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INHIBITING AIR FLOW

BACKGROUND
{0001} Inkjet printers utilize printheads that include tiny nozzles through
which ink is dispensed on to paper or ancther print substrate. In a "scanning”
type inkjet printer, the printheads are carried on a carriage that is scanned back
and forth over the print substrate as the printheads dispense printing fluid

through the nozzles on 1o the substrate.

DRAWINGS
[0002] Fig. 1is a block diagram illustrating a scanning type inkjet printer
implementing one example of an air curtain to inhibit the flow of air through the
print zone under the carriage.
16003 Figs. 2 and 3 illustrate one example of a carriage configured io
actively Torm air curtains o inhibit the flow of air through the print zons.
[0004]  Figs. 4 and 5 illustrate one example of a carriage configured to
passively form air curtains 1o inhibit the flow of air through the print zone.
[0005]  Figs. 6-8 llustrate another example of a carriage configured to
actively form air curtains to inhibit the flow of air through the print zone.
{0008 Figs. 9-10 and 11-12 illustrate other exampies of a carriage
configured {o passively form air curtains to inhibit the flow of air through the print
zone,
[0007]  Figs. 12 and 13 illustrate another example of a carriage configured {0
actively form air curtains {o inhibit the flow of air through the print zone
{0008] Fig. 15 is a block diagram illustrating one example of a system o form
an air curtain to inhibit the flow of air through a print zone.
[0008] Figs. 168-18 are flow diagrams illustrating examples of a method to
inhibit air flow through a print zone batween a print substrate and printheads on
a carriage moving over the substrate.
{6010} Fig. 19 a flow diagram ilustraling one example of a method o actively
form an air curtain to inhibit the flow of air through a print zone between a print
substrate and printheads on a carriage moving over the substrate.
{0011]  The same part numbers are sometimes used {o designate the same

or similar parts throughout the figures.
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DESCRIPTION
{00121  For scanning type inkjet printers, the combination of higher carriage
speads and closer printhead-to-subsirate spacing can cause significant air flow
through the print zone under the carriage during printing. Significant air flow
under the carriage may adversely affect the placement of the liny drops of ink or
other printing fluid dispensed from the printheads on to the print substrate,
resulting in lower print guality and menacing the use of higher carriage speeds
and smailer ink drops.
{0013} A new carriage has been developed to form a curtain of air across the
front of the print zone to inhibit the flow of air under the carriage when the
carriage is moving back and forth over the print substrate. In one example, the
air curtain is formed actively by ducting pressurized air down toward the
substrate at the upstream part of the camiags. In anocther example, the air
curtain is formed passively by redirecting oncoming air at the upstream part of
the carriage down toward the substrate.
100147 The examples shown in the figures and described in this Description
Hlustrate but do not limit the invention.
{0015}  As used in this document, a "printhead” means that part of an inkjel
printer or other inkjet type dispenser that dispenses fluid from nozzles or other
openings, for example as drops or streams. A “printhead” is not limited to
printing with ink but also includes inkjet type dispensing of other fluid and/or for
uses other than printing.
[0018]  Fig. 1is a block diagram illustrating an inkjet printer 10 implementing
one example of a carriage 12 that forms an air curtain 14 across the print zone
16 to inhibit the flow of air under carriage 12 when carriage 12 is moving back
and forth over a print substrate 18, Figs. 2-14 illustrate examples of a carriage
12 such as might be used in printer 10 shown in Fig. 1. Referring first to Fig. 1,
printer 10 includes carriage 12 carrying printhead assemblies (PHA) 20 each
with one or multiple printheads 22. A printhead assembly 20 is also commonly
referred to as a pen or print cartridge or ink cartridge. A transport mechanism
24 advances a paper or other print substrate 18 past carriage 12 and printhead
assembles 20. Printhead assembiies 20 are operatively connected to ink or

other printing fluid supplies 26. Although remote supplies 26 are shown, the
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printing fluid supplies 26 could be localed on carriage 12, for exampie with each
printhead assembly 20 having an internal supply of printing fluid,

