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Brinks Hofer Gilson & Hone/Ann Arbor a support ?xture adapted to support the article, an ink jet print 
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folloW the surface contour of the curved surface of the article. 
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cause articulation of the robotic arm so as to move the print 
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APPARATUS AND METHOD FOR PRINTING 
THREE DIMENSIONAL ARTICLES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 61/018,178 ?led on Dec. 31, 
2007, entitled INK JET PULSE GENERATION, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] The present is invention generally relates to printing 
on a three-dimensional object. More speci?cally, this inven 
tion relates to an apparatus and method of printing a high 
quality image on a curved substrate utiliZing a robotic system 
incorporating an ink jet printing head. 
[0004] 2. Related Technology 
[0005] Molded plastic articles are becoming Widely 
accepted as a replacement for metallic and glass articles. For 
example, panels of plastic materials, such as polycarbonate 
(PC) and polymethylmethyacrylate (PMMA), are currently 
being used to replace conventional glass WindoWs and metal 
body panels in a variety of automotive applications, including 
components such as B-pillars, headlamps, WindoWs, moon 
roofs and sunroofs. Automotive WindoW systems represent a 
particularly desirable application for these plastic materials 
due to their many identi?ed advantages, particularly in the 
areas of styling/design, Weight savings, safety and security. 
More speci?cally, plastic materials offer the automotive 
manufacturer the ability to distinguish their vehicles by 
increasing overall design and shape complexity. Being lighter 
in Weight than conventional glass WindoW systems, the incor 
poration of plastic WindoW systems and components into the 
vehicle may facilitate both a loWer center of gravity for the 
vehicle (and therefore better vehicle handling & safety) and 
improved fuel economy. Further, enhanced safety is realiZed, 
particularly in a roll-over accident because of a greater prob 
ability of the occupant or passenger being retained in a 
vehicle. Another advantage associated With plastic WindoW 
systems is the ability to integrate several components (previ 
ously bonded or joined together) into one article, thereby 
reducing the number of assembly operations. 
[0006] One inherent problem that With plastic WindoW sys 
tems is the inability to easily print a high quality image on the 
resulting complex surface shape (concave, convex, multiple 
curvature, etc.) of the article. Printing is desirable since other 
means for creating images on the surface of complex three 
dimensional articles are time consuming. Unfortunately, 
common tWo-dimensional printing methods, such as screen 
printing and pad-printing, have only been able to meet this 
need With limited success. 

[0007] An image may be printed directly onto either sur 
face of a tWo-dimensional article using an ink or paste and 
various methods knoWn to those skilled in the art. In addition 
to the above mentioned methods, other methods include 
screen-printing, ink jet printing and automatic dispensing 
(such as drip & drag, streaming, and simple ?oW dispensing). 
In each of the above instances, the shape of the panel impacts 
the quality of the printed image, for example, screen printing 
and other methods become very dif?cult on non-planar pan 
els. The speed at Which printing is done also affects the 
quality of individually printed lines or features, and therefore 
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the resultant image. SloWer speeds and higher ?oW rates for 
the ink or paste can result in Wider and thicker features of the 
image. Conversely, higher speeds and sloWer ?oW rates can 
result in slimmer and loWer features. Further, maintaining an 
appropriate off-set distance betWeen the printing device and 
the surface of the article becomes more dif?cult as complex 
ity of the surface shape increases, but maintaining a proper 
off-set is necessary to ensure a high quality image. One addi 
tional concern is being able to easily adapt the printing system 
to different shaped articles, as opposed to having to construct, 
for each neW article design, a neW printing system Which is 
dedicated to that speci?c article. 
[0008] Accordingly, there exists a need to provide an 
improved apparatus and method for printing an image on the 
surface of a three-dimensional article or substrate, such as a 
plastic automotive WindoW. 

