MASONRY DRILL BITS WITH HARD _METAL INSERTS

Purpose of thetechnological innovation

1. To permit the stemhardening and brazing of the hard metal insert directly on
the production line

2. To permit the useof cheapermaterials without product quality problems

3. To obtain real energysavings

Giorgio Mazzola & MassimoMosca



INSERT BRAZING

Installation target
The installationpermitsthe automaticbrazingof the insert, madeof sinteredmaterial,which is

assembledn thedrill bit.

The weld material,havingthe shapeof strip, is previouslyfixed throughspotwelding

Performances

Drill bit diameters From 3.25t0 15.70 mm
Drill bit lengths From 11C to 46C mm
Brazing temperature 1,08C°C in inert atmosphere
Cycle time for each size in the range 4.5 sec

Technological cycle description



Thedrills to be brazedwith theinsertandthe brazingmaterialplatesassemble@replacedin

horizontalpositionon aconveyor belt whictpermitsthemto befed througha fixed stepmovement.

Every 54sec.the belt feedsl6 steps

A mechanicabrmdraws8 drill bitsandturnsthem of
90°. So,thebits areplacedin thefirst of thetwo

brazingstations.

The heatinginductioncoils verticallygo downandarecorrectlyplaced
Heatingstarts;the protectiveatmospherés introduced.

Once the temperatuid 1,080°C is reachedhe brazingis performed
During this time the mechanicabrmhasloadedother8 bits in the second

brazingstation.

Unloadingof the brazedbits which are placedagainon the belt.

During this timethefirst brazingstationis loadedagain.

Hourly production:800 bits for eaclsize included irthe range




Presentation of Results

100x magnifiedsectionof the joint zonebetweennsert
andsteelstem

~ 500x magnifiedsectionof the joint zonebetweennsert
- andsteelstem

500x magnifiedsectionof the C45 stainlesssteelnear
thebrazedzone

Homogeneous alloy distribution: no overheating phesmenon inthe support
structure



STEM HARDENING

Stem

4 mm

.4 mm

£710 mm

Installation target

Theinstallation permits the automatichardeningandtemperingof thedrill bits on which the hard

metalinsert has beepreviouslybrazed

Performance

Drill bit diameters From 3.25t0 15.70 mm
Drill bit heights From 11Cto 46C mm
Hardening temperature 85C°C

Tempering temperature From 25C to 40C°C
Cycle time for each sizes inside the range 4.5 sec.




Technical cycle description
Thedrill bits to be hardenedareplacedin horizontalpositionon aconveyor belt whiclpermitsthem
to feedthrougha fixed stepmovement.
A mechanicahanddraws12 bits andplacesthemon a
specialpallet

The pallettranslatesorizontallyso asto be positionedin
front of the verticaltranslatorwhich is equippedwith 12
rotatingspindlesandthe same number of devicssitable

to hold the axiabits.

The spindles permitsthe bits rotation:the vertical translationheatingandthe hardenindiquid
outputstart.

At theendof thetranslationadditionalcooling is performed.

Theinductorsstartto translatedownward;reducecdheatingpoweris
deliveredso asto permitthe bit tempering.

At the endof the operationthe bits are placedon anotherpalletwhich
deliversthemto the unloadingzone.

ol

Hourly production:800 bits for eaclsize included irthe range

Presentation of
Results

Transversasections




1.000x Magnified Sectionof the Core Zone

1.000x Magnified Sectionof the ExternalZone

Homogeneous structure without cracks



HARDENING TEST REPORT FOR TO VERIFICATION _
OF THE USEOF CHEAPER STEEL THAN ONE USED
FOR STEM MANUFACTURING

Inductionhardeningof the drill bits is carriedout after the brazewelding of the hard metalplate.
(This operationis carriedout throughinductionheatingunder an ineratmosphere).

Tmax1,080 °Cwith a dwell time thatanreachup to30 secondsthe diameter,andcontrolled cooling
to 880 °C)

The steelsusedare:C45,40Cr,C46CrB2,45SiCrV6,34CrNiMo6 (test only).
The experimentaland theoretical temperaturres fbre various types of steelsareshowedin the following

table:

Stee C45 C46CrB2 40 Cr 45 SiCrV6
Chamberoven 790- 820 820-850 820- 850 860-890
hardening,
temperature T °C
Inductionhardening, | 870-900 approx.900 900-930 approx.900
temperature
calculatedT® C

Experimental data 880 C 880 C approx. 950 C 880 C

The hardeningest,whetherstaticor translation has shown thérmation ofcracksafter water
quenchingof C46CrB2(which is the mostsuitable materialrom a quality/cospoint of view for
massproduction).

Thepreliminary testshavebeencarriedout by meansof aFully Solid State(MOSFET)converter
with differentinductors;two heatingmodeshavebeenused:staticmodeandtranslationmode.



