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(57) Abstract: A system for distributing fluid and gas within a printer is provided having a fluid container having three fluid 
ports, a first fluid path connecting the first fluid port to a printhead of the printer, a second fluid path connecting the second fluid 
port to the printhead, and a third fluid path connecting the third fluid port to a gas vent. The first and second fluid ports are con
figured so that fluid from the fluid container flows between the first and second fluid paths via the printhead and the third fluid 
port is configured so that gas flows between the fluid container and gas vent.
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SYSTEM FOR DISTRIBUTING FLUID AND GAS WITHIN PRINTER

FIELD OF INVENTION

The invention relates to printing systems, printing apparatus and methods for 

printing on continuous web media, and in particular continuous label web media, and to the 

configuration and arrangement of the components of such systems and apparatus. The 

related printing systems, apparatus and methods include those which distribute fluid within 

a printing environment. In particular, the fluid is a printing fluid, such as ink or ink fixing 

agent, as is distributed to and from a fluid ejection printhead, such as an inkjet printhead. 

More particularly, fluid distribution to an inkjet media width printhead is provided. The 

related printing systems, apparatus and methods also include those which maintain such a 

printhead and which handle the media before and after the media is printed on by the 

printhead.

BACKGROUND OF INVENTION

Most inkjet printers have a scanning or reciprocating printhead that is repeatedly 

scanned or reciprocated across the printing width as the media incrementally advances 

along the media feed path. This allows a compact and low cost printer arrangement. 

However, scanning printhead based printing systems are mechanically complex and slow 

in light of accurate control of the scanning motion and time delays from the incremental 

stopping and starting of the media with each scan.

Media width printheads resolve this issue by providing a stationary printhead 

spanning the media. Such media width printers offer high performance but larger 

printheads require a higher ink supply flow rate and the pressure drop in the ink from the 

ink inlet on the printhead to nozzles remote from the inlet can change the drop ejection 

characteristics. Large supply flow rates necessitate large ink tanks which exhibit a large 

pressure drop when the ink level in low compared to the hydrostatic pressure generated 

when the ink tank is full. Individual pressure regulators integrated into each printhead is 

unwieldy and expensive for multi-color printheads, particularly those carrying four or more 

inks. For example, a system with five inks would require 25 regulators.

Inkjet printers that can prime, deprime and purge air bubbles from the printhead 

offer the user distinct advantages. Removing a depleted printhead can cause inadvertent 

spillage of residual ink if it has not been de-primed before decoupling from the printer.
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Air bubbles trapped in printheads are a perennial problem and a common cause of 

print artifacts. Actively and rapidly removing air bubbles from the printhead allows the 

user to rectify print problems without replacing the printhead. Active priming, de-priming 

and air purging typically use a lot of ink, particularly if the ink is drawn through the 

nozzles by vacuum or the like. This is exacerbated by large arrays of nozzles as more ink 

is lost as the number of nozzles increases.

Thus, there is a need to have a fluid distribution solution that is simpler, more 

reliable and more effective for media wide printing systems.

Further, such media width printheads having a large array of inkjet nozzles are 

difficult to maintain. For example, there is a need to maintain the printheads which 

becomes exceptionally difficult when the array of nozzles is as long as the media is wide. 

Further, the maintenance stations typically need to be located offset from the printheads so 

as not to interfere with media transport.

Some previous systems move the printheads to the servicing stations when not 

printing. However, when a printhead is returned to its operative position its alignment for 

correct printing is prone to drift until eventually visible artifacts demand hardware and/or 

software mechanisms to realign the printhead. In other previous systems, the service 

stations translate from their offset position to service the printheads while the printheads 

are raised sufficiently above the media path. Both of these system designs suffer from 

drawbacks of large printer width dimensions, complicated design and control, and 

difficulty in maintaining printhead alignment. Further, these systems add size to the 

printer. Thus, there is a need to have a media wide printhead maintenance solution that is 

simpler, more compact and more effective for media wide printing systems.

Further, the high media transport speeds used in such media width printers, 

particularly those which print on continuous web media, have typically lead to more 

complex media transport systems in the printers, due to the need to minimize media feed 

errors. Thus, there is a need to have a media transport solution that is simpler and more 

reliable for media wide printing systems.

SUMMARY OF INVENTION

In one aspect the present invention provides a system for distributing fluid and gas 

within a printer, comprising:

a fluid container having three fluid ports;
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a first fluid path connecting the first fluid port to a printhead of the printer;

a second fluid path connecting the second fluid port to the printhead; and

a third fluid path connecting the third fluid port to a gas vent,

wherein the first and second fluid ports are configured so that fluid from the fluid 

container flows between the first and second fluid paths via the printhead and the third 

fluid port is configured so that gas flows between the fluid container and gas vent.

Optionally, the system further comprises a valve connecting the first path to the 

printhead.

Optionally, the first and second paths, printhead and fluid container form a closed 

fluid flow loop in which fluid flow s to and from the fluid container in either direction of 

the loop.

Optionally, the system further comprises a bi-directional pump on the first or 

second paths for driving said fluid flows to and from the fluid container in either direction 

of the loop.

Optionally, each of the first, second and third fluid ports of the fluid container 

incorporate a septum into which a septum needle of tubing of the corresponding first, 

second and third fluid paths is sealingly inserted.

Optionally, each septum comprises a first septum having a membrane which is 

piercable by the septum needle and a slit septum having a slit through which the septum 

needle passes.

In another aspect, the present invention provides a fluid container for a printing 

system, the fluid container comprising:

a body defining a fluid reservoir;

a first fluid port for connecting the fluid reservoir to a first fluid path of a printhead 

of the printing system;

a second fluid port for connecting the fluid reservoir to a second fluid path of the 

printhead; and

a third fluid port for connecting the fluid reservoir to a third fluid path to a gas vent.

Optionally, each of the first, second and third fluid ports incorporate a septum into 

which a septum needle of tubing of the corresponding first, second and third fluid paths is 

sealingly inserted.
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Optionally, each septum comprises a first septum having a membrane which is 

piercable by the septum needle and a slit septum having a slit through which the septum 

needle passes.

Optionally, the first and second septa are adjacently disposed within each of the 

first, second and third fluid ports so that the septum needle passes through the slit of the 

second septum before piercing the first septum.

Optionally, the first and second septa are formed of resilient material.

Optionally, the resilient material of the first septum is compatible with the fluid 

contained in the fluid reservoir.

Optionally, the resilient material of the first septum is low elongation nitrile rubber 

and the fluid contained in the fluid reservoir is ink.

Optionally, the resilient material of the second septum is not compatible with the 

fluid contained in the fluid reservoir.

Optionally, the resilient material of the second septum is isoprene and the fluid 

contained in the fluid reservoir is ink.

In another aspect the present invention provides a septum assembly for a fluid 

container, the assembly comprising:

a first septum having a membrane which is piercable by a septum needle sealingly 

located within a fluid port of the fluid container which communicates with a fluid reservoir 

of the fluid container; and

a second septum having a slit through which the septum needle passes sealingly 

located within the fluid port of the fluid container adjacent the first septum so that the 

septum needle passes through the slit of the second septum before piercing the first 

septum.

Optionally, the first and second septa are formed of resilient material.

Optionally, the resilient material of the first septum is compatible with the fluid 

contained in the fluid reservoir.

Optionally, the resilient material of the first septum is low elongation nitrile rubber 

and the fluid contained in the fluid reservoir is ink.

Optionally, the resilient material of the second septum is not compatible with the 

fluid contained in the fluid reservoir.

Optionally, the resilient material of the second septum is isoprene and the fluid 

contained in the fluid reservoir is ink.
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Optionally, the first septum is circular in form with an annular seal formed at the 

circumferential edge which is configured to be pressed and deformed against the inner wall 

of the fluid port.

Optionally, the first septum has a frustoconical surface connecting the annular seal 

to a central portion of the first septum.

Optionally, the central portion is formed as a thin membrane which is pierceable by 

the septum needle.

Optionally, the thin membrane has radial score lines.

Optionally, the thin membrane has stress concentration geometry formed as a 

groove concentric with a central point of the membrane.

Optionally, the second septum is circular in form with two annular seals formed at 

the circumferential edge which are configured to be pressed and deformed against the inner 

wall of the fluid port.

Optionally, the first septum has an annular detent between the annular seals which 

connects the annular seals to a central portion of the second septum.

Optionally, the central portion has a slit through which the septum needle is able to 

sealingly pass.

In another aspect the present invention provides a system for reducing ink color 

mixing effects in a printer, the system comprising:

a printhead having multiple ink color channels mounted to a housing of the printer 

at a first level; and

a plurality of ink supply cartridges mounted to the printer housing so as to be 

fluidically connected to the printhead and stacked in an array having a plurality of rows 

defining a plurality of levels which are lower than the first level,

wherein the plurality of ink supply cartridges include at least one black ink supply 

cartridge which supplies black colored ink to a black ink color channel of the printhead, the 

black ink supply cartridge being disposed at the lowest level defined by the array.

Optionally, the plurality of ink supply cartridges include two black ink supply 

cartridges which supplies black colored ink to the black ink color channel of the printhead, 

a cyan ink supply cartridge which supplies cyan colored ink to a cyan ink color channel of 

the printhead, a magenta ink supply cartridge which supplies magenta colored ink to a 

magenta ink color channel of the printhead and a yellow ink supply cartridge which 

supplies yellow colored ink to a yellow ink color channel of the printhead.



WO 2011/143698 PCT/AU2011/000572

5

10

15

20

25

30

6

Optionally, the array has three rows and three columns, the black ink supply 

cartridges being disposed at the lowest row in the first and third columns of the array, the 

magenta and cyan ink supply cartridges being disposed at the middle row in the first and 

third columns of the array and the yellow ink supply cartridge being disposed at the highest 

row in the second column of the array.

In another aspect the present invention provides a system for venting gas at ink 

containers which supply inks to a multi-channel inkjet printhead, the system comprising:

a plurality of ink containers for supplying fluids to a printhead having a plurality of 

ink channels, each ink container having an ink port connected to a corresponding one of 

the ink channels of the printhead and a gas port;

a gas vent assembly having a plurality of gas vents, each gas vent being connected 

to a corresponding one of the gas ports of the ink containers,

wherein the gas vents of the gas vent assembly are in fluid communication with the 

external atmosphere.

Optionally, each gas vent comprises a tortuous path from an interior of that gas 

vent to the external atmosphere.

Optionally, the tortuous path is a serpentine path.

Optionally, the gas vent assembly comprises a body having an interior surface 

which defines a plurality of discrete chambers on one side of the body and a plurality of 

compartments on the opposite side of the body, the chambers and compartments being 

sealed within the body.

Optionally, the interior surface in each chamber has a recess in which apertures 

connect the chambers with one of the compartments through the interior surface.

Optionally, the recess of each chamber sealingly seats a filter.

Optionally, the filters comprise hydrophobic material.

Optionally, the hydrophobic material is expanded polytetrafluoroethylene.

Optionally, each chamber has a transfer port connected to the gas port of a 

corresponding one of the ink containers.

Optionally, each chamber is connected to a series of the compartments via the 

corresponding aperture in the interior surface.

Optionally, each compartment of each series of the compartments is linked by a 

tortuous path to an adjacent compartment of that series.
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Optionally, the ultimate compartment of each series of the compartments which is 

furthest from the connecting aperture is fluidically open to the external atmosphere via a 

tortuous path.

Optionally, the each chamber has an overflow port connected to overflow tubing 

through which ink in that chamber can overflow.

Optionally, the each overflow port has a check valve so that back flow of ink from 

the connected overflow tubing is prevented.

Optionally, the check valves are elastomeric duckbill check valves.

In another aspect the present invention provides a multi-channel gas vent apparatus 

for venting gas at ink containers which supply inks to a multi-channel printhead, the 

apparatus comprising:

a body having a plurality of sidewalls and an interior surface;

a plurality of discrete chambers defined on one side of the interior surface by 

internal sidewalls and being sealed within the body, each chamber for connection to a gas 

port of a corresponding one of a plurality of ink containers, each ink container having an 

ink port connected to a corresponding one of the ink channels of the printhead; and

a plurality of compartments defined on the opposite side of the interior surface by 

internal sidewalls and being sealed within the body, each compartment being in fluid 

communication with the external atmosphere,

wherein the interior surface in each chamber has a recess in which apertures 

connect the chambers with one of the compartments through the interior surface.

Optionally, the recess of each chamber sealingly seats a filter.

Optionally, the filters comprise hydrophobic material.

Optionally, the hydrophobic material is expanded polytetrafluoroethylene.

Optionally, each chamber has a transfer port connected to the gas port of a 

corresponding one of the ink containers.

Optionally, each chamber is connected to a series of the compartments via the 

corresponding aperture in the interior surface.

Optionally, each compartment of each series of the compartments is linked by a 

tortuous path to an adjacent compartment of that series.

Optionally, the ultimate compartment of each series of the compartments which is 

furthest from the connecting aperture is fluidically open to the external atmosphere via a 

tortuous path.
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Optionally, the each chamber has an overflow port connected to overflow tubing 

through which ink in that chamber can overflow.

Optionally, the each overflow port has a check valve so that back flow of ink from 

the connected overflow tubing is prevented.

Optionally, the check valves are elastomeric duckbill check valves.

In another aspect the present invention provides a printing system comprising:

a media width printhead;

a plurality of ink containers fluidically interconnected with the printhead via a 

respective plurality of ink tubes;

a plurality of gas vents fluidically interconnected with the printhead via a respective 

plurality of gas tubes;

a multi-channel valve arrangement for selectively moving a first pinch element into 

and out of pinching contact with the ink tubes so as to respectively block and allow fluid 

flow through the ink tubes and selectively moving a second pinch element into and out of 

pinching contact with the gas tubes so as to respectively block and allow fluid flow 

through the gas tubes.

Optionally, the multi-channel valve arrangement comprises:

a body;

a plurality of ink ports defined through the body, each ink port being configured to 

receive a respective one of the ink tubes therethrough;

a plurality of gas ports defined through the body, each gas port being configured to 

receive a respective one of the gas tubes therethrough; and

a pinch drive arrangement for selectively moving the first and second pinch 

elements.

Optionally, the pinch drive arrangement comprises a shaft rotatably mounted to the 

body, eccentric cams fixedly mounted on the shaft, and springs interconnecting the first 

and second pinch elements to the shaft so that the eccentric cams contact the first and 

second pinch elements.

Optionally, each spring is formed as a bent spring having one spring portion 

connected to the first pinch element, a second spring portion connected to the second pinch 

element, and a central portion mounted about one end of the shaft.

Optionally, the first and second spring portions of each spring are configured to 

bias the first and second pinch elements toward the shaft, respectively.
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Optionally, the springs are compression springs.

Optionally, the eccentric cams are configured so that rotation of the shaft causes 

said selective movement of the first and second pinch elements with or against the bias of 

the springs.

Optionally, the multi-channel valve arrangement further comprises a plurality of 

plurality of check valves, each check valve being located on a respective one of the gas 

tubes.

Optionally, the check valves are elastomeric duckbill check valves.

Optionally, each gas vent comprises a filter disposed at one end of the 

corresponding gas tube, the opposite end of the gas tube being connected to the printhead.

Optionally, the filters comprise expanded polytetrafluoroethylene

In another aspect the present invention provides a multi-channel valve apparatus for 

a multi-channel printhead, the apparatus comprising

a plurality of ink ports defined through the body, each ink port being configured to 

receive therethrough a respective one of a plurality of ink tubes interconnecting a plurality 

of ink containers with the printhead;

a plurality of gas ports defined through the body, each gas port being configured to 

receive therethrough a respective one of a plurality of gas tubes interconnecting a plurality 

of gas vents with the printhead;

a first pinch element arranged to be moved into and out of pinching contact with 

the ink tubes so as to respectively block and allow fluid flow through the ink tubes;

a second pinch element arranged to be moved into and out of pinching contact with 

the gas tubes so as to respectively block and allow fluid flow through the gas tubes; and

a pinch drive arrangement for selectively moving the first and second pinch 

elements.

Optionally, the pinch drive arrangement comprises a shaft rotatably mounted to the 

body, eccentric cams fixedly mounted on the shaft, and springs interconnecting the first 

and second pinch elements to the shaft so that the eccentric cams contact the first and 

second pinch elements.

Optionally, each spring is formed as a bent spring having one spring portion 

connected to the first pinch element, a second spring portion connected to the second pinch 

element, and a central portion mounted about one end of the shaft.
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Optionally, the first and second spring portions of each spring are configured to 

bias the first and second pinch elements toward the shaft, respectively.

Optionally, the springs are compression springs.

Optionally, the eccentric cams are configured so that rotation of the shaft causes 

said selective movement of the first and second pinch elements with or against the bias of 

the springs.

Optionally, the multi-channel valve arrangement further comprises a plurality of 

plurality of check valves, each check valve being located on a respective one of the gas 

tubes.

Optionally, the check valves are elastomeric duckbill check valves.

Optionally, each gas vent comprises a filter disposed at one end of the 

corresponding gas tube, the opposite end of the gas tube being connected to the printhead.

Optionally, the filters comprise expanded polytetrafluoroethylene.

In another aspect the present invention provides a maintenance system for a 

printhead, the system comprising:

a support frame;

a wiper module supported by the support frame, the wiper module comprising a 

wiper roller on a rotatable shaft and a porous material about the shaft, and a transfer roller 

in rotatable contact with the wiper roller;

a lift mechanism for lifting the wiper module from the support frame to position the 

porous material of the wiper roller against the printhead; and

a rotation mechanism for rotating the wiper and transfer rollers so that the porous 

material of the wiper roller rotates against the printhead, the porous material being 

configured to absorb fluid from the printhead during said rotation, and so that the fluid 

absorbed by the porous material of the wiper roller is transferred to the transfer roller.

Optionally, the wiper module further comprises a compressible core mounted to the 

shaft, the porous material being provided over the core; and

the lift mechanism is configured to position the porous material against the 

printhead so as to compress the compressible core.

Optionally, the core is formed of extruded closed-cell foam.

