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CHAPTER 1

TOOLMATERIALS

The cattine tools are requurad to operate under lush loads at alevated temparaturs well above 1000°C.
In addition, severs fnctional conditions oceur betwean the tool and clup and between ths tool and the

4. Typeofmachmungoperations o., contimuousorninternstient

3. Ripdsty and condition of mackine tool. 6. Condition of the surface of workpieces 2, presence of
scals, rust, abrasmve particles.

Themamrequiraments forcuttmgtooimatersalsare
1. Weamrasistance.
2 Hot hardress.

3. Toughnees.
4. Costandeasyoffabrication

All the above propertias are not present sismitansously in 3 moternl For axamplss moaterial
vathlishwesr  reastames  and  bishdempersturerssstance  has  low  toushness  The
selecticnoftoclmaterial 1o senerallyva compromise betwesnseparate requesments and their relstive
importance depends crthe specific applications.
DESIRABLEPROPERTIESOFTOOLMATERIALS

1. WearRemstance
Wear resistance of 3 tool material is 24 ability to retain ity shape and sharpmess fora suffciently
long ttme. This properly should be retamed dunng machmung 3 grvesworkpaece at 2 mven
cutting speed. Waar offool is caused bythe following mechaniims:



)  Abrasiom When a chup flows over the rake face of the cuttmg tool under huzh pressurs,
abrazson of matenaltakes place. Abrasion 13 2lso caused by the rubbing zction ofthe newiy
machimad surface with the tool flank The rate of abrazion dapends upon the hardness of
work matenal and cutting temperature

(W  Adbsuon Whesthatoolmatenaladheresnnththe  chipornewlvmachmsdawface  there 1
gradual loss offool material Thas is callad wear offocidus to adheson.

() Diffasion: The atoms of hard alloy constituents of tool mutanal may transfer mto chp or
work matenal This diffuson of tool materalresults n ots weakennz The weakened layer
of tool materal 1s ramoved by abrasive surface

2 Hot Hardmess

The tool material must remam harder than work materal at elevated operating temperatures. Hot
hardness 13 the abidity of tool material to retun ity hardness even at elevated temperatures It is
desirable to developtoclmaterialmithhighhot hardmess These materialscanoperatext higher cuttng
speods resulting in kigh productnaty.

A toolshould also fullyrecover sty hardness at roomstemperature after nachiung at high temperature.
This 15 called recovery hardness.

3. Tonghness

Tha tool matenal should be tough with high strength and ductildy. It should be sble to wathstand
shocks and vibration due to mmpact loads and intanuittent cuttmg operations. There should be no
brazkage of tool However, it has been found out that nmatenals having high bot hardness and wear
4 Cost and EaseofFabneanon

Tha cost and ease of fabncation skould be within reasonable linuts It should bs posaible to resnnd,
weld braze fix 1o tool bolder aasily.

5. Thermo-physicalPropames

The teol matenal should possess high thermal conductinaty to remove heat quickly from the cutting
region. It should have lowcoefficiont ofthermalexpanson It shouldnot distort durme haat trextment



TYPESOFTOOLMATERIALS

hardness and toushness propartie: 10 mest the demands of lugh-spesd machinmg and hard machimng:

1. Carbon Stesls: The sarhest tool matenals usad wers hardsmed carbon stesls These steels are
resneted to low cutting speads and temperatures. The hardmess of carbon steal depends upon the
martensite present which softens at 250°C and above Carbon steel tools are presantly used 1n wood
working and machining of soff matenials,

2 High-Spead Stesls The hest trestment process was discovered and used for producing hish-speed
steel-cutting tools These steels had highwear resistance and higher metalremenalrates were possible

by the adoption of higher cutting speeds.

3. New ToclMaterials: Developments m metallurzicalscience and technologvhave helped to produce
naw tool matenals such as cast allovs, cemented carbade, sinterad cxides or ceramacs. At the present
time more than 50% of cuttmg tools (mostly nultipomt) used world over are based on cemented
carbade matenals, with 40% (mostly smgle-point) bang made fom high-speed steels andthe remamng
10% &om all of the cther matenal classes. In terms of the per cent of materal removed, cemented
carbides represent 2to Jtimes the amourt removed by high-speed steels.

4. ToolCoatings: Recent developments in tool matermls have mciuded the coating of high-spead steel
and tungsten carbade tools with thin, lughwear resistant lavers to mmprove performance

STUDYOFVARIOUS CUTTING TOOLMATERIALS
Themameharactensncsoffoolmatenalsarediscussadbelow
1. HighCarbonSteel

Themam charactenstics offughearbontoolsteslsars:

() Thesearepluncarbonsteelscontamms) tol S%scarbon.

(2) The refinement of svan size and increase in hardness 15 achisved with the addition of small
percentage of ulicon mareaness chromium and vansdnom



() Thesesteslscanbausedvithoperatingtemparaturevaryiow. Theyviosehardnessrapdlyat temperatures
greater than 200°C,

(v) Thevhavelowwearrasistanceandhothardnsss

() They arsgsedsralomecutters trastdnlis tamergandform toolsformachinmesoftorfree cutting

(v) Thevarealso wadalvused for mamficturaofhardiools liketaps, files reamers chisels hackaw
blades e

() Properiescanbeconsderabiyenhancedbyalloying withchromsum

2. High-SpeedSteel(HSS)

() High-speed steels are alloy carbon steels with tungsten (~ 18%) and chrommum (~ 4%) Other
alloving elements are cobalt, vamadium or molybdenum.

(3) Thers aremors than 20 grades of HSS tool materals m conumon use with therr own advantages and
lizmita

molybdenum-cobalt bazed alloys The composrhon of some of standard grades of HSS are grven n
Table

=)

(¥) HSS are nzmfactured by comventional alloy stes! mamufacturing process, powdsr metallurgy
process and slectro-slag refining process.

(w) Properties of HSS tocls are ugmficantly mfluenced by heat treatment process wiuch must be
camad oat veryearefully. During the heat trastment process, carludes ofalloyme elemerss ars formead
and disparsad throughout the matenal a= very hord particles. Cobalt however, dissolves to substiute
for 1ron stoms n the crystal matrix

() Hish-speed steal-cutting toolsare relatively mexpansive and toughbut have limited hot hardmess
These can be used for cutting temperatures upto 350°C.

(sm) HSS can be hot rolled, forged to roush shapes, then machined heat treated and then fimush
ground



(=} It 15 3 wadelyused matenalfor mamfactureofmonolitine tools suchas dnlls, taps, nalling cutters,
atc, for machinme of stasls of upto 350 BHN hardness There 15, however, an mcraaamg tendency to
use HSS 1nsests for tunung The mserts are clamped. brazed or welded to 2 carbon or low-zllov steel
body. The carbon steslshanks ars friction weldad to HSS cutting ends of drills and mamrow HSS strips
are elactron-beam weldad 10 low-zlloy stea] bands for making band saws Indexable HSS msarts are
mechawically clamped in 100] bolders.

() HS Seustine tool — .
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3. CoatedHigh-SpeedSteelTook
Thus e recent development The hush-speed steslprovidess relatrvelyductle shock resistant corsof

thetoclwhile the costme is applied tothe core which has very highwear resistance and low Siction.

@ Thin Layer (2 to 6 pm) coating ofs refractory metalcarbide or nitride is applied. The main
(@  Athn(lto Jum) costing ofstansumnsride (TIN) has anequivalent hardness ofRockwell
kagh-spead steel
(m) Tharearstwomethodsofcoatng wied:

Phyucal Vapour Deposttion (PVD). Particles of the costing are depowted phrucally orfo the sarface
ofworkpiece kept in high acoumcondition 3t temperatures m the range o£200-500°C.

Chenucal Vapour Deposihion (CVD). The tools are heatad in 3 sealed reaction chamber to around
1000°C m an mert smosphare. Gaseous hydrogen and volatile compounds supply the metallic and
non-metallic constitants. It 15 a tharmochemacalprocess and 15 2 mors commonlyused method



() ThecostofeoatedtoolisltodimethecostofplamHS Stool
(v) Thehfeofacoatadtoolismereased byStol OhmesthelifeofplamiiSStool

() Coatad HSS tools are usadfor cutting not only sensral materials but alsohard-to-machine allovs of
Cr-Mo steal Hard machiming can raplace svinding for the mumfsctwrs of complex shapes cn ons
maching tool and peme single tool.

4. CaztAlloy:

@ Castal . iototheirGnalsd

(2) These alloys do not contam ron and contain prinsarnily cobalt (40 - 53%): chromuum (25 -35%),
tungsten (1.5 - 3%) and carbon (0 - 5%).

(2 Thecarbidephasesabout2 Sto30%byvolume ofthematrix.

() Tha tocls are cast m graphste chulled molds to produce a3 fine grained kard surface made up of
complex carbedes.

(¥) Thecoreofthetoohisatoughcartnde ennchedmatenal

(w) These tools can be uwsed 3t kigher speeds than HSS fools. These alloys retam hardness upto
temperatures of 730°C.

() Thesematenialshave loweoefficiantoffnctionanddonotformbuilt-upedgedunngmackenmg.
(m) Thesearsusedformachimngofcastiron, malleable ironandhard bronzes.
() Thaszarsgssfidioemalons foomtoolsasthevarscastable
£, CementedCarbide Took
@ A mixture of 94% tunesten powder and 6% carbon by weisht is prepared This mixture is
combened with cobak. compacted and sirtered in 2 furmace 3t 1400°C. The cobalt acts 2

binder phate The percertage ofhard carbide particles varies fom$0 to 95%. This process

of mixie and suntermsg or cementing is called powder metallurgy and the product s called
urtered or cemented.
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Different  manufacturersusedifferent  proporticnsoftungstencarinde(WC) cobalt (Coland
other zllovmz elements and also dufferent particle size muung procedures and smterng
temperatures and prassures to produce tools of the same clasafication.

The properties of carbide tools are lighly dependent on cobalt comtert, Hardness of tool
matanal dacraases and toughness imcreasas with the increass of cobalt.

The hardness of cemented carbade zlso depends on gramm size. The fine the =vam size
sreater the hardness.

The cemented carbides cam mommtain hish hardnsss values 3 temperatures 2 high as
1200°C. Thess can be wsed a3t mmch highsr cuthng speeds than HSS or cast-alloy tool
matenals

Cemented carbides are not tough and cannot be shaped afler sntening therafore thess are
used i the form of small tips or inserts which are brazad or clampad to steal shanks. The
clamped-on inserts are frown away after all the cutting edzes have been worn These are
called disposable or throvwaway meerts.

Straight tunesten carbides are the stronzest and most wear resistant but are subject to rapid
crating when machining steels. Tamtalum carbide and titaninm carbide areaddedto improve
resistance to crating

New grades of cemented carbide with increased densities and smaller grain size powder
ke been developed.
Researchistakingplaceinto' nano-phase " carbudeswithparticleszeoftheorderofD 1

0.2pm

Coating of alunumam and Zrconsum oxides deposited on tool surface at high temperature
retard diffusion wear ofthe tool A very thin costing ofbtanium carbide or hafumam mitnde
can mmprova the renstance to crater wear oftungsten carbrde tools.
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6. CormetTooks

() Thesearecementadmatsnalsthatusshardpariclasotherthantungsten cartuda Hardparticles include
S bide. titamiom mitrid . veaitidi 2id mcivba bide.

(2) Themetalbmderphassssamixtursofcobaltand mekal
() Thesaare produced bypondermetalhwpvassmlantothativrunsstenCarbide.

7. CeramicTool:

(z) Theyareextremalybrttle and cannotbeusedwhareshodkandvibrationoccur,



(m) These are mads fromamtersd alumimumonde (ALO-), SIAION (3 combmnationofzilica,
abuwomn oxygen and nitrozen) and silicon mtnda.

(=) Vancuspowdersaremixadiogether andsinteradatabout1700°C.

(v) Smteredoxidsscanbeusedateattinsspeadatwotothrestimasthossemplovednithtunsstan carbidss
() Al deish ietol sndpucfrmneheitefaishingudeans S
with non-interrupted cuts.

(s1) Ceramic cuttine tools are usedfor turming andouliing of castiron superalloysand Smishing of
hardened steels.

() Composite ceramic tools conmating of Al.Omatrx remforced by tiny silicon carbide whiskers
are usad for roughmg and finishing of mckel based alloys, cast wron and steals. These tools kave very
hagh fracture toughness.

