TOP DRI VE DRI LLI NG SYSTEM AND OTHER APPLI CATI ONS USI NG A LOW SPEED DI RECT
DRI VE AC MOTOR FI ELD OF THE | NVENTI ON [ 0001] This disclosure rel ates
generally to a | ow speed AC notor, and nore particularly, to a | ow speed,
vari abl e frequency, AC notor for use in direct- drive applications, such as
top drives. BACKGROUND OF THE | NVENTI ON [0002] Industry has used AC notors
as prinme novers for many years. The typical AC notor is designed to

oper at e at BORARIVE DRIDAINGSSSTENV AND OTHRERAPPMECATIONS I SINCE
applications and proca$W SREEDDIREGT DRIVE ACVMBOTORduce t he notor
speed, typically through nechani cal gearing, before the power supplied by
the notor can be used. In the oil field, for exanple, conventional top
drive drilling systens nmay utilize a variable frequency AC notor as the
prime nover. The AC notor is.r ' ng ot her things,

suppl ying the torque neededi?%ﬁﬁﬁﬁgﬁg£¢ﬁgkﬁﬁTyﬁﬁgtring and drill bit

during drilling operations. The rotational speed of the bit and, therefore,
the top c[pDQﬂdgﬂss rdasclasuges rglates vgenesaly clal Rylobe sigadn ALDnerd oMo and
nore typicall n 0 i Vg i ency: AC notors
used in té’%ﬁ‘ wlarfy) Ef”)p%j ilé‘gt snsed H%@%qﬁo%é&%&?géé@ @?ﬁ’gﬁ"ﬁgnﬁt ?i‘r’ﬁe&g the bit
speed or 1RRA applicBiofs, speh askbpidrivess i s conventional for a top drive system
to include speed reduction equi pnent, such as a gearbox, to reduce the
rotational speed of the AC notor to a nore usable rotational speed. Speed

reducti on equi pnent, SU@A%‘RG@G[WWWVEWWOVE’ adds to the cost

of the system increases the service requirenents, increases the nunber of

parts that fail, and increases the weight of t system [00 Thi s
bopl 1 cat 1 JAOED s By 9SS Stoto el Prit TarYere 1ok FRAgRarby o i uoi ng a
| ow speed oyied! APl mokdreBUaRGMeAGo BhGatel B &95’%1@91)00 étor?,%@ gmadgi ti onal

speed reduction equipnent to achieve a rotational spee
more. Many industrial applications and processes utilizing AC motors must

reduce the motor speed, typically through mechanical gearing, before the
power supplied by the motor can be used. In the oil field, for example,
conventional top drive drilling systems may utilize a variable frequency AC
motor as the prime mover. The AC motor is responsible for, among other
things, supplying the torque needed to rotate the drill string and drill bit
during drilling operations. The rotational speed of the bit and, therefore, the
top drive is relatively low, typically between 100 and 300 rpm and more
typically around 150 rpm. Conventional variable frequency AC motors
used in top drive applications have motor speeds usually ten times fhe bit
speed or 1000 to 3000 rpm. Thus, it is conventional for a top drive system
to include speed reduction equipment, such as a gearbox, to reduce the
rotational speed of the AC motor to a more usable rotational speed. Speed
reduction equipment, such as the gearbox mentioned above, adds to the cost
of the system, increases the service requirements, increases the number of
parts that can fail, and increases the weight of the system.

[0003] This application for patent discloses a novel top drive drilling

system using a low speed, variable frequency AC motor that does not
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in the range of 100 to 300 rpmand is, therefore, particularly suited for
direct drive applications. SUMVARY OF THE DI SCLOSURE [ 0004] A top drive
drilling systemusing a | ow speed AC notor is provided, which system
conprises a notor frane, a stator assenbly affixed to the notor franme and
conprising a plurality of stator |am nations conpressed into a stator
core; a rotor assenbly conprising a hollowtubed spider having a plurality
of ribs | geqiied additiohel epdedr ralucfiaic ecquiphmenti entaetieseich totaionahepeddengt h of

the ribs i,s coincident wth the |ength of the tube and a.rotor core

conpri si ng® éﬁ‘blr@ﬁ% Pf}o@l}toc}ﬂ%’f@% %ﬁkﬂe P’&mpﬁﬁ{ciugﬁﬁn]é’ Sa‘FtFﬁxng ‘ﬁrﬁdt he outer

radi al S“rdfri%%B%Fcaggﬁs.Spi der ribs; a hollow notor shaft to which the rotor
eda,

assenbly is co first and second bearing assenblies nounted between

the notor frame and the notor shaft such that the rotor core may rotate
relative to the stator a : i for generating a pul se-
wi dt h- nodul at ed si gnal tmﬁﬁﬂﬁﬁﬁﬁ&%qﬁ& speeds | ess than about
500 rpm thereby avoi di ng_s.peed reduction equi pnment to achjeve a notor
shaft sped@004) A tep rdaivgedlingbeysteml @oingoa dbwuspesd A€ pmOtaRIs EFropRSER| PTI ON

11 SO ROl SRCESGEATY, B S4H0, S055 1

preferred a ot her "aspec osure w |l be best

under st 00ghot¥heffarh€aghd NodPRistHaCta Gluralityh dfhetatus C Carianyonsy compydsegs, in

which: [0006] Figure 1 illustrates a direct drive tOP drive drilling system

accor di ng intpoa tEop cae i TRy @ssareily qoopuiEngra ghpllovotybed spides: haying,

enbodi nmen o] t b 1.n ek ol

. . : f: AN HRM

illustrat EédBI“HQEYgA‘Sfr rem)% [th{ggo?)lgftﬁﬁl gl&%%g‘ ‘ﬁel Sé?r%%éehge{g S\sl%/tgt or l'am nation

for an AClengtiorofathe oitsh ixg cdincidete withe fentengthy efitthortubd @00 réibguoee 4

illustrates a stator assenbly for an AC rmtlor, agcor dlﬂn)g; to
comprising a plurality of compressed rotor laminations affixed to the outer
radial surface of the spider ribs; a hollow motor shaft to which the rotor
assembly is coupled; first and second bearing assemblies mounted between
the motor frame and the motor shaft such that the rotor core may rotate
relative to the stator assembly; and a motor drive for generating a pulse-
width-modulated signal that spins the motor shaft at speeds less than about
500 rpm, thereby avoiding speed reduction equipment to achieve a motor

shaft speed in the range of about 100 to about 300 rpm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The  foregoing  summary, detailed description of  preferred
embodiments, and other aspects of this disclosure will be best understood
when read in conjunction with the accompanying drawings, in which:

[0006] Figure 1 illustrates a direct drive top drive drilling system according
to the present invention.

