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(57) Abstract: A drying assembly is disclosed. The drying assembly has at least 2 fan units where each fan unit has a fan. The fan
speed of each fan is adjusted independently to control the air temperature from the fan. The airflow through all of the fans is main -
tained at a constant value.
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Drying assembly

BACKGROUND

{0001} Many printers use hguid mks to prnt images onto media. Some of the
hquid inks need to be evenly cured across the page to ensure proper darability and even

gloss in the printed output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 s a side view of an example printer 100,

{0003 FIG. 2A 1s block diagram of an example drving assembly 108,
{0004} FEG. 28 1 ansometrie view of an example drying assembly 108
{0005] FIG. 3 s a block diagram of an example printer,

{00006] FIG. 4 15 an example block diagram of the processor 330 coupled 10

memory 332,

{0007) FIG. 5 18 a flow chart for an example method for controliing the fans in a

drying assembly,

DETAILED DESCRIPTION

{6008 Figure 1 15 a side view of an example primter 1), The printer comprises
media supply svstem 102, media 104, inkjet print bar 106 and drying assembly 108, In
this example media 104 15 a continuous sheet supphed by media supply system 102, In
other examples media may comprise dividoal sheets. Media 104 15 fed from media
supply system 102 wderneath print bar 106, Inkjet heads on print bar 106 deposit ink
onto media 104, In other exaruple printers, there may be an imtermediate transfer blanket
that recerves mk from the mkjet heads and transfers the mk 10 the media. Once the ik
has been deposited onto the media, the media passes underneath the drving assembly 108,

Dryimng assembly 108 forces heated air past media 104 as shown by arrow 110, The
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heated air dries and cures the ink deposited onto the media. Print bar 106 may also

sloss conts and the hike.

bes

deposit additional compounds onto media, for exanple

{0009} Figure 24 1s a block diagram of drving assembly 108, Drying assembly
comprises N fan umits, where N is an integer greater than |, Each fan wnit comyprises a
fan housing 212, a fan 214, a heating elemant 216 and a temperature sensor 218, The fan
units are attached to support 220 in a spaced apart relationship. Each fan 214 s located
mside a fan housing 212 and forces air in the direction shown by arrow 110, The heating
elements 216 may also be located inside the fan housings 212, The heating elements 216
heat the atr moved by the fans 214, The temperature sensors 218 are located near the fan

exhaust and can moniior the temperature of the air as it leaves each fan housing 212

{0010} Figure 2B 15 an sometric view of drying assembly 108, In this example
there are 4 fan units spaced along support 220, The fan units are spaced apart by distance
X, where distance X 15 4256 mam.  In other examples there mav be a different number of

fan umits, for example three fan units spaced apart by 487 mm.

{0011} The speed of each fan can be controlled wdependently, The fan speeds are
adjusted with a fan speed contrel signal, typically a pulse width modulation (PWM)
stgmal. The temperatores of the heating elements are controlled with a heating element
control signal. In one example a single heating element control signal 1s used for all of

the heating elements. Typically each of the N heating elements may have some

resistance variabilty. o addition each of the N fans may ron at a shightly different speed

aiven the same mwput signal. Dae to these vanations, the air temperature exating each fan
may be different even with the same mpuot control signals (1.e. the fan speed control
signal and the heating element control signal). The variation in air temperature can cagse

uneven cuaring and drying across the page.

b

[0012] In one example, a controller reads each temperature sensor to determine the
air temperature at each fan exhaust. The controller adjusts the speed of each fan based on
the awr temperatore to mamtain the same aw temperature at each fan exhaust. The
controlier also mamtamns the total arr fow through all the fans as a constant value. One
way o keep the total anrflow constant 1s to keep the sum of the PWM from all of the fans

at a constant value. In one example, all the heating elements will be coupled together and
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controlled using a single heating element control signal. Using this method the
termnperature untformity across the page can be maintained and de-coupled with the power

control of the heating elements.