SUMMARY 

[0009] In satisfying the above need, as Well as overcoming 
the enumerated draWbacks and other limitations of the related 
art, the present invention generally provides an apparatus and 
method for printing an image onto the curved surface of a 
three-dimensional article, including, but not limited to, a plas 
tic automotive WindoW. The printing apparatus is a robotic 
system that includes a support ?xture adapted to support the 
three-dimensional article. An articulatable arm is positioned 
relative the support ?xture such that an end of the arm can be 
positioned opposite the curved surface of the article to be 
printed. Carried by and mounted to the end of the arm is an ink 
jet print head. In that the arm is moveable With more than 
three degrees of freedom, the arm is capable of positioning the 
ink jet print head at any orientation and location relative to the 
curved surface of the article. The ink jet print head includes a 
plurality of noZZles that are coupled to source of ink or other 
medium suitable for printing, and also includes the appropri 
ate control structures for dispensing ink from the noZZles in 
accordance With commands from a controller or control sys 
tem. 

[0010] To produce an image, a Waveform With a particular 
shape, amplitude and pulse duration must be applied indi 
vidually to each jet Within the print head at a precise point in 
time corresponding With a pixel location on the surface of the 
article. This controls the amount of ink ejected from the 
noZZle and, in part, the characteristics of the resulting pixel of 
ink on the article, and eventually the quality of the overall 
image. Conventional ink jet printing applications manipulate 
the location of the print head via movement With tWo degrees 
of freedom (x and y axes), and sometimes three (X, Y, and Z 
axes) relative to an object. With the present invention, more 
than three degrees of freedom (up to six) are utiliZed in 
positioning the print head relative to the curved surface of the 
article. These additional degrees of freedom include rota 
tional movement about the three axes, namely A, B and C 
(sometimes referred to as Xr, Yr and Zr), so as to provide 
orientational positioning of the print head, in addition to the 
translational positioning provided by movement along the X, 
Y, and Z axes. In this manner, the orientation of the print head 
may be kept normal to the surface of the article at all times. 
[0011] With the present invention, the arm moves the print 
head across the surface of the article, along a projected 
straight line, Which is knoWn as the scanning path or direc 
tion. For each location on the surface of the article and posi 
tion of the print head, each noZZle of the print head has an 
associated set of values, a control signal or Waveform, that 



US 2009/0167817 A1 

dictates Whether or not the nozzle Will eject ink and, if so, 
precisely the amount ink that Will be ejected. The control 
signals correspond to the printed pixels required to produce 
the desired image on the curved surface of the article. 

[0012] By controlling the position of the end of the arm, the 
position (location and orientation) of the print head is con 
trolled relative to the surface of the article to be printed. 
Various methods may be used to determine the actual position 
of the print head relative to the surface of the article. Knowing 
the actual position of the print head, various methods may be 
used to control the generation of ?ring pulses for the noZZles 
at each actual position relative to the article. These include 
determining the ?ring pulses based on: a relative distance the 
print head has moved along the scanning path, such as the 
distance from the start of the scanning pass, in combination 
With image data de?ned or inferred With respect to the scan 
ning path; a knowledge of When printing started, in combi 
nation With the image for replication and real-time knoWledge 
of the print head travel speed; absolute coordinates of the 
print head in combination With prede?ned image data related 
to those same coordinates; and sensing a part feature, With a 
laser or other sensor, and triggering pulses based on the abso 
lute or relative location of the features. 

[0013] Accordingly, in one aspect of the, an apparatus is 
provided for printing an image onto a curved surface of a three 
dimensional article, the apparatus comprising: a support ?x 
ture adapted to support the article; an ink j et print head having 
a plurality of noZZles coupled to a source of printing medium; 
one of the support ?xture supporting the article and the print 
head being mounted to and carried by the robotic arm; the 
robotic arm having more than three degrees of freedom of 
movement and being moveable so as to cause relative move 

ment of the print head along a series of scanning paths fol 
loWing the surface contour of the curved surface of the article; 
and a controller coupled to the robotic arm and being con?g 
ured to cause articulation of the robotic arm so as to move the 

print head along the series of scanning paths, the controller 
causing the robotic arm to continuously locate the print head 
relative to the curved surface of the article in a position 
suitable for printing as the print head is moved along the series 
of scanning paths, the controller coupled to the print head and 
further con?gured to cause the plurality of noZZles to eject 
printing medium at predetermined locations along the scan 
ning paths so as to form the image on the curved surface of the 
substrate. 

[0014] In another aspect of the invention, the scanning 
paths are linear. 

[0015] In a further aspect of the invention, the plurality of 
noZZles is provided in an array. 

