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A top drive system for Wellbore operations, the top drive 
system in certain aspects including a main body, a motor (in 
certain aspects a salient pole motor), a motor apparatus, a 
motor shaft extending from the motor, a gear system driven by 
the motor shaft and interconnected With a drive shaft, the gear 
system driven by the motor apparatus so that driving the gear 
system drives the drive shaft, the gear system having a hous 
ing and a bearing retainer integral With the housing. This 
abstract is provided to comply With the rules requiring an 
abstract Which Will alloW a searcher or other reader to quickly 
ascertain the subject matter of the technical disclosure and is 
submitted With the understanding that it Will not be used to 
interpret or limit the scope or meaning of the claims, 37 
CPR. 1.72(b). 
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TOP DRIVE SYSTEMS FOR WELLBORE & 
DRILLING OPERATIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] This invention is directed to top drive systems; parts 
thereof; and methods of their use. 
[0003] 2. Description of RelatedArt 
[0004] The prior art discloses a variety of top drive systems; 
for example, and not by Way of limitation, the following US. 
patent application and US. patents present exemplary top 
drive systems and components thereof: US. Pat. Nos. 4,458, 
768; 4,589,503; 4,753,300; 4,800,968; 4,807,890; 4,813,493; 
4,872,577; 4,878,546; 4,984,641; 5,433,279; 6,007,105; 
6,276,450; 6,536,520; 6,679,333; 6,705,405; 6,913,096; 
6,923,254; 7,186,686; and 7,270,189ithese patents all 
incorporated fully herein for all purposes. 
[0005] Certain typical prior art top drive drilling systems 
have a derrick supporting a top drive Which rotates tubulars, 
e.g., drill pipe. The top drive is supported from a traveling 
block beneath a croWn block. A draWWorks on a rig ?oor 
raises and loWers the top drive. The top drive moves on a guide 
track. 
[0006] Certain prior art systems include a top drive With a 
gear system With a loWer or second stage planetary carrier 
Which rotates With respect to multiple (e.g. tWo) vertically 
spaced-apart bearings Which are secured in place and Which 
do not ?oat radially (or axially). 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention, in certain aspects, provides a 
top drive system for Wellbore operations, the top drive system 
including: a main body; a motor apparatus (eg one motor, 
tWo or more spaced-apart motors; a plurality of motors, tWo, 
three, four or more stacked one on the other and providing 
poWer in series; or a plurality of motors providing poWer in 
parallel; and, e.g., to drive a single gear of a top drive gear 
system); a drive shaft; a gear system interconnected With the 
motor for driving the drive shaft; the gear system having a 
housing Which in one aspect has an integral bearing retainer 
for retaining in position bearings beloW the gear system. 
[0008] In one aspect, the present invention discloses a top 
drive system With a motor having a housing that includes top 
and bottom parts connected together by tie rods. 
[0009] Accordingly, the present invention includes features 
and advantages Which are believed to enable it to advance top 
drive and top drive motor and gear apparatus technology. 
Characteristics and advantages of the present invention 
described above and additional features and bene?ts Will be 
readily apparent to those skilled in the art upon consideration 
of the folloWing detailed description of preferred embodi 
ments and referring to the accompanying draWings. 
[0010] Certain embodiments of this invention are not lim 
ited to any particular individual feature disclosed here, but 
include combinations of them distinguished from the prior art 
in their structures, functions, and/or results achieved. Fea 
tures of the invention have been broadly described so that the 
detailed descriptions that folloW may be better understood, 
and in order that the contributions of this invention to the arts 
may be better appreciated. There are, of course, additional 
aspects of the invention described beloW and Which may be 
included in the subject matter of the claims to this invention. 
Those skilled in the art Who have the bene?t of this invention, 
