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BRIEF SUMMARY OF THE INVENTION

This invention relates to ink jet printing
systems, and more particularly to an ink delivery system

5 therefor.

The invention is in the same general field as
the ink jet printing system shown in the coassigned
Barney U.S. Patent No. 4,782,817 entitled Ink Set

Printing Systems,
10

issued December 20, 1988.

That system

comprises a plurality of ink jet printheads each supplied

with ink from an ink bottle (133), ink in the bottle

being pressurized for delivery to the printheads by an

air pressure input (135) connected to the bottle.

While

this type of ink delivery system is generally

15

satisfactory insofar as operation of the printheads is

concerned, it has drawbacks in that the printing system
is put out of operation when the ink bottle has been
emptied and is replaced by a fresh bottle, and in that

the ink bottle requires pressurization.
, 792,817,

20 U.8. Patent No. 4

In addition to
reference may also be made to

U.S. Patents 4,555,719, 4,723,131 and 4,924,241.

Among the several objects of this invention may
be noted the pfovision of an ink jet printing system with
an improved means for supplying ink under pressure to the’

25

printhead or printheads of the system which enables

quick, easy replacement of an emptied ink bottle with a
fresh bottle without interrupting the operation of the
printhead; and the provision of such a system which
eliminates pressurization of ink in the ink bottle.

30

In general, an ink jet printing system of this

invention comprises at least one ink jet printhead, and
means for supplying ink under pressure to the printhead
comprising an accumulator for holding a supply of ink
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. Thi's |nvent|on relates to ink jet printing systems, and nore particularly
to an.ink’delivery systemtherefor. The invention is in the sane
general field as the ink jet printing systemshown in the coassigned Barney

U S. Patent No. 4,782,817 entitled Ink Set Printing Systens, issued
Decenber 20, 1988. That system conprises _a plurality of ink jet printheads
each supplied with ink froman ink bottlé (133), ink in the bottle being

pressurized for ellver to t t.heads by n air essure i nput (135)
connected to t /& TESSHRY gg?P §&¥oito] & edBFF?EL aéys?@ﬁa

general |y satlsﬁamﬂmﬁhaﬁqnydhmpgms1@gemamamslbﬂetbhapbentheads hav¢ngcanned,
it has drawbacksg i dibfle W3 Ridntrad® iS%S 8 nber for containing ink and

means pressurizing said expansible chamber means tending

5 to decrease the volume of said chamber, a pump for
pumping ink from an ink supply to said chamber, and means
for effecting operation of the pump to deliver ink from
said supply to said chamber in response to decrease in
volume of said chamber to a predetermined lower limit

10 resulting from delivery of ink from said chamber to said
printhead and for cutting off operation of the pump in
response to increase in volume of said chamber to a
predetermined upper limit resulting from delivery of ink
from said supply to said chamber.

i5 Other objects and features will be in part
apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram of the ink jet printing
system of this invention;

20 Fig. 2 is a top plan view of the accumulator
per se, with parts broken away and shown in section;
Fig. 3 is a bottom plan of Fig. 2;
Fig. 4 is a view in elevation of the right end
of the accumulator as shown in Fig. 2;
25 Fig. 5 is a view in elevation of the left end
of the accumulator as shown in Fig. 2;
Fig. 6 is a central longitudinal vertical
section of the accumulator taken on line 6--6 of Fig. 2;
Fig. 7 is a wiring diagram; and
30 Fig. 8 is a simplified showing of circuitry
illustrated in Fig. 7.
Corresponding reference characters indicate

corresponding parts throughout several views of the
drawings.
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is put out;of operation when the ink bottle has been enptied and is

repl aced by a fresh bottle, and in that the ink bottle requires
pressurization. In addition to U S. Patent No. 4,792,817, reference may
also be made to U S. Patents 4,555,719, 4,723,131 and 4, 924, 241.
Anong the several objects of this inventéon may be noted the provision of
an ink jet printing systemwth an inproved neans for supplying ink under

i ' i ui ck,
asy 1 epl acermoEinien BRsERI BB R, O i (R 2 Fr esh bottl o wit hout
interrupting the operati 8sferring pei khreddawindst hEipsbvinsren of such a
system whi ch eph#itheueardyeesurigat 1oNafl 1hikjbp bPent MkgbQLLlém of
In general . an.pnk L el printing Systemof LS, Lvention cofprises at | east
one ink jet pricAtReddYeskd P

5 printhead, and more particularly a plurality of
printheads each designated 1, and means designated in its
entirety by the reference numeral 3 for supplying ink
under pressure to the printheads. Each printhead may be
of the type shown in the aforesaid U.S. Patents 4,723,131

10 and 4,924,24, which are incorporated herein by reference.
At 5 is generally indicated the accumulator of the system
for holding a supply of ink under pressure for delivery
to the printheads. As will be subsequently described in
detail, the accumulator 5 comprises expansible chamber

15 means 7 having an expansible and contractile chamber 9
for containing ink and means 11 pressurizing said
expansible chamber means tending to decrease the volume
of the chamber 9 and acting to compress ink in the
chamber. At 13 is indicated a pump for pumping ink from

20 an ink supply 15 to the chamber 9, which is a variable
volume chamber. At 17 is generally indicated means for
effecting operation of the pump to deliver ink from said
supply to said chamber in response to decrease in volume
of said chamber to a predetermined lower limit resulting

25 from delivery of ink from said chamber to said printhead
and for cutting off operation of the pump in response to
increase in volume of said chamber to a predetermined
upper limit resulting from delivery of ink from said
supply to said chamber.

30 In detail, the accumulator 5 comprises a body
designated in its entirety by the reference numeral 19
having chamber 9 therein, and constituting a cylinder for
holding a supply of ink under pressure. The body 19 is
made in two parts designated 21 and 23, each of which may

35 be molded of a suitable plastic. Part 21 comprises a
block which is square in cross-section and which has a
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1

- means for supplying ink under pressure to the printhead conprising an
accunul ator for holding a supply of ink

2 under pressure for delivery to the printhead, said

10

15

20

25

30

35

4

cylindrical recess 25 extending from one end face 27 of
the block toward but terminating short of its other end
face 29. The end face 27 is referred to as the rearward
end face of the block; the end face 29 is referred to as
the forward end face. Thus, "forward" means toward the
left and "rearward" means toward the right as viewed in
Figs. 1-3 and 6. Recess 25 is open at its rearward end,
and closed at its forward end by a wall 31 integral with
the block. Part 23 comprises a block of square cross-
section corresponding to the block 21, having a
cylindrical opening 33 extending completely therethrough
from its forward end face 35 to its rearward end face 37.
An annular groove 39 (see Fig. 6) is formed in the
forward end face of the block 23 surrounding the forward
end of opening 33.

At 41 is indicated a member hereinafter
referred to as a piston movable axially in the chamber 9
in block 21 and in the opening 33 in block 23. The
piston, which may be molded of a suitable plastic, is of
cup shape, having a circular forward end wall or head 43
and an annular wall 45 (a cylindrical skirt) extending
rearward therefrom. The piston head 43 and the skirt 45
are coaxial with and of sufficiently smaller diameter
than the cylindrical recess 9 in the block 21 and the
cylindrical opening 33 in the block 23 as to provide for
accommodation of sealing means generally designated 49
for the piston.

The sealing means 49 comprises a flexible
diaphfagm, more particularly a rubber diaphragm,
generally of cup shape, having a circular forward end
wall 51, and a relatively thin annular wall or skirt 53
extending axially from the periphery of the wall 51, with
an outwardly extending annular flange 55 at the end of
the skirt away from the end wall 51. Flange 55 is formed
with a peripheral annular bead 57 which is received in
the annular groove 39. The end wall 51, which
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‘accunul atof conprising expansi bl e chamber neans having an expansi bl e and
contractile chanber for containing ink and neans pressuri zing said
expansi bl e chanber neans tending to decrease the volunme of said chanber, a
punp for punping ink froman ink supply to said chanber, and neans for
effecting operation of the punp to deliver ink fron1sa|d supply to said
chanber in response to decrease in volum® of said cpanbirfto a 4 charb
redeterm ned | ower resujtin ron1deI|very of in rom sai d chanber
Fo sai d print hé’z?&'rﬁ"r"c?q"és H eg:ﬁr ghametercofuipei Andeypdhse to

i ncrease in volqnmﬂ)ftrmalpdsﬂwrbars t@@gﬂ&&&h&ﬁﬁbﬁedlﬂiﬁpaﬁd bmnbré§§éhtl ng

fromdelivery Q Ld chanbe
obj ects and fea ures mn éghﬁﬁﬁ%gg%yapﬁgfghe g WﬁaﬁaPF BSPﬂtéa 8gt
her ei naft er. the piston by means of a circular cap 59 secured to the

5 piston by means of a screw 61 extending through vertical
holes in the cap, the diaphragm end wall 51 and the
piston end wall 43 and threaded in a tapped hole in the
forward end of a piston rod 63 extending rearward from a
socket 65 which extends into the piston end wall 43 from

10 its rearward side. The piston rod 63 extends rearward
from the piston out of the skirt of the piston and
rearward of the body 19, being slidable in a guide 67
outboard of the rearward end of the body 19. This guide
comprises a square plate (it may be molded of plastic)

15 having a central opening 69 in which the piston rod is
slidable. The plate is held in assembly with the body 19
at some distance rearward of the rearward end of the body
by means comprising four rods each designated 71 which
extend between the rear face 37 of the block 23 and the

20 forward face of the plate adjacent the four corners of
the plate and block 23, and screws 73 extending through
holes 75 in the plate adjacent the four corners of the
plate and threaded in tapped holes in the rearward ends
of the rods as indicated at 77 (see Fig. 2). Four

25 elongate screws each designated 79 extend through holes
81 in the blocks 21 and 23.adjacent their four corners
and are threaded in tapped holes in the forward ends of
the rods 71 as indicated at 83. These long screws 79, as
threaded in the forward ends of the rods 71, hold blocks

30 21 and 23 in assembly end-to-end with the bead 57
compressed between the blocks providing a seal for the
chamber 9 at the joint between the two blocks and the end
of the skirt 53 of the diaphragm.