[0016] In an additional aspect of the invention, the plurality 
of noZZles is provided in a linear array. 

[0017] In yet another aspect of the invention, the plurality 
of noZZles is provided in a tWo dimensional array. 

[0018] In another aspect of the invention, the controller is 
con?gured to cause the plurality of noZZles to eject printing 
medium based on a distance from a knoWn point on the 
scanning paths correlated to image location data stored in 
memory of the controller. 

[0019] In a further aspect of the invention, the controller is 
con?gured to receive from the robotic arm a start signal at a 
starting point of travel along the scanning paths and addi 
tional distance signals at additional distances along the scan 
ning path and relative to the starting point. 
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[0020] In an additional aspect of the invention, the control 
ler is con?gured to correct errors based on an actual scanning 
path relative to a desired scanning path, the controlling of the 
ejection of printing medium from the plurality of noZZles 
being corrected to correspond to the actual scanning path. 
[0021] In still another aspect of the invention, a sensor is 
con?gured to sense part features on the curved surface of the 
part, Wherein the controller is con?gured to cause the plural 
ity of noZZles to eject printing medium based on the sensing of 
part features by the sensor. 
[0022] In another aspect of the invention, the sensor is an 
optical sensor. 
[0023] In yet a further aspect of the invention, the sensor is 
a laser sensor. 

[0024] In an additional aspect of the invention the control 
ler is con?gured to have stored in memory a set of values for 
the ejection of printing medium from each of the plurality of 
noZZles, the sets of values corresponding to each location of 
the part features. 
[0025] In another aspect of the invention, the controller is 
con?gured to compare an actual position of the print head to 
stored image data corresponding to a three dimensional 
image on the surface of the article and control the ejection of 
printing medium from the plurality of noZZles based thereon. 
[0026] In a further aspect of the invention, a print head 
height sensor is con?gured to monitor the height of the print 
head relative to the curved surface of the article. 

[0027] In an additional aspect of the invention, an actuator 
is con?gured to move the print head to a distance from the 
curved surface of the article based on the monitored height of 
the print head. 
[0028] In a still another aspect of the invention, the print 
head height sensor includes a laser. 

[0029] In a further aspect of the invention, the controller is 
con?gured to cause articulation of the robotic arm to position 
the print head at an orientation normal to the curved surface of 
the article. 

[0030] In an additional aspect of the invention, a method is 
provided for printing an image onto a curved surface of a three 
dimensional article, the method comprising the steps of: pro 
viding a three dimensional article having a curved surface to 
be printed upon; locating an ink jet print head having a plu 
rality of noZZles proximate to the surface of the article; mov 
ing the ink jet print head along a scanning path across the 
surface of the article While positioning the ink jet print head 
relative to curvature exhibited by the surface of the article; 
and ejecting ink from the plurality of noZZles according to the 
position of the print head relative to the article and image data 
stored in memory of a controller and correlated to the surface 
of the article. 

[0031] In another aspect of the invention, the step of eject 
ing ink further comprising the step determining a starting 
location for moving of the ink jet print head and ejecting ink 
from the ink jet print head based on distance from the starting 
point that the print head has moved along the scanning path. 
[0032] In a still further aspect of the invention, the step of 
ejecting ink further comprising the step of determining a time 
of initial ejection of ink and further ejecting ink from the ink 
jet print head based on elapsed time from the starting of 
ejecting of ink and the velocity of the print head moving along 
the scanning path. 
[0033] In an additional aspect of the invention, the step of 
ejecting ink further comprises the step of determining abso 
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lute coordinates of the print head relative to the surface of the 
article and correlating the coordinates With image data stored 
in memory of a controller. 
[0034] In yet another aspect of the invention, the step of 
ejecting ink further comprises the step of sensing a part fea 
ture With a sensor and ejecting ink from the ink jet print head 
based on location of the sensed part features correlated With 
image data stored in memory of a controller. 
[0035] In a further aspect of the invention, a step is provided 
for sensing the height of the print head relative to the actual 
surface of the article and adjusting the height of the print head 
to an off-set height relative to the actual surface of the article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The draWings described herein are for illustration 
purposes only and are not intended to limit the scope of the 
present invention in any Way. 
[0037] FIG. 1 is a perspective vieW of a robotic arm travers 
ing an ink jet print head over a three dimensional article and 
embodying the principles of the present invention; 
[0038] FIG. 2A and FIG. 2B are representational perspec 
tive vieWs of the underside of ink jet print heads exhibiting 
linear and tWo dimensional arrays, respectively, of noZZles 
located thereon; 
[0039] FIG. 3 is a plan vieW ofa three dimensional article 
shoWing the linear projection of scanning paths of an ink jet 
print head and With an image partially printed thereon; and 
[0040] FIG. 4 is sectional vieW, generally taken along line 
4-4 in FIG. 3, of an ink jet print head folloWing a scanning 
path and printing an image in accordance With the principles 
of the present invention. 