[0007] Figure 2 illustrates an embodiment of an AC motor that may be used

in the top drive system illustrated in Figure 1.



t he present invention, [0010] Figure 5 illustrates an end view of a stator
assenbly for an AC notor according to the present invention, [0011] Figure
6 illustrates an end view of a rotor assenbly inside of a stator assenbly
in an AC notor according to the present invention. [0012] Figure 7
illustrates a cross-sectional view of an AC notor according to the present
invention. [0013] Figure 8 illustrates a rotor |am nation that nmay be used
in an AC [0008]'Figwe 03 dilugrdies thstator damiationviont aroMC [100d4 JacBorginge td
illustrates a cross section of a rotor assenbly pack for an AC notor

accor di ng thoPEsat HIVE8@R- | nvention. [0015] Figure 10 illustrates a rotor

spi der t hgg(gdg}ﬁggf U S ubiaréy) A QsemBHE F5IaRIALC rhdi6r REESER tdvent i on.

[ 0016] Fi | ustrates an e view of the AC notor illustrated in
Fi gure 2. thOpregdnt Whieheort,he i nventi ons di scl osed herein are susceptible to

vari ous jficatiops.and alternatjve for ly a f speci fi

enbodi nen&ggirpé\fgg“rﬁegnﬂgﬁgaﬁs b§™ V\%Rff ofi®%Ex 8% es(%?n[ﬂytaﬁéerﬁt?vygvﬁ?{gsana are
descri bed 4 fofgictiding BehOPtesdlitnvehfibies and detail ed descriptions of these
specific enbodinents are not intended to limt the breadth or scope of the

i nvent i ve [00Hddpgwe of illestratesparesdé dvievading totpragsgerpblynisside raft Restator he
figures and detail ed itten scription vided to illustrate the

i nvent i ve & é}b{nsan[%&gn%grrascgﬂ%iqg to&ﬁ% 1??5‘%&%‘%?%& n the art as required by
35 U S. C (06473 Filed AY LIRS tRESCRI Brosshediiofdi8ichn ofemersl inetorsaccipiihg cant s
have created a new top drive drilling systemthat uses a | ow speed,

vari abl e fte hgunmesept IMZCHEWor t hat does not 3 require nechani cal speed

O T AR BT G BT 8D b8 bl cuohcoperat
motor according to the present invention.
[0014] Figure 9 illustrates a cross section of a rotor assembly pack for an
AC motor according to the present invention.
[0015] Figure 10 illustrates a rotor spider that may be used in an AC motor
according to the present invention.
[0016] Figure 11 illustrates an end view of the AC motor illustrated in
Figure 2.
[0017] While the inventions disclosed herein are susceptible to various
modifications and alternative forms, only a few specific embodiments have
been shown by way of example in the drawings and are described in detail
below. The figures and detailed descriptions of these specific embodiments
are not intended to limit the breadth or scope of the inventive concepts or
the appended claims in any manner. Rather, the figures and detailed written

descriptions are provided to illustrate the inventive concepts to a person of

ordinary skill in the art as required by 35 U.S.C. § 112.

DETAILED DESCRIPTION

[0018] In general terms, Applicants have created a new top drive drilling
system that uses a low speed, variable frequency AC motor that does not
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may be controlled by a conventional pulse w dth-nodulated (PW) variable
speed drive, such as O lfield-Electric-Marine's commercially available V
3000 Active Energy Managenent Drive. [0019] AC notors used in the present
invention may find application in top drive drilling systens, such as
descri bed herein, and draw works systens wused in the oil and gas
exploration industries, drive systens for large mning vehicles, dredging

equi pment requid HRYadtd e spadp redidtibonsquipraest. hi §he ACr quetoandistloveds peed
power are required. For purposes of this_ application, a detailed

descri pti erest ia capablarnd opRréting ebsperdsyEoRy 0| Thm gostRaue iR mm pand
presented, ]t S def st qod ; gsendide ti [ limted
to use Orr]rre{y ifr}%’t E)Cﬁgtg?l?b@e é@s%en%éﬁgttlé gc lljlse thgitm}&?at ﬁgaengi)\gfmn)ent

di scl osed vafighlei nspep®02@jveA nakchr axccditfisid-Hetriididapine’sentormerniallyons can

be constructe havi appr.oxi el y 1500 horsepower and operating at
speeds beﬁmb\%l%y3§ﬂ@g&%&ﬁn§@0%ﬁ egfenégé‘vsm ts. The motor may be designed
with 8 pOi@@ﬂ A "Bkl kel ti@ftfl_éi?gb&ﬂt iWrdrifio Nmaf ViEd @pplSdalBh Yinf tgpauency of

10Hz to hieve a base rpmo This design results in a good bal ance
of el ect dovegdelling cetingn selh ab| dessribest herginacnil cdravhunerks sfstesisot s in

the space ayvail able. Additi |1y, t Dt o, .shaf I |1
i 115 ng. s o et oft et (RPBP ol R S ol Fu b the' 0 T o
system t 0BYPRSS 4R8Pt Rhuiphleat, TRAhAT MAJT | fller nEpplidgiciesivanee, hiyhd in the

preferred enbodi nent are designed, to support only the rotor and brake
assenbl i egorgnel andt lovheporsi ghwenfare Hequited] | For rpumpsepniothic 8P Ray be

cuppl o0 B Sl oty S £S5, BB I o ST R 8O e
drive; brpakestedy RMmasiebgyundeswodr thag tiky praent mveliticas isinbl Yidited! to or a
o a8 e in op v Systams oot ecause that 16 dhe enbodiment d8eid¥ed ™ 1O
herein.
[0020] A motor according to the present inventions can be constructed
having approximately 1500 horsepower and operating at speeds between 0
and about 300 rpm at 600 volts. The motor may be designed with 8 poles,
wired in Delta fashion, with an inverter supply frequency of 10Hz to
achieve a base rpm of 150. This design results in a good balance of
electromagnetic design and allows for a practical number of slots in the
space available.  Additionally, the motor shaft may be hollow to allow
drilling mud to pass there through without the need for a separate piping
system to bypass the motor. The motor bearings may be designed, and in
the preferred embodiment are designed, to support only the rotor and brake
assemblies and not the weight of the drill string. Motor cooling may be
supplied by air or water circulation. Further, the motor can be mechanically
braked; dynamically braked by dissipating energy into the PWM drive;

braked by an energy recovering system, such as a flywheel; or a

combination.



present invention, incorporating a | ow speed, direct drive AC notor 12.
Also illustrated in Figure | is a conventional variable frequency drive 13
capabl e of supplying a PWMdriving signal to Motor 12 and dynam cally

