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ABSTRACT

A hot air dryer 10 utilizes high velocity air jets which scrub and break up
the surface of a freshly printed sheet 5. High velocity air is heated to a high
temperature as it flows along a resistance heating element within an air
delivery baffle tube 64. The heated, high velocity air pressurizes a plenum
chamber 46 within an air distribution manifeld. High velocity jets of hot air are
discharged through multiple air flow apertures 54 onto the wet ink side of a
printed sheet 5 as it moves through the dryer exposure zone z. An extractor 4
removes the moist air layer, high velocity hot air and volatiles from the printed

sheet 5 and exhausts it from the press 12.
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*HIGH VELOCITY, HOT AIR DRYER AND EXTRACTOR”

This is a divisional application divided out of Australian patent
application number 68953/94, the entire contents of which are incorporated
herein by reference.

This invention relates generally to accessories for sheet-fed, rotary
offset and flexographic printing presses, and in particular to a dryer for printed
materials which utilizes high velocity, hot air flow and extraction.

In the operation of a rotary offset press, an image is reproduced on a
web or sheet of paper of some other printable substrate by a plate cylinder

which carries the image, a blanket cylinder which has an ink transfer surface

~ for receiving the inked image, and an impression cylinder which presses the

paper against the blanket cylinder so that the inked image is transferred to the
paper. In some applications, a protective and/or decorative coating is applied
to the surface of the freshly printed sheets. The freshly pri-nted sheets are then
transported to a sheet delivery stacker in which the printed sheets are collected
and stacked.

The relatively wet condition of the printing ink composition and its
solvent and/or diluent components and a Iayerr of moisture laden air which
clings to the surface of the freshly printed web or sheet may interfere with the
quality of the images as they are printed at each succeeding printing unit. For
example, the quality of coloured images, halftone illustrations and the like
undergo degradation in the uniformity of their appearance and color because of

the presence of the wet ink, volatiles, and
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moisture within the printed substrate. Moreover, protec-
tive coatings will undergo dilution and surface degradation
causing a dull finish if the underlying substrate is not
dried sufficiently before the coating is applied.

Such defects, including uneven surface appearance
of protective/decorative _coatings, detract from the
appearance of the underlying images or photographs,
particularly in the case of multi-colored images or
photographs. The defects are caused by residual volatile
sclvents, diluents, water and the like within the oleo-
resinous inks of the images, and the presence of moisture
in the printed material, at the time that the next succes-
sive image is printed or the protective/decorative coating
is applied. Because the defects are compounded as the
printed material moves through successive printing units,
it is desirable that curing and drying be initiated and
volatiles and moisture laden air be extracted at each
interstation position, as well as at the delivery position.

Hot air dryers and radiant heaters have been used
as delivery dryers and as interstation dryers. Inter—
station dryers employing radiant heat lamps are best suited
for slow to moderate press speeds in which the exposure
time of each printed sheet to the radiant heat is long
enough to initiate ink setting. vor high speed press .
operation, for example, at 5,000 sheets or more per hour,
there is not enough available space at the interstaticn

position to install a radiant heater having sufficient
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number of heat lamps for adeguate drying purposes,

As press speed is increased, the exposure time
(the length of time that a printed sheet is exposed to the
radiant heat) is reduced. Since the number of lamps is
iimited by the available interstation space, the output
power of the radiant lamps has been increased to deliver
more radiant energy at higher temperatures to the printed
sheets in an effort to compensate for the reduction in
exposure time. The increased operating temperatures of the
high-powered radiant heat lamps cause significant heat
transfer to the associated printing unit and other equip-
ment mounted on the press frame, accelerated wear of
bearings and alterations in the viscosities of the ink and
coating, as well as upsetting the balance between dampenin§
solution and ink. The heat build-up may also cause
operator discomfort and injury.

To handle high speed press operations, an off-
press heater has been utilized from which high velocity,
heated air is conveyed through.a thermally insulated supply
duct to a discharge pienum which directs high velocity,
heated air onto the printed stock as it moves across the
intersta£i;n dryer position. Such off-press heaters have
proven to be relatively inefficient because of excessive
heat 1loss and pressure drop along the supply duct.
Attempts to overcome the heat loss and pressure drop have

resulted in substantially increaseq physical size of the

heater eguipment (blower fan and supply duct) along with a
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substantial increase in the electrical power dissipated by the off-press heater.