DETAILED DESCRIPTION 

[0041] The folloWing description is merely exemplary in 
nature and is in no Way intended to limit the present invention 
or its application or uses. It should be understood that 
throughout the description and draWings, corresponding ref 
erence numerals indicate like or corresponding parts and 
features. 
[0042] The present invention generally provides a method 
of printing on the curved surface of a three-dimensional (3-D) 
article. More speci?cally, this invention provides a method of 
printing a high quality image on to a curved surface of the 3-D 
article using an ink j et print head in conjunction With a robotic 
arm having more than three degrees of freedom of movement. 
[0043] Referring noW to FIG. 1, as shoWn therein, a robotic 
system 10 is con?gured to print an image 12 upon a 3-D 
article 14, Which is illustrated as a plastic, rear WindoW 
assembly (backlight) for an automotive vehicle. Plastic auto 
motive WindoW assemblies are generally constructed from a 
rigid, transparent substrate, over Which are applied one or 
more protective coatings. 
[0044] The substrate itself may be formed of any thermo 
plastic polymeric resin or a mixture or combination thereof. 
Appropriate thermoplastic resins include, but are not limited 
to, polycarbonate resins, acrylic resins, polyarylate resins, 
polyester resins, and polysulfone resins, as Well as copoly 
mers and mixtures thereof. The substrates may be formed into 
the desired shape through the use of any one of various knoWn 
techniques, such as molding, thermoforrning, or extrusion. 
[0045] The protective coatings are designed and selected to 
protect the article 14 from natural occurrences, such as expo 
sure to ultraviolet radiation, oxidation, and abrasion. This 
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may be achieved through the use of a single protective coating 
or multiple protective coatings, on one or both sides (exterior 
and interior sides) of the substrate. In practice, the protective 
coatings may be a plastic ?lm, an organic coating, an inor 
ganic coating, or a mixture thereof. The plastic ?lm may be of 
the same or a different composition from substrate. The ?lm 
and coatings may include ultraviolet absorber (UVA) mol 
ecules, rheology control additives, such as dispersants, sur 
factants, and transparent ?llers (e.g., silica, aluminum oxide, 
etc.) to enhance abrasion resistance, as Well as other additives 
to modify optical, chemical, or physical properties of the 
resulting article 14. The protective coatings may be applied 
by any suitable technique knoWn to those skilled in the art. 
These techniques include deposition from reactive species, 
such as those employed in vacuum-assisted deposition pro 
cesses, and atmospheric coating processes, such as those used 
to apply sol-gel coatings to substrates. Examples of vacuum 
assisted deposition processes, include, but are not limited to, 
plasma enhanced chemical vapor deposition, ion assisted 
plasma deposition, magnetron sputtering, electron beam 
evaporation, and ion beam sputtering. Examples of atmo 
spheric coating processes include but are not limited to cur 
tain coating, spray coating, spin coating, dip coating, and How 
coating. 
[0046] The image 12 may be any desired image, such as a 
black-out or fade-out border, a logo or regulatory markings, 
and may be printed before or after the application of the 
protective coatings to the substrate. Thus, the image 12 may 
be printed directly on the surface of the substrate and encap 
sulated by the protective coating(s). Altemately, the image 
may be printed on a surface de?ned by any one of the protec 
tive coatings, including the outer most one of the coatings. 