(m) Diamond has hardness more than any other matenal It is chemically inent and has hish thermal
conductivity. Oxadation of diamond starts a1 about 450°C and can crack Therefore, diamond tool is
ket floodad with coclant dunme cutung and lisht faads ara used

(=) The dismond is extremsly brittle There should be mumimwim vibrations durms cuttine operation.
The machme tool, toolholder and clampine offiamond toolto thatoolshanks must be ngid.

(¥) These are used for machimne ofnon-ferrous metals like aluminnm brass. copper and bronze. It 1s
also used for non-metallic matersals like plastics, epoxyresns, hard rubbes, glass and precious metals
like gold, uher and platimm These should not be used for mackinmng ferrous metals.

() Diamonds can be used for high cutting speeds. The feed should be lmsted to 0.02 to 0.1 mm/'sec
and depths of cut to about 0 5 mm.



9. Abrasives. The abrasrve grams are used m gnnding whesls, abrasive belts, sand papers, sand
blasting and other smular operations. These oparanons actually mvolve cuttng n which the abrasive
grams produca tiy chips fromthe work materal.

The abrzave commonly used may etther be natwral or amificial (mansufactured) Natural abrasives
mnclude corundum emery, quartz, zarmst and dizmond AMaofactured abrasives inchude alumunmm
oxida, silicon carbede and boron carbide.

Alumemumexideandaliconcarbideare byfar the most nadelyused for allenndinsabrasives Silicon
carbide 1s hoarder tham aluminim cxide but 15, in genera] more Suable Hardness is of importance
cusflvmthesnndinsofieryhard materials The chosce betwesnsbconcarbidesand Aumurmemonide les
in balancine the attrition resstance with the bodystrensth which determines the abilityto Sacture when
dulled.

SOMERECENTDEVELOPMENTS:

1. UCON. It 1s 3 mtnded refractory metal alloy having composition of 30% columbiam, 30%
ttarmum and 90% tungsten with no carbade It has excellent thermal shock resutance, hugh
hardness, and toaghness. It axtubits excellent rewstance to diffuwon and chup welding It 1
available in the form of throwaway mserts kaving 3.3 times more edge Lifa than conventionsl
carbades. It operates in the speed range of 250-300 m/'min on steels of200 BHN.

2. CBN (Cubic Boron Nitnde). It commsts of atoms of mtrogen and borom, with aspecial
structuralconfiparaticasinular to diamond It has keghlardness and lghthermalconductraty. It
15 chenmcally mert It 5 used as 3 gnnding wheal for HSS tools and stellites These are
available m the form of mdexable maert and are capable of machmung hardenad tool steel,
chilled czst won, lighstrength alloys. [t 15 hardest matenal next to diamond.

3. Swlon. The word S1 Al ON stands for shcon minde-based materials with almunum and
oxygen addihons. It 5 produced by mulling Si.N,, alumiraum rrtnde, alumina and ytna The
maxture 15 dned, pressed to shape and smterad at 18300°C. Thus tool materal 1s tougher than
ahamunz and thus surted for intamraptad cuts. Asrospace allovs and mckel-based gas turbme
diaes can be machmed using sialon tool bt at 2 cutting spead 0f200-300 m'me.

4. Polyervatalline Diamond (PCD). Highspead machming operations make use ofPCD and CEN
tools for best results In motor vehiele and aweraft manufictuning mdustnes, componsntparts of
non-metallic matenals are bems used extemarvely. PCD cuttars achisvesxceptional standards of
surface quality at hugh feed and matenal removal rates wath such matenals PCD tools are
extansvely usad for machumne alumumium componsnts.



CHAPTER 2

CUTTINGTOOLS

CLASSIFICATIONOFCUTTINGTOOLS
1. Sinsle point Tools, 1&, those having only One cutting edse | such as Lathe tools, Shaper tools,
Planer tools. Boring tools, ete,

2 Nulti.pomt Tools, ie, those havms more than one cutting edses ; such as Milline cutters, Drills
Broaches Crindms wheels etc. These tools may, for the sake ofamalyus be considered 23 consisting
ofa number offingle point tools, each fornung a cutting edge.

TheCuttingtoolscanalobeclasufied accordmgtothemotionas:

> Lmearmotiontools;Laths Boniag, Breachmg Planmng, Shapingtools, stc

> Rotarymotiontools Milling cutters, Gnnding wheels, stc.

> LmearandRotarviools ;:Dnlls, Honngtools, BormghHeads, st

INMPORTANTTERMS

Beforaprocesdms further it would beadvisabletobeacquamtedmitha few mportanttarmsreiatadto the
Geomeatry of Smzis pomt tools.

1. Shanl Itforms themambodyofa solud toolanditis thas part ofthe toolwduch 13 gnppedin the
ToolHolder.

2. Faceltisthatopaurfacsof thetool batwesnthedunlcandthapontof thetool Inthacutting action the
chups flow alone ths surfacs only.

3. Point It = the wedse shaped porticnwhere the fice and flank ofthe toolmest. 1t is the cuttine part
ofthe tool. It is also called nose, particularly in case ofRound nose tools.

4. Flank Porticnofthetoolwhichficestheworkistermedas flanke It isthesurfaceadjacentto and below
the cutting edge when the tool lies in 2 horizontalpostion.

5. Baze. Itis actually thebearmzsurfaceof the tool on whichstisheldin aTool holderorclamped directly
in a Tool post.



6. Heel It 15 the curvad portion at the bottom of the tool whers the base and flank of the tool meet, 2z
shown m Fig.

7. Nose radius. If the Cutting tip (nose) of 2 smzle pomt toclcarmies 2 sharp cutting point. the cuttng
tip 1sweake It is, therefore, highlystressaddurmethaoperation mavinlor lose tscuthmeabilityscon and
produce marks on the machimad surface

In ceder to prevent these hurmfis] effacts the nose s provided with a radiue called Nose radis It
enables srexter strensth of the Cutting tip. 2 prolonsed Tool lifs and 3 superior Surfice finish on the
werkpiece

Also, as the value of this radins meresses a2 higher cuttme speed can be used But if it is too Large it
may lead to Chatter, So, 2 balance kas to be maintained It value noemally varies fomd 4 mato 16
mm, depending upon several factors like depth of cut, amount of feed, type of cutting type of tool
(sclid or wath snsert), etc.

PRINCIPALANCLES OFSINCLEPOINTTOOLS

Tha different Angles provided on Single pomt Tools play 3 sigmficant role m successful and efficient
machimng of different metals. A thorough study of these tool angles 15, thersfore, 2 must. The main
angles provided on these tools are shown m Figure
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It 15 the angle formad batwesnths facs ofthetooland z plane paralleito 1= base If this inclination 15
towardsthe shaple 1t 13 knownas Back Rals orTopRake When it is measured towardsthe side of
tha toal, it i called the Side raks

Thess rake snsles suides the chips anay from the cutting adse thereby reducms the chup pressurs
onthe face and merensine the keennsss ofthe toolso that less power is required for cuthins

It 13 mmportant to mote that an mcreased Rake angle wall reduce the strength of the cuttng edge
With the result the Tools used for cutting hard metals are given Smaller Rake Ansles whereas
those tsed for soffer metals cortain Larser Rakes

NegativeRake. Therakeanglesdescribedabore arecalledPositiveRake Angles Whenno rake 1
provided om the tool, it 15 saad to have 3 zero rake, When the fice of the tool 15 30 ground that it
slopes upwards Somthe pount 1t 13 sd to contan 3 Negatnve Rake.



It, obviously, reduces the keemmess of the tool and meraases strength of the cuttmg adge. Such a
rake 15 usually smployed on Cartude Tipped Tools when they are usad for machinmg Exwa-hard
surfaces, Hardened steslparts and for takngz [atamstent curs

A tool with Nezative rake will have 2 larger Lip angls resulting m 2 swonsar tool. The value of
Negatve Rake on thess tools normally vanes from 5% 10 107

2. LipAngle, The ansls batwesn the face and the flank of the tool 1s known as Lip angle It 12 also
somatimes called the Angle of Keenness of the tool Strensthof the cutting adse or pomt of the
tool is directly affacted by thes anels Larser the lip ansle stronser will be the cuttine adge and
Vice versy.

3. Clearance Angle. It is the ansle formad by the fomt or uide surfaces of the tool which are
adjacers and below the cutting edze when the toel 15 heldin a borizontal posstion Ins the ansle
betivesn one ofthese surfaces and 2 plane normalts the base ofthe tool
When the surface considered for this purpose 13 tn &ont of the tool, Le. just below the peint, the
angle formed 11 called Fromt Clearance and whenthe surfice below the side cutting edge n
considered the ansle formed is known as Side Clearance ansle
The purpose of providing Fromt clearance i3 to allow the tool to cut freely without rubbing
against the surface of the job, and that of the Side clearance to direct the cutting thrust to the
metal area adjacert %o the cutting edge

4. Relief Angle. It is the angle formad between the flark of the tocl and 3 perpmndicular line
dravm from the cuttmg pont to the base of the tool
Side relief angle: It i3 the angle between the porticn of the side flank mmadiately below the
wde cutting edge and 3 hine parpendiculartothe base ofthetool, and measured at nght angle to
the ude flank
Endrelief angle: It is the angle between the porton of the end flank immediately below the end
cutting odge and 3 hne perpendicular tothe base ofthe tool, and measured at nght angle to the
end flank

Thes2 anglesare providad so that the flank ofthe toolclsarsthe workpiece surface and there 13 no
rubbmg action betwesen the two.

Theseanglesrangafrom’ “tol 5 *forgensraltumms

Semallralafansles ara nacessarvto srve strensthto the cutting adze when mackining hard and
strove matsnals

Toolswithuncrsasedvaluesof rehefanslsspenstrataandcuttheworkpiscematenabmors afficiently
and thus reducas the cuming forces.



5, Sidecuttingedge angle: s the angle between the side cuttmgedgs andthe side of the tool shank
It 15 2lso known as lead angls.

Thizsansleprevents intarfarenceasthatoclenerstheworkmatanal For
gensral machining workthis angls s kept batween 157 10 307

6. End cutting edge angle: this 1sthe ansls betweanthe end cutting edee and 2 line ncrnulto the
ool

Thianslenrovidesac] saaranceor relisflothatrailinsendo fhacuttingadssto prevent rubbingor dras
between the machined surface and the trailing part ofthe cuttins edse.

AnangleofS'tol 3

Heg=22Hnm.



Atvpcaltoolsignatare:
0-10-6-6-8-30-1mm

Figure Orthogonal and oblique cutting

CUTTINGSPEED FEEDANDDEPTHOFCUT(LATHEWORK)

1. Cutting speed: The cutting speed (in alathefor hurning operation)is the peripheral speed of the
workpiece past the cutting tool
A\atheratically, V=TIDN / 1000 m/min
Where, V=Cuttmng panipheralipeed my'min D
= Diamater of the job, mm, and
N=Joborspmdlespeedr pm.
Themain bichin® hosel : ’ ;
¢ \aternlofthe cuttingtool
*  Hardnemandmachma bilityofthemetakobemaclined
* Quiityofutirutment iStinH S S steltool
*  Whethermachiningistobedonewsthorwithouttheuseofa coolant.
* Rigidityofthetoolandthework.
¢ Toclshape
* Depthofeut.
»  Feed tobe giventothetool
* Ruimdityofthemachme



Pg 131 Conorprt of catting speed,
foed and drpth of et

2. Feed(D):

Foed maybedefined 33 thedustancethat atooladvances mbo theworkdurmg onerevclutionof the
headstock spindle.

* Feedi srenrs revolution.

® The smaller the feed, the better the Smisk although 3 greatdealdepends on the type of

Iathe tool used, and 3 well sharpened tool is necemary

* Largerfaedireduce machmmgtime, butthetooll:feisreduced

Feed may calculated as follows:
ELNT umm/rev

Where L=Lengthofcut num, N =
rp.m, and

T.=\Machinmg cuttinghima mm.

3. Depthofeut(d):

Tha depth of cut ‘d’ 15 the parpendicular distance measurad from the machined surface to the
uncut (or pravious cut) surface of the workpsece. For tuming operations, the dapth of cut 1=
exprassad as

4="
z



Whera D=Imtial on pmaldiamataroftheworkpiece mm and D=

Fmal dmater of the workpuecs mm.

