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FAN FILTER UNITS 5 Field of the Invention This
invention relates to a nethod and apparatus for
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However, the ability of the fan filter unit to provide overpressure in the facility
depends on the amount of air the fan filter units are able to draw from, for example,
the ceiling interspace or ducts that connect the fan filter units. Some of the factors
30  affecting this include:-
e actual site condition such as, for example, building beam obstruction;
s weak air supply for a fan filter unit farthest from an air supply; and

s fluctuation in the rate and volume of the air supply.

35  The inability or failure of a fan filter unit to draw sufficient air will result in a
reduction of positive air pressure in at least a part of the facility, and may
compromise the cleanliness of the facility.
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where airflow evenness at any location is a must for reliable production. To achieve
evenness in airflow it may take weeks by many rounds adjustment using trial and
30  error. There are many other situations which may affect airflow evenness such as,

for example, but not limited to, a failure of one or more fan filter units.
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mai ntai ning at | east one air characteristic in an air
ventilated facility using at lgast 5 one fan filter
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for sensing the at | east one air characteristic, the
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According to a third preferred aspect there is provided apparatus for maintaining at
30  least one air characteristic in an air ventilated facility using at least one fan filter
unit, the apparatus comprising:
(a) at least one sensor for sensing the at least one air characteristic,
the at least one sensor being exposable to the air ventilated facility;
() the at least one sensor being for operative connection to a control
35  system that is operatively connectable to the at least one fan filter unit;
(c) the control system being for receiving output readings from the at
least one sensor and determining if the output reading is within a range and, in




4 response to a negative determ nation, providing a
command to the at least one fan filter unit to adjust
the at least one fan filter unit operating speed. For
all three aspects, the at | east one sensor may be for
sensing at least one of: air 5 flowrate, air
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30  if the oufput is below the range, and to increase the at least one fan filter unit
operating speed if the output is above the range. The adjustment may be by a
preset factor. A direction of the adjustment may be determined by the air
characteristic. The method may further comprise determining if the sensing is to
be for alf of the at least one fan filter units, or is a local sensing for all the at least

35 one fan filter units servicing a local area or location. [n response to a positive

determination, there may be included waiting a predetermined time before -




35 one fan filter units servicing a |ocal area or

| ocation. In response to a positive determ nation,
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before 5 5 repeating the nethod. After the adjustnent
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25
A prior art system is shown in Figure 1. There is a room 101 in a facility, the room
101 having a raised floor 102, a ceiling panel 103 and a roof 104. Between the
roof 104 and the ceiling panel 103 is a ceiling interspace 105. Air 106 is supplied
to and flows along the interspace 105. The air 106 may be one or more of:

30  atmospheric air, filtered air, clean air, cooled air, heated air, dehumidified air,
humidified air, and air-conditioned air. A number of fan filter units 107 are mounted
in or to the ceiling panel 103 for drawing air 106 from interspace 105 and passing it
to the room 101 to provide a flow of filtered air 108 into room 101. The rate of flow
of air 108 creates an overpressure in room 101. ltis only by manual measurement,

35 and trial and error manual adjustment of each fan filter unit, that the necessary air
flow can be obtained. |




fl ow can be obtained. 6 In Figure 2 is shown the sane
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As shown in Figure 3, the control system 212 will sequentially poll or read (301) the

value from each pressure sensor 209, or the pressure sensors 209 will report their

values to the control system 212, at regular intervals, the values being received by
35  the control system 212.




val ue from each pressure sensor 209, or the pressure
sensors 209 will report their ,values to the control
system 212, at regul ar intervars t he val ues bei ng
received by 35 the control system 212. 7 Upon
receiving the pressure (302), the control system 212
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9 for a single variab

30  Figure 4 shows a more complex system with sensors 209 for a single variable.
After the start (401) the value of the variable of one of the sensors is read (402). If

© there are new values or a new range of values for the characteristic, the new range

of values is also read (403). A determination is then made (404) if the change to

be made is to be made locally (405) or globally (423). For exampie, if the control

35  system 212 has been used to change the temperature setting for the entire room
- 201, the change would be global. I the change was to change the air flow rate or

~ -air pressure at one location only, the change would be local. By local it is meant an