The means 11 for pressurizing the expansible

35 chamber means 7 comprises spring means, more particularly

a coil compression spring 85 surrbunding the piston rod
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. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a diagramof the ink

jet printing systemof this invention; Fig. 2 is atop plan view
of the accumul ator per se, with parts broken away and shown in section;

Fig. 3 is a bottomplan of Fig. 2; Fig. 4is aviewin elevation
of the right end of the accumul ator as shown in Fig. 2; Fig. 5is

aviewin elevation of the left end of thg accunulator as shown in Fig. 2;
Fig. 6 is a central |ongitudinal vertical section of the accunul ator taken

on line 6-6 of EBOredcting from theUpldtéS6? Peéivingli 89ranspaivy
abutment) against the piston 41 biasing the piston to
move forward in the chamber 9 to decrease the volume of
the chamber and thereby pressurize ink in the chamber.

5 At 87 is indicated a housing for the piston and the
spring comprising a metal tube extending between the
rearward side of the body block 23 and the forward side
of the plate 67. The opening 33 in the block 23 has a
counterbore 89 at its rearward end and the plate 67 has a

10 circular recess 91 in its forward face receiving the ends
of the tube and holding it coaxial with the openings 33
and 69 (and coaxial with the piston rod and the spring).

The forward end wall 31 of the body block 21
has a port 93 therein for delivery of ink to and delivery

15 of ink from the chamber 9. BAn elbow 95 is received in
this port and a tee fitting 97 has its stem 99 connected
to the elbow. At 101 (Fig. 1) is indicated a conduit for
ink interconnected between one end of the head 103 of the
tee 97 and the outlet 105 of the pump 13, for delivery of

20 ink to chamber 9 by the pump. At 107 is indicated a
conduit for ink connected to and extending from the other
end of the head 103 of the tee 97 for delivery of ink
from the chamber 9 to the printheads 1 via lines 109
branching off the conduit 101, each branch including an

25 ink regulator 111. 1Ink is supplied to the inlet 113 of
the pump 13 from the ink supply 15 via an ink supply line
115, including a length of flexible tubing 116, having a
guick connect and disconnect coupling member 117 at its
downstream end for quick connection to and guick

30 disconnection from a mating coupling member on the ink
supply 15 (which may be a bottle of ink). Member 117 is
of a well-known type which is closed when disconnected
from and which opens when connected to the mating member.

The pump 13 is driven by an electric motor

35 diagrammatically indicated at 13M, the aforesaid means 17

belng operable to energize the motor to drive the pump

] |i|’iiﬂ‘l‘i‘ii|ﬁi|i“ 1D



.Fig: 8 is.a sinplified show ng of circuftry Illustrated in Fig. 7.
Correspondi ng reference characters indicate correspondi ng parts throughout
several views of the 3

7

when the volume of the expansible and contractile chamber
9, as determined by the position of the piston 41,
decreases to a predetermined lowexr limit, thereby
delivering ink under pressure from the ink supply 15 to
5 the chamber 9. As ink is delivered under pressure to

chamber 9, the piston 41 is forced to move rearward by
the pressure of the ink against the forward bias of the
spring 85 on the piston, the volume of the chamber
thereby increasing. The pump delivers ink under such

10 pressure as to overcome the bias of the spring. The pump
continues in operation until the volume of chamber 9
{i.e., the volume of ink in the accumulator} increases to
a predetermined upper limit, and is then deenergized.
For this mode of operation, the means 17 includes first

15 and second limit switches 119 and 121, each of which is
of the type having a double-throw operating arm having a
roller thereon, for controlling the pump motor, these
switches being actuated and deactuated by the piston rod
63 in accordance with the position of the piston rod and

20 hence in accordance with the position of the piston 41
(reflecting the volume of the chamber 9). These switches
are mounted on the bottom of a bracket constituted by a
plate 123 having a flange 125 secured on the outside of
the plate 67 by the two upper screws 73 with the switches

25 at the level of the piston rod 63. The first switch 119
is mounted on the bottom of the plate 123 in position for
engagement of the roller on its operating arm by the
rearward end 127 of the piston rod 63 when the piston 41
and the piston rod 63 are in a rearward limit position of

30 maximum volume of chamber 9, the parts being illustrated
in this maximum volume position in Fig. 6. In this
position qf the parts, the diaphragm 49 is pulled back
from its forward end at 55 and extends rearwardly to some
extent out of the opening 33 in the rearward boedy part

35 23. The second switch 121 is mounted on the bottom of
the plate 123 forward of and at right angles to switch

TMs&waHmBam&ﬁ
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.DETAI LED DESCRI PTI ON Referring to the draw ngs, first nore
particularly to Fig. 1, an ink jet printing systemof this invention is
shown to conprise at | east one printhead, and nore particularly a plurality
of printheads each designated 1, and neans designated in its entirety by
the reference nuneral 3 for supplying ink under pressure to the printheads.
Each printhead nay be of the type shown ign the aforesaid U S. Patents
4,723,131 and 4, 924,24, which are incorporated herein by reference. At 5 is

general |y indi dat%ednt Iposddrion| fdroremgfagerersy sifethkorolidkedi g &heupply of
okoren oSl A iy RSP P TS 108 e knCpaURsRTuH Y

63 as the piston rod moves forward from its stated
rearward limit position (Fig. 6) to a point where the

5 volume of the chamber 9 is decreased to a predetermined
lower limit such as shown in Fig. 1 the pressure of ink
in chamber 9 also being decreased to a predetermined
lower limit, e.g. 13 p.s.i. At this point, the rearward
end 127 of the piston rides off the roller of switch 121,

10 which results in operation of the pump 13 to pump ink
into chamber 9. At 129 is indicated a third switch,
which may be referred to as the "kill switch" for cutting
off ("killing") the operation of the pump on forward
overtravel of the piston 41 and piston rod 43, such as

15 may occur due to rupture of line 107. This switch is of
the double-throw type having an operating arm with a
rollexr thereon. It is mounted on a bracket 131 attached
to plate 123 as indicated at 133 on the bottom thereof,
in position for engagement of the roller on its operating

20 arm by the bottom of the piston rod 63 as the piston rod
moves forward to a point just forward of the roller on
the operating arm of switch 121, at which point the
rearward end 127 of the piston rod 63 rides off the
roller on the operating arm of switch 129 to allow the

25 switch to open, The switch 129 is illustrated in Fig. 7
for convenience as positioned horizontally, whereas it is
actually positioned with its operating arm and roller at
the top as appears in Figs. 1, 3 and 4.

The motor 13M for the pump 13, the rearward and

30 forward limit switches 119 and 121 and the switch 129 are
interconnected in the circuit 135 diagrammed in Fig. 7
{see also Fig. 8). This circuit comprises a power cord
137 for connection to an A.C. source, a transformer 139
supplied from the power cord via wiring including an on-

35 off switch 141 and a terminal strip 143. An alternate
power source may be established via a power strip 144.

i




. means 7 having an expansi ble and contractile chanber 9 for containing ink
and means 11 pressurizing said expansi bl e chanmber neans tending to decrease
t he vol une of the chanber 9 and acting to conpress ink in the chanber. At
13 is indicated a punp for punping ink froman ink supply 15 to the chamnber
9, which is a variable volune chanber. At 17 is generally indicated neans
for effecting operation of the punp to d®liver ink fromsaid supply to said
chanber in response to decrease in volune of said chanber to a

predet er mi ned TBeefirfrpit Fustherngorpsriees| @ veegtbfiend4% ofed by Wanber

to said printheagnadsdrhet SHE! ANgeDhy PRPIFAIiOR P WHGePUEPhEFb] PSS O
rorsaert vary bR e B ReS ATE hmhy 184 PUSH ek EOES LIRS 0

of the pump motor 13M. Items indicated at 149 and 151 in

5 the circuit are terminal strips shown separated. Each
has terminals 1-6, the terminal 1 on one strip mating
with the terminal 1 on the other, terminal 2 on one strip
mating with terminal 2 on the other, etc. Items 153 and
155 are comnectors, shown separated, for connection to

10 the pump motor 13M. At 157 is indicated a switch
operable to by-pass the switch 129 for operating the pump
13 to supply ink to chamber 9 to start operations. At
159 is indicated a signal, e.g. a strobe light, to signal
that switch 129 has been tripped to kill operation of the

15 pump. The relay 147 has a set of contacts 161 in series
with the upper limit switch 119 and a set of contacts 163
in series with the pump motor 13M and the switch 157,

To start operation of the accumulator, switch

157 is actuated, resulting in actuation of the relay 147

20 via switch 121 to close contacts 161 and 163. The relay
latches itself in via contacts 161 and switch 119. With
relay contacts 163 thus closed, the pump motor 13M is
energized to drive the pump 13 thereby delivering ink
under pressure to the chamber 9 of the accumulator. If

25 the piston rod started in a forward position wherein its
rearward end was forward of the operating roller of
switch 129, as soon as its rearward end engages this
operating roller it trips switch 129 to the position
(Fig. 8) where it completes a circuit for the pump motor