A) Static tests, steel C45water quenching:

Testl

Heatingtime about6",
Generatopower80%,T 850-870°C
Macrohardness56-60HRC onthe cylinder surfaces

Microhardness, cross-section(photo above)

- connection:




Body microstructure connectionNital 5: ontheleft, surface;ontheright, core(x1000)

The samplesthat were cloth polishednd acid etched were subjectdd metallographic analysis.
Their microstructureis almostexclusivelycomposedof thin, compactmartensite.The presence
of ferrite points is very limited, and there is no presenceof overheatingand/or superficial

decarburization.
Test?2

Heatingtime: 4.5 sec.
Generatopower100%

Microhardnesgross-sections

- Connection:

HV1 709 687 529

- Body:




- Bit:

HV1 670 707 673

Microstructure:regarding C45the microstructureobtainedafter the hardeningis uniform; alsoin this
case nasurfacedefects are noted.

The C46CrB2steelbits hardenedinder thesameconditionsshowcracks.

Above, microstructureC46CrB2,x1000. Structure(martensite)andradial crack.
SomeC46CrB2bits havebeenhardenedstatically, without cracks,usinga polymer emulsionat

100% andreducingthe hardeningtemperaturesnecessaryn orderto avoid overheating(cracks
motive power)



B) Cross-section tests steel C4®jater quenching:

Test 3

Bits with 6 mm diameterthe bits were sectionedt plateandnecklevel soto havethe same diameter

across thentirepiece.

Bit microstructuresetchNital5: left, surface;right, core(x1000).630HV1

The sample, showanexcellentstructureboth on the surfaceandon the core. The transformation to
martensitas almostcomplete.In this casethereis nopresence of overheatiray cracks. The
homogeneousardnesss between600 and 630 HV1 across theentire diameterincluding the

grooves.



Test 4

Bits havingdiameterl6 mm.34CrNiMo6 self-hardeningteel(only taken forpreliminarytestsin
orderto evaluatdimesandheatinghomogeneity)

Phasepre-heatingt hardeningheating(T 900°C)

The hardnessimmediatelyafterthe hardening fluctuatesbetweemd2 and50 HRC.

After alight sandblasting a harness of 4748RC is measured

The samplewas then sectionegihdcoveredwith resin.

Microhardness
Onthesections differentmeasurementaere takerfrom the rim towardsthe axisof the piece.

Fromtheinvolute:

527 522 556 576 567

HVO0.2

Fromthe lower corner:

Groove:577HV0.2



Test 5:

Samepart, singleheatingphasg(more powerto compensatéor the lower dwell time).
T 950°C.
Superficialhardnessneasuredn theinvolute: 55 HRC

Micro-hardnessgross-sectiomf the body, measurements:

Fromtheinvolute:

651 634 640 605 490

HVO0.2

Fromthelower corner:

Groove:607HVO0.2

The hardeningobtainedwith processl is very homogeneousThis is obviouswhen examining
the test piecafterthe etching.The minimum hardnesss within tolerance Pleasenote:thatthis type
of steelis usedin current productiomprimarily for larger diametersso to havethe possibility to
hardenit in traditional furnaceand unloadthe piecesin a bin. Quenchingis carriedout in calmair.
In aninductionplant, piecehandlingat high temperaturas not possible;sothe hardeningof steels

type 34CrNiMo6it is not expected.

In the secondcase,it is possibleto observesuperficialdark zoneswith hardnesdower than that
of the matrix (455 HV1 compared to 600)n particular,the lower cornersare clearly under
hardenedIn fact, during heating,the involute is heatedto a yellowcolour while the cornersare
dark.



comments

Hardeningby translationcomparedo the hardeningpermitslessthermal shocko be generated
duringheating, thus lessleformationafter quenching. Steelthatin certainconditionsare subject
to distortionsand cooling cracks(or evento cracks) aftestatichardeningcanbehardenedy
translationwithouttreatmentdefectsusing harsh mean®x. water or thinnedemulsionsinsteadof
hardeningbathswith high polymerconcentrations).

It hasbeenproposedo harden althetypesof steelsusingpurewater;this situationobviously
shouldbe ideal. We canconsiderthe oily and carbonicresidualswhich dirty the plants (firstlythe
filters) usingemulsions.Otherimportantfactors arehe heatexchangerandpumps over-sizingThe
emulsion'shermalcapacity,startingby about 5%,is remarkablylower thanthe thermatapacityof
the water.

The C46CrB2is, to all effects,analloyedsteel(for increasedardness)Thebitsarecorehardened
and they presenta complexgeometry(involutes) which generateshe cracks.At the start ofthe
installationset-uppure water will be usedto be possiblyreplacedwith an emulsion havinghe
minimal possibleadditiveconcentratior(polymer emulsionin orderto avoid crackslandin any

casenot morethan10%.



