1 METHOD AND APPARATUS FOR MANUFACTURI NG A ROCK BI T LEG I . FI ELD OF THE
+NVENTI ON. 5 This invention relates to a nethod of formng a leg for a
¥oller gutjer.drill bit, and nore particularly to a method of doi of
the necesSSary machining of a drill bit |leg using but one nnuntlnégﬁwgggﬁe
set up twice on the sane nulti-axis CNC naihlnlng center. 10 I1. BACKGROUND
OF THE INVENTION A roller cutter drill bit™is nornally formed of three
elongated [err] steel sections o ) 3|y the sane
geonetry. The | egs are wel ded tTOQE pl eted drill bit
body.. A roller cone is rot =¥ g et @9 er ed j our nal
formed at the |ower end of each leg to conplete the drill bit. Heretofore,
it has been common Eractlce %, u & ei ght different nachi nes, eight
speci al holdln§ fix s to do all 20 the nachlnlng
processes tg COﬁpleTHlQn&ndenthohlméla;esNEUImsmeghadn9fdﬁmeﬂam arakegd nes

and set-ups, thg refergige dakudlCaaigss ni!,n 2R e A A BAIY ¢4 a
method of doing most of the necessary machining of a drill
bit leg using but one mounting fixture set up twice on the
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same multi-axis CNC machining center.
10 '
II. BACKGROUND OF THE INVENTION
A roller cutter drill bit is normally formed of three
elongated 120° steel sections or legs having essentially
the same geometry. The legs are welded together to form a
15 completed drill bit body. A roller cone is rotatably
attached to a cantilevered journal formed at the lower end
of each leg to complete the drill bit. Heretofore, it has
been common practice to use up to eight different machines,
eight special holding fixtures and eight set-ups to do all
20 the machining -processes to complete one drill bit leg.
When using many different machines and set-ups, the
reference datum changes with each operation making it
extremely difficult and costly to hold cumulative machining
tolerances to acceptable limits on a completed bit leg.
25 The following is a typical description of state of the art
operations necessary to convert a rough bit leg forging
into a finished roller bit leg. "
Operation 1. ~ Commonly termed 120° milling, this
step entails clamping the leg forging in a special
30 fixture mounted on a specially constructed milling
machine. Flats are then milled 120° apart on the
sides of the forging. They are milled so that three
legs positioned with the 120° flats abutting form a
bit body. On this same set up, identically located
35 dowel holes are formed into the 120° flat surfaces of
the leg so that steel dowel pins placed in the holes
position the legs to be welﬁed together in a later



extrenmely difficult and costly to hold cunul ati ve machi ning tol erances to
acceptable limts on a conpleted bit leg. 25 The following is a typical
description of state of the art operations necessary to convert a rough bit
leg forging into a finished roller bit leg. Operation 1. Comonly terned
[err] mIling, this step entails clanping.the leg forging in a special 30
fixture nounted on a specially const ruct e® m | ling machi ne. Flats are
then mlled [err] Pg_rrg g_g nt.he sides of the forging. They are nilled so
that three | egs posftioned wWith the [err] flats abutting forma bit body.
On this same set up, | dOREFaREPR Racat Eampenly teemaél haicks drurnintgwed

into the [err] flagntuifiacesafbihBeth8U188 EbAYing ok éi%iféciwsnﬁ&aﬁ%i in
t he hol es pomhonthelggéoto be We#dedi a later

operation. OperatiYf*3g RyBHiLgus Xr% a%%o" tg}?ﬁ%gas éjrﬁ%ﬂ“Ps Ihghpi ngl

the | eg foBgi ng i nferghag abnéli xElikture are mounted on a specially
designed bit leg outside diameter turning machine,
such as a modified lathe to turn this outside diameter

surface.
Operation 3. This operation consists of rough
10 turning the bit leg bearing journal with the partially

machined forging mounted on a special counter balanced

fixture in a lathe using the 120° flats as reference

datum. The journal is turned leaving stock to be

ground to finished specifications in a 1later
15 operation.

Operation 4. This step involves mounting the
partially machined leg forging in a special fixture on
a-five-axis CNC machining center using the 120° flats
and rough turned journal as dual reference datums.

20 The following operations are sequentially performed
using one set-up in the machine.

Step 4a. The lubricant reservoir hole is
drilled into the upper tapered shoulder of the
leg.

25 Step 4b. The jet nozzle hole is drilled
' into the nozzle socket boss on the lower portion
of the leg adjacent the bearing journal.

Step 4c. The hole for inserting ball
bearings to rotatively affix the roller cutter to

30 the journal is drilled through the lower end of
the leg into the ball race on the journal..

Step 4d. The long lubricant hole is drilled
from the grease reservoir into the ball insertion
hole to supply the bearing with lubricant from

35 the lubricant reservoir. _

Step 4e. The lower end of the turned 0.D.

or shirttail is milled off concentric to the seal



using the previously mlled [err] flats as datum The 5 forging and
fixture are nmounted on a specially designed bit |eg outside dianeter
turni ng nmachine, such as a nodified lathe to turn this outside dianeter
surface. Operation 3. Thi s operation consists of rough 10 t urni ng
the bit leg bearing journal with the partlghly machi ned forging nounted on
a special counter balanced fixture in a |athe using the [err] flats as

ref erence datum The | S | eavi ng stock to be ground to
fini shed speC|f|cat|onsBH|ERigcg FE?EQS§5 operati on. eration 4.

This step involves nounting tﬁé-ﬁaéﬁkalT?enﬁbﬂ¢n%¥bt¥gﬁﬂ%wgﬁ ikpke faxi al

fixture on a-five-axis CNﬁenﬁéééﬁv@ﬂr%ﬁe $¥3104n $h6péeaeloﬁlfé&1ﬁr1dwd)ugh
turned journal as dual ref,erence dat fol |l owi n operatl

are sequentially perfornBdIASFR § t- Lé%??ﬁ??&&?&&hlﬁssegy b4
| ubricant r8&servoir holelnSeﬂsebtédglnhe lorguppke haberefl shapld@r of the

leg. 25 Stepgflp 4dhe 1abri02€i6n"Yebentild | E2dts are
milled on the journal.
Step 4h. Lubrication access holes are
drilled through the journal flat surfaces to
10 intersect the ball insertion hole.
' Operation 5. This operation entails hard facing
the load side of the journal bearing in the welding

station. It may be done manually or by a special
robot. _
15 Operation 6. This operation is a manual

operation in the weld shop. It entails hard facing of
the turned outer surface of the leg, filling dowel
holes and reservoir slots. '

Operation 7. This operation entails heat

20 treatment of the entire leg. '

Operation 8. This operation is rough grinding
of the journal using a plunge grinder with the journal
bearing ball race as reference datum in a special
holding fixture.

25 Operation 9. This operation is finish grinding
the journal using a bucket grinder with the rough
ground journal bearing ball race surface used for
reference datum. '

Operation 10. The operation ‘entails re-milling

30 of the 120° flat surfaces using the finish ground
journal ball race surface as reference datum using a
special fixture on a 120° mill. The 120° surface must
be re-milled because they become distorted during heat
treatment of the leg. _

35 Operation 11. This operation entails mounting
the bit leg in a special fixture on a 4-axis CNC
machining center using both the re-milled 120°



into the nozzl e socket boss on the |ower portion of the |eg adjacent the
"bearing journal. Step 4c. The hole for inserting ball bearings to
‘rotatively affix the roller cutter to 30 the journal is drilled
through the I ower end of the leg into the’ bal | race on the journal. Step
4d. The long lubricant hole is drilled frgmthe grease reservoir into the

ball insertion hole to supply the bearing with lubricant from 35
the lubricant resegueihcest €inde.thd'eph@er r£88 Usr t Reel VEDRIsR Dy rBum%
shirttail is mlleq off concentyic to the seal 3 backface surface tep

4f . The side | ubri dSHERAH RS hAudk oFeFﬁEeF%er@%ﬁ\F‘“ﬁf eas'@ i | §ohowing

operation is drill egegdraonst are tdeyuertidloaipedformedsabiay one agék Sup
i ntersecting the l?ﬂgthﬂbﬁagﬂLﬁeOf step 4d. Step 4g. Lubrication retention
flats are

5 Step _11la. The side lubrication hole

~ (reference Operation 4 - Step 4f) is drilled,
counter-drilled and tapped.

