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?arold C?Bridwe?,?u?S8,0kia,assignor to Jersey 
Productio Research Company,a corporation of 

Thisinvention concerns the driling of boreholes,oil 
wels,and the like,itrelatesingeneralto asystemfor 
forcinga bitagainst the bottom of a borehole?It re 
lates especialy to a hydraulic system for forcinga bit 
againstthe bottom ofaborehole, 
The rotarydrilingsystemisthe most commonly used 

nethodin theart of drilingwelsforthe production of 
oilandgas,Inthissystema drill bitisSuspendedatthe 
lowerendofastringofdrilpipe whichissupportedfrom 
the surface ofthe earth,Adringfuidis forceddown 
through the drilstring,through the drill bit,and back 
up to the SUrface through the annulus between the dril 
pipe and the wals of the borehole,While the driling 
fuid serves primariyto carrytherockcuttingsfrom the 
drill bitto the surface,it also servesto lubricate and 
coolthe drilbit,The dril bitobtainsitsrotary motion 
from the drilpipe whichis rotatedfrom the surface,?t 
is known thattherate of penetration ofa drilbitcan be 
increased byincreasingthe force of the drill biton the 
bottom of the borehoie? - 
A usual method forincreasingthe pressure of the bit 

on the bottom ofthe borehole which has beentriedwith 
Some Successis by the addition of Several heavy dril 
colars between the dril bitand the dril string,This 
method,however,has not been completely satisfactory. 
While the addition of dril colarsaids the penetration 
Fate,this advantage is partialy ofset by the need for 
heaviersurface equipment,The borehole alsotendsto 
deviate considerably from the vertical during driling, 
Again,many horsepower and much“rig time”are re 
quiredin pulingthedrilpipe,drilcolars,and dril bit 
duringnormaloperationsof drilingsuchasare required 
When the drilbit becomes wornand needs replacing, 

?nthe broadaspect,thisinvention comprisesmeansfor 
forcing a bitagainst the bottom of a borehole?In a 
preferred embodimentthisincludesan arbor attachable 
atits lower endto abitandatits upperendtoadril 
string,Thearborisrotatable withrespecttothe housing 
which surroundsit,In a preferred embodimentan an 
nular pistonissupported bythe arbor?The upper part 
ofthe housingformsacyindricalcylinderwiththearbor 
thatis adapted to receive the piston,Diferential pres 
Sure across the piston forces the arbor downwardy in 
the direction of the bit?Anchor meansare providedin 
the housingandare ofacharactersuch that whenactu 
ated,engage the borehole Walland transfer the reaction 
thrust of the downwardforce to the borehole wal? 

In normal driling operations there is a considerable 
pressure drop resulting when the driling fuid passes 
throughthe drilbit?Thus,the pressure of the driling 
fuid within thearboris considerably greater than that 
on the exterior ofthetool?Thus,the pressurediferential 
between the dring fuidin the arbor and thatin the 
annulus betweenthedrilpipeandthe boreholecan be 
used to actuate the pushdown piston,thus forcing the 
arborand the bit downwardy,There is an optimum 
rate of pumping drilingfuid through a driling bitin 
order to obtain optimum drilingconditions,This opti 
mumratethennormalyresultsinacertain pressuredrop 
acrossthe bit,If the downward forceis notsufcient, 
additionalpushdown unitscan be placedintandeminthe 
borehole?Thiswil,of course,greatlyincreasethelength 
ofthetoolinthe boreholeandthe downwardforce isnot 
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2 
asconcentratednearthe bitas desired,However,this 
problemis not presentin the instantinvention,Pump 
ing means are provided which positively increases the 
preSSure diferential across the pushdown piston,The 
pumpingmeanscanbeactuatedinvarious meansSuchas 
by a hydraulic motor orcan begeardriven by mating 
gears betweengearson the pump which can beattached 
ina preferredembodimenttothearborandwith driving 
gears thereon which mate with gears on the housing 
which is locked to the borehole wal when in opera 
tion?Ina preferredembodiment,the cylinder belowthe 
pistonis notin fuidcommunication with the exterior of 
the apparatus?Rather,apumpisprovided suchthatthe 
inlet of the pump isin fuid communication with the 
cyinder below the piston,Operation of the pump re 
movesfuidfrom beneath the pistonand providesa1arge 
presSure diferentialacross the piston;the pressure dif 
ferential being neariyequalto the pressure of the fuid 
inthearbor,Various objectsandabetterunderstanding 
oftheinvention wilbe hadfrom the folowing descrip 
tiontakeninconjunction with thedrawinginwhich:“ 

