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PRINTING HEAD HEIGHT CONTROL

RELATED APPLICATION/S

This application claims the benefit of priority of U.S. Provisional Patent Application

No. 62/782,353 filed on December 20, 2018, the contents of which are incorporated herein by

reference in their entirety.

FIELD AND BACKGROUND OF THE INVENTION

The present invention, in some embodiments thereof, relates to printing head height control

and, more particularly, but not exclusively, to measurement and control of the printing head height

over a textile substrate, particularly in direct to garment printing.

In the current art, control of the print head height for a given print medium height is defined,

either manually or using an offline measuring device, by the printer operator as part of the

predefined data of the print job. This method has many weaknesses and limitations and is very

sensitive to human error, such as inaccurate input, which may reduce the overall print quality.

Furthermore, even if the initial measurements are perfectly accurate, changes in the media height

during the process may render the initial measurements invalid. Such changes may be due to

mechanical interference - say the medium has creases or otherwise refuses to lie flat, or there may

be variance in the nature of the medium, say strands or hairs sticking out from the medium, and

such issues may cause contact between the nozzles of the print head and the medium itself, or the

printing surface may not be exactly flat. Such contact may impede the jet of ink from the nozzle

and lead to the failed jet drying on the nozzle and causing complete or partial blockage. While print

heads may be designed to compensate for small numbers of known failed nozzles, the process

inevitably affects more and more nozzles as time passes, shortening the lifetime of the print head

and leading to increased downtime.

A known method to detect non-uniformities in the media and protect the system against

collisions between the media and the printheads, is by using a laser beam in a single dimension and

arranged parallel to the media. Once the media height exceeds a preset maximum limit, the system

detects the interference and typically stops the sequence immediately, with all the associated

disadvantages of slowing down processing. This way the collision is avoided, but the entire printing

sequence is compromised since the printer stops the job mid-flow. The current print operation is

rendered waste material since it is not possible to restart the printing operation at exactly the point

it was interrupted. The operator needs to intervene, reset the system and restart the job, and valuable

time is lost.



Currently, measuring the media height is based on offline tools and the measurement is

offline and prior to the print sequence. Instead of actual measurements, manual estimations may be

used or tables may be consulted for the particular media. With some machines it is possible to

program in the type of media and the machine may use a look-up table to set the head height.

Current methods are thus sensitive to user's errors and to variations in the media. The end result is

reduced quality due to inaccurate print height or uneven surface and the current solutions do

nothing to prevent collisions with the head due to unevenness in the media.

To detect wrinkles in the media there are current solutions based on mechanical modules

that detect an approaching fold in the medium. In other solutions, a laser beam crosses in front of

the printing area and may also detect an approaching fold.

The detector is set to a predefined value, which usually cannot be adjusted due to the binary

nature of the concept, and scans the media in front of the print heads, before or during the print

sequence, to sense possible bumps or folds in the media that may endanger the print heads. When

such a disturbance is detected the print sequence is stopped to avoid the danger of collision between

the media and the print heads or other parts of the system. The process is based on a go/no-go filter,

that is either the media is below or above the maximum allowed value, and if above, interferes with

the print sequence. The process is not flexible and does not respond to changes over the course of

a print job and can harm the overall user experience and availability of the system.

In the DTG (direct to garment) industry, while printing with inkjet directly on garment it is

thus essential to avoid physical contact of the print heads and the garment itself in order to avoid

damaging the print head. While hovering above the garment, for drop placement, with a speed that

can reach 1.0 m/s, physical contact with the garment can cause damage to the very expensive print

heads, which in some cases may be compensated for but is generally irrecoverable.

In the DTG industry the mean time between failures (MTBF) of the system has significant

value for the customer, and a "head strike" can cause significant machine down time and a long

time to repair.

One of the main reasons for the head strike is garment misplacement with a "wrinkle" that

is thicker than the gap between the print head and the garment itself. The gap between the print

heads and the garment is preset before the print. Since there is vast variety of garment types, the

print height is adjusted accordingly.