Forrough cuttms thedanth of cutshouldbeaslarseas possible consistentuath thesizeor capanityof
the centre laths and the matenal beme tumad.

Thevaluesofipead feedind depthofont meeneral dapend uponthafoliowine factors
*  Typeofworkpecematenal
¢ Typeoficol matenal
s Typeofsurfacefimshraqured
COOLANTSANDLUBRICANTS
Thematalworkme fluid(coclantsand lobneants usuallvperformsthe following fanctions:

working It cools the tool and workpiace.
2. Provide adequate Jubrication betweenthe tooland weekyprecs and the tooland the chips Minimizes

3. Preventsthe adhesionofchipsto thetoolor workpiece or both. Itprotectsthe finished surface from

4. Providesacushiomng affact betweerthe jobsurfaceand thetocito prevent adhencnofthetwo, such
as i stamping, extrason etc.

3. Drrvesawarthechips scaleanddirtfromcuttmgzone.
CHARACTERISTICSOFACOODCUTTINGFLUID:

a) It should provide sufficientlubncation betwaen the tooland work and the tooland chups soas to
manimze tool wear and reduce powsar consumption

b) It must carrvawaythe heat generated dunng the processand, thas, coolthe tooland workpiece
both 11 ordar to mummazs the toolwear and prevent distornon ofthe workpiace.

¢) Itsflashpomtshouldbeamphviugh

d) [tshould beablsto mupart antiweldmepropemastothstoolandtheworkpace othernasa very poor
firosh may rasult.

¢) Ishouldnot discolourthefimshedworksarface

f) Isheuldbenon-potsononsandshouldnoteansssommitation



g Ishouldcarrysuchconstituentswhichwillpreventthe fimshedworksurfaceandthetoolfrom beng
rusted or comroded.

b) Ishouldnotproducefogandsmokedunnzuse
Typezofcutting fluwids:
- nefhsidsareclassifadasil
1. Cuttinsoils:
a2 Activecuttinegoils
b Imsetive cutties oils These are straiebt mineraloils or sdraieht mineralods moxed with
Extey oals, acids or sulpburised Sty oils.
Byactivenessor inactivensssofthe cutting oilswe meamasto whether sparticalar cuttingoilcontams
suchoonsttuentsor notthat canreact chermcally withwork sarface to help the machiming operation.

2. Wiatersolublecilsorcompounds.
CUTTINCFLUIDSUSEDINDIFFERENTOPERATIONS:

Operations Suggestedflmds

1. Tummg Enmulsionsorstraightoils

2 Tappingand threadmsg Activetypemmneralfatyoil

3. Drilbngandbonng Solublacals.

4 Raamme Solublecils.
 Plannzardshapine Usuallvmocutinzorhsused

6. Milling Sulphurised mineralfattyorlsor emulssons
7. Broaching Heavy, actretypecuttmeaihs
8. Threadrolling Straishtmineraloloremmlscas
Typesoflubricants:

Thevarioustypesofmetalworkinglubricant: are:

1. Naneralotls:Thess lubricantsdonot find muchfivoar wboundarvisbrication. as mdeepdraw and
extrusionprocesses. 15t alitheyare to be used n suchprocesses theyare used incompounded form



2 Fattyouls and acyds: These are extensivelyused for boundarylubnication. Fattyouls are used m heat-
treatment procsssasaquenching medmfor obtamings hishdesresofhardnsss Fattvand 1:usedas 3 flux
in tnmng work

3. Waxes: Waxss (denved from patrolsum) are used m vanous processss ke rollme drawang,
extrusion tinmimg and wet coating on mould surfaces.

4. Graphtesuspensions: Thesslubricantsarensdelyus edinfoundryandiorsme work
5. Compounded emmlsions: The compounded emulsions are best suted for use m hany duty
operations The water usually varses fomS to 15 parts

constitpents of these emuluons are soxp ¢ fitty acids and water. Nost of the cutting and srindine
work done in the workshops imohves the use ofisch emulsons.

7. Aguecus solutions: These solutions are priacipally used as coolants However, some of them show
cooling.

8 Compounded mmeral cils: For drawmg, cutthng and formmg operations the nuneral oils are
compounded with sulpbunsed fatty oils The sulpbunised nunerals ods are commonly used under
added with suitable amount of chlonme to give chlonnated compounds, whick are widely used m
different metal working operations

5. Minerals: Vanous types of mmerals (different types of salts, metals and refractory matenals) are
usad as metal workmg fubncants or coolants.



CHAPTER 3

LATHEMACHINE

Lathe 15 conssdered as one of the oldest machine tools and 15 widely used n mdustries. It 15 called 25
mother of machmea tools. It 1 sad that the first screw cutting lathe was developed by an Enghishiman
namead Hanry Maudslay in the yaar 1797, Moden hugh speed. heavy duty lathes aredeveloped based on
this machme The pramary task of 2 lathe 15 to gemerata cyimdncal workpieces. The process of
machiming 3 workpuece to the requred shape and sze by moving the cutting tool ather parallel or
parpendicular to the aus of rotion of the workprecs 13 known 23 turmng. In thus process, sxcess
unwantad metal 1s removad The machine toolusafil i performms plam tunung. taper tumung, thraad
cutting, chamfarme and kmarhing bradopting the above method 1s known as lathe.

Geas bax wransks Drdrg L Ted post Deac cante

Canmage yaveesrg whoe!  Fesd 2ngags ever Serme ~amy ejEy ;v
Crgne v

The mam function of kathe machine 15 to remove matal from a pece of work to grve #t the required
shape and size. The work 15 held securely and ngidiyon the machine and then tum agamst the cuttmg
tools which remove metal fromthe work m the forms of chaps.

Mainpartsofalathe
Evervindradualpariparformsanimpontanttaskina laths Somemportantpantsofalathears



listad below:
1. Bad
2 Headstock
3, Spmdle
4 Tailstock
5. Carriage
a. Saddle
b Apron
¢. Cross-slide
d Compoundrest
2. Compoundshde
£ Toclpost
6. Feedmechamiam
7. Leadscraw
8. Feadrod
Bed
Bed 1 mountad on the legs of the lathe which
are bolted to the floor It forms the base of the
machins It 15 made of cast won and s top
wirface s machined accurately and precisely.
Haadstock ofthe lathe 15 located 3t the exireme
loft of the bad and the talstock at the nghw
extreme Carmage 13 positionsd i between the
headstock and tailstock and shdas on the bed
2nda wavs.
The top of the bad has flat or "\ shapad gmde ways. The talstock and the camaza shdss
cathesesuidenays Inverted V' shapedsuidewsysareusefisl inbettersuideandaccurate
ahignmantofiaddleandtulstock Thematalbarrsr esultingfomtuminzoperation
automanically fall through Flatbed gude ways can befoundroldermachmetools Its useful m
heavy mackines hendling large workpiaces. But then the accuracy 15 not lugh
Headstock
Headstock 15 mounted permanently on the mner gusde ways at the lof hand nde ofthe leg
bad The headstock housss a hellow spindle and the mechamam for drmang the spindle at
multinle speads. The headetock will have anyoRthe lloninsarransements for drivingand
altermg the spmndle speeds:
(1) Steppedconepulleydrive
(u} Backgeardrive
(iii) Aligeardrive



g 2 Shrpped conr ey with ek grue

The apsndie rotates on 1wo Lge beasings housed on the headdock cating. A bole extends theough
the spandie 50 that 2 long bar stock may be passed through the hole. The fromt ead of the spundie is
tlreaded cu which clucks. fasceplate, driving plate nnd cateh plate sre screwed. The froet ead of the
hole 14 tapered 10 secerve live centre : —

wich spports the work. Ow the
othier side of the spindle o pem
knows e o spindle gear 1 fired
Theough thus pear, nusbler gens and
o moun gest frain the power
tausiuitted to the gear om the
Jendscrew.




Talstock

Taibsock is located on the inser guide ways of the right wde of fhe bed cpposite 1o fhe hesduock.
The body of the talsock is bored snd hosses the tatlssock spisdie. The spuniie moves front and
hack towide the Lode The spendie o & taper bole 10 receive the dead centre or shasks of ool like
dnll or reamer If the malstock hand wheel i rotsied m the clockwise darection. the spindle
advances. The spendle will bo withdrnwn musde the bole. if the hand wheel i rotated m anty

clockwise disectvon.
The mnin s of
itk we

1 I sapports
the other end of the
b mechined
between centres.

2 I s wsehdd
m holdmg tocls like
drills.  oamens  and
tops whem performung
dnling, reapung and
opke

Currlags

Camage s loomied between the
headstock mul tmlstock om the lathe
bad guide ways It can be moved
aloms the bed esther towards o
away from the beadstock, W L
several parts fo support, menve and
coutiol the cvtting 1ool. The parts of

the carninge e
a) saddle

b} apron

¢} clomalide

d) cowpound rest
o) compound lide
11 100l post
Saddly:

o

(e

(L
| e gnates
L
hoabeten

Fig & Carthage

1t is 2 “H" shaped casting It consects the pair of bed guide ways like a beidpe It fits over the bad
and slxhes along the bod betwoon beadhtock aud tailvtock. The saddle or e extire cnmage con be
moved by providiog land feed or sstomatsc feed



ey alidke

Crmaschide x stuster oo the seddle mee slices o0 the doversidl geide wags at nght saales & (he Led
paide ways | camiss compomrd sest conpowsd side and tool post Cross sk bard wheel n
el o ieve 30t wipde s et b e e asis 1o du Do e sdetvest Theyecams Jiile il
whael v gradietad oo et soacds 1o nve boows saovet of taed a6 cocuram ac 0 050w
Compenix] rese

Lomgeund 1ot it a pact which coemees 2o dlide nee sorapcund dide. 1t o movatad o0 ik oroe
slide by tossoe s grcove joud 1 hasa cuora base oo ol augulas seabiations e ma ked
The comeponad 1o cun e swivelled o thw reqgeed tagle vile Mg Tapars. A wop sl:de buoan
s conponsd sacC s attacacd to the coooound seal by dove tad yoed. The 120l podt 0 awakd cn
St wvmgnad <lide

Tockost:

Thiis i Jovwal v by oy ccngniad slike T o wawd 1o o0 o boads nigalls. Touks se s veisd
azeocdimg to ke type of eparaicr and mewned 00 1Ay 100] poat sod A1 W W 9 commeen
wothiny ponitaon. There ace diferest :xpos of ool posts end taey e

| Siagleway roal xes

3 Feus wav Locd post

1 Dwch o svgetinnl pint

Sangle wan (ol pust

Thie Sood & Beld by & screw in flus tool post It comtads of & sownd bur with o sotted hole i the
cewtrs for ﬁxqﬁctnllqumofnmmzAmhvmudnm ke arr ssed t
st thae Bl o the toed puoted ot the elale position. The tocd fits o Be fat dop serface of e rockee.
The 100l post s oot tged enough foe heavy works as saly one clumping serew s ased 10 clag the
oot

Four way twol post

Thiw typee ol toed post o sceosssedlass T tools i 4 tmie on the fr opens sidew of Se post. The
toois ato held i position Iy seperate screws and & bockung badt u Jocated af the centre. The required
tood waxy be set for wachomig by swavelluog the ool post. Mackaniog e be completed in o sl
L Decase Qi noquired 10ols ace pao-sa,

T e
-*®

Single vy (P ler Tipw) Tool e duning Vypw & way Soel Pon Owek Curgn Toed Pan
Fezn Tvpes of ol poisds

Leadzcrew
Thelsadscrenasalongthreadedsha fhasedasmasterscraw Insbroughtinto operationdunng thread cuttmg to
move the camazato a calculataddistance Mostiyleadsorew are Acme threaded.



