











Development of New Techniques for
Impregnated Diamond Coring Bit Wear
Measurement in Conventional Rotary
Drilling and Vibration Assisted Rotary
Drilling



predicting arethe bit the "
the penetrated rock. This is a study ofbit wear sad a report o techniguesdelcloper
and used to investgate bt wear. Two types ofmateril were drlled with impregnated

dismand core bits using a fully instramented laboratory drilingrizzal ane mtationsl

speed and over a range of weights on bil under a conventional rotarydrilling

Replicasofeutling segments an impregnated corng bits were made to record the

Status of the bits afer dilling. Wear (weight loss snd height los) of cach bt were

seplicassilh opicallllicroscapss. The wearalllountafter each drlling incressedwilh

weight on bit, Comparing the wear amount in conventionaldrillingwith
hat in vibration sssisted rotary driling, the vibration ssised diling produced more

cuting 001 wear than the conventional rotary drilling under CSalle weight on bt
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Figure 31 Average length change over all segments

Figure 32 Comparison of diamond wear between two bits







Chapter 1: Introduction

specifically,  kncarrelatollship s desied. Usuallythereisa WOB with a maximum

cancel oul Thegains in effciency. Significant savings could be achicvedbyeffective.




drillingoperationscauld definiely reduce total driling cost. Thevibrationassisted
drillinghasalasgerpenetrationrate, lowerWOB,and faster ool wear rate \Vearis

WOB, rotary speed, torque) and rock Iype. There are varietes of bit wear

Depending upon the econamic consideration, 3 bit should be wom i i
appropriste rae on boh the matix and the diamond parictes. Thetheorelcalanalysis
ofthe wear pracess and wear mode i reviewed here, However,previous studis were
done.mde, *hecol venimal oy delingeondions. Inthis eport, two new
coring bis were used for wear measurcmen! under both

it

some limitations of the drill ig and lack of the rock specimens, there are many
challengesin this Kind of experimental study. The work reported here isanearly
phascofthe VAR Dprojectusinga simplelaboratory drillrig, described inthe nest

mosty with small il depths and

chapter, involving a number of exploratory s
with only ane rock sample drilled under cach drillng condition. Thus, the amount of

wear s small The main targetofthe work reported here i try to find @ feasible



ibration assisled diling tests were done by alhers. varying the vibrationsmplitude

techmiques for recording the state ofthe bt surface and measuring the small smount
of wear involved, mosily in the diiling ofcancrete samples. Once These techniques

ferctested, They were used during  set of experiments in which the hard rock was




Chapter 2: Literature Review

2.1: General Descriplion of Drilling Technology

machinesarealsollsed inell

neshafts. Smallerbore driling s perfonned in

Rotary Percussion Drilling
Percussion added 1o rotary driling increases penctraion e (ROP) andlowers

the e

I on bit (WOB) which is needed, and is therebre more economical

has gained more and d gasindusiies

provides 7.3 times fster pen

ration at mast than con'eniOfal eClry melhodand has
23 times advantage in ROP ai the best operational conditions, and lesscomacttime
between bit and rock that leads ® longer bi life, less hole deviation, and generates

larger cutings.  Unfortunately, there are no practcal simulation tools available 10

These kead

concems. limitingthe wide-spreadapplication ofolary-percussion by industry [3-5]

Main advantages and disadvantages are lsted s [8-10]






ock iszencratedbya pneumatic o hydraulic rock drill. A pressureis builtup, which,

and the Kinetic energy of th piston iscanverted into a siress wavetraling through

onan. the

the drill sing 0 the hale bottom. Tn order to abiain the best drilln

leadsto two major reaction forces in therockbit interacting region: vericalthrust

thepeneteation and driling action TheWOB shauld be high enough to keep cutlers in

Oscitating
Thrust

According tothe law of conservation of momentum, il bitscan producehigher

impact force i bit movement direction with higherspecd ofimpact sndshortertime



period ofconluci by accelerating the bit. In this type rocks will becrushed by impact
force when impaci force s equal Torockcompressivestrenglh, Thecrushed zone is