However in addition to wrinkles, there may be variation in the height of the print media that

may not be enough to strike the print head, but may still alter the distance between the medium and

the print head. Since there is relative motion between the print head and the medium the ink jet

follows a ballistic trajectory and if the height between the medium and the print head varies then



the ink jet will not land at the intended location, leading to a reduction in print quality. Thus it is

desirable to keep the distance between the print head and the print medium as close to constant as

possible over the course of the printing process, however there is no way in the current art that

allows this if the height of the print medium changes.

SUMMARY OF THE INVENTION

The present embodiments relate to a means of adjusting the print head height for the printing

operation based on measurements taken of the medium during the course of the printing operation

and then during the course of printing using the same apparatus to detect wrinkles and other

anomalies that may endanger the print heads.

The thickness and wrinkle detection system may measure the thickness of the media to be

printed prior to printing and set the printer height accordingly. The detection system may continue

to detect anomalies and changes in thickness on the garment along with the printer workflow,

without requiring any additional time for the detection process, and the detection is made prior to

the printing operation on any part of the garment. If a wrinkle has been detected the print process

is postponed, and the user is notified regarding the misalignment of the garment. Once the

garment's placement is corrected, and sent back to print, the garment is sent for wrinkle detection

again to ensure that the garment is safe to print on. Only if it is safe, the print continues exactly

from the point it has stopped. The wrinkles and changes in thickness may be detected by the same

measurement, as discussed, which may involve a laser curtain that detects an upper surface profile

of the approaching garment, the profile being repeatedly taken over a finite distance of the

advancing garment, typically of the order of magnitude of 25 - 30mm.

According to an aspect of some embodiments of the present invention there is provided a

digital textile printing device comprising:

a print head;

a printing surface configured to feed a medium for printing in a feed direction that passes

the print head for printing;

a measurement unit arranged downstream of the print head in the feed direction to measure

a thickness of the medium for printing, the measurement unit configured to measure the thickness

over a finite length in the feed direction of the printing medium towards the print head.

In an embodiment, the measurement unit is configured to take a plurality of thickness

measurements over the finite length.

In an embodiment, the measurement unit is configured to take the measurements repeatedly

over a printing duration.



In an embodiment, the measurement unit comprises a laser emitter and a laser collector.

In an embodiment, the measurement unit produces a laser curtain extending up to a

predetermined thickness over the finite length to measure a height profile of the textile.

In an embodiment, the print head has an adjustable height and a controller for controlling

the height and wherein the controller is responsive to the measurement unit to adjust the height

according to a measured thickness of approaching print media.

In an embodiment, the controller is responsive to measured thicknesses within a

predetermined range to carry out the height adjustment, and to halt printing when the measured

thickness is outside the predetermined range.

In an embodiment, the controller is configured to return the printing surface for

readjustment when the measured thickness is outside the predetermined range, then to repeat the

measurement and if within the predetermined range to resume printing.

In an embodiment, the measurement unit is located alongside a preprinting treatment unit

in the feed direction to the printer.

In an embodiment, the printer is a direct to garment printer and the printing medium is a

garment.

According to a second aspect of the present invention there is provided a method of digital

textile printing comprising:

placing media to be printed on a print table;

feeding the media towards a print head for printing;

over a finite length of the textile approaching the print head measuring an extent of the

textile towards the print head in a thickness direction of the textile;

adjusting the print head to define a predetermined printing distance between the print head

and the textile for the printing; and

during printing, if the extent reaches or exceeds the predetermined printing distance then

pausing the printing.

In an embodiment, the measuring comprises taking a plurality of thickness measurements

over the finite length.

In an embodiment, the measuring comprises taking the measurements repeatedly over a

printing duration.

In an embodiment, the measuring comprises shining laser beams across the textile.

In an embodiment, the measuring comprises providing a laser curtain extending up to a

predetermined thickness over the finite length.



Embodiments may involve returning the printing table for readjustment when the measured

thickness reaches or exceeds the predetermined printing distance, then repeating the measurement

and if within the predetermined printing distance resuming the printing.

Embodiments may involve carrying out the measuring alongside pretreating of the textile

in the feed direction to the print head.

Unless otherwise defined, all technical and/or scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which the invention pertains.