The lsadscrew 15 held by two bearmgs on the face of the bad. A gear 15 attached to the lead screw
and 1t 15 called as gear on Jeadscrew. A half nut lever 1s providad m the apron to engags half nets
with the leadscrew.
Feedrod
Faed rodis placed parallsito thelsadscrew onthefromtside ofthe bad Itis alongshaftwhich has 2
keyway along its length The power is transmitted from the spindle to the faed rodthroughtumbler
geans and 3 gear tam. It 1 weful m provding feed movemant to the camiage except for thread
cutting and to move ross-shde A worm mownted on the faed rod enables the power faed
movements,
Typesoflathe

Vanous desagns and comtructions of lathe kave been developed to surt different machinmng
conditions and usage. The followmng are the different typas of lathe:

1. Speadiathe 4. Tookoomlathe
2 Woodworkangisthe 5. Semiautomaticlathe
b. Contaringlathe a. Capstaniathe
¢ Polishmelathe b. Turret lathe
d Metalspirninelathe §. Automaticlathe
2. Enginalatha 7. Specalpuwposalathe
a Balt dnvenlathe a. Whesllathe
b. Indrviduaimotordrrveniathe b. Gapbedisthe
¢ Gearheadlathe ¢ Tlathe
3. Benchisthe d Duphcatinglathe

. o(Specificat % he)

Thesizeofalatheisspeaci )

1. Thelengthofthebed

2. Maxmmumdistancebetweenl ivaanddsad cenfres
3. Theheishtofeartrasfromthabad
4. Thesningdiameter:
touching the bad
The swing diameter overcarriage -Jtis thelarsastdismater of the work thatwill revolve over
the saddle.
5. Thebore diamatarofthespindle
6. Thewadthofthebed
7. Thetype ofthe bad
8. P#chnalueoftbelead screw
9. Horsspowerofthemotor



10. Numberandrangzofspmdle speads
11. Numberoffeeds

12 Spindlenosaciametar
13. Floorspacerequired
14. Thatype ofthemachine

Workheoldingdevicesusedinalathe(accessories)

The workholding devices are used to hold and rotatethe workpiaces along withthe spandle,
Dafferent work holding devices are usad according to the shape, length, diamater and waight ofthe
workpiace and the location of turming on the work.

Theyare:

1 Faceplate 6. Mandrels
3. Drivingplate 7. Centres
4 Catchplate 8. Rests
Chucks

Workpieces of short length, large diameter and wregular shapes, which can not be mounted
betweasn centres, are hald quickly and ngxdly i chuck. There are dufferent types of chucks mamely,
Three jaw umiversal chuck Four jaw independest chuck Masmetie chuck Collet chuck and
Comsbination chuck.

Threejawself-Centeringchuck

The thres jaws firtad inthethres slotsmaybe madeto shde atths same time byanequalamount by
rotating amy one of the three pimions by a chuck key. This type of clasck is suitable for holding and
rotating regular shaped workpeces hike romnd or hexagomal rods about the axis of the lathe.
Workpeaces ofirrezalar shapes canmot be held bythis chuck The wordas held quacklvand azsibvas
the three jaws move o the sama time






Fourjaw independent chuck

There are four jaws i this chuck Each jaw i« moved independsarly by rotatine s
screw with the help of 3 chuck key. A particular jaw may be moved according to the
skape of the work. Hence this typs of chuck can hold woks of xregular shapes. But wt
Tequires morsnims 1o sethe workaligned withthe lathe axis. Expenenced tamerscan set
the work about the axis guackly. Comcemmic crcles are mscaribad on the face ofthe
chuck to enable quick Centerins of the workpiece

-

. ]
Iz &1{’"
N

i /NagN

The bolding power of thiz chuck i
obtamed by the magnenc flwx radmung
from the slectromagnet placedinnde the
chuck. Mazners are adjustad mnsde the
chuck o hold or relesse the wook
Workpiece: made of magnetic material
only are held m this chudk. Very small,
than and hight works whick cannot be
held in 20 ordmary chuck ars heldm thas
chuck.




Colletchuck

Collet chuck has 3 cvhindrical bushing known 33 collet It is made of spnng stz<l and
has slors cut lengrhwize on = circumfersmce. So, it holds the work with more grips.
Collet chucks are used in capstan lathes and automanic Isthes for holding bar stock in

production work.

Faceplate

Faceplase is used to hold largs, heavy and uregular shaped workpeeces which cao not
be comvemently heldbetwesn cantres fus a cwoulardizcboredoutand threaded to fit to
the nose of the lathe spindle It i: provided with radia] plain and ‘T" — slots for holding
tha work by bolts and clamps

Drivingplate

The driving plate is used to drive 8 workpiece when it is held between centres Itisa
circular disc screwed to the nose ofthe lathe pmdie. It is provided withsmall bolts or
pns on s face. Workpesces fiwed inside straight tad camers are held and rotated by
driving plates.




Carnchplate

When a workpiece 12 held betwesn cemmres the catch plare = used to drive it Itis s
circular disc bored and threaded at the cemtre. Catch plates are desizned with ‘U" -
slots or eilppticalslots to recene the bent mailofthe carmer. Pomtive dnve betweenthe
lathe spindle and the workpiece 15 affected when the workpiece fimed with the camer
firs wnto the slot of the catch plats.

Carrier

When a8 workpiece i held and machined between cemtres carriers are useful is
trapmitting the drivingforce of the spindle to the werk by means of driving piates and
catch plates. The work 15 beld muds the eve of the camer and nghzensd by a screw
Camars ars of two types and thevare:

1. Stralghtaticarner?. Beamnsiicamisr

Straighe tail carrier is used to drive the work by means of the pin provided in the
driving plate. Thetailofthe best tailcamrier fits intothe tlotofibe catchplateto drive the
work.

Mandrel

A previously drilled or bored workpeece is beld oz 3 mandrel t0 be dnven 3 laths
and machined Thers ars cemtre holes providsad on both faces ofthe mandrsl Ths live
centrs and the d2ad cenme fi into the cemre holes. Acarrier lsamached ar the left side
of the mandrel The mandrel sets the drive either throushk 2 carch piste or a dnviag
plate. The workpiece rotates along with the mandrel.
Tharsaresavensiypeiofmandrelsand thevars:

1. Plainmandrel 5 Collarmandra!

2 Stepmendrel & Conemandrel

3. Gangmandral 7. Expansionmandral

Centres

Centres are useful in bolding the work iz 3 lache between cemtres The thazk of 3 centre
has Morse taper on  and the face is comical @ shape Thare are two types of camres
namely

(1) Uvecentre

(1) Deadcantrs

The lve cemme i« Swedonths haadstock spindle and rotates withthe work The centre
firted cx the tailstock spindle is called dead centre It iz useful in supperting the other
snd of the work. Cestres are made of kigh carbom stesl and hardemed and than
tempered. So the tp of the centres sr® Wwear resisant.



Fig 127 Mabbing & wark betwesh contres
Differsnt types of coutres ase available sccording 10 the shape of the wark nud the operation 10 b
performmed. They see
1. Ovdisary centre
2 Ball contre fercoccovecns e B D
3 Half centre
4 Tipped centre g : Ovdinncy comter
5 Ppecenire
6 Revelving centre
T lmnerted type contre
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Kesty

Avent in » mmechanscal deviee 1o support o loog slender workpuecs whea if is iened between centres
or by 2 chmck It 15 placed ot some miermedate poins to prevent the workprece from berchng due to
Itx own weight and vibirations setup due (0 the cithing force.

These are twe diffevent types of rests

1. Stendy rest

3. Fellower rewt v

Steady rent o
Stendy rout is made of caut ivon. 11wy be wde 10 slide 00 the 5

Lnthee bed wys s chamiped o any desited posstaon where the o
workpiece needs sapport. B has theee jvws. These jows can be
adynated nocording 20 the Sametor of the work. Macluaing »
done vpon the distance viartsag from the hesdsrock to te pornt
of suppont of the rest. Oue or suore deady rests sy be weil to
wappoet the froe end of & loog work.

Follower romt

It comints of 3 'C" like cating haviag two adpatable
s 10 weppet the workprece. The rest is belsed 10 the
back end of the carriage. Durisg mackisiag it sappoets
e werk sad seoves with the cacriage. So. 0t Sollows the
ool 16 give contisses support 1o the wark 1o be sble to
sachine abosgy e sution longrh of the work. In solder %o
rofuce frsction betwoen the work snd the jams, proger
hubricant sbould be ived.




Operations performed in 2 lathe
Varows operstions sre performsed in o lathe other then plais taming  They se

|. Facing 7. Undercuming

3 Teensng ) Fecentrs tuening
» Sermght rurming 9. Tapertwrumg

b Step nurning 10 Thwead corting
}. Chamfering 11 Dilling

4 Grooving 12 Remming

4, Foruing 13 Boriay

€ Routling 14 Tappiog
Facing

Facing 1+ the operation of suchaning the ends of # prece of work 10 produce flat ssface whach i
spaare with the axis, The operation isvolves feeding the ool perpessicuilng 40 the nxis of rotation of

the wurk. /-"‘

Farrmg el

Fig 100 Faelng

Twrwing
Tursing o « latdee s 1o 1emeve excom matariel from e workpiecs 10 prodovs 2 oy limlncal v fece
of repeered shape sod size

st v peo
The work m wened straight when # s
made %0 totate about the lathe wus and the =t

“.Hﬂ”.w‘m @ e e e rr e .ol -
virmght haning groduces = cylindncal
walice by romoving oxcom metel Bom Toaing nma

the warkpieces 195 3,38 Sevaighe sevuing

Stey rmrvng

Step hareng is e process of turmig Slferent s faces having Liffeset duscters. [he woek b held
between centren aied the too] s moved peesliel 10 the moin of the lahe B i niso called dmulder
Ny



Chamfering
Ohulering is the eperstion of heveling the extivine sl of the workpoce. The fons sool wed for
taper turning may be used for this puwpese. Charfering is an essential operation after thyead cumting
+o that the met nany pasa freety on the thresded workpuece

Y s

L4

N - ad s sr e e e e .-rc -

Form twt
Fig 1.3 Chamlentag
Grooving
Crooving » the procews of cmtug » sarrow groove oa the cylindrical weface of the wockpeece ¥ is
often Jone ot end of & thresd or ndmcent 1o & chowkder 10 Lose » wsall margiss The greove nay be
suaare, Tadial or beveled|u sbepe

o3 e oo o3
- L e o

Undercutting

Lndercutting 1 dose (1) #f the end of 8 bole (11) netr the sboulder of slepped cylaxineal wrtaces
(mi) At the end of the Brended portion in bolte. 1t 10 & procews of enlerging the dusmster if dooe
tervally sl recicing the demieter if done extermally over o short Jength, It & meftd mainly to
inake fits perfect. Boring tooh and paring tools sre weed for this operatuon |

Pae by dowl



Forming

Faruang is o provess af tunsiig & oo ex, conce e o sy irupnlar shope For harusg o vised| length
formmd surface o formung tool haring amting edges confomusy to the sdape reginnd i fod anighv
Mo e work

Kunibug

Kauling w the process of smbosssng o Samond dhaped paftens oo the suface of S workpiece
The kel tool holder has one or two lasdened steel rollens with edpes of regared patters. The
tool Boldder & prevsed sgaint the rotating work. The sollers cnsboss the reguired panan. The el
hodder 10 fod muommtically to the roquired gt Kasrds are svmilable w conrse. modsimm aod fine
petches. The patteres sy be straiadt inclimed or dismnond sdhuaped.

The purpose of kinsliog s

|. Toprovide sa effocrive prippas aurface

1 Topeovsds betterappeasance to the werk

3. To slughttly mcreass the Eimsseter of the work

Taperturning

Taper

Arapar mavbe defined a3 3 uniform increass of decrease indismater ofs piece of work
mepsuredalons ts Jensth,

Taperturning methods

1. Formtoolmethod

2. Compoundrammethod

3. Talstocksstovermathod

4. Tapermummsanachmenrmathod
5. Combinedfeedmethod



i Vormn tosl methad

A trond nose tool i grommd 1o the reguired
lonpth sad sngle It s set on the work by
providing feed 10 the crossslide When the

-

100l is Sed wmbo the work o right saplos 1o e
Ithie wnin. & tapered swfivce i gonerated Thin ’EB

-

’-»o—'--’ -

} - - - -

uwthod » luned to naem dhort lengthe of

tapes aidy. The length of die taper 4 sdoeter
than the kength of the cumting etlge Lovs fowd
5 nven m the entire cuttu edge will

be £ contost wath the work

() Compomnid rest methed
Tha componnd revt of the lathe iy stachod 1o 2 circnlar
base gradusted is degrees, which may be swivelled
o clamged ot noy desared angle The angle of taper 1
w*&u

where D~ Larger dameter
W= Sannller diantwerar
I = Longth of the tper
= Half taper angle
The compommd 1est is swis elled 10 the sngle cakculated

alide 10 prmernte the requared tper

LN



(iit) Tailstock set over methed

Turning taper by the set over method is dooe by shifting the ous of retation of the werkpiece » an
sngle to the lathe axin snd feeding the tool parallel 1o the lathe axis. The constraction of tailstock is
destgmed 1o have twe parts nsnely the base snd the body. The buse is fittod on the bed guide ways
wnd the body having the dead ceutre can be moved ot cross 10 shill the lathe mas.