30 through the closed contacts 163 and the start switch 157
may then be released, the pump continuing in operation.
As the chamber 9 fills with ink, the piston 41 and the
piston rod 63 are driven rearward to the point where the
piston rod actuates switch 119, which opens the relay

35 circuit thereby opening contacts 163 and stopping the
pump. At this point, the chamber 9 is at maximum volume
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n detail, the accunul ator 5 conprises a body designated in its entirety by
the reference nuneral 19 having chamber 9 therein, and constituting a
cylinder for holding a supply of ink under pressure. The body 19 is nmade in
two parts designated 21 and 23, each of which may be nol ded of a suitable
plastic. Part 21 conprises a block which is square in cross-section and
whi ch has a 10
full of ink at a predetermined maximum pressure, e.g. 17
p.s.i. Spring 85 biases the piston 41 forward tending to
decrease the volume of chamber 9 and pressurizing ink
therein tending to force the ink out of chamber 9 via
5 port 93, elbow 95, tee 97 and line 107 to branch lines
109 feeding the printheads 1. As the printheads deliver
jets of ink in the course of their operation, the piston
41 moves forward under the bias of spring 85 in
accordance with the discharge of ink from chamber 9, with
10 resultant decrease in the volume of chamber 9. When the
volume decreases to the stated predetermined lower limit
such as illustrated in Fig. 1, the piston rod 63 reaches
the point where its rearward end 127 rides forward off
the roller of switch 121, and this switch is thereby
15 thrown to a closed position wherein the relay 147 is
energized. The relay thereupon establishes the circuit
for the pump motor 13M, and the pump 13 is thereupon
driven to pump ink under pressure from the ink supply 15
to chamber 9 via lines 116, 115 and 101 and the tee 97,
20 elbow 95 and the port 93 in the forward end wall 31 of
the body 19 of the accumulator. Ink delivered under
pressure to chamber 9 drives piston 41 and the piston rod
63 back rearward, increasing the volume of the chaﬁber.
The relay 147 remains latched in for maintaining the pump
25 motor 13M energized until the rearward end 127 of the
piston rod 63 engages the roller of the rearward limit
switch 119 and opens it, which deenergizes the relay and
cuts off the motor. Thus, the accumulator is recharged
with a full volume of ink, and the process repeats
30 itself. It will be observed that the pressure of ink in
chamber 9 is maintained between 13 p.s.i. and 17 p.s.i.,
for example.
The system is such that the ink supply line
116, 115 may be disconnected from the ink supply
35 (bottle)l5 when the latter is emptied, a fresh ink supply
(bottle) set in place replacing the empty bottle, and the
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. 4 cylindrical recess 25 extending fromone end face 27 of the bl ock toward
but t-erminating short of its other end face 29. The end face 27 is referred
to as the rearward end face of the block; the end face 29 is referred to as
the forward end face. Thus, "forward" neans toward the left and "rearward"
means toward the right as viewed in Figs. 1-3 and 6. Recess 25 is open at
its rearward end, and closed at its forMard end by a wall 31 integral with

the bl ock. Part 23 conprises a block of square cross- section correspondi ng
to the bl ock #pk suppdy dine 116, 115 connected to the fresh ink

supply while the accumulator continues during the change
over to the fresh supply to supply ink to the printheads
without interruption. Thus, during the changeover, the

5 piston 41 under the bias of the spring 85 continues to
force ink under pressure out of the chamber 9 for
delivery via line 107 and branch lines 109 to the
printheads.

In view of the above, it will be seen that the

10 several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in

15 .the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in
a limiting sense.
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cylfndrical openi ng 33 extending conpletely therethrough fromits forward
end face 35.ta its rearward end face 37. An annul ar groove 39 (see Fig. 6)
is formed in the forward end face of the block 23 surroundi ng the forward

end of openi At 41 is indicated a nenber hereinafter
referredptollmml""lurullwm le axially in the chanber 9 in block 21 and in
the opening 33 i*n bl okk 23.* The pi ston, wyhich nmay be nolded of a suitable
plastic, is of cup shape, having a circular forward end wall or head 43 and
an annul ar wal | céazg cylindrical skirt) extending rearward therefrom The
pi ston head 43 and the skirt 45 are coaxial with and of sufficiently

snal l er diameter than the cylindrical recess 9 in the block 21 and the
cylindrical opewHA® 28 CoAfLMEDbISck 23 as to provide for

1. An ink jet printing system comprising at
least one ink jet printhead and means for supplying ink
under pressure to the printhead wherein said means
comprises:

5 an accumulator for holding a supply of ink
under pressure for delivery to the printhead, said
accumulator comprising expansible chamber means having an
expansible and contractile chamber for containing ink and
means pressurizing said expansible chamber means tending

10 to decrease the volume of said chamber;

a pump for pumping ink from an ink supply to
said chamber; and

means for effecting operation of the pump to
deliver ink from said supply to said chamber in response

15 to decrease in volume of said chamber to a predetermined
lower limit resulting from delivery of ink from said
chamber to said printhead and for cutting off operation
of the pump in response to increase in volume of said
chamber to a predetermined upper limit resulting from

20 delivery of ink from said supply to said chamber.

2. BAn ink jet printing system as set forth in

claim 1 wherein said expansible chamber means comprises a
body having a chamber therein, and the pressurizing means
comprises a member movable in the chamber in one

5 direction for decreasing the volume of the chamber and in
the opposite direction for increasing the volume in the
chamber, and spring means biasing said member to move in
said one direction.
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-acconnDdatlon_QL_seal|ng means generally designated 49 for the piston.
The sealing neans 49 conprises-a flexible diaphragm nore particularly a

rubber di aphraﬁmmm cup shape, having a circular forward end
wal | 51, and a ﬂ ﬂ“ﬂq annul ar wall or skirt 53 extending axially
fromthe periph&ry®oft te wal ¥ 51, with an outwardly extending annul ar

flange 55 at the end of the skirt away ftdmthe end wall 51. Flange 55 is

formed with a peripheral annul ar, bead 57 which is received in the annul ar
groove 39. The end wal | 5i; v ckrk jet printing system as set forth in

claim 2 having an ink supply line connected to the pump
and connectable to and disconnectable from the ink supply
for supplying ink to the pump from said ink supply, and

5 an ink delivery line connected to the pump for delivery
of ink from the pump to the said chamber.

4. An ink jet printing system as set forth in
claim 3 -wherein the ink supply line has an end with a
quick connect and disconnect coupling member for quick
connection to and quick disconnection from the ink
5 supply.

5. An ink jet printing system as set forth in
claim 2 wherein said chamber is a cylindrical chamberx
having a forward end and a rearward end, and said movable
member comprises a piston movable axially in the chamber,

5 said spring means biasing the piston to move forward in
the chamber, and said system having sealing means for the
piston.

6. An ink jet printing system as set forth in
claim 5 wherein said sealing means comprises a generally
cup-shaped flexible diaphragm having an annular wall
extending axially in said cylindrical chamber, said

5 diaphragm having its said annular wall secured at one end
thereof constituting its forward end to the piston in
sealed relation with respect to the piston with said
annular wall in surrounding relation with respect to the
piston and secured at its other end to the body adjacent

10 the rearward end of the body in sealed relation with
respect to the body, said system further having a piston
rod extending from the piston out of the rearward end of
said body, said spring means comprising a coil
compression spring surrounding the piston rod acting

Ths&wafhsBamlkﬁN
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.5 corresponds in diameter to the djanmeter of the end wall 43 of the
piston, is engaged flatwise with and conpressed agai nst the forward face of

the end wall or hﬁi Iﬂﬁﬂﬂﬂlﬂ”ﬂ' n by means of a circular cap 59 secured
to the piston by ’K 1 extending through vertical holes in
t he cap, the dlaphragn1enﬂ whl 15 5% and the piston end wall 43 and threaded
in a tapped hole in the 14
15 against the piston to bias it forward in the said
chamber.

7. An ink jet printing system as set forth in
claim 6 wherein the piston is generally of cup shape
having a forward end wall and an annular wall extending
back from the forward end wall, the diaphragm having its

5 forward end wall engaging and secured to the forward end
wall of the piston.

8. An ink jet printing system as set forth in

claim 7 wherein the bbdy comprises a forward part having
a chamber extending forward from one end thereof
constituting its rearward end and a rearward part having

5 an opening therein extending from one end thereof
constituting its forward end to its other end
constituting its rearward end, said forward and rearward
parts being secured together end-to-end with the said
other end of the diaphragm having a portion clamped

10 between the rearward end of said forward part of the body
and the forward end of said rearward part of the body.

9. An ink jet printing system as set forth in
claim 8 wherein the piston rod extends rearward out of
the said rearward part of the body, and wherein the
accumulator has a guide for the piston rod outboard of

5 the body, spaced from the rearward end of the body, said
guide having an opening in which the piston rod is
slidable, the spring surrounding the piston rod between
the guide and the piston and reacting from the guide.

10. An ink jet printing system as set forth in
claim 1 wherein the pump is driven by an electric motor
and wherein the means for effecting operation of the pump
comprises a first limit switch operable in response to

5 increase in volume of said chamber to said predetermined
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f or war d end of-a—prstOﬁ rod 63 extending rearward froma socket 65 which
extends into th 43 fromits rearward side. The piston rod
63 extends rear lllgm MB' ton out of the skirt of the piston and
rearward of the M | idable in a guide 67 outboard of the

rearward end of the body 19. This guide ?Enprises a square plate (it may be
nol ded of plastic) having a central openfhg 69 in which the piston rod is

slidable. The [ t Q§Q¥: nce
rearward of thg‘!l %Itmgr (r)%&?%g bo%lf“i/\%y&rr%%%s onpri SI n fourégnsés each
desi gnated 71 wh¢omeeue@m@ h@tVﬂ%#m%tﬂﬁrsﬁﬂdehﬁmhﬁr(ﬁOtSﬂﬂ | ock 23 and the

forward face Of% Lt &G P AhEnddl BGREL 1181 € OUsa £ AR s tﬂlﬁrﬁi adchridick &Y ock
23, and screws 73 extendl g %hrou h holes 75 in the Iate acent the f our
corners of the in circuil or s artlng the pump mo or on a tuatlon

10 the second limit switch and holding the motor in
operation until the first switch is actuated.