Although methods and materials similar or equivalent to those described herein can be used in the

practice or testing of embodiments of the invention, exemplary methods and/or materials are

described below. In case of conflict, the patent specification, including definitions, will control. In

addition, the materials, methods, and examples are illustrative only and are not intended to be

necessarily limiting.

Implementation of the method and/or system of embodiments of the invention can involve

performing or completing selected tasks manually, automatically, or a combination thereof.

Moreover, according to actual instrumentation and equipment of embodiments of the method

and/or system of the invention, several selected tasks could be implemented by hardware, by

software or by firmware or by a combination thereof using an operating system.

For example, hardware for performing selected tasks according to embodiments of the

invention could be implemented as a chip or a circuit. As software, selected tasks according to

embodiments of the invention could be implemented as a plurality of software instructions being

executed by a computer using any suitable operating system.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example only, with

reference to the accompanying drawings. With specific reference now to the drawings in detail, it

is stressed that the particulars shown are by way of example and for purposes of illustrative

discussion of embodiments of the invention. In this regard, the description taken with the drawings

makes apparent to those skilled in the art how embodiments of the invention may be practiced.

In the drawings:

Fig. 1 is a simplified diagram showing a laser curtain extending across two printing tables

according to an embodiment of the present invention;

Fig. 2 is a simplified longitudinal cross-section showing the printing table passing a print

head according to embodiments of the present invention;

Fig. 3 is the section of Fig. 2 where a wrinkle has got into the print media;



Fig. 4 is a view of a section passing a print head and showing the various height ranges

according to embodiments of the present invention;

Fig. 5 is a simplified flow chart showing the procedure for modifying the print process

when a wrinkle is detected according to embodiments of the present invention;

Fig. 6 is the section of Fig. 2 showing the addition of a laser curtain for measuring according

to embodiments of the present invention;

Fig. 7 is the section of Fig. 6, where a wrinkle has got into the print media;

Fig. 8 is a simplified schematic diagram showing details of the control system for a printing

machine according to the present embodiments;

Fig. 9 is a simplified diagram showing the use case of a garment with a pocket, where the

present embodiments may print such a garment;

Fig. 10 is a simplified diagram schematically illustrating the ballistic arc taken by an inkjet

drop and providing a reason for keeping the printing height constant; and

Fig. 11 is a generalized flow chart showing a printing procedure according to embodiments

of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, in some embodiments thereof, relates to printing head height control

based on measurement and, more particularly, but not exclusively, to control of the printing head

height over a textile substrate based on measurement.

It is noted that the material that is printed on is referred to generically as media, but may

more specifically be textile and more specifically than that may be a garment, and herein the

associated terms are used interchangeably.

The present embodiments may involve placing a textile to be printed on a print table and

feeding towards a print head. A finite length of the textile approaching the print head is measured

for thickness in the upward direction, that is facing the print head. Then, if the extent is within a

predetermined range the height of the print head is adjusted to maintain a predetermined printing

distance. During the course of printing, measurement continues and if the thickness extent is

outside the predetermined range then it is assumed that wrinkles are present and printing is paused

for readjustment of the textile.

The system of the present embodiments treats the print heads as the subject of control of

height based on measurements taken of the print medium. A single measurement routine or set of

measurements from a measurement source may address both the issues of print media height and

correct positioning of the print heads and the presence of wrinkles. The measuring routine may



detect the height of the media inline with the printing process and on a repeated or continuous basis

during the printing process. The measurement results may be used to correct the print height prior

to printing. In a specific embodiment the print height may also be adjusted in real time during

printing if the height changes, meaning that the media approaches the print head at a typical media

feed speed and the print head is set at the correct height as the media arrives. Measurement is

carried out on-the-fly and irrespective of whether the print heads are moved, in cases where the

media thickness extends into the safety margin of the print head, e.g. by a wrinkle in the garment

- the routine pauses the current printing, returns the media to the operator and allows him to correct

the problem and maintain the current job. The correction may have minimal effect on the overall

printing operation.