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its teachings, and suggestions Will appreciate that the concep 
tions of this disclosure may be used as a creative basis for 
designing other structures, methods and systems for carrying 
out and practicing the present invention. The claims of this 
invention are to be read to include any legally equivalent 
devices or methods Which do not depart from the spirit and 
scope of the present invention. 
[0011] What folloWs are some of, but not all, the objects of 
this invention. In addition to the speci?c objects stated beloW 
for at least certain preferred embodiments of the invention, 
there are other objects and purposes Which Will be readily 
apparent to one of skill in this art Who has the bene?t of this 
invention’s teachings and disclosures. It is, therefore, an 
obj ect of at least certain preferred embodiments of the present 
invention to provide: 
[0012] NeW, useful, unique, e?icient, non-obvious top 
drive systems, components and parts thereof, and methods of 
their use; and 
[0013] Such systems With a gear system With a removable 
bearing cartridge; 
[0014] Such systems With a movable bearing holder per 
mitting radial movement of a bearing adjacent a planetary 
carrier, and, in one aspect, such systems With a single bearing 
adjacent a planetary carrier; 
[0015] Such systems With a movable gear system bearing 
movable radially Which does not interfere in a horizontal 
plane With a system shaft bearing; and 
[0016] Such a system With a loWer part of a gear housing for 
retaining a system shaft bearing. 
[0017] The present invention recogniZes and addresses the 
problems and needs in this area and provides a solution to 
those problems and a satisfactory meeting of those needs in its 
various possible embodiments and equivalents thereof. To 
one of skill in this art Who has the bene?ts of this invention’s 
realiZations, teachings, disclosures, and suggestions, various 
purposes and advantages Will be appreciated from the folloW 
ing description of preferred embodiments, given for the pur 
pose of disclosure, When taken in conjunction With the 
accompanying draWings. The detail in these descriptions is 
not intended to thWart this patent’s object to claim this inven 
tion no matter hoW others may later attempt to disguise it by 
variations in form or additions of further improvements. 
[0018] The Abstract that is part hereof is to enable the US. 
Patent and Trademark O?ice and the public generally, and 
scientists, engineers, researchers, and practitioners in the art 
Who are not familiar With patent terms or legal terms of 
phraseology to determine quickly from a cursory inspection 
or revieW the nature and general area of the disclosure of this 
invention. The Abstract is neither intended to de?ne the 
invention, Which is done by the claims, nor is it intended to be 
limiting of the scope of the invention in any Way. 
[0019] It Will be understood that the various embodiments 
of the present invention may include one, some, or all of the 
disclosed, described, and/or enumerated improvements and/ 
or technical advantages and/or elements in claims to this 
invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0020] A more particular description of embodiments of 
the invention brie?y summariZed above may be had by refer 
ences to the embodiments Which are shoWn in the draWings 
Which form a part of this speci?cation. These draWings illus 
trate certain preferred embodiments and are not to be used to 
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improperly limit the scope of the invention Which may have 
other equally effective or equivalent embodiments. 
[0021] FIG. 1A is a back vieW ofa top drive system accord 
ing to the present invention. 
[0022] FIG. 1B is a side vieW of the top drive system of FIG. 
1A. 
[0023] FIG. 1C is a front vieW of the top drive system of 
FIG. 1A. 
[0024] FIG. 1D is a cross-section vieW along line 1D-1D of 
FIG. 1C. 
[0025] FIG. 2A is a perspective vieW of a top drive system 
according to the present invention With a motor/ gear appara 
tus according to the present invention. 
[0026] FIG. 2B is a partially exploded vieW ofthe top drive 
system and motor/ gear apparatus shoWn in FIG. 2A. 
[0027] FIG. 2C is a cross-section vieW of the system of FIG. 