). the rock is

broken by repealed impacts and rolation imposes on The bultons a new point of impact
everylime. Thustherock isbroken snd crushed and flshed aut fromthehole by

driling fluid. A roturypercussiverack il isin s very tough dilling conditon [ 12]

©  Failureducrofatigue viaexcessivelension-compressionslalein the rock
o summury. there are four fandamental stages i rock breskage in percussion
mechanism. Firs, the bt penetrates the mek while the bit vibrates and transfering

impact D The rock. Second.theimpoct istransferredcompletely o the rock and




space "sideralions.JPL s

Cybensonics, e d"velop=:d s ne.vdevi.ce. The Ultrasomie’Sonie Driler Carer(USDC)

and frequency, the dril §p loses contacl with thework picce periodically 13-17)

Fie. 2 illastrales the dynamics of the vibration sssisled drllingprocess n

machining and can be exphined by Iwo equitions in this example for vibration



Avis amplitude ofibration; roisangularfrequeney, which is elted to vibration

Part Tof Fig 2 shaws the start point of vibralion assisted machiningprocesst,in
‘which vibration i superimpased on scanstaal rate oftaol fecd. Al Iispois. T tool
VelocityX' (1) s greater than zero and begin to cut. Part 2 presentsthe eitcal point of

positve dirccton of vibration,at this poiat. the mation velocityofthe tool X'() equal
velocity hasa reversedirection andihetooltends lomovefar awayfrom the work
picce. The last part of Fig 2 indicats that the velocity is inpositivedirectionagain

means @ new cycle starts. The duraion lime T o each cycle s equal fo 1/fandthe

=g Ryl Ry




gives an example of force reduction while drillng wilh & conSlanl drilling rle

(penerrarion rale). Olher paramelers are same s hose in previousexperimenl. When



23 Fundamentals of Impregnated Diamond Coring Bit Wear

Rock driling is an important operalion in mining and pelroleum induslrics. The
cffortslowands improvingdrillingefficiencyarcessential forreducing the costs. In
he view ofthe heavy dependence on rock drlling in mining, any increasein
lficincy. even if smallcan lead 10 substaiia] cost reduclion 221, Themain faclor
hat has a significant cffecton dilling performance or clcicncy is thedrillbil. A
commen il type in rock drlling is the impregnateddiamond coringbi. The
impregnateddiamonddril bit usually consists ofa stcel body mounted with several
impregnfliddiamondscgmentsul s cutting surfice. Diamond particles are randomly
disributed inside the segments and are sumounded bya metol maliix(Oficn cabalt
possibly with olher components) (23], During therockeultingoperations themetal
mali s gradually wom away. exposing The freshs diamonds wilh sharp cutlingedes

1o do the sctual cutting. The metal malrix musl hokd and support the feslyexposed



in order o remove the wom diamond paticles and conlinuc 1) expose fresh diamonds

Thus the performance and the lf of impregnated diamond tools depend mainlyon

Wear is not  property of material, i isa process in  system [27]. Teibology is

thismaner.thetribologists suggest using a tribosysiem (Fig. 5) that considers the

useful inputandausefulouput maybeconsideredasthe lechrical function ofa

wbosystem. P b

vibralion and noise.Uscfulinpulsandoutputs may beelassified inmolion,work,
materials or mass, and infnnation. Structurcof thesystem isdetemlined by the
clements, theirpropert csandthe interactions hetweenthemasshava inFi. 6. The

e dellenisor

theirrelevanipropertcs ndliheir illemelaions. In simplecases. for cliample.

gives hctriborprocess in theexampk. InFig.7, (X Jand (Y ]are he inputs and
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relaive sliding motion a thecantaci surface. Wear can begovemedby (w)lhetype

and propertiesohe interacting materals, (b) The drilling parameters, and ¢) the type



i car mode.