According to one aspect of the invention there is provided a hot air dryer
for use in combination with a printing press of the type having conveyor
apparatus for transporting a processed substrate along a sheet travel path
including, in combination:

first and second elongated dryer heads coupled together in side-by-side
relation for installation in an operative position adjacent the freshly processed
side of a subsfrate as it moves through a dryer exposure zone along the sheet
travel path, sach dryer head having a housing member defining an air
distribution manifold chamber, each air distribution manifold housing member
including an inlet port for receiving high velocity air and having one or more
discharge ports for directing pressurized air toward the sheet travel path, and
the dryer heads being separated from each other by a longitudinal air gap;

first and second elongated heating elements disposed within the air
distribution manifold chambers of the first and second dryer heads,
respectively, for heat exchange contact with the pressurized air directed
through the respective air distribution manifolds; and,

o an extractor head coupled to the dryer heads, the exiractor head
including a housing defining an extractor manifold chamber coupled in airflow
communication with the longitudinal air gap, and having an extractor port
coupled in airflow communication with the extractor port coupled in air flow
communication with the extractor manifold chamber for exhausting air and
volatiles from the dryer exposure zone.

According to another aspect of the invention there is provided a method
for drying a freshly printed press including the steps of:

installing first and second dryer heads in side-by-side refation on the
printing press in an operative position adjacent a dryer exposure zone, the
dryer heads being separated from each other by a longitudinal air gap;

discharging heated air from each dryer head into the dryer exposure

zone and onto the freshly prirfted sheet; and
extracting heated air from the exposure zone through the longitudinal air

gap.
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Heated, high velocity air is discharged out of the air delivery tube into
the pleﬁum chamber of the housing member. Preferably, the high velocity air
is supplied to the manifold plenum chamber through an inlet port having an
intet flow area which is greater than the outlet flow area of the hot air discharge
port. By this arrangement, heated air will be supplied to the plenum chamber
faster than it can be discharged, so that the heated air will be compressed

within the manifold plenum chamber. This assures that jets of hot air which are

discharged through multiple outlet apertures are uniform in
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pressure and velocity along the length of the dryer head,
so that the printed sheet is dried uniformly as it is

transferred through the exposure zone of the dryer.

The moisc air layer may be displaced from the
surface of the printed sheet by high-velocity hot air jets
which scrub and break-up the moisture-laden air layer that
adheres to thé printed surface of the sheet. The high-
Qelocity hot air jets create turbulence which overcomes the
surface tension of the moisture and separates the moisture
laden air from the surface of the printed material. The
ﬁoisture vapor and volatiles become entrained in the forced
air flow and are removed from the printing unit by a high
volume extractor.

The scrubbing action of the high velocity hot air
jets is improved by adjacent rows of multiple discharge
apertures which are oriented +to deliver a converging
pattern‘af high velocity hot air jets into an exposure zone
across the sheet travel path. The high velocity hot air
jets are produced by a pair of elongated dryer heads in
which high velocity air is heated by heat transfer contact
with a resistance heating element within an air delivery
paffle tube. Since the release of moisture and other
Qolatiles from the ink and printed material occurs continu-
ously in response to the absorption of thermal energy, the
moisture laden air layer is displaced continuously from the

printed sheet as the printed sheet travels through the




dryer exposurs zone in contact with the converging hot air

jets.

The moisture-laden air volatiles =and not air completely

exhausted from the printing unit by 2 high volume extrac-

tu

tor. An extractor manifold 1is coupled to a pair o

elongated dryer heads and draws thne moisture-laden air,

volatiles and high velocity hot air from
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exposure zone
through a longitudinal air gap between the dryer heads.
According to this arrangement, the setting of ink on each
printed sheet is initiated and accelerated befare the sheet
is run through the neﬁt printing unit.