[0013] Figore 3 15 a block diagram of an example printer. Printer comprises a
processar 330, memory 332, mputioutput {170 module 334, print engine 336 and
controlier 338 ali coupled together on bus 340, In some examples printer may also have
a display, a user mterface module, an wput device, and the hike, but these ttems are not
shown for clarity. Processor 330 may comprise a central processing unit {CPU), a micro-
processor, an application specific integrated cirenst {ASIC), or a combination of these
devices. Memory 332 may comprise volatile memory, non-volatile memory, and a
storage device. Memory 332 15 a non-transitory computer readable medivm. Examples
of non-volatile memory include, but are not himited to, electrically erasable
progranunable read only memory (EEPROM) and read only memory (ROM). Examples
of volatile memory mchade, but are not hosted to, static random access memaory
{SRAM), and dynanuc random acecess memory {DRAM). Examples of storage devices
mehude, but are not imuted to, hard disk drrves, compact dise drives, digital versatile dise

drives, optical drives, and flash memory devices.

{00144 IO module 334 13 used to coaple printer to other devices, for example the
fnternet or a computer. Print engine 336 may comprise a media supply svstem, a
prmthead, a drving assembly, an mwk supply system, and the hke. Printer has code,
typreally called fivmware, stored tn the memory 332, The firmware s stored as computer
readable wmstractions 1 the non-transdory computer readable mediam {ve. the memory
332). Processor 330 generally retrieves and executes the mstructions stored m the non-
transitory computer-readable medium to operate the printer. In one example, processor
execotes code that divects controller 338 to control a dryving assembly n the print engine

336,

[0015] Frgure 4 15 an example block diagram of the processor 330 coupled to
memaory 332, Memory 332 contams ficyware 442, Fromware 442 contains a drying
module 444, The processor 330 executes the code m drving module 444 to dwect

controlier 338 to control the drying assembly 108,
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{0016} Controller 338 1s used to control the drving assembly 108, Drying
assembly 108 heats the mk, media and any other components deposited on the media
The wk is heated to above a predetermined temperature threshold to ensure proper
curing. The mk s also heated uniformiy across the width of the media. Tn some
examples two controllers mayv be used, one controller to control the fan speeds and
thereby control the temperature untfornuty across the page, and one controller to control
the power to the heating elements thereby controlling the average temperanwe of the air
feaving the drying assembly. In other examples one controller will be vsed to control
both the fan speed and the heating elements. The smgle controller will still control the

two systems independently.

{0017} The controller adjusts the power 1o the heating elements and the speed of
the fans 1o ensure that the ink reaches the threshold temperature evenly across the media,
in one example, all of the N heating elements are coupled together and recetve the same
power setting. The controller adjusts the power setting to the N heating elements to
confrol the average temperature of the awr leaving the dryving assembly 108, The
controlier can adjust the speed of each of the N fans 214 independently. The controller
adjusts the fan speed of individual fans o mamtam a vmform temperature across the
width of the media while keeping the sum of the air flow through all the fans constant.
One way 1o keep the total arflow constant s to keep the sum of the PWM from all of the

fans at a constant valae.

{0018} Figure S 1s a How chart for an example method for controlhing the fans ina
drying assembly. The {an speed control method starts at step 330 where the stactup
parameters are set. The startup parameters include the ymatsal fan speed conwrol signal for
each of the N fans. The startup parameters may mclude a delay time to allow the fans to
eet up to speed before entering the fan speed control loop. Concarrently with the start of
the fan spead control method, a temperature control method 13 also started. The
temperature control method 18 used to keep the average temperature exitmng the fans at a

given value.

{0019} After block 3350 the fan speed control method proceeds to block 352
Block 352 15 the start of the fan speed control Toop. At block 552 the air temperatare near

the exhausts of each of the N fans 1s determined by reading the temperature sensors for
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each fan unit. At block 554 the average air temperature is calculated as well as a delta
ternperature at each fan wt. The dehia temperature for each fan unit 15 the average air
temperatire minus the air temperature at that fan unit. In one example, at block 356 the
delta air temperature for each fan unit is compared to a threshold value. When all of the
delta temperatures ave below the threshold value the temperature wuformity across the

fan units is within a predetermined vange. Therefore flow retums to block 352,

{0026} When the delta temperature of any of the fan units i above the threshold
value, flow continues at block 538, Tn another example, the delta air temperature for each
fan unit is not compared 1o a threshold value, How automatically proceeds from block
554 1o block 338, At biock 358 new fan speeds are calculated for each fan unit. A
negative delta temperature for a fan vt means the air temperature at that fan unit is
higher than the average aw temperature. A positive delta temperature for a fan unit
means the air temperatere at that fan anit 18 lower than the average air temperanwe. The
tan speeds for fans with air tomperatore higher than the average air temperature (Lo 8
negative delta temperatwe) are increased. The fan speeds for fans with air temperature

fower than the average air temperature (Le. a positive delta temperature) are decreased.