FIG?1illustrates the preferred embodiment of this 
invention; 
FiG,2ilustratesa sectional view taken alongth 

line 2?2 of FIG.1;and - 
FK3.3iustratesanotherembodimentofthisinvention? 
Attentionis directed to the drawingand toward FIG? 

1in particularwhichilustratesanembodimentofafuid 
operated bitloading deviceinwhichmeansareprovided 
toincreasethe downwardforceeXertedonapistonwhich 
is connected to a Sub or arbor Section which“pushes” 
against a bit?Numeral10indicates a holow sub or 
arborwhichisconnectableat11toastringofdri1pipe. 
Drilpipel2issuspendedfrom the surfaceina conven 
tionalmannerin borehole ?3,Arbor10extendsthrough 
Outer case or housingl4andis rotatable With respectto 
housing?4,A pushdown orthrustpiston ?5whichis 
attached to arbor 10is disposedin annular cylinder16 
whichisformedinthe annulus between housing14and 
arbor1??Adril bit?7isattached to the lower end 
ofarbor19,Thusinthe drawingshown,arbor10 pro 
videsarigidconnectionbetweenbit17anddristring12. 

Below annular cylinder 16is a wallanchor or hold 
down Section whichincludes hold down anchorshoes or 
blocks18,Hydraulicalyexpansible hold down anchor 
blocks18aredisposedinthewal of housing14andare 
ofatypethat,whenactuated,rigidy holdthe outercase 
in afxed positionagainstthe wal ofthe borehole,The 
individual anchor blocks,of which there may be any 
Selected number,are normaly preferably composed of 
eXpansible material suchasrubber18A molded around 
a metal core ?8B. Rubberelements18Acan be simiar 
to those shownin U.S. Patent No,3,088,532,Whenac 
tuated by a pressure between the interior of arbor 10 
and outerframe 19whichis a part of housing14,the 
anchor blocks are expanded outwardy to contact and 
frmlygrip thewal ofthe hole. 
Anchor blocks ?8 are spaced one from the otherso 

thatcirculatingfuid may passupwardlythroughthe an 
nuhus between the outer housingand the borehole wal 
through the plates betweenthe anchor blocks,In other 
words,the anchor blocks donotblocktheannularpas 
Sageway. * - 

Suitable seals are provided?These inchude seals20 
and 21,sealing chamber16 between the outer wall of 
Sub1? andinternalshoulders22and23respectively of“ 
housingl4,The lower end of housing14 hasseals24 
to formasealingcontact between lowershouldermem 
ber25andthe exteriorwalof sub10,Piston15isalso 
Drovided with Seals26,Seals24and26can be 0-ring 
Seaisforexample?Astop27isprovidedonthelowerend 



3 
ofarbor10 beneath housingl4 soasto limitthe down 
ward movement of housing14 with reSpect to the Sub? 
Forease of assembly,housing14 hasa threaded joint 
means60connectingan upper Section of the housingto 
alowersection,Likewise,asiustrated,arbor10 hasa 
threadedjointmeans61 connectingan upper Section and 
a lower Section, 
Theamountofforce exerteddownwardly on piston15 

is proportionalto the diferential,preSSure across the 
piston,One way ofaccomplishing anincrease in dif 
ferential pressureisshownin FIG.1?ASuction pump 
28 is provided such thatits inlet or suction Side is 
connected to cylinder 16 below piston 15,The dis 
charge line 30 of pump 28is connected through valve 
31 to the interior of arbor 19. Pump 28 is held to 
shoulder72ofarbor19byweld73forexample,Pref 
erabiy valve 31isa pressure operated valve that opens 
only afterthe pressure in the pump28 has buit upto 
apredeterminedlevel,This preventsthefuidincylinder 
16 below piston 15from escaping before the anchor 
section18 has hada chance to become anchored? 

