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4 CROSS-REFERENCE TO RELATED APPLICATIONS:
5 - This application claims the benefit of U.S. provisional application no.
6 61/038,851, filed March 24, 2008. The entire disclosure of the aforesaid application

7  no. 61/038,851 is hereby incorporated by reference.

9 TECHNICAL FIELD:
10 The present invention generally relates to fan drive systems for use with air-

11 cooled heat exchangers (ACHE).

13 BACKGROUND ART:"

14 Air Cooled Heat Exchangers (ACHE)-are well known in the art and are used for
15  cooling in a variety of industries including pdwer plants, petroleum refineries,

16  petrochemical and chemical plants, natural gas processing plants, and other industrial
17 facilities that implement energy intensive processes. ACHE exchangers are used

18 typically where there is lack of water, or when water usage permits cannot be

19  obtained, or where there is not sufficient réal estate to build a tower. ACHEs lack the
20 cooling effectiveness of “Wet Towers”. |

21 Typically, an ACHE uses a finned-tube bundle with rectangular box headers on
22 both ends of the tubes. Cooling air is provided by one or more large fans. Usually,
23 the air blows upwards through a horizontal tube bundle. The fans can be either forced
24  orinduced draft, depending on whether the air is pushed or pulled through the tube

1



21Typi cally, an ACHE uses a finned-tube bundle with rectangul ar box headers
on both ends of the tubes. Cooling air is provided by one or nore |arge
fans. Usually, 23the air bl ows upwards through a horizontal tube bundle.
The fans can be either forced 24or induced draft, depending on whether the
air is pushed or pulled through the tube Ibundle. The space between the
fan(s) and the tube bundle is enclosed by a pl enum chanber which directs
the air (flow field) over the tube bundl e assenbly thereby 3providing
cooling. The whole assenbly is usually nmounted on |l egs or a pipe rack. The
4 fans are usually driven by electric induction notors through sone type of
speed 5reducer. The speed reducers are typically V-belts, HID drives, or

right-angl &, ggal fhe sBaddifericn tlﬁgfiaH(?)rﬁ%Stﬁmbé! bir®ileSiy BROSSe8 By ByleAumt eel
mechani cal drive support system hey usually include a vibration swtch

on each f annh@bauirihedireea tHe)airghus fichd\wierahd @be Burittel Berhiplg thempme i mbal anced
for sonme reason. Airflowis very inportant in ACHE 9cooling to ensure that

t he air hasrovngcoofrer The woolefassdnibly iansuallg mocmtéd o legsrend pipemckl0beol i ng.
Tur bul ence and "choked-flow conditions can inpair cooling efficiency.
11Ther efér dansnaas ssually frivenby sleettieinkesfiop aotonetheugh somepy Piige¢teat from t he
tube and 12bundl e system ACHE cooling differs from"“wet" cooling (i.e. wet
cool i ng 1 ovieduspr- 1ersporstrgdycrst ity -85)st A HR ks s1R @9len8le 98 Scool t he
t ube bundIeEand hus, d Inot 14he efiH fromthe |atent qfat gf vapori zation
or "evapbra heyan BEPPIRGY 1B PP O 04 SRRmECh PP SURPLSEHE use any one of
a varl ety 0lfhe];/ ﬂguaﬂ)'; in¥fide a vibration switch on each fan to automatically shut down a fan
8  which has become imbalanced for some reason. Airflow is very important in ACHE
9  cooling to ensure that the air has the proper “flow field” and velocity to maximize

10 cooling. Turbulence and “choked-flow conditions can impair cooling efficiency.

11  Therefore, mass airflow is the key parameter to removing heat from the tube and

12 bundle system. ACHE cooling differs from “wet” cooling (i.e. wet cooling towers)

13 towers in that ACHE systems do use water to cool the tube bundle and thus, do not

14  benefit from the latent heat of vaporization or “evaporative cooling”.

15 Prior art ACHE fan drive systems use any one of a variety of fan drive

16 components. rExamples of such components include electric motors, steam turbines,

17  gas or gasoline engines, or hydraulic motors. The most common drive device is the

18 electric motor. Steam and gas drive systems have been used when electric power is

19 not available. Hydraulic motors have also been used with limited success.

20  Specifically, although hydraulic motors provide variable speed control, they have

21  relatively low efficiencies.

22 Fan-tip speed should not exceed 12,000 feet per minute for mechanical

23 reasons, and may be reduced to obtain lower noise levels. Motor and fan speed are
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16 conponents. Exanples of such conponents include electric notors, steam
turbi nes, 17gas or gasoline engines, or hydraulic notors. The nbst comon
drive device is the 18 electric notor. Steam and gas drive systens have
been used when electric power is 19not avail able. Hydraulic notors have

al so been used with |imted success 70Specifically, although hydraulic
notors provide vari able speed control, they have 2lrelatively | ow
efficiencies. 27Fan-tip speed should not exceed 12,000 feet per mnute for
mechani cal 23reasons, and nay be reduced to obtain | ower noise |evels.

Mot or and fan speed are 1sonetinmes controlled with variable frequency
drives. The nost commonly used speed reducer is the high-torque, positive

type belf dohtBmedinEbIddSRS vBRIMREKRIuENdyialesTEBB mdsidobihonlj@iséd $peBg bel t
cogs. They are used with notors up to 50 or 60 horsepower, and 4with fans

up to aboutredief ie@ie High-BrqasBiceitive BadbkeiddriVe helidhaisas eradkets thaofnreen used in
small 5 to nedium sized fans, and gear drives are used with very |arge

not or s ahd Jitrih&tirdingbelt exgs. THegaresysee dith mowet upy SA i fihhasgppegeandconbi nat i on
of sprocket or sheave 7sizes with timng belts or V-belts, and by selecting
a proper4 r edindensow tp abouy 1ifachingiagreter. Brpdedanielts astiheas, used {isMakingl e gear
boxes are used as part of the fan drive systemin 9order to translate and

magni fy 1 ortﬁﬂEdPFb?ﬁeéﬁa’& Frkqeapiives precispd \XFMW Ia_FQS\N_%‘V‘EF ang@Nt 10dri ves, _
Pl 515 EThEAAGh: PR BT O BB T gl e
7  sizes with timing belts or V-belts, and by selecting a proper reduction ratio with gears.
8 In many instances, right-angle gear boxes are used as part of the fan drive system in
9 order to translate and magnify torque from an offset electrical motor. However, belt
10  drives, pulleys and right-angle gear boxes have poor reliability.
11 The aforesaid complex, prior art mechanical drive systems require stringent
12 maintenance practices to achieve acceptable levels of reliability. In particular, one
13 significant problem with ACHE fan systems is the poor reliability of the belt due to belt
14  tension. A common practice is to upgrade to “timing belts” and add a tension system.
15  One technical paper, entitled “Application of Reliability Tools to Improve V-Belt Life on
16  Fin Fan Cooler Units”, by Rahadian Bayu of PT. Chevron Pacific Indonesia, Riau,
17 Indonesia, presented at the 2007 International Applied Reliability Symposium,
18 addresses the reliability and efﬁciency of V-belts used in many prior art fan drive
19 systems. |
20 The reliability deficiencies of the belt and pulley systems and the gear reducer
21 systems used in the ACHE fan drive systems often result in outages that are

22 detrimental to mission critical industries such as petroleum refining, petro-chemical,

23 power generation and other process intensive industries dependant on cooling.



17mai nt enance practices to achieve acceptable levels of reliability. In
particul ar, one 13significant problemw th ACHE fan systens is the poor
reliability of the belt due to belt 14 tension. A commbn practice is to
upgrade to "timng belts"” and add a tension system 150ne technical paper,
entitled "Application of Reliability Tools to Inprove V-Belt Life on 16Fin
Fan Cooler Units", by Rahadi an Bayu of PT. Chevron Pacific |Indonesia, R au,
171 ndonesi a, presented at the 2007 International Applied Reliability
Synposi um 18addresses the reliability and efficiency of V-belts used in
many prior art fan drive 19systens. 20The reliability deficiencies of the
belt and pulley systems and the gear reducer 21systens used in the ACHE fan
drive syst gqBh&hb@Nihe @fudrisydtemOUsAGE He INORIE fa erivelsysl@hs raedihplex t 0 mi ssi on

critical industries such as petroleumrefining, petro-chemncal, 23power
gener at i20n wéth chubipkereaigs casdiaiy il @nd lubkcatindLsg$temne Sotelpe malantystems cool i ng.
| Furthernore, the notor systems used in the ACHE fan drive systems are
conpl ex 3w tfidy comital i epelrtian.i amg secirmenating parip thsit muslrg rerigner @hteBWaAs syst ens,
conpl ex val ve systens 3for control and operation, and reciprocating parts
that nudt Bevapl Mereipleradgelingries Paes PipaissPetahicrt erlfes UMt neri es,
power plants, petrochermical f_ciILfles,.ch. ) % 5pl ants and ot her
i ndust rial PRI E'I”fjlof"@é'”g%ﬁtrl'"’]' ?F’ﬂbespﬂn "9 AP arﬁ&@? a&rﬁﬁ' ?X?ge"? §{ens have
6reported that ar reli. Qili ) L i -angle drive
108 ROR odoP LAy b e Ay bl Bhy foR¥RlE BRANML L A - and
systens%ha§m¥hgga |W§f§”%¥f%gtéﬁ 6¥0 GCLT 6N orﬁpu .gﬁﬁe eelngustrles have
al so f Ol‘!’nd nE&é?ritleI? &frdiddroduction output. These industries have also found that service
8§ and maintenance of the belt drive and gearbox system are major expenditures in the
9 life cycle cost, and that the prior art mofors have experienced failure due to the mis-

10  use of high pressure water spray.