braki ng notor 12. Alternately, an energy recovering braking system15 is

al so shown. [0022] The notor 12 conprises a rotor assenbly 14, stator
assenbly 16, outer notor casing 18, cooling system 20, rpm encoders 22 and
mechani caljooi akine Sysbemeid.a Hbpudtve? drillinstsysterms 18 penosfiegt fovéhevi ew of a
preferred enbodi nent of, an AC . notor_ suitable for use vvit(tr: thf Py sent
i nvent i on PrestRfe 18YS{IgR, JBCURPRAYNG 62 LOVEedse oéiilrFFtorfgﬂ’eWiAt i M°t1%e “frot or
casing 18. shatt ., 26, iablae dg@de tize notor
12 al ong v‘alg{eitllﬁgp;it%:%gflrgﬁeorlt §£2a8 g)n %%ﬁﬁ&oﬁlgh%mﬁkiqﬁa%?gure 2 are the
cool i ng aicapabldanfs suppiging f @l WM Séivingi sipnar ® [Metat et sipdodynamiealbh ot her
over the exposed stator senb 16. LOOZSA Tur ni now {o.a Nare¢ det ai | ed
descri pti 8 tIRRMOLt Kt or AHELBIT: yA 1ECTEY R E 08¥%ré‘}%o|q§ s C8PY i'se™ ani nat es
40 (see FigiirsBowh. Preferably made from 0.5 mmthick pre-coated el ectrical
sheet steel rated at 400 watts/sq m at 50Hz., such as a low silicon
(Losil) cd0R2) Theeaiot¢rd 710- SOmpBisesnia Hotos asseablyngy. fetperasseeblyayobe made
to British Specification.BS 6404: Secti 4 144 m ...t he
stator mayy"be H8 g?‘?éﬁ‘guég’nﬁoélf%ls%&%? ?@OH)?? nedlgé_gerg:ir?g%gﬁllnga |gﬁ£. The

al ternati ygakiNhi ShefB4be FipileeTeMliRtated a th@speti&entiew nvfent ipeaferréd t o
create the stator lamnates froma nunber of segnents (not shown). This

al t er nat i wmbodimens of am AC i motest suitebleprfar diseedithe Mifo dirrisAt 1BERAGRe i t

i ncreases .t he rt co i . by, ef ore, ults in
Lo her - AEorBRh sk B s T BReOMA, St e Mlprok NEEROIE, TRE L
| ami nat e 4115wt Blotckl shaft 26 asedic aalthey tpv and alfl the imotei d2hslong with 140 nm

Lam nates 40 having a dianmeter greater than 1240 nun can be cut om t hese

f
sheets, resoling mgrts P8aandredi 1 NoY DPWR N F1EE, n¥eehgocaRing A GFWbrt f1ats
42. The prof efifd 1%,5' ich are located opposite each other over the exposed

stator assembly 16.

[0023] Turning now to a more detailed description of the stator assembly
16, the assembly may comprise laminates 40 (see Figure 3) preferably made
from 0.5 mm thick pre-coated electrical sheet steel rated at 400 watts/sq m
at 50Hz., such as a low silicon (Losil) carbon steel (470-50-A5, with LS
coating). Reference may be made to British Specification BS 6404: Section
84. To minimize cost, the stator may be designed using single or
continuous ring laminations. The alternative, which may be implemented in
the present invention, is to create the stator laminates from a number of
segments (not shown). This alternative, while viable, is not the preferred
embodiment because it increases the part count and builds complexity, and
therefore, results in a higher motor cost.

[0024] Applicants have found that, typically, the laminate 40 material is
commercially available in widths up to 1240 mm. Laminates 40 having a
diameter greater than 1240 mm can be cut from these sheets, resulting in a

modified circular laminate 40 with four short flats 42. The preferred design
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5is atruly circular lamnate, but the nodified | amnate 40 shown in
Figure 3 1is acceptable. Wen the nodified |lam nate 40 of Figure 3 is used,
an effective dianmeter of about 1260 mm nay be used in electrical design
calculations. O course, a nore accurate effective dianeter nay be

determ ned enpirically by conparing the nmagnetic properties of the
nodified lam nate 40 to unnodified circular | am nates of various dianeters,
or anal ytiisal kylpyircahe ldrainateg ban thé freadified lanmast 40 desadinfigiie Jrea or

ot her properties, such_as flux depsify, |ost the.flats.. The small er

di aneter 1®f acLoRBblEm h‘é@e‘énthenﬁ"a%gg‘i?# lamnafq u‘@d’éﬂgfﬁ"? ii Th85& atr core,

and - Conseguentd Yaififlolef SofMBORL | 21600 i AL | bdQstd Ofn Whéckliedt ABesth and have
e des

been accounted for in Ign. In practice, Applicants have found the
flats 42 toalculaiens.i tt IOf icopmes &i mowet hecurateordffeptived  diamefeanminaan ebt0 i s at

the Ilargey dianeter. .T.hg“i nz}r eased di arre'ber of I@m’ nat eerﬁo ha§ ftHerther
benefits 9GErmned, FRREEAY (&Y ar CIRRE| afife TR 8ol H R "Back' | ani nate 40

further GREMFiESA8mnaRd Woakd tonntiditi@Pidircdidr anRlikket of Aariohd didifeterspodi ment
being described, stator |am nate 40 has 144 slots. [0025] As shown in

Fi gure 4, arhenalytatally bantalenleéngiganarcslepiivst ehiametgr basednen e aea ar
"nai vi ausi ot et a6eR & S Bl B b T, The ity itmter

di ment” presently descri be

stator pagf 484@ ORE! i18€S aRPRASct NGt @hey hd2 deapityaineshed Gtatorldorg tii st at or
pack 48 some 66 nmthick. Each stator pack 48 nmay be spacegan%p rt fromits
el |

. y
adj acent paBsequentlyo cal Ithgy reeetipige aPwret, foth ft iy cap bg VSt at or

packs 48 b . by, a pl.ural iy .t adj oLi.ent ers 50.
"t he pr oren RO ERES def iy e BUBRSC Th Yo AR s O R B E IR 2
about 10 mmtyviddetobyaR Miold Minpket Sihe Hpaemjaitpeyf te laafifatx et o at like sur f ace

o e oxosed B acen Ll a0 haLep A0l ShChahde t ELAKRE pHASL o

The stat or,cagsenhlised Gnk | hidst h3fiBBlel Mol I BYlifie.4 BRh 1BinSh@k 0RO further
comprises a plurality of teeth 44 and slots 46. In the embodiment being
described, stator laminate 40 has 144 slots.
[0025] As shown in Figure 4, the stator laminates 40 are preferably
assembled into a plurality of stator packs 48, each pack comprising a
plurality of individual laminates 40. In the embodiment presently
described, each stator pack 48 comprises approximately 132 laminates 40
making the stator pack 48 some 66 mm thick. Each stator pack 48 may be
spaced apart from its adjacent pack 48 to allow cooling air or fluid to
circulate. The stator packs 48 may be separated by a plurality of radially
oriented spacers 50. In the preferred embodiment, the spacers 50 are metal
strips that are about 10 mm wide by 3 mm thick. The spacers may be
affixed to the surface of the exposed adjacent laminates 40, preferably by
welding. In the preferred embodiment, these strips form channels for the
cooling system. The stator assembly 16 illustrated in Figure 4 has 18 stator

packs 48.