Step 11b. The shale burn plug hole, located
on the journal back face, is drilled, counter

10 drilled and milled.

Step 11c. The pin end. is milled off to a
critical length and a small reference dowel hole
is drilled in the pin end face.

Step 11d. For subsequent bit assembly means,

15 a shallow tapered hole (dimple) is drilled into

the leg back face surface.

As is shown, using this many machines, fixtures and
set-ups makes holding the necessary tight dimensional
tolerances very difficult as the reference datum on the leg

20 shifts with each set-up. This mandates much closer than
normal dimensional tolerances on each metal removal
operation, making the overall manufacturing time and cost
of a individual bit leg inordinately great. This also
leads to an undue level of re-work parts or scrap.

25 - Another disadvantage of current manufacturing systems
is when any change is made to a bit leg design, for
example, a change in the vertical journal angle or the
radial off-set of the journal, a new costly set of
machining fixtures must be made to accommodate the change.

30 The present invention to overcome the foregoing
disadvantages is directed to an improved method for foming
a leg for a roller cone rock bit.

More specifically, it is an object of this invention
to provide a superior method whereby the entire machining

35 process of forming a finished bit leg from a rough forging
is accomplished by using just one 3-axis and one 6-axis
machining centers.



mlled on the journal. Step 4h. Lubrication access holes are drilled

through the journal flat surfaces to 10 I ntersect the bal
insertion hole. Operation 5. This operation entails hard facing the | oad
side of the journal bearing.in the welding station. It may be done
manual Iy or by a special robot. 15 5 Operation 6. Thi s

operation is a manual operation in the weld shop. It entails hard facing

of the turned outernsurifsacsneﬁhéhedmca‘lbfl rtgxéiowésaﬁteslx@mhtfﬁs&r\t@r

| |
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journal using fircpm urr:ge rpughlerfamgimg heehatur maJl]bemmsg.sltalritljmcprmduce
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Thi s operatlon I'sS finish grin ucket grinder with
the rough df oUiPS® FHATSINELY | $al |l race surface used for reference

dat um - It is again another object of the present invention to
provide a forging for a roller bit leg that has two novel
flanges or wings protruding proximate and parallel to the
two flat surfaces of the forging that intersect at an angle
10 of 120°. These flanges provide clamping means outside the
leg machining envelope whereby the 1leg forging can be
manipulated by CNC into all of the necessary attitudes for
forming the leg without having interference between the
machine, cutting tool, holding fixture and the workpiece.
15 The aforesaid flanges are removed by grinding or other
| means prior to assembly of the bit.
SUMMARY OF THE INVENTION |
According to a first aspect of this invention there is
provided a method of manufacturing a rock bit leg from a
20 rough bit leg forging whereby ﬁultiple machining
operations are performed by a six-axis CNC machining center
comprising the steps of: .
forming three dimensional datum surfaces on a
rough leg forging ,
25 mounting the rough leg forging in a holding
' fixture,
securing the fixture to the six-axis CNC
machining center,
_ establishing a three dimensional datum reference
30 from the leg forging into the NC function of the six-axis
machining center, and
performing a majority of the material removal
operations to prepare the leg for subsequent assembly
through manipulation of the six interactive axes of the CNC
35 machining center that positions the rough forging of the
rock bit leg in any and all attitudes necessary to
accomplish each of the separate material removal



Cperafion 10. The operation entails re-mlling 30 of the [err] flat
-surfaces using the finish ground journal ball race surface as reference

“datum using a special fixture on a [err] mll. The [err] surface nust be
re-m |l ed because they becone distorted during heat treatnment of the |eg.
35 Operation 11. This operatiog entails nounting the bit leg in
a special fixture on a 4-axis CNC machi ning center using both the re-mlled
[err] 4 surdpeart iaons ttieeteby mabetainime éxtueahely ocbose otobatransedua

i ng one set e, tHEC 160, FORLH°RERRLAS Wndiifed Y SR QhL¥-AR MELER]

lubrication the Eigtame dinoughaut iadd oL theepachiniggdpriocegses .
counter-drilled angdcdiRBihg SEEP al 1PeatiiBe S¥ et NiREALNBhe tHYAt £ ON

the journal_back face, is drilled, counter
J 5 proviééd a method of manufacturing a rock bit leg from a

raw leg forging whereby a majority of machining operations
are performed by a six-axis CNC machining center comprising
the steps of: ' _
forming three dimensional datum on said rough leg
10 forging,
mounting the rough leg forging in a fixture,
establishing a three dimensional datum reference
from the leg forging into the NC function of the six-axis
machining center and performing the following material
15 removal operation;
securing the fixture to the six-axis CNC
machining center,
machihing a journal bearing statically,
milling a leg backturn surface ,
20 drilling a reservoir hole,
drilling a nozzle hole,
drilling a long lubrication hole,
milling a shirttail profile, ,
drilling a side lubrication pilot hole,
25 milling flats on the journal bearing,
drilling journal lubrication holes,
drilling a ball hole,
removing said fixture from said six-axis CNC
machining center,
30 hard facing of the journal,
hard facing of the shirttail,
welding of a reservoir slot,
removal of Ieg from the fixture,
heat treating the entire leg,
35 remounting the leg to the fixture,
securing said fixture to the six-axis CNC
maéhining center,



10 drilled and mlled. Step 11c. The pin end is mlled off to a
critical l'ength and a.small reference dowel hole is drilled in the pin end
face. Step 11d. For subsequent bit assenbly neans, 15 a shal | ow
tapered hole (dinple) is drilled into the | eg back face surface. As is
shown, using this many nachines, fixtures apd set-ups nmakes hol ding the
necessary tight dinensional tolerances very difficult as the reference

datum on the Ieg 20  shi ffsendide) eaeh S#didp Joumlaa ngHdad egimagh §£ﬁ§§ﬁ

t han nor nal E§n§|%ﬁ$1 t ol erances on each neétal renoval operation, making
t he overal | lﬁb time and cost of a individual bit |eg

i nordi nately great. TmmikﬂrngIyznksﬂlaumswmﬂwweslfbehedfbwesuﬁﬂklégnts or
scrap. 25 Anot her vant nt %g in

when any change is nade ggﬁgqﬂ qﬂﬁit eS|gn&%fo? %égﬁ ghaﬁé@ %ﬁe
vertical jo@r ndubmigation teiiiié‘-mﬁalfmfedsw @Blﬂhéegaur nal, a new cost ly
set of machining flxturesaxrm.t %dmtpof&caﬁavﬁlﬂf Y YuriChole

grfecfégsfgtanl ventlgw_ 3#5@ er ’;ge f oregol ng dlsadvahtages 'S

drill and mill the leg pin end, and

drill a 1leg positioning dimple hole in said

10 backturn surface formed on the leg, the majority of the

material removal operations are performed by the six-axis

CNC machining center thereby reducing to an absolute

minimum the possibility of tolerance stack ups resultant

from multiple leg set ups thus repeatability, accuracy and

15 maintenance of very close tolerances is routinely achieved.

According to a second aspect of this invention there
is provided a rock bit leg forging for a three cone rock
bit comprising means for mounting said forging in a leg
machining holding fixture such that subsequent multiple
machining operations to the leg forging may be completed
without interference from the means for mounting the leg to
the fixture or the fixture itself.