11 The duty cycle required of an ACHE fan drive system is extreme due to intense

12 humidity, dirt and icing conditions, wind shear forces, corrosive water treatment

13 chemicals, and demanding mechanical drive requirements.

14 In an attempt to increase the efficiency of ACHE cooling systems, some end-

15  users spray water directly on the ACHE system to provide additional cooling on

16  process limiting, hot days. Furthermore, since fan blades can become “fouled” or dirty

17 inregular service and lose performance, many end-users water-wash their ACHE

18  system to maintain their cooling performance. However, directly exposing the ACHE

19 system to high pressure water spray can lead to premafure maintenance and/or failure

20  of system components, especially since prior art drive systems are typically open

21  thereby allowing penetration by water and other fluids.

22 Refining of petroleum cannot take place without cooling. Refineries process

23 hydrocarbons at high temperatures and pressures. The loss of cooling within a



8and nmai ntenance of the belt drive and gearbox system are ngjor
expenditures in the 9life cycle cost, and that the prior art nptors have
experienced failure due to the ms- 10use of high pressure water spray.
11The duty cycle required of an ACHE fan drive systemis extreme due to
intense 17humdity, dirt and icing conditions, wind shear forces, corrosive
wat er treatnment 13chem cals, and demandi ng nechani cal drive requirenents.
14l n an attenpt to increase the efficiency of ACHE cooling systens, sone
end- | Susers spray water directly on the ACHE systemto provide additional
cooling on 16process limting, hot days. Furthernore, since fan bl ades can
becone "fouled" or dirty 17in regular service and | ose perfornmance, many

end- user g Wafifry WaSkhdith ehdtahChike éa%gyr_%wmetraing%mt@h@rewﬂhg ar€ool i ng
performance. However, directly exposing the ACHE 19systemto high pressure

wat er spr ayim@iatehdt dovnif prSBEdSNG uid. NCNASBtemRthans bdcamk ungsid®of system
conponents, especially since prior art drive systens are typically open
71t her eby adriticaMasegtsp €om péirdduinomefitieyry patiedtioands dentrend fér higheesd products
Refining of petroleum cannot take place w thout cooling. Refineries process
23hydr ochr bnnk asutingtive radrpdation lived Sasiingn gne sfitipe sapatitehas s8¢ nlbthec ool i ng
within a 1lrefinery can | ead to unstabl e and dangerous operating conditions
requiriny aRlNeiABERVEIRCOPRIACUBMY 1 RIPGERSINH §X (AT P¥roseB PPAY syst ems have
become "m ssion 3critical assets” fg{mgetrole%n%ref%n§n¥ production. As

m into th ue uels,

demand fOr 'HW@[H?@ﬁ&Y-BFOSHQ}&?g recombine into thé higherva fmproving

7  vyield. Many of these processes depend on cooling to optimize the yield and quality of
~ 8 the product. Refining processes also incorporate many advanced processes that
9 need reliable cooling systems to protect profitability. Cooling reliability has become
10  mission critical to refinery profit and is affected by many factors such as environmental
11 limitations on cooling water usage, inelastic supply chain pressures and variable
12 refining margins. Many refineries have been adding processes that reform low grade
13 petroleum products into higher grade and more profitable products such as aviation
14  and automotive gasoline. These processes are highly dependent upon cool?ng
15 systems to control the process temperatures and pressures that affect the product
16  quality, process yield and safety of the process. In addition, these processes have
17 tapped a great deal of the cooling capacity reserve leaving some refineries "cooling
18  limited" on hot days and even bottlenecked. Most U.S. refineries operate well above
19  90% capacity and thus, uninterrupted refinery operation is critical to refinery profit and
20  paying for the process upgrades implemented over the last decade. The effect of the
21 interruption in the operation of cooling units with respect to the impact of petroleum

22 product prices is described in the report entitled "Refinery Outages: Description and



4such as autonotive and aviation fuel has risen and refining capacity has
shrunk, the 5refineries have incorporated many new processes that extract
hydrogen from the 6l ower val ue by-products and reconbined theminto the

hi gher value fuels, inproving 7yield. Many of these processes depend. on
cooling to optimze the yield and quality of 8 the product. Refining
processes al so i ncorporate nmany advanced processes that 9need reliable
cooling systens to protect profitability. Cooling reliability has becone
10m ssion critical to refinery profit and is affected by nmany factors such
as environnmental 1llimtations on cooling water usage, inelastic supply
chain pressures and variable Prefining margins. Many refineries have been

addi ng pf 0G&RSfS %Pé&oh@fe%ngmrh@v&o%ﬁ%esl-?mﬁcﬁ_Qb@;ym.s).rnégg»%éqtbmo hi gher
grade and nore profitable products such as aviation 14 and autonotive

gasol i nez Thesf. processes are highly dependent upon cooling 15systens to
control the process tenperatures and pressures that affect the product
16qual i ty, procEss, te eifidesuycng afodtigtioofaté hiea pocese sshealily dedeidentoupont hese
processes have 17tapped a great deal of the cooling capacity reserve
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bottl enecked. Most U. S. refineries operate well above 1990% capacity and
t hus, uni nt'®? $Y§Med refinery operation is critical to refinery profit and
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8  drive systems must be improved and managed as a key asset to refinery production

9 and profit. An efficient and reliable fan drive system is required to maintain a relatively

10 high cooling efficiency and prevent interruptions in production.

11

12 DISCLOSURE OF THE INVENTION:

13 Accordingly, it is an object of the present invention to provide a fan drive

14  system that substantially eliminates the aforementioned problems and disadvantages

15 associated with prior art fan drive systems. The present invention is directed to, in

16 one aspect, a fan drive system for an air-cooled heat exchanger system, comprising a

17 high-torque, low speed permanent magnet motor having a rotatable shaft, a fan

18  comprising a hub that is directly connected to the rotatable shaft and a plurality of fan

19  blades that are attached to the hub, and a variable frequency drive device in electrical

20  signal communication with the permanent magnet motor to control the rotational

21 speed of the permanent magnet motor. -

22 In a related aspect, the present invention is directed to an air-cooled heat

23 exchanger system having a forced draft configuration, comprising a structure



| Potential |npact On Petrol eum Product Prices", March 2007, U.S. Departnent
of Energy. 3Thus, the efficiency and production rate of a process is
heavi |l y dependent upon 4 the efficiency of the ACHE cooling fan drive
systemand its ability to renove heat from 5the system Therefore, in order
to prevent supply interruption of the inelastic supply chain of 7 refined
petrol eum products, the reliability and subsequent performance of ACHE fan
8 drive systens nust be inproved and managed as a key asset to refinery
production 9and profit. An efficient and reliable fan drive systemis
required to maintain a relatively 10high cooling efficiency and prevent
interruptions in production. 11 P DI SCLOSURE OF THE | NVENTI ON:

13Accor di n@u¥poriidg d tibebunalR] £fh rethtabl hcdhes &the kMYERE bANpdsRiopsOVi de a fan
drive 14 systemthat substantially elimnates the aforenentioned probl ens

and di sadvantagestutdbswies b algadoradid, lowspead patianéramagdnétneotessipeinted The
present invention is directed to, in 16one aspect, a fan drive systemfor
an air - coolydhehgatiueariddngey a syateshadidhgind @innerted o T fgh-andrque, | ow speed
per manent magnet notor having a rotatable shaft, a fan 18conprising a hub
that is 4i recatlsfresyareciivrideviseimelestitehsiont eonamgti¢atignyitathsipgiaaneely of fan
19bl ades that are attached to the hub, and a vari abl e freﬂgency drive

device ih EPIBET 0 SENY] R HttOBAHTARE LA TR WA PAY S BPEnent magnet

motor t 06 contr Olln ath eF gép%%tl, %Q%lresent invention is directed to an air-cooled heat

7  exchanger system having an induced draft configuration, comprising a structure

8 supporting a tube bundle, a fan rotatably mounted to the structure and positioned

9 above the tube bundle, a high-torque, low speed permanent magnet motor supported
10 by the structure and having a rotatable shaft that is connected to the fan, and a
11 variable frequency drive device in electrical signal communication with the permanent
12 magnet motor to control the rotational speed of the permanent magnet motor. in one
13 embodiment, the high-torque, permanent magnet motor is positioned above the tube
14 bundle. In another embodiment, the high-torque, permanent magnet motor is
15 positioned below the tube bundle.
16 Other objects of the present invention, -as well as particular features, elements
17  and advantages thereof will be apparent from the following description and the

18  accompanying drawing figures.