veryimportan] forali wear losses. Consideringfirslno liquidprescat, Ivomajortypes

dual contaclspots,

L clastically
defonned material. Alhough there ar oy Iwo significant types of surfuce contact,

many Iypes of wear can be induced by these Iwacontacts (e, abrasive, adhesive,

erosive, dpresenl i the

system will also Iske past in wear processes. There is more lhan one way to lsbel snd

sl be deseribed according 1o keyaspeci of the way wear paricles arcfonnedsuch
a5 (@) sbrasion, (b) adhesion, ¢) surface faligue, and (d)chemical reactions. One or
relative malion (sliding, roli

ete). Coresponding motions causing Ihe difTerent

type of wear ae illustraled in Fig. 8. Sliding motion can induce entire abrasive and



by impacting. Fretlingwear is caused byoscillalingmolion, Ihercbre it can slso be

Accoing to

welrlypes. fourm3joTtypesofwearmeshanismsaresummarized

explanation of wear mechanisms is ilusTaled in Fig. 9. Table T summarized all the
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Impregnaled dismond coringbils src widely used in rock dilling, and therehave

processes arc the 2-body and 3-bodyabrasion (Fig. 10) which s caused by the

dismonds rtical temperaturefor

26]. Previous studies [29] indicalcthal there

The fit function o fwaterflorw

cach materisl abave which is propertcs may cha

Type of we Type of contact__ Motion Wear mechanism

Abrasive: Elasicplastic _ Slding. ‘Abrasion

Adhesive Elastcplastic  Slding Adhesion

Erosive Elasicplastic  Impactsliding  Abrasion

Fretting Elasticplastic  Oscillating Adhesion
Abrasion

Fatigue Elasticplastic  Rolling Fatigue

Comosive. Electrolytic dlectrochemical __Cl
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large ertors becase Ihe weight loss can come from the noncoring bit 31)

difference in average profil shape measurcd before and afer a disance cored

positions on thebil surface are taken (32, 33]. This method can beapplicdfor

Measuting the weighl loss lsing the balance. Tlismethod has a relative high

precision 0f0.1 g However themethodcanhave limitations,asill our

laboratory ducto the insu fcienteicaninganddryingofbilbodY, and surface

Measuring the volume change ofbil by liquiddisplacement teasurements, his

fine point which was clamped in a versical plane and placed on  smooih level



© Reconding the driling operalion paramelers and cxperimenlal resubs, then

comsert o wear veetor by salsical and mathematical models (34,35

dismond coring bis undereither sc thrusl o & sei al o fadvance [36]. In their study.

they used a modified pillar drill with a lighl-alloywheel led (o the manual feed

. The rock specimen wasclamped insidethesplash

nleofpensation when requ

canlinglhe bl

on 2 load

wide aced
cell to measure The generated torgue. The gross powerconsumed was measuredby a

recording watimeter snd the values were corected for power losses inlhelllachine

Their tests were done in a hard homogencous rock. Unused bits were conditioned
by driling aboul 0.5 m n sbrasive sandstone al 5 MPabil pressure in order 1 remove

orienlationof the

out and inner

Lincarbit

diameterschange, was measured on @ special micrometerjig, the result was



somnalizedtolmdrillingdistanceaswellas thebitmass lossrecords. The cxtent

with a sterea optial microscope using the defnitons ofwearcategoricsinTable2

Worm damond diplaying wel-developed o e
et

Diamond token o 1 with the s

Details of diamond partile wear f

res were studied by scanming clecton
micrascopy (SEM). The particle size distribution of the drilling detitus was

Smmin

i tube. «0.063 11

ded s & percentage

by mass of the recovered detitus The detritus were studied by SEM 1o evaluate the

Summarized in Table 3. Reproducibilty tests werealsaconducted o estimate the

Diamonds SDA 100.20-50U 5. mesh, wsanlly in step of 10 (c.5.3040
or 40/50), concentration 30
Flushing. Tapwater, ahout 350 Tmin, 200 KPa
Rotaryspecd  Nominally 3500 rev min (1.5 miscc)
Bitpressures 051

MPa
"




increased linearly with the increasing ofbit pressurcuntil the stallingpoinlofhedrill
“The penctration eae increased until 01 e and then sabilized wilhinereasingbit

pressure under et thrust mode. The optimum bit pressure was 5 MPa. under boih

producinglhepeak ROP. The peak ROP increased with increasing bil pressure.Bil

independent of diamond size at 5 MPa. Al 7.5 MPaand 10 MPa, bit wear rae was

about

size. The

diamond wear, macrofracture and U1OUIS, look thepredominaled portion ofwear

Thus, Ihe sequenccofwearde e lapmentofindividual diamondswas 1) unwom:2)

