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Primer apparatus for thermal ink-jet cartridge.

@ Ink jet printhead primer apparatus includes
an elongated bellows assembly (50) compress-
ible along its length and having upper and lower
end caps (101, 103). The upper cap includes an
opening at which negative pressure is produced
when the upper and lower end caps are rela-
tively displaced away from each other. A capper
(119) having an opening is supported by the
upper end cap of the bellows assembly for
selectively engagement with the nozzle array
(58) of the cartridge (570)being primed to form a
seal therewith so that the negative pressure
produced in the opening of the upper end cap is
communicated to the nozzles of the nozzle
array. Displacement of the lower end cap is
controlled by cam surfaces (95) formed on the
inner opposing surfaces of parallel plate-like
gear sectors (65) of a rotatable cam assem-
bly(60) having gear teeth (75) that drive a
flywheel (83). The gear sectors of the cam as-
sembly further include cam edges (74a, 74b) for
moving a sliding cam member (70) that moves
the upper end cap between a retracted position
and an extended position, wherein movement
of the upper end cap from the retracted position
to the extended position is away from the lower
end cap. Pursuant to rotation of the cam assem-
bly in one direction and then in the opposite
direction, negative pressure is produced at the
capper opening as it is engaged with the nozzle
plate of the cartridge to be primed, ink suction-
ing negative pressure is then produced, and the
capper is disengaged from the nozzle plate of
the cartridge while negative pressure continues
to be maintained at the opening of the capper.
In this manner, negative pressure is provided at
the capper opening at all times that the capper
is engaged against the nozzle plate.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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BACKGROUND OF THE INVENTION

The subject invention generally relates to ink-jet
printer technology, and is directed more particularly
to apparatus for priming a thermal ink-jet printhead
cartridge.

Thermal ink jet printers commonly utilize ink jet
printhead cartridges which typically include one or
more ink reservoirs and an integrated circuit print-
head that includes a nozzle plate having an array of
ink ejecting nozzles which emit ink droplets in re-
sponse to electrical pulses provided to the printhead.

An important consideration with printhead car-
tridges is the need to ready a cartridge for printing.
For example, when a new cartridge is installed in a
printer or after a period of non-usage, the cartridge
might be unable to produce ink drops at one or more
nozzles, for example as a result of foreign contamin-
ation of the nozzles, dried ink in the nozzles, or air in-
jected into the nozzles.

Known systems for priming include those which
are involve the application of pressure to the ink sup-
ply in order to cause ink flow into the ink containing
chambers that are adjacent the ink ejecting nozzles.
Considerations with such known systems is need for
access to the ink reservoir, and the various mechan-
ical impedances between the ink reservoir and the
nozzles which reduce the pressure that eventually
reaches the nozzles.

SUMMARY OF THE INVENTION

It would therefore be an advantage to provide an
ink jet cartridge primer that provides priming negative
pressure directly to the nozzles of an ink jet cartridge.

The foregoing and other advantages are provid-
ed by the invention in a primer apparatus that in-
cludes an elongated resilient bellows assembly com-
pressible along its length and having upper and lower
end caps atits ends. The upper cap includes an open-
ing at which negative pressure (i.e., lower that ambi-
ent atmospheric pressure) is produced when the up-
per and lower end caps are relatively displaced away
from each other. A nozzle plate engaging capper hav-
ing an opening is supported by the first end cap of the
bellows assembly for selectively engagement with
the nozzle array of the cartridge being primed to form
a seal therewith so that the negative pressure pro-
duced in the opening of the first end cap is commu-
nicated to the nozzles of the nozzle array. The dis-
placement of the lower end cap is controlled by cam
surfaces formed on the inner opposing surfaces of
parallel plate-like gear sectors of a rotatable cam as-
sembly which also includes cam edges for moving a
sliding cam member that moves the upper end cap
between a retracted position and an extended posi-
tion, wherein movement of the upper end cap fromthe
retracted position to the extended position is away
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from the lower end cap. Pursuant to rotation of the
cam assembly in one direction and then in the oppo-
site direction, negative pressure is produced at the
capper opening as it is engaged with the nozzle plate
of the cartridge to be primed, ink suctioning negative
pressure is then produced, and the capper is disen-
gaged from the nozzle plate of the cartridge while
negative pressure continues to be maintained at the
opening of the capper. In this manner, negative pres-
sure is provided atthe capper opening at all times that
the capper is engaged against the nozzle plate, which
avoids the application or positive or zero pressure by
the capper to the cartridge nozzle array.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the disclosed in-
vention will readily be appreciated by persons skilled
in the art from the following detailed description when
read in conjunction with the drawing wherein:

FIG. 1 is a perspective partial cutaway view of the
exterior of a ink jet cartridge primer in accordance
with the invention for priming an ink jet printhead car-
tridge.