11, An ink jet printing system as set forth in
claim 6 wherein the pump is driven by an electric motor
and wherein the means for effecting operation of the punp
comprises a first limit switch operable in response to

5 increase in volume of said chamber to said predetermined
upper limit, a second limit switch operable in response
to decrease in volume of said chamber to said
predetermined lower limit, said first switch being
located outside the body and operable by the piston rod

10 on rearward movement thereof to the point where the
volume of said chamber is increased to said upper
predetermined limit, said second switch being located
outside the body rearward thereof and operable by the
piston rod upon forward movement of the piston rod to the

15 point where the volume of said chamber is decreased to
said predetermined lower limit.

12. An ink jet printing system as set forth in
claim 11 wherein the piston rod extends rearward out of
the said rearward part of the body, and wherein the
accumulator has a guide for the piston rod outboard of

5 the body spaced from the rearward end of the body, said
guide having an opening in which the piston rod is
slidable, the spring surrounding the piston rod between
the guide and the piston and reacting from the guide.
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pl at.e and Threaded i rr‘"t'appéd hol es ikxn the rearward ends of the rods as

I ndi cat e Y i 2). Four elongate screws each designated 79
ext end tqummjﬂ.ﬂﬁmlm b t he bl ocks 21 and 23 adjacent their four corners
' (& holes in the forward ends of the rods 71 as

and are threade _
I ndi cated at 83. These |long screws 79, ai threaded in the forward ends of
‘the rods 71, hold blocks 21 and 23 in as %nbly end-to-end with the bead 57

conpressed between the blpgks i s C l t he
joinﬁt bet ween the twg bl oic)jlpgs %%’g %%oéﬁﬁ%gggfgs{%%&g%mﬁe%gﬁ%hﬁggm

The means 11 f & 3feduiaqing t%é’%imﬂ‘@f@%@@eﬁn@ewiendd@mﬂ ses
spring nmeans, neearweard ifnonrdgid qifide,C WHIE SWitEhsR' Had nP oM td dnng
the piston rOdsaid bracket in position for actuation thereof by the

5 piston rod.

14. An ink jet printing system as set forth in
claim 13 wherein the first limit switch is positioned for
actuation thereof by the rearward end of the piston rod
as the piston rod moves rearward to the point where the

5 volume of said chamber is increased to said upper
predetermined limit, and wherein the second limit switch
is positioned forward of the second for actuation thereof
as the rearward end of the piston rod travels forward
past said second limit switch.

15. An ink jet printing system as set forth in
claim 14 further having a third switch positioned for
actuation thereof by the piston rod as the rearward end
of the piston rod travels forward past said second limit

5 switch for cutting off operati'on of the pump.
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6 63 reacting fromthe plate 67 (serving as a spring abutment) against the
pi ston 41 biasing the piston to nove forward in the chanber 9 to decrease
the volune of the chanber and thereby pressurize ink in the chanber.

17

ABSTRACT OF THE DISCLOSURE

An ink jet printing system having an ink
accumulator holding a supply of ink for delivery under
pressure to printheads of the system, the volume of the

5 supply decreasing as ink is delivered to the printheads,
and a pump operable intermittently to pump ink from a
supply to the accumulator when the volume in the
accumulator decreases to a lower limit, operation of the
pump being terminated when the volume in the accumulator

10 increases to an upper limit.

asBmmRTMWﬁ

Hlllll\ M



At 87 is indicated a housing for the piston and the spring conprising a
netal tube extendi ng between the yedrwapd side the body bl ock 23 and the
forward S|de @’ufypl ate 67. The| opefii'ng 33 i bl ock 23 has a

count erbore ‘8 ts rear d en d the pl 67 has a circul ar recess
91 in its forward face reddivi e en etu??(and hol ding it

coaxial with the openi Wd coaxi the piston rod and
t he spring). _; ’ézg for fg wal I 33 of the body bl ock 21 has a
port 93 therein for™gg]ivery of 1Tk to and dett ink fromthe chanber

9. An elbow 95 is recelved in this port and a-tee fitting 97 has its stem
99 connected to the- b 4&(— i-g.-l-)—-i-s-L-n-d.i.c.aLed_.a_c.onduiI_ or ink
i nt er connect eg(a)}ggg_u oné%epd o e heatf 10727 the tee 9;,;1% t‘{we out | et
105 ‘of the pur?)éB for df ) /2/
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| HRH ARE] QA 0 1nml
ink to chanber 9 by the punp. At 107 is indicated a conduit for ink
connected to and extending fromthe other end of the head 108 of the tee 97
for delivery of ink fromthe chanber 9 to the printheads 1 via |ines 109
branching off the conduit 101, each branch including an ink regulator 111.
Ink is supplied to the inlet 113 of the punp 13 fromthe ink supply 15 via
an ink supply line 1156Cr'g5ﬁ g a length of flexible tubing 116, having a
gui ck connect and. di scOnne coupling g&aﬁz 117 at its downstreamend for
gui ck connection to and qui ck di sconng fromgZ mati ng coupl i-ng nmenber
on the ink supply 15 (which may be a [ NZ&17 is of a

wel | - known type which is closed whenjzs, 1;;; 3 I ch opens when
connected to the mati ng nge i {1 g is driven by an
el ectric notor

73




di agrammatically indicated at 13M the aforesaid neans 17 being operable to

energi ze the notor to drive the punp
when the vol une of the expansible and co
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9, as determned by the position of the piston 41,
limt,

pr edet er m ned

chanber 9,

ower

t hereby delivering ink under
i nk supply 15 to the chanber 9. As ink is delivered under
the piston 41 is forced to nove rearward by the pressure o
Lnk against the forward bias of the spring 85 on the piston,

decr§ms$sﬂﬂbw umRﬁimxd

Hhe

t he vol ume of

t he chanber thereby increasing. The punp delivers ink under such pressure

as to overco
until the vol
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node of operati
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roller thereon, for controlling the punp notor, these sw_tches being
actuated and deactuated by the piston rod 63 _in accordance wth the
position of the piston rod and hence in accor ; Rl sition of the
piston 41 (reflecting the volune of the chanb itches are
mount ed on-the bottom of a bracket constitute 3 having a

fl ange 125 secured on the outside of the plate 67 by the two upper screws
73 with the smﬁtﬁzﬁzkgg;gge | evel of the piston rod 63. The first switch
119 is nounted o omof the plate 123 in position for engagenent of
the roller ﬁn its operating armby the rearward end 127 of the piston rod
63 when the pﬂston 41 %Egsﬁpe piston rod 63 are in a rearward linft

posi tion of {maxi num vol of chanmber 9, the parts being illustrafed in

t hi s maxi murp vol une pOT?tion in Fig. 6. In this

/29 Z/
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position-of the parts, the dirapfiragm 49 is pulled back fron1|ts forward end
at 55 and extends rearmardly to sonelextent out of the openlng 33 n the™ '?TT_"
r ear wargl body ﬁa?t“?%d“Thé” éé&pd '
t he. pl at"é 123 ﬁormm of aH‘oP’" vign

£ paped. o paned

conT et cpeped o to \J,U.d ......... / ’ o LA ST "R
!‘_ . R i 1 v g sl Woen vapeod e
Ly T ;

| I —

INK JET PRINTING SYSTEM;

BRIEF SUMMARY OF.THE INVENTION

This invention relates to ink jet printing
systems, and more particularly to an ink delivery system
therefor.

The invention is in the same general field as
the ink jet printing system shown in the coassigned
Barney U.S. Patent No. 4,782,817 entitled Ink Set
Printing Systems, issued December 20, 1988. That system
comprises a plurality of ink jet printheads each supplied
with ink from an ink bottle (133), ink in the bottle -
being pressurized for delivery to the printheads by an
air pressure input (135) connected to the bottle. While
this type of ink delivery system is generally
satisfactory insofar as operation of the printheads is
concerned, it has drawbacks in that the printing system
is put out of operation when the ink bottle has been
emptied and is replaced by a fresh bottle, and in that
‘the ink bottle requires pressurization. In addition to

i U.S. Patent No. 4,792,817, reference may alsc be made to
U.S. Patents 4,555,719, 4,723,131 and 4,924,241.

Among the several objects of this invention may
be noted the provision of an ink jet printing system with
an improved means for supplying ink under pressure to the
printhead or printheads of the sysitem which enables
quick, easy replacement of an emptied ink bottle with a
fresh bottle without interxupting the operation of the
printhead; and the provision of such a system which
eliminates pressurization of ink in the ink bottle.