Finally, the lracksson the punchihrough dises of rock were the same in

appearance for all drifling condiions. Abhough no clear tracks ereoblained.lhe



ings of reground and sinlered rock flour adhering to the track. Thedrillingdetritus

oftock flour. Optical microscopy ofsections cut through The rock beneath thebis was

“Tian and Tian [24] and ErsoyandWaller[28] investigatedtheseparameters. In

© promoted. Tian snd Tian cvalusled the friction sndwearof
diamond against rock in experiments using a single diamond cuner, as well as an

impregnated diamond bit wilh atungslen carbide malrx in  soft binder. Inbotheases

lirangesfrom 0.035100.

surface without sigificant focal bulk facture o the rock. Otherwisc, the cocfficient

abservethe wear processes of both diamond and mChl matrix st vwrousdriling

parameter influcncing The wear behavior of impregnatcd diamond bils Thesludy

. thei structure snd material propertis but also an the operationsl paramelersof

rock drlling. Wear of the matrix at moderate rate ofpenciration isdescribedas



combination of micro ploughing and erosion resuling in excessive Wear, Brtle

propagtion undernonnal drilling conditions. Under high langentialforce, macro

ErsoyandWaller[45]investigatedihewearofthiCClypes ofbils 140 lypes OF
PDC bis (pin and hybrid) and an impregnatcd diamond bil on fiverypesrock. Their
observations on The type of wear of the bils are similar w Millerand Ball. o

consistent correlation independent of the IVC ofrock was foundbetween rateofbil

uniaxial compressive sirength giveshigherwearrale. They found That bit weight loss

rate depends nonlinearly an rock grain size, grain shapeand grain texture:minimun

wap alue ofeach Weight loss
content,at Jeasluptoabout70%silica,ata rlewhichdependedOil the type ofrock
No single ek propertis cxists that corelse with Ihewenro f bits. Some significant

factoTSwercidentifid includingrock strength eecl, texturalefTecks, hardness cfect,

sorteh &




index’ dynamicimpact abrasive index’ (DIAI) [42] and F-abrasivityfctor [43]

loadof7 Ke, this pin is pulled OVCTone centimetCT of fesh fracture surface of rck

Thediametcrofresubingabraded it on the steclpoinl, messured i 110 mm

higher wearrate ofthebits is. The sear ate of bits is ess sensiive to DIAL than to
the Cerchar index [42]. DOl o S chimazek's F-abrasivityfactor can be found in

ErsoyandWallcr[44] and Ersoy[45). According f0 Waller snd Ersy, Ihemsintrend

AnOlherex perimenl wasconducled by Ersoy and Waller [47] to imvestigatethe
influcnce of diling detritus on bit wear by wing the same bits and rocksunderthe
same dilling condition. The partcle sizeoflhe dilingdetritus increascd with

 whichalso 150, The portion of

1275 kg, the specific crergyof210 Mpa was a minimall value, that produceds

thisvalue < of driling,

detrtus. with  rapid increase in weight and height losscs ofthe bit. Accordinglo



and the ariginal rock grain size because they state ofregrinding andltherock

Erroy and Waller [45] used both measurementsofchanges in height 1o a

ofthe relationship between the bit wear and rock propertics, bu i

is verydifficulito

simulate inbothfieldproductionandlzboratorybecause therotary speedofdrill
swing i too high. onnally therotaryspeedofadill stangisnomorcthan 200 pm

in field production. Furthennore, they just quantzed the wear and ignoredtheprofile

hange ofthe bit which is very important to bit wearevalualion

£0.035 mm perpoinl. From fourhundredseparateradial scans, i averagepmfile
Was computed. A measurement of tis type pemlts the measurement of volume
changes within -4 '