{0021} The sum of the arrflow through all the fans 15 kept at a constant value. One
way 1o keep the total arrflow constant 1s to keep the sum of the PWM from all of the fans
set 1o a predetermined value, For example, when there are 4 fang, the sum of the PWM
signals from each fan wall be set equal to a predetermmed value (predetermuned valoe =
PWMT + PWM2 + PWM3 + PWMd), When the predeternuned value s 200% the
PWAM s {or the 4 fans may be 50%, 45%, 33% and 32% respectively. The predetermuned
value may be changed by the servo that conirols the absolate pressure i the chamber.
Once the new fan speeds are calculated the fan speed control signals are updated with the

pas

new values. Flow then returns 1o block 552,

{0022} The fan speed control signal is typically a pulse width modulation (PWM)
signal. In one example, equation 1 is used to determune the new fan speed control signat

at block 558,

PWMt+AD = PWM((1) + Ky ® err_amt s(#+4AG Eguation |
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Where PWM(t+A1) ts the new fan speed control signal at time t plus delta time (At) for
the i fan unit, PWM(1) is the old fan speed control signal at time t for the i fan unit,
Ky is the gain for the interval delta time, and ere_ini_i(t+At) is the error signal for the
fan wut for the interval delta ime. Delta t {At) may be in the range between 0.1 second

through 40 seconds, for example 1 second.

[0023] In one example, K is calculated using equation 2.
Ko = 0.04 BaPWNMAC Equation 2

Whaere %PWMIC 15 the relationship between the %6PWM signal and the temperaturs

{Celsius). In other examples Ki, = may be set in the range between 0.5 %PWM/C

through 0.001 %PWM/C.
{0024} In one example err_ing_{trAL) is determined using equation 3.

s N BAAL ey e - . .
err_int_i{t + Aty = T/AL [ 77T, = Tope)ddt =] C Equation 3
where T; and Ty, are the air temperatare at the 17 fan vnit and the average an temperature
respectively. By definition the sum of the error signals for all of the fan unis 1§ equal to

zero, This maintams a total constant airflow across all the fan umits.

{06025} In another example a derivative term 15 added to equation T to improve the
stability of the servo loop. The derrvative takes mito account the relative slope of the
temperature {T;) vs. thme (1) curve at each fan wint compared to the average temperature

{Tace} vs. time (1) curve. Eguation 1 becomes equation 4.
PWME(EEAY = PWM() + Ko ¥ wrr_ it _0A0 + By * err_der ittty Egquation 4
Where K¢ = 0.6 %PWMAClsee) and ere_der_{1+A1) is defined in equation 5,

; ) EHAE g $r ; - . . -
err_der_i(t + At) = 1/At [0 ~ To)dt [=] C/s Equation 3

Where T; and T are the slope of the temperature vs. time curve for the i fan anit and

the temperatare v, time curve for the average temperature, respectively.
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{0026} The thermal gain of the system is defined as the change in air temperatare
for & given change m the PWM percent (CPWM%%). In some exaroples the thermal gan
is between 4 and 15 degrees € for a change of one percent in the PWM duty cycle, for
example 6.67 CPWMY%. Because of this thermal gain, smiall changes i the fan speed
control signal can cause large changes n atr temperature. Duning operation a typical

range for the fan speed control signal is between 40% — 90% PWM.