The suoant of »et over (1) e be
caloninted as follows:

p-a
setover s - Lo 3

The dend ceutre s suzably dufted from it origanal position to the calcudales astance e werk
held between centres 3l longiindingl feed 5 given by the carmage 10 generate the taper. The
sdvastape of this meethod i that the taper can be tmned W the entare beapth of the work. Taper
theeads can alwo be cut by this method The amous of st over being Lnsted, fhus method is suitable
Sor turmang sl tagers (appeox, upeo §7). lmernal tapers cannot be doow by s method

(iv) Tapertarningby snattachment

Thetsper attackment consntofabracket whichimattachedtotherear endoftbe lathe bed. It
supports 3 guide bar pivoted at the castre. The barhavisg graduatiomindegress may be
swiveled on aiher nide of the zro graduanon and set st the desrsd angle wothe lathe
axis. Aguide block 12 moumadonthe puide bar and shidesort The cross slide 1s mads
free fom s screw by removing the binder screw. The rear and of the cross lide js
tightened with the guide block by mean: of 2 bolt When the longitudinal feed is
engaged, the tool mounted cn the cross siide will follow the azngularpath 33 the guide
blockwill shdz on the guidebarsstatan angle of the lsthe axis. The depth of cut 15
providad by the compound shide which 15 et parallel 1o the cross-shide The advamags
of thiz method 1= thar lons tapers can be machinad A power feed can be emploved,
the work f: completed at a shoeter time. The disadvantage of this method is tha
internal tapers caznotbe machined.



- -
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Threwd cutting

Theesd cutting is s of the most waportant opetations performat i o lathe The process of Seead
Cutting b4 10 prodace » helicnl groove on a oy luxdncal narface by foedig the tool loaginsdimlly . The
Job 2 sevolved berween centres or by & chuck. The longindina) feed should be equal 1o the puch of
the thread to be cut per revolution of the work piece

Tools usedinalathe

A. Accordingtotheconstruction, thelothetoolsoreciassifiedintothreetypes
1. Solidtool
1. Brazecuppedtoot



8. Accordingtotheope rotiontobepe rformed thecuttingtoolsareciassifiedas
1. Turnmngreol

2. Threadcuttingtool

3. Facingtoo!

4. Forming ool

5. Partngtool

6. Groovingtol

7. teringroal

8. Intermaithreadcuttingtocl

9. Knurling tool

C. Accordingtothedirectionoffeedmovement,thefollowingroolsare used

3. Roundnosatool

(1 ==

2. Lefthanctool
L. )

1l

Tool holder md sool but

1

Fatar of Tovmadeg

Fig : Types of toehs



PLANER
INTRODUCTION

» Plazing it one of the basic operations performed in machimizg work and is primarily
mtended for mackining Iarge flat marfaces. These mrfaces may be Horizontal Verticalor

Inclined
> Inthis way, the fncrion of & Plenins \achine ie quite similar to that of 2 Shaper excepe
tharheformer  fsbasicsllvdensnedro undenaskemschinimsofeuchlarsesnd heavviod:

whichare almost impracticable to be machined on: Shapar or Milling machine (¢

> Planing Machins proves to b2 most 2conomical so far a3 the machinng of large flar
surfaced is concemsd.

» Howsver, 3 Planing Machine differs from a Shaper in that for machming, the work,
loaded om the Table, reciprocates past the satorary Tool ina Planer, whersas = 2 Shaper,
the tool reciprocates past the statiopary work

WORKINGPRINCIPLEOFAFLANER

The Principle izvolved iz machizing 3 Job oz 3 Planer is illestrated in Fiz. Here, it is almost a
reverse case to that of a Shaper.

ThewerkimigidivheldontheWerktableorPlatenofike machine Thetoolisheld verticallyin the Tool-
head mounted on the Cross-rail The Work table, tosether with the Job, is made 1o reciprocate
past the verncaliy held ool

Theindexedfeed sftereachout fasiventothetoclduring theidlesrokeofthe Table.



MACHINESIZEANDSPECIFICATIONS
Planersarsmadeindi fferentsizesandthevarsspeafisdbvthefollowmzmamdimensions:

» Horwzostaldiitanceberween thetwoverncslHouvimg:

Y ¥ ¥ ¥ v ¥

Verticaldistance betwoentbeTable topandtheCros:-rail, wheathelateriie i
topmo:t poition

Marimem lengthofT sble travelorLeagth ofstroke.

LenzthofBed

LensthofTabie.

MethodofdrivinsCommonorindividaal

Methodofdriving theTableGeared ork vdraulic sec H P (orkW)o\loter.
NumberofaddinonalT oolHead: raquired.

MAINPARTSANDTHEIR FUNCTIONS

Vhamerp -

™~

o A Suppent R

-
pre—— g

[ o= ‘llw1

t[o-o}—awumnm s ‘
| T < T |

Maimpartsofs planersrs

O b b

Table or platen
Housmgsorcolumns

Toolhead:
Controlz



1. Bed

» Itz vary large and beavy Cast wron Structure, which &= provided with cross ribs for
addinonslstrengrhand suffness, asthe same supportsthe whole Stucrsofibe Machkine
over it.

» In case of Large Planers the Bed i3 sometimas made i two parts, which are properly
machized and then bolted together to forma single Jength ofBed.

» Itis shouttwo times longer tharthe Table it carries over it At its top, it carries either V-
wave, or Flat waye (ozly in case of larpe planess) to support and guide the table. Allthe
waye are Straiehy Parallel accurately machined and scraped These Wav: should be
constantly Jubricated

1. Table

> TheTableorPlsten(ss ot 1= freguentivcalled) i:lio madeofcan ironwmbasascourately
machined top.

» Itmav be 2 angle piece Casting or mads m two pisces, bolted wzaher in the same ways
53 the rwo piecs bad.

» It camies 2 Box type construction, provided with strengtheming ribs under 3t in order to
make it strong enoughto suppertthe heavyworkover it At ityTopit carries longitadinal T-
slots and boles to accommodate the clamping bolts and other devices.

> The werk is directly mousted and clamped oa the tableby means of various devices suing
the T-slots and holes. Under the table, Chip pockets are cast intepral with it for collecting
and ramoving the chips.

> On fts sude the table carrie: adjustabie Stop: 10 reverse i motion at the end of sach
soks.

» A speaial festurs in planer Tables 13 the provizion of a sunable Safsty device 1o prevem
the beavily loaded reciprocating table fom rumming out in case of am Elecmcal or
Machanical faslure. Acommenssfetydevice isa large Cutting toolbolted under the tabls on
%3 botk sides and foxmg of wop blocks oz the bed on each mde. In case of ruzning away
of the table, the tool will take 2 deep cut into the stop block and thus absorb the whale
kinetic eperzy of the nble, bringine & to 3 halt without damage to the machize or
workman,

3. HousimgsorCelumas



ThevarsslzosomenumascalledCobamnsor Uprizhes.

Thessvartcalmembers aresiruated on botk sidesm caseof aDoublsHousingPlansr and ca
one 3332 only 1a caze of an Open side Planer

Inside them, theycarrythe differentmechaninss for ransmisnon ofpowss 10 the uppar
parts of the machine, from the main drive.

At their front theyarevervaccuratelymachined to form Verticalwayislongwhichthe comn
rail sides up and down

WhereSideTocl-headsaressed theval:calideverncallvalonsthesame suidenays.

4. Cress-rail

It i= & horizontal member ofeavy strucure nwhich comnects the two Vertical housings of
the meachine It provides additionsl rigidity 10 the machise

Bymeansofthe Elevating screws it cande moved up and downajong the waysprovided on
the housings.

Clazps are provided 1o Jock the Cross-rail in any desired posinon along the columna.
Thess Clamps mav be opersted by hand or powsr. Alw 3 suitable Levelhing device is
mcorporated 1o ensure that the Crossrail i3 parfectly horizontal before clamping

In order that the Cross-rail is moved up or down uuiformiy on both ends, both the
Elevating screws are rotated simultanecasly by a borizontal thafi. mounted oa the top of
the machine through 2 set of bevel sears.

Accurately finished ways are provided at the fromt of the Cross-rail for the two Vertical
Tool hasds. Inside the rail are provided the Faad rods for vertcal Power feed and Cross
faad 1o the Tools

. Toolhead
» The Plazer Tool head:, both mn construction a: well a3 operanon, resembls very much

with the Shaper Tool heads.

At the mont four Toolbeadscsn be fitted tmaplaner and amvor sllofthemcan beusedst a
nme. Two Tool heads can be fitted in vertical positicn on the Cross-rail aad the other two
orthe Vertical Cobamms, Each Column cazries one Side Toclbead

All the four Tool heads work independently, such that they can operate separately of
simaleanecusly, as desired



The Tool heads on the Cross-rail can wavel horizoutally, along the rall. They can 2l:0 be
raizad or lowsrad by moving the Cross-rail up or down

Also, the tools can be fed dowwward: by rotanng the Down faed screw. Simularly, the
Side Toclkheads can move up and downalong the verncalColumn wavs Also thewr tools
can be fed homzomtally imto the Job or & 2 deswad imcimation. A Swivel plae i3
moerporated. This enables the Tool head to swivel through an anghe of 70° cum either wide
from its nermal position.
Exactlvinthesamenavas inaShaper head the ApronofihePlaver head canalso be sef at an
mclination whesever needed. Both hand snd power feed: can be emploved, for all
theToolkeads but powerfeed:are commoniyused TheClapperblock fsalse hinssdas in
Shaper head in crder to avoud soratching of machined surface by the 100l durins the die
sroke.

Controb

Vanous: Comtrols for starting, opsrating and stopping the variows mechanisms, automatic cutnng
off speed and feed regulanon and similar other fanctions are wsnally provided within a quack
apgroach of the operator of the machine.

TYPESOFPLANERS

A fairly large varietyofPlaners ofdifferent desizns oftizes is avadable inthe market They are,

»
»
>
»
»
»
»

StandsrdorDoublebous mgFlaner
OpensidePlaner

PlanerAiller

PlarzPlaner

PuPlansr

DnndedrablePlansrand

Plano-GuillotineShesringMackize.



A PLANER TYPE MILLING MACHINE  gtuorgon




QUICKRETURNMECHANISMS FORPLANERTABLES

Thecommonmathod susedforprovidinzaQuickrenurnmotontothemachisetablearethe following -

i Balt Deve

: Crankdnive

= Dirsctrevernbledrive

. Hydraglicdrive
BELTDRIVEMECHANISM

Most of the Conumon types of Planers carry this system of drive Sor the Quick retum of their
tables. The main festures of this drive are shown in Fig It coasjsts of the majs Driving Motor
spusted over the bousing: This motor drive:s the Countersha® throusgh s open V-belt The
countershaft at f1s exmrame Camies two Dnving Pullevs; one for Open deit and the other for
Cross belr.

The main Dnving shaft 1s providad below the bed. One and ofit passes throughthe Housing and
camesa Pumon, which mesheswiththe Rack provided under shetable ofthe machkine, asshown
The other end ofthiz sha®t camies two pairs ofpullers each pavr-consimmng ofa fast pulley and 3
loose pulley. One of thess paars 15 connected 0 one of the drmang pulleys by means of an Open
belt andthecthertotheseconddrvmgpulleybymeansofaCrosbelt. ASpeedReductionCGear Box s
mounted on the maix driviag tha® and the :ame 12 incorporated between the pinion 124 the pairs
of drives pulley:. as shown in the disgram.

One 25t of the sbove pullevs L2 used for the Forward motion of te table and the other set for
BackwardorR etummonion. Inthezivendiagram theCrossbelt willbensed forforwardmotion ind
the Open beltfor retum monon Nots thst the driviag pulley on the countsrshaft for cross delr
Eimallertantheparofizsr and loosepullevifordizsame Agamst thisthednvingpullsy on the
counterskaft for open belk 1= bigger tham the pair of fst snd looss pulleys for the same
Comsequently, therefore, for same speed or mumber of revoletions of the countershaft the mam
dnving skaft will ran famer when compectad by open belt than when the cross belt s used. It s
obvious, therefore, that the retum stroke will be fanter than the forward stroke



It should also be notadhers tharthe pullevs ars 30 arranged that whenthe ross belt 1s ouths fasr
pulley, L&, m forward stroka, the open belt will b2 on the loose pulley and s reverse will take
place dunng the return stroke In order that this relauve shimmg of belt may take place
automatically at the end of eack swoke, without stoppmg the machme, s Balt shifter and s
Operanng lever are provided on the machine. Tnp dogs are mounted, an 2ach atboth ends, on the
tabla At the end of ssch mroke, these dogs strike sgamst the Operating lever altarnately and the
bekt shifted accordingly. Thus, the mbie movement is reverzed sutcmatically.