Powerfordrivingpump28,asillustrated,isa hydraulic 
motor32whichissupportedfromarbor10andisdriven 
bythe downwardfow of hydraulicfuid?Motor32can 
be supported for example asillustrated by being press 
fittedintoannularshoulders71ofarbor10. Ports33are 
providedinarbor10toprovidefuid communication be 
tween the interior ofarbor10 and the interior of the 
anchor Section so as to provide fuid pressure against 
anchor shoes18,A valve 34is providedin arbor10 
abovepiston15,Thisvalveisapressurevalveandopens 
only after the pressureinarbor10 has reached a pre 
determined minimum?This minimum is greater than 
the amount required for anchor shoes 18 to become 
anchored?Thus the device issecurely anchored to the 
wal before fuid pressure forces piston 15downwardy 
withrespecttothe housing14, 
Meanswilnow bedescribedforpermittingfuidfrom 

below piston 15 withinannularcylinder16toescape so 
that the outer housing,when anchor shoes18are not 
actuated,is lowered bygravity downwardyagainst stop 
27 connectedtoarbor10?Thisincludesavalve36ina 
VerticalpaSSagethrough piston15,Valve36hasalower 
receSS37 andan upper recess38instem39 which ex 
tendsdownwardyfrom valveseat49throughthe piston? 
Anupperstem41extendsupwardyfromthevalve proper 
in piston15,ASpringloaded bal142 holdsthe valvein 
eithera closed position when bal142isin upperrecess 
38 as shown,orin an open position whenin the1ower 
detent37, 

In operation the device of FIG,1isinsertedin the 
dri1stringand lowered to the bottom of the borehole? 
Theweightofthe housing14willoweritselfdownward 
againststop27and thus close valve 36as Stem 41 is 
forceddownwardy bythe weight ofthe case 14. When 
valve stem 39 is lowered toits lower position,Spring 
1oaded bal142isin upperrecess38Such thatthe valve 
isclosed,thatisthe portion of cylinder16above piston 
15isnotinfiuidcommunication with thatportion ofthe 
cyinder belowthe piston,When the bit17is on the 
bottom of the borehole,drilingfuid under preSSure is 
inserteddownwardythrough dristring12whichinfates 
anchorshoes18securelyagainstthe borehole Wallbefore 
valve 34 opens permitting fuid to enter cylinder16 
above piston 15,Hydraulic fuid operates hydraulic 
motor32which startsoperatingPump28whichremoves 
thefuidfrombeneathpiston15?ThedischargepresSure 
ofpump28mustreach a predetermined settingto force 
fuidthrough discharge pressure operated valve31?By 
properly Selectingthe presSureatwhich valves34and31 
open,anchorage of anchor 8 is obtained before any 
substantialdownward forceiscreated on piston 15,The 
diferential pressure across piston 15thenisseen to be 
verygreatas the pressure below piston15is reduced to 
a very Smalamountapproachingless than one atmos 
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4 
phere of pressure orzero p.si,As an example of the 
diferentia1pressure,at5000ft.depthandusingadriling 
mud of101b./gal.,the static pressure aloneisapproxi 
mately2500psi?Ifthearea of piston15is10Sq.in? 
the downward force exertedisin excess of25,000 p.si? 
When the dynamic pressureis considered the downward 
forceis found to be even greater,The rotation of the 
drilstringisthen commcncedand drilingproceedswith 
the force of the fuid on piston 15 bcing transmitted 
through thearbor10to bit17,Whenthe bitadvances 
the length ofthestroke of piston15,the device is ready 
to be reset,Stem 39,in coming into contact with 
shoulder23 pushesthe valve to an open position which 
is held there inasmuch as bal 42 is forced into the 
1owerrecess37. Drilingfuidisthen shut of andthe 
weight ofthe housing14causes the tooltoloweritSelf 
downtostop27. Whenthedrilingfuidpumpsareshut 
of,the pressure within mandrel10equalizes with that 
in the borehole annulusexterior housing14. With this 
equalized pressure,the resience ofrubber18Areturns 
the anchors to their normal retracted position,When 
housingi4 reachesstop27,itwillbeseenthatvalve36 
is closedasstem 41is forced downwardly,thusforcing 
valve 36intoits closed position?At this time drilling 
fuidisagainstarted circulatingdown throughthearbor 
19androtation ofthe drilbitissubsequenty Startedas 
describedabove. 