FIG. 2 is a perspective view of the exterior of the
ink jet cartridge primer of FIG. 1 having a printhead
cartridge installed therein for priming.

FIG. 3 is a schematic elevational sectional view
illustrating the bellows assembly of the primer of FIG.
1.

FIG. 4 is a top plan view of the upper end cap of
the bellows assembly of FIG. 3.

FIG. 5is a perspective exploded view of the com-
ponents of the primer of FIG. 1.

FIG. 6 is a schematic elevational view of the pro-
file of certain cam surfaces in a cam assembly of the
primer of FIG. 1 which control the displacement of the
lower end cap of the bellows of FIG. 3.

FIG. 7 schematically depicts the various dis-
placements of components of the primer of FIG. 1 dur-
ing the operation thereof.

FIGS. 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17 are
schematic elevational sectional view illustrating the
operation of the components of the primer of FIG. 1.

DETAILED DESCRIPTION OF THE DISCLOSURE

In the following detailed description and in the
several figures of the drawing, like elements are iden-
tified with like reference numerals.

Referring now to FIGS. 1 and 2, set forth therein
are schematic perspective views of an ink-jet car-
tridge primer in accordance with the invention. The
primer includes an upper housing 51 and a base hous-
ing 53 which are secured to each other. The top hous-
ing 53 includes a chute 55 for accepting a convention-
alink jet cartridge 57 having a downwardly facing noz-
zle plate 58 which contains an array of ink jet nozzles.
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In accordance with known designs, the ink jet car-
tridge includes an ink reservoir 54 for containing ink
which is appropriately fed to ink firing chambers (not
shown) located adjacent to the nozzles of the nozzle
array.

The chute 55 includes a front wall 57, side walls
59, a top walll offset rearwardly from the front wall 57,
as well as appropriate stops and a clip for retaining
the cartridge 57 in a fixed position. The chute 55 is
configured to retain the cartridge 57 with the nozzle
array of the nozzle plate in alignment with the open-
ing in a capper 119 that is supported within the primer
and is located in an opening in the top wall of the up-
per housing 51. The capper 119 comprises a resilient
material such as rubber and the opening thereof in-
cludes a raised rim that is capable of surrounding the
nozzle array of nozzle plate 58 and forming a seal
therewith. As discussed more fully herein, when the
cartridge 57 is secured in the chute 55, a plunger 61
is manually depressed to perform the priming proce-
dure by which negative pressure (i.e., lower than am-
bient atmospheric pressure) is produced at the open-
ing of the capper 119 as it is raised against the car-
tridge nozzle plate. The capper 119 remains engaged
against the nozzle plate 58 while the negative pres-
sure at the capper opening is made more negative,
which draws ink into the nozzles of the nozzle array.
While negative pressure continues to be present at
the opening of the capper, the capper is retracted
from the nozzle. In this manner, negative pressure is
continuously present at the opening of the capper 119
from the time it is engaged with the nozzle plate 58
until the time it is disengaged the from the nozzle
plate 58, whereby neither positive nor zero pressure
is ever applied by the capper to the nozzle array of
the cartridge 57.

Referring now to FIG. 3, set forth therein is a
schematic sectional view of a bellows assembly 50
which supports the capper 119 and is contained in the
primer, as discussed further herein relative to FIG. 5.
The bellows assembly 50 includes upper and lower
end caps 101, 103, and an internal spring 105 having
ends engaged in retaining recesses 107, 109 in the
end caps 101, 103. Aflexible, pliable sleeve 111 snug-
ly surrounds the spring 105 and has its ends securely
engaged around annular convex beads 113, 115
formed in the proximal portions of the end caps 101,
103. The sleeve 111 is configured such that the inter-
nal spring 105 is slightly compressed when the bel-
lows is fully expanded, whereby the length of the un-
compressed bellows assembly is determined by the
sleeve 111.