20 BRIEF DESCRIPTION OF THE DRAWINGS:

21 Understanding of the present invention and the various aspects thereof will be
22 facilitated by reference to the accompanying drawihg figurés submitted for the

23 purposes of illustration only and not intended to define the scope of the invention. In

24 which:



21 speed of the permanent magnet notor. 22In a rel ated aspect, the present
invention is directed to an air-cool ed heat 23exchanger system having a
forced draft configuration, conprising a structure supporting a tube
bundl e, a fan rotatably nmounted to the structure and positioned under the
tube bundle, a high-torque, |ow speed pernmanent magnet notor supported 3by
the structure and having a rotatable shaft that is connected to the fan,
and a 4variable frequency drive device in electrical signal communication
wi th the permanent 5magnet notor to control the rotational speed of the
per mmnent magnet notor. 6ln a further aspect, the present invention is
directed to an air-cool ed heat 7exchanger system having an induced draft

confi gurati on, @EMkiaYabE gk, Betibyen &8sHPRRIIGH, Btarandusbedhatreit e, a fan
rotatably nmounted to the structure and positioned 9 above the tube bundle,
a hi gh- t20r guéled heaespesgtr PECHEB@stEm ey nedts aypiboart Ruppor sye@m10by t he
structure and having a rotatable shaft that is connected to the fan, and a
| lvari atdl e fredueénig adasie@iadem, eertiplly intreet-gacter. ok gregH deaingi¢foldt i on with
t he permanent 12magnet notor to control the rotational speed of the

per manerft WHQﬁéﬂVWﬁ@dﬁCHﬁhﬂ6ﬁﬁ7@Q%ﬁﬁ%ﬂPW%ﬁﬁfalﬂBeﬁﬁﬁﬂntorque per manent
magnet not or gsitioned above the tub anot her enbodi nent,

'lt)hedlhl gh-t or ﬁueF'gﬁe?f ’f‘fﬁh"eﬁ? SWﬁdi‘?&'F © Prdﬂf a gefBB(B&WEi %ﬂgrdlvebsé(f%w the tube
6k t |

feature elerre ges t ereo e ap arent fromthe
fol I ow n7g descr#lggé Ry &ﬂgl,rtc;beplan view of a prior art, dnven—sprocket fan drive system;

8 FIG. 7 is a partial, side view, in elevation and partially in cross-section, of a

9 forced-draft, ACHE that uses a fan drive system of the present invention,
10 FIG. 8 is a schematic diagram of the fan drive system of the present invention,
11 FIG. 9 is a schematic diagram showing the fan drive system of the present
12 invention in conjunction with a plurality of performance monitoring sensors;
13 FIG. 10 is a plot of motor speed versus horsepower for a high torque, low
14 speéd permanent magnet motor used in the fan drive system of the present in\)ention;
15 FIG. 11 is a graph illustrating a comparison in performance between the fan
16  drive system of the present invention and a prior art gearbox-type fan drive system
17 that uses a variable speed induction motor,

18 FIG. 12 is a plot of motor speed vefsus motor torque for the high torque, low
19  speed permanent magnet motor used in the fan drive system of the present invention;
20 FIG. 13 is a side view, in elevation and partially in cross-section, of an induced

21  draft, ACHE that uses the fan drive system of the present invention; and



18acconpanyi ng drawi ng figures. 19 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
Under st andi ng of the present invention and the various aspects thereof wll
be 21facilitated by reference to the acconpanying drawing figures submtted
for the 13purposes of illustration only and not intended to define the
scope of the invention. In 14which: 1FIG 1 is a basic diagram partially
in cross-section, of an induced draft, air- 2 cool ed heat exchanger (ACHE)
systemthat uses a prior art fan drive system 3FIG 2 is a basic diagram
partially in cross-section, of a forced draft, air-cooled 4 heat exchanger
(ACHE) systemthat uses a prior art fan drive system 5FIGS. 3 and 4 are
side views of a prior art, gear-box type fan drive system 6FIG 5 is a

partial,;top plag, YieW He FeRiid QEvadbt anddhitatdiickRB séabn, @F hvedspat em 7FI G
6 is a partial, top plan view of a prior art, driven-sprocket fan drive

system BFldaft, AOHE tBatRREd thakan &ivelsysinew,the preednemedrition) taefdn praviet i al |y in
cross-section, of a 9 forced-draft, ACHE that uses a fan drive system of
t he pr esentsystemeringomuntedleb&ie t8e tube Ausiishenat i ¢ di agram of the fan drive
system of the present invention; 11FIG 9 is a schematic di agram show ng
the fan Hrive systemof the present 12invention in conjunction with a

plurality ofr PEHEBETRIEEARRINCOUTFHEGITATHON:

6 Referring to FIG. 1, there is shown a basic diagram of an air-cooled heat
7  exchanger (ACHE) system 10 that uses a prior art fan drive system. ACHE system 10
8 s configured as an induced draft system. ACHE system 10 generally comprises a
9  support structure that comprises a plurality of support columns 11. Tube bundle 12 is
10 supported by the ACHE support structure. Plenum 13 is located above tube bundle
11 12. Fanring 14 is attached to plenum 13. Fan 15 rotates within fan ring 14. Fan 15
12 has hub 15A. Vertically oriented fan shaft 16 extends through plenum 13 and tube
13 bundle 12 and is connected to prior art fan drive system 17. Fan drive system 17 is
14  typically supported by a support 18 that is connected to support columns 11 and or
15 other portions of the ACHE support structure. Referring to FIG. 2, there is shown a
16  basic diagram of another air-cooled heat exchanger (ACHE) system 20 that uses a
17  prior art fan drive system. ACHE system 20 is configured as a forced draft system.
18  ACHE system 20 generally comprises a support structure that comprises a plurality of
19 support columns 21. Tube bundle 22 is supported by the ACHE support structure.
20 fPIenum 23 is located below tube bundle 22. Fan ring 24 is attached to and positioned
21 under plenum 23. Fan 25 rotates within fan ring 24. Fan 25 has hub 25A. Vertically
22 oriented fan shaft 26 is connected to prior art fan drive system 27. Fan drive system
23 27 is typically supported by support 28 that is connected to support columns 21 and/or
24 to other portions of the ACHE support structure. Prior art fan drive systems 17 and 27

9



13FIG 10 is a plot of notor speed versus horsepower for a high torque,
14 speed pernanent magnet notor

i nvention;

invention and a prior art

| ow

( used in the fan drive system of the present
15FIG 11 is a graph illustrating a conparison in performance
between the fan 16 drive system of the present

gearbox-type fan drive system 17that uses a variable speed induction notor;
18FIG 12 is a plot of notor speed versus notor torque for the high torque,

| ow 19speed pernmanent nagnet notor used in the fan drive system of the

present invention; -)j)FIG 13 is a side view, in elevation and partially

in cross-section, of an induced 21draft, ACHE that uses the fan drive

system of the present invention; and 1FIG 14 is a side view, in elevation

and parti aldh ih GESSPaRPE dsBeinal. AR ob BIYEEAAHE 8hf oncACHE plibidin mpes the fan

drive systemo
above the tyihes

the present inven

ion, thefan drive 3 system bei ng nounted
&scudsed ilPIRS Tord§dily drldis SMRRMBHNG, PSTanbtshbiNyNTI ON:

6Referring to FIG 1, there is shown a basic diagramof an air-cool ed heat

7exchanger doMetda)y o8 Welegrosddplidnatt farsise ayspanisoIFI@8.t3 dr@rt sthowvte syst em ACHE
system 10 8is configured as an induced draft system ACHE system 10
gener al |4 conprangesr-Eoxmedpodivesystent Ginie fanttkive syskepr. wWbish issgepéralal ity of
‘support columms 11. Tube bundle 12 is 10 supported by the ACHE support

structure.

6

7

10

11

13
14
15
16
17
18

19

rplesadin by 3eferenteuapled 2& 56 7aries HueipA dater 29 and right-angle
gear box 30. The shaft of motor 29 is coupled to right-angle gear box 30 by coupling

31. Shaft 32 extends from gear box 30. A coupling 33 is connected to shaft 32.
Induction motor 29 and gear box 30 are mounted to support plate 34. Support plate
34 is mounted to machinery mount 35. Support plate 34 and machinery mount
structure 35 are part of the structuré of the ACHE system. Fan mount 36 is attached
to coupling 33. The fan (not shown) is connected to fan mount 36. Fan mount
support members 37 provide support to fan mount 36.

FIG. 5 shows a prior art fan-drive system that uses a belt-drive configuration to
drive the fan in an ACHE system. This fan-drive system comprises induction motor 38
(shown in phantom), sprocket 39 and belt 40. Sprocket 39 is connected to a fan
mount 42. Rotation of the shaft of induction motor 38 causes rotation of sprocket 39
which, in turn, causes rotation of the fan {not shown). Induction motor 38 is mounted
to a support plate 43 which is adjustably attached to support member 44. Belt-tension
adjustment device 45 can adjust the position of support plate 43 with respect to
support member 44 in order to adjust the tension on belt 40.