APPLICATIONAREASOFPLANER.

A planer performs the sams oprations 25 parformed by 3 shaper, witk the mam difference that
the workpizceshandled ona planer are larger and heavier thanthose machined ona shaper. Also
the surfaces mackized ona planer are much larger and wider thanthose producedona shaper

Thecommmonoperstionsperfonzed cnaplazer
1. Machimmgbonzontslflatiurfaces
2. Machiningverticalflat surfaces
3. Machininsansularssrfaces, includinedovesails

4. Machininsdifferenmtypesofalotsand groove:
5. Machininscurvedsurfaces

COMPARISONEETWEENAPLANERANDASHAPEE

! Flomer Shaper
Lo B e hwavias miote mglid sl cowthes schine | 10 10 4 comparatively Hightur and chwaper
adae S = K
1 N pegures soooe (heer ama 1t peasrws. less fhoor aea
L wand b snachalng Lange fli 1 e sl used for e s purpoves but b
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: ubes phiw by O work | Cutting tades —
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MILLINGMACHINE
INTRODUCTION

+Miliimg i the name grves 10 the machinng process in which the removal of metal takes
place due to the cutting sction ofa Revolang Curtsr whenthe work is fed past i,

4 The Revciving cutter is held on 2 Spindle or Arber and the work, clampedon the
MackineTable, fedpasttherame Izdoingso theteethofibecutterremovetie metal in the
formofChips fomthe rarface ofthe woekto produce the desired thape

4 Milling machine: are Capsble to perform a large number of operations which no other
single Machine Tool can perform At the same time it gives prodaction at a fairlv hish
rate and within very close limits of dimencions.

4 That iz why, In many cases 1t has largsly replaced other Mackine wools like Shapers,
Planers, Slomers, =ac., but for smalland medmum size jobs oaly ;a3 it millprove to be too
slow for machiming varv Josg jobs.

4 For umsll and medium jobs, the Miling machine gives probably the fasest production
with vary high sccuracy. For this reascm, @t has gained 3 very wide application iz mass
production work. Obviously, therefore, it is 3 very Versatile Mackizne Tool.

WORKINGPRINCIPLEINMILLING

Ths working pnociple. smployed m the metal removing oparation on & Milling machine, 15 that
the work 15 ngidly clampsd on the table of the mackine, or hald berween cemtres, and revolving
muitteeth cutter moustad sither on # Spmdie or an Arbor. The Custer revelves st a faxly high
pesdandtheworkfedsloniypamtthecuttar, amsbowman Fig. The workcsmbe fad ma wverncsl,
longitudizalor cross direction. As the workadvences, the cuntar-teethremove the metalfromzhe
work surface ¢ produce fae desed thape,



—

TYPESOFMILLINC MACHINES
1. COLUMNANDKNEETYPEMILLING MACHINES

These machines are all Ceneral purpose machines and have 2 Smgle Spindle only. They desive
their pame ‘Column and Knse’ type Fomthe facr that the worktable 13 mupporsed on 2 knse hike
Casting  which can slide in verncal direcuion alosg a Vertical Colums These machimes
depending uponthe spmdie podtion and table movements, are further classified as follows

(%) Handmillingmachme,
(v) PlaiserHorizontalm(keemachine
(<} Verucal\illng machme,
() Universal\fiihins machine and
{¢) Omuiversal\lilling machine
2. FIXEDBEDTYPE ORMANUFACTURINGTYPEMILLINGMACHINES

These machines incomparisonto the Columpn and Kese type are more sturdvand risid hesvier in
weight and larger m size. They sre not sustable for tool room work. Most oftbess mackines are
either Automatic or Semi-sutomanc in opersnon They may carry a Single or Multuple Spindles.
The common operations performed oo thesemachizes are Slot cutting. Croovizg Cang milling
and Facmg Also, they facilimate mackining of many jobs together, called Mult- piece Milkng.
Their farther Classification ts as follows |

(3) PlaanTypehaving SmgleHonzonmiSpindle).

(v) DuplexHead(kavingDoubleHonzoanlSpindies).

{€) TriplexHesd(havingtweHorizontalandone ertical Spindle).
(2) FaseandFalinype(forProfileMillng)



3. PLANERTYPEMILLINGMACHINES

They are used for heavy work. Upto 8 maximum of Four Toolheads can be mounted over it
which can be adjusted vertically and wamsverse directions [t has a3 robust and masive
comstruction like a Plapes In this case spindle carriers are mountad in place of the planer tool
post, which sre opersted by mdividaal motors.

4. PRODUCTIONMILLINGMACHINES

Theyarealso Namfactaring Mackinesbut differ fromtheabovedescribed machines inthat they do
not have 3 fixed bed. They includs the following mackizes -

() RotaryTsbisorCoatimuous Type
%) DrumType and
(c) TracarCoatrolied
§. SPECIALPURPOSEMILLINGMACHINES

Thess machmes are designed to perfornm 3 specific tvpe of Operation oaly. They inchude the
following machines -

(2) Thread\lillingMackize,

() ProfileMillmgMachine,

() Cear\illinsorGearHobbing Machine,
(d) CamMillmgMackine,

(2) PlanetaryTypeMillins\achine

(&) Doubleend)Milling Mackine,

(2) SkiMillmgMackine and

@) SparMilliss\achine

COLUMNANDKNEETYPEMILLING MACHINES

Hlais oxHoruoatallkag dlachin:

Its pnncpalpans are shown by means ofa block diagram m Fig. The Verncal Column serves as
Houstap for Elecrricals, the Mam drive Spindle bearmng: s1c The bnes aots as 3 suppon for the
Saddle, Waorktable and other sccemones like Indexmz Head, stc Overarm provides support for
the Yoks which in rurn. supports the free end of the Arbor. The arbor carrving the Cutrer rotstss
about 3 horizontal axis. The Table can be ziven straieht motions iz three directions:longitudinal
cross and verncaliup snd down) but cannot be maavelled.



Horizontal Milling machine

For grving varncal movemant to the tabls the knes wszlf togather with the whole umrt above 1t,
slides up and down aloas the way: provided in font ofthe Column For stving cross movement
to the table, the :3ddla 15 moved towards or away from the column slonz with the whole wnat
above it ABrace 1zemplovedro provids additionalsupport andngidinvtothearbor wheas loag arbor
is used Both hand and power feeds can be emploved for the work.

YarficaBlillinsAlacki

It derives i1s name from the vertical poston of the Spindle. This machine 1= available in both
types the Fixed bed type as wall a5 Column and Knee type. Principalpartsofibe latter 1ype are
Uhswrstedbyvmesnzofblockdisgram: fn Figs It camesaVerncalColumnons heavvbaze The
Overarminthus machine i: made invesralwiththe colummasdcarriesaFousingat its fomt This
housng, called Head, cas be Fized type or Swivelling nvpe. In Fixed type, the spmndle slwavs
remesinsvamicaland canbe sdjusted up and down InSwivelling type the Head canbe swivellad w0
azydesired anzle to machine the © incdmed mrfices.
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The Knze carmes anesclosad Screw jack by means ofwhich it is moved up snd downmalong the
panalieiVertical Cuidenay: provided on the frost side of the Colume

The Saddle 15 mounted cnthe knes and can be movad, aleng the honzoatalgaideways provided
oa the Knse toward: or away from the colums This sasdles the Table to move in cross
darection.

TheTable 13 mounrsdomguidewsy: providedomthessddle whichare ndwsctionnormabothe
dxectionofihe suidewayvs onthe Knee Bymeans ofs Lead screw, provided underthe table, the
table cas be moved m the logpimadinal duection

Thu: the work 221= up and down movement by the knse roz: movement by :addle and
longitudizal movement by the table Power feeds can be emploved to both the saddle and the
table Mostly Face Milling Curters and Shell-end tvpe Cunters ars usad onthess maching:s

LnixersaBlillisg Xlaching
Tt 35 the most venatile of 3l the Milling mackines, and aftar Isthe 1t is the most usefal Mackine

Tool s jus capable of parformeing most of the machimms oparations. With its applicaion the yze
ofa large zumber ofother Machine tools can be avoided.

It differs fromehe Plamn milling machme only wn that the 1able can be given one more additional
movement Its table can be swivelled on the saddle i 3 borisonesl plane Feor this Circulsr
guidewsys are provided onthe saddie slong whick  cam be mavelled,

This special festurs snables the work 10 be 22¢ 3t an angls with the cumer for mulling halical and
spinaifiutesandzrooves R:Overarmcanbepushedback coremovedanda Verticalmiling



headcanbe firted mplacecfthaarbormo use it asaVerncalMulinsA\achne Detsiledpartzand various
coaztrols of a Universal milling machine are sthown iz Fig.

This fs, in fact, a modifiad form of Plain milling machine and is provided with two Spindles, of
which coe is herizontal, as in Plain milling, and the other is carried by a Universal swivelling
head

Another special feature of this machine 1« that it carries_ in addition o all thepossible adjustments
provided in 2 Umiversal Mackine, two mers adjuimments. Thess adjustnsents ars of tha Knes,
which can be swivelled sbour 2 borizomtal axu: to nlt the wmble and can be movad
herizoatallvalso.

-

Thess Special Featares maks it 3 very useful Machme Tool for tool room work as i facilmates
vanous operaticas 1o be carned out indifferent planes and at different snsles jn 3 ungls sating of
the wark.



PRINCIPAL PARTS AND THEIR FUNCTIONS OF COLUMN AND KNEE TYPE
AMILLING MACHINE:

Main parns of all the Column and Knee type Milling Machives are sumilar, akhough the
movements of the moving paru differ in them, 35 descnibed earhier. All these mackines
essantially conasts of the following mam parts

1. Bre

It isaheavyCasting provided at thebottomofthe machine. It isaccurately machined oz boththe top
and bottom surfaces. It actually acts a3 load bearing member for all other parts of the machine.
Column of the machine is secured to it. Also, it carries the Screw jack which supports and moves
the Knes Insddivionto this, it 2ls0 serves 3¢ a Reservor forthe coolant

2. Column

It 15 2 vary promunent part of a miflmgz machine and 13 producsd with snough care. To this are
fistzd all the vanous parts and comtrols. On the front face of the column are made the vertical
parallelways wwhichthe knse shdesup and down At marsarmide, it camesthe saclosed motor
dnive. Top oftke column camies dovetsil horizostalways for the Over arm.

3 Kaee

It is a ngad Canting, which i capable ofilidizg up and dowmalong the verticalways onthe front
face ofthe colums, Thisensbiesthe adjustment ofthe table height or, inother words, wecansay the
dizsance detween the cutter and the job mounted on Sie table The adjustment is provided by
operating the Elevating jack, provided below the knee dy mesn: ofhand wheelor applicationof
power faed Machined horizontal ways are provided on the top surface of the knes for the Qoss
maverse of the saddls, and hencs the wble

4 Ssddle

It 15 the imtermediase partbetween the knee and the table and acts as 2 suppornt for the latter. It can
be adjusted crossmase, slong the wivs provided omthe topof the knes, 10 provide c7oss faed to the
table At its top, it cames homzomal wayy, aleng which moves the wble dunng the
longitudizaltraverse.



S Table
Itactsaza supportforthework The latrenis mountzdonit eitherdwectlvorheld intheDividing head

It 15 madeofcast won, with itstiop murfaceaccurately machine. Itstop cames longirudinalT-slots 0
sccomumodats the Clampmg bolts for foang the work or secunng the Foxwures Also, the cutting
fiid, afer 3t is wied, drains back to the Reservoir through these slots and then the pipe fitted for
this purposs.