Optionally, the transfer roller comprises a smooth hard cylinder which contacts the 

wiper roller so as to compress the compressible core.

Optionally, the porous material is formed of non-woven microfiber.
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Optionally, the non-woven microfiber is wrapped about the core by a spiralling 

technique so that at least two layers of the microfiber are present about the core with an 

adhesive between the layers.

In another aspect the present invention provides an apparatus for maintaining a 

printhead, the apparatus comprising:

a rotatable wiper roller comprising a shaft and a porous material about the shaft;

a rotatable transfer roller in rotatable contact with the wiper roller; and

a mechanism for rotating the wiper roller so that the porous material rotates against 

the printhead, the porous material being configured to absorb fluid from the printhead 

during said rotation, and for rotating the transfer roller against the wiper roller so that the 

fluid absorbed by the porous material is transferred to the transfer roller.

Optionally, the printhead is a media width printhead, and the wiper and transfer 

rollers are elongate with a longitudinal length of at least the media width.

Optionally, the wiper and transfer rollers are rotatably mounted to a wiper module 

supported by a sled.

Optionally, the transfer roller is mounted to the wiper module so that the transfer 

roller contacts the wiper roller on a vertical circumferential region of the wiper roller 

below the upper circumferential region of the wiper roller which contacts the printhead.

Optionally, the wiper roller comprises a compressible core mounted to the shaft, the 

porous material being provided over the core.

Optionally, the porous material is formed of non-woven microfiber.

Optionally, the non-woven microfiber is wrapped about the core by a spiralling 

technique so that at least two layers of the micro fiber are present about the core with an 

adhesive between the layers.

Optionally, the transfer roller comprises a smooth hard cylinder.

Optionally, the smooth hard cylinder is mounted to the wiper module so that 

contact pressure is exerted on the compressible core of the wiper roller.

In another aspect the present invention provides a maintenance system for a 

printhead, the system comprising:

a support frame;

a wiper module supported by the support frame, the wiper module comprising a 

porous roller for rotatably contacting the printhead to absorb fluid and particulates from the 

printhead, a non-porous roller in rotatable contact with the porous roller to transfer the 
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absorb fluid and particulates from the porous roller, and a scraper in contact with the non- 

porous roller to remove the transferred fluid and particulates from the non-porous roller 

during said rotation;

a lift mechanism for lifting the wiper module from the support frame to position the 

porous roller against the printhead; and

a rotation mechanism for rotating the porous and non-porous rollers so that the 

porous roller rotates against the printhead and the non-porous roller is rotated against the 

porous roller and the scraper.

Optionally, the porous roller comprises porous material over a compressible core; 

and

the lift mechanism is configured to position the porous material against the 

printhead so as to compress the compressible core.

Optionally, the core is formed of extruded closed-cell foam.

Optionally, the non-porous roller comprises a smooth hard cylinder which contacts 

the porous roller so as to compress the compressible core.

Optionally, the porous material is formed of non-woven microfiber.

Optionally, the scraper is resiliently flexible.

In another aspect the present invention provides an apparatus for maintaining a 

printhead, the apparatus comprising:

a rotatable porous roller;

a rotatable non-porous roller in rotatable contact with the porous roller;

a scraper in contact with the non-porous roller; and

a mechanism for rotating the porous and non-porous rollers so that the porous roller 

rotates against the printhead and the non-porous roller is rotated against the porous roller 

and the scraper, the porous roller being configured to absorb fluid and particulates from the 

printhead during said rotation, the non-porous roller being configured to transfer the 

absorbed fluid and particulates from the porous roller, and the scraper being configured to 

clean the transferred fluid and particulates from the non-porous roller during said rotation.

Optionally, the printhead is a media width printhead, and the porous and non- 

porous rollers and scraper are elongate with a longitudinal length of at least the media 

width.

Optionally, the porous and non-porous rollers are rotatably mounted to a wiper 

module supported by a sled.



WO 2011/143698 PCT/AU2011/000572

5

10

15

20

25

30

13

Optionally, the non-porous roller is mounted to the wiper module so that the non- 

porous roller contacts the porous roller on a vertical circumferential region of the porous 

roller below the upper circumferential region of the porous roller which contacts the 

printhead.

Optionally, the porous roller comprises porous material over a compressible core.

Optionally, the porous material is formed of non-woven microfiber.

Optionally, the non-porous roller comprises a smooth hard cylinder.

Optionally, the smooth hard cylinder is mounted to the wiper module so that 

contact pressure is exerted on the compressible core of the porous roller.

Optionally, the scraper is mounted to the wiper module so that the scraper contacts 

the non-porous roller on a vertical circumferential region of the non-porous roller below 

the upper circumferential region of the non-porous roller which contacts the porous roller.

Optionally, the scraper is resiliently flexible.

In another aspect the present invention provides a wiping device for maintaining a 

printhead, the wiping device comprising:

a body supported within a maintenance unit of the printer;

a porous roller rotatably mounted to the body, the body being configured to be 

lifted from the maintenance unit so as bring the porous roller into contact with a printhead 

of the printer; and

a mechanism mounted to the body for rotating the porous roller so that the porous 

roller rotates against the printhead wiping the printhead clean, the mechanism being 

connectable to a power supply of the printer and being configured to be lifted from the 

maintenance unit together with the body whilst connected to the power supply.

Optionally, the printhead is a media width printhead, and the porous roller is 

elongate with a longitudinal length of at least the media width.

Optionally, the mechanism comprises a motor and a gear train connected between a 

gear of the motor and a gear of the porous roller, the motor and gear train being mounted 

within the body.

Optionally, the motor is powered through a flexible connection with the power 

supply of the printer.

Optionally, the device further comprises a non-porous roller rotatably mounted to 

the body in contact with the porous roller,
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wherein the mechanism rotates the non-porous roller so that the non-porous roller 

rotates against the porous roller cleaning the porous roller.

Optionally, the mechanism comprises a motor and a gear train connected between a 

gear of the motor and gears of the porous and non-porous rollers, the motor and gear train 

being mounted within the body.

Optionally, the motor is powered through a flexible connection with the power 

supply of the printer.

Optionally, the porous roller comprises porous material over a compressible core.

Optionally, the non-porous roller comprises a smooth hard cylinder.

Optionally, the smooth hard cylinder is mounted to the body so that contact 

pressure is exerted on the compressible core of the porous roller.

In another aspect the present invention provides a maintenance system for a 

printhead, the system comprising:

a sled;

a wiper module supported by the sled, the wiper module comprising rotatable 

porous and non-porous rollers in contact with one another;

a lift mechanism for lifting the wiper module from the sled to position the porous 

roller against the printhead;

a rotation mechanism for rotating the porous and non-porous rollers so that the 

porous roller of the lifted wiper module rotates against the printhead and the non-porous 

roller rotates against the porous roller, the porous roller being configured to absorb fluid 

from the printhead during said rotation and the non-porous roller being configured to clean 

the absorbed fluid from the porous roller; and

a sliding mechanism for sliding the sled relative to the printhead so that the rotating 

porous roller is wiped across the printhead.

Optionally, the rotation mechanism is mounted to the wiper module and is 

connectable to a power supply of the printhead such that the rotation mechanism is lifted 

from the sled together with the wiper module whilst connected to the power supply.

Optionally, the mechanism comprises a motor and a gear train connected between a 

gear of the motor and gears of the porous and non-porous rollers, the motor and gear train 

being mounted on the wiper module.

Optionally, the motor is powered through a flexible connection with the power 

supply of the printhead.
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Optionally, the sliding mechanism comprises a rack on each end of the sled 

corresponding to each end of the wiper module, and a pinion gear on each end of a shaft so 

as to each couple with a corresponding one of the racks and a motor.

Optionally, the porous roller comprises porous material over a compressible core; 

and

the lift mechanism is configured to position the porous material against the 

printhead so as to compress the compressible core.

Optionally, the non-porous roller comprises a smooth hard cylinder.

Optionally, the smooth hard cylinder is mounted to the wiper module so that 

contact pressure is exerted on the compressible core of the porous roller.

In another aspect the present invention provides a system for transporting media in 

a printer, the system comprising:

a housing of the printer;

at least one roller rotatably mounted to the housing for transporting media through 

the printer;

a motor mounted to the housing;

a drive belt looped about a drive shaft of the motor and the roller so as to impart 

rotational driving force of the motor to the roller;

a tensioning member pivotally mounted to the housing for contacting and thereby 

tensioning the drive belt about the motor drive shaft and roller, the pivoted position of the 

tensioning member relative to the housing determining the amount of tension imparted on 

the drive belt;

a brace member mounted to the housing about a slotted arm of the tensioning 

member; and

a locking screw fixed to the housing through the brace member and slotted arm to 

lock the pivoted position of the tensioning member, the brace member being fixedly 

mounted to the housing so that rotation of the locking screw is not imparted to the slotted 

arm during fixing of the locking screw to the housing.

Optionally, the system further comprises a spring for biasing a bushing of the 

tensioning member against the drive belt thereby imparting the tension on the drive belt.

Optionally, the brace member is elongate and has pins at either end which are 

snugly received within respective holes of the housing such that the brace member is 

unable to rotate relative to the housing.
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Optionally, the slotted arm has a curved slot through which a screw hole of the 

housing is exposed through plural pivoted positions of the tensioning member.

Optionally, the brace member has a hole which is aligned with the exposed screw 

hole in the housing.

Optionally, the locking screw is fixed within the exposed screw hole via the hole in 

the brace member.

Optionally, the system comprises a plurality of rollers rotatably mounted to the 

housing for transporting media through the printer,

wherein the drive belt is looped about each of the rollers so as to impart rotational 

driving force of the motor to the rollers.

In another aspect the present invention provides a drive belt tensioning apparatus 

for a printer, the apparatus comprising:

a tensioning member pivotally mounted to a housing of the printer so as to contact 

and thereby tension a drive belt about a drive shaft of a motor and at least one roller so as 

to impart rotational driving force of the motor to the roller for transporting media through 

the printer, the pivoted position of the tensioning member relative to the housing 

determining the amount of tension imparted on the drive belt;

a brace member mounted to the housing about a slotted arm of the tensioning 

member; and

a locking screw fixed to the housing through the brace member and slotted arm to 

lock the pivoted position of the tensioning member, the brace member being fixedly 

mounted to the housing so that rotation of the locking screw is not imparted to the slotted 

arm during fixing of the locking screw to the housing

Optionally, the apparatus further comprises a spring for biasing a bushing of the 

tensioning member against the drive belt thereby imparting the tension on the drive belt.

Optionally, the brace member is elongate and has pins at either end which are 

snugly received within respective holes of the housing such that the brace member is 

unable to rotate relative to the housing.

Optionally, the slotted arm has a curved slot through which a screw hole of the 

housing is exposed through plural pivoted positions of the tensioning member.

Optionally, the brace member has a hole which is aligned with the exposed screw 

hole in the housing.
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Optionally, the locking screw is fixed within the exposed screw hole via the hole in 

the brace member.

In another aspect the present invention provides a system for aligning driven and 

idler rollers in a printer, the system comprising:

a housing of the printer, the housing having a first housing portion hingedly 

mounted to a second housing portion such that the second housing portion is movable with 

respect to the first housing portion between open and closed positions;

at least one driven roller rotatably mounted to the first housing portion for 

transporting media through the printer;

at least one idler roller rotatably supported within the second housing portion for 

contact with the driven roller so as to provide pinched contact on the transported media; 

and

an alignment adjustment mechanism for aligning the idler roller with the driven 

roller as the second housing portion is hinged into the closed position with the first housing 

portion.

Optionally, the driven roller is rotatably mounted to the first housing portion by 

bearing members which are fixedly mounted to the first housing portion.

Optionally, the idler roller is rotatably supported 

by a pinch housing constrained within the pinch roller assembly mounted to the second 

housing portion, the pinch housing being movable with respect to the second housing 

portion.

Optionally, the alignment adjustment mechanism comprises slots defined in the 

bearing members and alignment pins defined on the pinch housing, the alignment pins 

being configured to engage with the slots as the second housing portion is hinged to the 

closed position with the first housing portion, said engagement causing said movement of 

the pinch housing relative to the second housing portion thereby aligning the idler and 

driven rollers.

Optionally, the slots of the bearing members have sloped outer surfaces which 

funnel the alignment pins into the slots as the second housing portion is hinged to the 

closed position with the first housing portion.

In another aspect the present invention provides a pinch roller apparatus for a 

printer, the apparatus comprising:

a support plate securely mounted to a housing of the printer;
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a pinch housing movably supported by the support plate; and

a series of pinch rollers rotatably held within the pinch housing,

wherein the pinch housing has alignment pins for engagement with the housing of 

the printer through said movement of the pinch housing relative to the support plate, said 

engagement aligning the pinch rollers with a driven roller rotatably mounted to the housing 

to provide pinched contact for media being transported through the printer.

Optionally, the printhead is a media width printhead, and the support plate and 

pinch housing are elongate with a longitudinal length of at least the media width such that 

the series of pinch rollers extends along the media width.

Optionally, the pinch housing is linked to the support plate by springs at either 

longitudinal end of the pinch housing and support plate.

Optionally, the apparatus further comprises a mounting plate securely mounted to 

the housing of the printer, the support plate being securely mounted to the mounting plate, 

the mounting plate having tabs on which the pinch housing is held.

Optionally, the housing of the printer has a first housing portion hingedly mounted 

to a second housing portion, the support plate being securely mounted to the second 

housing portion and the driven roller being rotatably mounted to the first housing portion.

Optionally, the alignment pins of the pinch housing engage with the housing of the 

printer as the second housing portion is hinged into a closed position with the first housing 

portion.

Optionally, the driven roller is rotatably mounted to the first housing portion by 

bearing members which are fixedly mounted to the first housing portion, the alignment 

pins being configured to engage with slots in the bearing members as the second housing 

portion is hinged to the closed position with the first housing portion, said engagement 

causing said movement of the pinch housing relative to the second housing portion thereby 

aligning the pinch and driven rollers.

Optionally, an axle of each pinch roller is rotatably held within a corresponding slot 

of the pinch housing by a respective lever member, the lever members being pivotally 

supported by the support plate and movably supported by the pinch housing.

Optionally, the apparatus further comprises springs between the lever members and 

the mounting plate, the springs being configured so that the lever members are biased away 

from the mounting plate thereby urging the pinch rollers toward the driven roller.
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In another aspect the present invention provides a pinch roller assembly for a 

printer having a media width printhead, the assembly comprising:

an elongate support plate securely mounted to a housing of the printer so as to 

extend along the media width;

two elongate pinch housings movably supported on either side the support plate so 

as to extend along the media width; and

a series of pinch rollers rotatably held within each pinch housing so as to extend 

along the media width,

wherein the pinch housings have alignment pins for engagement with the housing 

of the printer through said movement of the pinch housings relative to the support plate, 

said engagement aligning the series of pinch rollers with a respective driven roller 

rotatably mounted to the housing to provide pinched contact for media being transported 

through the printer.

Optionally, the pinch housings are linked to the support plate by springs at either 

longitudinal end of the pinch housings and support plate.

Optionally, the assembly further comprises a mounting plate securely mounted to 

the housing of the printer, the support plate being securely mounted to the mounting plate, 

the mounting plate having tabs on which the pinch housings are held.

Optionally, the housing of the printer has a first housing portion hingedly mounted 

to a second housing portion, the support plate being securely mounted to the second 

housing portion and the driven rollers being rotatably mounted to the first housing portion.

Optionally, the alignment pins of the pinch housings engage with the housing of the 

printer as the second housing portion is hinged into a closed position with the first housing 

portion.

Optionally, the driven rollers are rotatably mounted to the first housing portion by 

bearing members which are fixedly mounted to the first housing portion, the alignment 

pins being configured to engage with slots in the bearing members as the second housing 

portion is hinged to the closed position with the first housing portion, said engagement 

causing said movement of the pinch housings relative to the second housing portion 

thereby aligning the pinch and driven rollers.

Optionally, an axle of each pinch roller is rotatably held within a corresponding slot 

of the corresponding pinch housing by a respective lever member, the lever members being 

pivotally supported by the support plate and movably supported by the pinch housings.
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Optionally, the assembly further comprises springs between the lever members and 

the mounting plate, the springs being configured so that the lever members are biased away 

from the mounting plate thereby urging the pinch rollers toward the driven rollers.