The upper end cap 101 (further shown in top plan
view in FIG. 4) includes an axially oriented projection
117 having an opening that extends into the inside
volume of the bellows assembly, and the capper 119
is fitted over the end of the projection 117 with its
opening in communication with the opening of the
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projection 117. A top plate 102 surrounds the projec-
tion 117, and is separated therefrom by an interven-
ing recess. The upper end cap 101 further includes
pins 121 aligned with the longitudinal extent of the
bellows assembly and located at diametrically oppo-
site locations. As described further herein in conjunc-
tion with FIG. 5, the pins 121 are slidably engaged in
corresponding openings 91 in the top wall of the top
cover 51, and allow for movement of the upper end
cap 101 along the longitudinal extent of the bellows
assembly. Such movement is imparted to the upper
end cap 101 by movement of laterally extending cam
follower pegs 131 which are downwardly offset rela-
tive to the top plate so as to be lower than the periph-
eral edges of the top plate.

The lower end cap 103 includes a centrally locat-
ed bore 123 for retaining an ink permeable plug 125
that is sufficiently impermeable to air to allow the bel-
lows assembly 50 to produce negative pressure at the
opening of the capper 119 pursuant to expansion of
the bellows assembly. The lower end cap 103 further
includes diametrically opposite L-shaped guides 129,
each having a radially extending section and an up-
wardly extending section. Cam follower pegs 127 ex-
tend radially from the guides 129.

When installed in the primer, the bellows assem-
bly 60 is compressed and expanded by controllably
moving the upper end cap 101 and the lower end cap
103 relative to each other. In particular, the end caps
101, 103 are constrained to be movable only along
the longitudinal extent of the bellows assembly 50,
and the cam follower pegs 131 of the upper end cap
101 and the cam follower pegs 127 of the lower end
cap 103 are engaged against respective cam surfac-
es that control the movement of the end caps along
the longitudinal extent of the bellows assembly. By
way of illustrative implementation, cam surfaces for
the cam follower pegs 131 of the upper end cap 101
engage the top portion of the pegs while the cam sur-
faces for the cam follower pegs 127 of the lower end
cap 103 engage the bottom portion of the pegs, and
the bellows assembly 50 is of sufficient length it is
partially when it is at its maximum expansion as al-
lowed by the cam surfaces. In this manner, the cam
follower pegs 127, 131 are continuously providing an
expanding bias against their associated cam surfac-
es.

Referring now to FIG. 5, setforth therein is an ex-
ploded perspective view of components of the primer
that cooperate with the bellows assembly 50 to ach-
ieve the application of priming negative pressure to
the nozzle array of the cartridge 57. The L-shaped
guides 129 of the bellows assembly are slidably en-
gaged in vertical slots 129 formed by the adjacent
edges of vertically extending guide members 131 at-
tached to the bottom of the base housing 51, while
the pegs 121 of the bellows assembly upper end cap
101 are slidably engaged in apertures 91 in the top



5 EP 0 569 155 A2 6

wall of the upper housing 51 which are located such
that the upper and lower end caps 101, 103 are
aligned with each other along the longitudinal extent
of the bellows assembly 50, and the displacement of
the end caps 101, 103 will be along the longitudinal
extent of the bellows assembly 50.

The vertical position of the upper end cap 101 is
controlled by engagement of the cam follower pegs
131 against cam surfaces on the bottom of parallel
cam members 64 of a rectangular slider 70 that sur-
rounds the top plate 102 of the upper end cap 101.
The parallel cam member 64 are positioned tangen-
tially to corresponding edges of the upper end cap top
plate 102 adjacent, and are fixed relative to each
other by parallel support members 66 located be-
tween the ends of the parallel cam members 64. The
parallel cam members 64 are slidably biased against
the inside surface of the top wall of the upper housing
51 by the cam follower pegs 131 of the end cap 101.
Pursuant to the position of the cam members 64 rel-
ative to the top plate 102, the movement of the slider
70 is constrained to be along the cam members 64 as
indicated by the double arrow 65 in FIG. 5. Actuating
pegs 93 extend laterally from the parallel cam mem-
bers 64 and are engaged to move the slider 70 along
the axis 65, as described more fully herein.