[0047] The image 12 is formed from an opaque ink that is 
formulated for use With ink jet printing, and in particular the 
print head utiliZed With the system 10. One skilled in the art 
Will recogniZe that the type of ink and the ink parameters, 
including, but not limited to, percent solids, particle distribu 
tion, rheological properties, and cure characteristics, need to 
be selected to match the operating parameters associated With 
the print head, such as noZZle ori?ce siZe, operating tempera 
ture and pressure. Additionally, the ink must be compatible 
(both in terms of adhesion to and non-degradation thereof) 
With the materials forming the substrate and the protective 
coating(s). 
[0048] The robotic system 10 includes a robotic arm 16 that 
is moveable With more than three degrees of freedom, pref 
erably six, so that the end of the robotic arm 16, to Which is 
mounted an ink jet print head 18, is capable of being located 
in any position (location and orientation) relative to a curved 
surface 20 of the article 14, When the article 14 is positioned 
in a stationary support ?xture 22 that securely holds the article 
14. As such, the tool center point (TCP) de?ned by the print 
head 18 on the end of the robotic arm 16 can be moved 
translationally to any point in the X, Y and Z coordinate 
system and oriented rotationally about any of the rotational 
axes at Rx, Ry and R2, Where Rx, Ry, RZ indicate the orien 
tation components of the six degrees of freedom location (it is 
noted that as used herein this is general terminology and these 
rotational axes are often referred to by different nomencla 
ture, including for example A, B, C, depending on the source), 
and the latter of Which de?nes an axis being normal to the 
print plane 36 (shoWn in FIG. 4) de?ned by the print head 18, 
as discussed further beloW. In this manner, the location and 
orientation of the TCP can kept both a speci?ed distance from 
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and normal to the surface 20 of the article 14 at all times as the 
print head 18 is scanned (moved along a scanning path) across 
the surface 20 during the printing process. 
[0049] The robotic system 10 is stationarily mounted to a 
support surface 24 and, as noted above, includes the print 
head 18 attached to the end of the robot arm 16. The print head 
18 is constructed as is commonly knoWn by those skilled in 
the art and con?gured to print on the surface 20 of the 3-D 
article 14. In order to eject ink, the print head 18 includes a 
series of noZZles 28 positioned in a linear array, as seen in 
FIG. 2A, a tWo-dimensional array, as seen in FIG. 2B, or 
another con?guration as appropriate for the speci?c printing 
application. 
[0050] During printing, a controller 26 controls movement 
of the robotic arm 16 and moves the print head 18 through a 
series of scanning paths or passes, Which are generally des 
ignated at 30 in FIGS. 1, 3 and 4. The scanning paths 30 are 
such that the print head 18 folloWs the contour of the surface 
20 of the article 14 as it progresses across the article 14, at a 
de?ned off-set distance (d) that is suitable for the particular 
printing application. While the scanning paths 30 do folloW 
the contour of the surface 20 of the article 14, the scanning 
paths 30 are in a direction such that they de?ne a series of 
parallel, linear projections onto the article 14. This is readily 
seen in the plan vieW of FIG. 3. Generally, the robotic arm 16 
Will start With the print head 18 at one end of the article 14 and 
proceed through each successive scanning pass 30 until 
reaching the opposing end of the article. 
[0051] All points on the surface 20 of the article 14 are 
considered to de?ne a pixel that represents a set of values for 
controlling the ejection of ink from the noZZles 28, in accor 
dance With the application of the image 12 onto the surface 20 
of the article 14. Thus, for each pixel location, a set of values 
stored in memory of the controller 26, determines Whether a 
given noZZle 28 on the print heat 18 Will eject ink so as to print 
a pixel of the image 12 at that location. As the print head 18 is 
moved through each scanning pass 3 0, for each pixel location, 
each noZZle 28 of the print head 18 either ejects ink in a 
prescribed manner (i.e. a particular amount, etc.) or ejects no 
ink. By associating a set of values With eachpixel location, the 
image 12 is printed in the appropriate area on the article 14.As 
seen in FIGS. 1 and 3, the image 12 is a black-out feature 
being provided around the border of the article 14. 
[0052] As noted above, the controller 26 is electrically 
coupled to the robotic arm 16 and controls movement of the 
arm 16, and therefore the print head 18. The same controller 
26, or an additional controller, controls the print head 18 and 
the ejection of ink from the noZZles according to the set of 
values represented by the pixel location on the article 14 that 
corresponds With the position of the print head 18 and the 
TCP. Accordingly, the controller 26 controls the necessary 
mechanisms or structures commonly associated With an ink 
jet print head 18, including any ?oW regulator(s) associated 
With the noZZles 28 and ?uidly coupling a printing medium 
(ink) source 32 to the noZZles 28. The various structures 
associated With ink jet print heads 18 are Well knoW to those 
skilled in the art and are therefore need not be discussed in 
further detail herein. 