BRIEF DESCRIPTION OF DRAWINGS

The exemplary features, best mode and advantages of the invention will be 

understood by the description herein with reference to accompanying drawings, in which: 

Fig. 1 is a block diagram of the main system components of a printer;

Fig. 2 is a perspective view of a printhead of the printer;

Fig. 3 illustrates the printhead with a cover removed;

Fig. 4 is an exploded view of the printhead;

Fig. 5 is an exploded view of the printhead without inlet or outlet couplings;

Fig. 6 illustrates an exemplary embodiment of the printer with most components other than 

those of fluid distribution, maintenance and media handling systems for the printer 

omitted;

Fig. 7 illustrates an opposite view of the printer as illustrated in Fig. 6;

Fig. 8 schematically illustrates an exemplary embodiment of the fluid distribution system; 

Fig. 9 illustrates a fluid supply cartridge of the fluid distribution system;

Fig. 10 is an exploded view of the fluid supply cartridge;

Fig. 11 is a cross-sectional view of the fluid supply cartridge taken through line A-A of 

Fig. 9;

Fig. 12 illustrates a lid of the fluid supply cartridge;

Fig. 13A is a cross-sectional view of the lid taken through line B-B of Fig. 12;

Fig. 13B illustrates the lid of Fig. 13A with a filter omitted;

Fig. 14 is a cross-sectional view of the lid taken through line C-C of Fig. 12;

Fig. 15 is a cross-sectional view of the lid taken through line D-D of Fig. 12;

Fig. 16 illustrates a portion of the cross-sectional view of Fig. 13A showing a septum 

needle for a fluid port of the fluid supply cartridge;

Figs. 17A and 17B illustrate different views of one exemplary embodiment of a piercable 

septum of the fluid port;

Figs. 17C and 17D illustrate different views of another exemplary embodiment of a 

piercable septum of the fluid port;

Figs. 18A and 18B illustrate different views of a slit septum of the fluid port;
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Fig. 19 illustrates a layout of the supply cartridges as mounted in the printer;

Figs. 20 and 21 illustrate different views of a multi-channel gas vent assembly of the fluid 

distribution system;

Fig. 22 A schematically illustrates another embodiment of the fluid distribution system 

incorporating an alternative multi-channel gas vent assembly;

Fig. 22B illustrates the alternative multi-channel gas vent assembly with waste fluid lines 

omitted;

Fig. 22C illustrates a different view of the alternative multi-channel gas vent assembly with 

the waste fluid lines shown;

Fig. 22D schematically illustrates another embodiment of the fluid distribution system 

incorporating buffer units;

Figs. 22F-22H illustrate different views of a single buffer unit;

Figs. 23 A and 23B illustrate different isometric views of a multi-channel valve 

arrangement of the fluid distribution system;

Fig. 24 is an exploded view of the multi-channel valve arrangement;

Fig. 25 illustrates the multi-channel valve arrangement with a housing and some fluid lines 

omitted;

Fig. 26 illustrates a cam shaft of the multi-channel valve arrangement in isolation;

Figs. 27A-27C illustrate different valve states of the multi-channel valve arrangement;

Fig. 28 schematically illustrates another embodiment of the fluid distribution system 

incorporating an on demand de-prime arrangement;

Fig. 29 illustrates a modular maintenance sled of an exemplary embodiment of the 

maintenance system;

Fig. 30 is an exploded view of the maintenance sled;

Fig. 31 illustrates a wiper module of an exemplary embodiment of the sled;

Fig. 32 is an exploded view of the wiper module;

Fig. 33 is a cross-sectional view of the sled illustrating the wiper module position;

Fig. 34 is a bottom isometric view of the sled;

Fig. 35 illustrates a translation mechanism of the sled;

Fig. 36A is a cross-sectional view of the printer with most components omitted and 

illustrating the wiper module engaged with a lift mechanism in a non-lifted position;

Fig. 36B illustrates the w iper module engaged with the lift mechanism in a lifted position;

Fig. 36C illustrates the w iper module in an operational position relative to the printhead;
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Fig. 37 is a close up view of one section of the lift mechanism;

Figs. 38A-38G illustrate different schematic views of exemplary translated wiping 

movements of the wiper module;

Fig. 39 illustrates a fluid collection tray of the maintenance system;

Fig. 40 illustrates upper and lower sections of an exemplary embodiment of the media 

handling system;

Fig. 41 illustrates media guide and drive assemblies of the lower section of the media 

handling system;

Fig. 42 illustrates engagement of drive and pinch elements of the drive and pinch 

assemblies;

Fig. 43 is a perspective view of the pinch assembly with a plate of one of the pinch 

elements omitted;

Fig. 44 illustrates one of the pinch elements in isolation;

Fig. 45 A illustrates an alignment mechanism of the drive assembly and a pinch assembly 

of the upper section of the media handling system; and

Fig. 45B is a cross-sectional view of the alignment mechanism illustrated in Fig. 45A.

One of ordinary skill in the art will appreciate that the invention is not limited in its 

application to the details of construction, the arrangements of components, and the 

arrangement of steps set forth in the following detailed description and/or illustrated in the 

accompanying drawings. The invention is capable of other embodiments and of being 

practiced or being carried out in various ways. Also, it is to be understood that the 

phraseology and terminology used herein is for the purpose of description and should not 

be regarded as limiting.

DETAIEED DESCRIPTION OF EMBODIMENTS

An exemplary block diagram of the main system components of a printer 100 is 

illustrated in Fig. 1. The printer 100 has a printhead 200, fluid distribution system 300, 

maintenance system 600, electronics 800 and media handling system 900.

The printhead 200 has fluid ejection nozzles for ejecting printing fluid, such as ink, 

onto passing print media. The fluid distribution system 300 distributes ink and other fluids 

for ejection by the nozzles of the printhead 200. The maintenance system 600 maintains 

the printhead 200 so that reliable and accurate fluid ejection is provided from the ejection 
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nozzles. The media handling system 900 provides transport and guidance of media past 

the printhead 200 for printing.

The electronics 800 operatively interconnects the electrical components of the 

printer 100 to one another and to external components/systems. The electronics 800 has 

control electronics 802 for controlling operation of the connected components. An 

exemplary configuration of the control electronics 802 is described in US Patent 

Application Publication No. 20050157040 (Applicant’s Docket No. RRC001US), the 

contents of which are hereby incorporated by reference.

The printhead 200 may be provided as a media width printhead cartridge removable 

from the printer 100, as described in US Patent Application Publication No. 20090179940 

(Applicant’s Docket No. RRE017US), the contents of which are hereby incorporated by 

reference. This exemplary printhead cartridge includes a liquid crystal polymer (LCP) 

molding 202 supporting a series of printhead ICs 204, as illustrated in Figs. 2-5, which 

extends the width of media substrate to be printed. When mounted to the printer 100, the 

printhead 200 therefore constitutes a stationary, full media width printhead.

The printhead ICs 204 each comprise ejection nozzles for ejecting drops of ink and 

other printing fluids onto the passing media substrate. The nozzles may be MEMS (micro 

electro-mechanical) structures printing at true 1600 dpi resolution (that is, a nozzle pitch of 

1600 nozzles per inch), or greater. The fabrication and structure of suitable printhead ICs 

204 are described in detail in US Patent Application Publication No. 20070081032 

(Applicant’s Docket No. MNN001US), the contents of which are hereby incorporated by 

reference.

The LCP molding 202 has main channels 206 extending the length of the LCP 

molding 202 between associated inlet ports 208 and outlet ports 210. Each main channel 

206 feeds a series of fine channels (not shown) extending to the other side of the LCP 

molding 202. The fine channels supply ink to the printhead ICs 204 through laser ablated 

holes in the die attach film via which the printhead ICs are mounted to the LCP molding, 

as discussed below.

Above the main channel 206 is a series of non-priming air cavities 214. These 

cavities 214 are designed to trap a pocket of air during printhead priming. The air pockets 

give the system some compliance to absorb and damp pressure spikes or hydraulic shocks 

in the printing fluid. The printers are high speed pagewidth or media width printers with a 

large number of nozzles firing rapidly. This consumes ink at a fast rate and suddenly
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ending a print job, or even just the end of a page, means that a column of ink moving 

towards (and through) the printhead 200 must be brought to rest almost instantaneously. 

Without the compliance provided by the air cavities 214, the momentum of the ink w ould 

flood the nozzles in the printhead ICs 204. Furthermore, the subsequent 'reflected wave' 

could otherwise generate sufficient negative pressure to erroneously deprime the nozzles.

The printhead cartridge has a top molding 216 and a removable protective cover 

218. The top molding 216 has a central web for structural stiffness and to provide textured 

grip surfaces 220 for manipulating the printhead cartridge during insertion and removal 

with respect to the printer 100. Movable caps 222 are provided at a base of the cover and 

are movable to cover an inlet printhead coupling 224 and an outlet printhead coupling 226 

of the printhead 200 prior to installation in the printer. The terms “inlet” and “outlet” are 

used to specify the usual direction of fluid flow through the printhead 200 during printing. 

However, the printhead 200 is configured so that fluid entry and exit can be achieved in 

either direction along the printhead 200.

The base of the cover 218 protects the printhead ICs 204 and electrical contacts 

228 of the printhead prior to installation in the printer and is removable, as illustrated in 

Fig. 3, to expose the printhead ICs 204 and the contacts 228 for installation. The 

protective cover may be discarded or fitted to a printhead cartridge being replaced to 

contain leakage from residual ink therein.

The top molding 216 covers an inlet manifold 230 of the inlet coupling 224 and an 

outlet manifold 232 of the outlet coupling 226 together with shrouds 234, as illustrated in 

Fig. 4. The inlet and outlet manifolds 230,232 respectively have inlet and outlet spouts 

236,238. Five each of the inlet and outlet ports or spouts 236,238 are shown in the 

illustrated embodiment of the printhead 200, which provide for five ink channels, e.g., 

CYMKK or CYMKIR. Other arrangements and numbers of the spouts are possible to 

provide different printing fluid channel configurations. For example, instead of a multi

channel printhead printing multiple ink colors, several printheads could be provided each 

printing one or more ink colors.

Each inlet spout 236 is fluidically connected to a corresponding one of the inlet 

ports 208 of the LCP molding 202. Each outlet spout 238 is fluidically connected to a 

corresponding one of the outlet ports 210 of the LCP molding 202. Thus, for each ink 

color, supplied ink is distributed between one of the inlet spouts 236 and a corresponding 

one of the outlet spouts 238 via a corresponding one of the main channels 206.
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From Fig. 5 it can be seen that the main channels 206 are formed in a channel 

molding 240 and the associated air cavities 214 are formed in a cavity molding 242. 

Adhered to the channel molding 240 is a die attach film 244. The die attach film 244 

mounts the printhead ICs 204 to the channel molding 240 such that the fine channels, 

which are formed within the channel molding 240, are in fluid communication with the 

printhead ICs 204 via small laser ablated holes 245 through the film 244.

The channel and cavity moldings 240,244 are mounted together with a contact 

molding 246 containing the electrical contacts 228 for the printhead ICs and a clip molding 

248 in order to form the LCP molding 202. The clip molding 248 is used to securely clip 

the LCP molding 202 to the top molding 216.

LCP is the preferred material of the molding 202 because of its stiffness, which 

retains structural integrity along the media width length of the molding, and its coefficient 

of thermal expansion which closely matches that of silicon used in the printhead ICs, 

which ensures good registration between the fine channels of the LCP molding 202 and the 

nozzles of the printhead ICs 204 throughout operation of the printhead 200. However, 

other materials are possible so long as these criteria are met.

The fluid distribution system 300 may be arranged in the printer 100 for the 

multiple fluid channels of the printhead 200 as illustrated in Figs. 6 and 7. Fig. 8 

schematically illustrates the fluid distribution system 300 for a single fluid channel, e.g., 

for a single colored ink or other printing fluid, such as ink fixing agent (fixative). The 

illustrated embodiment is similar in arrangement and operation as the pinch and check 

valve embodiment of the fluid distribution system described in the Applicant’s US 

Provisional Patent Application No. 61345552 (Docket No. KPF001PUS).

The present embodiment of the fluid distribution system differs from the identified 

embodiment of the incorporated description of the Applicant’s US Provisional Patent 

Application No. 61345552 (Docket No. KPF001PUS) in the provision of fluid supply 

cartridges and a 2-way pinch valve. These and other components of the present fluid 

distribution system 300 of Fig. 8 are now described in detail. Where suitable, the same 

reference numerals for the same components of the incorporated description of the 

Applicant’s US Provisional Patent Application No. 61345552 (Docket No. KPF001PUS) 

are used. The present embodiment of the fluid distribution system provides a simple, 

passive and gravity fed fluid (ink) distribution system for the printhead.
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The fluid distribution system 300 has sealed containers 301 (herein termed fluid 

supply cartridges) which contain ink or other fluid/liquid for supply to the printhead 200 

via a closed fluid loop 348. In the illustrated embodiment of Figs. 6 and 7, five supply 

cartridges 301 and five closed fluid loops 348 are provided for the above-discussed five ink 

channels of the printhead 200. The fluid supply cartridges of the present embodiment are 

provided in place of the supply and accumulator tanks of the incorporated Applicant’s US 

Provisional Patent Application No. 61345552 (Docket No. KPF001PUS). The manner in 

which the five supply cartridges 301 are mounted to a housing 101 of the printer 100 is 

discussed later.

Figs. 9-12 illustrate one of the supply cartridges 301. As illustrated, the supply 

cartridge 301 has a body 303 which is sealed with respect to liquids by a lid 305. The body 

303 may be molded from two parts 303a and 303b which are joined and hermitically 

sealed by ultrasonic welding so as to provide an opening 303c onto which the lid 305 

assembled. Alternatively, the body 303 may be molded as a single unit. The body 303 has 

a flange 303 d about the periphery of the opening 303c which is received within a groove 

305a of the lid 305a, as illustrated in Fig. 11. The assembled body 303 and lid 305 are 

joined and hermitically sealed by ultrasonic welding so as to form a sealed fluid reservoir.

The body 303 (and the lid 305) is preferably formed of a material which is inert in 

ink, has a low water vapor transmission rate (WVTR), can be ultrasonically welded and is 

not susceptible to sympathetic ultrasonic welding when the lid 305 is ultrasonically welded 

to the body 303. Suitable materials are polyethylene terephthalate (PET) and a 

combination of polyphenylene ether and polystyrene, such as Noryl 731. The ultrasonic 

welding used is preferably a dual shear joint that creates a strong hermetic seal and is 

tolerant to variation in size between the two components. However, other ultrasonic 

welding or other joining and sealing techniques are possible.

One, or both, of the parts 303a and 303b of the body 303 is formed with one or 

more internal ribs 307. The internal ribs 307 drastically improve the rigidity of the supply 

cartridge 301. This improved rigidity reduces deformation in the cartridge under 

conditions of positive or negative pressurization, such as occurs during shipping and under 

conditions of shock which can occur during shipping and handling of the cartridge and/or 

printer. Improved rigidity also may lead to stronger joints between the cartridge 

components. A handle 309 is formed as part of the body 303 which provides a grip surface
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for a user to grasp the supply cartridge 301 without deforming the cartridge, thereby 

further protecting the sealed cartridge joints.

The lid 305 of the supply cartridge 301 is illustrated in detail in Figs. 12-14. As 

illustrated, the lid 305 has three sealable fluid ports 311. The ports 311 serve the following 

functions: a fluid outlet port 313; a gas port 315; and a fluid inlet (or return) port 317. Ink 

or other printing fluids contained in the supply cartridge 301 can be drawn through the 

outlet 313 into the closed fluid loop 348 and returned via the closed loop 348 to the supply 

cartridge 301 through the inlet 317. Whilst the gas port 315 allows gases, such as ambient 

air and internal vapours, to pass into and out of the supply cartridge 301. This arrangement 

allows the internal gas pressure of the supply cartridge 301 to be equalized to external 

ambient conditions.

Each of the ports 311 has an internal channel 311a which communicates with the 

exterior of the cartridge 301 at an external aperture 311b and communicates with the 

interior fluid reservoir of the cartridge 301 at an internal aperture 311c. The internal 

aperture 311 c of the outlet 313 is formed as a channel 313a which communicates with a 

filter compartment 319 formed on the lid 305. As illustrated in Figs. 13A and 13B, the 

filter compartment 319 has a plate 319a into which the channel 313a opens and sidewalls 

319b projecting from the periphery of the plate 319a. A ridge 319c is formed on the outer 

surfaces of the sidewalls 319b to define a peripheral seat 319d. The peripheral seat 319d 

receives a filter 321 for removing particles from the ink, or other fluid, contained in the 

fluid reservoir before the fluid exits through the outlet 313 and ultimately reaches the 

printhead 200 through the closed loop 348.

The filter 321 is used to filter contaminants from the ink so that the ink reaching the 

printhead 200 is substantially contaminant-free. The filter 321 is formed of a material 

which is compatible with the ink stored by the supply cartridge 301 and allows fluid 

transfer through the filter but prevents particulate transfer. The use of the “compatible” 

herein is understood to mean that the material said to be “compatible” with the ink does not 

break down or alter due to prolonged contact with the ink and does not change the 

characteristics of the ink in any way.

Preferably, the filter 321 is a polyester mesh having a pore size of one micron. 

Such a mesh filter 321 is preferably mounted on the seat 319d of the filter compartment 

319 by heat staking or the like so that the filter is sealed about its periphery to the transfer 
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of particles. Providing the supply cartridges with an internal filter obviates the need for 

filtration within the closed fluid loop 348.

The internal aperture 31 lc of the inlet 317 communicates with the interior fluid 

reservoir of the cartridge 301 via a chute 317a, as illustrated in Figs. 12 and 15. The 

internal aperture 31 lc of the gas port 315 is formed as a channel 315a which 

communicates with the interior fluid reservoir of the cartridge 301, as illustrated in Fig. 14.

The external aperture 31 lb of each port 311 is formed as a bore which receives a 

septum 323, as illustrated in Figs. 13A, 14 and 15, for connection to tubing. In the 

exemplary embodiment illustrated in Figs. 16-18B, each septum 323 is provided as a dual 

septum 325. Each dual septum 325 is an assembly of two adjacent septa being a pierceable 

septum 327 and a slit septum 329, which together form a leak proof barrier. The leak 

proof barrier of the dual septa 325 is sealingly penetrated by a corresponding septum 

needle 331 to allow fluid flow through the ports 311, as illustrated in Fig. 16. Each septum 

needle 331 has a barb 331a as a connector of tubing of the closed fluid loop 348, for the 

outlet and inlet 313,317, and of tubing of a gas vent or air chimney 333, for the gas port 

315.

The combined pierceable and slit septa provide a redundant disengageble and 

compact fluid port and prevent fluid leakage under the following conditions: (1) before the 

septum needle has been inserted; (2) while the septum needle is inserted; and (3) after the 

septum needle has been removed. These conditions are met in the following manner.

The pierceable septum 327 is assembled as the innermost of the septa 327,329 

within the bore 31 lb of the corresponding port 311 and as such is in contact with the fluid 

contained in the cartridge 301 during transportation and storage, and during printing. 

Therefore, the pierceable septum 327 is formed from a resilient material that is compatible 

with the fluid in the cartridge 301 and which provides a fluid-tight seal against the bore 

31 lb and the septum needle 331. Preferably, the pierceable septum 327 is formed from an 

elastomeric material, such as low elongation nitrile rubber.