The vertical position of the lower end cap 103 is
controlled by engagement of the cam follower pegs
127 against cam surfaces 95 formed on the inner op-
posing surfaces of parallel plate-like gear sectors 65
of a rotatable cam assembly 60. A helper spring 133
is located between the lower end cap 103 and an ink
absorbing pad located at the bottom of the base hous-
ing 53 provide an upward bias on the lower end cap
that facilitates the upward movement of the lower end
cap 103 pursuant to movement of the cam surfaces
95 against the cam follower pegs 127 of the lower end
cap. The gear sectors 65 of the cam assembly 60 are
fixed to each other by cross members 67, 69, and the
cam surfaces 95 on their inside surfaces are mirror
images of each other. A cylindrical spacer 71 and a
spindle 73 are located on each gear sector 65 with
both spacers and both spindles being coaxial on the
line formed by the axial centers of gear sections 75
of each gear sector. Torsional coiled wire springs 77
are positioned around the cylindrical spacers 71 with
the ends 77a, 77b of each wire forming a spring ex-
tending beyond positioning stops 81a, 81b formed on
the gear sectors at appropriate locations. The spin-
dles 73 are rotatably supported in slots 79 formed in
the upper edges of the front and rear walls of the base
housing 53. Rotation of the cam assembly 60 in con-
junction with the downward bias of the lower end cap
103 and the upward bias of the helper spring causes
the lower end cap 103 to move up and down along the
slots 129. The upwardly extending portions of the L-
shaped guides 125 prevent the rotation of the guides
125 as they move up an down in the vertical slots 129,
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thereby maintaining the orientation of the lower end
cap as it moves up an down in the slots 129.

The gear sectors of the cam assembly 60 further
include slider engaging edges 74a, 74b formed in the
gear sectors at locations opposite the opposite the
gear teeth. The engaging edges 74a, 74b are config-
ured to move the slider 70 by engagement with the
actuating pegs 93 of the slider at appropriate posi-
tions in the rotations of the cam assembly 60.

Referring now to FIG. 6, schematically illustrated
therein is the profile of each of the cam surfaces 95.
The profile includes a lower dwell section D1 that de-
fines the lowest vertical position for the lower end cap
101, a vertical movement section M, and an upper
dwell section D2 that defines the highest position for
the lower end cap 101. The lower dwell section D1
and the upper dwell section D2 are of respective con-
stant radii relative to the spindle axis, wherein the ra-
dius of the lower dwell section D1 is greater than the
radius of the upper dwell section D2. The points of the
vertical movement section M are at different distanc-
es from the spindle axis with such distance decreas-
ing from the radius of the lower dwell section at end
of the vertical displacement section closest to the
lower dwell section D1 to the radius of the upper dwell
section at the end of the vertical movement section
M closest to the upper dwell section D2.

The gear sectors 65 of the cam assembly 60 in-
clude gear teeth 75 which are engaged with pinion
gears 85 located on either side of a cylindrical fly-
wheel 83 and coaxial therewith. Spindles 87 out-
board of the pinion gears are slidably engaged in slots
of flywheel supporting members 89 formed on the in-
side of the front and rear walls of the base support 53.
Thus, the flywheel rotates with the rotation of the cam
assembly 60.

For reference, clockwise rotation of the cam as-
sembly will refer to rotation of the cam assembly
which moves the support member 67 toward the cam
follower pegs 127 of the lower end cap 103, which is
consistent with the perspective view of FIG. 5, the
cam profile of FIG. 6, and the elevational sectional
views of FIGS. 8-17.

The operation as well as further details of the pri-
mer will now be discussed in conjunction with FIGS
7-17 wherein FIG. 7 schematically depicts, relative to
the clockwise (CW) and counterclockwise (CCW) ro-
tation of the cam assembly 60, the displacements of
the upper end cap 101, the lower end cap 103, and
the slider 70; the cam assembly rotation interval dur-
ing which the spring ends 77a are tensioned; the cam
assembly rotation interval during which one of the
spring ends 77b is tensioned; and the negative pres-
sure (suction) at the opening of the capper 119.