2A. 
[0028] FIG. 2D is a side vieW of the system of FIG. 2A. 
[0029] FIG. 2E is a front vieW of the system of FIG. 2A. 
[0030] FIG. 3 is a rear vieW of a top drive system of accord 
ing to the present invention. 
[0031] FIG. 4A is a perspective vieW of a gear apparatus for 
a top drive system according to the present invention. 
[0032] FIG. 4B is a side vieW partially in cross-section of 
the apparatus of FIG. 4A (along line 4B-4B of FIG. 4C). 
[0033] FIG. 4C is a top of the apparatus of FIG. 4A. 
[0034] FIG. 4D is a bottom vieW of the apparatus of FIG. 
4A With part in cross-section (along line 4D-4D of FIG. 4B). 
[0035] FIG. 4E is an enlargement of part of the apparatus of 
FIG. 4B. 
[0036] Presently preferred embodiments of the invention 
are shoWn in the above-identi?ed ?gures and described in 
detail beloW. Various aspects and embodiments of the inven 
tion are described beloW are some are set out in the dependent 
claims. Any combination of aspects and/or features described 
beloW or shoWn in the dependent claims can be used except 
Where such aspects and/or features are mutually exclusive. It 
should be understood that the appended draWings and 
description herein are of preferred embodiments and are not 
intended to limit the invention or the appended claims. On the 
contrary, the intention is to cover all modi?cations, equiva 
lents and alternatives falling Within the spirit and scope of the 
invention as de?ned by the appended claims. In shoWing and 
describing the preferred embodiments, like or identical ref 
erence numerals are used to identify common or similar ele 
ments. The ?gures are not necessarily to scale and certain 
features and certain vieWs of the ?gures may be shoWn exag 
gerated in scale or in schematic in the interest of clarity and 
conciseness. 
[0037] As used herein and throughout all the various por 
tions (and headings) of this patent, the terms “invention”, 
“present invention” and variations thereof mean one or more 
embodiment, and are not intended to mean the claimed inven 
tion of any particular appended claim(s) or all of the appended 
claims. Accordingly, the subject or topic of each such refer 
ence is not automatically or necessarily part of, or required by, 
any particular claim(s) merely because of such reference. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] FIGS. 1A-1D illustrate a top drive system 10 
according to the present invention Which has a plurality of 
components including: a gooseneck 11, a bonnet 12, brakes 
13, a motor 14, a gear system 15, a drive shaft 16, a bearing 
system 17, a sWivel body 18, a pipe handler lock assembly 19, 
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a link support 22, a sWivel ring 23 and a load (or landing) 
collar 29. The components can be collectively suspended in a 
typical derrick from a typical traveling block for up and doWn 
movement in the derrick. 
[0039] During certain operations, the motor 14 Within a 
housing 14a rotates the drive shaft Which, in turn, rotates a 
drillstring and a drill bit to produce an earth bore. Fluid 
pumped into the top drive system through the gooseneck 11 
passes through the drive shaft 16, a drillstring, and a drill bit 
and enters the bottom of an earth bore. 
[0040] In certain aspects, the motor housing 1411 (eg made 
of sheet metal or aluminum) includes a series of tie rods 14b 
Which are secured to a top member 140 and a bottom member 
14d to strengthen the housing 14a. In certain particular 
aspects the housing 14a is made of metal such as aluminum or 
steel. In one particular aspect the motor 14 is a motor as 
disclosed in Us. Pat. No. 7,188,686. In another particular 
aspect the motor 14 (as may be any motor herein) is a salient 
pole permanent magnet motor. 
[0041] The gear system 15 is located above a bearing 
retainer 21 Which serves to maintain the drive shaft 16 inplace 
(radially and axially) e.g. during drilling, and houses an upper 
race of a thrust bearing system 16b. As shoWn in FIG. 1D, the 
bearing retainer is a separate item secured to and beloW the 
housing of the gear system 15.As discussed in detail beloW, in 
one embodiment of the present invention, a bearing retainer is 
made integral With the gear system housing. A load ?ange 1 6a 
of the drive shaft 16 moves on bearings 160. 