The pierceable septum 327 is circular in form and can be configured as illustrated 

in the two embodiments illustrated in Figs. 17A and 17B and in Figs. 17C and 17D. In 

both embodiments, the pierceable septum 327 has an annular ridge or seal 327a formed at 

its circumferential edge which is configured to press against the inner wall of the bore 

31 lb. This contact pressure deforms the annular ridge 327a providing a barrier to the 

passage of fluid around the circumferential edge of the pierceable septum 327. This



WO 2011/143698 PCT/AU20U/000572

5

10

15

20

25

30

29 

deformation is constrained by forming the portion of the pierceable septum 327 interior to 

the annular ridge 327a as a frustoconical surface 327b. The surface 327b provides rigidity 

of the inner portions of the pierceable septum 327 which prevents roll and de-sealing of the 

annular seal 327a. The surface 327b plateaus at the central portion of the pierceable 

septum 327 which is formed as a thin membrane 327c.

Preferably, the elastomeric material of the pierceable septum 327 has low tear 

strength. This material selection together with radial score lines 327d formed in the 

membrane 327c of the first embodiment illustrated in Figs. 17A and 17B, and stress 

concentration geometry 327e formed as a groove in the membrane 327c concentric with 

the central point of the membrane 327c of the second embodiment illustrated in Figs. 17C 

and 17D, make piercing of the membrane 327c easier, with less stretch and lower required 

force, when the septum needle 331 pierces or punctures the pierceable septum 327 during 

first insertion. After being punctured, the elastomeric material of the pierced surface 327b 

maintains a compressive grip around the inserted septum needle 331 which minimizes 

communication of fluid across the pierced boundary. Accordingly, the materially 

compatible resilient seal provided by the pierceable septum 327 prevents fluid leakage 

under at least the afore-mentioned conditions (1) and (2). A suitable elastomeric material 

of the pierceable septum 327 is low elongation nitrile rubber.

The slit septum 329 is assembled as the outermost of the septa 327,329 within the 

bore 31 lb of the corresponding port 311 and as such is not in contact with the fluid 

contained in the cartridge 301 during transportation and storage. Therefore, the material of 

the slit septum 329 does not need to be fully compatible with the fluid contained in the 

cartridge 301. However, the slit septum 329 is required to provide a fluid-tight seal against 

the bore 311b and the septum needle 331, and is therefore also preferably formed from an 

elastomeric material.

The slit septum 329 is circular in form, as illustrated in Figs. 18A and 18B, and has 

two redundant annular ridges or seals 329a formed at its circumferential edges which are 

configured to press against the inner wall of the bore 31 lb. This contact pressure deforms 

the annular ridges 329a providing a barrier to the passage of fluid around the 

circumferential edges of the slit septum 329. The central portion of the slit septum 329 has 

a slit 329b which is closed and sealed by the contact pressure created by the compression 

of the annular seals 329a so that fluid is prevented from leaking through the closed slit 

329b. The septum needle 331 is passed through the slit 329b and on through the piercable
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membrane 327c of the pierceable septum 327 during first insertion. After insertion, the 

elastomeric material about the slit 329b maintains a compressive grip around the inserted 

septum needle 331 which minimizes communication of fluid across the slit boundary. 

Further, after withdrawal of the septum needle 331 the elastomeric material of the slit 329b 

recloses the slit 329b which re-seals the slit septum 329.

The slit septum 329 has an annular detent 329c between the two annular seals 329a 

which provides a volume into which the elastomeric material of the septum deforms when 

the septum needle 331 is inserted through the slit 329b. Accordingly, the possibly 

materially incompatible resilient seal provided by the slit septum 329 prevents fluid 

leakage under all of the afore-mentioned conditions (1), (2) and (3). A suitable elastomeric 

material of the slit septum 329 is isoprene.

The superior sealing properties of the slit septa means that the material of the 

pierceable septa can have poor elastomeric properties, e.g., low tear strength, which 

increases the range of available materials which can be chosen to provide good 

compatibility with the fluid contained by the supply cartridge. For example, for the inks 

used by the MEMJET™ printers of the Applicant, only elastomeric sealing materials 

having poor elastomeric properties are compatible with the inks in terms of swell, low 

particle shedding, and other desired characteristics. If single septa constructed of such 

poor elastomeric property materials were used, fluid leakage can occur around the outer 

surface of the septum or along the surfaces penetrated by the septum needle, because the 

elastomeric material does not conform well to the surfaces that they are sealing against. 

Thus, by using the dual septa 325, each port 311 is able to function as a reliably sealed 

fluid port even when the fluid contained in the cartridge 301 is materially incompatible 

with one of the two elastomeric seals formed by the dual septa 325. Furthermore, the dual 

septa 325 provide multiple redundant sealing surfaces to prevent fluid leakage before, 

during and after use of the fluid supply cartridge.

In the illustrated example, there are a total of three redundant annular seals around 

the outer edges of the two septa 327,329, and two redundant seals around the inserted 

septum needle 331. However, other arrangements are possible having different numbers of 

redundant external and internal seals, so long as the redundancy reduces the likelihood of 

fluid leakage at different points during the life cycle of the seal

The dual septum 325 of the gas port 315 is connected to a vent line 335 of the gas 

vent 333. The vent line 335 is in the form of tubing connected to the barb 33 la of the 
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septum needle 331 at one end and to a fdter 337 at the other end. The filter 337 is 

preferably formed of a hydrophobic material, such as ePTFE, so that air exclusive of water 

vapor and the like is able to enter the vent line 335 from the ambient environment. 

Preferably, the hydrophobic material of the filter 337 is expanded polytetrafluoroethylene 

(ePTFE, known as Gore-Tex® fabric) which has these gas transit properties. The use of 

the term “hydrophobic” herein is to be understood as meaning that any liquid, not only 

water, is repelled by the material which is said to be “hydrophobic”.

The amount of fluid within the supply cartridge is monitored by a sensing 

arrangement 340. The sensing arrangement 340 senses the level of fluid contained within 

the supply cartridge and outputs the sensing result to the control electronics 802 of the 

printer 100. For example, the sensing result can be stored in a quality assurance (QA) 

device 342 of the supply cartridge which interconnects with a QA device of the control 

electronics 802, as described in previously referenced and incorporated US Patent 

Application Publication No. 20050157040.

In the illustrated embodiment of Figs. 9-12, the sensing arrangement 340 has a 

prism and associated sensor incorporated in the lid 305 of the supply cartridge at a position 

which accords to a fluid level providing the predetermined fluid containing capacity of the 

supply cartridge. As understood by one of ordinary skill in the art in such a sensing 

arrangement, the sensor emits light of a certain wavelength into the prism and detects 

returning light and the wavelength of the returning light.

When fluid is present in the supply cartridge at the level providing the 

predetermined fluid containing capacity (herein termed “full level”), the light emitted by 

the sensor is refracted by the prism back to the sensor as returning light at a first 

wavelength. In this case, the sensing arrangement 340 provides a signal which indicates a 

“full” fluid level to the control electronics 802.

When fluid is present in the supply cartridge at a first level less than the full level 

(herein termed the “low level”), the light emitted by the sensor is refracted by the prism 

back to the sensor as returning light at a second wavelength different than the first 

wavelength. In this case, the sensing arrangement 340 provides a signal which indicates a 

“low” fluid level to the control electronics 802.

When fluid is present in the supply cartridge at a second level less than the first 

level (herein termed the “out level”), the light emitted by the sensor passes through the 

prism such that no returning light is sensed by the sensor. In this case, the sensing 
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arrangement 340 provides a signal which indicates an “out” fluid level to the control 

electronics 802.

The drawing of ink from the supply cartridge into the closed loop 348 reduces the 

level of ink within the supply cartridge from the foil level to the low level and then the out 

level. Relaying of this ink level reduction to the control electronics 802 allows printing by 

the printhead 200 to be controlled to eliminate low quality prints, such as partially printed 

pages and the like.

For example, at the full indicator, the control electronics 802 allows normal 

printing to be carried out. At the low ink level indicator, the control electronics 802 allows 

reduced capacity printing to be carried out, such as subsequent printing of only a certain 

number of pages of certain ink quantity requirements. And at the out level indicator, the 

control electronics 802 prevents further printing until the supply cartridge is refilled or 

replaced with a foil cartridge, such as through prompting of a user of the printer 100.

Upon depletion, the supply cartridges 301 are disconnected from the system 300 at 

the ports 311, either replaced or refilled either in situ or remote from the system 300, and 

then reconnected to the system 300.

In the illustrated embodiment, refilling of the supply cartridge 301 is provided by 

connecting a refill port 344 in the lid 305 of the supply cartridge 301 with a refilling station 

or the like. For example, the refill port 344 may comprise a ball valve 346, as illustrated in 

Fig. 9, or other valve arrangement, which is actuated to open by the refilling station and 

refilling is carried out under gravity.

The supply cartridges 301 have a slim and low profile. In the illustrated 

embodiment, the supply cartridges have a height of about 24 millimeters. This enables the 

supply cartridges 301 to be stacked in the printer housing 101 in the layout illustrated in 

Figs. 6 and 21, which disposes the supply cartridges 301 containing different ink colors at 

different levels to minimize ink color mixing.

In the illustrated layout, five supply cartridges 301 are stacked in an array having 

three columns and three rows. The five supply cartridges 301 include two black ink supply 

cartridge 301K, a cyan ink supply cartridge 301C, a magenta ink supply cartridge 301M 

and a yellow ink supply cartridge 301Y.

In Fig. 19, the printing or ejection face of the printhead 200 containing the ejection 

surfaces of the ejection nozzles is defined as a reference at zero millimeters. As illustrated, 

the black ink cartridges 30 IK are disposed at the lowest row of the array in the first and
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third columns of the array so that the upper surfaces of the black ink cartridges 30 IK are at 

about -90 millimeters relative to reference of the printing surface. The magenta and cyan 

ink cartridges 3O1M,3O1C are disposed at the middle row of the array in the first and third 

columns of the array so that the upper surfaces of the magenta and cyan ink cartridges 

3O1M,3O1C are at about -65 millimeters relative to reference of the printing surface. The 

yellow ink cartridge 301Y is disposed at the highest row of the array in the second column 

of the array so that the upper surface of the yellow ink cartridge 301Y is at about -55 

millimeters relative to reference of the printing surface.

By arranging the different ink color cartridges in the layout of Fig. 19, the black ink 

channels have a lower backpressure than the magenta, cyan and yellow ink channels, and 

the magenta and cyan ink channels have a lower backpressure than the yellow channel. 

The result is that on the printhead 200, in the presence of fibers, dust, ink or other 

contaminants, if a fluid path is formed between any two ink color channels and fluid begins 

to flow from one ink channel to another causing color mixing, the flow will be pulled 

towards the magenta and cyan ink channels from the yellow’ ink channel and towards the 

black ink channels from the magenta, cyan and yellow ink channels. Because these flow 

directions allow the black ink to absorb the other mixed ink colors the effects of color 

mixing in the printhead 200 are reduced since the color mixing is less noticeable in the 

printed product than if all ink colors contained similar back pressure levels.

In order to ensure that the correct ink color cartridge is inserted at the correct 

position in the layout, the lid 305 of each supply cartridge 301 is provided with a lockout 

plate 350 which has a feature 350a at a position on the lockout plate 350 corresponding to 

the ink color contained in the supply cartridge 301. The features 350a engage with 

respective features on the printer housing 101 at positions corresponding to the ink color in 

the layout, so that the correct ink color is supplied to the correct ink channel of the fluid 

distribution system 300 and printhead 200. The lids 305 of the supply cartridges 301 are 

further provided with locating and alignment features 365 which locate the supply 

cartridges 301 with mating features on the printer housing 101 thereby aligning the supply 

cartridges for proper fluid flow into the closed fluid loop and vent lines.

In the above-discussed arrangement two black ink supply cartridges are used for a 

CYMKK ink channel configuration, however more or less of the ink channels could 

provide the same ink color depending on the printer application.
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In the illustrated embodiment of the fluid distribution system 300 of Figs. 6 and 7, a 

multi-channel gas vent assembly 333 is provided for the five supply cartridges 301 of the 

five ink channels. The multi-channel gas vent assembly 333 is illustrated in Figs. 20 and 

21. The gas vent assembly 333 has a body 339 which is mounted to the printer housing 

101. As illustrated, the body 339 is formed as a box, one sidewall 339a of which is formed 

with barbs 341 as connectors for the tubing of the vent lines 335 of the supply cartridge gas 

ports 315.

The body 339 has a number of discrete chambers 343 (the number corresponds to 

the number of ink channels of the printhead 200 which in the illustrated embodiment is 

five) defined on one side of the box by the sidewall 339a, sidewalls 339b, 339c and 339d, 

internal walls 339e, and a surface 3 3 9f. The remaining open side of each of the chambers 

343, as illustrated in Fig. 20, can be sealed by either a further wall of the body 339 or a 

sealing film or the like mounted on the body 339 (not illustrated for clarity).

Each chamber 343 has a hole 343a through the sidewall 339a of the body 339 

which communicates with the hollow interior of a corresponding one of the connectors 

341, thereby defining transfer ports of the gas vent assembly 333. In this way, fluid is 

communicated between the chambers 343 and the corresponding vent lines 335, and 

ultimately the corresponding supply cartridges 301 via the gas ports 315.

The surface 339f in each chamber 343 is formed with a recess 345 in which 

apertures 347 are formed through the surface 339f. The filters 337 are sealingly received 

in the recesses 345 so as to provide a hydrophobic filter between the chambers 343 and the 

apertures 347. In Fig. 20, one of the filters 337 is omitted to allow illustration of the recess 

345 and aperture 347 of one of the chambers 343.

Each aperture 347 communicates with a series of compartments 349 defined on the 

other side of the box by the sidewalls 339a-339d, internal walls 3 3 9g, and the surface 3 3 9f. 

The remaining open side of each of the compartments 349, as illustrated in Fig. 21, can be 

sealed by either a further wall of the body 339 or a sealing film or the like mounted on the 

body 339 (not illustrated for clarity).

The series of compartments 349 corresponding to a particular aperture 347, and 

therefore a particular chamber 343, are fluidically linked by tortuous or serpentine paths 

349a. Further, as illustrated in the cut-away partial detailed view of Fig. 21, the final 

compartment 349b of each compartment series is fluidically open to atmosphere via 
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another tortuous path 349c. In the illustrated embodiment, there are five compartments 

349 in each compartment series, however more or less compartments are possible.

This arrangement for each channel of the gas vent assembly 333 provides a gas 

path between the vent line 335 and the external atmosphere via the corresponding chamber 

343, filter 337 and series of compartments 349. The gas path allows gases, such as 

ambient air and internal vapors of the supply cartridge 301 formed by volatiles evaporated 

from the contained ink, to pass into and out of the supply cartridge 301. This gas transit, 

together with mounting the gas vent assembly 333 to the printer housing 101 so that the 

connectors 341 are at the lower side of the body 339, allows the internal gas pressure of the 

supply cartridge 301 to be equalized to external ambient conditions, which provides 

consistent fluid flow through the outlet and inlet ports 313,317 of the supply cartridges 

301.

The hydrophobic nature of the filters 337 together with the fluid containing volume 

provided by the chambers 343 prevents ink which may overflow from the supply cartridge 

301 from passing into the compartments 349. This ensures that air at controlled pressure is 

always present in the gas vent 333 which enables the gas pressure equalization, and that a 

volume for the evaporated volatiles is provided. In the illustrated embodiment, the 

volume provided by each series of compartments 349 is about 15 cubic centimeters, the 

tortuous path length to area ratio provided by the relatively long and narrow tortuous gas 

paths of each compartment 349 is about 60 mm’1, and the ink overflow volume provided 

by each chamber 343 is about 12.6 cubic centimeters. Accordingly, the gas vent assembly 

has cascading chambers with long and narrow serpentine gas paths to gas vents which are 

protected by a liquid barrier.

Another embodiment of the fluid distribution system 300 incorporates an 

alternative embodiment of the multi-channel gas vent assembly 333. In this alternative 

embodiment of the multi-channel gas vent assembly 333 fluid overflow management is 

provided such that overflowing fluid from the supply cartridges 301 at volumes greater 

than can be contained in the ink overflow volume provided by the chambers 343 is able to 

exit the gas vent assembly 333. The fluid distribution system 300 of this embodiment is 

illustrated schematically for a single fluid channel in Fig. 22A, and the alternative multi

channel gas vent assembly 333 is illustrated in Figs. 22B and 22C.

As illustrated, each chamber 343 has a further hole 343b through the sidewall 339d 

of the body 339 which communicates with the hollow interior of a corresponding barb 351 
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as a connector for tubing of a waste fluid line 353. The waste fluid lines 353 preferably 

feed into a single tube 353a which drains the overflowed ink, or other printing fluids, into a 

fluid collection tray 601 of the maintenance system 600, which is described in detail later.

A check valve 355 is preferably provided at each connector 351 so that back flow 

of ink from the waste fluid lines 353 to the chambers 343 is prevented. That is, as is 

understood by one of ordinary skill in the art in the art, check valves are one-way valves 

which allow free fluid flow when positive differential fluid pressure between the upstream 

and downstream sides of the check valve above the cracking pressure of the check valve is 

present but disallow, or check, backflow from the downstream side to the upstream side 

when negative differential fluid pressure between the upstream and downstream sides is 

present. The check valve is preferably an elastomeric duckbill check valve, as illustrated 

in Fig. 22B.

In a further alternative embodiment of the fluid distribution system 300 the multi

channel gas vent assembly is replaced by fluid overflow buffer units 354 to provide fluid 

overflow management from the supply cartridges 301. The fluid distribution system 300 

of this embodiment is illustrated schematically for a single fluid channel in Fig. 22D, and 

the fluid overflow buffer units 354 are illustrated in Figs. 22E-22H.

The buffer units 354 are configured to store ink that may overflow from the full or 

partially filled supply cartridges 301 due to volumetric expansion of air within the supply 

cartridges 301 caused by effects such as ambient temperature changes and barometric 

variation in the atmosphere. In the case of severe overflow, the buffer units 354 provide a 

discharge path that allows the ink to flow from the buffer units 354 into the fluid collection 

tray 601.