[0053] When forming an article 14, CAD information can 
be used to de?ne the ideal shape of the article 14. HoWever, 
because of the various processes that the article 14 undergoes 
during manufacturing, the actual shape of the article 14 Will 
differ slightly from the ideal shape of the article 14. This must 
be taken into account in order to produce a high quality image 
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12 on the article 14. To produce the image 12, a Waveform 
With a particular shape, amplitude and pulse duration must be 
applied to each noZZle 28 at a very precise time, that time 
corresponding With the coinciding of the TCP With a pixel 
location on the actual surface 20 of the article 14 and the 
associated set of values for that pixel location 

[0054] To ensure proper offset (d) of the print head 18 from 
the surface 20 of the article 14, the system 10 may employ an 
active height control mechanism, as is described in Us. 
patent application Ser. No. l l/32 1,567, Which is herein incor 
porated in its entirety by reference. Generally, With such a 
height control mechanism, a sensor 34, (such as a triangula 
tion laser, photonic sensor, air pressure sensor, ultrasonic 
sensor, magnetic sensor, ect.) directly or indirectly measures 
the distance of a plane 36, de?ned by the noZZles 28 of the 
print head 18, from the surface 20 of the article 14. As a result 
this measurement, the controller 26 corrects the position of 
the robotic arm 16 so as to move the print head 18 to the 
desired off-set distance (d) from the surface 20 of the article 
14. Altemately, the position of the print head 18, and therefore 
the noZZles 28, can be actively controlled, based on input 
from the sensor 34, through use of an actuator associated With 
the print head 18 on the end of the robotic arm 16. Such an 
actuator moves the print head 18 and noZZles 28 (either 
toWard or aWay from the surface 20) to predetermined off-set 
distance (d), as prescribed by the particular application, along 
the axis normal to the noZZle plane 36. The actuator may any 
one of a variety of devices capable of quick response and high 
precision, such as linear motors and electric, hydraulic, pneu 
matic, pieZoelectric, electromagnetic, or other actuators. 
[0055] As previously noted, various methods may be used 
to determine the actual position of the print head 18 relative to 
the actual surface 20 of the article 14. Knowing the actual 
position of the print head 18, various methods may be used to 
control the generation of ?ring pulses (the previously men 
tioned sets of values for each noZZles at a given pixel location) 
for the noZZles 28 at each actual position of the surface 20 of 
the article 14. The various methods described herein include 
determining the ?ring pulses based on: a relative distance the 
print head 18 has moved along the a scanning path 30, such as 
the distance from the start of the scanning path 30, in combi 
nation With image data de?ned or inferred With respect to the 
scanning path 30; a knoWledge of When printing started dur 
ing a scanning pass along a scanning path 30, in combination 
With the image for replication and real -time knoWledge of the 
print head travel speed; absolute coordinates of the print head 
18 in combination With prede?ned image data related to those 
same coordinates; and sensing a feature on the surface 20 of 
the article 14, With a laser or other sensor, and triggering 
pulses based on the absolute or relative location of the fea 
tures. 