FIG. 6 shows a prior art fan-drive system that uses a drive sprocket to drive the
fan in an ACHE system. This fan-drive system comprises induction motor 46 (shown

in phantom), driver sprocket 47 and driven sprocket 48. Driver sprocket 47 is

10



1112. Fan ring 14 is attached to plenum 13. Fan 15 rotates within fan ring
14. Fan 15 |'has hub 15A. Vertically oriented fan shaft 16 extends through
~pl enum 13 and tube 13bundle 12 and is connected to prior art fan drive
system 17. Fan drive system 17 is l4typically supported by a support 18
that is connected to support colums 11 and or 15other portions of the ACHE
support structure. Referring to FIG 2, there is shown a 16basic di agram of
anot her air-cool ed heat exchanger (ACHE) system 20 that uses a 17prior, art
fan drive system ACHE system 20 is configured as a forced draft system
18ACHE system 20 generally conprises a support structure that conprises a
plurality of 19support colums 21. Tube bundle 22 is supported by the ACHE

support st rddahdifed to HARhSNIMA & dustidnasabem e leadsdet bith Btdlsproddt Fan ring 24
is attached to and positioned 2lunder plenum 23. Fan 25 rotates within fan

ring 24.2 Fa. Zhivéraspréuibt 254 convetted ahd yo@ ap walth @dcohmatteshiattie fa6 i s
connected to prior art fan drive system 27. Fan drive system 2327 is

typi cal |y Hogpbowed Rotptisu@pliovdr sR@ckah AT causes ortaiies bediivensmogpodd col umms 21
and/ or 24to other portions of the ACHE sup gort structure. Prior art fan
drive sykst evhichlh tandcapyesgotaligiheivite fam Mpi@sio is moygted to pelghbaepevel y, can be
configured as any one of the prior art fan ldrive systens discussed in the

forggm "y dP%EQ?éé’?‘bnMOtPT @por\’gmeﬁ‘be%d'gé‘dﬂm@v%o%a?r??@t S‘éﬂ?ﬁﬁﬁﬁ‘l’%“%r wi del y
d h -
S R RS DR Rt AT,

motor support member 49A so as to ensure proper engagement of drlver sprocket 47

8 and driven sprocket 48.

9 Referring to FIG. 7, there is shown a partial view of an ACHE system that is
10  configured as a forced draft ACHE and has the same general structural components
11 asthe ACHE shown in FIG. 2, except for the prior art fan drive system which has now
12 been replaced with the fan drive system of the present invention. Since this ACHE
13 system s a forced draft system, fan 25 is below tube bundle 22. The fan drive system
14  of the present invention comprises variable frequency drive (VFD) device 50 and
15 motor 52. In accordance with the invention, motor 52 is a high torque, low speed
16  permanent magnet motor. Permanent magnet motor 52 has a high flux density. The
17 superior results, advantages and benefits resulting from permanent magnet motor 52
18 are discussed in the ensuing description. VFD device 50 and permanent magnet

19  motor 52 are mounted to or supported by the support structure 28 of the ACHE
20 system. VFD device 50 is in electrical signal communication with permanent magnet
21  motor 52 via cables or wires 54. Permanent magnet motor 52 has shaft 56 that rotates

22 when the appropriate electrical signals are applied to permanent magnet motor 52.



Sreferred to by reference nunber 28, conprises induction notor 29 and

ri ght-angl e 6gear box 30. The shaft of notor 29 is coupled to right-angle
gear box 30 by coupling 731. Shaft 32 extends from gear box 30. A coupling
33 is connected to shaft 32. 8Induction notor 29 and gear box 30 are
nounted to support plate 34. Support plate 9 34 is nounted to nachinery
nmount 35. Support plate 34 and machinery nount 10 structure 35 are part of
the structure of the ACHE system Fan nount 36 is attached 11to coupling
33. The fan (not shown) is connected to fan nount 36. Fan nount 1lsupport
menbers 37 provide support to fan nmount 36. 13FIG 5 shows a prior art
fan-drive systemthat uses a belt-drive configuration to 14drive the fan in

an ACHE sysdigifss EtiosndcRia8lfah e 356 BilsCotabh sR&rticaIdusht 5©Baugds or 38 15(shown
in phanton), sprocket 39 and belt 40. Sprocket 39 is connected to a fan

16mount A2.rotR@dnalf kpresofart froskeafvithffar mduast i on notor 38 causes rotation of
sprocket 39 17which, in turn, causes rotation of the fan (not shown).
| nduct i an not orR&&ringtorfibd@.rf, ¥ED 8vice 50 sumppises a pirable fd8uaniey contiokleradj ust abl y
attached to support nenmber 44. Belt-tension 19adj ustment device 45 can
adj ust the §9cwd riveer copreseippibierfagsi G ¥R Jevipe 30 coelpledie PechO8RRYPdrt nenber 44
in order to_ad%ust the tension on belt 40. 21FIG. 6 shows a prior art
fan-drive JyBCORMTERT cogrcigeiyisey @nd i %@Pewnﬁ?ti"?ﬁé’”?ﬂﬁm?@ﬁ? 4 in an ACHE
system Thiis fan-drive, system.c rises ing t LOn_not (shown 13in
phant om®  dPUWRVE ﬁr'%‘lgg%” Vaﬁﬁ@e FIER P @%&é‘?waé‘}’“% S/}grr'a(bzepr ocket 47 is
7  frequency controller 60 converts the AC input power to DC intermediate power.
8  Variable frequency controller 60 then converts the DC power into quasi-sinusoidal AC
9  power that is applied to permanent magnet motor 52. User interface 62 provides a
10 means for an operator to start and stop permanent magnet motor 52 and adjust the
11 operating speed of motor 52. In a preferred embodiment, user interface 62 comprises
12 amicroprocessor, and an alphanumeric display and/or indication lights and meters to
13 provide information about the operaﬁon of motor 52. User interface 62 further includes
14 akeypad and keypad display that allows the user to input desired motor operating
15  speeds. VFD device 50 includes input and output terminals 70 and 72 for connecting
16 pushbuttons, switches and other operator interface devices or controls signals. In a
17 preferred embodiment, VFD device 50 further includes a serial data communication
18 port 80 to allow VFD device 50 to be configured, adjusted, monitored and controlled
19 using a computer. In one embodiment, VFD device 50 includes sensor signal inputs
20 82, 84, 86, 88 and 89 for receiving sensor output signals. The purpose of these
21 sensors is discussed in the ensuing description.

22 Referring to FIGS. 7 and 8, permanent magnet motor 52 is directly coupled to

23 the fan hub 25A. Since permanent magnet motor 52 is controlied only by electrical



| connected to the shaft 46A of induction notor 46 and engaged with driven
sprocket 2 48. Driven sprocket 48 is connected to fan nount 42 which is
connected to the fan 3(not shown). Rotation of driver sprocket 47 causes
rotation of driven sprocket 48 4which, in turn, causes rotation of the fan.
Motor 46 is nmounted to notor support 5 member 49A. Mdtor support member 49A
is novably attached to support structure 6 49B. Mdtor position adjustnent
devi ce 49C can be used to adjust the position of 7 notor support nenber 49A
SO0 as to ensure proper engagenent of driver sprocket 47 8and driven
sprocket 48. 9Referring to FIG 7, there is shown a partial view of an ACHE
systemthat is 10 configured as a forced draft ACHE and has the sane

g?lng: alar tSt ][sgﬁglglp?olvmgg f@gé\ﬁce]?ﬂ]ﬂaﬁeltekb‘?e W gr}ib@’\@ea'r B >Fels(%invg sh@xeept for the |

Ive's en1mh| as no een rep aced with the fan

drive syst %nat‘eé c&rhﬁ‘oneﬁ@%QF&ma MRS Brt g&érB&@twaaﬁ G skAsyeivem i s a forced

draft system fan I's below tube bundl e 22. The fan drive system 14 of

the pr eSﬁntFm;Q.\tﬁmah@nweEeOermhb S BckeR! béklaad feiaeiedmppneits uefo(MFD)hedevi ce 50
and 15notor 52. In accordance with the invention, notor 52 is a high

t or que, 4 owrispeedn dbepgstamrBotn KB, andthere. ardee diveesiroskagnditvenot or 52 has
a high flux density. The 17superior results, advantages and benefits
resul ting %pmnmnewwﬁn@wﬂCwagﬁ@®$ﬁ§ﬁ@mdBBWQBH@ﬁﬁfa?@B@§¥%@“ﬁWmWHé ensui ng

description. VFD device 50 and pernanent magnet 19 notor 52 are nounted to
or suppd?téﬂGH§'ﬂﬁ@mgﬁﬁﬁﬁww1@?FN@FBPé*?E@B? PATCABAR" 2HSAWam  VFD devi ce

50 is i
n7 eltgr((:qaé Ilo(\:/vasl,peggj o%r P%(r)r%m nglg'é[r{e motor E;' is o?s;mplrfeeg e%rgé}%tuses