The layout of the supply cartridges 301 of Fig. 19 is accommodated for by 

configuring each buffer unit 354 with a body 356 defining two chambers 358 for capture of 

ink from two of the supply cartridges. This also allows simple and reproducible 

manufacture of the buffer units 354 independent of the layout employed for the supply 

cartridges. In the array of five of the supply cartridges 301 illustrated in Fig. 22E, three 

buffer units 354 each having upper and lower chambers 358 are arranged with a first buffer 

unit 354 servicing the magenta and black ink supply cartridges 30IM,30IK in the first 

column of the array, a second buffer unit 354 servicing the yellow ink supply cartridge 

301Y in the second (middle) column of the array, and a third buffer unit 354 servicing the 

cyan and black ink supply cartridges 3O1C,3O1K in the third column of the array.
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A single buffer unit 354 is illustrated in detail in Figs. 22F-22H. The chambers 358 

of the buffer unit 354 are formed as open compartments of the body 356 and are enclosed 

by a cover 360. The buffer units 354 are formed of a plastics material inert to ink, and are 

preferably molded to contain the chambers 358 and associated elements as discussed 

below. The covers 360 are formed of material which is fluid tight, and are preferably 

hermetically sealed on the body 356.

Each chamber 358 has a channel 362 which has a port 364 for connection to the gas 

port 315 of the corresponding supply cartridge 301. The ports 364 are configured to either 

connect directly to the barbs 33 la of the septum needles 331 or to tubing connected to the 

barbs 33 la of a gas vent. Either way, the channels 362 form part of the vent lines 335 

from the supply cartridges 301 through which fluid flows between the supply cartridge 301 

and buffer unit 354. The channels 362 are dimensioned so that ink ‘slugs’ are pulled 

through the channels 362 without gas and ink passing each other. That is, the inner 

diameter of the cylindrical channels 362 is sufficiently small so that, with the given wetting 

angle between the plastic channel wall and the ink meniscus, ink and gas bubbles cannot be 

trapped in the channel as ink is pulled through during printing. At the same time, the inner 

diameter of the cylindrical channels 362 is sufficiently large so as not to restrict the flow of 

ink during printing which could otherwise cause a undesired ink pressure drop. In 

particular, an inner diameter of the channels 362 of about two millimeters provides this 

function. In this manner, no ink is stranded in the channels 362 and a clear gas path is 

created once ink drains out of the buffer unit 354 during printing for normal gas venting 

from the supply cartridges 301.

Each channel 362 has a U-shaped drain path 366 through which fluid flows into 

and out of the respective chamber 358. Each drain path 366 has an inner diameter similar 

to that of the channels 362, e.g., about two millimetres, so that ink ‘slugs’ are pulled 

through the drain path 366 without gas and ink passing each other. The bottom walls 368 

of the chambers 358 are sloped along two axes so that the lowest point in each chamber 

358 is at the location of the respective U-shaped drain path 366. This sloping of the 

bottom walls 368 is seen most clearly in Fig. 22G. In this way, any ink that overflows into 

the chamber 358 will flow towards this point as it drains.

Each chamber 358 is configured with sufficient volume to capture the maximum 

amount of ink that will overflow from the supply cartridges 301. Ink that overflows into 

the chambers 358 is stored at a lower elevation than the connected gas port 315 of the
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supply cartridge 301 so that the supply cartridge 301 can be removed from the system 300 

without ink leaking from the buffer unit 354 through the gas port 315. In order to account 

for overfilling of a chamber 362 of the buffer unit 354 with ink from the connected supply 

cartridge 301, an overflow port 370 is provided adjacent the top wall 372 of each chamber 

358 through which excess ink is able to overflow from the buffer unit 354 into the fluid 

collection tray 601.

The chambers 358 are also configured to serve as gas reservoirs which contain a 

volume of gas and prevent the contained gas from exiting to the environment via the 

overflow ports 370 when the chambers 358 are not completely full of ink. This gas 

warehousing reduces the loss of volatile components in the ink when gas in the supply 

cartridges volumetrically expands and flows therefrom or through slow evaporation which 

could otherwise change the composition of the ink. The ink composition should be kept 

constant so to not affect print quality or the firing properties of the ink drops as they are 

ejected from the printhead. This is achieved by forming each overflow port 370 with a 

discharge path 374 to the outside of the buffer unit 354 which has a long and narrow 

serpentine form enclosed by a cover 360. The serpentine paths 374 prevent humid air in 

the chambers 358 from diffusing to the outside environment and therefore serves as 

diffusion barriers between the buffer unit 354 and the outside environment. The inner 

diameter of the serpentine paths 374 is dimensioned similar to that of the channels 362 so 

that ink ‘slugs’ are pulled through the serpentine paths 374 without gas and ink passing 

each other. In this manner, no ink is stranded in the serpentine paths 374 and the 

serpentine paths 374 will clear automatically as printing occurs and the ink is drawn up the 

serpentine paths 374 and into the chambers 358. Isolation walls 376 are formed within the 

chambers 358 about the overflow ports 370 so as to prevent ink from leaking into the 

serpentine paths 374 if the printer is turned on its side and there is ink in the buffer unit 

354.

Each closed loop 348 provides a fluid path between the corresponding supply 

cartridge 301 and the printhead 200. This fluid path is provided as a closed loop so that 

fluid can be primed into the fluid path and the printhead from the supply cartridge, the 

primed fluid can be printed by the printhead and the fluid can be de-primed from the 

printhead and the fluid path back to the supply cartridge so that de-primed fluid is not 

wasted, which is a problem with conventional fluid distribution systems for printers. The 

closed loop 348 also allows periodic recirculation of fluid within the fluid distribution
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system 300 to be carried out so that the viscosity of the fluid, such as ink, is retained within 

specified tolerances for printing.

In the embodiment of Fig. 8, the closed loop 348 is comprised of plural fluid lines. 

A print fluid line 380 is provided between the supply cartridge outlet 313 and the printhead 

200. A pump fluid line 382 is provided between the printhead 200 and the supply cartridge 

inlet 317. The fluid lines of the closed loop 348 are in the form of tubing, and are 

preferably tubing which exhibits low shedding and spallation in an ink environment. 

Thermoplastic elastomer tubing is therefore suitable, such as Norprene® A-60-G. 

However, one of ordinary skill in the art understands that other types of tubing can be used. 

The tubing of the closed loop 348 is connected to the printhead 200 by supply couplings 

388. The supply couplings 388 and the manner of their connection is described in detail in 

the incorporated description of the Applicant’s US Provisional Patent Application No. 

61345552 (Docket No. KPF001PUS).

A pump 378 is provided on the pump fluid line 382. The pump 378 is preferably a 

peristaltic pump so that contamination of the pumped ink is prevented and so that pumping 

amounts of about 0.26 millilitres per revolution of the pump are possible. However, one of 

ordinary skill in the art understands that other types of pumps can be used.

A valve arrangement 367 is provided on the print fluid line 380, as illustrated in 

Fig. 8. The valve arrangement 367 has a 2-way pinch valve 369 on the print line 380 and a 

vent line 371 of a gas vent 373 (herein termed “de-prime vent”), and a checkvalve 375 on 

the vent line 371. The vent line 371 has one end connected to the check valve 375 and a 

fdter 377 of the de-prime vent 373 disposed at the other end. The valve arrangement of the 

present embodiment is provided in place of the pinch valve embodiment of the 

incorporation description of the co-fded US provisional patent application filed under 

Applicant’s US Provisional Patent Application No. 61345552 (Docket No. KPF001PUS).

The above discussion has been made in relation to a fluid distribution system for a 

single fluid channel, e.g., an ink of one color, arranged as shown in Fig. 8 (or Figs. 22A 

and 22D). In order to deliver more than one fluid to the printhead 200 or multiple 

printheads each printing one or more ink colors, the fluid distribution system 300 is 

replicated for each fluid. That is, as discussed above, separate supply cartridges 301 for 

each fluid are provided which are connected to the printhead 200 via an associated closed 

fluid path loop 348.
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Certain components of these separate systems can be configured to be shared. For 

example, the supply couplings 388, the valve arrangement 367 and the pump 378 can each 

be configured as multiple fluid channel components, and a single or separate de-prime 

vents 373 can be used for the multi-channel valve arrangement 367. An exemplary 

arrangement of these multiple fluid paths is illustrated in Figs. 6 and 7.

For an exemplary printhead 200 having five ink flow channels, e.g., CYMKK or 

CYMKIR, as discussed above, the pump 378 is a five channel pump which independently 

pumps the ink in each channel. The structure and operation of such a multi-channel pump 

is understood by one of ordinary skill in the art.

Using the multi-channel valve arrangement 367 facilitates efficient manufacture 

and operation of this component. The multi-channel valve arrangement 367 may be 

arranged as a multi-channel 2-way pinch valve 369 as illustrated Figs. 23A-27C.

The multi-channel 2-way pinch valve 369 has five connectors 379, respectively 

labelled 379-1, 379-2, 379-3, 379-4 and 379-5, in series along a body or housing 381, and 

five connectors 383, respectively labelled 383-1, 383-2, 383-3, 383-4 and 383-5, also in 

series along the housing 381. The connectors 379 and 383 are connected to the tubing of 

the five print lines 3 80 and the connectors 3 83 are further connected to the tubing of the 

five vent lines 371.

Elongate pinch elements 385 and 387 are disposed on the housing 381 respectively 

extending across the connected tubing of the connectors 379 and 383. The pinch elements 

385, 387 have bars 385a,387a at either longitudinal end which are slidingly received within 

channels 381a of the housing 381. The bars 385a,387a are configured to be slid within the 

channels 381a so that the pinch elements 385,387 are brought into and out of contact with 

the print and vent line tubing, respectively, to selectively “pinch” the tubing and thereby 

selectively obstruct or allow fluid flow through the print and vent lines, respectively. The 

pinch element 3 85 is termed herein as the “print line pinch element” and the pinch element 

3 87 is termed herein as the “vent line pinch element”.

This sliding movement of the pinch elements 385,387 is provided by a pinch drive 

arrangement 389 disposed in the housing 381. The pinch drive arrangement 389 has a cam 

shaft 391 rotatably mounted to the housing 381, two eccentric cams 393 fixedly mounted 

in parallel on the cam shaft 391, springs 395 disposed between, and interconnecting, the 

pinch elements 385,387 and the shaft 391, and a sensing arrangement 397.



WO 2011/143698 PCT/AU2011/000572

5

10

15

20

25

30

41

The shaft 391 has a square spline section 391a which cooperates with an internal 

corresponding square spline form 393a of the cams 393 so that the square spline form 393a 

conforms with and fits snugly onto the square spline section 391a. Each cam 393 further 

has an arm or poka yoke 393b which engages with, and is retained by, a recess or groove 

391b and a poka yoke feature 391c of the shaft 391, as illustrated in Figs. 24-26. This 

multiple cooperation ensures that the cams 393 are accurately rotated w ith rotation of the 

shaft 391.

In the illustrated embodiment, the springs 395 are provided as two bent springs, 

however separate springs could be equally provided. The bent springs 395 each have one 

spring section 395a connected to a pin 385b at a corresponding longitudinal end of the 

pinch element 385 and a second spring section 395b connected to a pin 387b at a 

corresponding longitudinal end of the pinch element 387. A central section 395c of each 

bent spring 395 which is central to the two spring sections 3 95 a,3 95b is mounted over the 

shaft 391 and held thereon by a mounting member or bushing 399. Each mounting 

member 399 is mounted on the shaft 391 at a respective cylindrical section 39 Id of the 

shaft 391 by snap fitting or the like so that the mounting members 399, and therefore the 

springs 395, are not rotated with the shaft 391. The spring sections 395a,395b are 

configured to bias the pinch elements 385,387 toward the shaft 391 and the two springs 

395 are provided as disposed so that the pinch elements 385,387 are biased parallel to the 

shaft 391. The springs 395 are preferably compression springs.

The bars 385a,387a of the pinch elements 385,387 constitute cam followers having 

engagement faces 401 which are engaged with, and follow, the eccentricity of the cams 

393 due to the bias provided by the springs 395. The eccentric profile of the cams 393 

includes a rounded section 403 and a beak section 405 as illustrated in Figs. 27A-C, which 

cause the pinch elements 385,387 to be moved relative to the housing 381 so as to 

selectively pinch or not-pinch the print and vent line tubing thereby providing the 

following three valve states of the 2-way pinch valve 369.

When the 2-way pinch valve 369 is in the fully closed (dual pinch) state illustrated 

in Fig. 27A both the print line tubing and the vent line tubing are pinched. The fully closed 

state is provided by rotating the shaft 391 so that the rounded sections 403 of the cams 393 

are engaged with the engagement faces 401 of the bars 385a,387a of the pinch elements 

385,387 which causes the pinch elements 385,387 to be forced toward the shaft 391 with 

the bias of the springs 395.
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When the 2-way pinch valve 369 is in the first partially closed (print line pinch) 

state illustrated in Fig. 27B the print line tubing is pinched whilst the vent line tubing is not 

pinched. The first partially closed state is provided by rotating the shaft 391 so that the 

rounded sections 403 of the cams 393 are engaged with the engagement faces 401 of the 

bars 385 a of the print line pinch element 385 which causes the print line pinch element 385 

to be forced toward the shaft 391 with the bias of the spring sections 395a whilst the beak 

sections 405 of the cams 393 are engaged with the engagement faces 401 of the bars 387a 

of the vent line pinch element 387 which causes the vent line pinch element 387 to be 

forced away from the shaft 391 against the bias of the spring sections 395b.

When the 2-way pinch valve 369 is in the second partially closed (vent line pinch) 

state illustrated in Fig. 27C the vent line tubing is pinched whilst the print line tubing is not 

pinched. The second partially closed state is provided by rotating the shaft 391 so that the 

rounded sections 403 of the cams 393 are engaged with the engagement faces 401 of the 

bars 387a of the vent line pinch element 387 which causes the vent line pinch element 387 

to be forced toward the shaft 391 with the bias of the spring sections 395b whilst the beak 

sections 405 of the cams 393 are engaged with the engagement faces 401 of the bars 385a 

of the print line pinch element 385 which causes the print line pinch element 385 to be 

forced away from the shaft 391 against the bias of the spring sections 395a.

The pinch drive arrangement 389 further has a motor 407 which is coupled at one 

end of the shaft 391 by a motor coupling 409 to provide the rotation of the shaft 391. The 

motor 409 is preferably a stepper motor with bi-directional operation so that the shaft 391 

and the cams 393 are rotatable in both clockwise and counter-clockwise directions to effect 

movement of the pinch elements 385,387 relative to the shaft 391 and print and vent line 

tubing. However, other arrangements and motor types are possible.

In the illustrated embodiment, the motor coupling 409 is provided with a projection 

or flag 409a with which sensors A and B of the sensing arrangement 397 cooperate to 

sense a rotated position of the shaft 391. The sensors A and B are preferably optical 

interrupt elements and the projection 409a is preferably a semi-circular disc dimensioned 

to pass between an optical emitter and optical sensor of the optical interrupt elements so as 

to either obstruct or leave open the optical path between the optical emitter and sensor. 

However, other sensing or operational arrangements for sensing the rotated position of the 

shaft 391 are possible.
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The optical interrupt elements A and B are disposed as illustrated in Figs. 27A-27C 

so that when the 2-way pinch valve 369 is in the dual pinch state the projection 409a 

obstructs the emitter and sensor of only the optical interrupt element A (see Fig. 27A) and 

when the 2-way pinch valve 369 is in the print or vent line pinch states the projection 409a 

obstructs the emitter and sensor of only the optical interrupt element B (see Figs. 27B and 

27C).

The sensing arrangement 397 outputs the sensing results of the sensors A,B to the 

control electronics 802 of the printer 100 so that operation of the motor 409 can be 

controlled by the control electronics 802 to select predetermined rotated positions of the 

cams 393 for selecting the dual, print line and vent line pinch states. Accordingly, the 

pinch elements 385,387 and the pinch drive arrangement 389 form a selection device for 

selecting these valve states by selectively closing and opening the multiple paths of the 2

way pinch valve. The particular manner in which the pinch drive arrangement 3 89 is 

operated to select and transition between the dual, print line and vent line pinch states is 

shown in Table 1. In Table 1, “CW” designates clockwise rotation of the motor coupling 

and therefore cam shaft and cams, “CCW” designates counter-clockwise rotation of the 

motor coupling and therefore cam shaft and cams, “A” designates sensor A, and “B” 

designates sensor B.

Table 1: pinch drive arrangement operation for 2-way pinch valve state transitions

STATE TRANSITION OPERATION

vent line pinch to dual pinch CW until A is obstructed

vent line pinch to print line pinch CW until B is open; then 
CW until B is obstructed

dual pinch to print line pinch CW until B is obstructed

dual pinch to vent line pinch CCW until B is obstructed

print line pinch to vent line pinch CCW until B is open; then
CCW until B is obstructed

print line pinch to dual pinch CCW until A is obstructed

unknown position to dual pinch if A is open, CW until A is obstructed; 
if A is obstructed, CCW until A is open

unknown position to print line pinch if B is open, CW until B is obstructed; 
if B is obstructed, CCW until B is open
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In the above described embodiment of the 2-way pinch valve, the housing 381, the 

motor coupling 409a, the pinch elements 385,387, the cams 393 and the spring mounting 

members 399 are each preferably formed of a plastics material, such as 20% glass fibre 

reinforced acrylonitrile butadiene styrene (ABS) for the housing and motor coupling, 30% 

glass fibre reinforced Nylon for the pinch elements and Acetal copolymer (POM) for the 

cams and spring mounting members. Further, the cam shaft 391 and springs 395 are 

preferably formed of metal, such as stainless steel for the cam shaft and music wire for the 

springs.

The check valves 375 may be provided as mechanical one-way valves. The state of 

a mechanical check valve 375 may be controlled by the control electronics 802 of the 

printer 100 so that in the closed state of the check valve 375, the vent line 371 is isolated 

from the print line 380, and in the open state of the check valve 375, air can enter the 

system 300 via the de-prime vent 373. In such an example, the check valve 375 has a 

structure and function well understood by one of ordinary skill in the art. A single check 

valve 375 can be provided for a single de-prime vent 373 in the system 300, or if the 

system has multiple de-prime vents 373, such as five for the five ink channels discussed 

earlier, a separate check valve 375 can be provided for each de-prime vent 373.