In an embodiment, a laser curtain is used as a measurement component. A series of laser

beams extend perpendicularly across the feed direction of the media, and form a rectangle or like

shape having a finite length and preset height, along the approaching textile and obtain a profile of

the textile surface within the rectangle, the textile being along the feed direction. A laser curtain is

particularly suitable for finding a maximum height over the surface of an area of material. The laser

curtain may thus make a measurement of the profile, wherein small deviations are fed in to change

the height of the print heads, and large changes may cause the printing to be stopped temporarily.

The measurement is executed along with printer's workflow to detect misplacement (wrinkles) that

eventually can cause a head strike on DTG printers.

Before explaining at least one embodiment of the invention in detail, it is to be understood

that the invention is not necessarily limited in its application to the details of construction and the

arrangement of the components and/or methods set forth in the following description and/or

illustrated in the drawings and/or the Examples. The invention is capable of other embodiments or

of being practiced or carried out in various ways.

Referring now to the drawings, reference is firstly made to Fig. 1, which is a simplified

diagram showing a section across the print feed direction of a printing table and laser curtain

according to an embodiment of the present invention. Two side by side printing tables 100 and 102

carry respective print mediums 104 and 106 towards a print head 108 (Fig. 2) for printing. The

printing tables pass in the gap between a laser emitter 110 and a laser collector 112. A lengthwise

extending laser curtain 114 extends over a finite length in the feed direction approaching the print

head.

Fig. 2 is a longitudinal cross-section showing the print head 108. Print head 108 moves

back and forth over the print table 100 over the top of media 104. The print head is mounted at a



height above the print table and that height comprises the height of the media plus a certain

predetermined print height.

Thus the digital textile printing device may be a direct to garment digital printer with pre

and/or post processing and may print using black and white or three, four, and five or more color

systems. The printer may include print head 108, one or more printing surfaces such as the twin

print tables or pallets 100 and 102 shown in Fig. 1. The surfaces are mobile to feed, media in a feed

direction past the print head for printing.

The measurement unit, made up of emitter 110 and collector 112 as shown in Fig. 1, is

located upstream in the feed direction relative to the print head and extends perpendicularly across

the feed direction (see Fig. 6) to measure a media height of the printing medium over a finite length

(see Fig. 6) in the feed direction to obtain a profile. The measurement may be of the upper extent

of the textile in the thickness direction towards the print head. To provide measurements over a

finite length rather than across a single line, the measurement unit may take multiple thickness

measurements over the finite length. The measurement unit may take the measurements repeatedly

over a printing duration so that the advancing textile surface approaching the print head is measured

prior to approach. In an embodiment, the measurement unit comprises a laser emitter and a laser

collector and multiple laser beams are shone across the top of the print media surface over the finite

length to detect the profile.

In a particular embodiment, the measurement unit comprises a laser curtain extending up

to a predetermined thickness over the finite length so that both a finite length and a finite height

along the finite length are measured, hence the use of the term curtain.

The embedded inline laser curtain has two main functionalities in the Direct to Garment

(DTG) printers:

1) Automatic print height setting

The first function is automatic setting of the height of the print heads. The function involves

measuring the actual height of the media before starting the print routine. In certain embodiments,

function includes continually remeasuring and defining the optimal height of the printheads above

it during printing. Such continual print height setting may guarantee the best print quality since

there is sensitivity to changes in the media. Furthermore, the operator may change the medium on

the printer without needing to stop the sequence for offline measurements and calibrations.

Furthermore, it is possible to print on a medium where the thickness changes abruptly, say a shirt

having a pocket. In other embodiments continual measurement during printing is only to stop the

printing if wrinkles or thickness variations are detected - see the second function below.