Loagitudinalfeed isprovidedto it bymeaniofs handwheelfitedononetidecfthe feedscrew.
Sometimes the hand wheel: are provided oz both side: or altermatively a Detachable Haadle is
provided which can be enzazed on either side

Cros: feed i« provided dy moving the saddls and Vertical feed by ratsing or lowering the knss
Both hand feed and power feed can be emploved for allthese movements

In Unrversal milling machmes the table 13 made 10 have a gradustsd crcular base resung on the
saddle Such a table can be swivelled in 2 honzontal plane around the cemtre of 113 base and the

graduations on the lacter help w adustng the required swivel
6 Overarm

It i the beavy suppert provided on the top of botk Plam and Umversal milling machizes. It can
shide horizontally, along the ways provided on the top of the column, and adjasted to 8 desxed
positico morder to provide support .tothe projecting arbor byvaccommodating its free ead inthe
Yoke If farther support is needed, to have additional rigidity. Braces can be emplovedtoconnect
the Overarm and the Knes Such a requirement i alwavs there when many cutters are emploved
symylrameously.

FIXEDBEDTYPE ORMANUFACTURINGTYPEMILLINGMACHINES

Aaimpartsofthis type of machine are shownby means ofs block diagraminFie It dffers from the
Column and Knee rvpe Plain Milling Mackine in that the tabls 15 mounsed on 3 fixed bed mstsad
of the saddle and knee and Ras a3 longimding] wravel only. It can peither move up and dows aoe
CTORFWise



A rigid Vertical column carries parallel Vestical ways on which it mounted the Adjustable
spindle hesd or Spindle camer. This Spindle bead carries the spindle 1o whach the arbor can be

finadto carrytheCuter Thecarmiercanbe moved upanddownalonsthecolumnavito adjust the ol
to e work.

MILINGOPERATIONS

Millmg, 35 has already been stated 15 a process of metal curting by means of 3 Muln-tesh
Romanng Tool, called Cumer. The form of each tooth of the cutter 15 the same as that of 3 Simgle
point tool Howwver, an importaze featureto be noted is that sachtooth, aftertaking 3 cut, comes in
operation azain afer some intervaloftime. Thi: allows the toothto cooldommbefore the next
custing operation 1 done by it Obvicuslythis minimises the effect ofheat developed.

With Cylindrical Cumers, the followins two methods are commonly used for parformume thus
operanon ;

1. Up or Conventional Milling. In this method of milling the cumsr rotares m 3 dirscuon
opposie to thar w which ths work 15 fad

2. Down or Climb Milling. In this method the direcnion of rotation of the Cumer comaides
with the dwection of work feed
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UpMilling DowzMilling

The abova relstve directions of movements ofthe Cumer snd Work should be noted 3t the poimt
ofcontact betwees the two. Oz comparmng Figs vou will find thae the shape ofckip (shaded ares
between points A and B) removed by the cutter in both the cases is the mame, but a3 important
dafference i: that in Comveational Nillms 2: the cut proceeds, the chip thickness jncresses
sradually as fromAto B. Agaimst this the chip thickness decresses incase ofClimb Nillins In
othser words we can sav that the Chup thickness m Conventional Nilling {5 minjewam (zero) at the
smrtoftks cut and maximumst the end ofthe cut, wheress inClimb or DownMiiling it i< 8 reverse
Ca3e le maxieum in the beginning and zaro at the sad.

The selzation of 3 particular method; of the above rwo, depends upon the natare of work. The
former method, 12, Convestional Miling 15 commonly uwsed for mackimmg Camings and
Forgings mnce this method ensbles the cutter 1o dig-in and start the cut below the hard wpper
verface The mecond mathodie Climbd millimg 1 partcularivusefsifor fizishingoperaticnzand
umallwork suchas Slot cutting, Malling grooves, Sliting, etc. It gives 5 better surface Snish

TYPESOFMILLING OPERATIONS

A largs vanety of components are machined on 3 Milling Machme wvolving vamous rypes of
operations. These Operstions are broadly classified s follows.

» Plamor SlabMMilling
» FaceMilling



> Angulsr\lilling
> FormMillng
> SusddieMilling
> GaseMillms

PLAINORSLAB MILLING

It 12 the process which 1= emploved for machming 3 flat surface paralleiro the sxis ofths cuter,
brusing a Plain or tlab milling cutter, a: shomn in Fiz

When 3 very wids surface Ls 10 be machined it 15 advizable 10 use the Imterfocking Teath Plam
Milling Cutters instead of simple Slab Mills In using them, they thouald be 30 arranged that the
amal forces are dweced towards sach other 3o a: 10 force the curtsrs clossr 33 the operanon
proceeds,

FACEMILLING

Thus milling proce:s {< amploved for machinisg & flat surface which is at right angles w the aus
ofthe rotating cutter. The cutter used inthis process is the face milling cutter.

Eoy

i

Facs milling



ANGULARMILLING

Ttis the milling process whick is used for machining a flat surface at as angle, other thas 3 right
asgletothemnizofthersvolvingounter Thecumemssd maybeaSingleor Double  AnglsCumer,
depending upen whether 3 sngle surface is to be machined or tuo mutuslly jaclmed surfaces

FORMMILLING

This millingprocess isemploved for machmimgthosesurfaceswhichareofrregularshapes The
custer used, called 3 Form Millmg Cutser, will have the shape of us curting weth conforming to
the profile of the surface 1o be produced

2~ Convex

7 cutters

~Cutters—

Work

Formmilline

STRADDLEMILLING

Itz 2 milling operation iawhich a par ofede milling custers |s waad for machining two parallel
wvertical surfaces of a work piece simmRanecusly,

GANG MILLING

Itis the name sivea to 2 milling operation which involves the use ofs combination of moce than
Two cetiers, mountad on 3 commeon srbor, for milling 3 muwmber of flat konzontal and vertical

surfaces of & work-place simultansonsly. Thus combinstion may consist of only Sude Miling
CutterzcroiPlain and Side Milkag Cutters botk, Figure thows the Cang Milling Operation.
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Gang millinz
Apart from this, 3 aumber of other operations are named either after the name of the cutter used
for them or :ome other fictars like the thape or use of the murface produced. These operations
are. however the variasmeoms of these standard operations only asd may involve one or 2
combiaston of more than one of the above operations. These operations are

SlotndGrooveMilling
KeywayMilling
ShmingorSawhilling
SudeMilling

VAN NN A S YN

SLOTAND GROOVEMILLING

Slot Milling is the operationciproducing slots izsolid workpieces ona Milling mackine. These
slots can be ofvaned zhapes, suchss ¢ Plam shors, T-slots, Doveail slots, stc Sumularly, Groove
Milline is the operationofproducing Crooves ofdifferent shapes sachas Plaimsrooves, Curved
grooves, V-grooves, e

The cuter two-de used is chosen sccording to the shape of the sroove or =lot to be produced
Milling of a V-groove, wiing 3 Double Angle Cutter bas already been showsn uander snzular
milling.



Similarly, Plan Grooves or Slotscanbe milled by mean: of Plan Milling Curter, anEndmill 2
Sktting saw or a Side milling cutter 2 shows in figure.
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AMillig ofT-zlot and Dovetai] sot 12 camnsd out I two or three stapes. In the first stag2 an open
slot, from cne end of the s0lid werkpiece to its other end isGrstmilled with the help of a witable
cumer, sy 2 Plam Milling Cumer or az End Mill. Then the slot 1z millad 10 the requred shape by
using & special cutter a T-alot Cutter for T-slot and a Dovetadl Miiling Cutter for Dovetail slogs.
The operstion of finisk sulling » T-sot 15 shown m Fig.
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Ana) 1= shown a rectangulsr slot produced through rough machiming by means of & Plain Milling
Custsr. The requirsd angles ofthe dovetail arsthen rough machmned by means ofa Form Angle
Cumer and 2 rough machined Dovetail slot obtsined 3z shown st Fig. (b). The slot is finslly
finished by machmmg the base and sides of the slot with the belp of 3 Dovetail Milting Cumer.

SIDEMILLING

In this operation, 3 Side Milling Cutter is used ro machine 3 flat varucsl surface on 3 ade of the
workpiece. When two parallsl verncal flar surfaces are required to be machined, the ususl nme
3VIRg practic2 15 1o use 3 paw of two Side Milhmg Cutters 10 machine both the surfaces
umultaneously. The space betwsen the two cumers can be sasily sdjusred a5 per requirement by
using the Spacers This operation 15 then known a3 ‘Swaddie Millamng' and is already explained
asrhar

ENDMILLING

In this cperation an End M:ll Cutter is used to mackine and produce a flat surface or 2 pair of
parallel fiat surfaces When the operation is performed at the end of a workpiece, as shown in Fisg

a ungle fise surface | produced. The smrfaces produced may be Rorizoanl vertical or mclined
with respect to the 1opof the machins mbis.
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WORKHOLDINGATTACHMENTS

MCES

Vices arethecommon desices usedforholdingthework om MillingMschines Thecommon types of
the Vices used are the following:

A Plamor ParalleiVice
B SwivelVice

C. UnivernalSuwivelVice
D. VerticalVice

E PrecisioaisgleVice
F. CompoundVice

1. PlamMachine Vice

Shown m Fiz msmostwadely usedfonm of all the sbovesncIrconsiats of 3 solidcastBase, camrving &
Fixad Jaw at one 2ad and the Movable jaw at the other.

It 15 commonly ersploved for holdmg the work m all Plain milling opersnoss, which wvelve
heavyoues, suchas mSlab millizg. Its construcnonenablss e workto remainquite close to the
table and, thus, reduces the chamces of vibrations to 3 mummmum. The base camies dots %
accomzmodate T-bolts to fix the vice on the Table

2. TheSwivelVice

It consists of 2 Swivel Base oz which the Body it mounted The body can be clamped iz any
ansularpositiondymeansof theClampinsholts TheCGradustedplateprovidedontheswivel



base halps i adjuaning the bodvat anvdesired angls ralanuve 1o the base. The upper constacton
1s stmular to that & Plain vice.
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A tvpical design of thus type is shown m Fig. Thas Vice facilitates mulling of an angular sarface
o= the work piecs withous distribatmg ity setting.

3. TheUsmiversalMackine Vice

Shows m Fiz. & enables milling of various surfaces at an inclization 10 one anocher, without
removing the work piece from the wicz. The Vice, spant from being swivelled m 2 honzoatal
plans, canalio besilted vercallyto be st a1 8 demred angle It is vasthyused mTookroomwork azd
skould ot be vied whare heavy cuts are 10 be emploved mnce it does not Bave the required
Clampizg npday



4. TheVertkalVice
It verv much resembles 2 Plain Vice m construction and operation both. The caly difference 1s
that-it camies verticaljaws mstzadofthe honzostaljaws. Itsspecific wie is m holding those jobs oo
winch millmg 15 10 b2 done 3t the ends.

5. ThePrecition AngleVice

It comst=ts of & cast Baze carrying rwo small varncalprojections. Ons ead ofthe Body 1= hinzed
about these projections and the other end can be adjusteding verncalduscuonlt thus, smabless
precizon anFulsr adjustmeant of the job in 2 verncalplans.

6. TheCompoundMachime Vice

Shows m Fig, # 15 3 very uuportant asd precision vice, which camies 2 Compound Shde sumilar
10 the one wiad on 3 Centre lathe.




TasWork plecaisheld onthe tabls providad anke topofths Vice This wable can be swivelled In 3
horizontal plane 10 amy desired anmgle, thus climimanng the use of 3 Swivel vice The
Compoundshidesnablestheadjustment ofthework fomfromtio back, backtofroat, left torght and
nght to left Thus, the work canbe adjusted manyvdesrad pontion.

CIRCULARTARLEORROTARYMILLING TARLE
It iz alio called the Circular Milling Anschment snd is employed for indexing as well a3

peoviding continwous rotary motion to the work It can be either mazually operated or power
driven.

