by it is delivered into
the return-flow-conduit instead of to the
outlet in the normal manner. Also, it
should be noted that the type of control-
ling-valve which is used for these pumps is
one in which the adjustment of the valve
from one position to another does not vary
in any way the cubic content of the charge
or of the chambers within a pump. This is
effected by providing recessed or notched
members so that in normal working the
recess is filled with liquid, and this quantity
of liquid is moved bodily with the valve
as it is moved from its open to its closed
position, and vice versa. Moreover, the ar-
rangement whereby the valve is operated
whilst the pump-plungers ave stationary is
advantageous in that before a pump starts
its delivery-stroke, the outlet-passage Is
fully opened so that there is no throttling
of the flow of liquid which might tend to
produce unknown variations in the rate of
delivery.

A further feature of this invention re-
lates to the lubrication of pumps and like
devices as hereinbefore deseribed. In the
manufacture of artificial silk from viscose,
when the solution is ready for spinning it
is in a state in which it hardens on exposure
to atmosphere and it is desirable that any
such hardening of the solution on parts of
the pump should be avoided, and Figure 17
illustrates diagrammatically an arrange-
ment for obviating this dificulty. The
pumps ave immersed in a solution which
prevents hardening of the viscose and also
prevents corrosion of the pumps and as-
sociated parts themselves.

Referring to Figure 17, the pumps are in-
dicated diagrammatically at 166, and they
are supplied with the spinning solution
through a pipe-connection 167. The pumps
are mounted in a trough-shaped vessel 168
which is filled to a depth sufficient to sub-
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merge them with a dilute alkaline selution,
such for example as a 1% solution of caustic
soda or a 1% solution of sodium carbonate,
This may be supplied to the trough through
a pipe 169 and a drain-cock may be pro-
vided at 170.

Means may also be provided for regulat-
ing the temperature of this bath, such for
example as pipes 171 :through which heat-
ing or cooling mediums may be circulated.
Ethyl-chloride and hot water are suitable
mediums, although many others may be
used. ,

It is preferred to use an alkaline solution
as. above méntioned since it is available as
2 by-product in the process of manufacture
and can readily be made of an appropriate
strength for the purpose above mentioned.
If caustic soda be used it is desirable that
its strength should be not more than 1%,
or alternatively not less than 10%, as the
intermediate strengths are apt to cause a
certain amount of corrosion of iron or steel.
Sodium carbonate can be used, however, in
any strength up to say 10% :without objee-
tionable corrosion occurring.

In order to prevent any contamination
of the alkaline solution by sulphuretted hy-
drogen. or: other sulphur-bearing fumes or
gases which may be present in the atmos:
phere, a thin layer of mineral oil or like
material may be provided on the surface of
the bath.

What I claim as my invention and desire
to secure by Letters Patent is:—

1. In pumping apparatus, the combina-
tion of a cam-cperated reciprocating pump,
an operating cam therefor which is so
shaped as to cause a pause in the operation
at the end of each stroke of the pump, a
second cam-actuated pump, an operating
cam therefor which is so shaped that the
combined delivery of the two pumps is con-
stant at all times, and further that a pause
In the operation is caunsed at the end of
each stroke of the second pump, delivery
passages from each of said pumps which are
distinet from one another, each appropri-
ated to one pump and arranged to deliver
in parallel with the companion passage.

2. In pumping apparatus, the combina-
tion of a cam-operated reciprocating pump,
an - operating cam therefor which is so
shaped as to cause a pause in the operation
at the end of each strolke of the pump, a
second cam-actuated pump, an operating
am_therefor which is so shaped that the
combined delivery of the two pumps is con-
stant at all times, and further that a pause
in the operation is caused at the end of each
stroke of the second pump, supply and deliv-
ery passages for each of said pumps, valve
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means controlling said passages and a valve-
operating mechanism which is actuated dur-
ing the pauses which occur between ‘the
strokes of the pumps.

3. In pumping apparatus, the combina-
tion:of a cam-operated reciprocating pump,
an operating cam therefor which is so shaped
as to cause a pause in the operation at the
end of each stroke of the pump, a second
cam-actuated pump, an operating cam there-
for which is so shaped that the combined
delivery of the two pumps is constant at all
times, and further, that a pause in the opera-
tion is caused at the end of each stroke: of
the second pump, both of said cams being
further so shaped that the maximum rate
of delivery of each pump is maintained
through an appreciable extent of movement
of the cam, as distinet from being merely
ingtantaneous,

4. In pumping apparatus, the combination
of a series of plunger-operated pumps ar-
enged o a row with their plungers dis-
posed and movable cresswise of the row, a
member mounted for movement in a single
plane in which the pump plungers move ex-
tending lengthwise of the row in operative
engagement with said plungers of all of
the pumps, and means for moving said
member - in.:a - direction  transverse to its
length for operating simultaneously all of
said plungers.

5. In pumping apparatus, the combination
of a series of plunger-operated pumps ar-
ranged in a row with their plungers dis-
posed and movable crosswise of the row, a
cam-member having a flat face opposite its
cam face, engaging said plungers by said
flat face, abutments engaging said cam face
and means for traversing said abutments
longitudinally of said cam face.

6. In pumping apparatus the combination
of 2 plurality of cam-operated reciprocat-
ing-plunger pumps arranged in a row with
their plungers disposed and movable cross-
wise of the row, a cam-surface mounted for
movement in a single plane in which the
pump-plungers move and extending length-
wise of the row in operative engagement
with said plangers of all the pumps, a sec-
ond plurality of cam-operated pumps simi-
lar to and co-operating respectively with
said first mentioned plurality, said cam-sur-
faces being so shaped that the combined
delivery of all the pumps is constant at all
times and further that a pause in operation
is caused at the end of each stroke of each
plurality of pumps, and means for moving
each cam-surface in a direction to operate
simultaneously all of its associated plungers.

In testimony whereof I affix my signature.

ERNEST LUNGE.
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