packs 48. 6 [0026] Turning to Figure 5, the stator packs 48 may be held
toget her between two conpression plates 60, one at each end of the stator
assenbly 16. In the enbodi nent of Figure 5, the stator assenbly 16 is
connected by one or nore links or bars 62. A transfer plate 64 having a
profile substantially identical to lamnate 40 is placed between the first
stator pack 48 and the conpression plate 60 and between the | ast stator
pack 48 arfdo2éirirhiap ¢oONPigassi Hin the atetob0packse 48r ansf ee mezbd etogdthhe| ps

transfer conpression to the entire assenbl 6, | e, ach
| ani nat e theBYEEN BHO QOFIHESSIONaPIFteshe0.qeRg raéogaﬁéreéldpf’éég sgator ﬁssteﬂ‘é%br eferred
erbodi mentyc. | IthUAk! ShechihBnd bEigue 5 e SABPLERMIN 18] A EsnilBeaney 1 anst er

pl ates 64 % e separate structur Al ternative designs may include a
comnbi nat i o:nne mrrmoeesslmks/ torarbsfser62pl ate travafersplde abt i baving nat pledide t he

profil e of t|v tran [, conpres n.to the entire
assenbl y fB. s Ei‘gl’f] 1d?ﬂ‘é° Iﬂml%tf"e é)d? SPIESs rrgf/t“ﬁ?gn tﬁ"f: ﬁ@g % R&S ani nat es
40 and/ or 4gt hgq Sihat chmll%géﬁl Yt 26 dnfl bEeBr her e serdRogidkens, aidie bars
62 are welded to alternate stator packs 48. In the preferred enbodi nent,

the stat oranoehssenbmpremons phaserp68s sedThe Hb'@ﬂf@r 1pletepst4  Welph drapsfar aul i c
press for exaeg%gpytq Eﬁj C%ésegﬁ) 516522 & ol Leoxt%d éc% a{gr?ﬁl&’tre dks 48

while the® The> spacers ars 6 nay be

modi fi ed, 44sugh Aginkh Ctuétaéweahedsﬁe pydgire. t higy that grefepred eﬂhbedhﬁleadj acent
to one another to ensure that a closed pocket is_not c¢reated, which would

interfere IUPQtWtedc@bllﬁﬁ‘ﬂfecﬁ,r ¢l &QMWSSIP’@G@B‘FS 169 taﬁé tepnsfesr plas eftb 38 ment
t h_e stator éﬁt&%l y f Eéfﬁgﬂvel Afesi unﬁ&a lﬁ%gogpeg;oﬁﬁxgl%i@or? 9 mm

t hi ck by8$ est or coils rein ula% preterably using an
i nsul ati Ori:omp@ésgiamﬁﬂ:ﬁpﬂer splag Kapt subsandallymimatchess theatprafilie onf tlaminatedi vi dual
strips followed by mca and gl ass | ayer or. coatlnq on the total stator

pack 48. THeoieHBefively W%‘V@@H@%‘@H Qe etire assembly
[0027] The one or more bars 62 may be affixed to the laminates 40 and/or

the stator packs 48, and in the preferred embodiment, the bars 62 are welded
to alternate stator packs 48. In the preferred embodiment, the stator
assembly 16 is compressed to about 100 psi, with a hydraulic press for
example, and the core bars 62 are affixed to stator packs 48 while the
assembly is compressed. The spacers 50 and/or bars 62 may be modified,
such as by cutting short, where they intersect or are adjacent to one another
to ensure that a closed pocket is not created, which would interfere with
coolant circulation.

[0028] In the preferred embodiment, the stator coils are fully formed, lap
wound with a copper strip 2.9 mm thick by 8.2 mm wide. The stator coils
are insulated, preferably using an insulation system comprising Kapton and
mica insulation on the individual strips followed by mica and glass layer or
coating on the total stator pack 48. The insulation system used on the
copper strip (e.g., coils) is adequate for voltages at least up to 1500 volts.
The insulation used on the stator assembly 16 provides additional dielectric

protection and mechanical strength. The coils méy be inserted into the



copper strip (e.g., coils) is adequate for voltages at |east up to 1500
volts. The insulation used on the stator assenbly 16 provides additional
dielectric protection and nechanical strength. The coils nay be inserted
into the 7 lam nate slots 46 in conventional fashion, such as with a sl ot
liner. The coils my be fixed in place and in the preferred enbodi nent,
are held in place with glass wedges. The wound stator assenbly nay be
vacuum pragButee sloiprasgiat @dventichabrfagli@ct suchaks reghng detchnas alld ass H

resin, epoxy or polyester. [0029], The_statqr w nding overhan 70, such as
shown in EPH% rBay Zpea_rﬂi‘e@, n rPifVeb%‘gd Andhsr B‘ieg‘i“ﬁ’g: §"’§P&Pleﬂf’aﬁr§dg§18a%st short
circuit. eSRﬂL}Pr 1A \fkfdgés‘?f@bm{e; WindNQlatdte GRS | Yhay WBENGaduinPel t a
fashion with eight gparal e circuits. In the preferred enbodi nent, the
paral | el qiressuiet Bn@regnatahmaett edl eectricaieresindsudf ashae oldsadil gsivy épesihgs ont o

twel ve c_o(%;ﬁer1 bus rings, effectively dividing the stator assenbly 16 into
si x secti SREO&®Hh each section having two phases. Cables may be connected

directly t@oid)erHeUstator "WindfisC Bvathatdé 70,Usskch 89GhoWE @aPblgsesmayarde6,
configurable such that the notor may be operated on a supply voltage of

600V or 120%V,beasaniesireftiblSetrerityated 4gaingthehert acispuissdibs| ylaigy 1§ ncl ude
tenperat ur eétg%gfyls inlglth_e?v Sn%g?fggrgg,clvpo&n €in pb?ﬁae rfﬁﬁﬁl?ﬁa @Rﬁ;ﬁgﬂ% ’é)al‘arf'l%i udes six

t her ni st eP§ h™per “stator section nperat ur e

Sensors nRychigs. USRM thed ppsferyéd @nftRabhatK the patdiie] AGcuid are dohnetedsach as a
vari abl e frequency drive. [0030] The stator assenbly 16 is pQqsitioned
wi thin t héheends afadienyindingoverhapgs opig dwelva gapges i’uﬁ.m}gﬁ’ te%ECtb‘fe erred

enbodi nent,,_ . a a i.S: .press dnto e t :cAS§ 8 over a
slight i ntdg?lwe&%eﬁ%etsﬁi%r. §%ggl%llyyntlgr fnet&r?eﬁge?%n%)&lt’ SW&EU% ygéctt} ?i %2?%}1 to
| ocat e t hewst pliaaes. r eCatiles/ éndyo bt heoriheata® dimody tonttehbupriagesned asntpodi nent ,

the interference fit is between the quter. di ter of the conpression
pl at es 60 lugh anb et erblegPAY ]i%.coﬂ%éu%atbéﬁ oﬁugﬂeg?én&ey MQ§or) 18 S be

dovel ed or,,oLRGr ¥hSe BhpiFChSthek Coft BOOVULLN26G3 BY desired.  See Figure 4.
The stator assembly may include temperature-sensing devises and, in the
preferred embodiment, includes six thermisters and six RIDs, one each per
stator section. The temperature sensors may be used to provide feedback to
the AC motor drive, such as a variable frequency drive.