2) Wrinkle detection and avoidance of head strikes

The second function is automatic detection of wrinkles. The same measurement may detect

interference in the media level, e.g. wrinkles in the fabric caused by human error in placement of

the medium, or system malfunctions such as a gripping component accidentally coming loose, or

the like. If such a wrinkle is detected then the function may serve to pause the current print for a

few seconds to allow the operator to correct the problem without affecting the job’s integrity. A

reason the present embodiments are able to stop, wait for the operator to carry out smoothing and

then continue is that the laser curtain of the present embodiments is able to remeasure the whole

area after smoothing, rather than just a single line, and check that the problem is solved. Reference

is now made to Fig. 3, which is the same view as in Fig. 2 but with a wrinkle 116 introduced into

the medium. Remaining parts of the Figure are given the same reference numerals as in Fig. 2 and

are not described again except as needed for an understanding of the wrinkle function. In Fig. 3

wrinkle 116 reaches right through the print height from the media height and if the print head 108

is to reach the wrinkle then material of the wrinkle may block nozzles on the print head, causing

damage as described above.

The wrinkle detection function may serve to avoid head strike, hence improving the

system’s uptime, that is its availability for printing, as well as saving direct and indirect costs of

damaged print heads and improving the overall lifetime of the print head.

Reference is now made to Fig. 4, which is a simplified transverse cross section showing

rectangles or planes which may be measured by the laser curtain. In Fig. 4, the pallet plane is

indicated by 120. The plane of the medium is 122. The plane of the print height is 124 and the

plane in which the print head moves is 126. It is noted that the present embodiments may take into

account the pallet zero value of the printing table. This has the advantage that the user is free to use

customized printing tables rather than those provided and does not need to make sure that the

customized tables match exactly with those provided or even with each other.

Exemplary values for the different plane sizes are shown in Fig. 4 in millimeters. Thus the

print height 124, the height between the media and the print head may be 2mm. The wrinkle 128

is required to leave a safety space 130 of 0.4mm under the print head. That is to say small wrinkles

of up to 1.6mm in height are tolerated.

Reference is now made to Fig. 5, which is a simplified flow chart showing the procedure

for detecting and then safely processing wrinkles, and the present embodiments may be used for

wrinkle detection without control of the print head height, or vice versa with control of the print

head height and without wrinkle protection, and Fig. 5 shows the procedure after the print height

has already been set by an initial measurement. Operator 150 sends the current print job for



printing. Box 152 determines whether the current print job has already been subject to wrinkle

detection. If yes then flow proceeds to box 154 which tests again for wrinkles. If not then the system

determines whether wiping or other pre-printing processing has been requested - box 156. If not

then flow proceeds to box 154 as before. If the answer is yes then flow proceeds to block 158 where

measurement and preprocessing such as wiping are carried out together. It is advantageous to carry

out the measurement along with and just after the wiping because wiping, along with other pre

treatments may affect the thickness being measured and in extreme cases may even be the cause of

wrinkles.

In box 160 it is determined whether a wrinkle has been detected. If no wrinkle is detected

then flow proceeds to box 162 and printing proceeds or continues. If on the other hand box 160

determines that a wrinkle is detected, then flow proceeds to box 164, printing is postponed and the

pallet is returned to the operator for smoothing.

The automatic height measurement as described herein may be embedded in direct to

garment (DTG) printers. The system may be installed in the printer and may do at least one of the

following or continuously:

(a) measure the media height and define the print height in real-time;

(b) measure the flatness of the printing tables and notify the user of any misalignment or

uneven table and avoid reduction in the print quality; and

(c) detect uneven surface of the media (e.g. wrinkles in the fabric) and avoid collisions with

the print heads.

The present embodiments may thus measure the garment thickness with a laser device, the

measurement being made along with the wiping or any other inline pre - treatment process. The

embodiments may notify in real time when the thickness exceeds the permitted safe thickness.

Thus a head strike may be prevented before the actual print take place. In the above an example

was given in which pre-treatment was avoided if the medium had previously been treated and was

being refed after wrinkle detection. It is noted that pre-treatment may be dispensed in all cases

simply by not requesting wipe in box 156, so that flow proceeds directly to wrinkle detection.

Reference is now made to Fig. 6, which illustrates the use of a laser curtain. Parts that are

the same as in Figs. 2 and 3 are given the same reference numerals and are not described again

except as needed for the present explanation. Laser curtain 170 extends for a finite length along the

feed direction of media 104 towards print head 108, and for a finite height to give a lengthwise

profile of the upper surface of the garment. The height of the printing table is not measured directly

during the print process - although it may be measured in advance, but variations in the printing

table height are picked up as changes in the media thickness. The media height is measured on an



ongoing basis. The print height is set in advance and is kept constant in the face of variations in

media height.