After the start (401) the value of the variable of one
of the sensors is read (402). Jf there are new val ues
or a new range of values for the characteristic, the
new range of values is also read (403). A
determination is then made (404) if the change to be
made is to be made locally (405) or globally (423).
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209, ahtnthepaRB3stVerts @ (408)her factors required or
qSS|red If at (404) the result is for a global change

all sensors 209 are read (439) and the process

r everlftaé (408) thay F8YIt is 1imit the reading408)e ortieore eangbris 2D aretvaitside the
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f act feyspepd g fgcrepied r?é\wes&se?@afaﬁ@fz%ﬁ@@ad chﬁzeyv sppgd fepreded
val u¢t2zgs above (432) the fan speed is decreased by
the preset factor (433) and the new speed recorded
(428%. The next sensor is 209 is then considered (429)
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whether the change is to be global (438) or local (437) If local (437), it reverts to

(407). If global, it reverts to (439). The preset period may be of any suitable

duration such as, for example, 15 minutes, 30 minutes, 1 hour, 1.5 hours, 2 hours,
30 3 hours, and so forth.

At (427) and (433), the fan speed adjusted will be the speed of the fan in the fan
filter unit or units related to, or linked to, the relevant sensor or sensors 209.

35 In step (427} and (433}, the change in fan speed may be the opposite if the
characteristic being measured so requires. For example, in hot climates with
strong air conditioning to cool the facility 201, the fan filter unit operating speed




whet her the change is to be global (438) or |ocal

(437). If local (437), it revegts to (407). If

global, it reverts to (439). The preset period may be
of any suitable duration such as, for exanple, 15

m nutes, 30 mnutes, 1 hour, 1.5 hours, 2 hours, 30 3
hours, and so forth. At (427) and (433), the fan speed
adj us d of the.f [ he, fan .
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oper gkd g5 %Pcﬁn%qn %o@%et?ﬁhé %ﬁé’r&t%q o fhet e§£mﬁiﬁttllrg gpe“d?ing

the facilit ere urr rang

i ncr X8y %1¥ qrtadlrlgfmamerarmsneé &t ke fanauprourﬁwhyn fhare are
col d sehsone2093orwivd tiff@entaBGabldd @atHar@teriblickl gure 5 shows

in nore detail the operation of the processes vvithin
the operatin stem 212 for adjusting the operating

sifeediftgr the ﬁfégﬁ%ﬂﬁ“? velee ofiihg yasiablp ehonetoé e sarsers is easd 6502). If

209 figre bromedivhiliey @Rtnewaah R @aﬂué@ﬁor@l’i@éh@ﬁéb@ﬁé&tthé few rbge
After e st he v one

t he, val ue
A0 ol e Sh RS L3R PglnieR s b el BRLE e naiee o
or a baevedednigeeghadgacatis(50Bror glebally g3 c Eardxample, if thiagontrol
nNew rspdéR 219 has/deH@Sed & cf{ﬁlar?ée th& ?éﬂ'rp@ér%é setﬁrg for the entlr% room

LB o o L e e g s e

For eiaregsies atidne ideeticn@nlyr thé chatiys veuld Bl BcdhaBy loes it isusexit an
to Chﬁjﬂrgﬁﬁlt Qﬁ &R G %‘ g?rbuéet}ftfbﬁ a\tefr q{n]rté QE rvief 'J faocgloé?gg or

15 201 e change wou | oba ange
to cﬁﬁﬁﬁ@ the air flowrate or air pressure at one
| ocation only, the change would be local. By local it
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sens thees ¢ Moeet vatidides (5t If was, ibpasagsda therpeocewd in Figaret 48e If no, it

BEQUidvEE: th e Ot 50@5 ues (508, 509) a query is raised
to determne if there are nore variables (510). If

yes, it passes to the process in Figure 5B. If no, it
25 r Oudiduse 3R) aftéren redutdrmitied (im@ 191.1) such as, for example: 15 minutes,

30 minutes, 1 hour, 2 hours, or so forth, all sensors 209 in the location or area are
read (512). If all are within the required range of values (513, 514) the process
30  reverts back to the start (501).

If at (513) one or more sensors 209 have values outside the required range (516)

the reading for each of those sensors 209 is checked (517). If the reading is above

or below the range or values (518), the fan speed is adjusted down or up by a

35  preset factor such as, for example, 5%, 10%, 15%, 20% or the like (519), and a

“determination is made if there are more sensors 209 to be considered (520). If yes
(521), the process reverts to (517). If no (522), the process reverts to (511).