The present invention overcomes the shortcomings of
the current manufacturing of drill bit legs by'broviding a
method of making a bit leg that is extremely more accurate
and versatile. Whereas current methods entail using a
multitude of different machines, fixtures and’ set-ups to
machine a bit leg, this invention teaches a method to
completely machine a bit leg from a forging using only two
Imachines, two holding fixtures and three set-ups of the
wdrkpiece. Because the same reference datum is used for
all but the first machining operation, the cumulative error
is very slight enabling very close dimensional tolerances
on the finished leg to be maintained. Because bit legs
made by the teachings of this patent require so few
machines and set-ups, as compared to present methods, great



‘a leg for a roller cone rock bit. Mre specifically, it is an object of
this invention to provide a superior nethod whereby the entire machining 35
‘process of formng a finished bit leg froma rough forging is acconplished

by using just one 3-axis and one 6-axis nmachining centers. It is another
obj ect of the present invention to- providega process for formng a roller
cone rock bit leg froma rough forging that will consistently produce

fini shed part ssdwigigsir efsi €ithé i el | ¥YoBBEE AL UraheikRaAN 5 Hmugsaregatly -
made. It is a%$|n aqgther obj.ect of %he ptesent inventi,qn to .provide a
forging for aB5HIRRC bilPVEET 1t SKESSPwoiRoRP fIShRS 'mﬂﬁbslﬁroPPHding
proxi mat e and feasiblsd, tfromeat cost| atandr padet ,oftd heecdeptyi ngshhatrders
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out side the | eg machi ning envel ope whéréby tihe I'e§g forgrng can be

mani pul at ed bycONG 3lntd quatamen’ife ne_dessary attitudes for formng the |eg

W thout having int & it S mRIEddtring a rock bit leg from a rough
bit leg forging is disclosed whereby multiple machining
operations are performed by a six-axis CNC machining

. center. Three dimensional datum surfaces are initially

formed on a rough leg forging. The rough leg forging is
then mounted in a holding fixture. The fixture, including
the leg forging, is secured to the six-axis CNC machining
center. A three dimensional datum reference from the leg
forging is set into the NC function of the six-axis
machining center. _

The rough leg forging includes a pair of extended
flanges coincident with the 120° leg surfaces. The leg
flanges mount to complimentary surfaces formed on the leg
holding fixture, thus securing the leg within the fixture
without interference of any of the machining processes.

The CNC machining center performs a majority of the
material removal operations to prepare the 1leg for
subsequent assembly through manipulation of the six
interactive axes of the CNC machining center. The
machining center positions the rough forging of the rock
bit leg in any and all attitudes necessary to accomplish
each of the separate material removal operations thereby
maintaining extremely close tolerances since the leg
forging remains indexed to and secured within the fixture
throughout all of the machining proéesses. .

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of example
with reference to the accompanying drawings in which:

FIGURE 1 is a partial diagrammatic perspective view of
a 6-axis CNC machining center having a unique workpiece
holding fixture mounted thereon. A roller cone bit leg
forging is shown clamped in the fixture by means of flanges



‘nachine, cutting tool, holding fixture and the workpiece. 15 The aforesaid
flanges are renmoved by grinding or other means prior to assembly of the
bit. SUMVARY OF THE | NVENTI ON According to a first aspect of this invention

there is provided a nethod of manufacturing a rock bit leg froma 20

rough

bit leg forging whereby nultiple nmaghining operations are perfornmed

formng three
nount i ng

ture t.0.the

by a six-axis CNC nachining center conprising the steps of:
di mensi onal dextending afbesm drther Yemyofodging or gi ng 25

the rough | eg forgi g @, gl di | seeuring the fi
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reference 30 fWiih therolle¥ deit nkeg nforging Nooéihioned 66rt fermingawns a

machi ni ng Cent@Haxfguhé&H{ﬂIﬂgrgbﬁ% jority of the material renoval _
operations to prepare }heégeg for_subsequent assenbly through manipul ation

of the six interact

Gt & K aguemIR tige ifigen yiewn ofr ar wel lgysiconens

t he rough for dity lsdg tforging.

FIGURE 4 is section 4-4 of Figure 3 showing a rough
leg forging with projecting clamping flanges.

FIGURE 5 is a partial side view of a bit leg forging
positioned in a fixture mounted on a machining center.

FIGURE 6 is a cross-section of a finished leg prior to
bit assembly illustrating 16 of 17 machining steps
performed on the six axis machine.

In the figures like refefence'numerals denote 1like
parts. ' | |

DESCRIPTION OF THE PREFERRED EMBODIMENTS

AND BEST MODE FOR CARRYING OUT THE INVENTION

Turning now to Figure 1, the multi-axis horizontal
machining center generally designed as 10, is so configured
that its six CNC interactive axes can be programmed whereby
a roller cone bit leg forging 12 can be completely formed
on it except for the first minor machining operation. The
first operation is done on a common three-axis machining
center (not shown). This operation consists of forming
reference surfaces 33 in surface 25 (Figs. 2 and 3) on the
clamping flanges 24 of the forging 12. These surfaces 33
are drilled and counterbored into surface 25 to establish
X, Y and Z datum on the forging 12 which is necessary for
subsequent CNC machining operationé on the six-axis machine
10.

To make it possible to do practically all of the
machining operations on the leg forging 12 with the six-
axis machining center 10, a novel holding and positioning
fixture, generally designated as 14, has been developed.
Referring now to Figures 1 and 2, which illustrates a bit
leg forging 12 positioned and clamped in the novel holding



rock bit leg in any and all attitudes necessary to acconplish each of
-the separate material renoval 6 operations thereby maintaining
‘extrenely close tol erances since the |l eg forging renmains indexed to and
secured within the fixture throughout all of the machining processes.
According to a feature of this invention thgre irs 5 provided a net hod of
manuf acturing a rock bit leg froma raw |l eg forgi ng whereby a majority of
machi ni ng oper fiixbusear 84per f oMd bf ixture alids PErminehi riomplete erCNC
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of the six-axig2Maghhgi 661¢CHHE hSTEiRG £ Dkt A 14 Gndutid Vi) JHY &-iadlislS
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- head stock capable of CNC off-center tool rotation U (fig.

1) for boring/turning operations as well as conventional

on-center drilling/milling capabilities.

The followihg description illustrates the versatility
of the novel positioning/holding fixture 14 mounted on a 6-
axis CNC machining center 10 having off-center tool
rotation U for boring/turning. The holding fixture 14 is
essentially a U-frame, one leg 1lla of which is mounted by
bolts 19, or other clamping means, to rotary table A which
is CNC indexable around the horizontal axis (. The
opposite leg 11b of fixture 14 has a rotatable support
pivot 21, for example a live center, mounted on a vertical
support column 23. This rotatable support means 21 has an
‘axis of rotation coincident with horizontal axis (.
Support means 21 adds rigidity to the set up and also
-allows fixture 14 to be CNC rotatively indexed about the
horizontal axis C to enable the changing of the vertical

angular attitude of the fixture 14.

The flat flanges 24 are preferably forged as integral
extensions of the leg forging 12, but may be affixed to the
forging 12 by welding or other means. These flanges are
formed parallel to the 120° flat surfaces 22 of the forging
12. They are also off-set from the 120° flat surfaces 22
to provide tool clearance when machining the 120° surfaces
22. These flanges 24 are clamped to the 60° flat surfaces

26 formed on the U-frame legs 11 of the holding fixture 14.

The sub-assembly, generally design%ted as 15, is
comprised of a bit leg forging 12 clamped in the holding
fixture 14 which is rigidly affixed by bolts 19, or other



machi ning center, machining a journal bearing statically, mlling a |leg

-backturn surface 20 drilling a reservoir hole, drilling a nozzle
hole, drilling a long lubrication hole, mlling a shirttail profile,
drilling a side lubrication pilot hole, 25 ' mlling flats on the
journal bearing, drilling journal lubricatiopn holes, drilling a ball hole,

renmoving said fixture fromsaid six-axis CNC nachining center, 30
hard facing of meassj otenzbtanyr tabdei Agwbich his SINC tratidt i vesl ylisuppdrted

reservoir slotgpf %Valllofiz&ﬁﬂa%r@méﬁ%f %t‘é g ‘*l?'atsﬁé% ' %Q-uhh‘i gntif e

| eg, 35 renmounting theleg to t I xture uring sal flxture
to the six-axi $E&8c Adchi kS cewe e@ssembly 15 is rotatively mounted on

turntable B which is CNC indexable around the vertical axis
D. This allows CNC horizontal angular attitude changes of
the fixture 14 and workpiece 12. Rotary table B is CNC
rotatively affixed to horizontal cross-feed table 13.
Rotary axis D is perpendicular to both the rotary table B
and the linear cross-feed table 13. Table 13 is linearly
indexable in the horizontal plane X to allow CNC linear
alignment of the workpiece 12 with the various machining
tools used in the head-stock, which is generally designated

as 16.