[0042] An encoder/resolver 24 (see FIG. 1D) measures the 
position and speed of the motor 14 and provides a signal 
indicative of the position of the drive shaft 16. With certain 
salient pole motors, the encoder/resolver 24 can be deleted 
since motor controls for salient pole permanent magnet 
motors indicate the position of the rotor of the motor and, 
therefore, the position of the drive shaft 16 (e.g., the position 
of the drive shaft during tubular connection make-up and 
break-out and during drilling). Certain typical salient pole 
motors (With embedded tangential or radial rotor magnets) 
have relatively higher inductance than non-salient motors and 
provide smoother starting from a standstill. 
[0043] The top drive system 10 has a motor control system 
20 (shoWn schematically, FIG. 1A) Which, in certain aspects, 
includes an output reactor 2011 (also called an “inductor”) 
Which insures ef?cient operation by increasing the induc 
tance applied to the motor. This inductor is used With certain 
loW inductance motors. In other aspects, by using a relatively 
high inductance motor, eg a relatively high inductance 
salient pole motor, the inductor 20a is eliminated since the 
high inductance motor applies a su?icient amount of induc 
tance. 

[0044] FIG. 2A-2D shoWs a top drive system 30 according 
to the present invention Which, in some aspects, is like the 
system 10, FIG. 1A (and like numerals indicate like parts). A 
motor 14m (like any of the motors 14) is above a gear system 
25 (instead of the gear system 15) has a housing 14h. 
[0045] Parts of the housing 14h including sides 14s, top 142, 
and bottom 14v folloWing assembly are not connected 
together by tie rods (as are housing parts in the top drive of 
FIG. 1A). In one aspect the housing 14h is made of steel and 
is suf?ciently strong so that a portion of it is threaded to 
threadedly connect the bonnet 12 thereto. A steel housing 
motor can be relatively larger than a motor With a Weaker (e. g. 
aluminum) housing. This novel elimination of tie rods alloWs 
a motor of a greater diameter (larger siZe) to be used in a 
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similar space. This relatively larger diameter means that the 
motor provides relatively greater horsepoWer With greater 
e?iciency. 
[0046] A loWer portion 48 of a gear housing 46 serves as a 
bearing retainer to retain bearing 44. FIGS. 2A-2D are 
exploded vieWs or vieWs that shoW parts not assembled 
together. When assembled, the bearing 44 is Within a bearing 
retainer 48. The bearing retainer, a loWer portion 48 of the 
housing 46 is releasably secured to the housing 46, e. g. With 
bolts. 
[0047] FIG. 3 shoWs a top drive system 50 (partially 
exploded vieW) according to the present invention. A motor 
60 has a brake system 54 and an output shaft 56. The output 
shaft 56 is connected to a gear system 100. The gear system 
100 driven by the motor 60, drives a main drive shaft 70. 
Bearings 58 (thrust bearings) are retained in place by a bear 
ing retainer 80 Which is bolted to or integral With the gear 
system 100. An attachment frame 90 (a “sWivel body”) pro 
vides for the connection of a torque track for conducting 
torque from the system to the torque track. The sWivel body 
90 is, typically, suspended from a block in the derrick by bails. 
[0048] FIGS. 4A-4D shoW the gear system 100 of the top 
drive system 50. A housing 102 has a motor mounting surface 
104 on Which the motor is positioned. A part 107 is releasably 
secured to the housing With bolts 1071). Gear reducer system 
110 Within the housing 102 includes a gear reducer 111 and a 
bearing 116. The gear reducer system 110 includes a ?rst 
stage carrier 112; a second stage sun pinion 113; a second 
stage carrier 114; and a bearing cartridge 115. The cartridge 
115 With the bearing 117 is held in place by bolts 115b. 
Removing the bolts 10719 and the bolts 115!) permits removal 
of the cartridge 115 for bearing replacement, in one aspect, 
With a single bearing 117. 
[0049] There are three ?rst stage planetary gears (not 
shoWn). The gear box has a bottom surface 130 (see FIG. 4D). 
A temperature gauge 134 can be inserted in a tapped thread 
portion 132. A tip of the gauge sits in the oil ?oW path and 
dynamically measures the temperature of the oil ?oW. 
[0050] A loWer portion 120 part 107 of the of the housing 
102 serves as a bearing retainer to retain in place the bearing 
44. An inline ?oW meter 121 Which measures oil ?oW to the 
housing has an oil inlet port 122. Magnetic plugs 123 are 
positioned in holes 124 to attract and hold metal shavings and 
debris. An air breather 125 is in communication With the 
interior of the housing 120. 
[0051] As shoWn in FIGS. 4B and 4E, the cartridge 115 has 
a part 1151) Which is adjacent a part 11511. The part 115a 
includes an upper part 115g and a side 115]: The part 1151) is 
encompassed Within structure of the part 1151) (upper part 
115g and side 115]) and a top surface 10711 of the part 107. 
The part 115a rests on a top surface 107!) of the part 107 and 
against a side 1070 of the part 107. In one aspect, the top 
surface 10711 is loWer than top surface 107b. 
[0052] Due to the tolerances betWeen the part 1151) and the 
part 115a some slight movement is possible of the part 1151) 
With respect to the part 11511. An interface betWeen the parts 
115!) and 11511 is sealed by one or more sealsitWo o-ring 
seals 1150 are shoWn in corresponding recesses 115d in the 
part 1151). These seals are siZed, con?gured, andpositioned to 
accommodate the movement of the part 1151) With respect to 
the part 115a. 
[0053] The bearing 117 is held in place by a holder 114c 
bolted to the second stage carrier 114 and rests partially on a 
ledge 115e of the part 1151) and under a shoulder 114d of the 
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carrier 114. The bearing 117 can move radially (and/or axi 
ally) the extent that the part 1151) can move radially (and/or 
axially), thus permitting the bearing 117 When it is movable 
radially to “?oat” horiZontally. This inhibits interference in 
the horizontal plane betWeen the bearing 117 and the bearing 
44 (Which can cause excessive bearing Wear and premature 
failure). The bearing 117 does not ?oat so much that the 
second state carrier moves too far axially, i.e., so far that 
splines 114s on the second stage carrier 114 Would not prop 
erly mesh With corresponding splines on the main shaft of the 
motor. 