Operational features and advantages of the
present invenition will be understood by those skilled in
the art upon reading the detailed descriﬁtion which follows
with reference to the attached dreawings, wherein:

TIGURZ 1 is a schematic side eslevational view in
which multiple dryers of the present inventicn are in-
stalled at interstation positions in 2 four coleor ofiset
rotary printing press;

FIGURE 2 is a simplified side elevational view
showing the dryer of the present invention installed in an
interstation position between two printing units of FIGURE
1;

FIGURE 3 is a botitom plan view showing installa-
tion of the dryer assembly of FIGURE 2 in the interstation

position;
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FIGURE 4 is a perspective view of the inter-
station dryer shown in FIGURE 2;

FIGURE 5 is a sectional view of the improved
dryer of the present invention taken along the line 5-5 of
FIGURE 4;

FIGURE 6 is a longitudinal sectional view of the
dryer assembly shown in FIGURE 2;

FIGURE 7 is a sectional view of the dryer
assembly shown in FIGURE 2, taken along the line 7-7 of
FIGURE 6;

FIGURE 8 is a perspective view of a resistance
heating element used in the dryer of FIGURE 2;

FIGURE 9 is a perspective view similar to FIGURE
8, with the resistance heating element enclosed in a
support sheath;

FIGURE 10 is a view similar to FIGURE 4 which
illustrates an alternative embodiment of the dryer head in

which the discharge port ig formed by an elongated slot;

.and,

‘FIGURE 11 is a perspective view, partially broken
away, of the dryer head shown in FIGURE 10.

As used herein, the term "processed" refers to
v&rious printing processes which may be applied to either
side of ga sheet, including the application of inks and/or
coatings. The term "substrate refers to sheet material or

web material.

Referring now to FIGURE 1, the high velocity hot
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air dryer 10 of the Present invention will be described as
used for drying freshly printed substrates, which are
successively printed at multiple printing units ip a sheet~
fed, rotary offset pPrinting press. In the exemplary
embodiment, the dryer 10 of the present invention js
installed at an interstation position between two printing
units of a four coler printing pPress 12 which is capable of
handling individual Printed sheets having a width of the
- approximately 4gn» (102 millimeters) ang capable of printing
10,000 sheefs per hour or more, ﬁuch as that manufactured
by Heidelbery Druckmaschinen aAg of Germany under its
designatiop Heidelbery Speedmaster 1p32v.

The press 12 includes 8 press frame 14 coupled op
the right end tgo a sheet feeder 3¢ from which sheetsg,
herein designated 8, are individually and sequentiallyvfed
into the Press, -.and at the opposite end, with a sheet
s_j:acker 18 in which the pPrinted sheets are collected angd

stacked. Interposed between the sheet feeder 16 and the

printing units 20A, 20B, 20C and 20D which can pPrint

different color inks onto the sheets as they are moved

through the press,

. As illustrated ip FIGURE 1, each sheet fed
printing unit is of conventional design, each unit includ-
ing a plate cylinder 22, a blanket cylinder 24 and an
iﬁpression cylinder 2¢. Freshly printed sheets S from the

impression cylinder 26 are transferred to the next printing
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unit by transfer cylinders T1, T2, T3. A protective
coating may be applied to the printed sheets by a coating
unit 28 which is positioned adjacent to the last printing
unit 2o0D.

The freshly printed and coated sheets S are
transported to the sheet stacker 18 by a delivery conveyor
system, generally designated 30. The delivery conveyor 30
is of conventional design and includes a pair of endless
delivery gripper chaine 32 carrying laterally disposed
gripper bars having a gripper element for gripping the
leading edge of a freshly printed sheet S as it leaves the
impression cylinder 26. As the leading edge of the printed
sheet S is gripped by the grippers, the delivery chains 32
pull the gripper bar and sheet S away from the impression
cylinder 26 and transports the freshly printed and/or
coated sheet to the sheet stacker 18. .

Prior to delivery, the freshly printed sheets §
pass through a delivery dryer 34 which includes a combina-
tion of infra-red thermal radiation, forced air flow and
extraction.