The head-stock 16 is rotatively affixed to the
vertical column 30. It is CNC rotated on horizontal axis
E, which is perpendicular to the front face 30a of column
30 and to the linear sliding axis X of table 13. CNC
indexing of the head-stock 16 in the vertical plane Y is
made by vertical movement of the column 30. Likewise, CNC
indexing of the head-stock 16 in the horizontal plane Z is
made by horizontal movement of the column 30. A tool
holder 31 is slideably attached to the head-stock 16 which
provides means for CNC off-center indexing U of a cutting
tool 32 for static turning, bdring or facing some surfaces

of the bit leg forging 12.

In reference to Figures 3 and 4, a side view and top
view of the bit leg forging 12 illustrates its overall
geometry prior to machining. The upper tapered end 18 will
subsequently become part of the threaded connection (not
shown) . '

As discussed heretofore, state of the art systems for
machining bit leg forgings entails milling of the 120° flat
surfaces on the forging as the first operation. This
provides temporary X, Y, Z datum means on the forging for
the pre-heat treatment méchining operations. However, heat



7 machine turn said journal to a final finish statically, mlling [err]
flat surfaces forned by said leg, drill, counter bore and thread a top side
5 lubrication entrance forned by said leg, drill, counter bore and mll a
shal e burn hole fornmed by a | eg backface, drill and mlIl the leg pin end,
and drill a leg positioning dinple hole ig,said 10 backturn surface formnmed
on the leg, the mpjority of the material removal operations are perforned

by the S't)ﬁ aX't%éQl;ﬂ.(ﬁltéi‘?:Chb?l ?sheer;s@ftim anarc?ﬂlz'x@dl"'?fB? %ﬁgabééi't%ﬁsl |
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t ol erances isneymadhﬂneduﬁneved Accordlng to a second aspect of this

i nvention there is provided a rock bit leg forging for a three cone rock

bit conprising neamg,d or Pé’ 11_ ”glﬁ%ﬁti%g' Avileds CEHACN 81 BoPeldhnd

fixture such that subse
. problem. he extended flanges 24 formed integral to the

leg forging 12 are oriented and clamped in the holding
fixture 14 using datum surfaces 33 heretofore described.
This datum 33 provides the height/depth/width reference
surfaces necessary to establish datum of the forging 12 in
the CNC function of the machining center 10.

Heat treatment distortion of the leg is of no
consequence because the 120° milling step is one of the
last machining operation on the six axis machine.

Referring now to Figure 5, which illustrates a cutting
tool 32 affixed in a tool holder U. Tool holder U is
rotatably mounted on headstock 16 of machining center 10.
The tool holder U can be CNC radially indexed off-center so
that the cutting tool 32 describes a circular orbit about
the axis E of headstock 16. With the leg forging 12
mounted in the holding fixture 14 so that the center line
39 of journal 35 is coincident with axis E, all of the
necessary turning and facing of the bearing journal 35
(Fig. 6) may be completed with the work piece 12 held
stationary. The particular cutting tool 32 illustrated is
facing the journal backface 37. The depth of horizontal or
axial cut on the backface 37 is CNC indexed by the linear
column movement 2. The diametral positioning of the
cutting tool 32 necessary to form all of the surfaces on
the joufnal 31 is done by the CNC controlled tool off-

center function U of the headstock 16.

Figure 6, a cross-section of a finished bit leg 38
prior to bit assembly, illustrates many of the geometric
features formed on the leg forging 12 by® the 6-axis
machining center.



machi ni ng operations to the leg forging my be conpl eted w thout
-interference fromthe neans for nounting the leg to the fixture or the
fixture itself. The present invention overconmes the shortcom ngs of the
current manufacturing of drill bit |egs by providing a nethod of making a
bit leg that is extrenely nore accurate apg versatile. Wer eas current
nmet hods entail using a multitude of different machines, fixtures and

set - ups t obmtslchl ne fmebupp]geegcohmbav mﬁ&dlz@mté eanm;s mated hadht eweonpret el y
machi ne a bi rom a .for.qi ng. ysi ng, on WO_ Nac

fixtures and e 3at Wi &% Li%ﬂ%p . @t‘ﬁ%ng °?e€%¥%ﬁ‘ée
datumis used (hat shbwhmt t Dewél rixdlersehii mgedpevatkdallyyhposiitiibat the
error is very e y cl | I 0 e
finished |eg tlo%dosgrgrr%lg ai negd\iﬁgecau@ngﬂkﬁegﬁdow '{g ﬁ%%m'? gc%c;nlhs of

this patent réﬁmqm§nﬁ9fﬁﬁrﬁ%%m1neémﬁhdsbéllgﬁsSmﬁiluﬁhﬁmeﬁerohﬂh%eﬁﬁ
et hods, grealgrili?2dSankBIpift§ ehd Burbe A3t S 2liBeiedbrZ88sit iBREAYSERS NE

leg forging 12 in fixture 14. When three finished legs 38
are welded together to form a bit (not shown), the inside,
as forged surfaces 51, form a drilling fluid plenum to
supply high pressure coolant to the bit cutting structure
(not shown).

A bearing journal, generally designated as 35 is
cantilevered down and inward from leg 38. A roller cone
(not shown) is rotatably mounted on journal 35 by means of
ball bearings 55 inserted into the half ball race 43 of the
journal 35 and a matching half race (not shown) formed in
the bore of the roller cone. The ball bearings 55 are fed
into the ball race 43 through the ball insert hole 42 and
secured in place by a ball retainer plug (not shown) then
welding up the hole 42 and counterbore 47.

On the load side of circumferential groove 53 around
the friction bearing surface 54 an anti-galling metal inlay
44 is deposited and turned true in a later operation.

Surfaces 48 and 52 are thrust bearing surfaces that
mate with matching faces in the cutter (not shown).

Lubricant is supplied to the journal bearing 35 from
‘a grease reservoir 40 through the long lube hole 41. The
grease is forced into the reservoir 40 through the side
lube hole 45. The bearing system 35 is pressure
compensated by means of a pressure relief valve 46 in the
inner leg surface. ' |

The following schedule_shows the equipment numbers,
types and operations necessary to completely form a bit
leg.



present invention system is so versatile, it 1is nowfeasible, froma
cost stand point, to accept rush orders for the nmanufacture of m ni mal
quantities of standard bits to fill a custoner's need. A nethod of

manuf acturing a rock bit leg froma rough bit leg forging is disclosed
wher eby nultiple machining operations are pgrformed by a six-axis CNC
machi ni ng center. Three di nensional datum surfaces are initially forned

on a rough | egEquigment The raugikilseqhadining centlken nounted in a hol ding
fixture. The fixture, including the leg forging, is secured to the six-axis

CNC machi ni ng cente ree.di mepsi l;, datum.reference fromthe |eg
forging is set intobPﬁgaﬁgoﬁu%étio%%§%g?ﬁ5g%Fxgéyﬁgsﬁﬁgﬁﬁnpﬁ URBer. The
rough leg forging includes a pair &brgingnded flanges coincident with the
[err] | eg surfaces. The |l eg flanges nmount to conplinentary surfaces

formed on the Equipaledtne.fixbuskisl Buehindny! Bantle koG uhhlet he fixture

w thout interfer gge of,anzﬁpf t he machi ni ng”processes. The C machi ni ng

center perfor °§ ﬁBPoFPF§ f+:the material renoval operations to prepare

the leg for subsequent assenbly through manipulation of the six
Operation 2. Turn journal statically

(One Set-Up) Mill backturn
Drill reservoir hole
Drill nozzle hole
Drill long lubrication hole
Mill shirttail profile
Drill side lubrication pilot hole
Mill flats on journal
Drill journal lubrication holes
Drill ball hole
Equipment 3. Welding area
Operation 3. Hard face journal
Weld shirttail hardfacing
Fill resérvoir slot
Equipment 4. Heat treatment

Operation 4. Heat treat complete leg.



