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

I NVENTI ON [ 00011 This disclosure relates generally to -
a | ow speed AC notor, and nore particularly, to a |ow
speed, variable frequency, AC notor for use in
direct-drive applications, such as top drives.
BACKGROUND OF THE | NVENTI ON [ 0002] I ndustry has used
AC notors as prime novers for many years. The typical
AC notor is designed to operate at speeds of 3,000 to
3,600 rpmor rmre Many industrial applications and

processes ut| ﬁ Iﬂ&%mﬁglﬁﬁﬁﬁﬂl{‘e not or
7

speed, tymm b BRECT BRivEef OT €
the power suppli Cc MBtTeR can use’é In the

oil field, for exarrpl e conventional top drive
drilling systenms nmay utilize a variable frequency AC

notor as the prine gB¥por THEINMVENTIONOI IS responsi bl e
for, anong other things, supplying the torque needed
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AT Re R W PHE tvar&%lﬁr frsency 3& Bpiey, Py Uil dirct-drive
tapjlicativhd, yuchad toperived 00 and 300 rpm and nore typically
around 150 rpm Conventional variable frequency AC
notors wused in top drive applications have notor
speeds usual | y BACKGRRUND K BE INGEEHOd 1000 to
3000 rpm Thus, it is conventional for a top drive
49092 Elndlustsy jhat lusadeA peders a8 auiet myerse fpu i e ntearss yEle tygical
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notor to a nore usabl e rotati onal ee Fﬁd

nelytieal W“@&Ef?spﬁ%dntpmcgﬁish ulizing, AC é?lmod‘i‘(“s{?ré Upey rjgy motor.
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oto, Vlc%rel bel fis %1“ ; rét 3il fllepdcr ra%ea%p eheco rl/léln R f <R1ve élllmg

t"h can f & i Acréased tHe ght"of " the

systeme nmay| 0GIg8] a 'th@leaﬁmup@am@ rmdteyy aSptilleem‘tmed mowdrosEe AC

%%?l 1s rQSBorgfbl for, dﬁrh&n &Qersﬂ{ﬁ%serﬂx u‘ikg ttfd tokqgw melfe§ Ao rotate . -
vari ab requenc not or oes not req ure

i e o eI e Rgn, o of the bi
b, ahdréFbra) th‘ép@ﬁddrivﬁ it helaﬂivaryg Bwoftyplddly therwde0 10 Rhd 30 rpm
AR he) LRy eSS (Sl SRbagr N oo
tep idrtby elrick labdhlcatgnsyskemtms quis aushadly tepeipds A hibtspeed or
il&op{o%bgqgm. V\ﬁ'jught 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 require additional speed
reduction equipment to achieve a rotational speed in the range of 100 to 300 rpm

and is, therefore, particularly suited for direct drive applications.
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system conprises a notor frame, a stator assenbly
affixed to the notor frame and conprising a plurality
of stator |am nations conpressed into a stator core; a
rotor assenbly conprising a holl owtubed spider
having a plurality of ribs |located on the outer
surface and oriented such that the length of the ribs
is coincident with the length of the tube and a rotor
core conprising a plurality of conpressed rotor

| am nations affixed to the outer radial surface of the
spider ribs; a hollow notor shaft to which the rotor
assenmbly is coupled, first and second bearing

assenmbl i es  mounPEMMARY,OF THE,RISGLQSURE, ama and the
not or shaft such that the rotor core nmay
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0007]. Fiqure 2 |IIustr%tes an enbog$nent of an AC

1% rr‘l‘l‘it’l’{%\t to BaoruauEmhy e 2 PET dFivY Jo% peReEpe 2 pulse-
Widkh:ltﬁdiduateﬂdmgnﬁll thitgspire the nfo®DOBhft lat gpeedd Bssi dhhxustsduatsensqﬁn
t?xgrfé)l; P a¥01cf‘ rrlﬁ/ eted C)rgdufc c%xogchp%%nguct} gaE eaxl/gcolr‘rlrgolttorrr] hg@ sgee% in the
@ﬂ@t@ﬂboas@@mbyutﬁ@@rpan AC notor according to the
present invention, [0010] Figure 5 illustrates an end
view of a stator assenbl¥ for an AC notor according

to the presenBRIEBRRINGRIETION O@FTHEDRAWINGS| | | ust r at es
an end view of a rotor assenbly inside of a stator

QOWd The yiotespingn summarpt detailed céserintion 1ob prpfdrresy emberiments, and

dthet edpdcBNof 2hid disGBudd Will Y Bes? unbidrdidslir RS ré@d in con unctlon
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SIFEOMBAARE Graypngs, in whic

[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 iltustrated in Figure 1.