In general, an ink jet printing system of this
invention comprises at least one ink jet printhead, and
means for supplying ink under pressure to the printhead
comprising an accumulator for holdlng a supply of ink

REPLACEMENT SHEET
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8« 119 in position for engagenent of the roller on the operating arm of
switch 121 by one side of- the piston rod 63 as the piston rod noves forward
fromits stated rearward limt position (Fig. 6) to a peint where the
vol.une of the chanber 9 is decreased to a predetermined lower limt such as
shown in Fig. 1 the pressure of ink in chanber 9 al so being decreased to a
predetermned lower limt, e.g. 13 p.s.%i At this point, the rearward end
127 of the piston rides off the roller ©f switch 121, which results in

Chird s ton i iPressie Rt TaehiveR & PR M fotfad i /safe ' Uit ing
accumulator comprising expansible chamber means having an
expansible and contractile chamber for containing ink and
means pressurizing said expansible chamber means tending
to decrease the volume of said chamber, a pump for
pumping ink from an ink supply to said chamber, and means
for effecting operation of the pump to deliver ink from
said supply to said chamber in response to decrease in
volume of said chamber to a predetermined lower limit
resulting from delivery of ink from said chamber to said
printhead and for cutting off operation of the pump in
response to increase in volume of said chamber to a
predetermined upper limit resulting from delivery of ink
from said supply to said chamber.

Other objects and features will be in part
apparent and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram of the ink jet printing
system of this invention;

Fig. 2 is a top plan view of the accumulator
per se, with parts broken away and shown in section;

Fig. 3 is a bottom plan of Fig. 2;

Fig. 4 is a view in elevation of the right end
of the accumulator as shown in Fig. 2;

Fig. 5 is a view in elevation of the left end
of the accumulator as shown in Fig. 2;

Fig. 6 is a central longitudinal vertical
section of the accumulator taken on line 6--6 of Fig. 2;

Fig. 7 is a wiring diagram; and

Fig. 8 is a simplified showing of circuitry
illustrated in Fig. 7.

Corresponding reference characters indicate
corresponding parts throughout several views of the

drawings. e
g REPLACEMENT SHE?;
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off‘("killing") t he operation of the punp on formardge¥eL£ravnl af _th
RERVACEMENT SHERE

piston 41 and piston rod 43, such as may occur due t
This switch is of the double-throw type having an opgr
rol l.er thereon. It is mounted on a bracket 131 attache
I ndicated at 133 on'the bottomthereof, in position Jo

roller on its operating armby the bottgn]Df t he pisfontrod 63 as_tlhe
forward of fhe roller on the

pi ston rod noves forward to a point jus

operati ng arntﬁréééh%¥+léﬁélﬁg$¥e¢iCh poi nt the rearward-end /
pi ston rod 63ﬁ§& tb X aWon the operating armof switch 12

allow the switch to operReffgwring tiuh theo drawinasst rfHtwst imod& g. 7 for

e

9 to -

conveni ence a%dyasiddietl NS 12001 o | van WK SRk it AR Wdulad @ U oned

withits operqﬁing armand roler

is’ invention is shown to comprise at least ane
printhead, and more particularly a plurality of
printheads each designated 1, and means designated in its
entirety by the reference numeral 3 for supplying ink
under pressure to the printheads. Each printhead may be
of the type shown in the aforesaid U.S. Patents 4,723,131
and 4,924,24, which are incorporated herein by reference.
At 5 is generally indicated the accumulator of the system
for holding a supply of ink under pressure for delivery
to the printheads. As will be subsequently described in
detail, the accumulator 5 comprises expansible chamber
means 7 having an expansible and contractile chamber 9
for containing ink and means 1l pressurizing said
expansible chamber means tending to decrease the volume
of the chamber 9 and acting to compress ink in the
chamber. At 13 is indicated a pump for pumping ink from
an ink supply 15 to the chamber 9, which is a variable
volume chamber. At 17 is generally indicated means for
effecting operation of the pump to deliver ink from said
supply to said chamber in response to decrease in volume
of said chamber to a predetermined lower limit resulting
from delivery of ink from said chamber to said printhead
and for cutting off operation of the pump in response to
increase in volume of said chamber to a predetermined
upper limit resulting from delivery of ink from said
supply to said chamber.

In detail, the accumulator 5 comprises a body
designated in its entirety by the referemnce numeral 19
having chamber 9 therein, and constituting a cylinder for
holding a supply of ink under pressure. The body 19 is
made in two parts designated 21 and 23, each of which may
be molded of a suitable plastic. Part 21 comprises a
block which is square in cross-section and which has a



e ot

the top as appears in Figs. 1, 3 and 4. The ﬁﬂﬂﬁﬁgﬁéﬂlfbﬁdihb
punp 13, the rearward and forward limt sw tches 119{afd 121 and the} switch
129 ar'e interconnected in the circuit 135 diagramediin g MAR 8%k I‘,;o
Fig. 8). This circuit conprises a power cord 137 for jcqnnection to an A C

source, a transformer 139 supplied fromthe power corld ¥wtawWwTTTg |nchgd|ng
an on- off switch 141 and a termnal strip 143. An aliternate power

may be established via a power strip 144

cylindrical recess 25 extending from one end face 27 of
the block toward but terminating short of its other end
face 29. The end face 27 is referred to as the rearward
end face of the block; the end face 29 is referred to as
the forward end face. Thus, "forward" means toward the
left and "rearward” means toward the right as viewed in
Figs. 1-3 and 6. Recess 25 is open at its rearward end,
and closed at its forward end by a wall 31 integral with
the block. Part 23 comprises a block of square cross-
section corresponding to the block 21, having a
cylindrical opening 33 extending completely therethrough
from its forward end face 35 to its rearward end face 37.
An annular groove_39 (see Fig. 6) is formed in the
forward end face of the block 23 surrounding the forward
end of opening 33.

At 41 is indicated a member hereinafter
referred to as a piston movable axially in the chamber 9
in block 21 and in the opening 33 in block 23. The
piston, which may be molded of a suitable plastic, is of
cup shape, having a circular forward end wall or head 43
and an annular wall 45 (a cylindrical skirt) extending
rearward therefrom. The piston head 43 and the skirt 45
are coaxial with and of sufficiently smaller diameter
than the cylindrical recess 9 in the block 21 and the
cylindrical oﬁening 33 in the block 23 as to provide for
accommodation of sealing means generally designated 49
for the piston.

The sealing means 49 comprises a flexible
diaphfagm, more particularly a rubber diaphragm,
generally of cup shape, having a circular forward end
wall 51, and a relatively thin annular wall or skirt 53
-extending axially from the periphery of the wall 51, with
an outwardly extending annular flange 55 at the end of
the skirt away from the end wall 51. Flahge 55 is formed
with a peripheral annular bead 57 which is received in
the annular groove 39. The end wall 51, which
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9 « The circuit further conprises a rectifier 145 fed by t eR AL ngﬁér gﬁa
a relay 147 which is under control of the linmt switches 11p and 121 and [
whi ch' control s operation of the punp notor 13M Itens indjc t%mmm arl'd
151.in the circuit are termnal strips shown separated. ch has ternlnals
1-6, the terminal 1 on one strip mating with the term nal
termnal 2 on one strip mating with termnal 2 on the ot
and 155 are connectors, shown separated? for connection to

corresponds in diameter to the diameter of the end wall
43 of the piston, is engaged flatwise with and compressed
against the forward face of the end wall or head 43 of
the piston by means of a circular cap 59 secured to the
piston by means of a screw 61 extending through vertical
holes in the cap, the diaphragm end wall 51 and the
piston end wall 43 and threaded in a tapped hole in the
forward end of a piston rod 63 extending rearward from a
socket 65 which extends into the piston end wall 43 from
its rearward side. The piston rod 63 extends rearward
from the piston out of the skirt of the piston and
rearward of the body 19, being slidable in a guide 67
outboard of the rearward end of the body 19. This guide
comprises a square plate (it may be molded of plastic)
having a central opening 69 in which the piston rod is
slidable. The plate is held in assembly with the body 19
at some distance rearward of the rearward end of the body
by means comprising four rods each designated 71 which
extend between the rear face 37 of the block 23 and the
forward face of the plate adjacent the four corners of
the plate and block 23, and screws 73 extending through
holes 75 in the plate adjacent the four corners of the
plate and threaded in tapped holes in the rearward ends
of the rods as indicated at 77 (see Fig. 2). Four
elongate screws each designated 79 extend through holes
81 in the blocks 21 and 23 adjacent their four corners
and are threaded in tapped holes in the forward ends of
the rods 71 as indicated at 83. These long screws 79, as
threaded in the forward ends of the rods 71, hold blocks
21 and 23 in assembly end-to-end with the bead 57
compressed between the blocks providing a seal for the
chamber 9 at the joint between the two blocks and the end
of the skirt 53 of the diaphragm.

The means 11 for pressurizing the expansible
chamber means 7 comprises spring means, more particularly
a coil compression spring 85 surrounding the piston rod
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the punp notor 13M At 157 is indicated a switch op r%@pgﬁﬁﬁﬁ%yiﬁggg &he
switch 129 for operating the punp 13 to supply ink tojchanber 9 to start
operations. At 159 is indicated a signal, e.g. a stfobe g% iR 997 Sj gnal
that switch 129 has been tripped to kill operation ¢f jthe punp. The relay
147 has a set of contacts 161 in series with the upper—timt—swtct 119 and
a set of contacts 163 in series with the punp notor {13M and the switch 157.
To start operation of the accunulator, switch 157 is actuated, resulting in

actuation of e rel 47 Vi a. Sw 2% At I cQnt ac 1 and 163.
The rel ay | attc6 ege?tc?é{ln# izzrfo\l/nl é:%ceoh&raéc]es jﬁfﬁs%ﬁ?figﬁ gghal%gl.r th relay -
contacts 163 ehudmenddedgaimstpdme mpdisdon] 3W bs asioggithed pisteni Lo t he punp

;gchnﬁ[gfgréeh?W%rk@&dé@& YRd&h P iiiie 60 thhBethERer tRelkoilife of
the chamber and thereby pressurize ink in the chamber.
At 87 is indicated a housing for the piston and the
spring comprising a metal tube extending between the
rearward side of the body block 23 and the forward side
of the plate 67. The opening 33 in the block 23 has a
counterbore 89 at its rearward end and the plate 67 has a
circular recess 91 in its forward face receiving the ends
of the tube and holding it coaxial with the openings 33
and 69 (and coaxial with the piston rod and the spring).