[0030] The stator assembly 16 is positioned within the outer casing 18 as
illustrated in Figure 2. In the preferred embodiment, the stator assembly is
pressed into the motor casing 18 over a slight interference fit.  An
interference fit is usually sufficient to locate the stator relative to the frame
and, in the preferred embodiment, the interference fit is between the outer
diameter of the compression plates 60 and the outer casing 18. The stator
assembly 16 also may be doweled or otherwise attached to the outer casing
18. In the preferred embodiment, a suitable number of spiraled dowels are
used having a load bearing capacity of 500% of full load torque.

[0031] The preferred stator assembly 16 installation method comprises,
positioning the outer casing 18 in vertical orientation so that the stator

assembly 16 can be lowered into the casing, heating the outer casing 18

8



18. In the preferred enbodi nent, a suitable nunber of spiraled dowels are
used having a | oad bearing capacity of 500% of full |oad torque. [0031] The
preferred stator assenbly 16 installation nethod conprises, positioning
the outer casing 18 in vertical orientation so that the stator assenbly 16
can be lowered into the casing, heating the outer casing 18 8 sufficiently
to overcone the interference fit of the unheated or cool ed stator

assenbl y, safficsiliyn@® bhercsmat e asatdcy 6 of otht henteatedr orcasolad) stBor and

| owering the stator assenbly 16 into the outer asrn 18. Asdghomn in

Figure 7, aéiﬁlﬁrl}ﬁcé%lieﬂtgﬂglg fastaliie agiembby el &t it Jhe sPYFE @pings fdn 4 4
shoul der, 11 RS tht VaAgr | RaheL L 16 hat Ok a&eﬁr@a@ﬁﬁaykh' e REofASINO.

Addi tional tTrxdtions, suc steners be used to limt
axially diglirer 7y cduadri @asihg nﬁ&e]mntonef ot hmost stapor amperrﬁll,y suehrad ative to

t he outer 18. The spiyral | s of the err odi nent are
added by SB?‘ﬁﬁ?“r nde t rPPé‘H@iﬁ‘ Lrliof]@ehc} ©s SEOT; naﬁsﬂg{’ﬁut\ﬂt ’t'i‘as{g‘%g P&8nd into

one or ﬁ(?dn‘?(;nai HkaBibAd Oduck PHERRI O fRteAERS B8 bk Q3@ ]to Thikhiti HGalROW t O the
rotor, lustrated in Figure 8, the rotor assenbly 14 tébefabrrcated

from t he sader orotasionnl amowmeat IQ:-fl tlfer Gtatorvvm‘»scmbbhemstr%l@f@re s staaboyterio i s

fabricated eferr r ot Iamnate e 0.5 mMm
t hi ck precéﬁﬁgewl artifiatit& s?l?ﬁv‘? 5r {TEE Rrﬁftgﬁrﬁi %{Pg?déme?% %ng‘?a used for
the statorgridp Rgbe gh/gﬁldeAﬁom 134 hemedeaferlmﬁlgl 18 @ einftetoat | orbeloawy, each
rotor |Iamnate 80 nmay have one or nore orienting devices, such as keyway

81, to orrémestﬁermmrnmmla@ré@lve to the rotor assenbly 14 Each r ot or

vonl oot e ifoAondnBy drl ' She RS o BhBufiba CRIVERMIODE! A HRLC]

desi gn. nbodi ment “desc Rer each rot or I am nat e

has 160 rok@mtsy o014 $3y bOOBBlcHedi fram tthe t finst@t Qfmﬁe&semﬂﬁéryallﬁrpnt he rotor
assenbly 14 is conprised of a gl urallty of rotaor packs qu ack
conpri si ngvhiclp| the astptoy assemblygilQi wudabricatinatlas theo prefgze “93 Yn the

embodi menty,» rl%‘?o?nuréﬁnates 80 are 0.5 mm thick pre-coated laminates similar, or
identical to, the material used for the stator laminates 40. As will be
described in more detail below, each rotor laminate 80 may have one or
more orienting devices, such as keyway 81, to orient the laminates relative
to the rotor assembly 14. Each rotor laminate 80 has a plurality of rotor
slots of conventional AC motor design. For the preferred embodiment
described herein, each rotor laminate has 160 rotor slots 83.
[0033] Similar to the stator assembly 16, the rotor assembly 14 is comprised
of a plurality of rotor packs 82, each pack comprising a plurality of
individual laminates 80. See Figure 9. In the embodiment presently
described, each rotor pack 82 comprises approximately 132 laminates 80
making each rotor pack 82 some 66 mm thick. Just like in the stator
assembly 16, each rotor pack 82 may be spaced apart from its adjacent pack
82 for heat transfer purposes. In the preferred embodiment, the rotor
assembly 14 uses metal strip spacers 50 that are about 10 mm wide by 3
mm thick between adjacent rotor packs 82. The spacers may be affixed to

the surface of the exposed adjacent laminates 80, preferably by welding. In
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descri bed, each rotor pack 82 conprises approximately 132 | am nates 80

maki ng each rotor pack 82 sonme 66 mmthick. Just like in the stator
assenbly 16, each rotor pack 82 nay be spaced apart fromits adjacent pack
82 for heat transfer purposes. In the preferred enbodi nent, the rotor
assenbly 14 uses netal strip spacers 50 that are about 10 nmw de by 3 mm
t hi ck between adjacent rotor packs 82. The spacers may be affixed to the
sur f ace ofthd hgrefexeads embadingnenithdsanitnipt e forB0, chpnedler &bl for bthewsbdiimgy. In 9
the preferred enbodi nent, these strips formchannels 84 for the cooling
system [G8S¥P- The assenbly of rotor packs 82 may al so be conpleted at each

end wth (géoi{]%%!‘ S%.eﬂ%gi %F%t&nﬂa&scm%s%ﬁs%nbl?'ébtrxﬂ)lgt@dtzﬁ BRhNERd N
pressure on he individual rotor teeth within each rotor pack 82. As with
t he st at orwith hetransferpplssi8énapl at eoraprgssiorapddter8&itatmaiptain peesswrbdhed. | n

the preferred ..enbodi nment, the .conpression atLe 88 is.relie ch that
it can di dpe "é‘ihi"%% ff’%é#tlbr‘@&ﬁp%cﬁsmiaoﬁpﬁ’eﬁ%d,gﬁen‘gﬁr‘?’lﬁ}b%%es ag&é?é%r eis
appl i ed ateohpeessioRNpla® n@l tlahsfet YTht8akiagnbe [ 6836Mhedhe Ihotier ppefelted 82 are
assenbl ed onto a rotor spider 90, a preferred enbodiment of which is shown

i n Fi gur esnthodindent0. therheomppression eplateotd§r is sislienesd guck othst i kesamy dght r al

hol | ow t ub wih a pluralit f ,radi.all i ri.bns: .Qr 94.
Figure 10 Sgﬁlﬁ% ‘?’#\e rpégsglrlres 6? d%) P ?15% %g%lﬁ{ng/)%heeﬁarg%}ghngs eé zlﬁ i %ﬂgqg%i der
| egs 94 spegwsiddpeielambrtiohr cunf erence of the tube 92. The | ongitudi nal

axis of the legs 94 aligns with the |ongitudinal axis of the tube 92. The
| egs 94 MQO%ﬂgﬁﬁdﬁéﬁf dackse 82 sage srempiled Hante (7 &oted Spilsr %I%é’&efl‘?‘fﬁre%nsure