[0008] Figure 3 illustrates a stator lamination for an AC motor according to the
present invention. '

[0009] Figure 4 illustrates a stator assembly for an AC motor according to the
present invention,

[0010] Figure 5 illustrates an end view of a stator assembly for an AC motor
according to the present invention,

[0011] Figure 6 illustrates an end view of a rotor assembly inside of a stator

assembly in an AC motor according to the present invention.
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[0013] Figure 8 illustrates a rotor |am nation that
may be used in an AC notor according to the present

invention. [0014] Figure 9 illustrates a cross section
of a rotor assenbly pack for an AC notor according to
the present invention. [0015] Figure 10 illustrates a

rotor spider that nmay be used in an AC notor
according to the present invention. [0016] Figure 11
illustrates an end view of the AC notor illustrated in
Figure 2. [0017] Wiile the inventions disclosed herein
are susceptible to various nodifications and
alternative forms, only a few specific enbodi nents

d Higes 7 NgRies by cinsssesiiontx Higl & 1 ACh@owr #sording imdhe
pregentigémtionped in detail below. The figures and
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fl10stdald Sth idvent RO QoidtBsts @XRIpRfs@ bPBratRFUSAL irPhe ' dsViRquired by
iy %e Epr | arge m ni ng vehicl es, "dredgi ng -
dﬁ ﬁﬂghk; and many ot her applications where high
torque and | ow speed power are required. For purposes
of this applicatio Ll i ption of a new
and 3 0 unique to?EﬁF%ﬁﬁhﬁﬁ&ﬁéﬁgst emw |l be
nted. .1t nust be understood that the .presgent
SSTRT ety By MepRRS oS @B oh P ik gy ERae sysem
thatsuenys aj Ust  fpeshuseisblhatrequencyt W€ endyadith@ntodi sl asqte
rﬂ&ﬁﬁﬁcgl' speed reduction equipment. The AC motor disclosed herein is capable

of operating at speeds from 0 rpm to about 300 rpm and may be controlled by a
conventional pulse width-modulated (PWM) variable speed drive, such as Oilfield-
Electric-Marine’s commercially available V 3000 Active Energy Management
Drive.

[0019] AC motors used in the present invention may find application in top drive
drilling systems, such as described herein, and draw works systems used in the oil
and gas exploration industries, drive systems for large mining vehicles, dredging
equipment, and many other applications where high torque and low speed power are

required. For purposes of this application, a detailed description of a new and
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[0020] A notor according to the present inventions can
be constructed having approximately 1500 hor sepower
and operating at speeds between 0 and about 300 rpm
at 600 volts. The notor may be designed with 8 pol es,
wired in Delta fashion, wth an inverter supply
frequency of 10Hz to achieve a base rpm of 150. This
design results in a good bal ance of el ectromagnetic
design and allows for a practical nunber of slots in
the space available. Additionally, the notor shaft may

be hollow to allow dri I ling nud to pass there through
wi t hout the need for a arate piping systemt
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Figure 2 illustrates a perspective view a preferred
dsrstinementeYofintnthe ARWNotdgYe: shirkedbbe aiopneiae 14EPYCRNg Hgstem,

Rick s Ty wheel:onh t@ibinafifle stator assenbly 16 is seen
within the nuotor sing 18. The hol] o

i one .
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AC motor sultable for use with the present invention. The stator assembly 16 is
seen positioned within the motor casing 18. The hollow motor shaft 26 is seen at
the top end of the motor 12 along with the cooling ports 28 and 30. Not shown in
Figure 2 are the cooling air exhaust manifolds 156, which 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
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to British Specification BS 6404: Section 8.4. To
mnimze cost, the stator may be designed using
single or continuous ring |lam nations. The
alternative, which may be inplenented in the present
invention, is to create the stator |am nates froma
nunber of segnents (not shown). This alternative,
while viable, is not the preferred enbodinment because
it increases the part count and builds conplexity, and
therefore, results in a higher notor cost. [0024]
Appl i cants have found that, typically, the |lam nate 40
material is comercially available in widths up to
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bepefits as it _increases the area available fo
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ﬂbp&t&kl duyh af ﬂhﬁ&l@ifbltﬁ4loﬁl’t@' b qla. 46he dokhlibh Giam&sbedi e nhm
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'@}@@fﬁy i Bede léla@ﬁe stlatsort Hwclers48 diagetepr |'Ehssmcreased dlameter of
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HOhatlty & 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
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O nmetal strips that are about 10 min wde by 3 mm
thick. The spacers may be affixed to the surface of