{6027} The change in air speedi/pressure for a given change m PWM% in the
average fans speed control signal is dependent on the number of fan units, the fan tvpe,
the absolute PWM of the fan speed control signal and the fan omlev/exbaust geometry. In
one example for a dryving assembly with three fan units, at an absolute fan speed control
stgnal of 83% PWM (in all 3 fans) resulis in 2.3 m'/min {or a 4.6 mmH-0 pressure). For
the same system, at an absolute fan speed control signal of 73% PWM (in all 3 fans)
results in 2.0 /o (or a 3.8 mmL0 pressure). Therefore the Pressure gain is (4.6~
383 10=0 08mmHZOPWMY and the Awflow Gain is (2.3-2.0)10= 003" 3min)

PWM%. During operation a typical atr speed at the fan exhaust 1s between 3 — 20 mfsec.
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(0028 CLAIMS

What iz clatmed is:

i A diving assembly, comprising:

a number N of fan units directed to force air to a drving zone, where N i

an tnteger 2 or greater and each fan wmt comprises:
a fan;
a heating element positionad to heat the ar moved by the fan: and
4 temperature sensor positioned near an exhaust of the fan wnit;

a controtler coupled to each fan wat, the controller to monitor the
temperature senor m each fan unit, the controller to mdependently adjust a speed
of each fan to mamtam the same temperature at all N fan units, the controller to
keep the total mrflow through all N fan anits 8t 8 constant value.

2 The printer of ¢laim 1, wherein each of the heating elements in all N fan units are

coupled together and controlied with a single heating element control signal.

3. The printer of elaim 1, wherein the speed of each fan 15 mdependently adjustable
using a fan spead control signal, where each fan speed control signal is a pulse width
mohulation (PWM) signal, and where an adjusted fan speed contro signal for each fan s
equal to PWMn{D) + Ky ® err_mt N{t+AL), where PWMu(i}) 1s a fan speed control signal
at time 1 for the N fan anit, Ki s a gain for the interval delta time (A1), and

err_int N{t+A) is an error signal for the N7 fan anit for the interval delia time {AD).

4. The printer of clamm 4, wheremn the adjusted fan speed control signal for each fan
includes the term Ky ¥ err_der N{1+AD) where Ky 18 8 gain and erx_der N{#+At) is an
error signal for the the N™ fan unit for the interval delia time (A1) that is based on a
relative slope of the temperature (Ty) vs. time {8} curve for the N™ fan unit compared 1o

an average temperature {Tae) v, time (£} curve.
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]
S, The printer of claim 4, wherein delta time {At) is m the range from 0.1 second to
44 seconds.
6. The printer of clanm 1, further comprising:

the controller to determine an average temperature for all of the fans:

the controller to determine a delta temperature for each fan where the delta
temperatare equals the average temperature minus a temperature at each farg

the controller to maimntain the same fan speed for each of the fans when the delta

temperature for all of the fans 1s below a threshold.

7. The printer of claim 1, wherein N 15 i the range from 3 o &
3. The printer of clamm 1, further comprising:

a sapport wheremn the fan units are spaced along the support by distance X, where

distance X is m a range from 30 mm to 800 mm.

9. A method of controlling a drymyg assembly, comprising

deternuning the temperature of aiy leaving each of N fananits where Nis
miteger greater than ong;

calculating an average air temperatuwre for all N fans;

decreasing a fan speed for each fan with an aiv temperatares lower than the
average air temperature;

increasing the fan speed for sach fan with an air temperature hagher than the
average air femperature;

maintaimng & sum of the airflow through all N fans at & constant value,

10, The method of claim 10, further comprising:
adjpusting a heating element m each of the N fan units using a single servo

control signal.

i1, The method of claim 10, further comprising mereasing or decreasing the fan

speed for each fan once every second.



WO 2014/046665 o PCT/US2012/056450
1 3

12 The method of clatm 160, wherem there are 3 or 4 fan wuts.

13, The method of claim 10, wheremn the fan speed 15 controlled using a pulse width
modulation (PWM) signal, and where an adjusted fan speed controd signal for each fan s
equal to PWMLO + Kie ¥ exv_mt N(t+AL), where PWM(t) s a fan speed control signal

at time 1 for the N™ fw unit, Ky ds a gain for the interval delta time (Af), and

err_int N(t+At) is an ervor signal for the N™ fan anit for the interval delta nme (A1),

{4, The method of clamm 13, wherem the adjusted fan speed controd signal for each
fan inchudes the term Ky ™ erv_der N(E+AD where Ky s a gan and err_der, N{-HAL is an
error signal for the the N™ fan unit for the interval delta tinse (Af) that is hased on &
refative slope of the temperature (Tx) v, time (1) curve for the N™ fan unit compared to

an average temperature (T} va. time () carve.

S, The method of claim 13, wherein the sum of all of the PWM control signals for

each fan s mamtamed at a predetermined value.
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