The forward end wall 31 of the body block 21

has a port 93 therein for delivery of ink to and delivery
of ink from the chamber 9. BAn elbow 95 is received in
this port and a tee fitting 97 has its stem 99 connected
to the elbow. At 101 (Fig. 1) is indicated a conduit for
ink interconnected between one end of the head 103 of the
tee 97 and the outlet 105 of the pump 13, for delivery of
ink to chamber 9 by the pump. At 107 is indicated a
conduit for ink connected to and extending from the other
end of the head 103 of the tee 97 for delivery of ink
from the chamber 9 to the printheads 1 wvia lines 109
branching off the conduit 101, each branch including an
ink regulator 111. Ink is supplied to the inlet 113 of
the pump 13 from the ink supply 15 via an ink supply line
115, including a length of flexible tubing 116, having a
guick connect and disconnect coupling member 117 at its
downstream end for quick connection to and gquick
disconnection from a mating coupling member on the ink
supply 15 (which may be a bottle of ink). Member 117 is
of a well-known type which is closed when disconnected
from and which opens when connected to the mating member.

The pump 13 is driven by an electric motor
diagrammatically indicated at 13M, the aforesaid means 17
being operable to energize the motor to drive the pump
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where it conpletes a circuit for the punp notor throygh
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he operating roller of switch 129, as sodn jas—t+ts—rearwatd
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start switch 157 may then be rel eased, tHhe lpunp._continuihgii

operation. As the chanber 9 fills with ink, the pistcn 41 and the plst

rod 63 are d
switch 119,
stoppi ng the

riven rearward to the poinf7mhere t he p
", S b i 0 R S SR b
9, as determined by the position of the piston 41,
decreases to a predetermined lower limit, thereby
delivering ink under pressure from the ink supply 15 to
the chamber 9. As ink is delivered under pressure to
chamber 9, the piston 41 is forced to move rearward by
the pressure of the ink against the forward bias of the
spring 85 on the piston, the volume of the chamber
thereby increasing. The pump delivers ink under such
pressure as to overcome the bias of the spring. The pump
continues in operation until the volume of chamber 9
{(i.e., the volume of ink in the accumulator) increases to

a predetermined upper limit, and is then deenergized.

For this mode of operation, the means 17 includes first
and second limit switches 119 and 121, each of which is
of the type having a double-~throw operating arm having a
rollexr thereon, for controlling the pump motor, these
switches being actuated and deactuated by the piston rod
63 in accordance with the position of the piston rod and
hence in accordance with the position of the piston 41
{reflecting the volume of the chamber 9). These switches
are mounted on the bottom of a bracket constituted by a
plate 123 having a flange 125 secured on the outside of
the plate 67 by the two upper screws 73 with the switches
at the level of the piston rod 63. The first switch 119
is mounted on the bottom of the plate 123 in position for
engagement of the roller on its operating arm by the
rearward end 127 of the piston rod 63 when the piston 41
and the piston rod 63 are in a rearward limit position of
maximum volume of chamber 9, the parts being illustrated
in this maximum volume position in Fig. 6. In this
position of the parts, the diaphragm 49 is pulled back
from its forward end at 55 and extends rearwardly to some
extent out of the opening 33 in the rearward body part
23. The second switch 121 is mounted on the bottom of
the plate 123 forward of and at right angles to switch

Yas

{ end

tacts

bn

and



10 full of ink at a predeterm ned maxi num pressure, e.Jg.
85 biases the piston 41 forward tending to decrease the vpl
and pressurizing ink therein tending to force the ink out
port 93, elbow 95, tee 97 and line 107 to branch lines 1Q9 {f e@8i MAR
printheads 1. As the printheads deliver

119 in position for engagement of the roller on the
operating arm of switch 121 by one side of the piston rod
63 as the piston rod moves forward from its stated
rearward limit position (Fig. 6) to a point where the
volume of the chamber 9 is decreased to a predetermined
lower limit such as shown in Fig. 1 the pressure of ink
in chamber 9 also being decreased to a predetermined
lower 1limit, e.g. 13 p.s.i. At this point, the rearward
end 127 of the piston rides off the roller of switch 121,
which results in operation of the pump 13 to pump ink
into chamber 9. At 129 is indicated a third switch,
which may be referred to as the "kill switch" for cutting
off ("killing") the operation of the pump on forward
overtravel of the piston 41 and piston rod 43, such as
may occur due to rupture of line 107. This switch is of
the double-throw type having an operating arm with a
roller thereon. It is mounted on a bracket 131 attached
to plate 123 as indicated at 133 on the bottom thereof,
in position for engagement of the roller on its operating

- arm by the bottom of the piston rod 63 as the piston rod
moves forward to a point just forward of the roller on
the operating arm of switch 121, at which point the
rearward end 127 of the piston rod 63 rides off the
roller on the operating arm of switch 129 to allow the
switch to open. The switch 129 is illustrated in Fig. 7
for convenience as positioned horizontally, whereas it is
actually positioned with its operating arm and roller at
the top as appears in Figs. 1, 3 and 4.

The motor 13M for the pump 13, the rearward and
forward limit switches 119 and 121 and the switch 129 are
interconnected in the circuit 135 diagrammed in Fig. 7
(see also Fig. 8). This circuit comprises a power cord
137 for connection to an A.C. source, a transformer 139
supplied from the power cord via wiring including an on-
off switch 141 and a terminal strip 143. An alternate
power source may be established via a power strip 144.
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under the bias of spring 85 in accordance with the disc
chanmber 9, with resultant decrease in the volume of chalm % Xﬁqp t heg
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illustrated in Fig. 1, the piston rod 63 reaches the pdi k-where jts

rearward end 127 rides forward off the roller of swtch 121, and this
switch is thereby thrown to a cl osed pogltlon wherein the lUIay +dtenioS

energi zed. Th rela r est abli shes the circuit not or
13M and the SB %gt%8%%866nc&PP&éﬁeFoapﬁﬁﬁtlﬁﬂeﬁnggﬁ ﬁﬁgsgﬁrgh9r0n1-
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accunul at or. I VEre
of the pump motor 13M. Items indicated at 149 and 151 in

the circuit are terminal strips shown separated. Each
has terminals 1-6, the terminal 1 on one strip mating
with the terminal 1 on the other, terminal 2 on one strip
mating with terminal 2 on the other, etc. Items 153 and
155 are connectors, shown separated, for connection to
the pump motor 13M. At 157 is indicated a switch
operable to by-pass the switch 129 for operating the pump
13 to supply ink to chamber 9 to start operations. At
159 is indicated a signal, e.g. a strobe light, to signal
that switch 129 has been tripped to kill operation of the
pump. The relay 147 has a set of contacts 161 in series
with the upper limit switch 119 and a set of contacts 163
in series with the pump motor 13M and the switch 157.

To start operation of the accumulator, switch
157 is actuated, resulting in actuation of the relay 147
via switch 121 to close contacts 161 and 163. The relay
latches itself in via contacts 161 and switch 119. With
relay contacts 163 thus closed, the pump motor 13M is
energized to drive the pump 13 thereby delivering ink
under pressure to the chamber 9 of the accumulator. If
the piston rod started in a forward position wherein its
rearward end was forward of the operating roller of

switch 129, as soon as its rearward end engages this
operating roller it trips switch 129 to the position
(Fig. 8) where it completes a circuit for the pump motor
through the closed contacts 163 and the start switch 157
may then be released, the pump continuing in operation.
As the chamber 9 fills with ink, the piston 41 and the
piston rod 63 are driven rearward to the point where the
piston rod actuates switch 119, which opens the relay
circuit thereby opening contacts 163 and stopping the
pump. At this point, the chamber 9 is at maximum volume



pneésure to chanber 9 drives pi ston 41 and the piston gdackurmanwar d,
Fncreasing the volume of the chanber. The relay 147 réﬁﬁgAéﬁﬁ"lghedlir for

mai ntai ni ng the punp notor 13M energi zed until the riearward end 127%of t he

pi ston rod 63 engages the roller of the rearward |injt| s@5¥AR1PS7 and jopens
it, which deenergizes the relay and cuts off the notbr} Thus, the
accurrul ator is recharged with a full volune of ink, nd the process rgpeats
itself. It will be observed that the ptessure of inklLin.chanber 9 is
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(bottle) set Aencé)elaascee {5 l\?ociur}& tohfe c%rg%&!:}/erb%t talnea parne%stur}:elzing ink
therein tending to force the ink out of chamber 9 via
port 93, elbow 95, tee 97 and line 107 to branch lines
109 feeding the printheads 1. As the printheads deliver
jets of ink in the course of their operation, the piston
41 moves forward under the bias of spring 85 in
accordance with the discharge of ink from chamber 9, with
resultant decrease in the volume of chamber 9. When the
volume decreases to the stated predetermined lower limit
such as illustrated in Fig. 1, the piston rod 63 reaches
the point where its rearward end 127 rides forward off
the roller of switch 121, and this switch is thereby
thrown to a closed position wherein the relay 147 is
energized. The relay thereupon establishes the circuit
for the pump motor 13M, and the pump 13 is thereupon
driven to pump ink under pressure from the ink supply 15
to chamber 9 via lines 116, 115 and 101 and the tee 97,
elbow 95 and the port 93 in the forward end wall 31 of
the body 19 of the accumulator. Ink delivered under
pressure to chamber 9 drives piston 41 and the piston rod
63 back rearward, increasing the volume of the chamber.
The relay 147 remains latched in for maintaining the pump
motor 13M energized until the rearward end 127 of the
piston rod 63 engages the roller of the rearward limit
switch 119 and opens it, which deenergizes the relay and
cuts off the motor. Thus, the accumulator is recharged
with a full volume of ink, and the process repeats
itself. It will be observed that the pressure of ink in
chamber 9 is maintained between 13 p.s.i. and 17 p.s.i.,
for example.