[0056] In the ?rst of the above methods, namely determin 
ing the ?ring pulses based on a relative distance from the start 
of the scanning pass 30, the starting point of at least the ?rst 
scanning path 30, and possibly each subsequent scanning 
path 30, is determined relative to the location of the article 14 
in the support ?xture 22. A signal is outputted at the start of 
movement of the print head 18 by the robotic arm 16 along the 
scanning path 30. From the start signal, a distance signal is 
continuously outputted marking the position of the print head 
18 along the scanning path 30. These distances are correlated 
to image data stored in the memory of the controller 26 and 
the appropriate noZZles 28 are triggered by the values sets 
associated With the pixel location on the surface 20 of the 
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article 14 that corresponds With the distance the print head 18 
has moved along the scanning path 30. Preferably, the print 
head 18 initially accelerates and has achieved a constant 
velocity before the print head 18 reaches the ?rst pixel loca 
tion requiring printing on the article 14. If pixel locations 
requiring printing are encountered While the print head 18 is 
undergoing acceleration, the values sets and ?ring pulses of 
the noZZles 28 are correlated to the then acceleration of the 
print head 18 such that proper locating of the printed pixels on 
the surface of the article 14 is achieved. Approximate posi 
tioning of the start of the scanning path can be compensated 
for through various means. One such means being extending 
the print head 18 along the scanning paths 30 Without printing 
on the surface 20 of the article 14, While logging real posi 
tional data, and then applying calibration/ ?ltering algorithms 
to the real positional data so as to compensate for the approxi 
mate positioning of the scanning paths 30 relative to the 
surface 20 of the article 14. 
[0057] In a someWhat similar method, instead of outputting 
a start signal at the start of the scanning path 30, the start 
signal could be outputted at the ?rst pixel location on the 
surface 20 of the article 14 requiring printing. This, in con 
junction With image data stored in memory, alloWs for calcu 
lation of When subsequent pixel locations requiring print are 
encountered relative to the print starting location and to the 
speed of travel of the print head 18 along the scanning path, 
Which preferably is a constant velocity. 
[0058] In another of the above methods, the ?ring pulses 
(value sets for a given pixel location on the surface 20 of the 
article 14) are based on absolute coordinates of the print head 
18. These coordinates are determined relative to the actual 
surface 20 of the article 14 via one or more sensors and 
correlated to pixel locations on the actual surface 20 of the 
article 14. The coordinates, in combination With prede?ned 
image data stored in memory of the controller 26 and related 
to those same coordinates, are then used to appropriately 
cause ejection of ink from the noZZles 28 for each pixel 
location. 
[0059] Finally, the ?ring pulses may be determined based 
on sensing a feature formed on the surface 20 of the article 14. 
As such a molded in feature or series of features, Which may 
be a perimeter frame or other indicia on the surface 20 of the 
article 20, are sensed With a laser or other sensor. The sensed 
feature or series of features is then compared to feature data 
stored in memory of the controller 26 and correlated With a set 
of values corresponding to a pixel location associated With the 
feature or features. Firing pulses are thus triggered based on 
the absolute or relative location of the sensed features on the 
surface 20 of the article 14. 

[0060] As an alternative to the above, the robotic arm 16 
may be coupled to and carry a support ?xture 22 supporting 
the article. As such, the robotic arm 16 causes movement of 
the article 14 as opposed to movement of the print head 18, 
Which in this alternative embodiment Would be stationary. 
HoWever, relative movement of the print head 18 With respect 
to the surface 20 of the article 14 Would still occur as 
described above. 

[0061] As a person skilled in the art Will readily appreciate, 
the above description is meant as an illustration of implemen 
tation of the principles this invention. This description is not 
intended to limit the scope or application of this invention in 
that the invention is susceptible to modi?cation, variation and 
change, Without departing from spirit of this invention, as 
de?ned in the folloWing claims. 
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What is claimed is: 
1. An apparatus for printing an image onto a curved surface 

of a three dimensional article, the apparatus comprising: 
a support ?xture adapted to support the article; 
an ink jet print head having a plurality of noZZles coupled 

to a source of printing medium; 
an articulatable robotic arm, one of the print head and the 

support ?xture being mounted to and carried by the 
robotic arm, the robotic arm having more than three 
degrees of freedom of movement and being moveable so 
as to cause relative movement of the print head along a 
series of scanning paths folloWing surface contour of the 
curved surface of the article; and 

a controller coupled to the robotic arm and being con?g 
ured to cause articulation of the robotic arm so as to 
cause relative movement of the print head along the 
series of scanning paths, the controller causing the 
robotic arm to continuously locate the print head relative 
to the curved surface of the article in a position suitable 
for printing as the print head is moved along the series of 
scanning paths, the controller coupled to the print head 
and further con?gured to cause the plurality of noZZles 
to eject printing medium at predetermined locations 
along the scanning paths so as to form the image on the 
curved surface of the substrate. 