The use of the laser curtain, with analog signal input to the controller of the printer, allows

a length across an area of material along which the profile is measured. Typical lengths are between

20mm and 40mm or between 25mm and 30mm, and in an exemplary embodiment the length is 28

mm. The detection algorithm may be adjusted for various garments.

The following parameters may be defined for the system:

Reading - The real time analog reading received from the laser device.

Pallet_Zero_Value - The value that is measured on the bare pallet (printing plate) without any

garment, say when a pallet is replaced or when such a measurement is initiated proactively.

PresetMedia - garment thickness that is preset by the user for the current printing job.

PresetPrintHeight - The print height above the printed garment that is preset by the user for the

printing job.

Constant - a constant clearance gap between the print heads and the measured media.

A wrinkle may be detected while the system performs the wiping or other pretreatment

procedure as discussed in respect of Fig. 5, or a dedicated measurement may be carried out if no

pretreatment is being applied.

Exemplary wiping profile settings are Velocity - 0.250m/s, and the pallet may vary

between a standard pallet height of 50mm, and say a maximum pallet height of 90mm, typically

starting with a preset, which is followed by adjustments during the course of printing.

Reference is now made to Fig. 7, which is a variation of the view shown in Fig. 6 . Parts

that are the same as in Fig. 6 are given the same reference numerals and are not explained again

except as needed for an understanding of the present embodiment. In this case, laser curtain 170

has detected a wrinkle 172. In this case, unlike in Fig. 3, the wrinkle does not exceed the maximum

media height. Thus print head 108 is simply moved upwards to ensure the correct print height over

the wrinkle. Printing continues.

Reference is now made to Fig. 8, which is a simplified block diagram showing operation

of an embodiment of the present invention. A laser curtain is formed between laser emitter 180

and collector 182, enabling detection of a media thickness or upper surface profile within the range

of the curtain. Analog controller 184 operates a head height controller 186 and is in turn controlled

by system software 188. The control system may ensure that if the measurement from the laser

curtain is within a preset range then the head height is adjusted by head height controller 186 to

keep the print height constant. If the measurement is outside the range then printing is temporarily

halted.



Thus, the print head has an adjustable height, and a controller, formed of the combination

of software 188, analog controller 184 and head height controller 186, adjusts the height of the

print head based on the measured changes in thickness of the approaching print media. If the

measured thickness is within a predetermined range then head height adjustment is carried out.

However if the measured thickness is outside the range, the controller may halt printing.

As discussed in respect of Fig. 5, the controller returns the printing table for readjustment

by the operator when the measured thickness is outside the predetermined range. After

readjustment, the printing table is advanced again to repeat the measurement and, if within the

predetermined range, printing is resumed. If the measurement is outside the range then the printing

table is returned again.

As discussed, the measurement unit may be located alongside a preprinting treatment unit,

so that the measurement includes any effects of the pretreatment.

If the printer is a direct to garment printer, then the printing medium is a garment.

The laser device, laser emitter and laser collector, may conveniently be mounted in

horizontal manner inside the body of the printer to allow:

Easy calibration of the laser beam for alignment;

The ability of the laser to detect any possible wrinkle;

The ability to measure the pallet with and without garment, just after wiping; and

Signal integrity when pallets are not in position;

A correct preset of media (garment) thickness is useful for defining the print head initial

height above the media during the printing operation.

Accurate height and flatness of the media may help in defining the optimal printing height

for the required print quality that is in registration and may help to avoid print head strike as

discussed. The print height above the media may be preset manually and may also be verified

manually by moving the printing plate with the garment, offline, beneath the printing heads, and

visually inspected for collision.

By using the embedded laser curtain and associated software, the system may measure the

thickness of the garment, especially on the printing area. Test embodiments have achieved a

resolution of 0.1mm.

The maximal value of the media thickness may be measured through the entire garment,

regardless of the image printing area. Having such a maximal thickness value of the garment in

advance means that the user does not have to himself manually inspect for collision. Rather the

option for choosing those preset values of print height that may cause collision are disabled. The

user is only permitted to preset safe print height values.