8  only two bearings 90 and 92 (see FIG. 9). Permanent magnet motor 52 includes stator
9  94. Such a simplified design provides relatively high reliability as well as improved
10  energy efficiency. Permanent magnet motor 52 has relatively low maintenance with a
11 three year lube interval. Permanent magnet motor 52 can be configured with sealed
12 bearings. Permanent magnet motor 52 meets or exceeds the efficiency of Premium
13 Efficiency Induction Motors. Permanent magnet motor 52 substantially reduces the
14  man-hours associated with service and maintenance that would normally be required
15 with a prior art, induction motor fan drive system. In some instances, permanent
16 magnet motor 52 can eliminate up to 1000 man-hours of maintenance and service.
17 Such reliability reduces the amount of cell outages and significantly improves product
18 output.
19 In one embodiment, permanent magnet motor 52 has the following operational

20  and performance characteristics:

21 Speed Range: 0-350 RPM
22 Maximum Power: 75 HP
23 Number of Poles: 12

13



21nmotor 52 via cables or wires 54. Permanent magnet notor 52 has shaft 56
that rotates 22when the appropriate electrical signals are applied to

per manent magnet notor 52. |Shaft 56 is connected to fan hub 25A. Thus,
rotation of vertical shaft 56 causes rotation of fan 25. Fan 25 rotates
within fan ring 23. 3Referring to FIG 8, VFD device 50 conprises a

vari abl e frequency controller 4 60 and a user or operator interface 62. VFD
device 50 controls the speed, direction 5 (i.e. clockw se or
countercl ockwi se), and torque of pernmanent magnet notor 5Z AC 6i nput power
is inputted into variable frequency controller 60 via input 64. Variable 7
frequency controller 60 converts the AC i nput power to DC internedi ate
power. 8Variable fregugoepiceratieohlier 60 then converts the DC power into
guasi - si nusoi dal AC 9 power that is applied to permanent magnet notor 52.
User interface 62 prawvddesest: XX Argas)s for an operator to start” and stop

per manent nmagnet notor 52 and adjust the 1loperating speed of notor 52. In
a prefer¥ed enbodi nPagk Cursek: 198ther f ace 62 conprises 12a m croprocessor, and
an al phanuneric dis%gay and/or_indication lights and neters to 13provide

i nf or mat4 on about t Ratedpyelaae 8fY bf notor 52. User interface 62 further

i ncl udes_14a keypad_and keypad. displ ay at_allows the _user, to input
desi red ot or operaﬁ'ﬁ%‘nﬁgg'%éégg.pR‘VI?DES(%IgQiQQ§('ng‘ TR FUHEL P put aﬁd out put

term nal(s 70 anlqug%gf%rws%goﬁ]ore%?%oigg Vo?‘%m’g’%&f"g%[‘ té@e&@gr%g?éad’]d ot her

operayor’interfa devi'ces or ntrols sign n erred
embodi ment , , MERABYAGHRt RBiof 5. HaGkvdrNEL W@éur@el%?oroh ¥at fakRr&saETUNI cat i on

8  operational and performance characteristics just pertain to one embodiment of

9  permanent magnet motor 52 and that motor 52 may be modified to provide other
10  operational and performance characteristics that are suited to a particular application.
11 Referring to FIG. 11, there is shown a graph that shows “Efficiency %" versus
12 “Motor Speed (RPM)” for the fan drive system of the present invention and a prior art
13 fan drive system using a variable speed, induction motor. Curve 100 pertains to the
14  present invention and curve 102 pertains to the aforementioned prior art fan drive

15 system. As can beseen in the graph, the efficiency of the present invention is
16  relatively higher than the prior art fan drive system for motor speeds between about
17 125 RPM and about 350 RPM. Referring to FIG. 12, there is shown a plot of motor
18 torque versus motor speed. Permanent magnet motor 52 exhibits substantially

19 constant torque from about 70 RPM to about 425 RPM.
20 Referring to FIG. 9, in a preferred embodiment, the fan drive system of the
21  present invention further comprises a plurality of sensors 200, 202, 204, 206 and 208
22 that provide sensor signals to sensor signal inputs 82, 84, 86, 88 and 89, respectively,

23 of VFD device 50. Sensors 200 and 202 are positioned in proximity to bearings 90

14




18port 80 to allow VFD device 50 to be configured, adjusted, nonitored and
controlled 19 using a conputer. In one enbodi nent, VFD device 50 includes
sensor signal inputs 20 82, 84, 86, 88 and 89 for receiving sensor out put
signals. The purpose of these 2lsensors is discussed in the ensuing
description. 27Referring to FIGS. 7 and 8, permanent magnet notor 52 is
directly coupled to 23 the fan hub 25A. Since pernmanent magnet notor 52 is
controlled only by electrical 1signals provided by VFD device 50, there
are no couplings, gear boxes, drive shafts or 2 related conponents as found
in the prior art gearbox-type fan drive system show in 3FIGS. 3-4, and
there are no sprockets, belts and rel ated conponents as found in the 4prior
art fan driana 93yrssmatiahgvihpdrmartenGnadnet antdr Shieroedeatossense \dratioerand pr ocket s,
driven 5 sprockets and rel ated conponents as found in the prior art fan
drive syxst great Bensori 204 GBRicSitioted dnrstaie @8 ofl pgToenssit ragndi ecfon v It MEHOT per manent
magnet notor 52 is a high- 7 torg | ow speed notor. Pernmanent nagnet

not or 523 i heefatstaigs|9f §é@§0@‘e%qﬁg7ﬁ é%a@%%‘“@eéﬁwmﬁrﬁﬁ“ﬁé@??‘ﬁ&@"’ 90 and 92
(see FIG 9). Permanent nagnet notor 52 |ncI§des st at or 994 Such a’

sinplifi%ed Cd%aé‘?dglﬁ’ the B e TSP B ) MEPYRE PEICHalbPi ‘N@PS?\%O as i nproved
10 energy eff Menﬁéél? eere{é‘%”gtgg Aﬁﬁg%%te o Fr%%igh‘lﬁ sLiith 5dn%ﬁkén:llé)w

. |
mai nt enance W & |n erva er manent t° mot or

g?neggeeﬁggf%pgwdqgf&csﬁ)gﬁ ?gtlggig 4888 15895y 8&§rremﬁéglnt€%9&%term€0r 52 rreet S
emum 13Efficiency Induction Mtors.
Per maneni r@aneFpalies 5@3nc$é#@$ﬁeﬂ%dtéﬂ th Yan e RS odeBgng device, such as
8  computer 300, via data port 80. Gomputer 300 includes a display screen device 302
9 that enables a user or operator to visually monitor the data outputted by sensors 200,
10 202, 204, 206 and 208. Computer 300 further includes a user interface, e.g.
11 keyboard, (not shown) that allows an operator to input commands. Computer 300 is
12 configured to implement a reliability algorithm using the data outputted by sensors
13 200, 202; 204, 206 and 208 and in response, output appropriate control signals that
14  are inputted into user interface 62 via data port 80. Such control signals can be used

15  to adjust the speed of motor 52. Thus, the sensors and computer 300 provide a

16 feedback loop that:

17 a) monitors vibrations and heat at the bearings of motor 52;

18 b) monitors heat at the stator of motor 52;

19 C) monitors airflow produced by the fan of the ACHE system;

20 d) provides a trim balance to compensate for fan-unbalance inertia on the
21 , cooling tower structure;

22 e) alerts the operators to a “blade-out” situation and automatically reduces
23 the speed of motor 52; and

15



14 man-hours associated with service and mai ntenance that would nornally be
required 15with a prior art, induction notor fan drive system In sone

i nstances, pernmanent 16 magnet notor 52 can elimnate up to 1000 man-hours
of mai ntenance and service. 17Such reliability reduces the anount of cel
out ages and significantly inproves product 18output. 191 n one enbodi nent,
per manent nagnet notor 52 has the foll ow ng operational 20and performnce
characteristics: Speed Range: 0-350 RPM Maxi num Power 75 HP 93Nunber of

Pol es: 12 Mbtor Service Factor: 1:1 2Rated Current: XX A (rns) 3Peak
Current: 150 A 4Rated Voltage: 277 V 5Drive Inputs: 277 V, 3 phase, 60 Hz,
90A (rms max. continuous) 6FIG 10 shows a plot of speed vs. horsepower for
hi gh torgue, | oW speets dutBepABNENhotRGEE] thalr@itesi@sonkleasever, it is to be
understood that the aforesaid 8operational and perfornmance characteristics
j ust periai n t ogoneaerdodiopemtor afimBalperersaciead iceraguetiatiot mrfalb@adasd t hat
notor 52 may be nodified to provide other

3 and automatically initiates corrective action.
4 h) sensor data is used by system logic and software algorithms to provide
5 “cooling performance management” of the system. (Cooling performance
6 management provides real-time operating, reliability and performance data and
7 analysis of the cooling system to predict and schedule corrective action,
8 maintenance intervals and provide cooling performance feedback to the
9 operator for use in adjusting the process based on cooling performance).
10 Referring to FIG. 13, there is shown an ACHE system that is configured as an

11 induced draft ACHE and has the same general structural components as the ACHE

12 shown in FIG. 1, except for the prior art fan drive system which has now been

13 replaced with the fan drive system of the present invention. In this configuration,

14  variable frequency drive (VFD) deviceb50 and motor 52 are supported by support

15 member 18. Motor 52 is located below tube bundle 12. Fan 15 is positioned above

16  plenum 13 and rotates within fan ring 14 as described in the foregoing description.