In the illustrated embodiment of Fig. 24, the check valves 375 are provided as an 

integral part of the 2-way pinch valve 369 structure as passive elastomeric duckbill check 

valves 375 within the tubing of the vent lines 371 between the pinch element 387 and the 

de-prime vent 373. Duckbill check valves provide reliable backflow prevention at low 

pressure differentials. The duckbill checkvalves 375 of the illustrated embodiment are 

arranged to allow air to flow through the filters 377 to the corresponding vent lines 371 

when the vent lines 371 are un-pinched by the pinch element 387 whilst preventing ink 

from flowing from the vent lines 371 to the filters 377 when the vent lines 371 are both un

pinched and pinched by the pinch element 387.

Positioning passive check valves in this manner prevents ink accumulating in the 

vent lines due to repeated pressure priming of the printhead (discussed later) in which 

small quantities of ink may be pushed past the pinched sections of the vent line tubing by 

the high fluid pressures used in the pressure priming. This accumulated ink could 

ι,,,,,., effects on the hydrophobic filter or cause ink leaks through the de
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prime vent. The cracking pressure of each of the duckbill check valves 375 is sufficiently 

low so as to prevent interference with their function of de-priming the printhead 200 

(discussed later).

The operations performed by the fluid distribution system 300 at the three valve 

states of the 2-way pinch valve 369 of the valve arrangement 367 are shown in Table 2 

with respect to the print lines 380 and the vent lines 371. In Table 2, an “X” indicates that 

the associated state is selected and a blank indicates that the associated state is not selected. 

It is noted that when the vent lines 371 are open, the check valves 375 are also open and 

when the vent lines 371 are closed, the check valves 375 are also closed, due to the above

described nature and disposition of the check valves 375.

Table 2: 2-way pinch valve states

OPERATION
PRINT LINES VENT LINES

open closed open closed

PRIME X X

PRINT X X

STANDBY X X

PULSE X X

DEPRIME X X

The manner in which these state settings of the valve arrangement 367 are used is 

now discussed.

At first power up of the printer and at times subsequent to first power up when 

priming is required (such as at start up of the printer), the fluid distribution system 300 is 

primed by first performing a heavy flush and then a light pressure prime so that air in the 

printhead is displaced to the supply cartridges via their inlets, and so that it is ensured that 

the pump is folly wetted prior to beginning any further volumetric pumping procedures. 

For the heavy flush, the 2-way pinch valve is set to PRIME and the pump is operated in the 

clockwise direction for 50 to 100 revolutions at 200 rpm so that ink is moved from the 

supply cartridge outlets to the supply cartridge inlets via the print lines, printhead and 

pump lines thereby priming each closed loop. In the light pressure prime, the 2-way pinch 

valve is set to PULSE and the pump is operated in the counterclockwise direction for two



WO 2011/143698 PCT/AU2011/000572

5

10

15

20

25

30

46 

revolutions at 325 rpm to cause ink to be egested from the nozzles of the printhead and 

then the maintenance system 600 is operated to wipe the ejection face of the printhead so 

as to remove the egested ink, as described later or in the incorporated description of the 

Applicant’s US Provisional Patent Application No. 61345559 (Docket No. KPM001PUS).

. Then, the 2-way pinch valve is set to PRINT.

It is important to note in this pressure prime procedure that the printhead wipe is 

performed before moving the 2-way pinch valve from the PULSE setting to the PRINT 

setting. This is to prevent the ink on the ejection face of the printhead being sucked into 

the nozzles due to the negative fluid pressure at the nozzles which is established when the 

supply cartridge is reconnected to the printhead via the print line. Further, a delay of at 

least 10 seconds after finishing the wiping operation is observed before moving the 2-way 

pinch valve from the PULSE setting to the PRINT setting so as to minimize color mixing 

which the Applicant has found can result from the pressure priming. The spitting of 5000 

drops from each nozzle of the printhead before setting the valve to PRINT has been found 

by the Applicant to sufficiently clear this color mixing. This spitting procedure equates to 

about 0.35 millilitres of ink being spat out by the entire printhead when the ejection drop 

size of each nozzle is about one picoliter.

When printing is to be carried out, a quick flush is periodically first performed. In 

the quick flush, the 2-way pinch valve is set to PRIME and the pump is operated in the 

clockwise direction for at least 10 revolutions at 200 rpm. Then printing is performed by 

setting the 2-way pinch valve to PRINT and ejection of ink from the nozzles causes ink 

flow from the supply cartridges to the printhead via the print lines. After printing, the 2

way pinch valve is set to STANDBY.

A user can request a printhead recovery procedure when printing problems are 

encountered. A user can initiate a recovery by selecting a recovery operation through a 

user interface of the printer which is connected to the control electronics. The recovery 

procedure defines escalating and decrementing recovery levels depending on the manner of 

the recovery request. At the lowest (first) recovery level, the afore-described heavy flush, 

printhead wipe and spitting operations are performed. At the next highest (second) 

recovery level, the afore-described heavy flush, light pressure prime, printhead wipe and 

spitting operations are performed. At the highest (third) recovery level, the afore-described 

heavy flush operation is performed then a heavy pressure prime is performed followed by 

the afore-described printhead wipe and spitting operations. In the heavy pressure prime, 
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the 2-way pinch valve is set to PULSE and the pump is operated in the counterclockwise 

direction for three revolutions at 325 rpm to cause ink to be egested from the nozzles of the 

printhead

The control electronics 802 includes a register which stores an updateable setting of 

the recovery level to be performed upon receipt of a recovery request. The first recovery 

level is set upon initial receipt of recovery request. The recovery level setting is 

incremented to the second recovery level and then the third recovery level whenever 

further recovery requests are received within 15 minutes of each prior recovery request. 

The recovery level setting is decremented to the next lowest recovery level depending on 

which recovery level was most recently performed whenever five print jobs are performed 

or 15 minutes elapse without receipt of a recovery request.

When printing is to be carried out, a quick flush is periodically first performed. In 

the quick flush, the 2-way pinch valve is set to PRIME and the pump is operated in the 

clockwise direction for at least 10 revolutions at 200 rpm. Then printing is performed by 

setting the 2-way pinch valve to PRINT and ejection of ink from the nozzles causes ink 

flow from the supply cartridges to the printhead via the print lines. After printing, the 2

way pinch valve is set to STANDBY.

When the printhead is to be removed from the fluid distribution system 300 or the 

printer is powered down, it is necessary to de-prime the printhead. In the de-prime 

procedure, the 2-way pinch valve is set to DEPRIME and the pump is operated in the 

clockwise direction for 25 to 30 revolutions at 100 to 200 rpm to de-prime the print lines, 

printhead and pump lines by allowing air to pass through the printhead from the de-prime 

vents which pushes the ink from the print lines, printhead and pump lines into the supply 

cartridges so that the ink is moved into the pump lines to at least a leak safe location 

downstream of the pump relative to the printhead. Then, the 2-way pinch valve is set to 

STANDBY, which closes the all of the print and vent lines thereby allowing leak safe 

removal of the printhead or the like.

The above described values for the pump operation in the various priming and de

priming procedures are approximate and other values are possible for carrying out the 

described procedures. Further, other procedures are possible and those described are 

exemplary.

The above described de-prime procedures of the multi-channel valve arrangement 

clears the printhead of ink with about 1.8 millilitres of ink being left in the printhead, 
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which Was determined by the Applicant through relative weight measures of the printhead 

prior to first priming and after de-priming. This is considered as the dry-weight of the 

printhead.

In an alternative embodiment of the fluid distribution system 300 having the 2-way 

pinch valve 369 illustrated in Fig. 28, on demand de-priming of the fluid distribution 

system 300 is provided. On demand de-priming may be useful in situations where it is 

desirable to drain some ink out of the supply cartridge or out of the vent lines of the supply 

cartridges which can fill with ink due to air expanding in the supply cartridge which can be 

caused by temperature and barometric changes in the environment.

The on demand de-primed fluid is purged to the fluid collection tray 601 via the 

vent lines 371 of the valve 369. This is achieved by positioning a purge line 411 on each 

vent line 371 between the pinch element 387 and the respective de-prime vent 373. Each 

purge line 411 terminates with a check valve 413, such as a passive elastomeric duckbill 

check valve, which is positioned so that ink can be ejected into the fluid collection tray 

601. This arrangement allows the printhead to be de-primed and primed on demand with 

no wasting of ink and no net overflow of ink out of the supply cartridges.

In this alternative embodiment, the printhead is de-primed on demand as follows. 

The 2-way pinch valve is set to DEPRIME and the pump is operated in the clockwise 

direction for a number of revolutions to de-prime the printhead by allowing a ‘slug’ of air 

to pass through the printhead from the de-prime vents. Note that air has been introduced 

into the system so that an equal amount of fluid (air or ink) will overflow into the vent line 

of the supply cartridges.

The printhead is on demand re-primed by setting the 2-way pinch valve to 

DEPRIME (i.e., the same setting as during the on demand de-prime) and the pump is 

operated in the counter-clockwise direction for the same, or nearly the same, number of 

revolutions as during the on demand de-prime to force the introduced ‘slug’ of air out 

through the purge lines 411. This action also pulls the ink or air back into the supply 

cartridge from the vent lines where it would have overflowed during the on demand de

prime. After this procedure, no net ink has been displaced in the fluid distribution system.

The above-described valve arrangements for the fluid distribution system 300 is 

exemplary, and other alternative arrangements are possible to provide selective fluid 

communication within the closed fluid loop of the system, such as the valve arrangements 
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of the incorporated description of the Applicant’s US Provisional Patent Application No. 

61345552 (Docket No. KPF001PUS).

The maintenance system 600 is now described. The maintenance system 600 is 

similar in arrangement and operation as the maintenance system described in the 

Applicant’s US Provisional Patent Application No. 61345552 (Docket No. KPF001PUS)

The present maintenance system differs from the maintenance system of the 

incorporated description of the Applicant’s US Provisional Patent Application No. 

61345559 (Docket No. KPM001PUS) in the provision of a wiper module having a transfer 

roller and a scraper, a simplified waste fluid collection arrangement of the maintenance 

sled and a fluid collection tray. This and other components of the maintenance system 600 

are now described in detail. Where suitable, the same reference numerals for the same 

components of the incorporated description of the Applicant’s US Provisional Patent 

Application No. 61345559 (Docket No. KPM001PUS) are herein used.

The maintenance system 600 maintains the printhead 200, and thereby the fluid 

distribution system 300, in operational order throughout the operational life of the 

printhead 200.

After each print cycle of the printhead 200, and during periods of non-use of the 

printhead 200, the maintenance system 600 is used to cap the ejection nozzles of the 

printhead 200 so as to prevent drying of fluid within the nozzles. This reduces problems 

with subsequent printing due to blockages in the nozzles.

The maintenance system 600 is also used to clean the afore-mentioned printing face 

of the printhead 200, i.e., the surface of the printhead 200 containing the printhead ICs 204, 

by wiping the printhead ICs. Further, the maintenance system 600 is also used to capture 

fluid which the printhead ‘spits’ or egests from the nozzles during priming and 

maintenance cycles.

Further, the maintenance system 600 is also used to provide support for media 

during printing in a clean manner which minimizes fluid transfer onto the media.

Furthermore, the maintenance system 600 stores the ink and other printing fluids 

collected during these functions within the printer 100 for later disposal or re-use.

To achieve these functions, the maintenance system 600 employs the fluid 

collection tray 601 and a modular maintenance sled 603. The sled 603 defines a 

maintenance unit of the printer 100 and houses several maintenance devices or modules 

each having a different function. In the illustrated embodiment of Figs. 29 and 30, the 
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maintenance modules include a platen module 604, a wiper module 605 and a capper 

module 608. The fluid collection tray 601, sled 603 and wiper module 605 of the present 

embodiment are provided in place of fluid collector, sled and wiper module of the 

incorporated description of the Applicant’s US Provisional Patent Application No. 

61345559 (Docket No. KPM001PUS), whilst the platen and capper modules are 

configured and function in the same manner as described in the incorporated description of 

the Applicant’s US Provisional Patent Application No. 61345559 (Docket No. 

KPM001PUS) and therefore detailed description of the platen and capper modules is not 

provided herein.

The sled 603 is housed by the printer housing 101 so as to be selectively 

displaceable relative to the printhead 200 and so that media for printing is able to pass 

between the printhead 200 and the sled 603. Further, the maintenance modules are 

displaceable with respect to the sled which forms a support frame for the modules. The 

displacement of the sled selectively aligns each of the maintenance modules with the 

printhead and the displacement of the aligned maintenance modules brings the aligned 

maintenance modules into operational position with respect to the printhead. This 

operation of the sled and displacement of the maintenance modules is described later and 

in further detail in the incorporated description of the Applicant’s US Provisional Patent 

Application No. 61345559 (Docket No. KPM001PUS).

Figs. 29-38G illustrate various exemplary aspects of the wiper module 605. The 

wiper module 605 is an assembly of a body 607, a wiper element 609, a transfer element 

611, a drive mechanism 613 and a scraper element 615. The body 607 is elongate so as 

extend along a length longer than the media width of the printhead 200. The wiper module 

605 is housed within an elongate frame 617 of the sled 603 so as to be adjacent the platen 

module 604, as illustrated in Fig. 29. The frame 617 has a base 619 and sidewalls 621 

projecting from the base 619 within which notches 621a are defined.

The notches 621a removably receive retainer elements 622 at the longitudinal ends 

of the platen module 604, retainer elements 623 at the longitudinal ends of the body 607 of 

the wiper module 605, and retainer elements 686 at the longitudinal ends of the capper 

module 608. This engagement of the notches and retainers allows the platen, wiper and 

capper modules to be held by the frame 617 in an unsecured, yet constrained manner. That 

is, the modules effectively “float” within the sled, which facilitates the displacement of the 

modules relative to the sled. The wiper module 605 is assembled in the frame 617 so that 
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the wiper element 609 faces the printhead 200 when the wiper module 605 is in its 

operational position.

The wiper element 609 is an assembly of a wiper roller 625 held on a shaft 627 by 

collars 629. The wiper roller 625 has a length at least as long as the media width of the 

printhead 200 and is removably and rotatably mounted to the body 607 by retention clips 

631 at either longitudinal end of a recess 633 formed by the base 619 and sidewalls 621 of 

the body 607. The retention clips 631 are pivotally mounted to the body 607 so as to 

provide a simple mechanism for removing and replacing the wiper roller 625 when 

required.

The wiper roller 625 is caused to rotate through rotation of the shaft 627 by the 

drive mechanism 613. This rotation is achieved through the cooperation of a wiper gear 

635 fixedly mounted on one end of the shaft 627 with a drive gear train 637 of the drive 

mechanism 613. The gears of the gear train 637 are rotatably mounted to the body 607 by 

a manifold 639 and cooperate with a motor gear 641 of a motor 643 of the drive 

mechanism 613. The motor 643 is mounted to the body 607 and constitutes an on-board 

motor of the wiper module 605. The rotation of the wiper roller 625 is used to wipe ink 

from the printing face of the printhead 200, as discussed in detail later.

The transfer element 611 has a non-porous transfer roller 645 which has a length as 

long as the length of the wiper roller 625 and is either integrally formed with pins 647 at 

either longitudinal end or mounted on a shaft 647. The transfer roller 645 is removably 

and rotatably mounted to the body 607 at either longitudinal end of the recess 633 by 

engaging the pins or shaft 647 within corresponding holes 607a in the body 607. In this 

assembled arrangement, removal of the transfer roller 645 is possible upon removal of the 

wiper roller 625 from the body 607. However, other relative mounting arrangements are 

possible in which the transfer roller is accessible independent of the wiper roller.

The transfer roller 645 is caused to rotate by the drive mechanism 613. This 

rotation is achieved through the cooperation of a transfer gear 649 fixedly mounted on one 

of the pins 647 or one end of the shaft 627 with the gear train 637 of the drive mechanism 

613. This rotation of the transfer roller 645 is used to clean the wiper roller 625, as 

discussed in detail later.

The on-board motor 643 of the wiper module 605 is powered through a flexible 

connection 649 with a pow er coupling 651 mounted on the frame 617 of the sled 603
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which is coupled with a power supply (not shown) of the printer 100 under control of the 

control electronics 802.

As the wiper module 605 is lifted from the frame 617 of the sled 603 into its 

operational position at which the wiper roller 605 contacts the printing face of the 

printhead 200, position sensors on the printer housing 101 which communicate with the 

control electronics 802 sense the lifted position of the wiper module 605. One of ordinary 

skill in the art understands possible arrangements of such position sensors, so they are not 

discussed in detail herein. This sensing of the lifted position of the wiper module is used to 

control rotation of the wiper roller prior to contact with the printing face of the printhead so 

that the wiper roller is already rotating as it contacts the printhead. This rotating contact 

reduces the amount of blotting of the nozzles of the printhead by the wiper roller which 

could otherwise disturb the menisci within the nozzles and prevents un-desired 

deformation of the wiper roller about its circumference.

The rotational wiping of ink, other fluids and debris, such as media dust and dried 

ink. from the printing face of the printhead 200 by the wiper roller 625 is primarily 

performed after priming of the printhead 200 and after completion of a printing cycle, as 

described earlier. However, wiping can be performed at any time through selection of the 

wiper module 605.

The removal of ink and other fluids from the printing face of the printhead 200 is 

facilitated by forming the wiper roller 625 of a porous wicking material which is 

compressed against the printing face so as to encourage wicking of the fluid into the wiper 

roller 625, and the removal of debris from the printing face is facilitated by the rotation of 

the wiper roller 625.

In the illustrated embodiment of Fig. 32, the wiper roller 625 has a compressible 

core 625 a mounted to the shaft 627 and a porous material 625b provided over the core 

625a. In the exemplary embodiment, the core 625a is formed of extruded closed-cell 

silicone or polyurethane foam and the porous material 625b is formed of non-woven 

microfiber. Using microfiber prevents scratching of the printing face, whilst using non

woven material prevents shedding of material strands from the wiper roller and into the 

nozzles of the printhead. The non-woven microfiber is wrapped about the core by a 

spiralling technique so that at least two layers of the microfiber are present about the core 

with an adhesive between the layers. Using two or more layers provides sufficient fluid 

absorption and compressibility of the porous material from the core, which aids fluid
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absorption, whilst spiralling reduces the possibility of the porous material being unwrapped 

from the core during the high-speed rotation of the wiper roller.