FIG. 8 illustrates the cam assembly 60 in its rest-
ing angular position that is defined by the lower dwell
section D1 of the cam surfaces 95 and a stop 52b lo-
cated on the inside surface of the rear wall of the
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base housing 53 and engageable by the spring end
77b of the spring 77 adjacent such rear wall. In par-
ticular, the resting angular position is defined by locat-
ing the stop 52b such that spring end 77b rests in a
non-tensioned manner on the stop 52b when the cam
assembly is angularly positioned with a portion of the
dwell section D1 close to the vertical displacement
section M engaged with the cam follower pegs 127.
If the cam assembly 60 is rotated in the counterclock-
wise direction from the angular resting position, the
spring end 77b will be tensioned which will cause the
cam assembly 60 to rotate clockwise to its angular
resting position when the rotation causing force is re-
moved. If the cam assembly 60 is rotated clockwise
away from its angular resting position, the lower end
cap 103 is raised by engagement of the vertical move-
ment section M of the cam surfaces 95 with the cam
follower pegs 127, and the downward bias of the cam
follower pegs 127 will tend to rotate the cam assembly
60 counterclockwise to its angular resting position
when the rotation cause force is removed.

In FIG. 8, the slider 70 is shown in the leftmost
position as appropriate for the start of the priming op-
eration, and in which it will be placed at the end of a
priming operation as described further herein. The
slider 70 is readily initialized to the leftmost position
by depressing the plunger without a cartridge in the
cartridge chute.

The cam assembly 60 is configured such that the
support member 67 is at its highest position when
cam assembly is its angular resting position as shown
in FIG. 8. The support member 67 is engageable by
an actuating tab 62 of the plunger 61 pursuant to de-
pression of the plunger 61 which extends through an
opening in the top wall of the upper housing 51 and
travels along a guide rod 68 secured to the bottom of
the base housing 53. A coil spring 72 provides ex-
panding bias that restores the plunger to a raised pos-
ition when it is released after being depressed. The
top of the actuating tab 62 can be utilized to limit the
upward travel of the plunger 61 by engagement with
the inside surface of the top wall of the upper housing
51.

Depression of the plunger 61 with the actuating
tab 62 engaged on the top of the support member 67
causes the cam assembly 60 to rotate in the clock-
wise direction. As the cam assembly rotates, the vert-
ical movement section M of the cam surfaces 95
causes the lower end cap 103 to move upwardly,
thereby compressing the bellows assembly 60, and
the cam edges 77b eventually engage the cam follow-
er pegs 93 of the slider 70, as shown in FIG. 9. The
movement of the slider to the right eventually slides
the angled cam surfaces 64c of the slider 60 into en-
gagement with the cam follower pegs 131 of the up-
per end cap, which then causes the slider 70 to snap
to the right pursuant to upward bias exerted by the
cam follower pegs 131 against the angled ramp sur-
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faces 64c¢, which allows the upper end cap 101 of the
bellows assembly to move upwardly as the angled
cam surfaces 64¢ and then the recessed cam surfac-
es 64c of the cam members 64 slide against the cam
follower pegs 131. The slider 60 and the cam surfac-
es 95 are configured such that only the upper dwell
section D1 is sliding against the cam follower pegs
127 of the lower end cap 103 when the upper end cap
101 moves upwardly to engage the capper 119
against the nozzle plate 58. In this manner, the lower
end cap 103 is stationary while the upper end cap 101
moves upwardly, which produces negative pressure
at the opening of the capper 119 as it seals against
the nozzle plate 58.

As the cam assembly 60 continues to rotate
clockwise pursuant to continued depression of the
plunger 61, the spring ends 77a engage stops 52a lo-
cated on the front and rear walls of the lower base 53,
as shown in FIG. 10, which also shows the slider 60
fully to the right as a result of the sliding force impart-
ed on the angled surfaces 64c¢ by the upward bias of
the cam follower pegs 131 of the upper end cap. Pur-
suant to such engagement, the spring 77 is tensioned
as the cam assembly 60 continues to be rotated
clockwise by the downward movement of the plunger
61. The engagement of the spring ends 77a against
the stops 52a is represented in FIG. 7 by the line A.