{00171 As described in more detaill below, carriage 12 is configured to form an
air curtain 14, 15 across the front of the print zone 16 al the upstream, leading
part of carriage 12 during printing. A "print zone” as used in this document
means the region under the carriage during printing. Print zone 16 in Fig. 1,
therefore, moves with carriage 12, Direction arrow 28 in Fig. 1 indicates the
movement of carriage 12 back and forth over print substrate 18. Each end of
carriage 12 will be the upsiream, leading part of carriage 12 at any given time
during printing, depending on the direction carriage 12 is moving. Thus, an air
curtain 14, 15 is shown on each end of carriage 12. Each air curtain 14, 15 may
be formed actively, as in the examples shown in Figs. 2-3, 6-8, and 12-13, or
passively, as in the examples shown in Figs. 4-§, 8-10 and 13-14. Also, an air
curtain 14, 15 may be formed only at the upstream part of carriage 12 or
simultaneously at both the upsireamn and downstream parts of carriage 12.
{0018} A controller 30 is operatively connected {o carriage 12, printhead
assemblies 20 and subsirate transport 24, Controlier 30 represents the
program instructions, processor and associated memory, and the slectronic
circuitry and components needed to control the operative elements of printer 10.
Controller 30 is electrically connected o each printhead 22 to seleclively
energize fluid dispensing slements for dispensing printing fluid on to substrate
18. By coordinating the relalive position of carriage 12 and subsirate 18 with
dispensing printing fluid from printheads 22, controlier 30 controls printing the
desired image on subsirate 18.

{0018}  Figs. 2 and 3 are side elevation and bottom pian views of a carriage
12 that includes fans 32, 34 and ducts 36, 38 to actively form air curtains 14, 15.
Referring to Figs. 2 and 3, carriage 12 includes an inboard part 40 that holds
printhead assemblies 20 and outboard parts 42, 44 with fans 32, 34 and ducts
36, 38, respectively. Each printhead assembly 20 includes 3 printhead 22 with
fluid dispensing nozzles 48, When carriage 12 is moving to the left in Figs. 2
and 3, outboard part 42 is the upstream, leading part of carriage 12 and
outboard part 44 is the downstream, trailing part of carriage 12. When carriage

12 is moving to the right in Figs. 2 and 3, ocutboard part 44 is the upstream,
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ieading part of carriage 12 and outboard part 42 is the downstream, trailing part
of carriage 12

{00201 When carriage 12 is moving to the left in Figs. 2 and 3, fans 32 are
operated lo discharge air through duct 36 to form air curtain 14 across print
zone 16 along outboard, upstream part 42, I desired, fans 34 may alsc be
operated when carriage 12 is moving to the lefi to discharge air through duct 38
to form air curtain 15 along outboard, downstream part 44, When carriage 12 is
moving o the right in Figs. 2 and 3, fans 34 are operated fo discharge air
through duct 38 o form air curtain 15 across print zone 16 along cutboard,
upstream part 44. If desired, fans 32 may also be operated when carriage 12 s
moving to the right o discharge air through duct 36 to form air curtain 14 along
ocutboard, downstream part 42.

[0021]  Although three fans 32, 34 positioned in each part 42, 44 are shown,
other suitable configurations are possible. For example, more or fewer fans
may be used. For ancther example, the fan or Tans could be located remote
from parts 42, 44 or ducts 386, 38 (on or off carriage 12} and the pressurized air
ducted to parts 42, 44 or ducis 36, 38. kach group of mulliple fans 32, 34 may
be operable together (and nolindividually) or each fan 32, 34 may be operable
individually for greater control of the overall flow from each duct 36, 38.
Variable speed fans 32, 34 could also be used for more flow control. Also, while
a single duct 36, 38 is shown on each outhoard part 42, 44, more or fewer ducts
could be used. For example, a separate duct for each fan could be used.
100227 in the example shown in Figs. 4 and 5, each outboard part 42, 44 of
carriage 12 is shaped to redirect oncoming air down toward print substrate 18 to
passively form air curtains 14, 15, Referring to Figs. 4 and 5, each outboard
part 42, 44 forms an air scoop 48 {o channel oncoming air downwards to form
air curtains 14, 15, as indicated by flow arrows 50 in Fig. 4. In this exampleg, the
trailing part 52 of scoop 48 is angled down and out 1o produce an air curtain 14,
15 with an air flow component 54 down across print zone 16 toward print
substrate 18 {orthogonal to the direction the carriage moves) and an air flow
component 56 upstream away from the carriage (paraliel to the direction the
carriage moves). An angled curtain 14, 15 such as that shown in Fig. 4 may be

desirable in some printer configurations to more effectively block the flow of air
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under carriage 12, for example in configurations with closer printhead o
subsirate spacing or configurations that vield lower air curtain flows.