2. The apparatus of claim 1 Wherein the scanning paths are 
linear. 

3. The apparatus of claim 1 Wherein the plurality of noZZles 
are provided in one of a linear array and a tWo-dimensional 

array. 
4. The apparatus of claim 1 Wherein the controller is con 

?gured to cause the plurality of noZZles to eject printing 
medium based on a distance from a knoWn point on the 
scanning paths correlated to image location data stored in 
memory of the controller. 

5. The apparatus of claim 4 Wherein the controller is con 
?gured to receive a start signal at a starting point of travel 
along the scanning paths and additional distance signals at 
additional distances along the scanning path and relative to 
the starting point. 

6. The apparatus of claim 5 Wherein the controller is con 
?gured to correct errors based on an actual scanning path 
relative to a desired scanning path, the controlling of the 
ejection of printing medium from the plurality of noZZles 
being corrected to correspond to the actual scanning path. 

7. The apparatus of claim 1 further comprising a sensor 
con?gured to sense part features on the curved surface of the 
part, Wherein the controller is con?gured to cause the plural 
ity of noZZles to eject printing medium based on the sensing of 
part features by the sensor. 

8. The apparatus of claim 7 Where in the sensor is an optical 
sensor. 

9. The apparatus of claim 7 Wherein the sensor is a laser 
sensor. 

10. The apparatus of claim 7 Wherein the controller is 
con?gured to have stored in memory a set of values for the 
ejection of printing medium from each of the plurality of 
noZZles, the sets of values corresponding to each location of 
the part features. 

11. The apparatus of claim 1 Wherein the controller is 
con?gured to compare an actual position of the print head to 
stored image data corresponding to a three dimensional 
image on the surface of the article and control the ejection of 
printing medium from the plurality of noZZles based thereon. 
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12. The apparatus of claim 1 further comprising a print 
head height sensor con?gured to monitor the height of the 
print head relative to the curved surface of the article. 

13. The apparatus of claim 12 further comprising an actua 
tor con?gured to move one of the print head and surface of the 
article either toWard or aWay from one another based on the 
monitored height of the print head. 

14. The apparatus of claim 12 Wherein the print head height 
sensor includes a laser. 

15. The apparatus of claim 1 Wherein the controller is 
con?gured to cause articulation of the robotic arm to position 
the print head at an orientation normal to the curved surface of 
the article. 

16. A method for printing an image onto a curved surface of 
a three dimensional article, the method comprising the steps 
of: 

providing a three dimensional article having a curved sur 
face to be printed upon; 

locating an ink jet print head having a plurality of noZZles 
proximate to the surface of the article; 

causing relative movement of the ink jet print head along a 
scanning path across the surface of the article While 
positioning the ink jet print head relative to curvature 
exhibited by the surface of the article; and 

ejecting ink from the plurality of noZZles according to the 
position of the print head relative to the article and image 
data stored in memory of a controller and correlated to 
the surface of the article. 
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17. The method of claim 16 Wherein the step of ej ecting ink 
further comprises the step of determining a starting location 
for relative movement of the ink j et print head and ejecting ink 
from the ink jet print head based on distance from the starting 
point that the print head has moved along the scanning path. 

18. The method of claim 16 Wherein the step of ej ecting ink 
further comprises the step of determining a time of initial 
ejection of ink and ejecting ink from the ink jet print head 
based on elapsed time from the starting of ejecting of ink and 
the velocity of the print head moving along the scanning path. 

19. The method of claim 16 Wherein the step of ej ecting ink 
further comprises the step of determining absolute coordi 
nates of the print head relative to the surface of the article and 
correlating the coordinates With image data stored in memory 
of a controller. 

20. The method of claim 16 Wherein the step of ej ecting ink 
further comprises the step of sensing a part feature With a 
sensor and ejecting ink from the ink jet print head based on 
location of the sensedpart features correlated With image data 
stored in memory of a controller. 

21. The method of claim 16 further comprising the step of 
sensing the height of the print head relative to the actual 
surface of the article and adjusting the height of the print head 
to an off-set height relative to the actual surface of the article. 

* * * * * 