To improve the quality of the printed image, the laser curtain may validate the media

thickness during the pretreatment procedure. The media is scanned through the image area for the

actual media thickness, and through the entire media for maximal thickness value.

The print height may then be automatically adjusted to meet the preset media and print

height, and in certain embodiments may be subsequently adjusted to take into consideration the

maximal measured value, thus avoiding collisions and maintaining the desired printing height.

Referring now to Fig. 9, a case is shown of a garment 190 having two different heights, a

background height, and an increased height where a pocket 192 has been sewn on. The present

embodiments allow for single pass printing where the print head is automatically adjusted when

reaching the pocket.

Reference is now made to Fig. 10 which illustrates the operation of a print head according

to the present embodiments and demonstrates the requirement for a constant or substantially

constant print height for textile printing.

As shown in Fig. 10, garment 200 is on print table 202 and print head 204 is located a preset

distance from the garment. During printing the print head typically travels from one side of the

garment to the other. In some machines the print head may be stationary but the print tray may be

moving. Thus inkjet 206 emitted from the print head follows a ballistic trajectory from the nozzle

to the garment. Now the position that the ink jet lands on the garment is fixed if the print head

speed and the print height are both fixed. However as soon as the print height starts to vary, the

part of the ballistic arc at which the jet hits the garment changes and thus the position ceases to be

predictable. Hence variation in the print height leads to loss of print quality and hence the attempts

of the present embodiments to control the print head height.

Reference is now made to Fig. 11, which is a simplified flow chart illustrating an overall

procedure for textile printing, and more particularly but not exclusively to direct to garment

printing, according to embodiments of the present invention.

A textile to be printed, for example a garment, is placed on a printing surface such as a table

or a tray or a pallet - box 210. The garment is optionally smoothed over the surface, typically by

the operator, so that there are no wrinkles to upset the printing process - box 212.

The textile is then fed towards the print head for printing - box 214. During the feeding

process, various preprocessing operations such as wetting may be carried out - 216. It is noted that

preprocessing should not be carried out twice on the same garment so if the currently fed garment

has already undergone pre-processing, for example because it is being fed a second time following

removal of wrinkles, then the preprocessing operation is bypassed. Alternatively, in embodiments,

preprocessing may not be required at all.



While the textile is being fed, a finite length of the textile approaching the print head is

measured for height, that is how much it extends towards the print head - 218. In other words the

uppermost extent of the textile towards the print head is measured over a given length, and the print

height is adjusted accordingly -220. Measuring may involve taking multiple thickness

measurements over the given length, and in 221, the measurements may be continued and

repeatedly made over a printing duration. In embodiments measuring may involve shining laser

beams across the textile surface, so that beams that are blocked indicate the presence of textile

material at that thickness. In an embodiment a laser curtain provides a rectangle of laser beams

extending up to a predetermined thickness over the given length so that a profile of the upper

surface of the textile is obtained.

In decision box 222 the height measured is tested to see whether it is safe, in which case

printing takes place 226.

If the extent is outside the predetermined range, then the procedure for dealing with

wrinkles is entered. Box 224 indicates that printing is paused while the table is returned to the

operator to repeat the smoothing operation 212.

Printing is carried out as the process enters box 226, and measurement continues as long as

more of the garment is being fed towards the printer.

It is expected that during the life of a patent maturing from this application many relevant

laser curtain and textile printing technologies will be developed and the scopes of the corresponding

terms are intended to include all such new technologies a priori.

The terms "comprises", "comprising", "includes", "including", “having” and their

conjugates mean "including but not limited to".

The term “consisting of’ means “including and limited to”.

As used herein, the singular form "a", "an" and "the" include plural references unless the

context clearly dictates otherwise.

It is appreciated that certain features of the invention, which are, for clarity, described in

the context of separate embodiments, may also be provided in combination in a single

embodiment, and the text is to be construed as if such a single embodiment is explicitly written

out in detail. Conversely, various features of the invention, which are, for brevity, described in the

context of a single embodiment, may also be provided separately or in any suitable subcombination

or as suitable in any other described embodiment of the invention, and the text is to be construed

as if such separate embodiments or subcombinations are explicitly set forth herein in detail.