[0054] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a top drive system for 
Wellbore operations, the top drive system including: a main 
body; a motor apparatus; a main shaft extending from the 
main body, the main shaft having a top end and a bottom end, 
the main shaft having a main shaft ?oW bore therethrough 
from top to bottom through Which drilling ?uid is ?oWable; a 
quill connected to and around the main shaft; and, in one 
aspect, the quill is part of a gearbox of a gear system; a gear 
system interconnected With the quill, the gear system driven 
by the motor apparatus so that driving the gear system drives 
the quill and thereby drives the main shaft, the main shaft 
passing through the gear system; upper components con 
nected to the main body above the top end of the main shaft. 

[0055] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a top drive system for 
Wellbore operations, the top drive system including a motor 
and gearing system including a motor housing, a motor Within 
the motor housing, and the motor housing comprising a top 
and a bottom and a plurality of rods interconnected betWeen 
the top and bottom to connect the top and the bottom together. 

[0056] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a top drive system for 
Wellbore operations, the top drive system including: a main 
body; a top drive shaft; a motor apparatus; a motor shaft 
extending from the motor; a gear system driven by the motor 
shaft, the gear system driven by the motor apparatus so that 
driving the gear system drives the top drive shaft, the gear 
system including a loWer planetary carrier; the gear system 
including gear apparatus enclosed Within a gear housing; a 
single bearing adjacent and in contact With the loWer plan 
etary carrier; a bearing cartridge connected to the gear hous 
ing; and the bearing cartridge abutting the single bearing and 
in contact With and holding the single bearing in position With 
respect to the loWerplanetary carrier. Such a system may have 
one or some, in any possible combination, of the folloWing: 
the bearing cartridge including an outer part secured to the 
gear housing, and an inner part Within the outer part, the inner 
part movable radially With respect to the outer part; the single 
bearing abuts the inner part and the inner part is movable 
radially With the single bearing; the single bearing maintains 
the loWer planetary carrier in radial position; a shaft bearing 
around the top drive shaft, and a bearing retainer portion on a 
loWer part of the gear housing for retaining the shaft bearing; 
Wherein the inner part and the single bearing are movable to 
inhibit interference in the horizontal plane of the single bear 
ing With the shaft bearing; Wherein the motor apparatus is a 
salient pole permanent magnet motor apparatus; at least one 
seal on the inner part, the at least one seal projecting from the 
inner part and abutting the outer part, and the at least one seal 
accommodates movement of the inner part With respect to the 
outer part; there are tWo spaced-apart seal recesses on the 
inner part, and the at least one seal is tWo seals, one seal in 
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each seal recess; Wherein the bearing cartridge is releasably 
secured to a ?rst part of the gear housing; and/ or Wherein the 
?rst part is releasably secured to the gear housing. 