The Applicant has found that the use of microfiber which is compressed against the 

printing face of the printhead whilst rotating the microfiber, causes ink to be drawn from 

the nozzles into the microfiber by capillary action. The amount of ink drawn from the 

nozzles is not so much that drying of the nozzles occurs, but is sufficient to remove any 

dried ink from within the nozzles.

In order to prevent to core from absorbing the fluid collected in the microfiber, 

which could otherwise cause over-saturation of the wiper roller 625 leading to transfer of 

the absorbed fluid back to the printhead 200, a hydrophobic film, such as pressure sensitive 

adhesive, is disposed between the core 625a and the porous material 625b.

Fluid and debris collected on the surface of the wiper roller 625 is further prevented 

from being transferred back to the printing face by arranging the transfer roller 645 in 

contact with the wiper roller 625. The transfer roller 645 is arranged to contact the outer 

porous material 625b of the wiper roller 625 along the elongate length of the wiper roller 

625 on a vertical circumferential region of the wiper roller below the upper circumferential 

region of the wiper roller which contacts the printing face of the printhead 200, as 

illustrated in the cut-away partial detailed view of Fig. 33. Further, the transfer roller 645 

is preferably formed as a smooth cylinder of solid material, such as solid steel, stainless 

steel, or other metal or plated metal, so long as the material is resistant to corrosion, 

particularly in ink environments, and is durable. Such a smooth metallic transfer roller 645 

can be machined to integrally include the pins 647.

This smooth and solid form of the transfer roller 645 and its contact with the wiper 

roller 625 causes removal of fluid and debris from the wiper roller 625 by capillary action 

through the porous material 625b, compression of the compressible core 625a of the wiper 

roller 625, preference of fluid to move to areas of less saturation and the shear of the wiper 

and transfer rollers 625,645 provided by their rotated contact. The fluid removed from the 

wiper roller 625 drains under gravity into a drainage area 653 in the base 619 of the sled 

603 through holes 607b in the body 607 of the wiper module 605, as is illustrated in Fig. 

33 and as discussed in more detail later.

In the illustrated embodiment, the wiper and transfer rollers are geared together 

through the driven gear train of the drive mechanism to rotate in the same direction, 

however other geared arrangements are possible in which the wiper and transfer rollers 
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rotate in opposite directions, so long as the transfer roller exerts contact pressure on the 

compressible wiper roller in a region of wiper roller which is rotationally returning to the 

upper circumferential region of the wiper roller in the rotational direction of arrow A 

illustrated in Fig. 33. That is, the transfer roller is positioned upstream of the rotational 

wiping direction of the wiper roller. This positional arrangement ensures that fluid and 

particles are removed by the transfer roller from portions of the wiper roller prior to those 

portions re-contacting the printhead.

The cleaning of the wiper roller by the transfer roller can also be effected when the 

wiper module is not in its operational position for wiping the printhead, i.e., the wiper 

module is in the non-lifted (home) position in the sled 603, since the on-board motor 643 

and drive train 637 of the wiper module 605 can be operated in any operative or non

operative position of the wiper module.

The scraper element 615 has a scraper or doctor blade 655 which has a length as 

long as the length of the transfer roller 645 and is mounted within the recess 633 of the 

body 607 so as to contact the transfer roller 645. The doctor blade 655 is formed from a 

thin sheet of resilient material, preferably steel or Mylar, however other materials which 

are inert to ink and other printing fluids can be used. The doctor blade 655 has a 

cantilevered section 655a so as to form a sprung squeegee. The free end of the 

cantilevered section 655 a contacts the outer surface of the transfer roller 645 to wipe the 

transfer roller 645 clean as the transfer roller 645 rotates thereagainst.

The doctor blade 655 is arranged to contact the transfer roller 645 along the 

elongate length of the transfer roller 645 on a vertical circumferential region of the transfer 

roller below the upper circumferential region of the transfer roller which contacts the wiper 

roller 625, as illustrated in the cut-away partial detailed view of Fig. 33. The cleaning of 

the transfer roller by the thus arranged scraper element 615 provides a newly clean transfer 

roller surface to be exposed to the wiper roller surface. Like the fluid transferred from the 

wiper roller 625, the fluid removed from the transfer roller 645 drains under gravity into 

the drainage area 653 in the base 619 of the sled 603.

Figs. 34 and 35 illustrate various exemplary aspects of a displacement mechanism 

700 for the modular sled 603. The displacement mechanism 700 is similar to that 

described in incorporated description of the Applicant’s US Provisional Patent Application 

No. 61345559 (Docket No. KPM001PUS) and therefore the same reference numerals are 

used herein where suitable.
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The displacement mechanism 700 is used to provide the selective displacement of 

the sled 603 relative to the printer housing 101 and the printhead 200 which selectively 

aligns each of the maintenance modules with the printhead. In the illustrated embodiment, 

the displacement mechanism 700 is a dual rack and pinion mechanism, having a rack 702 

at either elongate end of the sled 603, which are aligned with the media travel direction 

when sled 603 is installed in the printer 100, and a pinion gear 704 at either end of a shaft 

706, which is rotationally mounted to the printer housing 101 so as to be aligned with the 

media width direction. The sled 603 is mounted to the printer housing 101 at the racked 

ends through sliding engagement of rails 708 on the sled 603 with linear bushings 710 

mounted on the printer housing 101 (omitted in Fig. 35).

One end of the shaft 706 has a drive gear 714 coupled to a motor 716 via a gear 

train 718. The motor 716 is controlled by the control electronics 802 to drive rotation of 

the shaft 706 via the coupled gears thereby sliding the sled 603 along the linear bushings 

710. Selective positioning of the sled 603 to align the modules with the printhead is 

achieved by providing position sensors which communicate with the control electronics. 

One of ordinary skill in the art understands possible arrangement of such position sensors, 

so they are not discussed in detail herein.

The use of the dual rack and pinion mechanism for translating the sled relative to 

the printhead, provides un-skewed and accurate displacement of the sled, which facilitates 

true alignment of the modules with the printhead. Other arrangements are possible 

however, so long as this un-skewed and accurate displacement of the sled is provided. For 

example, a belt drive system could be employed to displace the sled.

Once a selected one of the modules is aligned with the printhead, the aligned 

module is lifted from the sled into its respective afore-described operational position. 

Lifting of the modules is performed by a lift mechanism 720, various exemplary aspects of 

which are illustrated in Figs. 36A-37 with respect to the wiper module 605. The lift 

mechanism 720 is similar to that described in incorporated description of the Applicant’s 

US Provisional Patent Application No. 61345559 (Docket No. KPM001PUS) and therefore 

the same reference numerals are used herein where suitable.

The lift mechanism 720 has rocker arms 722 which are pivotally mounted to a 

lower (first) housing section 103 of the printer housing 101 at either sidewall 103 a of the 

lower housing section 103 at a pivot point 724. Each rocker arm 722 has an arm portion 
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726 and a cam follower portion 728 defined on opposite sides of the respective pivot point 

724.

The lift mechanism 720 also has a cam shaft 728 which is rotationally mounted 

between the sidewalls 103a to be aligned with the media width direction. The cam shaft 

728 has cam wheels 730 and 732 at respective ends thereof. The cam shaft 728 is disposed 

so that an eccentric cam surface 730a,732a of each respective cam wheel 730,732 is in 

contact w ith the cam follower portion of a respective one of the rocker arms 722. The 

eccentric cam surfaces 730a,732a of the eccentric cams 730,732 are coincident with one 

another, such that rotation of the cam shaft 728 causes simultaneous and equal pivoting of 

the rocker arms 722 through rotated contact of the eccentric cam surfaces 730a,732a 

against the cam followers 728. It is noted that in Fig. 36C the eccentric cam surface 732a 

of the eccentric cam 732 is obscured from view, Figs. 44A, 44B and 46 of the previously 

incorporated in the Applicant’s US Provisional Patent Application No. 61345559 (Docket 

No. KPM001PUS) illustrate the eccentric cam surface 732a of the eccentric cam 732 more 

clearly.

This pivoting of the rocker arms 722 is constrained by the profile of the eccentric 

cam surfaces 730a,732a and by a spring 734 mounted between each rocker arm 722 and a 

base 101a of the printer housing 101. In the illustrated embodiment, the springs 734 are 

compression springs, such that when the rocker arms 722 are pivoted to their lowest 

orientation the springs 734 are compressed, as illustrated in Fig. 36A, and when the rocker 

arms 722 are pivoted to their highest orientation the springs 734 are at their rest position, 

as illustrated in Fig. 36B.

Rotation of the cam shaft 728 is provided by a motor 736 which is mounted on an 

outer surface of one of the sidewalls 103 a. The cam shaft 728 projects through this 

sidewall 103a so that the cam wheel 730 is disposed on the internal side of the sidewall 

103 a, with respect to the internal disposition of the maintenance sled 603, and a worm gear 

737 on the cam shaft 728 is disposed on the external side of the sidewall 103a. The motor 

736 is disposed on the sidewall 103a so that a worm screw 738 of the motor 736 contacts 

an outer circumferential surface 737a of the worm gear 737 and meshes with ridges 737b 

along the outer circumferential surface 737a, as illustrated in Fig. 37. The threads of the 

worm screw 738 are helical, preferably right-handed with a 5° orientation and an involute 

profile. Likewise, the ridges 737b are helical, preferably right-handed with a 5° orientation 

and an involute profile.
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Accordingly, rotation of the worm screw 738 through operation of the motor 736 

under control of the control electronics 802 causes rotation of the cam wheel 737 which 

rotates the cam shaft 728. The rotated position of the eccentric cam surfaces 730a,732a is 

determined by an optical interrupt sensor 739 mounted on the sidewall 102a of the printer 

housing 102 adjacent the other cam wheel 732. The optical interrupt sensor 739 

cooperates with a slotted outer circumferential surface 732b of the cam wheel 732, as 

illustrated in Fig. 36C, in a manner well understood by one of ordinary skill in the art.

When the sled 603 is being translated by the displacement mechanism 700 to select 

one of the maintenance modules, the cams are controlled so that the rocker arms 722 are at 

their lowest position. In this lowest position, projections 740 of the arm portions 726 of 

the rocker arms 722, which project toward the sled 603, are able to pass through recesses in 

the retainer elements of the modules, such that displacement of the sled 603 is not 

inhibited. Once the selected module is in position, the cams are controlled so that the 

rocker arms 722 are moved to their highest position.

During this transition of the rocker arms 722 from the lowest to the highest 

position, the projections 740 engage lift surfaces 742 of the retainer elements 622,623,686. 

This engagement causes the selected module to be lifted with the rocker arms 722. The lift 

surfaces 742 are parallel to the base 619 of the sled 602 and are substantially flat. That is, 

in the illustrated embodiment the flat lift surfaces are horizontal. The retainer elements 

623 of the wiper module 605 have stiffening elements 749 at which the projections 740 of 

the rocker arms 722 contact the lift surfaces 742. The stiffening elements 749 provide 

increased rigidity to the retainer elements throughout lifting and lowering of the wiper 

module 605.

Like the wiper module described in the incorporated description of the Applicant’s 

US Provisional Patent Application No. 61345559 (Docket No. KPM001PUS), the present 

wiper module 605 is configured to be translated back and forth along the media travel 

direction so that the wiper roller 605 is rotationally wiped across the printing face of the 

printhead 200. This displacement of the wiper module relative to the printhead during 

wiping maximizes the amount of fluid and debris that can be wiped from the printhead. 

That is, a greater surface area of the printing face can be wiped by moving the wiper 

module and wiping in difficult areas to wipe due to the different topographical levels on 

the printing face provided by the different components can be achieved.
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This translational wiping operation is achieved by displacing the sled 603 whilst the 

wiper module 605 is in its lifted (wiping) position with the wiper roller 625 contacting the 

printhead 200 and rotating under drive of the drive mechanism 613. As is illustrated in 

Fig. 36B, the notches 621a in the sidewalls 621 of the sled frame 617 are dimensioned so 

that, in the wiping position, the retainer elements 623 of the wiper module 605 do not leave 

the constraint of the notches 621a. Accordingly, as the sled 603 is displaced the wiper 

module 605 is also displaced in the same manner.

The on-board motor 643 of the present wiper module 605 allows retained 

connection to the power supply of the printer 100 through the flexible connection 649 in a 

large range of lifted and translated positions of the wiper module 605. This large range of 

translated wiping enables wiping of only a selected surface area of the printing face of the 

printhead up to wiping of the entire surface area of the printing face thereby providing an 

effective total cleaning operation of the printhead.

Exemplary translated wiping motions of the wiper module 605 are illustrated in the 

schematic views of Figs. 38A-38G. In Fig. 38A, the wiper module is lifted in direction I 

so that the rotating wiper roller 625 is brought into wiping contact with the printing face. 

In Fig. 38B, the sled 603 is translated in direction II with the wiper roller 625 in constant 

rotating contact with the printing face. In Fig. 38C, the wiper module 605 is returned to its 

home position in the sled 603 in direction III from the translated position of Fig. 38B. In 

Fig. 38D, the sled 603 having the wiper module 605 in its home position is translated in 

direction IV. In Fig. 38E, the sled 603 is translated in direction V with the wiper roller 625 

in constant rotating contact with the printing face. In Fig. 38F, the wiper module 605 is 

returned to its home position in the sled 603 in direction VI from the translated position of 

Fig. 38E. In Fig. 38G, the sled 603 having the wiper module 605 in its home position is 

translated in direction VII.

As is described later in relation to Fig. 40, in terms of the direction of media 

transport for printing provided by the media handling system 900, direction VII of 

Fig. 38G is the media transport direction and direction IV of Fig. 38D is opposite to the 

media transport direction. Accordingly, the right-hand side of the each of the schematics 

illustrated in Figs. 38A-38G is defined as the “upstream” side of the printhead 200 and the 

left-hand side of the each of the schematics illustrated in Figs. 38A-38G is defined as the 

“downstream” side of the printhead 200.
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The control electronics 802 can be programmed to define certain combinations of 

these translated wiping motions of Figs. 38A-38G so as to provide differently defined 

wiping routines of the maintenance system 600. Some exemplary wiping routines are now 

described, however many other wiping routines could be defined depending on the printing 

application of the printer 100.

A basic wiping routine is defined as a combination of the translated wiping motions 

of Figs. 38A-38C in the following order:

(1) the motion of Fig. 38A is executed with the sled positioned so that the wiper roller 

is aligned with the printhead ICs of the printhead and the wiping contact of the 

wiper roller on the printhead ICs is maintained for two or three rotations of the 

wiper roller so that the wiper roller dwells at the nozzles of the printhead ICs;

(2) the motion of Fig. 38B is executed so that the wiper roller is translated just off the 

downstream edge of the printhead ICs; and

(3) the motion of Fig. 38C is executed so that the wiper roller moves back to its home 

position in the sled whilst still rotating, which cleans the wiper roller through the 

afore-described action of the transfer roller and the scraper.

This basic wiping routine reduces ink contamination by drawing out contaminated 

ink from the nozzles due to the slight dwell of the wiper roller on the printhead ICs, clears 

debris and fibers from the nozzles due to the translated wiping over and off the printhead 

ICs, and thereby revives non-ejecting nozzles.

An exemplary full-face wiping routine is defined as a combination of the translated 

wiping motions of Figs. 38A-38F in the following order:

(1) the motion of Fig. 38A is executed but the wiper roller is not dwelled at the 

printhead ICs;

(2) the motion of Fig. 38B is executed so that the wiper roller is translated off the 

downstream edge of the printhead ICs and over the entire downstream side of the 

printing face of the printhead;

(3) the motion of Fig. 3 8C is executed so that the wiper roller moves to its home 

position in the sled whilst still rotating, which cleans the wiper roller through the 

afore-described action of the transfer roller and the scraper;

(4) the motion of Fig. 38D is executed until the wiper roller is aligned with the 

printhead just off the upstream edge of the printhead ICs;
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(5) the motion of Fig. 38A is executed so that the wiper roller makes wiping contact 

with the printing face in the aligned position of (4);

(6) the motion of Fig. 38E is executed so that the wiper roller is translated over the 

entire upstream side of the printing face of the printhead; and

(7) the motion of Fig. 38F is executed so that the wiper roller moves to its home 

position in the sled whilst still rotating, which cleans the wiper roller through the 

afore-described action of the transfer roller and the scraper.

This full-face wiping routine clears condensation, ink puddles and fibers that may 

have accumulated on any area of the printing face of the printhead. The full-face wiping 

routine is not intended to revive the nozzles, however the basic and full-face wiping 

routines can be used in conjunction with one another, or with any other w iping routine, to 

achieve this.

As discussed above, the fluid captured by the wiper module 605 drains into the sled 

603. Fluid captured by the platen and capper modules similarly drains into the sled 603 in 

the manner described in the incorporated description of the Applicant’s US Provisional 

Patent Application No. 61345559 (Docket No. KPM001PUS). As illustrated in Fig. 33, 

the sled 603 has the drainage areas 632, 653 and 696 in the base 619. The drainage areas 

are defined in the base 619, such as by molding, to provide discrete paths to a hole 657 in 

the base 619, from which the fluid in the drainage areas is able to leave the sled 603. The 

hole 657 in the sled 603 may be aligned with a slot or aperture in the base 101a of the 

printer housing 101 so that the drained fluid is routed to the fluid collection tray 601 which 

collects and stores the drained fluid. The discrete paths are defined by walls 619a which 

act as drainage ribs which constrain the fluid in the sled 603 from free movement during 

displacement of the sled 603. In this way, the captured fluid is able to drain from the sled 

without being ‘sloshed’ around the sled which could cause the fluid to be ‘splashed’ onto 

the printhead. The sled 603 may be molded from a plastics material, such as a 10% glass 

fibre reinforced combination of polycarbonate and acrylonitrile butadiene styrene 

(PC/ABS), with the walls 619a integrally defined therein.