Another significant faclorwhich canafTeet the wear e of the impregnated

diamond coring bit i the temperature that s generated st the bit rockinterfice during

the driling process. Ersoyand Waller estimated the possible femperature atthe tp of

them were dealing with PDChits. Theeancem is that diamond can graphiizeat



ely high, and the drilling deritus couldbehighly

frition in cuting procss isrelat

Rao oful [22] built another test using driling Muid, waterwith and withoutan

penefition rateenhanced and the torque gencrated a interfacercduced by usingthe

driling fuid. The severe wearcaused by the high temperaturcgencrated by the

level, since the stesses on thediamond grits will be Iessbecauscofsmailer

‘with the ok will be subjected to higher stresscs, canseaquently they are more libleto

Wtece facturing. Drilling at lower thust levelsat higher prm will esul in cavity



Chapter 3: Experimental Investigation

3.1 Deseription ofDrillingSystem

b L

experimental fility of the VARD project is buill up from a Milwaukee 4079

electrical powercd coring dril ig. The rg has two rotary speeds (300 and 600 RPM)

weight on bit
(WOB).A flow meter is mounted under the driving mOlor which can messurethe
o rate nd the drilling fuid pressure. Folloving a sudy by a collcague,the DI
Fatcof galmin was chosen as it has T minimum GfCl Gl thepenetration rtc. The

impregnaleddiamond coring bit is driven by the motor. An cleclfomechanicalaxial

specimen placed on o Iltl platc fixed on the shaker. The shaket is aperatedundera

specific value offrequency wh

i 60 Hz The shakercontrollerhas amplitude

10 Inthiswork K noby 10,30

ung weight thai can be applied on Theswheel s 7 ke, therefore, ll it weightsused in

his sudy 07 ke ere recorded, such:







TR

.

Systems Tnc (Bramplon, Ontario), 2 inch Solid End Formula 400, There arc five
segments.heimsideandoutsidediametersaredSmmand 2 respectively. The

Scements arc separated by waterways, which areSmm decp. dmm wide on the inside

3.2 Test Specimen Preparation

Thedsill specimenswers madefromQU IKRETEFast-scuingConcreteMix

greaterthan2.63 mm were sieved ow of the QUICKRETE concrete and the



consistence as judged by the technician. Six inch diameter, twelve inch high plastic

eylinders were flled by the mixture from this one batch. After mixing. all the 61l

days TheUs

Compressive Shength (UCS) of specimen was about 40 MPa, which wastreatedto

represent & soft driling material. All the drilling tests were perfonned on concrete

The hard ek specimen was collsted from Bay Bullsbeach. St Jobns. NL.

tock piece was cut it a rectangula block which had hedimensionsofSinchilength,
+inch width anda inch height. A wooden plae, which wasa6 inch diametcr 3 inch
high cylinder withad x 4 x O inch rectangular crat on the top sursce was made
for the rctangular hard rock block t sit in (Fi. 13) The whole sample was put into
hesameeylinder used n concrete sample preparstion and them iy plac was Flled
with the ready mix conerete. The test specimen dimensions and weight were limitd
1o the space vailble o the dillng i and the weight the shaker can support. Alo.
i study was in parallel it other studics of diling perfonnance using thesame

cquipment Basedonthisconsideration, hespecimenwascut intotwopans through

weight, after taken offthe wooden plat’ the renained empty space was filled with






33 Preliminary Data Processing and Conclusion

n the following sl the preliminary tesls werenwilh conerete sumples. For each

represented by several parameters. such s weight loss, height loss, and insideand

" screralhung

amplitades with several weighlswereapplicdanddimensionsrecordedaficreach nun

L Weight loss measurement. Afler cach rn, the bit was washed and dried,

comparisan of weighl loss underblh drlingeondilions. The weightof

the bit was measured by a digital bakince with the resoluion of0. 1 g(Fig

vibration assisted rotary dilling (VARD) witheonventional drilling

wear. Comparing two adjacent data points on cach curve,thedifference






meight loss comparison

Height loss measurement. Theheighlossonlyhappensonthesegments,
S0 There is no need to investigate the height los for entire bt Adigilal