t he exposed adjacent |am nates 40, preferably by
welding. In the preferred enbodi nent, these strips
form channels for the cooling system The stator
assenbly 16 illustrated in Figure 4 has 18 stator
packs 48. [0026] Turning to Figure 5, the stator packs
48 may be hel d together between two conpression

pl ates 60, one at each end of the stator assenbly 16.
In the enbodinent of Figure 5, the stator assenbly 16
i's connect ed b% one or nore links or bars 62. A

theteh strigy that ae <bed Rammnyide by rlofm icky ke ptcer| may be affixed
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fied, -
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nterfer rcul ati on. 28] In the
Iarc SE e§r r ele ﬁ%b%raﬁeﬁ%‘ﬁ ?dl’f’éenéttgf osltatoéo?sf“Jé“%g'r i%f‘ﬂl qogppressed to
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s%at(?r 59&3"\”49 %Vhllg- htﬁe %.Es%ﬁg 'mln reSibE I’[rl]lg' uslgér’lcter%dso andéor bars 62
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K& pbo m@tﬁdd njueln af riyu Platnngoﬂlonn where thqyn dxtevsued uel arstadjapent to
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total stator pack i nsul at'i on system use
PRt CEREP- st r i p (e g , coils) is adequate for
[0028] BU@R plefeh€@Snbbdmb, HROGaMP|chils arbh @ullly NEmthad 1199 wound
ed on the, s%?tor ﬁiﬁfingz{ 16 FOVI des addij ti onal
V&‘ P SQPReT T8y ¢ W %é‘é‘ﬁa"i‘f Talthe R gofs arphigsulated,

peederhigdy vBiyig @@ 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 may be

inserted into the laminate slots 46 in conventional fashion, such as with a slot liner.
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inserted into the lam nate slots 46 in conventiona
fashion, such as with a slot liner. 6 O The coils may
be fixed in place and in the preferred enbodi nent, are
held in place wth glass wedges. The wound stat or
assenbly may be vacuum pressure inpregnated with an
el ectrical resin, such as a class Hresin, epoxy or
pol yester. [0029] The stator w ndi ng overhangs 70,
such as shown in Figures 4 and 6, may be, and
preferably are, braced against short circuit. The
stator is preferably, but not necessarily, wound in
Delta_fashion with eight parallel circuits. In the
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assembly 16 to the outer casing 18, and lowering the stator assembly 16 into the
outer casing 18. As shown in Figure 7, outer casing 18 has one or more stator stops
32, such as a shoulder, to positively locate the stator assembly within the casing.
Additional fixations, such as welds or fasteners, may be used to limit axially and/or

rotational movement of the stator assembly 16 relative to the outer casing 18. The
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32, such as a shoulder, to positively |locate the
stator assenbly within the casing. Additiona
fixations, such as welds or fasteners, nay be used to
limt axially and/or rotational novenent of the
stator assenbly 16 relative to the outer casing 18.
The 7 0 spiral dowels of the preferred enbodi nent are
added by drilling through guide holes 34 in the outer
casing 18 and into one or nore of the stator
conpression plates 60. [0032] Turning now to the
rotor as iIIustrated in Figure 8, the rotor assenbly
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the pressure is applied at the centroid of the lamination.