Referring now to FIGURE 2, FIGURE 5 and FIGURE 6,
the interstation dryer 10 includes as its principal
components a dryer head 36, a resistance heating element
38, and an_ektractor head 40. As shown in FIGURE 3, the
dryer head 36 is mounted on the press side frame members
14A, 14B by side frame flanges 42, 44. In this inter-

station positien, the dryer head 36 is extended laterally
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across and radially spaced from the interstation transfer
cylinder T2, thereby defining an exposure zone gz.

The dryer heagd 35 includes a tubular sidewall 36w
which encloses an air distributien manifold chamber 46.
The air distribution manifold housing is sealed on opposite
ends by end plates_48, 50, Trespectively, and is sealed
against the extractor head 40. The manifold housing has an
inlet port 52 for admitting high velocity, Pressurized air
thfough 2 supply duct 52 from an off-press compressor 53,
and has a diécharge port for delivering pressurized hot air
into the exXposure zone 3. |
. As shown in F;GURE 6, the air distribution
manifold sidewall 36w is intersected by multiple discharge
apertures 54 which collectively define the discharge port.
The apertures s4 are oriented for discharging pressurizeq
jets of high velocity, hot air toward the interstation
transfer cylinder T2, and are longitudinally spaced aiong
the dryer heaqd 3¢, According to this arrangement, pressur-
ized air jets are directed along a straight line acrogs the
bPrinted side of a sheet S as it moves through the dryer
exposure zone Z, In-an alternative embodiment, as shown in
FIGURE 10 anhd FIGURE 11, the discharge port is formed by an
elongated slot 55 which intersecfs the dryer heaq sidewall
36W and extends longitudinally along the dryer head.

Referring now to FIGURE 6 and FIGURE 7, the
resistance heating element 38 ig coupied to the dryer head

36 by and end block s6. The end block s5¢ has a body
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portion which is intersected by an axial bore 38, a
counterbore 60 and a radial inlet bore 62 which communi-
cates with the counterbore. The heating element 38 has an
end portion 38A which projects thrﬁugh the axial bore 58
and counterbore 60, with the elongated body portion of the

heating element 38 extending into the plenum chamber 46.

_,‘fhe plenum chamber 46 is partitioned by an
elongated air delivery baffle tube 64 which extends
substantially the entire length of the dryer head 36. The
air delivery baffle tube 64 has an inlet port 66 for
receiving high velocity airflow from a remote supély and
has a tubular sidewall 64A extending through the plenum
chamber. The tubular sidewall 642 has an inner airflow
passage 68 which connects the inlet port 66 in airflow
communication with the plenum chamber 46 through its open
end 64E. The air delivery baffle tube 64 has an end
portion 64B projecting through the axial bore 60 of the end
block 56, with its inner airflow passage €6 in airflow
registration with the radial bore 62. : T~

A pneumatic connector 70 is coupled to the radial
inlet bore 62 of the end block 56 for connecting the inner
airflow passage 68 to an off-press source of high velocity
air. The end block 56 is sealed against the end plate 50,
the tubular sheath 78 and against the pneumatic connector
70. High velocity, pressurized air is constrained to flow

from the air duct 52 into the airflow passage 68 where it
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is discharged into the air distribution plenum chamber 46

- after absorbing heat from the heating element 38.

As shown in FIGURE 6, the high velocity air flows
longitudinally through the annular flow passage 68 in heat
transfer contact with the heating element 38. The high
ﬁelocity air is heated to a high temperature, for example
350°F (176°C), before it is discharged through the airflow
apertures 54,

To provide uniform air jet discharge through the
apertures 54, the inlet area of the inlet port 66 should be
greater than the combined outlet area provided by the
multiple airflow discharge apertures 54. In the preferred
embodiment, the discharge apertures 54 have a diameter of
1/16 inch (0.158 cm), and for a 40 {102 mm) press there
are 88 apertures spaced apart along the dryer head 36 on
0.44¢6 inch>(1.13 cm) centers. This yields a total airflow
outlet area of 0,269 sguare inch

{(1.735 square cm).

Preferably, the effective inlet area of the inlet port &6
is at ;east about 0.54 sguare inch {3.484 square cm).