{00231 Figs. 6-8 Hllustrate another example of an inkjet printer carriage 12, in
which the air curtains are formed using a single fan 58 (Fig. 8). Referring lo
Figs. 6-8, fan 58 draws air through an intake 58 and forces air through lateral
ducts 80, 682 to dischargs ducts 64, 86 at sach outboard part 42, 44,
raspectively, to actively form air curtains 14, 15 (Fig. 8). (Only air curtain 14 is
visible in Fig. 8.) When carriage 12 is moving fo the left and to the right in Figs.
8 and 7, fan 58 blows through ducts 60/64 and ©2/66 to simultansously form
both air curiaing 14 and 15, Thus, in this example, an air curtain 14, 15 1is
formed at the leading, upsiream part of carriage 12 and at the frailing,
downsiream part of carriage 12. In other examples, a damper 68 (Fig. 8) may
be used inside each ducts 60, 62 {o close off the air flow to the trailing,
downstream part of the carriage 1o generate only a leading, upstream air
curtain. It may even be desirabie in some implementations to generate only a
trailing, downstream air curtain.

[6024] Figs. 9 and 10 illustrate another example of an inkjet printer carriage
12, in which the air curtains are formed with scoops 48 af each outboard part
42, 44 of carriage 12. Referring to Figs. 9 and 10, in this example each scoop
48 is shapad 1o colisct oncoming air and redirect the air straight downwards
toward the print substrate o form vertical air curtains 14, 15, as indicated by
flow arrows 70 in Fig. 10.

16028} Figs. 11 and 12 illustrate ancther example of an inkjet printer carriage
12, in which air curtains 14, 15 are formed around ths front of the print zone with
alr scoops 48 at outboard parts 42, 44 of carriage 12, Referring to Figs. 11 and
12, in this example each ocutboard part 42, 44 of carriage 12 is rounded to
reduce drag as the carriage moves back and forth during printing. Each scoop
48 wraps around an outboard part 42, 44 {o redirect the oncoming air down
toward the print substrale around the front of print zone 16 such that each
curtain 14, 15 partially surrounds the print zone. Each scoop 48 may be
tapered from a deeper forward part 72 10 a shallower rearward part 74, as
shown in Fig. 11, to push the air down {0 help keep each air curtain as dense as
possible around the carriage. Also in this example, the trailing part 52 of each

scoop 48 is angled down and out {o produce an air curtain 14, 15 with an air
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flow component 54 down across the print zone toward the print subsirale
{orthogonal o the direclion the carriage moves) and an air flow component 58
upstream away from the carriage {parallel to the direction the carriage moves).
{60286} Figs. 4-5, 910 and 11-12 show jusl three examples Tor the shape of
scoop 48. Other suitable shapes are possible. For example, it may be
dasirable in some implementations to ulilize a deeper scoop or a shallower
scoop and/or with a higher angle or a lower angle tralling part to vary the
volume, speed and/or direction of air flow through the scoop.
160271 Figs. 13 and 14 illustrate ancther example of an inkjet printer carriage
12, with variable direction air curtains 14, 15. Referring o Figs. 13 and 14, in
this example carriage 12 includes adjusiable louvers 76 positioned in discharge
ducts 84, 66 to vary the direction of flow in each air curtain 14, 15. Fans 32, 34
blow air through ducls 64, 66 past louvers 76. On the left side of carriage 12 in
Fig. 13, louvers 76 in duct 64 are angled down and out o produce an air curtain
14 with an air flow component down across the print zone toward the print
substrate and an air flow component outboard, away from the print zone. On
the right side of carriage 12 in Fig. 13, louvers 76 in duct 686 are angled down
and in to produce an air curtain 15 with an air flow component down across the
print zone toward the print substrate and an air flow component inboard, toward
the print zone. These are just two examples for the position of louvers 76.
Louvers 76 may be adjustable throughout a full range of motion that includes
completely blocking the flow of air from one or both ducts 64, 86, direcling the
air inboard, directing the air cutboard, and/or direcling the air straight down.
[0028] Fig. 15 is a block diagram illustrating a system 78 that can be used o
form an air curtain {o inhibit the flow of air through a print zone, such as air
curtains 14, 15 in printer 10 shown in Fig. 1. Referring o Fig. 15, system 78
includes a controller 80 operatively connected {o a fan 82, a damper 84, louver
86, and an air flow meter 88. Controller 80 represents the program instructions,
processor(s) and associated memory(ies), and the electronic circuitry and
compenenis needed o control the operative elements of system 78, In
particular, controller 80 includes a mamory 80 having a processor readable
medium (PRM) 82 with insiructions 84 for controlling the functions of air curtain