The system is such that the ink supply line
116, 115 may be disconnected from the ink supply
(bottle)1l5 when the latter is emptied, a fresh ink supply
(bottle) set in place replacing the empty bottle, and the
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ink supply line 116, 115.connected to the fresh ink
supply while the accumulator continues during the change
over to the fresh supply to supply ink to the printheads
without interruption. Thus, during the changeover, the
piston 41 under the bias of the spring 85 continues to
force ink under pressure out of the chamber 9 for
delivery via line 107 and branch lines 109 to the
printheads.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in
.the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in
a limiting sense.
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shall be interpreted as illustrative and not in a limting sense. :

WHAT IS CLAIMED IS:

1. An ink jet printing system comprising at
least one ink jet printhead and means for supplying ink
under pressure to the printhead wherein said means
comprises: ' |

an accumulator for holding a supply of ink
under pressure for delivery to the printhead, said
accumulator comprising expansible chamber means having an
expansible and contractile chamber for containing ink and
means pressurizing said expansible chamber means tending
to decrease the volume of said chamber;

a pump for pumping ink from an ink supply to
said chamber; and

means for effecting operation of the pump to
deliver ink from said supply to said chamber in response
to decrease in volume of said chamber to a predetermined
lower limit resulting from delivery of ink from said
chamber to said printhead and for cutting off operation
of the pump in response to increase in volume of said
chamber to a predetermined upper limit resulting from
delivery of ink from said supply to said chamher.

2. An ink jet printing system as set forth in
claim 1 wherein said expansible chamber means comprises a
body having a chamber therein, and the pressurizing means
comprises a member movable in the chamber in one
direction for decreasing the volume of the chamber and in
the opposite direction for increasing the volume in the
chamber, and spring means biasing said member to move in
said one direction.

cet Has Been

A \“‘ﬁ



REPLACEMENT SHEET

- 12 - ; 3 1 Anink i -
i, e

13

3. An ink jet printing system as set forth in
claim 2 having an ink supply line connected to the pump
and connectable to and disconnectable from the ink supply
for supplying ink to the pump from said ink supply, and
an ink delivery line connected to the pump for delivery
of ink from the pump to the said chamber.

4. An ink jet printing system as set forth in
claim 3 wherein the ink supply line has an end with a
quick connect and disconnect coupling member for quick
connection to and quick dlsconnectlon from the ink
supply.

S. An ink jet printing system as set forth in
claim 2 wherein said chamber is a cylindrical chamber
having a forward end and a rearward end, and said movable
member comprises a piston movable axially in the chamber,
said spring means biasihg the piston to move forward in
the chamber, and said system having sealing means for the
piston.

6. An ink jet printing system as set forth in
claim 5 wherein said sealing means comprises a generally
cup-shaped flexible diaphragm having an annular wall
extending axially in said cylindrical chamber, said
diaphragm having its said annular wall secured at one end
thereof constituting its forward end to the piston in
sealed relation with respect to the piston with said
annular wall in surrounding relation with respect to the
piston and secured at its other end to the body adjacent
the rearward end of the body in sealed relation with
respect to the body, said system further having a piston
rod extending from the piston out of the rearward end of
said body, said spring means comprising a coil
compression spring surrounding the piston rod acting

Sheet Has Been RTlaced
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| east —one i nk- ret printhead and neans for supplying i REPLAGS hPdssurle to

t he p | ald nmeans conpri ses: An accunulatod fior
hol di QBF "lg under pressure for delivery|tp igeMaR W9%ead,| said
accumul npr|5| expansi bl e chanber nmeans conprysing a body hiavi ng a

chanber therein, and a nenber novable in one directior—t+na-sard—Thaibey for
decreasing the volune of said chanber ggd in the opposite direction r
i ncreasing the volunme of said chanber, sai d chanber being ported

for delivery sfaiindt R §idtod UL i StiRlar & Nth e deddgery of ink
under pressur? therefron1to sai d printhead; means for exerting
force on sai & *for biasing it for novenent in said one direction in

sai d chanber for pressurizing ink filling said chanber to capacity and for
forcing ink out of said; chagpey,f ofe gl NAMnd TP dh Aid WdE¥brtn in
claim 6 wherein the piston is generally of cup shape
having a forward end wall and an annular wall extending
back from the forward end wall, the diaphragm having its
forward end wall engaging and secured to the forward end
wall of the piston.

8. An ink jet printing system as set forth in
claim 7 wherein the bédy comprises a forward part having
a chamber extending forward from one end thereof
constituting its rearward end and a rearward part having
an opening therein extending from one end thereof
constituting its forward end to its other end
constituting its rearward end, said forward and rearward
parts being secured together end-to-end with the said
other end of the diaphragm having a portion clamped
between the rearward end of said forward part of the body
and the forward end of said rearward part of the body.

9. An ink jet printing system as set forth in
claim 8 wherein the piston rod extends rearward out of
the said rearward part of the body, and wherein the
accumulator has a guide for the piston rod outboard of
the body, spaced from the rearward end of the body, said
guide having an opening in which the piston rod is
slidable, the spring surrounding the piston rod between
the guide and the piston and reacting from the guide.

10. An ink jet printing system as set forth in
claim 1 wherein the pump is driven by an electric motor
and wherein the means for effectin§ operation of the pump
comprises a first limit switch operable in response to
increase in volume of said chamber to said predetermined
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predetermined lower llmlt, said switches being connected
in a circuit for starting the pump motor on actuation of
the second limit switch and holding the motor in
operation until the first switch is actuated.

11, An ink jet printing system as set forth in
claim 6 wherein the pump is driven by an electric motor
and wherein the means for effecting operation of the pump
comprises a first limit switch operable in response to
increase in volume of said chamber to said predetermined
upper limit, a second limit switch operable in response
to decrease in volume of said chamber to said
predetermined lower limit, said first switch being
located outside the body and operable by the piston rod
on rearward movement thereof to the point where the
volume of said chamber is increased to said upper
predetermined limit, said second switch being located

" outside the body rearward thereof and operable by the

piston rod upon forward movement of the piston rod to the
point where the volume of said chamber is decreased to
said predetermined lower limit.

12. An ink jet printing system as set forth in
claim 11 wherein the piston rod extends rearward out of
the said rearward part of the body, and wherein the
accumulator has a guide for the piston rod outboard of
the body spaced from the rearward end of the body, said
guide having an opening in which the piston rod is
slidable, the spring surrounding the piston rod between
the guide and the piston and reacting from the guide.
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13. An ink jet printing system as set forth in
claim 12 having a bracket mounted on and extending
rearward from said guide, said switches being mounted on
said bracket in position for actuation thereof by the
piston rod.

14. An ink jet printing system as set forth in
claim 13 wherein the first limit switch is positioned for
actuation thereof by the rearward end of the piston rod
as the piston rod moves rearward to the point where the
volume of said chamber is increased to said upper
predetermined limit, and wherein the second limit switch
is positioned forward of the second for actuation thereof
as the rearward end of the piston rod travels forward
past said second limit switch.

15. An ink jet printing system as set forth in

claim 14 further having a third switch positioned for
actuation thereof by the piston rod as the rearward end
of the piston rod travels forward past said second limit
switch for cutting off operation of the pump.
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3. Anink jet printing systemas set forth in clai m2 hhvRERIAGEVENTK SEE
| ine connected to the punp and connectable to and di sconpe
i nk supply for supplying ink to the punp fromsaid ink s Lﬁ’ gag n.ink
delivery line connected to the punp, for delivery of ink ﬁ% Uﬁ97t

t he sai d chanber. ' 4. An ink jet printing systje set _forthitin
claim3 wherein the ink supply Iink has an end with a g i ck connect and
di sconnect coupling nenber for quick cdﬁhectlon to and
fromthe ink supply.

|

- INK JET PRINTING SYSTEM
ABSTRACT OF THE DISCLOSURE

An ink jet printing system having an ink
accumulator holding a supply of ink for delivery under
pressure to printheads of the system, the volume of the
supply decreasing as ink is delivered to the printheads,
and a pump operable intermittently to pump ink from a
supply to the accumulapor when the volume in the
accumulator decreases to a lower limit, operation of the
pump being terminated when the volume in the accumulator
increases to an upper limit. '