In the alternative dryer head embodiment shown in
FIGURE 10, the air discharge slot 55 has a length of 40
inches (102 mm) along its lengitudinal dimension L, and has
an arc length C of 6.725 mils (17 x 10° cm) .

With the preferred inlet/outlet ratio of about
2:1 or more, the high velocity, heated air will be supplied
to the plenum chamber 46 faster than it can be discharged,

S0 that the heated air will be compressed within the
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manifold plenum chamber. This assures that the jets of hot
air which are discharged through the outlet apertures 54
are uniform in pressure and velocity along the length of
the dryer head, so that the printed sheet is dried uniform-
ly as it is transferred through the exposure zone Z.

The aiy distribution baffle tube 64 is supported
on the inlet end by the end plate 50, and on its discharge
end by flange segments 64F which engage the internal bore
of the dryer head 36 and positions the baffle tube in the
center of the plenum chamber 46.

Referring now to FIGURE 6, FIGURE 7, FIGURE & and
FIGURE 9, the heating element 38 is preferably an electri-
cal resistance heater having elongated resistance heater
sections 38c,

38D which are integrally formed and folded

together about at a common end 38E. The resistance
sections 38C, 38D are substantially co-extensive in length
with the air delivery baffle tube 64. Each section 38cC,
38D is electrically connected to a power conductor 72, 74,
respectively, for connecting the resistance heating element
38 to an off-press scurce of electrical power.

The resistance heater sections 38C, 38D are
mechanically stabilized by an end connector 76, and are
enclosed within a tubular, thermally conductive sheath 78.
Radial expansion of the half sections 38C, 38D is limited
by the sidewall of the sheath 78, thus assuring efficient
heat transfer, while the sheath provides longitudinal

support for the elongated resistance heater sections within
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the inner airflow bassage 68. The heating element half-
sections 38C, 38D thus form a continucus loop resistance
heating circuit which is energized through the power
conductors 72, 74.

The tubular sheath 78 is received within the bore
5B and is welded to the end block 56, The tubular sheath
78 thus provides an opening through the end block 56 to
permit insertion and withdrawal of the heating element 38
for replacement purposes. The heating element 38 is
dimensioned for a sliding fit within the sheath 78 at
ambient temperature. The end cap 76 is releasably secured
to the end block 56 by a hold-down metal strap (not
illustrated). The distal end 78B of the sheath is sealed
by an end cap 78C to prevent leakage of high velocity air
out of the distribution manifold chamber 4s6.

Referring now to FIGURE 2, FIGURE 4, and FIGURE
5, the extractor head 40 is coupled to the back side of a
pair of identical dryer heads 36A, 36B. The dryer heads
36A, 36B are separated by a longitudinal air gap 80 which
opens in air flow communication with an extractor manifold
chamber B2, thereby defining a manifold inlet port. The
extractor manifold chamber 82 is enclosed by the end plates
48, 50 and by housing panels 40a, 408, 40C and 40D. The
extractor housing panels 40C, 40D are secured and sealed by
a2 welded union to the dryer heads 36a, 36B.

According to another aspect of the present

invention, the multiple air flow apertures 54 of each dryer
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head 36A, 36B are arranged in linear rows Rl, R2, respec-
tively, and extend transversely with respect to the
direction of sheet travel as indicate by the arrows S in
FIGURE 3. The rows Rl, R2 are longitudinally spaced with
respect to each other along the sheet travel path. Each
air jetlexpands in a conical pattern as it emerges from the
airflow aperture 54. Expanding air jets from adjacent rows
intermix within the exposure zone 2, thereby producing
turbulent movement of high velocity hot air which scrubs
the processed side of the sheet S as it moves through the
exposure zone Z. Preferably, balanced air pressufe ‘is
applied uniformly across the exposure zone 7 to ensure that
the moist air layer is completely separated and extracted
from the freshly printed sheets.

In the exemplary embodiment, the pressure of the
high velocity air as it is diséharged through the inlet
port 66 intc the heat transfer passage 68 is about 10 psi
(7031 Kgs/m?). The inlet suction pressure in the longitu-
dinal air gap 80 of the extractor is preferably about 5
inches of water (12.7 x 10° Kgs/cm®).