[0057] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a top drive system for 
Wellbore operations, the top drive system including: a main 
body; a top drive shaft; a motor apparatus; a motor shaft 
extending from the motor; a gear system driven by the motor 
shaft, the gear system driven by the motor apparatus so that 
driving the gear system drives the top drive shaft, the gear 
system including a loWer planetary carrier; the gear system 
including gear apparatus enclosed Within a gear housing; a 
single bearing adjacent and in contact With the loWer plan 
etary carrier; a bearing cartridge connected to the gear hous 
ing; the bearing cartridge abutting the single bearing and in 
contact With and holding the single bearing in position With 
respect to the loWer planetary carrier; the bearing cartridge 
including an outer part secured to the gear housing; an inner 
part Within the outer part, the inner part movable radially With 
respect to the outer part; the single bearing abuts the innerpart 
and the inner part is movable radially With the single bearing; 
Wherein the single bearing maintains the loWer planetary 
carrier in radial position; a shaft bearing around the top drive 
shaft; a bearing retainer portion on a loWer part of the gear 
housing for retaining the shaft bearing; and Wherein the inner 
part and the single bearing are movable to inhibit interference 
in the horizontal plane of the single bearing With the shaft 
bearing. 
[0058] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a method for facili 
tating rotation of a loWer planetary carrier of a gear system of 
a top drive system, the top drive system having a motor and 
gearing system including a motor housing, a motor Within the 
motor housing, and the motor housing being a top and a 
bottom and a plurality of rods interconnected betWeen the top 
and bottom to connect the top and the bottom together, the 
method including: rotating the loWer planetary carrier With 
respect to the single bearing, and holding the single bearing in 
position With the bearing cartridge. Such a method may have 
one or some, in any possible combination, of the folloWing: 
the bearing cartridge including an outer part secured to the 
gear housing, and an inner part Within the outer part, the inner 
part movable radially With respect to the outer part, Wherein 
the single bearing abuts the inner part and the inner part is 
movable radially With the single bearing, the method further 
including alloWing the single bearing to move radially to an 
extent of possible radial movement of the inner part; Wherein 
the single bearing maintains the loWer planetary carrier in 
radial position, the method further including maintaining the 
loWer planetary carrier in position With the single bearing; the 
top drive system having a shaft bearing around the top drive 
shaft, and a bearing retainer portion on a loWer part of the gear 
housing for retaining the shaft bearing, the method further 
including retaining the shaft bearing in position With the 
bearing retainer portion; Wherein the inner part and the single 
bearing are movable to inhibit interference in the horiZontal 
plane of the single bearing With the shaft bearing, the method 
further including inhibiting interference in the horiZontal 
plane betWeen the single bearing and the shaft bearing; and/ or 
the top drive system having at least one seal on the inner part, 
the at least one seal projecting from the inner part and abutting 
the outer part, the at least one seal accommodates movement 
of the inner part With respect to the outer part, the method 
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further including With the at least one seal accommodating 
movement of the inner part With respect to the outer part. 

[0059] The present invention, therefore, provides in some, 
but not in necessarily all, embodiments a method for inhibit 
ing interference in the horiZontal plane betWeen a single 
bearing in a gear housing adjacent a loWerplanetary carrier of 
a gear system of a top drive system and a shaft bearing around 
a top drive shaft of the top drive system, the top drive system 
having a main body, a top drive shaft, a motor apparatus, a 
motor shaft extending from the motor, a gear system driven by 
the motor shaft, the gear system driven by the motor apparatus 
so that driving the gear system drives the top drive shaft, the 
gear system including a loWer planetary carrier, the gear 
system including gear apparatus enclosed Within a gear hous 
ing, a single bearing adjacent and in contact With the loWer 
planetary carrier, a bearing cartridge connected to the gear 
housing, and the bearing cartridge abutting the single bearing 
and in contact With and holding the single bearing in position 
With respect to the loWer planetary carrier, the method includ 
ing alloWing the single bearing to move radially With respect 
to the gear housing in a controlled manner. 