As the cam assembly rotates clockwise, the sup-
port member 67 moves further away from the plunger
by virtue of the circular path it is following, and the ac-
tuating tab 62 eventually bypasses the support mem-
ber 67, as shown in FIG. 11. After the support mem-
ber 67 is free of the actuating tab 62, the cam assem-
bly slows and then begins rotating in the counter-
clockwise direction pursuant to the tension of the
springs 77. At the beginning portion of the counter-
clockwise rotation, the pressure at the opening of the
capper does not change by virtue of the upper dwell
section D2 of the cam surfaces 95. With continuation
of the counterclockwise rotation, the lower end cap
103 moves downwardly by virtue of the vertical dis-
placement section M of the cam surfaces 95, where-
by the bellows assembly 60 expands to make the
pressure at the opening of the capper more negative
that the initial negative pressure produced upon en-
gagement of the capper against the nozzle plate 58,
which causes ink to be suctioned out of the nozzles
of the nozzle plate 58. As a result of the inertia of the
flywheel 83, the rotation of the cam assembly 60 is
slowed, whereby the ink suctioning negative pressure
is applied over a longer time interval than would be
provided if the cam assembly 60 were rotated without
the flywheel 83.

As the cam assembly 60 continues its counter-
clockwise rotation, the spring ends 77a eventually be-
come disengaged from the stops 52a, but the cam as-
sembly 60 continues to rotate counterclockwise pur-
suant to the rotational momentum of the flywheel 83.
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Prior to reaching its resting angular position, the cam
edges 74a engage the cam follower pegs 95 of the
slider and move the slider 70 to the left with the coun-
terclockwise rotation, which causes the angled sur-
faces 64c¢ and then the non-recessed surfaces 64 to
slide over the cam follower pegs 131, thereby causing
the upper end cap to be moved downwardly, as
shown in FIGS. 12 and 13. The slider 70, the cam
edges 74a, and the cam surfaces 95 are configured
such while the upper end cap 101 is moving down-
wardly, the lower end cap 103 moves downwardly at
a greater rate than the rate of the downward move-
ment of the upper cap, whereby negative pressure is
present at the opening of the capper as it is being dis-
engaged from the nozzle plate of the cartridge. The
negative pressure during disengagement of the cap-
per from the nozzle plate 58 can be less than the ink
suctioning negative pressure.

By virtue of the momentum of the flywheel and
well as its own momentum, the cam assembly contin-
ues to rotate in the counterclockwise direction past its
resting angular position until the spring end 77b en-
gages the stop 52, as shown in FIG. 14. This causes
the cam assembly 60 to stop its counterclockwise ro-
tation and then rotate clockwise to its resting angular
position, as shown in FIG. 15, which insures that the
support member 67 is in the path of the actuating tab
62 and therefore ready for the next priming operation.
The engagement of the spring end 77b against the
stop 52b is represented in FIG. 7 by the line B.

Release of the pressure on the plunger 61 allows
it to move upwardly pursuant to the upward bias of the
spring 72. The top edge of the actuating tab 62 even-
tually contacts the support member and causes the
cam assembly to the rotate counterclockwise, which
tensions the spring end 77b against the stop 52b, as
shown in FIG. 16. When the actuating tab 62 clears
the support member 67, the tension of the spring 77
causes the cam assembly to rotate clockwise to its
resting angular position, as shown in FIG. 17, while
the plunger continues in its upward travel.

Thus, the ink jet cartridge primer in accordance
with the invention seals a capper against the nozzle
plate of the ink jet cartridge to be primed while produc-
ing negative pressure at the opening of the capper,
produces priming ink suctioning negative pressure to
the nozzles via the opening of the capper sealed
against the nozzle plate, and then unsealing capper
from the nozzle plate while producing negative pres-
sure at the opening of the capper. In this manner, neg-
ative pressure is provided at the nozzle array at all
times that the capper is engaged against the nozzle
plate, which avoids the application or positive or zero
pressure by the capper to the cartridge nozzle array.