As shown in FIGURE 3 and FIGURE 5, the extractor
manifold inlet port 80 is coupled in air flow communication
with the exposure zone Z for exfracting heat, moisture
laden air and volatiles out of the dryer. The extractor
manifold chamber 82 is coupled in air flow communicatien
with an exhaust fan 84 by aﬁ air duct 86. The air duct 86

is couvpled to the extractor manifold chamber 82 by a
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transition duct fitting 88.

The high velocity, heated air which is discharged
onto the printed sheet S is also extracted along with the
moisture and volatiles through the air gap 80 into the
extractor chamber 82. Ambient air, as indicated by the
curved arrows, is also suctioned into the exposure zone g2
and through the longitudinal air gap, thus assuring that
none of the hot air, meoisture or volatiles will escape into
the press area. Extraction from the exposure zone Z is
enhanced by directing the hot air jets along converging
lines whose intersection defines an acute angle alpha (a),
as éhown in FIGURE 5.

The air flow capacity of the exhaust fan 84 is
preferably about four times the total airflow input to the
dryer heads. This will ensure that the exposure zone 2 is
maintained at a pressure level less than atmospheric
thereby preventing the escape of hot air, moisture laden

air and volatiles into the press room.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A hot air dryer for use in combination with a printing press of the type
having conveyor apparatus for transporting a processed substrate along a
sheet travel path including, in combination:

5 first and second elongated dryer heads coupl'ea fogether in side-by-side
relation for installation in an operative position adjacent the freshly processed
side of a substrate as it moves through a dryer exposure zone along the sheet
travel path, each dryer head having a housing member defining an air
distribution manifold chamber, each air distribution manifold housing member

10 including an inlet port for receiving high velocity air and having one or more
discharge ports for directing pressurized air toward the sheet travel path, and
the dryer heads being separated from each other by a longitudinal air gap;

first and second elongated heating elements disposed within the air

distribution manifold chambers of the first and second dryer heads,

ts  respectively, for heat exchange contact with the pressurized air directed
through the respective air distribution manifolds; and,

an extractor head coupled to the dryer heads, the extractor head

including a housing defining an extractor manifold chamber coupled in airflow

communication with the longitudinal air gap, and having an extractor port

20 coupled in airflow communication with the extractor port coupled in air flow

::.’::‘ communication with the extractor manifold chamber for exhausting air and

RO volatiles from the dryer exposure zone.

2. A hot air dryer as defined in claim 1, wherein the one or more discharge
25 ports of each dryer head are arranged in first and second rows, respectively,

the rows being separated from each other along the sheet travet path, and the

one or mare discharge ports of each row are oriented for directing pressurized

L air into the dryer exposure Zone.

30 3. A hot air dryer as defined in claim 1 or 2, wherein the one or more
discharge ports of the first and second dryer heads are oriented for directing

pressurized air along first and second converging lines, respectively.

CAWINWORDATS DOC
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4. | A hot air dryer as defined in any one of claims 1 to 3, including:

first and second elongated air delivery tubes disposed' in the first and
second air distribution manifold chambers, respectively, each air dslivery tube
having an inlet port for receiving pressurized airflow and having an inner airflow
passage connecting its inlet port in airflow cofn—rhﬁnication with the air
distribution manifold chamber; and

the first and second elongated heating elements are disposed within the

inner airflow passages of the first and second delivery tubes, respectively.

5. A method for drying a freshly printed sheet in a printing press including

the steps of:
installing first and second dryer heads in side-by-side relation on the

printing press in an operative position adjacent a dryer exposure zone, the
dryer heads being separated from each other by a longitudinal air gap;

discharging heated air from each dryer head into the dryer exposure
zone and onto the freshly printed sheet; and

extracting heated air from the exposure zone through the longitudinal air

gap.

6. A method for drying a freshly printed sheet as defined in claim 10,
including the step of:

extracting air from the exposure zone through the longitudinal air gap at
a volume flow rate which exceeds the total volume flow rate of heated air
discharged from the first and second dryer heads. -
DATED: 11 August 1999
PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:
HOWARD WARREN 0eMOORE
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