caliperhasihe resolutionofO.OlmmW3schoscl

omessurCihe heigh!
change ofihe bil. The gaps hetween every o scgmels which were
s s waterways were marked by numbers from 1105, Afer fnishiog
washing and drying. the bit waspulon a fla surface nd the height of ach
walerwaywas measured. The change in waterwayheigh afer cach run of

driling can be wsed as Ihe heighl loss of the cutters, in olher words, The

Fig 16 and Fig. 17, There is no obvious increase in heighl oss on

Vibration assisled diling compared 10 conventional o

@ s



i







Inside diamoter increase comarison

E=yry
0. |+ comentiona

Iwecompare Thebil wear at sime weight on bil in Fig 15 and Fig. 17, the

in Fig. 17, when the hung weight is 25 ke, values of height loss in both drilling

ke.bolh inside and outside diameters changes are much greater in VARDthanin



changeareshownin Fig. 20. Fig. 21 end Fig. 22. The poiats o connected

in the sequence ofthe tests. I these figures. it wascasyto ind that with

particularly height changes at high vibration amplitude, knobposition 50.

lighervibralion amplitude causes more bit wear, in olherword. if the

vibration amplitude is 100 high, the bitlfe woukd beshortened. I i very

important o control the vibration at an appropriatelevel AL he rawdata
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Mary, FL USA). For this the coring bt was placed on a la bed and the location ofa









3.4 Subsequent Work

thedril snd o Ulonilo the

snd profile ofinden ations as the bit wears. For example. aslhebilwearsaxi




indentaton heconical

o main types of indentations were wsed: conical nd spherical Theposilionof

center punch must be used because the Rackwell hardnesstestercan nat be used to

locations where afer visible wear occurs o getan idea ofow the segment is wearing.



o pUl the conical and spherical indenlalionsintothedrill bil ahardnesslester

waslhemainlyusedinstrumenl. For the conical indentations. the Rockwell C

ardness tester tip s used wilh 5 150 kg load in lhe positon of interesttoproduce.

usuallyappled with & 100 kg load. However, more weight was used ta producea

e
bt 10 avoid damaging the hardness leling lips. However, it was not always possible
to svoid dilllage D concofindenler Thercforeit isprobably bellerto use & center
punch. For places thai the hardness tester canno f. indentationscan be placed with a

Ieh. The

m— wsed 1o put

LowerpartofFig. 23 kftone



The procedures of measuring the depth of an indentation. the diameterofan

water way faces are given s follows. Afer all theindentalions are measured on one
segmenl, repeal the procedures on the others segmenls and record all the data

3420 easuring the Depth of Spherical Identalions Using the Reichert



elloughpowerwascmployedioassurcan accurate measurement but not s0

focus and the position ofthe fine focus knob was recorded when Ihecdgeof



measuring small amounts of wear, wear that is no more than the depth of the

Tests were carsied oul 10 find owt he aceuracy snd reproducibilty of measurements of




An indentation procedure produces not anly o indeataton; italsodeformsthe
material surrounding the indentaton, rasing the surface sbove itsoriginallevel. In

ad

i test the microscope was focused an four perimcter locations. labeled A.B.C

perimeterlocatiols. labeled A'. B, €', and D' cach

Beforeeach theeoarse

focussclingon the microscope was changed. so that cach set of measurments is

independent oftheothers. These mincfocus measurcments, providing eightdepth

values wererepeated thece times. The following table shovs the indenlationdepth



As expected. the indentation perimeter was rased about 17 micronsabovethe

surface 0.5 mm away from the perimeter, a value both observers obiained Thedeplh

alicsobtaincd by abscrver 1 were, on aversge 4 microns greater

ofcach reading from the

¢ ofthe thee depths referenced 10 aparticularmelhod

It would appearthal this kind of measurement, which involvesfocusing in lum on






A WildM420binocuiar zoom micmoscopewasused for measuing the end and

magnification in the rangeafx3. 15 to x6d. A spccial setup s needed toobiain an

means that the cdge of the bit. is not the same as Iheedge seen an the micrascope