17  One end of vertical shaft 16 is coupled to hub 15A and the other end is coupled to
18 /shaff 56 with coupling 150. VFD device 50 is in electrical signal communication with

19  permanent magnet motor 52 via cables or wires 54.

20 Referring to FIG. 14, there is shown another ACHE system thét is configured

21 as aninduced draft ACHE and which uses the fan drive system of the present

22 invention. ACHE system 200 generally comprises a support structure that comprises

23 aplurality of support columns 202. Tube bundle 204 is supported by the ACHE

16



10operati onal and performance characteristics that are suited to a

particul ar application. 11Referring to FIG 11, there is shown a graph that
shows "Efficiency % versus 12"Mtor Speed (RPM" for the fan drive system
of the present invention and a prior art 13fan drive systemusing a

vari abl e speed, induction notor. Curve 100 pertains to the 14present

i nvention and curve 102 pertains to the aforenentioned prior art fan drive
15system As can be seenin the graph, the efficiency of the present
invention is 16relatively higher than the prior art fan drive systemfor
not or speeds between about 17125 RPM and about 350 RPM Referring to FIG
12, there is shown a plot of notor 18torque versus notor speed. Permanent
magnet npt QfupSott KNBILRIL tFersdBbabtadd 3boldtbeBEHENL0A FafWAg P about 70 RPM
to about 425 RPM 20Referring to FIG 9, in a preferred enbodi nent, the fan
drive syst eftacedtitiple@ibpp@santto thaseppdrogrutiuret di ACHEROPr Fsed10aofptasr al i ty of
sensors 200, 202, 204, 206 and 208 22t hat provide sensor signals to sensor
si gnal i hputikhing2y rilR¥2088 6 an 880 ianlddeBdub 2é3 plenuny 8P6/hasZzBafopa/drtidetd ce 50.
Sensors 200 and 202 are positioned in proximty to bearings 90 Iland 92,

r espect i 4 el Whichghoteyedi2raamd M0 59@3?1@9“'#9@05“*3@256%”19?06@? istdyedi iR ePI&A Br at i on and
heat. Sensor 204 is Eositioned on stator 94 of permanent nmpgnet notor 52 to

moni t or Bhe¥P 242 odereHt \gA dasierO8iSN S158TGH F 9 S PR NFIS ' Bned downst ream

of the ajr rovy164 cr e%} egltop 2t.he t;‘Ianorofireg Eg ACHE systemto neasure airflow.
For pur posd€ B3 8ETATI ') n% B &9 e Pan of the ACHE systemis not

shown. A‘/1 | Sensﬂ{us,otHE pe]ﬁtdri% g}é?érﬁof the present invention provides many advantages

8 and benefits, including:

9 a) elimination of many components found in the prior art fan drive systems,
10 such as gear boxes, pulleys, belts, sprockets, drive shafts, couplings,
11 bearings, shaft seals, etc.;
12 b) elimination of oil changes;
13 ¢) significant reduction in service and maintenance;
14 d) ability to vary the speed of the permanent magnet motor over a relative wide
15 range of speeds;
16 e) ability to reverse- direction of the permanent magnet motor without any
17 additional components;
18 f) consumption of significantly lower amounts of energy in comparison to prior
19 art fan drive systems;
20 g) easy retrofit with existing fan thereby eliminating need to construct new
21 ACHE cooling towers or structures;
22 h) significant reduction in the occurrence of cell outages; and
23 i) provides significantly more cooling capacity in comparison to prior art



6applied to sensor signal inputs 82, 84, 86, 88 and 89 are inputted into
user interface 762 of VFD device 50 and are then routed to an external
processing device, such as 8conputer 300, via data port 80. Conputer 300
includes a display screen device 302 9that enables a user or operator to
visually nonitor the data outputted by sensors 200, 10202, 204, 206 and
208. Conputer 300 further includes a user interface, e.g. llkeyboard, (not
shown) that allows an operator to input commands. Conputer 300 is
12configured to inplenment a reliability algorithmusing the data outputted
by sensors 13200, 202, 204, 206 and 208 and in response, output appropriate
control signals that 14are inputted into user interface 62 via data port
80. Such, control si.@nalsheGaiae. used 15to adjust the speed of motor 52.
Thus, the sensors” and conputer 300 provide a 16feedback | oop that:

17a) nonit or s Vi HeadpkRN6natkdic AB@turant $ysRnhaatiictgse d@thamewent b&ntid8b) noni t or s
heat at the stator of notor 52; 19c)nonitors airflow produced by the fan of

t he ACHB syt govidelhe pbidly italesimizettng enolieg taweefot enecgyrgiieiesat @-d- et nigidn- unbal ance
inertia on the 21lcooling tower structure; e) alerts the operators to a
" bl ade- out "whe titisatdld Aane e axirsiaereadliecdn ot dayh e adien thetpsocepednBTs not or  52;
and 1f)locks out a particular notor speed that creates resonance;
5  additional cooling or to avoid fouling of auxiliary systems such as condenser and heat
6  exchangers.
7 Other significant advantages of the fan drive system of the present invention
8  are improved reliability, in comparison to prior art fan drive systems, “more air flow per
9  ampere” improves electrical efficiency in comparison to prior art systems, and has a
10 relativeiy smaller footprfnt duve to the elimination the gear train offset thereby providing
11 more space for airflow per envelope and less structural obstructions and passing flow
12 frequency issues. The present invention provides direct-drive simplicity with a simple,
13 two—bearing, robust design. The fan drive system of the present invention is relatively
14 easier to install, maintain and remove. The simple, low-part count design of the fan
15  drive system of the present invention allows it to be “dropped in” existing ACHE
16 installations and eliminates tension-alignment devices that are required by prior art fan
17  drive systems using shafts, belts and pulleys.
18 The permanent magnet motor 52 is capable of providing constant high-torque
19  with infinitely variable speed control that allows an existing installation envelope to be
20 optimiied for cooling effectiveness and high energy efficiency. The permanent
21 magnet motor 52 provides high, constant torque and electrical efficiency through-out

22 the entire variable speed range. Thus, with the fan drive system of the present

23 invention, it is easier to match the required mass airflow of a particular application with

18



g)alerts the operator to inbal ance such as ice accumul ati on on fan bl ades
3and automatically initiates corrective action. 4h)sensor data is used by
system | ogic and software algorithns to provide 5"cooling performance
managenent” of the system (Cooling performnce 6managenent provi des

real -tinme operating, reliability and performance data and 7anal ysis of the
cooling systemto predict and schedul e corrective action, 8maintenance
intervals and provide cooling performance feedback to the 9operator for use
in adjusting the process based on cooling performance). 10Referring to FIG
13, there is shown an ACHE systemthat is configured as an 11i nduced draft
ACHE and has the sane general structural conponents as the ACHE 12shown in
FIG 1, exaepigH esnstdhetoRiub @hd adrtabieapedlr df yermsyistitenagnbt mdot s Thisws been
13replaced with the fan drive systemof the present invention. In this
conf i guraat iirotontrast tostae tiab kensumeguienative dpproach(pvdD)uslyéakeo & Haicamdtonot or 52 are
supported by support 15nenber 18. Motor 52 is | ocated bel ow tube bundle 12.
Fan 15 i3 posgidtoemeteydbowea plplagimirivg syreimrieeehiews W eaviedieiaug ong 14 as
described in the foregoing description. 170ne end of vertical shaft 16 is
coupl ed 4 o reial thesian white @B EsPesdnd e 8 PR EVESYSYEHATAIBB with coupl i ng

et ot kG St ot e e o S ORGP 1, 10 ey et
oot 0t Y B e i SR LB 708 s BBl ¢ ACTE anc

7 invention. Existing ACHE systems retrofitted with the fan drive system of the present

8 invention realize significant space savings as a result of the elimination of the prior art

9  complex mechanical system. The fan drive system of the present invention is IP 65

10 andfor IP 66 wet environment rated. Furthermore, the fan drive system of the present

11 invention may be integrated with a feedback loop to provide variable cooling load

12 control for cooling performance management.

13 The complex support structure and related “clap trap” of prior art drive systems

14 can result to “passing frequency” and airflow-interruption problems similar to those

15 exhibited in wet cooling towers. However, the direct drive system of the present

16  invention substantially eliminates such problems. .