Interactive axes of the OCNC nmachining center. The machi ni ng center
positions the rough forging of the rock bit leg in any and all attitudes
necessary to acconplish each of the separate material renoval operations

t hereby maintaining extremely close tol erances since the | eg forging
remai ns i ndexed to and secured within the fgxture throughout all of the
machi ni ng processes. BRI EF DESCRI PTI ON OF THE DRAWNGS The invention w ||
now be descri b&duipmemt &. ex&vaxd swinid h|Hi§’fi@©e%Qt%Q mehanggganyl ng f
drawi ngs i n which:q:El j s a partia i agrammati c perspective view of a
6-axisgCNC nacE?ﬁf¥é%ii§%%§*rhaving a uni que wor kpi ece hol ding fixture
mounted thereon. A roller cone bit leg forging is shown clanped in the
fixture by neans of OPeZia§den 5.9 eFiaighngurnojourpalegtatigrddy Fl GURE 2
is an isonetric view of a holding fixture with a roller bit leg forging

positioned for forn(opeosSer-Gpaxi sMiaahinriorg Fa88t 8urfaces

Drill, counter bore and thread side
lubrication entrance

Drill, counter bore and mill shale
burn hole

Drill positioning dimple hole
Mill and drill pin end

Extremely good and repeatable accuracy of a finished
bit leg 38 is achieved by the use of the six-axis
machining center 10 fitted with the holding fixture 14.
The unique holding and CNC positioning capabilities of
the fixture 14 gives uninterrupted access to the forging
12 by the necessary tooling for all but the first
machining operation. Equally important, is the extremely
good accuracy and repeatability of all of the six CNC
axes of the machining center 10.:

These specifications, routinely achieved by the
hereinabove described six axis CNC machining center 10,
are shown in the following chart. As is obvious, these
tolerances are much closer than those normally acceptable
in industry.

[CAXIS TYPE POSITIONING IN | REPEATABILITY |
[ X-Y-Z Linear . 00024 [ 0.00018 |




FIGURE 3 is a diagrammatic side view of a roller cone bit |eg forging.
‘FIGURE 4 is section 4-4 of Figure 3 showing a rough leg forging with
projecting clanping flanges. FIGURE 5 is a partial side view of a bit leg
forging positioned in a fixture mounted on a machining center. FIGURE 6 is
a cross-section of a finished leg prior tolbit assenbly illustrating 16 of
17 machi ni ng steps erforned on the six axis nachlne In the figures |ike
ref erence nuneral s| T .
EMBODI MENTS AND BEoT NDDE FO
Figure 1, the nulti—axpsgtor{zor
10, is so configuréd that it‘ '
whereby a roller ce ; 8 cAR—e—corp-ataby—horaa—or—
except for the first m nor nachlnlng operatlon The flrst operation is done
on a common three-axis machining center (not shown). Thi s operation
consists of formng reference surfaces 33 in surface 25 (Figs. 2 and 3) on
t he cl anpi ng fl ange§ha4fofreghénfosghegule. dgfiises sthd gueesfd3¥ed sequence

of machining operations now made possible by the present

Tur ni ng now t

an be programm

invention of using the unique CNC positioning fixture 14
mated with the recently developed 6-axis CNC machining
center 10.

It will of course be apparent to those skilled in the
art that other reference surfaces may be formed o the
forging 12 that can be used to establish 3-dimensional
datum for CNC machining. It will also be apparent that the
foregoing machining schedule is not necessarily the only
order in which the individual steps may be done and still
maintain dimensional integrity in the finished bit leg 38.

It will of «course be realized that various
modifications can be made in the design and operation of
the present invention without departing from the spirit
thereof. Thus while the principal preferred construction
and mode of operation of the invention have been explained
in what is now considered to represent its best embodiments
which have been illustrated and described, it should be
understood that within the scope of the appended claims the
invention may be practiced otherwise than as spec1f1cally
illustrated and described.



oper ations on

: ' ”"”’ﬂﬂ'f{k§$ﬁh£ ¥
on the forging 12 Jahki |m\ ﬁﬁgry for subsequenil CNC reRbAGED(g
th \ ﬂ | MRIeAMiTTe: 10. To make it | Foe—t0 do
ofithe rwchic

practically all i'nfng operations on the leg forging 12 with the

. e
surface 25 to eslahhbgmeXT SRBEY

si x- axis machining center 10, a novel holging and positioning fixture,

general ly designated as 14, has been devel oped. Referring nowto Figures 1
and 2, which ilkiagMsates a bit |leg forging 12 positioned and clanped in the

novel hol ding

10 fixture 14. This fixture 14 permts conplete

CNC mani pul ati on oflthenéfﬂﬁggkg{ﬁg @%P%%%§§§3§§§a§§Fﬁ%&%ﬁﬁg?ﬁﬁg?ﬁﬁﬁigﬁﬁ to

machi ne the conpl ex™geo
fixture 14 noumpeghon bdite Glexi st@NEimgchi nwhgrebyt emul@iplle s machd md mag

center 10 has gpeadsshaChreapabtsnfila BN LbixCERIE! chE GhadRiAIAQLhLL O

1) for boring/turning, operations as we

s conventi onal on

drilling/ m Bli R§™PXA8ANG; thessteps of:

10

15

20

25

30

forming three dimensional datum surfaces on a
rough leg forging ,

mounting the rough leg forging in a holding
fixture,

securing the fixture to the six-axis CNC
machining center,

establishing a three dimensional datum reference
from the leg forging into the NC function of the six-axis
machining center, and

performing a majority of the material removal
operations to pfepare the leg for subsequent assembly
through manipulation of the six interactive axes of the CNC
machining center that positions the rough forging of the
rock bit leg in any and all attitudes necessary to
accomplish each of = the separate material removal
operations thereby maintaining extremely close tolerances
since the leg forging remains indexed to and secured within
the fixture throughout all of the machining processes.

2. A method of manufacturing a rock bit leg from a
raw leg forging whereby a majority of machining operations
are performed by a six-axis CNC machining center comprising
the steps of:

. forming three dimensional datum on said rough leg
forging,

i

L]

This Sheet Has Been Reilaced -

mounting the rough leg forging in a fixture,

11
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The fol | owi ng descrlptlon Ililustrates the versatlllty of the n

posi tioning/ h m" pounted on a 6- , gggg center 10
havi ng off-ce ﬁ”ﬂ]l’ r@ m U for bori ng/tuﬂn“ﬁ@ "”IH Ing fii xture
14 is essentially‘a t-i5a e leg 1la of which is fBl ts 19,

or other clanping means, to totary table Arghi cHis CNC i ndexabl e around

the horizontal axis C The opposite leg 11b of fixture 14 has a rotatable
support pivot 21, for exespAblashing acthree dimensiowal adatoun ivefersemysr t

col um 23. Thi t b & Ofof
coi nci dent wit E@r??%n?%?saX|g ég”%%& o%%lngghs Sﬁg rlghéﬁt {% 2R
set up and al sBaghiphagr icentker 14nd, B%r Eraming attihee| fol hawskad amgrlaﬂe

hori zont al aX|§eﬁb§a1ea?gkgt§Bﬁ .changi ng of the vertical angular attitude
of the fixture 14. The Iat flanges 24 are preferably forged as integral

extensions pf the leg fo e af f| t he .,forgi,ng 12 by
wel di ng or Bther .means. 1P9an3§’§ 28%“? %r af:gs 4% I"i‘g‘l[ser r(?Néf?I at
surfaces 22 ofmahhinénglqgnter They are al so off set fromthe [err] flat
surfaces 22 to provide tool clearance when machining the [err] surfaces 22.