[0035] The rotor packs 82 are assembled onto a rotor spider 90, a preferred
embodiment of which is shown in Figures 9 and 10. The preferred rotor spider 90
comprises a central hollow tube 92 with a plurality of radially extending ribs or legs
94. Figure 10 shows the rotor spider 90 with six radially extending spider legs 94

spaced about the circumference of the tube 92. The longitudinal axis of the legs 94
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[0035] The rotor packs 82 are assenbled onto a rotor
spider 90, a preferred enbodinent of which is shown
in Figures 9 and 10. The preferred rotor spider 90
conprises a central hollow tube 92 with a plurality of
radially extending ribs or legs 94. Figure 10 shows
the rotor spider 90 with six radially extendi ng spider
| egs 94 spaced about the circunference of the tube
92. The longitudinal axis of the legs 94 8 0 aligns
with the |ongitudinal axis of the tube 92. The |egs 94
nay be dadoed or recessed into the tube 92 and wel ded
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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
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traveling through the holl ow notor shaft 100. Any
tenperature differential between the shaft 100 and
the spider 90 will increase the interface pressure
between the shaft 100 and the spider 90. It is
assunmed that a tenperature difference of 60C may be
possi bl e, given that the maxi nrumtenperature of the
mud i s about 100C. The interference fit between the
shaft 100 and the spider 90 may be designed, and in
the preferred enbodi nent has been designed to provide
a conpronise between torque 9 0 transnission and
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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.
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116. 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 enbodinent. The top bearing bracket 120
is fitted wwth insulation to prevent conduction of
potentially damagi ng currents through the bearing. The
fasteners retaining the bracket are fitted with

i nsul ati ng washers and sl eeves to prevent bridging of
the insulation. The bearing bracket also sits on a
raised platformto reduce the possibility of bridging
the jnsulation with standi ng water. [.0040] . The
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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. The air is then expelled through
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supply the cooling air. Each fan can operate at about
3,000 cfm If one fan fails, this arrangenent all ows
the notor to continue operation, perhaps at |ower
out put. Each cooling port 28 and 30 has a baffle 150
that effectively splits the air stream into two
conponents, one conponent for the top half of the
notor 12 and the other conponent for the bottom half
of the notor 12. Based on heat transfer analysis,
additional baffling may be provided in each fan to
apportion the anount of air that 1is split by the
baffl es 150. The air passes over .the stator_end )
vadirbichageels batvert dhet T RsFle- §h aprb dnte srligesnt sadiaf jobngely 5 the
knmseadly wnd. The air is then expelled through 11 0
radi.al, chanpel s bet n the tor packs 82 into .
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[0045] The foregoing description of preferred and
nFRiYed edtbleyd rfh?eﬂpéqug- n&t exqhense e diselesing priprefygred embodiment
sfe g prédentt MiCenti6i) Ple QppRdaRt | 2aRl tHet drofestt f36pel FY &RE ia¥fended
qoncgpts concel v d of by the Applicants. In exchange
FEPs glowet BEPRBASY B¥et erred enbodi ment  of the present
invention, the Applicants desire the broadest scope
for the appended clains allowed by the patent |aws.
12 0O WHAT IS CLAIMED IS: 1. Atop drive drilling
systemusing a | ow speed AC notor, conprising: a
not or frane;
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a stator assenbly affixed to the notor franme and
conprising a plurality of stator |am nates conpressed
into a stator core; a spider conprising a hollow tube
having a plurality of ribs |located on the outer tube
surface and oriented such that the length of the ribs
is coincident with the Ilength of the shaft; a rotor
core conprising a plurality of conpressed rotor

| am nates affixed to the outer radial surface of the
spi der ribs; a hollow motor shaft to which the spider
is.coupled: first and second bearing assenblies

mouhH Iﬁg%ﬁggﬁDﬁﬁe notor frame and the notor shaft
h th t t ) th

A e R T

vaﬂmawhéﬂmmequency PWM signal to drive the AC notor
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bearing is a cylindrical bearing and is electrically
i ndul at’dd fopodiiteheystent 0vf glhigh nbt wheréinathe. AC3mQtor further

comprises three phase delta windings creating 8 poles and the motor drive

supplies a base, frequency of 10 Hz.

3. The top drive system of claim 1, wherein the first and second bearings

support only the weight of the rotor assembly and braking assembly.

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

doweled to the motor frame to withstand 500% full load torque.

5. The top drive system of claim 1, wherein the rotor spider is dadoed to
accept the ribs and the ribs are filet welded to the shaft such that any one rib
can withstand up to 500% full load torque.

6. The top drive system of claim 1, wherein the first bearing is a
spherical bearing and is electrically insulated from the rotor and motor frame,
and wherein the second bearing is a cylindrical bearing and is electrically

insulated from the rotor and motor frame.
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