Figure 1
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5 Anink jet printing systemas-set forth in clainj RERREEEITL “.Eif“.]c amber

is a cylindrical chamber having a forward end and a}rfarward end, sai d
novabl e member conprises a piston novable axially i hq} 6997 S |
spring neans biasing the piston to nove forward in arrber and; spid

system having sealing nmeans for ‘the piston. ] ot
printing systemas set forth in clai 35 wher ei n sai seal I ng meanq
conprises a generally cup-shaped fl extble di aphragmtaving an annul ar wal |
extending axially in said cylindrical chanber, said diaphragm having its
said annul ar wall secured at one end thereof constituting its forward end
to the piston in sealed relation with respect to
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an annul ar wall extending back fromthe forward end wgl
having its forward end wall engaging and secured to tlje
t he piston. 8. An ink jet printing systemija
7 wherein the-body conprises a forward pa"rt havi ng a ¢h
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rearward end and a rearward part having an openi ng Lm%?gggmmnpeqump from
. i

one end thereof constituting its forward end to itsjo tiut i ng
its rearward end, said forward and rearward parts bgihg secured todetiher
end-to-end with the said other end of the diaphragn] hpvOfyMé I an

cl anped between the rearward end of said forward pajt}of the body dnd the

forward end of said rearward part of thé& body. 9. An ink jet
printing systemas set forth in claim8 wherein thetpiston+od—extends
rearward out of the said rearward part of -the body, and wherein the
accunul ator has a guide for the piston rod outboard of the body, spaced
fromthe rearward end of the body, said guide having an opening in which
the piston rod is slidable, the spring surrounding the piston
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rod between the guide and the piston and reacting frorﬁg{,mngw gecu of ‘
10. An ink jet printing systemas set forth in claim l-wahereia-the-gunp is
driven by an electric notor and wherein the nmeans foy Effecting aoperiatjii on
of the punp conprises a first limt, swtch operable |n|r&pH 8 iindr ease
in volume of said chanber to said predetermned uppef linmit, a second{linit
switch operable in response to decrease in volune of{said chanber to said
predetermined lower limt, said switche® being connetted.in-a-citeui-+if or
starting the punp notor on actuation of the second limt switch and hol di ng
the nmotor in‘operation until the first switch is actuated.
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I|n1t a second limt
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CLAIMS:

1. An ink jet printing system comprising at
least one ink jet printhead and means for supplying ink under
pressure to the printhead wherein said means comprises:

an accumulator for holding a supply of ink under
pressure for delivery to the printhead, said accumulator
comprising expansible chamber means comprising a body having a
chamber therein, and a member movable in one direction in said
chamber for decreasing the volume of said chamber and in the
cpposite direction for increasing the volume of said chamber,

said chamber being ported for delivery of ink
thereinto from an ink supply and for delivery of ink under
pressure therefrom to said printhead;

means for exerting force on said member for biasing
it for movement in said one direction in said chamber for
pressurizing ink £illing said chamber to capacity and for
forcing ink out of said chamber for delivery to said printhead
on demand for ink by said printhead; -

a pump for pumping ink from an ink supply to sald
chamber; and

means for effecting operation of the pump to deliver
ink from said supply to said chamber in response to decrease in
volume of said chamber and in the corresponding volume of ink
therein to a predetermined lower limit resulting from delivery
of ink from said chamber to said printhead and for cutting off
operation of the pump in response to increase in volume of said
chamber and in the corresponding wvolume of ink therein to a
predetermined upper limit resulting from delivery of ink from
said supply to said chamber to fill said chamber to capacity.

2. An ink jet printing system as set forth in
claim 1 wherein said means for exerting force on said member
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swi tch oper i to decrease in volune of said cH&EﬁiﬂCEmm@;@ T
br edet er ni ngmmi\ﬂgﬂi ﬂil ETH id first swtch being | ocated outside the bogy
and oper abl et ¥od on rearward novenent thereof to the point
where the volunme of said chanber is increased to said upper predeterm ned
limt, said second switch being | ocated outside the body rearward thereof

and operable by the piston rod upon fg%%@rd novenment of the piston rod to
the poi nt where the volune of said ch er is decreased to said

pr edet er m | s & biagind2 d [.et. Priftd n ste S
set forth in c%:,%slfp?mﬁé efnﬁa%lﬁenp?gt"cl)% ?%gge%]\é\éd"s T eglro\?\;/éar dglo%t&‘})if gb%e
sai d rear weHiF 95 t°™f the body, and wherein the accunul ator has a guide for

the piston rod outboard of the body spaced fromthe

-

3. An ink jet printing system as set forth in claim
2 having an ink supply line connected te the pump and
connectable te and disconnectable from the ink supply for
supplying ink to the pump from said ink supply, and an ink
delivery line connected to the pump for delivery of ink from
the pump to the said chamber.

4. An ink jet printing system as set forth in claim
3 wherein the ink supply line has an end with a quick connect
and disconnect coupling member for quick connection ta and
quick disconnection from the ink supply.

5. An ink jet printing system as set forth in claim
2 wherein said chamber is a c¢ylindrical chamber having a
forward end and a rearward end, and said movable member
comprises a piston movable axially in the chamber, said spring
means biasing the piston to move forward in the chamber, and
saild system having sealing means for the piston.

6. An ink jet printing system as set forth in claim
5 wherein said sealing means comprises a generally cup-shaped
flexible diaphragm having an annular wall extending axially in
said cylindrical chamber, said diaphragm having its said
annular wall secured at one end thereof constituting its
forward end to the piston in sealed relation with respect tg
the piston with said annular wall in surrounding relation with
respect to the piston and secured at its other end to the body
adjacent the rearward end of the body in sealed relation with
respect to the body, said system further having a piston rod
extending from the piston out of the rearward end of said body,
said spring wmeans comprising a coil compression spring
surrounding the piston rod acting against the piston to bias it
forward in the said chamber. REPLACEMENT SHEET
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rearward end of the body, said guide having an opening in WWPEMEW%ET

rod is slid ﬂ" ' surroundi ng the piston rod between the guide
and the pi ST “m maﬂlllmﬂllf romthe guide. 13. An ink jet
printing syst*emtas-set f%ort*th in claim 12 having a bracket nounted on and
extending rearward fromsaid guide, said switches being nounted on said
bracket in position for actuation theret¥ -by the piston rod.
14. An ink jet printing systemas set forth in claim 13 wherein the first
linmt switch is positToneéd fisdk getuationinghsysoémbys téec riearstaric: exie iof
the piston gofa%d@nd) Bi8BchO0Ys generally of cup shape having a Scrward
.end wall and an annular wall extending back Zrom the Zcorward
end wall, the diaphragm having its fcrward end wall engaging

and secured te the forward end wall of the piston.

8. An ink jet printing system as set forth in claim
7 wherein the body comprises a forward part having a chambex
extending forward from one end therecf constituting its
rearward end and a rearward part having an opening therein
extending from one end thereof constituting its forward end to
its other end constituting its rearward end, said forward and
rearward parts being secured together end-to-end with the said
other end of the diaphragm having a portion clamped between the
rearward end of said forward part of the body and the forward
end of said rearward part of the bedy.-

9. An ink jet printing system as set forth in claim
8 wherein the piston rod extends rearward out of the said
rearward part of the body, and wherein the accumulator has' a
guide for the piston rod cutboard of the body, spaced from the
rearward end of the body, said guide having an opening in which
the piséon rod is slidable, the spring surrounding the piston

rod between the guide and the piston and reacting from the
guide.

10. An ink jet printing system as set forth in claim
1 wherein the pump is driven by an electric motor and wherein
the means for effecting operation of the pump comprises a first
limit switch operable in response to increase in volume of said
chamber to said predetermined upper limit, a second limit
switch operable in response to decrease in volume of said
chamber to said predetermined lower limit, said switches being
connected in a circuit for starting the pump motor on actuation
of the second limit switch and holding the motor in operation
until the first switch is actuated.

REPLACEMENT SHEET
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_rm\'/es rearward - to tte point where the volume of said chanberRﬁpéACfEMgMéyggT

‘to saidu limt, and wherein the second limt switchis
positione m j\,ﬂ‘ econd for -
16 - actuat+o ereorsass the rearward end of the piston rod travels

forward past said second limt swtch.
- 15 -

11. An ink jet printing system as set Zoxth in claim
6 wherein the pump is driven by an electric motor and wherein
the means for effecting operaticn of the pump comprises a first
limit switch operable in response to increase in volume of said
chamber to said predetermined upper limit, a second limit
switch operable in response to decrease in volume of said
chamber to said predetermined lower limit, said first switch
being located ocutside the body and operable by the piston rod
on rearward movement therecf to the point where the volume of
said chamber is increased to said upper predetermined limit,
said second switch being located outside the body rearward
thereof and operable by the piston rod upcn forward movement of
the piston rod to the point where the volume of said chamber is
decreased to said predetermined lower limit.

12. An ink jet printing system as set forth in claim
11 wherein the piston rod extends rearward out’ of the said
rearward part of the body, and wherein the accumulator has a
guide for the piston rod cutboard of the body spaced from the
rearward end of the body, said guide having an opening in which
the piston rod is slidable, the spring surrounding the piston

rod between the guide and the piston and reacting from the
guide.

13. An ink jet printing system as set forth in claim
12 'having a bracket mounted on and extending rearward from said
guide, said switches being mounted on said bracket in position
for actuation thereof by the piston rod. -

14, An ink jet printing system as set forth in claim
13 wherein the first limit switch is positioned for actuation
thereof by the rearward end of the piston rod as the piston rod
moves rearward to the point where the volume of said chamber is
increased to said upper predetermined limit, and wherein the
second limit switch is positicned forward of the second for
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15. An ink jet printing systeniras set forth in claim14 further _having
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' | thereof by the piston rad?asia
o S\(ljm tﬁg gfm,mmwmﬂ)‘mnm"??;/grs forward past said second limt
rearward e I |
switch for cutti'ng®off dpesatron of the punp.
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?
actuation thereof as the rearward end of the piston rod travels
forward past said second limir switch.

1S. An ink jet pPrinting system as set forth in claim
14 further having a third switch positioned for actuation
therecf by the Piston rad as the rearward end of the piston rod
travels forward past said second limit switch for cutting off
operation of the pump.
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