These flanges 24 are cl agpedih®ng8 §8Gthall Beasbh§o8€Stically,

milling a leg backturn surface ,
drilling a reservoir hole,
10 drilling a nozzle hole,
drilling a long lubrication hole,
milling a shirttail profile,
drilling a side lubrication pilot hole,
milling flats on the journal bearing,
15 drilling journal lubrication holes,
drilling a ball hole,

removing said fixture from said six-axis CNC
machining center,

hard facing of the journal,

20 hard facing of the shirhtail,
welding of a reservoir slot,
removal of leg from thé fixthre,
heat treating the entire leg,
remounting thg ieg to the fixture,

25 securing said fixture. to the six-axis CNC

This Sheet Has Been Reilaced
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26 formed on the U—fra 1 of the holding fixture 14. The
sub-assenbl y, Hm m“ mﬁgﬁ E‘Lt ed as 15, is conprised of a bit leg forging
12 clamped in re 14 which is rigidly affixed by bolts 19,
or ot her means, to rotary table A which is =

the horizontal C axis by the "L" shaped trygni EgT Hap.BEER’I
sub-assenbly 15 is rotatively nounted on turnt Ie B tMGEDs CNC|li ndexabl e
around t he verhheﬁhngngscantghls al l ows CNC horizontal angut-ar i t ude
changes of the fixture 14 and workpiece 12. Rotary table B is CNC
rotatively affixed to horizeontal cross-feed t.able 13. Rotar S

per pendi cul ar to both thglafg“f"gﬁy FapRe 383 dJPHé'nIa ne‘é? &o?%ﬁfged%%ﬁ%
13. Table 13 i sthtaeadlly,i ndexable in the horizontal plane X to allow CNC

| i near alignnment of the workpiece 12 with the various machining tools used
in the head-stock, “h'Chmhilﬁﬁgeﬁékafiﬁé'Qﬁékﬁéeﬁsfé§meah9yhgaﬁdslegk 16
Is rotatively afflxed to the vertical colum . It is CNCrotated on

hori zont al %XIS

rted on
S

drill, counter bore and thread a top side
lubrication entrance formed by said leg,

drill, counter bore and mill a shale burn hole
formed by a leg backface,

drill and mill the leg pin end, and

10 drill a leg positioning dimple hole in said
backturn surface formed on the leg, the majority of the
material removal operations are performed by the six-axis
CNC machining center thereby reducing to an absolute
minimum the possibility of tolerance stack ups resultant

15 from multiple leg set ups thus repeatability, accuracy and
maintenance of very close tolerances is routinely achieved.

3. A rock bit leg forging for a three cone rock bit

comprising means for mounting said forging in a leg

20 machining holding fixture such that subsequent multiple

machining operations to the leg forging may be completed

without interference from the means for mounting the leg to
the fixture or the fixture itself.

25 4. A forging as claimed in claim 3 wherein said
means for mounting said forging in the leg machining
holding fixture is a pair of flanges protruding from
opposite sides of the forging, the flanges being adjacent
to and substantially parallel with two flat surfaces formed

30 by the forging that intersect at an angle of about 120°.
I —

Sheet Has Been Reﬁaced
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E which is perpendlcular to the front face 30a aqfl

linear slidi ng”mmmlﬂll‘mmnw CNC i ndexi fig 0

the vertical vertical novene

Li kewi se, CNC-i ide%i ng of the head-stock 16 in the horizontal plane Z is
made by horizontal novenent of the colum §. A tool holder 31 is
slideably attached to the head-stock 16 which provides neans for CNC

?ff center indexingsU ofAafbggﬁh?gabﬁ&ha&&eﬂoﬁnsbahh&fuum®b&@;nb@wknﬂnﬁﬂB
aci ng sone surfaces of the_.bit lL.eg_fo 1 ref erence.t.0 ur es
and 4 5 o do GPESERRG= SHEIREH 0P EREMBA PG TordPRECE: FRiiu ARG Y .
overal | geonet ngipdzed tbymhmataglarherelwal t alpehedeenﬂons sykdsequent
subsequent |y bﬁggggn@ﬁgto ErhReohhreaded connection (not shown). As

di scussed heretofore, sta e of the art systens for machining bit |eg

forgings entails mlling of the [err] flat surfaces on the forging as the

first operaFion. This provides tenporary X, Y, Z datum neans on the
forging for the pre-heat treatnent machining operations. However, heat
6. A forging as claimed in claim 5 wherein said leg

machining holding fixture for mounting a rough leg forging
for subsequent material removal operations comprises;

a U shaped frame forming an angled surface on

10 each vertical arm of the fixture that compliments the 120°

surface formed on each flange protruding from said rough

forging, said forging flanges being secured to the angled

surfaces formed on each arm, one arm of the fixture mounts

to a rotary table the other of said arms is pivoted through

15 an axes of said rotary table to a pivot pin that projects

from a support post that is independent of but parallel to

the fixture arms, the support post is mounted to a base

structure that is perpendicular to and integral with said

rotary table, said base structure and rotary table with

20 attached leg machining holding fixture is independently

rotatable through an axes through the base structure that

is perpendicular to the axes of the rotary table, the

machine fixture therefore enables a manipulation of the leg

forging through any"and. all attitudes to accomplish a

25 multitude of material removal operations without
interference of the fixture or the rough leg forging.

7. A forging as claimed in claim 6 wherein said
multiple machining operations are performed on a six-axis
30 CNC machining center.

8. A method of manufacturing a rock bit leg
substantially as herein described with reference to and as

TN




i2 tr eatrrent of the art mach ned forging sgeiQusly distorts it so the
ferr] flat su H mll H}" Uiﬂbsequently re- mac n% T sent _invention
cbviates this The extendedjf| angé 3=2ALHQ nt egr al

to the leg forgl ng 12 are oriented and cl anped iLHr.Ehe. ﬁﬁtdrﬂg
usi ng datum surfaces 33 heretofore describedl This datum™

hei ght/depth/wi dt h reference surfaces necessary to establish datgm of the
forging 12 in t®ROGANGLEUbRe | accafpadyinpohrawingsent er 10. Heat treat ment
distortion of the leg is of no consequence because the [err] mlling step
is one of the last machining operation on the six axis machine. Referring
now to Figure 5, which illustrates a cutting tool 32 affixed in a tool

hol der U. Tool hol der is rotatably o d on eadstoc 6 of Chl ni ng
center 10. The tool Hold g %g éﬂﬁé %eﬂ?e ersiphat
the cutting toodeé&@rmadrivbeh neteremtartorbnd aboshoirhe;nxtheEaef:ompany
headst ock 16g #’é}ge |l eg forging 12 nounted in the holding fixture 14
so that the Tcenter _

10. A work piece holding fixture substantially as
herein described with reference to and as shown in the
accompanying drawings. '

—_—
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39 of journal 35 is coincident with axis E, all of the necessary turning
-and facing of the bearing journal 35 (Fig. 6) may be conpleted with the

work piece 12 held stationary. The particular cutting tool 32 illustrated
is facing the journal backface 37. The depth of horizontal or axial cut on
t he backface 37 is CNC i ndexed by the linear colum novenent Z. The

diametral positioning of the cutting tool 32 necessary to formall of the
surfaces on the journal 31 is done by the CNC controlled tool of f- center
function U of the headstock 16. Figurelf a cross-section of a finished bit
leg 38 prior to bit assenbly, illustrates nmany of the geonetric features
formed on the leg forging 12 by the 6-axis machining center. 13 The
upper conical surface 18, when nated with two nore legs 38, will be

machi ned into a tapered connector thread (not shown). Dowel hole 28 is
used to axially position the | egs 38 for wel ding. The pin end 17 is

machi ned for a _

27
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reference surface. The shal l ow smal | dianmeter hole 28 drilled into pin
‘end surface 17 is used for positioning the leg forging 12 in fixture 14.
YWen three finished | egs 38 are wel ded together to forma bit (not shown),
the inside, as forged surfaces 51, forma drilling fluid plenumto supply
hi gh pressure coolant to the bit cutting structure (not shown). A bearing
journal, generally designated as 35 i sm@antil evered down and inward from
leg 38. A roller cone (not shown) is rotatably nmounted on journal 35 by
means of ball bearings 55 inserted into the half ball race 43 of the
journal 35 and a matching half race (not shown) forned in the bore of the
roll er cone. The ball bearings 55 are fed into the ball race 43 through the
ball insert hole 42 and secured in place by a ball retainer plug (not
shown) then welding up the hole 42 and counterbore 47. On the | oad side of
circunferential groove 53 around the friction bearing surface 54 an
anti-galling netal inlay 44 is deposited and turned true in a |ater
operation. Surfaces 48 and 52 g#™ ¢ hrust bearing surfaces that mate with
mat ching faces in the cuttegr*(not sh@un). Lubricant is supplied to the