The drainage area 653 receives fluid drained from the wiper module 605 through 

the holes 607b of the body 607, as illustrated in Figs. 32 and 33. In the manner described 

in the incorporated description of the Applicant’s US Provisional Patent Application No. 

61345559 (Docket No. KPM001PUS), the drainage area 632 receives fluid drained from 

the platen module 604 and the drainage area 696 receives fluid drained from the capper 
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module 608 engagement of a valve 698 of the capper module 608 and a projection 699 on 

the base 619 of the sled 603.

As illustrated in Fig. 39, the fluid collection tray 601 is an assembly of a tray 661 

and a fluid storage pad 663 of an absorbent material which is exposed within the tray 661. 

The fluid collection tray 601 is removably received in the printer housing 101 so that 

replacement or emptying of the fluid storage pad 663 is possible. In particular, the tray 

661 may be slid into position directly beneath the sled 603 in the printer housing 101 so 

that the drained fluid flows into the fluid storage pad 663 under gravity. Alternatively, as 

illustrated in Fig. 6, the tray 661 may be slid into position beneath the supply cartridges 

301 and a shaped wicking element (not shown) between the sled 603 and the fluid storage 

pad 663 so that the drained fluid flows into the wicking element under gravity and then 

flows into the fluid storage pad 663 under capillary action and gravity.

The afore-described components of the maintenance system 600 provide a means 

of maintaining the printhead 200 and fluid distribution system 300 in operational condition 

by maintaining the printing environment about the printhead 200 free from unwanted wet 

and dried ink and debris. In particular, the linear translating sled with selectable 

maintenance modules provides a simple and compact manner of maintaining the stationary, 

full media width printhead. Employing a wiper module which is fully translatable whilst 

wiping the printhead provides enhanced cleaning.

The media handling system 900 is now described. Figs. 6, 7 and 39-45B illustrate 

various exemplary aspects of the media handling system 900.

The media handling system 900 is defined within the printer 100 to transport and 

guide media past the printhead 200 along the direction of arrow B illustrated in Fig. 40 

(i.e., the media transport direction) between the lower housing section 103 and an upper 

(second) housing section 105 of the printer housing 101. The upper housing section 105 is 

hingedly attached to the lower housing section 103 at hinge elements 107 and is latched to 

the lower housing section 103 at latch elements 109. In the illustrated embodiment, the 

hinge elements 107 are linked by a sprung shaft 107a, however other arrangements are 

possible. This hinged engagement of the lower and upper housing sections 103,105 allows 

access to the media handling system 900 so as to easily clear media jams and the like 

during printing.

The media handling system 900 has a driven roller assembly 901 defined in the 

lower housing section 103. The driven roller assembly 901 has a series of driven media 
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transport rollers rotationally mounted to the sidewalls 103a of the lower housing section 

103, as illustrated most clearly in Fig. 41. The series of driven media transport rollers 

include an entry roller 903 and an input roller 905 disposed on the upstream side of the 

printhead 200 with respect to the media transport direction and an exit roller 907 disposed 

on the downstream side of the printhead 200 with respect to the media transport direction.

The entry roller 903 receives media which is supplied either manually or 

automatically and is rotated to feed the received media to the input roller 905. The media 

handling system 900 of the present exemplary embodiment is provided for handling web 

media, preferably label web media on which label information is printed by the printhead 

200, from a media roll which is either externally provided to the printer 100 or received 

within the housing 101 of the printer 100. Having said this, the media handling system 900 

of the present exemplary embodiment is also applicable to handling discrete sheet media. 

Mechanisms and arrangements for supplying such web or sheet media are well understood 

by one of ordinary skill in the art.

The input roller 905 receives the media fed from the entry roller 903 and is rotated 

to feed the received media to the printhead 200 for printing. The exit roller 907 receives 

the media fed from the input roller 905 via the printhead 200 and is rotated to transport the 

media received from the printhead 200. In relation to web media, the exit roller 907 

transports the web media to a cutter mechanism or the like which is either externally 

provided to the printer 100 or received within the housing 101 of the printer 100 and which 

separates the printed portion of the web media from the unprinted portion of the web 

media. The arrangement and operation of such a cutter mechanism is well understood by 

one of ordinary skill in the art.

The rotation of the driven rollers 903-907 is driven by a drive mechanism 909 of 

the driven roller assembly 901 located at one of the sidewalls 103a of the lower housing 

section 103. The drive mechanism 909 has a drive motor 911 and a drive belt 913 which is 

looped about a drive shaft of the motor 911 and each of the driven rollers 903-907 so as to 

impart the rotational driving force of the motor 911 to each of the rollers 903-907 in a 

manner well understood by one of ordinary skill in the art. In this way, each of the driven 

rollers 903-907 is driven at the same rotational speed which ensures smooth movement of 

the media past the printhead 200. In the illustrated embodiment all of the driven rollers are 

driven using a single drive belt, however other arrangements are possible in which one 
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driven roller is driven by the drive belt, or multiple drive belts are provided for the 

respective driven rollers.

The motor 911 is preferably a bi-directional motor so that upon cessation of 

printing and separation of the printed media from the web by the cutting mechanism, the 

unprinted web media is able to be retracted to a position upstream of the printhead 200. 

This enables the wiper and capper modules 605,608 of the maintenance system 600 to be 

brought into operational position relative to the printhead 200 in the manner described 

earlier herein and in the incorporated description ofthe Applicant’s US Provisional Patent 

Application No. 61345559 (Docket No. KPM001PUS).

Suitable tension in the flexible drive belt 913 which ensures that the driven rollers 

903-907 are reliably driven at the same rotational speed, is maintained by a tensioning 

assembly 915 located between the motor 911 and one of bushings 917 about which the 

drive belt 913 is run. As illustrated in the cut-away partial detailed view of Fig. 41, the 

tensioning assembly 915 has a tensioning member 919 which is pivotally mounted to the 

sidewall 103a at a pivot pin 921. A helical torsion spring 923 is disposed about the pivot 

pin 921 so that an arm 923a ofthe spring 923 exerts torsional force against a tab 103b 

projecting from the sidewall 103a. This sprung arrangement biases the tensioning member 

919 in the direction of the drive belt 913. The drive belt 913 is dimensioned so that this 

biased contact ofthe tensioning member 919 causes any slack in the drive belt 913 about 

the motor shaft, driven rollers 903-907 and bushings 917 to be removed. In the illustrated 

embodiment, the spring is a helical torsion spring, however other types of springs, such as 

a compression spring, or other biasing means can be used so long as the tensioning 

member is biased toward the drive belt.

The tensioning member 919 has a slotted arm 925 through which a locking screw 

927 is screwed into a hole 103 c in the sidewall 103 a, as illustrated in Fig. 42. The slot 

within the slotted arm 925 is curved so as to form a lunette, such that the hole 103c in the 

sidewall 103a is exposed through the curved slot throughout rotation of the tensioning 

member 919 about its pivot point. Accordingly, the locking screw 927 can be fixed within 

the hole 103c in any rotated position of the tensioning member 919 so as to lock the 

tensioning member 919 in that rotated position.

This arrangement of the tensioning member allows the amount of tension in the 

drive belt to be selected by selectively locking the rotated position of the tensioning 

member. This selection provides tolerance of stretching in the drive belt over time, which 
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would otherwise cause slackening of the drive belt, since the rotated position of the 

tensioning member can be changed as desired. In the illustrated embodiment, a locking 

screw is used, however other locking means are possible so long as the rotated position of 

the tensioning member can be dynamically selected.

The Applicant has found that when the locking screw 927 is fastened against the 

slotted arm 925 of the tensioning member 919, the rotational force of the locking screw 

927 can be imparted to the tensioning member 919 causing undesired rotation of the 

tensioning member 919. This rotation is undesired because the ultimate locked rotated 

position of the tensioning member ends up being different than the desired rotated position. 

In order to prevent this over-rotation of the tensioning member 919, a brace member 929 

is provided between the slotted arm 925 and locking screw 927, as illustrated in the cut

away partial detailed view of Fig. 41.

The brace member 929 is elongate and has pins 929a at either end which are snugly 

received within respective holes 103d of the sidewall 103a, as illustrated in Fig. 42, such 

that the brace member 929 is unable to rotate relative to the sidewall 103a. Thus, as the 

locking screw 927 is screwed into position the brace member 929 is forced against the 

slotted arm 925 of the tensioning member 919, however the rotational force of the locking 

screw 927 is not imparted to the slotted arm 925.

The media handling system 900 further has a media guide assembly 931 defined in 

the lower housing section 103. The media guide assembly 931 has a series of guide 

members 933 which each extend along the media width direction of the printhead 200. 

The individual guide members 933 are located between the driven media transport rollers 

903-907 both upstream and downstream of the printhead 200 with respect to the media 

transport direction, as illustrated most clearly in Fig. 41. The guide members 933 provide 

platens along which the fed media is guided.

In Fig. 41, the platen module 604 of the maintenance system 600 is illustrated in its 

operational (lifted position). As can be seen, each guide member 933 has a series of ribs 

933 a which align and interlock with the ribs 626,628 of the platen module 604. To this 

end, the ribs 626,628 of the platen module 604 of the present embodiment are formed to 

extend about the edges of the platen module 604 (see Figs. 29 and 30), which is a slight 

difference from the ribs of the platen module described in the incorporated description of 

the Applicant’s US Provisional Patent Application No. 61345559 (Docket No.
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KPM001PUS). This interlocked arrangement of the media guiding ribs ensures that the 

media is smoothly transported past the printhead 200.

The media handling system 900 further has a pinch roller assembly 935 defined in 

the upper housing section 105 so as to extend across the media width direction of the 

printhead 200. As illustrated in Fig. 42, the pinch roller assembly 935 has a (first) series of 

entry pinch rollers 937 which engage with, and provide a pinched nip for the media along, 

the entry roller 903 and a (second) series of input pinch rollers 939 which engage with, and 

provide a pinched nip for the media along, the input roller 905 when the lower and upper 

housing sections 103,105 are hinged into the closed position, illustrated in Fig. 40. Each 

series of pinch rollers 937,939 therefore defines an idler roller for the corresponding driven 

roller.

Each pinch roller 937,939 is part of a pinch element 941 of the pinch roller 

assembly 935. The pinch elements 941 are held between an elongate support plate 943 and 

either an elongate entry (first) pinch housing 945 or an elongate input (second) pinch 

housing 947 of the pinch roller assembly 935 so as to serially extend across the media 

width direction of the printhead 200. The support plate 943 is fastened to an elongate 

mounting plate 949 by fasteners 951. The mounting plate 949 securely mounts the pinch 

roller assembly 935 to sidewalls 105a of the upper housing section 105, as illustrated in 

Fig. 40.

As illustrated in Fig. 43, the pinch housings 945,947 are held to the mounting plate 

949 by tabs 949a so that bushes 949b of the mounting plate 949 ride within slots 953 in the 

pinch housings 945,947 (as is particularly illustrated for the entry pinch housing 945 in 

Fig. 43). Further, the pinch housings 945,947 are linked to the support plate 943 by 

springs 955 at either longitudinal end of the pinch housings 945,947 and the support plate 

943. By this arrangement, the pinch housings 945,947 are constrained by the stationary 

support plate 943 so as to be movable with respect to the mounting plate 949. The 

advantages of this relative movement of the pinch housings is described later. Whilst the 

springs 955 are illustrated as compression springs, other types of springs, such as leaf 

springs, or other types of biasing means can be used so long as the pinch housings are able 

to move relative to the mounting and support plates.

An axle 937a of each of the pinch rollers 937 is rotatably held within a 

corresponding slot 957 of the pinch housing 945 by a lever member 959 of the respective 

pinch element 941. This is illustrated most clearly in Fig. 43 in which one of the lever 
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members 959 is omitted. Similarly, an axle 939a of each of the pinch rollers 939 is 

rotationally held within a corresponding slot 957 of the pinch housing 947 by a lever 

member 959 of the respective pinch element 941.

As illustrated in Fig. 44, each lever member 959 has a rod 959a at one end, which is 

pivotally supported by a corresponding hook 943a of the support plate 943, a yoke 959b at 

the other end, which receives the axle 937a,939a of the corresponding pinch roller 937,939 

and which has a longer arm 959c held within the corresponding pinch housing 945,947 by 

a hook 961 (see Fig. 42), and an aperture 959d between those ends, in which a 

corresponding spring 963 is received to be compressed between the lever member 959 and 

the mounting plate 949.

By this arrangement, the pinch rollers 937,939 are biased by the springs 963 into 

contact with the respective entry and input rollers 903,905 whilst being able to allow media 

to pass therebetween, within the constraint of the relative dimensions of the yoke arms 

959c of the lever members 959 and the hooks 961 of the pinch housings 945,947.

In the illustrated embodiment, the springs of the lever members are compression 

springs, however other types of springs, such as leaf springs, or other types of biasing 

means can be used so long as the pinch rollers are biased into contact with the entry and 

input rollers. Further, in the exemplary embodiment the entry and input rollers (and exit 

rollers) are preferably grit rollers and the pinch rollers are preferably formed of a material, 

such as hard rubber, which is resistant to wear from the grit entry and input rollers whilst 

providing sufficient grip for the media. However, one of ordinary skill in the art 

understands that other materials are possible for the driven and pinch rollers, so long as 

sufficient nip and grip for the media is provided.

Since the lever members are securely held by the support plate but are not fastened 

to either the pinch rollers or the pinch housings, and since the pinch rollers are supported 

within the slots of the pinch housings without being fixed thereto, the pinch rollers 

effectively “float” within the lever members such that the pinch rollers are able to move 

with the pinch housings relative to the support plate. The advantages of this “floating” of 

the pinch rollers and the relative sliding of the pinch housings are now described.

As the upper housing section 105 is hinged between the open and closed positions 

relative to the lower housing section 103 throughout operation of the printer 100, it is 

possible that the required alignment of the driven and pinch rollers may be unreliably 

maintained which may cause media transport problems, such as misfeeds and media jams.
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In order to maintain correct alignment throughout operation the pinch roller assembly 935 

must be consistently aligned with the driven roller assembly 901 each time the upper 

housing section 105 is returned to the closed position with the lower housing section 103.

This is achieved by engaging the pinch housings 945,947 with bearing members

967 which rotationally mount the entry and input rollers 903,905 to the sidewalls 103a of 

the lower housing section 103. In particular, as illustrated in Figs. 45A and 45B, alignment 

pins 945a,947a are provided at each longitudinal end of the pinch housings 945,947 which 

engage with slots 965 in the bearing members 967. The bearing members 967 are 

configured to be fixedly mounted to the sidewalls 103a so that once the alignment pins 

945a,947a and the bearing slots 965 are engaged the pinch rollers 937,939 are immovable 

with respect to the entry and input rollers 903,905. By this arrangement, the alignment 

pins of the pinch housings can be effectively engaged with the lower housing section of the 

printer.

The slots 965 of the bearing members 967 have sloped outer surfaces 965a which 

funnel the alignment pins 945a,947a into the slots 965 as the upper housing section 105 is 

rotated into its closed position on the lower housing section 103. This engagement of the 

pins and the bearing slots is facilitated by the floating arrangement of the pinch housings, 

since the pinch housings slide relative to the fixedly mounted support plate as the pins are 

funnelled into the slots. Accordingly, the sliding movement of the pinch housings relative 

to the support plate and the yoked engagement of the lever members and pinch rollers 

provide an alignment adjustment mechanism for maintaining alignment between the driven 

and pinch rollers.

While the present invention has been illustrated and described with reference to 

exemplary embodiments thereof, various modifications will be apparent to and might 

readily be made by those skilled in the art without departing from the scope and spirit of 

the present invention. Accordingly, it is not intended that the scope of the claims appended 

hereto be limited to the description as set forth herein, but, rather, that the claims be 

broadly construed.
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WHAT IS CLAIMED IS:

1. An ink distribution system for an inkjet printer comprising:

an inkjet printhead having an inlet and an outlet;

a user-replaceable ink cartridge positioned below the printhead, the ink cartridge 

having first, second and third fluid ports;

a first fluid path connecting the first fluid port to the inlet of the printhead;

a second fluid path connecting the second fluid port to the outlet of the printhead; and 

a third fluid path connecting the third fluid port to atmosphere such that ink is fed to 

the printhead under gravity, 

wherein:

the first and second fluid ports are configured so that ink from the ink cartridge flows 

between the first and second fluid paths via the printhead;

a position of the ink cartridge relative to the printhead and a height of ink in the ink 

cartridge determine a pressure of ink in the printhead; and

a body of the ink cartridge has a slim profile for minimizing differences in the height 

of ink in the ink cartridge at different states of fullness.

2. A system according to claim 1, further comprising a valve connecting the first path to 

the printhead.

3. A system according to claim 1, wherein the first and second paths, printhead and ink 

cartridge form a closed fluid flow loop in which ink flows to and from the ink cartridge in 

either direction of the loop.

4. A system according to claim 3, further comprising a bi-directional pump on the first 

or second paths for driving said ink to and from the ink cartridge in either direction of the 

loop.

5. A system according to claim 1, wherein each of the first, second and third fluid ports 

of the ink cartridge incorporate a septum into which a septum needle of tubing of the 

corresponding first, second and third fluid paths is sealingly inserted.
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6. A system according to claim 5, wherein each septum comprises a first septum having 

a membrane which is piercable by the septum needle and a slit septum having slit through 

which the septum needle passes.

7. A system according to claim 1, wherein the slim profile of the ink cartridge is 

configured such that a maximum difference in the height of ink in the ink cartridge at 

different states of fullness is about 24 millimeters or less.

8. A system according to claim 1 comprising a plurality of said ink cartridges containing 

different colored inks, wherein at least one of said ink cartridges is positioned at a different 

height relative to said printhead than at least one other ink cartridge.

9. A system according to claim 8, wherein an ink cartridge containing black ink is 

positioned at a lower height relative to the printhead than an ink cartridge containing yellow 

ink.
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