system 78, and a processor 96 o read and execute instructions 84,
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[6029] Processor 96 represents any component or systemn capable of
executing program instructions stored in memory 80, including air curtain
instructions 84 on processor readable medium 82, Memory 20 represents one
or more processor readable media and/or other memory units capable of storing
program instructions. A processor readable medium is any non-transitory
tangible medium that can embody, contain, store, or mainiain instructions for
use by a processor. Processor readable media include, for example, electronic,
magnetic, optical, electromagnetic, or semiconducior media. More specific
examples of suitable processor readable media include, for example, a hard
drive, a random access memory (RAM}, a read-only memory (ROM), memory
cards and sticks and other porlable storage devices.

{86030}  Although only one controller 80, fan 82, damper 84, louver 86 and
flow meter 88 are shown, sach component represants one or much such
componenis. For example, a single controller 80 could be used to control
muliiple fans 82, dampers 84, louvers 86 and fiow meters 88. For another
example, a single fan 82 might supply pressurized air to mulliple ducts each
with a damper 84, louvers 86 and/or a flow meter 88. Thus, other suitable
configurations for system 78 are possible. Also, controller 80 may be an integral
part of a printer controlier 30 shown in Fig. 1. Alternatively, controller 80 may be
separate from the printer controller,

{0031]  Fig. 16 is a flow diagram illustrating a method 100 to inhibit air flow
through a print zone belween a print substrate and a printhead on a carriage
moving over the substrate. Referring {o Fig. 16, method 100 includes forming a
curtain of air across the print zone upstream from the printheads (step 102). In
the example shown in Fig. 17, step 102 in method 100 includes actively forming
the curtain of air (step 104), for example by ducting pressurized air to an
upstream part of the carriage and down toward the print subsirate. in the
example shown in Fig. 18, step 102 in method 100 includes passively forming
the curtain of air (step 108), for example by redirecting oncoming air at a leading
part of the carriage down toward the print substrate.

16032} Fig. 19 is a flow diagram illustrating one example of a method 110 {o
actively Torm an air curtain {o inhibit the flow of air through a print zone betwesn
a print substrate and a printhead on a carriage moving over the substrate.

Method 110 may be implemented, for example, with air curtain system 78 in Fig.
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15. The method of Fig. 18 may be performed, for example, at the direction of
controller 80 executing instructions 94 in system 78. Referring to Fig. 19,
pressurized air from one fan 82 or mutlliple fans 82 is ducted to one or both of
the leading and frailing outboard parts of the carriage and discharged toward
the print substrate (steps 112 and 114). The flow of air to one or both of the
lsading and trailing outboard parts may be increased, decreased or stopped
{step 118}, Tor example by changing the position of a damper 84 or by changing
the speed of a fan 82, or both changing the posilion of a damper 84 and
changing the speed of a fan 82. The flow of air may be metered (step 118) and
the flow adjusted based on the metering (step 120}, for example by increasing,
decreasing or stopping the flow in step 116, Also, the direction of the flow of air
from one or both the leading and trailing outboard paris may be changed (step
122}, for example by changing the position of a louver 86.