geomet | ¢ AAGHLAG M ShbPIL! SR UGuRE! ¢S T0o 1Rl HRFAD. kples! oned

such that “one I can reac the | oad orque of the notor
wi t hout appideci ¥blw@niprided i w@efralr allowntuben®2 enithoh pbmditpr oloadiallegs 94
s 82 are., lq tegri S};pe spi der

has, 2, ShoU der, 96,80t vl sl 10 o BRCKS 82,00l OGP

radially extending spider legs 94 spaced about the circumference of the tube
92. The longitudinal axis of the legs 94 aligns with the longitudinal axis of
the tube 92. The legs 94 may be dadoed or recessed into the tube 92 and
welded to ensure geometric accuracy when fabricating the spider.  The
spider 90 is designed such that one leg 94 can react 500% of the full load
torque of the motor without appreciable plastic deformation. One end of
one or more legs 94 has a shoulder 96 against which the rotor packs 82 are
located. The spider 90 has a central disc 93 that separates the spider into
two cooling circuits. As shown in Figure 10, stiffening ribs may be used on
the legs 94 to reduce vibration due to intermittent cutting during the
machining of the spider 90.

[0036] Preferably, each laminate 80 and therefore, each rotor pack 82 has a
slight interference fit with the outer surface 98 of legs 94. Additional
fixation of the rotor packs 82 to the spider 90 may be supplied by several
means, such as a keyway 81 as shown on Figure 8. The assembly of rotor
packs 82 is compressed under about 100 psi against spider shoulder 96 and

the assembly is locked in placed on the spider legs 94.  Conductors,
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two cooling circuits. As shown in Figure 10, stiffening ribs may be used on
the legs 94 to reduce vibration due to intermttent cutting during the
machi ni ng of the spider 90. [0036] Preferably, each | am nate 80 and
therefore, each rotor pack 82 has a slight interference fit with the outer
surface 98 of legs 94. Additional fixation of the rotor packs 82 to the
spider 90 nmay be supplied by several neans, such as a keyway 81 as shown
on Fi gur e pBeferibly assmenbbays,ofrer positionefairk sheB2otbs stussri8e ssd dhemdesurebout 100
psi agai nst spider_shoul der, 96 and the assenbly is | acked in placed on the
spi der | edd ®Rjace. Cthﬁ:&PBY%‘{tlonib%ﬁﬁé?lérsé(BtF?‘ LoPgerP S SOVE elspéél‘ita?’?%ned in
the rotor ;shot §,¢8 and then secured in place. The conventional Barlock
systemusing spring dowels is suitable to this task. [0037] The rotor

spi der 90 [D83Wrdfeercutn ppidhr i90Kkisf preferably oshring fitedrto sthaf motoooshaftsE0 Fi gur es

6 and 7). |.nside dianet sectioons 102 and. 104 e end_of _the.spider
t ube 92 pr(é?ﬁ &I:ég‘{r??e%i ?ﬂdgh'eﬁg’ﬁ‘gg %F“Pe f:iSS%}Oélslez,t a{}\ﬁ?tclllqé‘t#eeascec?r}doﬁf Bet ween
being a Cltﬁ‘@rs?f&? flibd 920 ptdeddahOrin@Rfehcd GR- (FiBire 10 ewiterdececlibd

arrangenent all ows di nensional accuracy to be maintained during nachining
of the i ndicthecedi being er clrardnseefibfto tthe mote daft Hher Thiseinterfgenceefith of t he

hi t ool ld b . . d i ffi ' i i ni
i monst ondr PR AU fRRAR, oReaED] 1€ b ARMhAES | TR LN

m ni num ofm2BBfhd Wl theoagsidor dnaetenhiueficé Soft alhec ttbiad e32. at Otherwisaurthd i t. An
al I ownance has been nmade for the teml))er ature of the drilli nght?u traveling
t hr ough t Weachopf dbe raachines fieglt wonly. banyery tlorpetng: may naft o diffiryiiet et ween

t he shaft ad t i dar i i e i pke : SgAIr e

bet ween tr%aqgtﬁg’?& 1@%162%89@%8%3“8%% QOﬁ?e{tﬁ?egfe;%ggur}%edq{ ﬁ(geﬁlggkf?e%er ature
di f f er enceragémfiOG maithempadsidBDe filvdoad hatrquet hevhivhxiisumalteatedr at ur e of
the nmud is about 100C.  The interfgre ce fit th en the shaft tlog and t he
spi der 90 THEyNYE dibs g(h%dgll%cpn fheen made for the temperature of the

drilling mud traveling through the hollow motor shaft 100. Any
temperature differential between the shaft 100 and the spider 90 will

increase the interface pressure between the shaft 100 and the spider 90. It is

assumed that a temperature difference of 60°C may be possible, given that

the maximum temperature of the mud is about 100°C. The interference fit

between the shaft 100 and the spider 90 may be designed, and in the
preferred embodiment has been designed to provide a compromise between
torque transmission and stress.  Also, in the preferred embodiment, the
shrink fit is augmented with an axial key 106 on one section 102 or 104
only (Figure 7).

[0038] Figure 11 shows driving end view of a preferred motor 12 for a top
drive drilling system 10. The motor endplate 160 is provided with one or
more attachment points 162, such as pads, to attach a mechanical braking
system (24 in Figure 1). In the preferred embodiment, a disc brake rotor
142 is attached to the motor shaft 100 and preferably calipers are mounted

on the end plate 160. The edge of the disc 142 may function as a register
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preferred enbodi nent has been designed to provide a conprom se between
torque transm ssion and stress. Also, in the preferred enbodi nent, the
shrink fit is augmented with an axial key 106 on one section 102 or 104
only (Figure 7). [0038] Figure 11 shows driving end view of a preferred
notor 12 for a top drive drilling system 10. The notor endplate 160 is
provided with one or nore attachnment points 162, such as pads, to attach a
mechani calfobriekispged syters 224ot nhd-ivgtiatde Hyequbmcyt Haverléf eAlsd sembadi ment, a

di sc brake rotor. 142.is attagched t he notor, sh 100 and f bl
cal i pers d:rléurﬁnﬂlh_t%ra “B‘?fng\hép e dlt7§t o fgefor Tﬂ’éaegbé of i ﬁ? J’Féfeﬁn%lg rr)elty
function aadifgistgh skt BPrsPﬁﬂ&Fﬁg@eQree@%ﬁéé B2 4 Qiroblie ofabingh e

frequency drive 13. Also seen igure 11 ‘are int'ernal splines 170 in
not or shafstrudfdfe adaptedetopredept raedeale ngdsheavit), sudlo asees dastemeiineg- 170 are

separated by a.groove or_.other _structure adapted accept ea not
shown) , SJE%%‘ ag%ﬁrﬁpép%tlgmoév 836 A Skﬁ’fg 3 pﬂlﬁ)ehézg 1’c9omgf?cf (5%16 eeltodﬁi ven
shaft or pheer kAt @oRE Rl §al Redeits AR ComAaiicalioR, (s@dhd a§ hiilseal
prevents fluid comunication (such as drilling nud) outside of the notor