was held againsl the end fice ofthe bi, hed in placebyanelaslic band which

wasstretched Though The insidcofthe bt and held in placebyawire. The edge of the

nd edgeofThe glass slidcarcborh in focus and can be used asreferences o monitor

thewear. Additionally, thecamerawasalso used herebecausctheWikimicroscape

hat fiued in to the Wikd microscope, The hest technique was to measurcofT of the

p (shown in the pictures below) the

photographs. Afier applying the abo

llowingpmecedureswers usedtomessure thechange i sxisl wear







(1) The drll bit wassctup on the Wild microscope as described in sppendix A

() Distancesberween indentationsand edges were measured by using the ler

profile. Then use an analytcal scale o weigh the paper. With wear, the

method would be to use cdge detection software to determine the change i







and shrinkage. Each ane ofthese characteristics can afTectthe fniShedproductand
o i is prepared. Forlhis projectaharderrubber wassppropriste. To creae the
positve replica. an cpoxy was used on the negalive lo create  hard, accurate, plasic

Kplica, Theepoxywas wsedbecauseit hasaslowpourtime. ishard whensel does

ot require any. asa fumehood). dprod

time, so thai time is ol an issue when creating the positive. The majorbene fitofthis

mixed to produce e cpoxy. to leave the specimen. Below is o photograph ofa

finished replica and The procedure for cre3ling a replica ofa drll bit is describedin




The epoxy used 10 creste The replica s translucent and is ot a conducling

malerial. To siudy The replicas in the scanning cleclron micoscope, and tornore

casilysecthercplicaonthcoptical microscope. 4 coating i nceded 10makeitopague

conductive and opague surface for the optical and scanning clectron microscope

will nly charge i, no refect fom the specimen. and no infonlation willbe

@ Ifthe replica is not opaque it will be very diffcull 1o make distnctions

Inthis

relectve, and rearively casy o work with A smal piece of gold is placed nto o
tngsten basket above the replica in  vacuum chamber. The gold meltsontothe
fngsten upon heating. Then evaporates a5 the tungsten s heated futher, The
evaporsled gold stoms move frecly in vacuum and becausethe replicas Were

uncontaminated by grease or ol the gold adhered 10 it (and all ohersurfaces) ina




3.5 Diamond Study and Observation

To thispoinl of the prje

themalrix component of The del bit is all thal has

Take note that

all high magnificaion work on the Reichert microscope must be done using the

replicas, 1o avoid scralchingand ruining the objctive lenes

becau

One dificuly would be locating cach specifi diamond between drl les or

he small size and random dislibulion. By laking piclures a lower magnifications a

np Hellitying i 1 them
by using the phologmphs as 3 guide. Another factor which may lead 10 diffcules s
Ihatdismonds may Bl oul of the matrix during o drll 5L So i was important to

idenlifya diamond, then work backwards chranologically by singlhercplicates



3.6 Resubts of Subsequent Wark

with 2 1 kg hung el

. driling 10 alite han the depth of






calibration picture. There were four indentaions on cach cutingsegment, two of

them were l0sc 1 the leading cdge, and another two were lose 1o the traili

The replca was mounted to a plastic pipe which made the measurement casicr to
perfonn. A glassphuewasplacedonthecdgeftheculier asa referenceplane,and

The picturesofthe sides of the segments. including indentations were taken at both

eading edge snd trailing cdg wih the same magnification as the calbrationpicture

i
;
i

AS lleionedintheprevioussection, thedistance between the centerof cach



(part 8. The groo
S on the il
i edge are parallel 1o Theprofileofscgment




ih the magaification:
cked. Pat (3 is the diamond part he leadinged
the same dismond pa er Thrce il pa it por (
limod oll he edgcofihe diamondpartcl diamond par
trailing cdzon The same segment and part (d)is the same diamondpadicleaft
Ihree il parcd with pa d lation as part (2,
s fdge die h protrudingdiamond, the
idge tapering to zero. n add . ingaroundth
Cuailaremost
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SegmentS SegmentS