[0060] In conclusion, therefore, it is seen that the present 
invention and the embodiments disclosed herein and those 
covered by the appended claims are Well adapted to carry out 
the objectives and obtain the ends set forth. Certain changes 
can be made in the subject matter Without departing from the 
spirit and the scope of this invention. It is realiZed that 
changes are possible Within the scope of this invention and it 
is further intended that each element or step recited in any of 
the folloWing claims is to be understood as referring to the 
step literally and/or to all equivalent elements or steps. The 
folloWing claims are intended to cover the invention as 

broadly as legally possible in Whatever form it may be uti 
liZed. The invention claimed herein is neW and novel in accor 
dance With 35 U.S.C. § 102 and satis?es the conditions for 
patentability in § 102. The invention claimed herein is not 
obvious in accordance With 35 U.S.C. § 103 and satis?es the 
conditions for patentability in § 103. This speci?cation is in 
accordance With the requirements of 35 U.S.C. § 112. The 
inventors may rely on the Doctrine of Equivalents to deter 
mine and assess the scope of their invention and of the claims 
that folloW as they may pertain to apparatus not materially 
departing from, but outside of, the literal scope of the inven 
tion as set forth in the folloWing claims. All patents and 
applications identi?ed herein are incorporated fully herein for 
all purposes. What folloWs are some of the claims for some of 
the embodiments and aspects of the present invention, but 
these claims are not necessarily meant to be a complete listing 
of nor exhaustive of every possible aspect and embodiment of 
the invention. In the claims, means-plus-function clauses are 
intended to cover the structures described herein as perform 
ing the recited function and not only structural equivalents, 
but also equivalent structures. Thus, although a nail and a 
screW may not be structural equivalents in that a nail employs 
a cylindrical surface to secure Wooden parts together, Whereas 
a screW employs a helical surface, in the environment of 
fastening Wooden parts, a nail and a screW may be equivalent 
structures. It is the express intention of the applicant not to 
invoke 35 U.S.C. § 1 12, paragraph 6 for any limitations of any 
of the claims herein, except for those in Which the claim 
expressly uses the Words ‘means for’ together With an asso 
ciated function. 
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What is claimed is: 
1. A top drive system for Wellbore operations, the top drive 

system comprising 
a motor and gearing system including a motor housing, 
a motor Within the motor housing, and 
the motor housing comprising a top and a bottom and a 

plurality of rods interconnected betWeen the top and 
bottom to connect the top and the bottom together. 

2. A top drive system for Wellbore operations, the top drive 
system comprising 

a main body, 
a top drive shaft, 
a motor apparatus, 

a motor shaft extending from the motor, 
a gear system driven by the motor shaft, the gear system 

driven by the motor apparatus so that driving the gear 
system drives the top drive shaft, the gear system includ 
ing a loWer planetary carrier, 

the gear system including gear apparatus enclosed Within a 
gear housing, 

a single bearing adjacent and in contact With the loWer 
planetary carrier, 

a bearing cartridge connected to the gear housing, and 
the bearing cartridge abutting the single bearing and in 

contact With and holding the single bearing in position 
With respect to the loWer planetary carrier. 

3. The top drive system of claim 2 further comprising 
the bearing cartridge including 
an outer part secured to the gear housing, and 
an inner part Within the outer part, the inner part movable 

radially With respect to the outer part. 
4. The top drive system of claim 3 Wherein 
the single bearing abuts the inner part and the inner part is 

movable radially With the single bearing. 
5. The top drive system of claim 4 Wherein the single 

bearing maintains the loWer planetary carrier in radial posi 
tion. 

6. The top drive system of claim 2 further comprising 
a shaft bearing around the top drive shaft, and 
a bearing retainer portion on a loWer part of the gear hous 

ing for retaining the shaft bearing. 
7. The top drive system of claim 6 Wherein the inner part 

and the single bearing are movable to inhibit interference in 
the horiZontal plane of the single bearing With the shaft bear 
ing. 

8. The top drive system of claim 2 Wherein the motor 
apparatus is a salient pole permanent magnet motor appara 
tus. 

9. The top drive system of claim 3 further comprising 
at least one seal on the inner part, the at least one seal 

projecting from the inner part and abutting the outer part, 
and 

the at least one seal accommodates movement of the inner 
part With respect to the outer part. 

10. The top drive system of claim 9 Wherein 
there are tWo spaced-apart seal recesses on the inner part, 

and 
the at least one seal is tWo seals, one seal in each seal recess. 
11. The top drive system of claim 2 Wherein the bearing 

cartridge is releasably secured to a ?rst part of the gear hous 
ing. 