On Figure 5B, after a predetermned tine (511) such

as, for exanple: 15 m nutes, O mnutes, 1 hour, 2
hours, or so forth, all sensors 209 in the |ocation or

area are read (512). If all are within the required
range of values (513, 514) the process 30 reverts

back to the start (501). If at (513) one or nore

sensors 209 have val ues outside the required range

(516) the reading for each of those sensors 209 is
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or up by a 35 preset factor such as, for exanple, 5%
10% 15% 20% or the like (519), and a determnation
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30 In step (527) and (533), the change in fan speed may be the opposite if the
characteristic being measured so requires. For example, in hot climates with
strong air conditioning to cool the facility 201, the fan filter unit operating speed
may be reduced if the temperature in the facility 201 is below the required range,
and increased if it is above. The reverse would apply in cold climates with strong

35  'heating. '




25 - the perfect result. Therefore, the only negative
answer at (517) would be that ﬁhe particle count was
above the required range of values. As such the

response at (519) would be to increase the fan speed.
However, all other characteristics would have a

requi red range of values. 30 In step (527) and (533),
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been ¢F8RQI99YsRRCemed thal Mgy ¥ajistions o ewdifirglienoi dgtais efrdegign or
enbodomstradtion afay bl mape eittent depaniegfrard the prdseimiidventios.
understood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nmay be nade w t hout
departing fromthe present invention. 12 THE CLAI M5 1.
A system for maintaining at |east one air

characteristic in an air ventil ated




facility using at |least one fan filter unit, the
system conprising: 5 (a) at Ie‘st one sensor for
sensing the at |east one air characteristic, the at

| east one sensor being exposed to the air ventil ated
facility; (b) the at | east one sensor being
operatively connected to a control systemthat is
oper afi/gl Ajygonnected to the at least one fan filter
unit; 1 § tMe control systemreceiving output readings
fromthe at | east one 10 sensor and determning if

t he O’Mt PUtA Sy ﬂagmbiﬁtamrﬁmt ast cfn@%G%hé}ﬁéierlsll&nraﬂsa@‘q}%&@ated
t er oVl g' a conmand to
COfg J

at i v
t he a7 %g%s ]r?gsqfoa% E’?ré'P'? yStF'?)‘ 0%t the at
| dast one (fan fat leﬁetronaﬁensoo@ersatalngghesgdmi o, aifcheyEstegistic,

as cliRd sMshst Jhe%le@o%éng ABEIR itdthd bir b%@{ed%ﬁﬂysensor 'S
f or sensi g) 1% | | east one seI ected from the
3 of I 7t Ip

consi stin FHRNG eNsor B§ing preslively @onnag;teg o a Rontrol
t enpeysienthet is @perapelyicbmieeted tithé at Ieastorei fan fitenaraj ty. 3.

A system ag cl %e’"&qtrblrl:yﬁelﬂ' eibin ogﬁgﬁ}e%}(i: .f.%%@ia %sli]gne

at | east one sensor eas 1€ tion sele
P omSERRET B R Rbing i é'fq %@%f@?dm isyvitpigia|rangg ap@rifeseAnsety a
t he aegative détednatation fp&midudgta/corﬁrﬁartdhe tiad atli @6 bneOfae fikdMunit to

filt %ﬁjuls{%etat Iéé%%&%%tgrl}n gta g%ﬁged one fan f il ter
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Ieasﬁewturs,awmﬂlclesow}b@amrhu;hlyhtyconnect ed to the
control system by one selected fromthe group
consisting of . wrel essl X ¥ control cable in
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of clains 1 to 6, wherein there is a plurality of
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fan filter unit, and by a control cable independent of the at least one fan filter unit.

30 6. A system as claimed in any one of claims 1 to 4 further comprising an
audible alarm operatively connected to the control system.

6. A system as claimed in any one of claims 1 to 6 wherein the control system

comprises a plurality of sub-controllers.
35

7. A system as claimed in any one of claims 1 to 6, wherein there is a plurality

of sensors that operate independently of each other.




5 9. Asystemas clainmed in any one of clains 1 to 7,
wherein the there is a pluraljty of fan filter units
arranged in a plurality of groups. 10. A system as
claimed in claim9, wherein there are a plurality of
sensors, each sensor being operatively associ ated

wth at |east one of: a single fan filter 10 unit,

and one group of the plurality of groups. 11.