17 High constant torque of the permanent magnet motor 52, regardless of speed,

18  allows for greater fan pitch and therefore airflow for a given plenum when compared to

19 the incumbent technology and induction motor. Thus, airflow and energy efficiently

20  can be optimized for given demand and outside condition for a given plenum (retrofit)

21  or new application. Thus, the present invention allows for greater design flexibility.



i nvention. ACHE system 200 generally conprises a support structure that
conprises 23a plurality of support colums 202. Tube bundle 204 is
supported by the ACHE |support structure. Plenum 206 is |ocated above tube
bundl e 204. Fan ring 208 is 2 attached to plenum 206 and to the support
structure of ACHE 200. Fan 210 rotates 3wthin fan ring 208. Fan 210

i ncl udes hub 212. Pl enum 206 has an upper portion to 4 which notor 52 and
VFD 50 are mounted. Shaft 56 of notor 52 is directly coupled to 5hub 212 of
fan 210. VFD device 50 is in electrical signal comunication with 6

per mmnent magnet notor 52 via cables or wires 54. 7Thus, the fan drive
system of the present invention provides nmany advantages 8and benefits,

i ncl udi ng: 9a) rldcBaradice Giith @fe ifRAYorG pEFPRAET hiighauidtbrisn ideapai or art fan
drive systens, 10such as gear boxes, pulleys, belts, sprockets, drive
shafts, ZToupdtbngdke dribbedmotegsrivesdysibins sbiah sre ape tg thd 2hjroehéentandt | on of oi |
changes; 13c) significant reduction in service and nmai nt enance; 14d)

abi lity 1o spaeaptiblpéo eoptaatnayen frere water rehipiaisels. rivglired foreipoparbelesr. a rel ati ve

wi de 15range of speeds; 16e) ability to reverse direction of the pernanent
magnet nbt or wi MHBHEN BAJOreICNGAITHETA 'S BSFPI5IPE e pplicability of the present

5 invention to the petroleum industry, it is to be understood that the present invention

6  provides benefits to any industry using ACHE cooling systems. Thus, the present

7  invention has applicability to many industries that consume large amounts of energy

8 and are process intensive, such as the power generation, petro-chemical, pulp and

9 paper, and chemical, glass, mining, steel, and aluminum industries. Other examples
10 of systems, industries and applications to which the present invention may apply
11 include air cooler fans, process coolers /condensers, gas coolers, gas compressor
12 inter/after coolers, steam condensers, seal/lube oil cooler, closed-loop cooling water
13 system coolers, HVAC, geothermal plant condensers, inter-coolers and after-coolers,
14  HVAC and Refrigeration Condensers, Air-Cooled Condensers, Air Cooled Radiators
15 for large stationary power applications such as gensets as well as transportation
16  applications such as rail road locomotives, marine power, mining and large earth
17 moving equipment.
18 it will thus be seen that the objects set forth above, among those elucidated in,
19  or made apparent from, the preceding description, are efficiently attained and, since
20  certain changes may be made in the above construction and/or method without
21 - departing from the scope of the invention, it is intended that all matter contained in the
22 above description or shown in the accompanying drawing figures shall be interpreted

23 asillustrative only and not in a limiting sense. Itis also to be understood that the



18f) consunption of significantly |ower amounts of energy in conparison to
prior 19art fan drive systens; 20 .g) easy retrofit with existing fan
thereby elimnating need to construct new 21ACHE cool i ng towers or
structures; 22h) significant reduction in the occurrence of cell outages;
and 23i) provides significantly nore cooling capacity in conparison to
prior art gearbox-type fan drive. The operational |ogic and current system
architecture of the present invention 3will provide the ability to optim ze
the cooling tower for energy efficiency (e.g. at night 4 when it is cold)
and to maxi m ze cooling on hot days or when the process demands 5additi onal
cooling or to avoid fouling of auxiliary systens such as condenser and heat
6 exchangerBliowltd dgihs Sfegntehdedian tovet MbdTtiagRseaf ankdlkpedif@ediirey/ € tisg/ St em of t he
present invention 8are inproved reliability, in conparison to prior art fan
drive sy3t enwgntidmingrein @escribédandzd sta@amgrés @ the stppeodfd® ileptidrrwitdl aed f i ci ency
in conparison to prior art systens, and has a 1Orelatively smaller

f oot pri nt duetter of lphguage.imiphdeisaid te ek thgeakewepai n of f set t hereby provi di ng
llnore s$ace for airflow per envel ope and | ess structural obstructions and
passi ng Tl ow 12frequency i ssues. The present invention provides
direct-drive sinplicity with a sinple, 13two-bearing, robust design. The
fan drive system of the present invention is relatively



l4easier to install, maintain and renove. The sinple, |ow part count design
of the fan 15drive system of the present invention allows it to be "dropped
in" existing ACHE 16installations and elim nates tension-alignnent devices
that are required by prior art fan 17drive systens using shafts, belts and
pul | eys. 18The pernmanent magnet notor 52 is capable of providi ng constant

hi gh-torque 19with infinitely variable speed control that allows an

exi sting installation envelope to be 20 optim zed for cooling effectiveness
and high energy efficiency. The pernmanent 2lmagnet notor 52 provides high,
constant torque and electrical efficiency through-out 22the entire variable
speed range. Thus, with the fan drive systemof the present 23invention, it
i s easier twHrRiSBLAIMEDIBQUIi red mass airflow of a particular application
with the high, constant torque and vari abl e speed of pernmanent magnet
motor 52. This is in contrast to the tinme consum ng, iterative approach
previously taken to match notor 3torque to a pulley (i.e. of a prior art
fan drive syistlidf) to achieve the required torque to 4rotate the fan while
mai nt ai ni ng speed. The prior art fan drive systens using the 5induction
notor and the pulley or gearbox do not have the constant high torque 6

capacity thyrough out. the variable s e of the fan drive system of
t he present{7|n@éﬂl%ﬁﬁswﬁ§?é??ﬂ@"ﬂ%ﬁ%ﬁ§?£ FRPEST CUBY Wt h t he fan

drive system of the present 8invention realize significant space savings as
aresult of the elimnation of the prior art 9 conplex nechanical system

The fan drive sygiRmQle, ¥mp@5@§@r%nér{%§ﬁét%tdr%a¢ iy Sriaksbidgidfor | P 66 wet
envi ronment rated. Furthernore rive system of the present
a fan comprising a hub that is directly coupled to the rotatable shaft and a

plurality of fan blades that are attached to the hub; and

a variable frequency drive device in electrical signal communication with the
permanent magnet motor to control the rotational speed of the

permanent magnet motor.

2. The fan drive system according to claim 2 wherein the high-torque, permanent
magnet motor comprises no more than two bearings in operative association with the

shaft.

™o
o



1li nvention may be integrated with a feedback | oop to provide variable
cooling load 12 control for cooling performance managenent. 13The conpl ex
support structure and related "clap trap” of prior art drive systens l4can
result to "passing frequency” and airflowinterruption problens simlar to
t hose 15exhibited in wet cooling towers. However, the direct drive system
of the present 16i nvention substantially elimnates such problens. . 17Hi gh
constant torque of the permanent magnet notor 52, regardl ess of speed, 18
allows for greater fan pitch and therefore airflow for a given pl enum when
conpared to 19t he i ncunbent technol ogy and induction notor. Thus, airflow
and energy efficiently 20can be optim zed for given demand and out si de
condi tion for angiyefiBlsgamatéRlirPhbidam 21Pkrite dpRbieGRELORY dfaus, the
present invention allows for greater design flexibility. 1ln accordance

Wi th the | niebd t@pris@er manent magnet notor 52 is a sealed notor unlike
prior art notor drive systens which are open to the environnent and
3susceptible to contami nation fromwater, chem cals, dust and foreign
particles.. 4Al though the foregoing discussionis in ternms of the

appl i cability of varinble freeusant caitrales il bas andnauh éor rreeiviob éGraoveoenstany, it is to
be understood that the present invention 6provides benefits to any industry
usi ng ACHE cool i ng @yRiténrprovidingeiectica signalsdiat contiol bR PPYRIMESPESDI i cability
to many industries tﬂat_co sume Iarge ano nergy 8and are process

t f
i ntensive, such as PH&® POKEFIGeREPa ?BH?Q%QF%$§€H§nicaI, pul p and

a user interface in electronic data signal communication with the variable
frequency controller to allow a user to input data representing a desired

motor speed.

4, The fan drive system according to claim 3 further comprising a plurality of
sensors in electronic data signal communication with the user interface so as to
provide sensor output data signals representing vibration and heat at the bearings of

the motor, heat at the motor stator, and air flow created by rotation of the fan.

5. The fan drive system according to claim 4 further comprising a data signal
processing resource in electronic data signal communication with the user interface to

receive the sensor output data signals.

6. The fan drive system according to claim 5 wherein in response to the sensor
output data signals, the data signal processing resource generates feedback signals

that are inputted into the user interface to allow adjustment of the motor speed.