j our nal QE?ring 35 f:gﬁb" e
- L}




a grease reservoir 40 through the long |ube hole 41. The grease is forced
into the reservoir 40 through the side |ube hole 45. The bearing
system 35 is pressure conpensated by nmeans of a pressure relief valve 46
in the inner | eg surface. The foll ow ng schedul e shows the equi pnent
nunbers, types and operations necessary to conpletely forma bit |eg. 14
Equi pnent 1. 3-axi s machining cenBé® Operation 1. Establish 3

di mensi onal datum on forging. Equiprment 2. 6-axi § machining center with
uni que hol ding fixture. QOperation 2. Turn journa atically (One Set-Up)
M 11 backturn Drill reservoir hol ' RQz 7|l e Do Drill lTong lubrication

hol e - 22

36"“"'—"
24—




M1l shirttail profile Drill side lubrication pilot hole MII flats on_

journal Drill journal lubrication holes Drill ball hole Equi pnent 3.
el di ng area Operation 3. Hard face journal Wl d shirttail hardfacing
Fill reservoir slot Equipnment 4. Heat treatnent Qperation 4. Heat treat
conplete | eg. Equi prent 5. 6-axi s machining center with unique hol ding
fixture. Operation 5. Finish turn #frnal statically (One Set-Up) M|
[err] flat surfaces Drill, counter bore and thread side |ubrication
entrance Drill, counter bore and m |l shale burn hole




Drill positioning dinple hole MIIl and drill pin end Extrenmely good and.
‘repeat abl e accuracy of a finished bit leg 38 is achieved. by the use of the
Six-axis machining center 10 fitted with the holding fixture 14. The uni que
hol di ng-and CNC positioning capabilities of ‘the fixture 14 gives

uni nterrupted access to the forging 12 by the necessary tooling for all but
the first machi ni ng operation. Equal?&ﬁi nportant, is the extrenely good
accuracy and repeatability of all of the six CNC axes of the nachining
.center 10. ThgSeE SpecrIrcatrons, routrmery actmeved—y—tieerlei nabfye
descri bed six}Jaxis CNC machinin re shown in the foIICNA?%lTu1
chart. As is ¢bvious, the Lﬂfﬁﬂ]t 0se ngrna
accept abl e i n}i ndustr PQSI TI ONI NG | |l
REPEATABI LI TY| X- Y- x.:f; 8
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16 U Li near 0. 00098 0. 00039 A-B Rot ary

‘5 Seconds [err]2 seconds The foregoing schedul e defines the
preferred sequence of machini ng operations now nmade possi ble by the present
i nvention of using the unique CNC g@sitioning fixture 14 mated with the
recently devel oped 6-axis CNC machi ning center LO2®t will of course be
apparent to those skilled in the art that oLhgl reference surfaces nay be
fornmed o the forging 12 that can be used t§8shdbli sh 3-di nensi onal datum
for CNC machining. It will also be appare "’ t he foregoi ng nmachi-ni ng
schedul e is not necessarily the only order pii ch the individual steps
may be done and still maintain dinensiona eprity in the finished bit
leg 38. It wll of course be yeealizef #N3 vari oug nodifications can
be nmade in the design and operatié;?o t Ipe ent i nvent]i on wi t hout
departing fromthe spirit thereof. Thus p # he princigal preferred
construction and node of operation of t edt i on have fbeen explained in

what is now considered to represent its‘agsgugr-odinents whi ch have been
illustrated and described, it should be ;

o




-understood that within the scope of the appended clains the invention may
‘be practiced otherwi se than as specifically illustrated and descri bed.
A nmet hod of manufacturing a rock bit leg froma rough bit

17 CLAI Ms: 1.
leg forging

si x-axis CNC nachlnlng center 5 conprising the steps of: jifimang: bhggé L
datum surfaces on a rough |l eg forging nountimng thetﬂnuahiieg

di nensi onal

mher%by mul tiple machining operations qneaﬁertorned by

X U0

ﬂ_

(¢

forging in a holding fixture, %m%%ﬂ%o he="f:
six-axis CNC nachlglng center, establTsning e mensi onal dat um

reference fromthe | eg forglqg FACthe NC function of the six-axis

machi ni ng center, and is

r enoval

10

15

20

25

ABSTRACT OF THE DISCLOS

A method of manufacturing a rock bit leg from a rough
bit leg forging is disclosed whereby multiple machining
operations are performed by a six-axis CNC machining
center. Three dimensional datum surfaces are initially
formed on a rough leg forging. The rough leg forging is
then mounted in a holding fixture. The fixture, including
the leg forging, is secured to the six-axis CNC machining
center. A three dimensional datum reference from the leg
forging is set into the NC function of the six-axis
machining center.

The rough leg forging includes a pair of extended
flanges coincident with the 120° leg surfaces. The leg
flanges mount to complimentary surfaces formed on the leg
holding fixture, thus securing thé leg within the fixture
without interference of any of the machining processes.

The CNC machining center performs a majority of the

material removal operations to prepare the leg for
subsequent assembly through manipulation of the six
interactive axes of the CNC machining center. The

machining center positions the rough forging of the rock
bit leg in any and all attitudes necessary to accomplish
each of the separate material removal operations thereby
maintaining extremely close tolerances since the leg
forging remains indexed to and secured within the fixture
throughout all of the machining processes.
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operations to prepare the leg for s
of the six interactive axes of the
rough forging of the rock bit leg i
acconplish each of the separat:é erial renoval op
mai ntai ning extrenmely close tol erances since the | eg forging r emai ns

I ndexed to and secured w thi , all of the nmachining
processes. d 25 2. AT Ng a rock bit leg froma
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ssary 1.0

raw | eg forgi ng whereby a mgjority of nach|n|no operations are performed by
a six-axis CNC machi ni ng ceé#EEagns BT LEC, ¢ - formng three

di mensi onal datum on said rough teg 30 forglng nmounti ng the rough | eg
forging in a fixture, - 18 establishing a three dinmensional datum

reference fromthe leg forging into the NC function of the six- aX|s
'ABSTRACT OF THE DISCLOSURE

s A method of manufacturing a rock blt leg from a rough

- bit leg forglng ig disclosed whereby multiple machining

operations are performed by a six-axis CNC machining

center. Three dimensional datum surfaces are initially

. formed on a rough leg forging. The rough leg forging is

10 then mounted in a holding fixture. The fixture, including

the leg forging, is secured to the gix-axis CNC machining

center. A three dimensional datum reference from the leg

forging is set into the NC function of the six-axis

_ machining center. The leg flanges mount to complimentary

15 surfaces formed on the leg holding fixture, thus securing

' the leg within the fixture without interference of any of
the machining processés. '

Figure 1
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5.

T}

machi ni ng center and- per ng the follow ng material nuyal eperatlon“
securi ng the “ t@ si x-axis CNC machi ni ng ent er, “ Tnﬂggy
a journal mm [y« m Iling a | eg backturn surff%téi_f_!__l,,,,l.ng a.....,..__;!_g
reservoir hoI drilling a nozzle hole, dri -

| ubrication hole, mlling a shirttail profile, drilling a side |ubrication
pilot hole, mlling flats on the journal Héhrlng 15 drilling

j our nal |Ubri%gﬁkﬁﬂ%20|es drilling a ball hole, renoving said fixture from
sai d six-axis hi ning center, hard facing of the journal, 20

hard facing of the shirttai
fromthe fixture,

fixture,

10

15

20

rough bit leg forging whereby multiple machining
operations are performed by a six-axis CNC machining center
comprising the steps of:

_fprming three dimensional datum surfaces on a
rough leg forging ,

mounting the rough leg forging in a holding
fixture,

securing the fixture to the six-axis CNC
machining center,

establishing a three dimensional datum reference
from the leg forging into the NC function of the six-axis
machining center, and

- performing a majority of the material removal
operations to prepare the leg for subsequent assembly
through manipulation of the six interactive axes of the CNC
machining center that positions the rough forging of the
rock bit leg in any and all attitudes necessary to
accomplish = each of the separate material removal

~ operations thereby maintaining extremely close tolerances

25

30

since the leg forging remains indexed to and secured within
the fixture throughout all of the machining processes.