shaft 100 mudrouiside ofithemore shaft &0/ §rivenaopo] 7FRessemblyng to Figure 7, the
ot or Sl A A, (P as b ARG BHELS, AR STd U oL

casi ng 18. g l1101s™a s iC ol'l'er bearing, such

as an SKF shp@g! F@itiolﬁ@&nl\/lthd:@ﬁotbﬂrdagiﬁgltm. Thé abp afopdri bedringn$10 Seich as draw
wor ks, SKF nodel 23068 CC/WB3 M nmay be used. These bearings have a design
life in expbeicabfolgrobersimensuels ap e Ko madet QL0688 Mped@r ol?orlf%tafpm and

thr ust ff%&b%ﬁ%@%&gg& iy WGRE SREARIIAGE 23068 LORER hhagal ed

and the grease positioned near an edge of the notor 12 to
force greageuded! WEheset bearing® haoeva ddsigrolifeiirs .excdsx ofs O0gdabeunehased expel | ed

pref er r ad BbaRIHER: PoEhE! e Ty AP0 B (F TPPPRIRIOR A o DS ¢ mut

114, togetfigfind¥ LR BrehQC itialedD ABSMET grédl nipple may be positioned near
an edge of the motor 12 to force grease between the two rows of rollers.
Excess grease maybe expelled into a grease relief chamber 112, which can
be emptied as needed. In the preferred embodiment, the bearing 110 is held
in place with a shaft nut 114, together with a locking tab washer 116.
Beneath the nut 114 is a thrower to prevent rainwater from collecting on top
of the bearing seal. No seal between the bearing and the motor is used in
the preferred embodiment. The top bearing bracket 120 is fitted with
insulation to prevent conduction of potentially damaging currents through
the bearing. The fasteners retaining the bracket are fitted with insulating
washers and sleeves to prevent bridging of the insulation. The bearing
bracket also sits on a raised platform to reduce the possibility of bridging
the insulation with standing water.
[0040] The bottom rotor bearing 130 may be a cylindrical roller bearing,
such as SKF model NU 1072M, which is suitable for vertical or horizontal
motors 12. This bearing has a life in excess of 100,000 hours as well. The

grease arrangement for this bearing is similar to the top bearing 110. The
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Beneath the nut 114 is a thrower to prevent rainwater fromcollecting on
top of the bearing seal. No seal between the bearing and the notor is used
in the preferred enbodi ment. The top bearing bracket 120 is fitted with
insulation to prevent conduction of potentially damagi ng currents through
the bearing. The fasteners retaining the bracket are fitted with insulating
washers and sl eeves to prevent bridging of the insulation. The bearing
bracket alweosi bearing &30 diasexh pibehfdosealt B2 ¢ulyretetththepbesingi fromy agy

bridging .the insulation w.t t andi ng .water. [0040] .Jh ot t gm r.ot or
beari ng 1308y © ew%tercﬂa‘i‘sﬁdr&}m iR it Fn‘%‘f’mr’s udhe 4 Q@R}:%ﬁﬁ%‘éﬂ NU
1072M whi [ lLfj & Ok; tiigRb 986 NRr iIgRN R bdARhOT B Thd s
beari ng hargenla q%i ?gﬂe?n%ﬁcgs?nﬁﬁé 1%0, Boog?lours as tWel | . T%e gj%aécgse

ar r angenenteveot Vibiatiobedarnagy iis wamsnlission.o {lhe tloppbddpi pgnpldopushpe 12

bott om beayi 130,h an inboard seal 2 to,protect, the [ rom any
i ngress o%%&g@%é&@zavﬁy%dﬁ CISRAH ¢ @ﬁmf’hé?‘{r&%s .be‘rﬁvéthggat%\fnoﬁlggéari ng
may be fityhefelibtlofths mi@dre12cl anp 136 to lock the bearing in place to
prevent vibration damage in transm ssion. The clanp 136 sinply pushes the

beari ng hdpe#ldvite efiedtt ef dheatrilliee. mul aeppeseirauer the bbaringy A prdor to
operation .qf the tor .12.. [ 00 Th f h riLl.k

terrperaturlé Oﬁhotug.. egafkf:rrllgléltolfég%dr% ?&g étﬁe%hloﬁig% ?ﬂ e{'@ehgglsk ot}glgg%}bnt. The
ef fect of hdéigr RHsk PASSWID behfoo it@fcasérah® terfipaafiturcl 00 the lihndpebdacing nfacease t he
tenperature of the inner bearing face and thereby pgssibly reduce the

cl ear ance anfd thesehye nopsibly wpduce ithe | deargnegpdn niier Py casWhllfiethddir i ng

cl earance n t.hi s, ef:f ec Ll i:b t i ng
cl ear ancesf&\g\fﬁgc gdejl Sge%Feartg% Bﬁ?je]hg t lg e(:‘fr ?%g@gﬁﬁtclgfrd&l??. eef?%w’ng[te q%eat ed by
the dril | ipagsibied}haande t bearibgacieagnasukdl bee tdankgeed when thee bparefgens ed

enbodi nent, and because of the relatively slow rotational spe f the
mot or  shafoeld1 0@, s gh dhsated & i 1§ gl"@éﬂ“gan‘(’?gg) aid g e fearing RefE 8

damaged. In the preferred embodiment, and because of the relatively slow
rotational speed of the motor shaft 100, standard bearing clearances are
used.

[0042] The motor 12 may be cooled in a variety of manners, but in the
preferred top drive embodiment disclosed herein the motor 12 is cooled by
forced air circulation. Ambient or cooling air is introduced from the top or
non-driving end of the motor 12 through cooling ports 28 and 30. In the
preferred embodiment, separately powered 15 hp centrifugal fans 150 are
mounted on the top of the motor 12 to supply the cooling air. Each fan can
operate at about 3,000 cfim. If one fan fails, this arrangement allows the
motor to continue operation, perhaps at lower output. Each cooling port 28
and 30 has a baffle 150 that effectively splits the air stream into two
components, one component for the top half of the motor 12 and the other
component for the bottom half of the motor 12. Based on heat transfer
analysis, additional baffling may be provided in each fan to apportion the
amount of air that is split by the baffles 150. The air passes over the stator

end windings and into the pie-shaped spider sections 159 from each end.
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[0042] The notor 12 may be cooled in a variety of manners, but in the
preferred top drive enbodi nent disclosed herein the notor 12 is cool ed by
forced air circulation. Anbient or cooling air is introduced fromthe top
or non-driving end of the notor 12 through cooling ports 28 and 30. In the
preferred enbodi nent, separately powered 15 hp centrifugal fans 150 are
nmounted on the top of the notor 12 to supply the cooling air. Each fan can
oper at e atThbeit is3theflexptlied lthroagle rhdial fchadme]s bhiveearthangenmepdackal 82ows t he
notor to continue operation, perhaps at |owe ouéput. Each cooling port 28
and 30 hasnd iapdjagent sgrlialch ?‘Qéﬁ‘? %}éﬁoyasass#{ysl he air streaminto two
conponent e t,; | .40 ot her
component 1P TEHEREBRTEE, oMb LE R O ok O o I ar

anal ysi s, teddpdinsnimtproedst the ndjstibytidre ofrthe i abeling raire &rc thef arotero12ppblra i on t he

anount of air that is.split by the haffles 130. The air pas o] t he
stator e W 5EPsllgd EAR st HYqWeOBﬂ&tghsé eédgg%?%efx@é’& F’W@g%gﬁ om each
end. 13 TRuAl 17)i Sovhin@Rd exR8l IiReh e QHEIBr radialreditaniiel Sslbifvwaeet he rotor
packs 82 "and into adjacent radial channels in the stator assenbly 16.