{0033] As noted at the beginning of this Description, the examples shown in
the figures and described above illusirate but do not limil the invention. Qther
examples are possible. Therefore, the foregoing description should not be
construed {o limit the scope of the patent, which is defined in the following

claims.
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CLAIMS

What is claimed is:

1. A carriage o carry a printhead back and forth over a print substrale, the
carriage comprising:

an inbeard part to hold the printhead; and

an ocutboard part to inhibit the flow of air under the carriage when the carriage

is moving back and forth over the print substrate.

2. The carriage of Claim 1, wherein:
the outboard part includes:

a first duct along a first end of the carriage to direct air from the carriage
toward the substrate when the carriage is moving in a first direction over the
substrate; and

a second duct along a second end of the carriage opposiie the first end
to direct air from the carriage toward the substrate when the carmriage is
moving in a second direction over the substrate opposite the first direction;
and
the carriage includes a source of pressurized air operatively connected {o the

first duct and the second duct.

3. The carriage of Claim 1, wherein the outboard part includes:

a first exterior part along a first end of the carriage, the first exierior part
shaped 1o redirect oncoming air toward the substrate when the carriage is moving in
a first direction over the substrate; and

a second exierior part along a second end of the carriage opposite the first
end, the second exierior part shaped o redirect oncoming air toward the substrate
when the carriage is moving in a second direction over the substrate opposite the

first direction.

4. The carriage of Claim 1, wherein the outboard part includes:
a first scoop at a first end of the carriage shaped to redirect oncoming air
toward the print substrate when the carriage is moving in a first direction over the

substrate, the first scoop having a trailing part angled down and out {o produce an air
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flow component down toward the print substrate and an air flow component
upstream away from the first end of carriage; and

a second scoop at a second end of the carriage shaped {0 redirect oncoming
air toward the print subsirale when the carriage is moving in a second direction over
the substrate opposite the first direction, the second scoop having a tralling part
angled down and out to produce an air flow component down toward the print
substraie and an air flow component upstream away from the second end of the

carriage.

5. The camriage of Claim 4, wherein:

the first scoop wraps around the first end of the carriage (o redirect oncoming
air down toward the print substrate in a curtain of air that partially surrounds a print
zone under the carriage; and

the second scoop wraps around the second end of the carriage to redirect
oncoming air down toward the print substrate in a curtain of air thal partially

surrounds the print zone.

0. The carriage of Claim 5, wherein each scoop is tapered from a deeper

forward part to a shallower rearward part.

7. A method to inhibit air flow through a print zone between a print
subsirale and a printhead on a carriage moving over the subslirate, the method
comprising forming a curtain of air across the print zone upstream from the

printheads.

8. The method of Claim 7, wherein the forming includes actively forming

the curtain of air.

9. The method of Claim 8, wherein the actively forming includes ducting

pressurized air 1o an upstream part of the carriage and down foward the substrate.

13.  The method of Claim 7, wherein the forming includes passively forming

the curtain of air.



Wy -

N

2 B

N -~ D

O B N

WO 2015/199673 PCT/US2014/044037

11.  The method of Claim 10, wherein the passively forming includes

redirecting oncoming air at a leading part of the carriage down toward the substrate.

12, A system {o inhibit the flow of air under a printhead carriage moving
over a print substrate, the system comprising a fan and a duct to recsive air from the
fan and to discharge the air from an upstream part of the carriage down toward the

print substrale.

13. The system of Claim 12, comprising:

a damper in the duct; and

a controller operatively connected {0 the fan and the damper, the controller
including a processor and a processor readable medium having instructions thereon
that when executed by the processor cause the controller to adjust one or both of the
fan and the damper to increass the flow of air from the duct, to decrease the flow of

air from the duct, or to stop the flow of air from the ductl.

14.  The system of Claim 13, comprising a louver in the duct operatively
connactad o the coniroller and whearein the processor readable medium has
instructions thereon that when executed by the processor causes the controlier to

adjust the louver to change the direction air is discharged from the ducl

15. The system of Claim 14, comprising an air flow meter operatively
connsctsd 0 the duct and o the controlier and wherein the proceassor readable
medium has instructions thereon that when executed by the processor cause the
controller to adjust one or more of the fan, the damper, and the louver based on

signals from the flow meter.
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