2. A method of manufacturing a rock bit leg from a
raw leg forging whereby a majority of machining operations
are performed by a six-axis CNC machining center comprising
the steps of:

forming three dimensional datum on said rough leg
forging, '

mounting the rough leg forging in a fixture,

meldlng of a reservoir slot, renmoval of |eg
Heat t& emtih@dtché mann facteging eavuacknhithdegefriom tahe



25 securing “said fixture to the six-axis

machi ni'ng center d journal to a final flbéw

mlling [err] flanw @‘W‘“‘lﬂm by said leg, 5 _ari-
counter bore and te M stop side lubrication entrance for
l eg; drill, counter bore and m |l a shale burn hole forned by a | eg

backf ace, dr|II and mll the leg pin end, ®d 10 drill a leg
positioning dinple hole in_s ackturn surface formed on the |leg, the
majority of the material ?EﬁﬁiéFRbﬁgr%t? _e %@?ﬁﬁ*?ﬂéﬁxﬁ%ﬁPTrﬁ?é%%ﬁ%&#s
CNC machi ni ng ﬁ:eolnethehéegbﬁorgdlngl dgtbo tie aiosduﬁc&udmiomrnhdnemx -axis

possibility Ofrr&?lx ac%uracy anuaﬁ a é@f@ﬂh%& M ﬂb%’g Ietra set, EFJ];)S

t hus repeat abi d i nt eénance VEery ¢ ose
routinel y achi¥s®@val opepatber;bit leg forging for a three cone rock bi t

S securing the fixture to the six-axis CNC
machining center,

machining a journal bearing statically,
milling a leg backturn surface ,
drilling a reservoir hole,
10 drilling a nozzle hole,
drilling a long lubrication hole,
milling a shirttail profile,
drilling a side lubrication pilot hole,
milling flats on the.journal bearing,
15 drilling journal lubrication holes,
drilliné a ball_hole,

removing said fixture from said six-axis CNC
machining center, '

hard facing of the journal,

20 hard facing of the shirttail,
welding of a reservoir slot,
removal of leg from the fixture,
heat treating the entire leg,
remounting the leg to the fixture,

25 securing said fixture to the six-axis CNC



conprising means for mounting-said forging in a leg 20 fEchi-ni-ng-hol ding- -
fi xture such that nul tiple machining operatigns-tio-theidegmg -
forging may be cﬂﬂ"mmrm W'” nterference fromthe ans for ‘-ﬂ{;ugg%g ;
the leg to the fiXtufe or W Mliture itself. 25 #.DBate A f.08.gi.ng..as..
claimed in claim3 wherein said neans for nounting said forgr .
machi ning holding fixture is a pair of fl&fges protruding from opposite
sides of the faorgi.n t he flanges being adjacent to and substantially
par al | el mﬁthmﬁﬁg §§'§EPF§5és formed 30 by the forging that intersect at
an angl e of about 1200. 20 5. A forging as clained in claim4 wherein
a datumreference surfa®@chineor heunonsaid filcamged, Sai daddtinal s fanilshzed
by a material gggRRwallig@chine for subsequent nachining operations. 5 6. A

forging as clained in Claim5 wherein said | eg machi ning hol ding fixture

for mounting a rough |eg .fqQr.gin
unting ug %ifai b %20° flat surfaces formed by said leg,

5 drill, counter bore and thread a top side
lubrication entrance formed by said leg,

drill, counter bore and mill a shale burn hole
formed by a leg backface, '

drill and mill the leg pin end, and

10 drill a leg positioning dimple hole in said
backturn surface formed on the leg, the majority of the
material removal operations are performed by the six-axis
CNC machining center thereby reducing to an absolute
minimum the possibility of tolerance stack ups resultant

15 from multiplé leg set ups thus repeatability, accuracy and
maintenance of very close tolerances is routinely achieved.

3. A rock bit leg forging for a three cone rock bit

comprising means for mounting said fbrging in a leg

20 machining holding fixture such that subsequent multiple

machining operations to the leg forging may be completed

without interference from the means for mounting the leg to
the fixture or the fixture itself.

25 4. A forging as claimed in claim 3 wherein said
means for mounting said forging in the leg wmachining
holding fixture is a pair of" flanges' protruding from
opposite sides of the forging, the flanges being adjacent
to and substantially parallel with two flat surfaces formed

30 by the forging that intersect at an angle of about 120°.



for subsequent material renoval OEE&ations conprises; a U shaped:firamgiis @ -

conpi o1 {[HARMAHIAR | or 1 cal o of the it uregtoer o |

on each flange prot rjpding. f.
rough forging, said ferging fl'anges being secured to the angted-surfaces™
formed on each arm one armof the fixture nounts to a rotary table the
other of said arnms is pivoted through 15 apgxes of said rotary table to a
pivot pin that projects froma support post that is independent of but
parallel to the fixture aknforgirmy sappeliinedtinSchaimt #dwhereihasedatum
structure that J | t | Nt eqr a | Ldr LYy ;tabl e,
sai d base str ucﬁﬁﬁﬁ@?%%%? a’g? :Pgmnb% 2%%%’5‘%%%2%@%%’ n%%g?nfiﬁguﬂoﬁi ng
fixture is i ndépgehkiedRd y b¥ot at A eninlbugieneraix csachirr gifathesbhsequent

structure that dfchEiiendpgadadiddy t he axes of the rotary table, the
machi ne fixture therefore enables a manipul ation of the leg forging through

any and all attitudes to acconplish a 25 nultitude of material
renoval oper ati ons wi thout interference of the fixture or the rough |eg
forging. 7. A forging as clained in claim6 wherein said nultiple

machi ni ng oper ati onsS ar e Ppefdrgingl asn ol adimedarins c3@1iGNS whehednngatdnles.
machining holding fixture for mounting a rough leg forging
for subsequent material removal operations comprises;

a U shaped frame forming an angled surface on

- 10 each vertical arm of the fixture that compliments the 120°

surface formed on each flange protruding from said rough

forging, said forging flanges being secured to the angled

surfaces formed on each arm, one arm of the fixture mounts

to a rotary table the other of said arms is pivoted through

15 an axes of said rotary table to a pivot pin that projects

from a support post that is independent of but parallel to

the fixture arms, the support post is mounted to a base

structure that is'perpendiculaf to and integral with said

rotary table, said base structure and rotary table with

20 attached leg machining holding fixture is independently

rotatable through an axes through the base structure that

is perpendicular to the axes of the rotary table, the

machine fixture therefore enables a manipulation of the leg

forging through any and all attitudes to accomplish a

25 multitude of wmaterial removal operations without
interference of the fixture or the rough leg forging.

7. A forging as claimed in claim 6 wherein said
multiple machining operations are performed on a six-axis
30 CNC machining center.



21 shown in the acconpanyi ng draw ngs. 9. A rock bit ¢§g“j;_ ng. . ..
substantially as herein described with reference to and!a§“§hﬁwgquTTﬁg? g
acconpany 5 drawi ngs. 10. A work piece fdlding fixture syastanttally as I
herein ‘described with reference to and as Shown in the ONPARVIHG T d
drawi ngs. This Sheet Has Been ced '

- METHOD AND APPARATUS FOR
| MANUFACTURING A ROCK BIT LEG

ABSTRACT OF THE DISCLOSURE

5 A method'of manufacturing a rock bit leg f£rom a rough
bit leg forging is disclosed whersby multiple machining
operations are performed by a six-axis CNC machining
center. Three dimensional datum surfaces are initially
formed on a rough leg forging. The rough leg forging is

10 then mounted;in'a holding fixture. The fixture, including
the leg forgihg, is secured to the six-axis CNC machining
center. A three dimensional datum reference from the leg
forging is set into the NC function of the six-axis
wachining center. The leg flanges mount to complimentary

15 surfaces formed on the leg holding fixture, thus securing
the leg within the fixture without interference of any of
the machining processes. '

Figure 1