Certain features described in the context of various embodiments are not to be considered

essential features of those embodiments, unless the embodiment is inoperative without those

elements.

Although the invention has been described in conjunction with specific embodiments

thereof, it is evident that many alternatives, modifications and variations will be apparent to those

skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications and

variations that fall within the spirit and broad scope of the appended claims.

All publications, patents and patent applications mentioned in this specification are herein

incorporated in their entirety by reference into the specification, to the same extent as if each

individual publication, patent or patent application was specifically and individually indicated to

be incorporated herein by reference. In addition, citation or identification of any reference in this

application shall not be construed as an admission that such reference is available as prior art to the

present invention. To the extent that section headings are used, they should not be construed as

necessarily limiting.

In addition, any priority document(s) of this application is/are hereby incorporated herein

by reference in its/their entirety.



WHAT IS CLAIMED IS:

1. A digital textile printing device comprising:

a print head;

a printing surface configured to feed a medium for printing in a feed direction that passes

said print head for printing;

a measurement unit arranged downstream of said print head in said feed direction to

measure a thickness of said medium for printing, the measurement unit configured to measure said

thickness over a finite length in said feed direction of said printing medium towards said print head.

2 . The digital textile printing device of claim 1, wherein said measurement unit is

configured to take a plurality of thickness measurements over said finite length.

3 . The digital textile printing device of claim 2, wherein said measurement unit is

configured to take said measurements repeatedly over a printing duration.

4 . The digital textile printing device of any one of the preceding claims, wherein said

measurement unit comprises a laser emitter and a laser collector.

5 . The digital textile printing device of any one of the preceding claims wherein said

measurement unit comprises a laser curtain extending up to a predetermined thickness over said

finite length to measure a height profile of said textile.

6 . The digital textile printing device of any one of the preceding claims, wherein said

print head has an adjustable height and a controller for controlling said height and wherein said

controller is responsive to said measurement unit to adjust said height according to a measured

thickness of approaching print media.

7 . The digital printing device of claim 6, wherein said controller is responsive to

measured thicknesses within a predetermined range to carry out said height adjustment, and to halt

printing when said measured thickness is outside said predetermined range.



8. The digital printing device of claim 7, wherein said controller is configured to return

said printing surface for readjustment when said measured thickness is outside said predetermined

range, then to repeat said measurement and if within said predetermined range to resume printing.

9 . The digital printing device of any one of the preceding claims, wherein said

measurement unit is located alongside a preprinting treatment unit in said feed direction to said

printer.

10. The digital printing device of any one of the preceding claims, wherein the printer

is a direct to garment printer and said printing medium is a garment.

11. A method of digital textile printing comprising:

placing media to be printed on a print table;

feeding said media towards a print head for printing;

over a finite length of said textile approaching said print head measuring an extent of said

textile towards said print head in a thickness direction of said textile;

adjusting said print head to define a predetermined printing distance between said print

head and said textile for said printing; and

during printing, if said extent reaches or exceeds said predetermined printing distance then

pausing said printing.

12. The method of claim 11, wherein said measuring comprises taking a plurality of

thickness measurements over said finite length.

13. The method of claim 11, wherein said measuring comprises taking said

measurements repeatedly over a printing duration.

14. The method of any one of claims 11, 12 and 13, wherein said measuring comprises

shining laser beams across said textile.

15. The method of any one of claims 11 to 14, wherein said measuring comprises

providing a laser curtain extending up to a predetermined thickness over said finite length.



16. The method of any one of claims 11 to 15, comprising returning said printing table

for readjustment when said measured thickness reaches or exceeds said predetermined printing

distance, then repeating said measurement and if within said predetermined printing distance

resuming said printing.

17. The method of any one of claims 11 to 16, comprising carrying out said measuring

alongside pretreating of said textile in said feed direction to said print head.

18. The method of any one of claims 11 to 17, wherein said printing is direct to garment

printing and said printing medium is a garment.
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