I Fig. 31 the averages ofall the individusl rsuits for the change i kngthwith
the same hungweighlfrom the leadingedge ofall scgmenlsonabil areplotied
likewise for the results from the tailing edges. This is done for both bilS. Where

dnllingwas doneata given hung weighl u both a shalow and decper deplh, the

02 mm (atthe kadingedgewith 3 and4K g hungwcight on bitd). The height loss on
bit$ atthe leading edgewas alitle lower, ahoutO, 1S mm. Atthe tniling cdge, the

heightlosses weresmaller, ess thanO.imm, but greatcr onbit § than bt 4. Thers is

o clear correlation with hung weight nor with hole deph (s datd shown in Tsble



Bits

o Tt | Averseof i LE et | Aversgof 1 TE et
o (ko) (mm) ()
Afcrage ofdireLE real | AVerage ofdifi TE real
() (m
expected. s There i fule or no chinge o the mati surfce a the Kading edge on




onthetipsofdiamands, Therefore tis is a measure of wear of the




J——

P

magnification Reichert micrascopewasused. Becausceuningis mainly perfomlcdby

is he b wear

Two diamond particles, one fiom cach bil (Fig. 32),which have almosithe same

Thehigher the i objective

deplho ffcus. The Rei

st microscape has a graduted fine focus knob. By focllsing

in tum on the ip ofa diamand and T surficeofthe marix beside, The difference in

AnxI6otjectiv ble 6

catculated fiom these. The surfice on Aug 9% was tesied s the inial condicio



" and 1, 1

Hung
weight (k)

Hung
weight (k)

“The height changes relative 1 the heights o Aug 9" ar ploted inFig 31, The

height change for bit S in Therun on Aug 12° i differeat from that n sl the other

the other runs show 4 decrease relative to surface aflerthe rn on Augd".Ifwe

gnore the bit 5 run on Aug 12", there appears to be more height changewith bit 5



Diamond Wear

—bta g e

3) i} of diamond on Bildon Augd®  (WMalrixsurfaccofBildon Augs"”







) Tip fdiallond on BilSon Augl 1* () Marrix surface of Bil Son Aug |

() TipofdiamondonBitSonAugtz” () Matrix surface of Bit S on Aug 12

have a surface covered with muliple sharp points (Fig. 34(c) and grade into more

severely fractured diamonds which may protrude very litle from the matrx (Fig

34(). Entie diamonds o residual fragments may be lost through pull-out

Holes in the bit matrx (Fig. 34(¢)).






Chapter4: Discussion and Future Recommendation

4.15un

maryofPres

\Work




ol lengesncedtooversome,suchassoshortdrillingdepthofeachdrilling and that
o hungsveighl morelhan 7 Kg can be applicd on Thesteel wheel Therefore, becaus
diling fonnalion. 5o ther comparison oflhe bit fferent types of

Inebit wear w







Appendix A: Microscope







perpendicular o the lne of sight I the feature & not perpendicular, part of the ficld

done by measuring the change i the fine focus knob posidion. when the 0p ofthe




only be tumed an once a day. So when using the Reicher, only lum off the

Nevl phce specimen and bring surface oflhe specim
















Appendix B: Using Ihe Camera










Appendix C: Vacuum Chamber










Appendix 0: Procedure for Replication




©  Afterthebubbleshavebecn mmoved




of the negative (two completed

When the majority of bubbics have becs exacualed S Accous pisue.

scunam ot vially sl bubbles







Appendix E: The Gold Coater Operation




(Check the bell jor pressure meter with vacuum gauge st o pirmi: the

Tum manipulalOron to rotate the specimen to cnsure that ll sidesarceoated

Adjusl curtent knob unil evaporating current meerreads 10 amps.
approximately6orTonlhepotentiomcter(curenlknab) holduntil the gold

isevaporated. Usuallylheboatandthemeltinggoldeanbe scen throughthe

bell ar (1fThe bell ar is clean wear dark glasses foreye protcetion)

Presschange andwaitundl irispossibleloopenthebelljar Open the bell

Jorand remove the samples (if ther is insuffiient coveragerepeat sieps 59

Close the belljarand pressoperate, waitapprox llely 10sccondsandpress






Appendix F:MeasurementAceuracy and Reproducibility







Appendix G: Surface Tension









AppendixH:Nomenclature
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