[0043] Al lcisilagon.he Bhe exhavstt enanifedds ogye adesigadt dm orevene wstess 20 from
two points jgp oves t he di?%ribution of the cooling air in the notor 12.
The air (&M ?%él“f%gleflpgtﬁ{ 'e notor on both sides through exhaust nanifolds

156  (Fi gyo644)) THROWMbI@N A2 audViebdribet t h@eiiiDnely b2 indplemeiite® ihhe variky of air
re- circulation. The exhaust manifol ds are desi gned to prevent ingress of

rai nwat er dfndeviedse seabt @p P, drigodrjllimgesysismsy d H%\&.Qié‘é’cf"‘foﬁlépsyﬁ‘@?’éi n may be
L leimggt S, 2 r@@g'y@é y n%quﬁprg%gsﬁi&%g.@eﬁicﬁ&p_ dhit Ve nflabidub Ndoh¥st ems,

i ng equi pnent, mning vehicles and

nuner ous GippR¢atioaP ph i witith dow sprediiegh 0 aw Hdegun) power, iV rdqird@0 Ther) power
is required. The present invention obvi a%ﬁes the need fqr expensive and
mai nt enand¥esenint dnenien s sbEHigsedihet | Bfdeqiftpnefensive  and  maintenance

intensive speed-reduction equipment.

[0045] The foregoing description of preferred and other embodiments is not
intended to limit or restrict the scope or applicability of the inventive
concepts conceived of by the Applicants. In exchange for disclosing a
preferred embodiment of the present invention, the Applicants desire the

broadest scope for the appended claims allowed by the patent laws.
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[ 0045] The foregoing description of preferred and other enbodinents is not
intended to limt or restrict the scope or applicability of the inventive
concepts concei ved of by the Applicants. In exchange for disclosing a
preferred enbodi nent of the present invention, the Applicants desire the

br oadest scope for the appended clains allowed by the patent |aws. 14 WHAT
IS CLAIMED IS: 1. Atop drive drilling system conprising: an electric

not or capaVHA'DIS cLadMERDdSsufficient torque to rotate a drill string and
adrill bit during drilling operations, wherein the electric notor

i ncl udes 4. hol |pwpsifiat drillingsystem; camprisiid:y conprising a plurality of stator
| am nat es conpressed into @g p%yrallty of at or @gcks t he stator packs

bei ng | on@Pt § WéEI Ingotors Fap FREPANGInG; stigendi (g% (o AdAIfel?s H "t he

movenent of  cqplingn@id i fﬂlwcﬂmng Hﬂflfﬂrg aﬁastﬂmsy WD Sien@ledrR urality
of rotor | am natesS conpressed Into lurality of rotor packs, the rotor

packs being | ommtbmdchudd:dwhdhm:ddft to for mradially directed channels for
t he movenent of cooljn dt h _nodul at ed, vari abl e

speed dri feSPRY #semblY ? F%IB{’%S‘% &fklurg'étydpf)\?@%ort Waémé"r‘t&%t‘%"l“bpfﬁ%?%rma"t t he

desired speed qf gitaglg idfl dedtbr ﬁd&ﬁgetme aiufor dipaekss ek r RApidifdly
equi pnent; and a cooli'ng system of one or nore cooli ng fans with out put
a

directed to suppiogd (t@olfq)mg eadiallys adivgctedol ghagneds r fors t sﬁféd’emﬁﬁbu% t he
said radially ditected nnels in said stator and rotor assenblies. 2.
The top drive SHYMEALET @fiml wherein the speed of the drill bit is
about 300 4r Rﬂblo%tsdeﬁl%ﬁy c8mpfibig t £ plakalitye of y6toe Nafifinatdsatompressstieintd m t he

electric notor is an AC electric notor.
plurality of rotor packs, the rotor packs being longitudinally spaced
to form radially directed channels for the movement of cooling air or
fluid,;

a pulse width modulated variable speed drive for generating a signal to drive
the electric motor at the desired speed of the drill bit, thereby
avoiding speed reduction equipment; and

a cooling system of one or more cooling fans with output directed to supply

cooling air, said cooling air is passed through the said radially

directed channels in said stator and rotor assemblies.

2. The top drive system of claim 1, wherein the speed of the drill bit is
about 300 rpm or less.
3. The top drive system of claim 1, wherein the electric motor is an AC

electric motor.

5. The top drive system of claim 1, further comprising:

a motor frame supporting the stator; and

first and second bearing assemblies mounted between the motor frame and
the hollow shaft such that the rotor assembly may rotate relative to

the stator assembly.
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5. The top drive systemof claim1, further conprising: a notor frame
supporting the stator; and first and second bearing assenblies nounted
between the notor frame and the hollow shaft such that the rotor assenbly
may rotate relative to the stator assenbly. 15 6. The top drive system of
claim5, wherein the first bearing is a bearing capable of radial and

axi al 1 oading, and wherein the second bearing 1is capable of radial

| oadi ng, 8nd atThkeapt ddive @fstant bérclhine §, ralieréirathendfirstr Heheng siscend
bearing is electrically insulated fromthe rqtor assenbly and the notor
frane. 7. baging 6wPaBi ob agial audofxiall [AHNE, 4dr PHEETE SHpSFMgDoaEeh  aki ng
assenbly; . e.fl - ge i 1 UBR@i njp¢ t he

wei ght of lsﬁﬁ%aﬁ)g)&t 8}: Ira{%gs%%g'lng’ gﬁ%%tt E?Er@glﬁg§g§ghﬁﬁ;§ g@ﬁl’lge&t op drive
syst em of sedoad mbdaringhas eélactribalystiatwateds Senb| the i sotop casbanblg| yndit thgched to a
notor franme to.withstand full load torque. 9. The top drive systemof claim
3, wherei MY dTage o ectric notor further conpri ses three phase delta

wi ndi ngs creating 8 poles, and wherein the notor drive supplies the signal

at a base7frequapesp dfvelQstblh ofkaim 6, further comprising:
a braking assembly; and

the first and second bearing assemblies support only the weight of the rotor

assembly and the braking assembly.

8. The top drive system of claim 1, wherein the stator assembly is

positively attached to a motor frame to withstand full load torque.

9. The top drive system of claim 3, wherein the AC electric motor
further comprises three phase delta windings creating 8 poles, and wherein

the motor drive supplies the signal at a base frequency of 10 Hz.
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