9paper, and chem cal, glass, mning, steel, and alum numindustries. O her
exanpl es 10of systens, industries and applications to which the present
invention may apply 11linclude air cool er fans, process cool ers /condensers,
gas cool ers, gas conpressor 12inter/after coolers, steam condensers,
seal /I ube oil cooler, closed-lIoop cooling water 13system cool ers, HVAC,
geot hermal pl ant condensers, inter-coolers and after-coolers, 14 HVAC and
Ref ri gerati on Condensers, Air-Cool ed Condensers, Air Cool ed Radi ators 15for
| arge stationary power applications such as gensets as well as '
transportation 16applications such as rail road | oconotives, marine power,
mning and |l arge earth 17noving equi pnment. 18It wll thus be seen that the

obj ects setz forify @ha%R sy&BRREH-NBH Rt 6iuiRiGHink Bata LRAAI Esi@ppar ent
from the preceding description, are efficiently attai'ned and, since 20

certain chapgpfe®Biphes FRIMpLBr 4fie ddpmyaiegieast ructi on and/ or net hod wit hout
21departing fromthe scope of the invention, it is intended that all matter

contained in the above description or shown in the acconpanyi ng draw ng
figures shall be interpreted 23as illustrative only and not in a limting
sense. |t i& alAvait-eodve heaidexclangebysthaithavine a farfed drafviongowkiinns are i nt ended
to cover all of the generic and specific features of the invention herein
descri bed &R0PEYT9 st atenments of the scope of the invention which, as a
3matter of |anguage, m ght be said to fall therebetween 4

a structure supporting a tube bundie;
a fan rotatably mounted to the structure and positioned under the tube bundle;

a high-torque, low speed permanent magnet motor supported by the structure

and having a rotatable shaft that is connected to the fan; and

avariable frequency drive device in electrical signal communication with the
permanent magnet motor to control the rotational speed of the

permanent magnet motor.

9. The air-cooled heat exchanger system according to claim 8 wherein the

variable frequency drive device comprises:

a variable frequency controller that has an input for receiving AC power and an
output for providing electrical signals that control the operational speed

of high-torque, permanent magnet motor, and



WHAT IS CLAIMED 1 S: CLAIMS: 1. A fan drive systemfor an air-cool ed heat
exchanger system conprising: a high-torque, |ow speed pernanent magnet
notor having a rotatable shaft; a fan conprising a hub that is directly
coupled to the rotatable shaft and a plurality of fan blades that are
attached to the hub; and a variable frequency drive device in electrical
signal communication with the permanent nagnet notor to control the
rotational speed of the permanent magnet notor. 2. The fan drive system
according to claim2 wherein the high-torque, pernmanent nagnet notor
conprises no nore than two bearings in operative association with the
shaft. device conprises: a variable frequency controller that has an input
for receiving AC power and an output for providing electrical signals that
control the operational speed of the high-torque, permanent nagnet notor;
and a user i nt ef iqeRtdiaceinetdctrond Gatdlsitdal sbrgnahicaionmimineatiiane wi t h t he

vari abl e frequency controller to allow a user to input data representing a
desired notor speedirequéncyldoetrdliantociiow e usgrs¢ aputacaorsgestcangolclaii m 3 furt her
conprising a plurality of sensors in electronic data signal conmunication
with the user interface so as to provide sensor output data signals
representln vi bration and heat at the bearings of the notor, heat at the

not or st at oi; aH® airGeolef Hepterenenedy Sﬁifem%?%?f)fddﬂﬁl 8 Flaih@ Ufthgy comgrisifghe £ an

drive systenlac m 4 further conm r|S| na

processing ar%‘érB'E egep%r%'f‘é’getc&%?ﬁ AP SR aé'8 }gfh(?é'ts F 'ﬁer?a h the user
interface t %éa.s%:&JO\yge %eb\gor%%%svﬁéprug#%rp e?%ts@ntﬁggﬂf%}tﬁn ﬁno6neag_£'ﬁhéc an drive

syst em accor espon e sensor out put dat a

signals, t fb%amagts%f ﬁnbg@ﬁltoreu@%@mn@ﬂ FRBOUR &S, BeN 8l Bt Adid eadbapl agi gnal s
that are inputted into the user interface to all ow adjustnent of the motor

speed. reSRUIERILVYRIDERES @ teoERut er and a di spl ay device. 8. An air-cool ed
heat exchanger system having a forced draft configuration, conprising: a
structure supporting a tube bundle; a fan rotatably nmounted to the
structure and positioned under the tube bundl e;

11.  The air-cooled heat exchanger systems accordmg to claim 8 wherein the

permanent magnet motor has a rotational speed between 0 RPM and about 350 RPM.

12.  An air-cooled heat exchanger system having an induced draft configuration,.

comprising:
a structure supporting a tube bundle;

a fan rotatably mounted to the structure and positioned above the tube bundle,

the fan having a hub to which are attached a plurality of fan blades;

a high-torque, low speed permanent magnet motor supported by the structure

and having a rotatable shaft that is connected to the fan; and



a high-torque, |ow speed permanent magnet notor supported by the structure
and having a rotatable shaft that is connected to the fan; and a variable
frequency drive device in electrical signal comrunication with the

per manent magnet notor to control the rotational speed of the permanent
magnet notor. 9The air-cool ed heat exchanger systemaccording to claim38
wherein the variable frequency drive device conprises: a variable frequency
controller that has an input for receiving AC power and an output for
providing electrical signals that control the operational speed of

hi gh-torque, permanent magnet notor, and a user interface in electronic
data signal communication with the variable frequency controller to allow a

user to input @L%ab%qf‘ae‘age g'aFl\Vé)(ﬁeréﬁnaelectchgfsn&ﬂ?co%‘%un%@@n%thhﬁéit exchanger
systens according to claim@8 further conprising a plurality of sensors in

el ectronic data si gpaimsmeRImdYnEBhbteto Bbrithdl thB fothtAkl sheddedtirRce so as to
provi de sensor data output signals representing vibration and heat at the
beari ngs of the hi ghpetrtangoenagpermstoent magnet notor, heat at the notor
stator, and air flow created by operation of the fan. 11. The air-cool ed
heat exchanger systens according to claim8 wherein the permanent magnet
notor has a rotational speed between 0 RPM and about 350 RPM  12. An

ai r- cool ed Heat Tes@heantperhea\BcRaNIAEYFIRES Ao HerLiesind f arvbereiB e gur ati on,
conprising: a structure supporting a tube bundle; a fan rotatably nounted
to the struo@ae SHEPOYNE CORSCAPEYE t he tube bundle, the fan having a hub
to which are attached a plurality of fan bl ades; a high-torque, |ow speed
permanent magnet notor supported by the structure and having a rotatable

shaft that is CQO%%FeEfFéqEch& REntfodH thA RS a@tn&?t%r%@eﬁ/m%r/\%b%%(nocgn' ve device

in electrical signal communication wth the permanent magnet notor to

control the rotati oRalpuSBEReNidhg &BEridAEsiGRNEAA cHRENBE ofBrhfinal spdsd The
ai r-cool ed heat exchanger systens according to claim 12 wherein the

vari abl e frequency dfhigletoder| gemansmpmiages moar\aati abl e frequency control | er
that has an input for receiving AC power and an output for providing
electrical signals that control the operational speed of high-torque,

pernanent magnet notor, and
a user interface in electronic data signal communication with the variable

frequency controller to allow a user to input motor speed control data.

14.  The air-cooled heat exchanger systems according to claim 13 further
comprising a plurality of sensors in electronic data signal communication with the user
interface so as to provide sensor data output signals representing vibration and heat
at the bearings of the high-torque, permanent magnet motor, heat at the motor stator,

and air flow created by operation of the fan.

15.  The air-cooled heat exchanger systems according to claim 12 wherein the high-

torque, permanent magnet motor is positioned above the tube bundle.



a user interface in electronic data signal communication with the variable
frequency controller to allow a user to input notor speed control data.

14. The air-cool ed heat exchanger systens according to claim 13 further
conprising a plurality of sensors in electronic data signal conmmuni cation
with the user interface so as to provide sensor data output signals
representing vibration and heat at the bearings of the high-torque,

per manent magnet notor, heat at the notor stator, and air flow created by
operation of the fan. 15. The air-cool ed heat exchanger systens accordi ng
to claim 12 wherein the high- torque, pernmanent magnet notor is positioned
above the tube bundle. torque, permanent magnet notor is positioned bel ow
the tube bupdl erhe didcoolddhedl ExchRbEHsRRBlLCOYGRABIRNM $Y Fh&BR tRAGM-ding to
claim 16 further conprising a vertically oriented, elongated shaft

connect ed twrqashehrinpenagrizembiobis@bsitidied babwanrdubdiungisaf t of the

hi gh-t orque, permanent magnet notor, the vertically oriented, el ongated
shaft extending through the tube bundle. 18. The forced draft, air-cool ed
heat exchanger systens according to claim 12 wherein the pernmanent magnet
nmot or has al% ot &b¢ @hegolesiheetieXseangecsysBmMRRM D alskin 185ghaPM

comprising a vertically oriented, elongated shaft connected to and between the hub of
the fan and the shaft of the high-torque, permanent magnet motor, the vertically

oriented, elongated shaft extending through the tube bundle.
18.  The forced draft, air-cooled heat exchanger systems according to claim 12

wherein the permanent magnet motor has a rotational speed between 0 RPM and

about 350 RPM.
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