Apparatus for maintaining at |east one air
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(a) at least one sensor for sensing the at |east one

air characteristic, 15 the at |east one sensor being
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at | east e _se bl be o tivel ,
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e8bl Brebdurd; QNEHpeMitlrd akpattibBe calnt, lB@ 8k hemgnf an filter
unit, and by a control cable independent of t he at

Ieast one fan filter unit. 15. Apparatus as cl ai ned
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of the air ventilated facility, in the at least one fan filter unit,
30  underneath the at least one fan filter unit, on top of the at least one fan filter unit,
attached to an exterior casing of the at least one fan filter unit, above the ceiling

panel, on a wall, on a work bench, on a work table,

14. Apparatus as claimed in any one of claims 11 to 13, wherein the at least
35 one sensor is able to be operatively connected to the control system by one
selected from the group consisting of: wirelessly, by a control cable in common with




control system 16. Apparatus as clainmed in any one of
clains 11 to 15, wherein the cgntrol system conpri ses
a plurality of sub- control l ers?* 10 17. Appar at us as
claimed in any one of clainms 11 to 16 wherein there is
a plurality of sensors that able to operate
independently of each other. 18. Apparatus as cIained
in a Q 11 to 17, wherein there
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Apparatus as clained in any one of clains 11 to 17,
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§@nsor to sense the at Ieast one air characteristic,
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the group consisting of: air flowrate, air pressure,
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25 21 A method for maintaining at least one air characteristic in an air ventilated
facility using at least one fan filter unit, the method comprising:
(a) using at least one sensor to sense the at least one air
characteristic, the at least one sensor being exposed to the air ventilated facility;
. (b) the at least one sensor being operatively connected to a control
30 system that is operatively connected to the at least one fan filter unit;
{c) obtaining output readings of an air characteristic from the at least
one sensor at the control system;
(d) determining if the output reading is within a range; and
(e} in response to a negative determination, providing a command to
35 the at least one fan filter unit to adjust the at least one fan filter unit operating
speed.




sensor is located in at |east one |ocation sel ected
fromthe group consisting of: ji.n a ceiling panel of

the air ventilated facility, in the at |east one fan
filter unit, wunderneath the at |east one fromfilter
unit, on top of the at |east one fan filter unit,
attached to an exterior casing of the at |east one fan
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conprises a plural % control l'ers
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heastyseipe fan filter unit operating speed if the
output is above the range. 10 33. A nethod as cl ai ned
in any one of clains 21 to 31, wherein the adjustnent
28. A method as claimed in any one of claims 21 to 26, wherein there is a

plurality of fan filter units arranged in a plurality of groups.

30 29, A method as claimed in any one of claims 21 to 28, wherein there is a
plurality of sensors that operate independently of each other.

30. A method as claimed in claim 28, wherein there are a plurality of sensors,
each sensor being operatively associated with at least one of: a single fan filter
35  unit, and one group of the plurality of groups.




in (e) is to decrease the at |least one fan filter unit
operating speed if the output %s bel ow t he range, and
to increase the at least one fan filter unit operating
speed if the output is above the range. 15 34. A
method as clained in claim32 or claim33, wherein the
adj ustnment is by a preset factor. 35. A nmethod as
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repeating the nethod. 30 38. A nethod as clained in
any one of claims 21 to 37, wherein after the
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met hal(e} 850 decrease the at least one fan filter unit operating speed if the output is
below the range, and to increase the at least one fan filter unit operating speed if
the output is above the range.

15 34. A method as claimed in claim 32 or claim 33, wherein the adjustment is by
a preset factor.

35. A method as claimed in any one of claims 32 to 34, wherein a direction of
the adjustment is determined by the air characteristic.

20 )
-36. A method as claimed in any one of claims 21 to 35 further comprising
determining if the sensing is to be for all of the at least one fan filter units in the air
ventilated facility, or is a local sensing for those of the at least one fan filter units
servicing a local area or location.

25
37. A method as claimed in any one of claims 21 to 36, wherein in response to
a positive determination, there is included waiting a predetermined time before
‘repeating the method.

3 38 A method as claimed in any cne of claims 21 to 37, wherein after the
adjustment a preset period passes hefore repeating the method. '
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