The foregoing has been a disclosure of an ink jet
cartridge primer that applies negative pressure to the
nozzles, and thereby advantageously provides ink
flow causing force directly to the nozzles where it is
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needed while avoiding the need for pressurizing ac-
cess to the ink reservoir.

Although the foregoing has been a description
and illustration of specific embodiments of the inven-
tion, various modifications and changes thereto can
be made by persons skilled in the art without depart-
ing from the scope and spirit of the invention as de-
fined by the following claims.

Claims

1. Primer apparatus for priming an ink-jet cartridge
(57) having an array (58) of ink ejecting nozzles,
comprising:

an elongated resilient bellows (50) com-
pressible along its length and having first and
second end caps (101, 103) at its ends, said first
end cap having an opening at which at which neg-
ative pressure is produced when said first and
second end caps are relatively displaced away
from each other;

capping means (119) supported by said
first end cap of said bellows means for selectively
engagement with the nozzle array of the car-
tridge being primed to form a seal therewith so
that the negative pressure produced in said
opening of said first end cap is communicated to
the nozzles of the nozzle array;

moving means (70) for moving said first
end cap between a retracted position and an ex-
tended position along the length of said bellows,
wherein movement of the first end cap from the
retracted position to the extended position is
away from the second end cap;

rotatable priming controlling means (60)
for (a) moving the second end cap toward the first
end cap while the first end cap is stationary, (b)
actuating said moving means to move the first
end cap to the extended position while the sec-
ond end cap is stationary so as to produce neg-
ative pressure at the opening of the said capping
means, (¢) moving the second end cap away from
the first end cap while the first end cap is station-
ary so as to produce an ink suctioning negative
pressure at the opening of said capping means,
(d) moving the first end cap toward the second
end cap while moving the second end cap away
from the first end cap at arate that is greater than
the rate at which the first end cap is moving to-
ward the second end cap such that negative
pressure is produced at the opening of said cap-
ping means; and

plunger means (61) for actuating said pri-
ming controlling means;

whereby negative pressure is produced at
the opening of said capping means at all times
that said first end cap is in the extended position.
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The primer apparatus of Claim 1 wherein:

said moving means includes cam surfaces
(64a, 64b, 64c) for controlling the displacement of
said first end cap;

said first end cap includes first cam follow-
er means (131) slidably engaged on said moving
means cam surfaces; and

said priming activating means includes
second cam surfaces (95) that control the dis-
placement of said second end cap, and third cam
surfaces (74a, 74b) for controlling the movement
of said moving means.

The primer apparatus of Claim 2 wherein:

said bellows assembly includes a coil
spring (105) for providing an expanding bias tend-
ing to displace the first end cap away from the
second end cap;

said first end cap cam follower means
comprises first end cap cam follower pegs (131);

said moving means comprises a slider (70)
having cam surfaces slidable along said cam fol-
lower pegs;

said second end cap cam follower means
comprises second end cap cam follower pegs
(127);

said priming activating means comprises
rotatable parallel planar members (65) secured to
each other;

said second cam surfaces comprise cam
surfaces (95) formed on inwardly opposing sur-
faces of said rotatable planar members, said cam
surfaces being slidably engaged with said sec-
ond end cap cam follower pegs;

said third cam surfaces comprise cam
edges (74a, 74b) formed in the perimeter of pla-
nar members for engaging said slider cam follow-
er pegs;

whereby rotation of said planar members
controls the relative movement between said first
and second end caps.

The primer apparatus of Claim 3 further including
flywheel means (83) for rotation with the rotation
of said parallel planar members.

The primer apparatus of Claim 4 wherein said
parallel planar members comprise gear sectors
having gear teeth (75), and wherein said flywheel
means includes pinion gears (85) engaged with
the gear teeth of said gear sectors.

The primer apparatus of Claim 1 wherein said bel-
lows assembly includes a sleeve (111) surround-
ing the tubular coil spring and having its ends se-
cured to the first and second end caps.

The primer apparatus of Claim 1 wherein the low-
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er end cap of said bellow assembly includes an
ink permeable plug (125) that is sufficiently im-
permeable to air to allow the bellows assembly to
produce negative pressure at the opening of the
capping means pursuant to expansion of the bel-
lows assembly.
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