Attention wil now be directed to FIG.3 whichisa 
modifcation ofthe device of FIG,1,In FIG?1a hy 
draulic motorisilustrated to drive apump,whereasin 
FIG.3the pumpis driven byamechanicalmotor,In 
the system of FIG?1the pumpisused to decrease the 
pressure below piston15,In FIG,3the pumpis also 
used to decrease pressure below piston15butis further 
used to increase the pressure above piston 15,i.e,the 
intaketo the pumpis belowpiston15andthe discharge 
is above piston 15,A port47 havingplug49 is pro 
videdin the wal of housing14,Fluid forpump 52is 
Supplied through this port? 

In FIG.3the lowerinterior of annular chamber16 
is arranged to define drive gear 50?The longitudinal 
length of the drive gear 50is approximatelythe samc 
lengthasthe ength ofthe stroke of piston15,Suction 
pump 52is carried from and supported by arbor 10 
Suchas byweld75,A pump drivegear54issupported 
from pump 52 and is arranged such asto mesh with 
drivegear50,Iniet56 ofpump52isinfiuid communi 
cation with chamber16belowpiston15,Thedischarge 
of pump 52isin fuid communication with cylinder16 
above piston15through conduitmeans58,Pump52is 
Operative upon rotation ofarbor 10 afteranchor shoe 
?8 has anchored case14to the borehole wal, 

In Operation the toolshownin FIG.3isattached to 
the lowerend of a string of dri1pipe andis1owered 
into a dril hole?The weight of the apparatus causes 
the outer housing and its accompanying parts to be 
1owered with respect to arbor 19 and come toreston 
Stop27,Whenthis occurs,stem 41 has beenstruck or 
contacted by the upper part of housing14and shoved 
down Soasto close valve36 byforcingit downwardly 
Such that bal,42is held by upper recess38 and the 
vaiveisthus heldinits closed position,Whenthetool 
hasbeenloweredtothebottom ofthe borehole,thepres 
Sure of the drilingfuidinarborsection 10isthenin 
creased and the anchor shoes are forced outwardy 
againstthe borehole wal byfuid actingthrough ports 
33,Aftertheanchorsection hasbeensecurelyanchored 
to the borehole waH,rotation ofthe dri1pipeiscom 
menced?Therotation ofthe drilpipecausespump42 
totakefuidfrom beneath piston15and pumpitunder 
highpresSureintothe chamber16abovepiston15,This 
reSults in a large diferentialpressureacrosspiston15 
thus forcingpiston 15downwardy,Piston15,being 
rigdyattachedtobit?7,thusforcesthe bitdownwardy 
againstthebottom ofthe borehole,Thereactionthrust 
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Saiddrillstringtosaid bit;apiston fixed to the exterior 
of Saidarbors;ahousingSurroundingsaidarborinarotat 
ableandlongitudinalyslidablerelationship therewithand 
defningacylinderforsaid piston;pumpmeans,theintake 
toSaidpump beingfuidlyconnectedtothe cylinderbelow 
Said piston and the outletfrom said pump beingto the 
cylinderabove said piston;drive meansinterconnecting 
Saidarborand Said pump means such that said pump 
meansisactuated bythe rotation of saidarborandwal 
anchormeansmounted on said housingand operable to 
anchorsaid housingtothewalofthe borehole, 
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