12. The top drive system of claim 11 Wherein the ?rst part 
is releasably secured to the gear housing. 
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13. A top drive system for Wellbore operations, the top 
drive system comprising 

a main body, 
a top drive shaft, 
a motor apparatus, 

a motor shaft extending from the motor, 
a gear system driven by the motor shaft, the gear system 

driven by the motor apparatus so that driving the gear 
system drives the top drive shaft, the gear system includ 
ing a loWer planetary carrier, 

the gear system including gear apparatus enclosed Within a 
gear housing, 

a single bearing adjacent and in contact With the loWer 
planetary carrier, 

a bearing cartridge connected to the gear housing, 
the bearing cartridge abutting the single bearing and in 

contact With and holding the single bearing in position 
With respect to the loWer planetary carrier, 

the bearing cartridge including 
an outer part secured to the gear housing, 
an inner part Within the outer part, the inner part movable 

radially With respect to the outer part, 
the single bearing abuts the inner part and the inner part is 

movable radially With the single bearing, 
Wherein the single bearing maintains the loWer planetary 

carrier in radial position, 
a shaft bearing around the top drive shaft, 
a bearing retainer portion on a loWer part of the gear hous 

ing for retaining the shaft bearing, and 
Wherein the inner part and the single bearing are movable 

to inhibit interference in the horiZontal plane of the 
single bearing With the shaft bearing. 

14. A method for facilitating rotation of a loWer planetary 
carrier of a gear system of a top drive system, the top drive 
system comprising a motor and gearing system including a 
motor housing, a motor Within the motor housing, and the 
motor housing comprising a top and a bottom and a plurality 
of rods interconnected betWeen the top and bottom to connect 
the top and the bottom together, the method comprising 

rotating the loWer planetary carrier With respect to the 
single bearing, and 

holding the single bearing in position With the bearing 
cartridge. 

15. The top drive method of claim 14 Wherein the top drive 
system includes the bearing cartridge With an outer part 
secured to the gear housing, and an inner part Within the outer 
part, the inner part movable radially With respect to the outer 
part, Wherein the single bearing abuts the inner part and the 
inner part is movable radially With the single bearing, the 
method further comprising 

alloWing the single bearing to move radially to an extent of 
possible radial movement of the inner part. 

16. The method of claim 14 Wherein the single bearing 
maintains the loWer planetary carrier in radial position, the 
method further comprising 

maintaining the loWer planetary carrier in position With the 
single bearing. 

17. The method of claim 14 Wherein the top drive system 
includes a shaft bearing around the top drive shaft, and a 
bearing retainer portion on a loWer part of the gear housing for 
retaining the shaft bearing, the method further comprising 

retaining the shaft bearing in position With the bearing 
retainer portion. 
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18. The method of claim 14 wherein the inner part and the 
single bearing are movable to inhibit interference in the hori 
Zontal plane of the single bearing With the shaft bearing, the 
method further comprising 

inhibiting interference in the horizontal plane betWeen the 
single bearing and the shaft bearing. 

19. The method of claim 15 Wherein the top drive system 
includes at least one seal on the inner part, the at least one seal 
projecting from the inner part and abutting the outer part, the 
at least one seal accommodates movement of the inner part 
With respect to the outer part, the method further comprising 

With the at least one seal accommodating movement of the 
inner part With respect to the outer part. 

20. A method for inhibiting interference in the horizontal 
plane betWeen a single bearing in a gear housing adjacent a 
loWer planetary carrier of a gear system of a top drive system 
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and a shaft bearing around a top drive shaft of the top drive 
system, the top drive system comprising a main body, a top 
drive shaft, a motor apparatus, a motor shaft extending from 
the motor, a gear system driven by the motor shaft, the gear 
system driven by the motor apparatus so that driving the gear 
system drives the top drive shaft, the gear system including a 
loWer planetary carrier, the gear system including gear appa 
ratus enclosed Within a gear housing, a single bearing adja 
cent and in contact With the loWer planetary carrier, a bearing 
cartridge connected to the gear housing, and the bearing 
cartridge abutting the single bearing and in contact With and 
holding the single bearing in position With respect to the 
loWer planetary carrier, the method comprising 

alloWing the single bearing to move radially With respect to 
the gear housing in a controlled manner. 

* * * * * 