It conmists of 3 heavy Base, whach 1 secured to the machine Table by means of T-bolts. Rotary
moton 10 the table 13 provided by rotatng the Hand wheel, which operates the Worm wieel to
the bottomoftke circular table, throughas Wormprovided onthe shaft omwiachthis Hand wheel 15
mounted. The work plece can be moanted cathe Table ether directly by meazs ofclamps azd
bolts or beld in a Vice clamped to the table. Alterzatively, 2 specially denigned Milling Fixtures
can be used 1o hold the work

CLAMES

Many Jobs, on sccount of thair shape = and weight stc. cannot be convenjantly held i Vices
Such components are dwsctly secursd w0 thhe machine table by means of Clamps, Swraps, Jacks,
Step blocks and clamping bolt &c The common rypss of sraps, clamps blocks and clamping
bols are shown m Fig. All these Swaps and Clamps canry 3 long hole, through which passes the
clampmg bolt.
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ANCLEFLATESANDV-BLOCKS
Occasionally it may be required to mill the surfsces of 3 work piece at nght aaples This

operation can be very convamisntly performed by holding the work piace om sz Ansls plms,
which is secured 10 the machine tble

Forthis, the Angls plate should be fastened 1o thetable in sucha posinonthat it 15 ether parallsl
toorsquarswiththemachinsspindle Itsalignmentshouldbethoroughlychecksdbefore



mounnez the work on it Strap Clamps or C-clamps skould be usad wohold the work oa the Angle
plate

Solid cvlindrical work whick is not centred, such a: 2 Sha® can be held in V-blocks for milline
Kevwave Sloczand Flars etc_oap The V-blocks usedonmilling mathine are usualivprovided
with a flange or projected tozsus at thelr bottom for clamping them to the machine rable s:
shown in Fiz Ussally two or more V-block: are used simulramecusly to support the work
depending upon the lamer's lensth The work 13 firmly haid in posmion by means of the Swap
clamps and Blocks






INDEXINGORDIVIDINGHEADS

Theheadshelp inchangmzangularpoanonofths componant mrelatontochacurser. Withthedr use it
15 poszible 1o divide the periphervofthe workpiece into anvnumber ofequalparns

1 PhinDividing Heads

ThessDmidingHeadcamenhelndexingPlatedrectivmountedonutsSpimdieandbas no useof the
worss, 3zd wonm wheel Tt is the smplest of all the dviding besds ard is wsed in Direct
Indexing  TheladexPlatecarries1ler2dequirpacedSlotsomits periphery.  Figureshowsmchs
Dividing hesd The job is held betwees two centres, one oa the Dividing head Spindle and the
otber on the Tadlstock.
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TheHand lever 1sused for lockingrbespindle mpositionlnoperstions lgengagesthedeswed slot
oftbalndexmgplate BymeansofihiDividing beads2, 3, 4, 8, 12snd24divisionobesined when 24
Slots Plate is uied azd 2, 3, 4, § and 12 divisioas whaen 3 12 Slots plate is wsed, The Plass,
togethar wik the spindle, can be rotated by means of the Handle provided co the left side of the
Dividing head

2. UawversalDividingHeads

The typical copstruction of the dividing head {« shown ia Fig The mawm spindle of the dividins
head drives the workplecs by means ofs 3-jaw universal chuck or & dog and Hve-cenme umilar to
alathe
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The mndexplate ofa dividing hasd consists ofs number of hola: withs crask and pin The mdex

crank drives the spindls and the live canmethrougha wormgear, whichzensralivhas 40 reeth as
shown m Fig. Az a resalt, 3 fall rotation of the workpizce 15 producad by 40full revohmions of the
mwadex crank. Further indexmg 15 made posuble by having the wndex plates with equi-spaced holes
sround vanous crcles.This would allow for mdexing the peniphery of the workpiace to any
comvesient mamber of divisions

The indexpatemvailsblewihtheBrownmdSharpemilling  muachinesare
Phateno 1:15 16,17,18,19, and 20 holes
Phatens 22123 27 2031 and33 holes

Plateno 3 3730 41 43,47 20849 holes
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TheindexplateasedonC mcinnatisedParkinsondividingk eadsis Plate 1
Sidel 24,25,28,30,34.37.38,39,41 42and 43holes
Side 46,47,49.51.53.57,58,59,62and66 holes

It s also possible to get additional plaes from Cincinnar to mcrease the indexing capability as
follows:

Plate 2

Sidel  34,267003.109123,139,153 167 18] and 197holes
Side2:32,44.77 89,107,121,137,151,165,179 and 193 holes
Plate 3:

Sidel  26,42,73,87,103,119,133,149,161,175,3=d19] hole:s

$icde2:28,33,71,83.101,113,131,143,159,173..and 13 7holes



As described above, the Dividing Haad provides support to the job, holds it i posinen and
rotstes it through a desired angle after sach cut 12 ovar.

The Indexcrank isrotstzdto provide the rotarymotiontothe joband the Indexplate ensblesthis
rotaton to take place slwavys through 2 deswed angle. When the Crank i1z rotated, the worm
rotates whick, @ tum, rotates the wonm wheel Since this whealis mounted drectly on the spindle
the lattar rotates alomg with for former.

The job, being secured to the spmdle by mean: of 3 suitable holding device, also rotates as the
spindle rotater. The angle through which the job will rotate. for each revolation of the crank,
depends upon the Velocity ratio between the worm and worm-wheel This raticss usually 40to 1,
Le for 40 revolutions of the worm, or of thé Crank the job will make ome revelution
Obviously, if the Wores 1¢ single start the Worm whesl will kave 40 teath along its periphsry.

However, :ome Dividing Heads carrya diffsrent velocityratio ofthese rwo and the same should
be known befors parformung the acrual Indexmng operation.

INDEXINGMETHODS

Bvindexing we meandivisionofibe jobpenphervinio adeswred number ofequaldivisions It u
accomphibed bva comtrolled movemast oftbe Crazk suchshar the Jobrotatesthroughs definite
azgle after esch cut 13 over. The following matbods ofindexing are commonhused:

4 Dect-indexing
4 PlainorSimplelndexing =

4 Differemialindoxing =
Angular Indexmg

Direct mdexing
It 1sthe aumplest caseoflndexing wwhichs Plain Dinding Head 1sused Asundicated thers the
Index plate 13 darsctly woumted on the spmdie and rotatad by hand It can be used only when the

number of divizons to be obtaned on workpisce s wch that the pumberof slots om the
peripberyof the Index plate is 3 multiple of the former.



Thelndexmeraniotsobtainedby

Ragquiredrano=Nn

N=No ofslotsontheparipheryofthandexplate

n=No ofdvistomsrequirsd tobeobeained onworkpisce

For exanple, ifthe crcumference ofa job has to be divided into 6 equaldiviricns and the Index
plate has 24 1lots, thexn the requred ratio will be

w24/6m4'1
Le_theindexpistenillberequiredtomovethroushdslotiafiereachcutisover.
PlaorSumplelndexing
This method of Indexing 15 used when the direcr methed of indexing camnot be employed for
obtamms the required mumbar of divizions on the work. For example 1f the work 12 required w0
b dividad o 22:squaldivizionsthe Direct Indemang cannot be used, becsuse 121 1mor divisible

uwo any of the hole cucles on the Dracr Indexing Plate. For such cases, Sumple Indexing can
2smly bs used

Forthus, aUmiversalDnadmg Head can beused. This metbod ofizdexng wmvolvesthbeussodftke
crank, worm, wormmwhesl and Izdex plate. As already described the Worm wheel cames 40 testh
and Worm 13 single start. The wormwheel i3 directly mounted cathe spindle,

When the Crank pan te pulled outwards and the Crank i« rotated the worm will reeate which in
turn. will rotate the wormuheel and heace the spindie and the work

Since the Worm has sinsle starr thread aod the Worm whesl 40 reeth with ome rarn of the crank
(Le, ofths worm) the wormwheslwilirome through ome pirch distance (& aquakto 1/ 40 ofs
revolunon. Simularly 1 mums of crank will make the work 10 rotars through |20 and 3 wms
through 3/40ofs revolution. Thus, the Crank will have to be rotstzd through 40 tums in ordemo
rotste the work through ome complste mrn.

Thsholennzhel ndexplateserve tombdividetharotationoftbelndexcrank.



Now supposz we want to divide the work 1210 3 pamber of divisions the correspending
Crankmovements will bs a3 given:

Fortwo dminonsentheWork theCrank willmake40/2=20mmsfor sachdivision For four
dnisons on the Work, the Crank will make 40/4 = | 0mums

For ten dnvisions on the Work, the Crank will make 40710 = 4 turns

Similarlyfor adivisionionthe Work theCrankwillmaked 0 ntumyx

Suppose that we want to have § equal divizion: to be made.

Therotsttonofthsindexrank=40 &= chm,

This means that the index craak should be rotated § full tums followed by two thirds of a
rotation. The fraction of a rotation requured is to be obtained with the help of the index plates as
gives above. This can dose s follows using any ofhe Eronn and Sharpe plates

Plateno 1 10holesinal 5-hole arcle
12holesingn] §-holecircle

Plate no 2. 14 hodes in 3 21-hole arde
18holeainal 7-holecrcle
22bolesina33-holecrcle

Plateno 3 26hcleminad #-hole arcis



AU ' ] indexing 28 divisions

Solution  The rotation of the index crank = -:—2 - li turns.

This can be done as follows using any of the Brown and Sharpe plates.
One full rotatsion + 9 holes in a 21 -hole circle in Plate no, 2,
One full rotation + 21 holes in a 49-hole circle in Plate no. 3.

2 ) indexing 62 divisions.

Solution mmnonofhindcxmk=%'%wm

This can be done as follows using any of the Brown and Sharpe plates.
20 holes in a 31-hole circle in Plate no. 2.

Componndindexing

Thiz methodofzdexing isemployed whanthe number ofdiinonwequired isoutside the range that
can be obtained by Simple Indexing It imvolves the use of tno teparate umple indexine
moverzents and is performed in two stages

1. By tumins the Crask a defiage amourt in ons dwecnon in the same way a: i Simple
ndexing

2. By ruming the Index plae and the Crank both, ember in the :ame or reverse direcrion, thus
adding further movament 10 of subtrscung fromshar obtained mrhe first mage.



Lompound indexing using the index plate no. |
of Brown and Sharpe dividing head with § holes
in the 20-hole circle minus | hole in the I15-hole
circle



For example, if the indexing is done by moving the crank by
§ holes in the 20-hole circle then the index plate together with
the crank 1s indexed back by a hole with the Jocking plunger
registering mn a 15 hole circle as shown in Fig.

The total indexing done is then
- e ) 1 ]

20 15 60

1e. 11 holes in a 60-hole circle. Unfortunately, the 60-hole
circle is not available in the Brown and Sharpe range of index
plates. Similarly, it is possible to have the two motions in the
same direction as well. In that case, the total indexing will be

S,1.19

20 15 60
iL¢. 19 holes in a 60-hole circle.



SLOTTINGMACHINE

Slotting =achine is basically 3 vertical-axis shaper with some differences Thas is alarzer
versionoftbe verncalshaper withramsmoks: wupto 1300mm lomg Thus the workpiecss, which
cannot becoavementlvheld imshaper canbe machined insslotmer Generally, keywaye splises
werTations, rectangular grooves and mmilar ikapes are mackined ins slowing machine,
VemcalShaper

It is similar to 3 mechanical thaper except that the reciprocatizg axis here is vertical This is
smmlar 10 3 slotsar in action snd oftsm used imterchangsably. The vamcal shapens 3 much smaller

version of the dotter, and was developed for toolroonmt work. The stroke of the ram is penerally
bmited below 300 mam.

The mamn differsnce berweenthe two 15 that while the slottzronlvallows for vemcilmoton, the
vertical shaper has the ability 10 adjust the ram = thevertical position about 15° fom the vertical
Thaus wall help in cutting ofproper clearances in tools and dies,
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Alsinparts ofaslotter:

1. Base: It 15 3 haavyCast iroaconstrucrionand 15 also knownas Bed. It acws as suppoet for
theColumn theDriving mechanizmRam TableandallotherFittings At itstopt carries
borizontalways, along which the table can be travarsed.

2. Column: It is another heavy Cast trom Body which acts 24 2 housns for the complete
dnving mechaniszm. At its Srost 3t carries vertcal wayvs, along which the Ram moves wp
&nd down



3. Table: Usually a Circular Tabls 1« providad on Slottmg machines [n some heavy dury
Slotters, much as a Puncher Slotter, either a rectangular or circular Table can be mounted.
On the top of the Table are provided T-slots to clamp the work or facilitate the use of
Sxtures et

4. Ram: It moves ina verticaldirectiozbetwoesathe verticalguidewsys provided in font of
the Column At itz bomom, it carnes the Toolpost in which the Tool 12 held The cutung
action takes place during the dowaward movement ofthe Ram.

TYPESOFDRIVES
MaislythrestypesofdrivinemechanismearensedinSlotntinsmachines fordrivisstheRam
» Slotteddiscmechamium
» Slonsdlinksndgearmechamizm and
> Hyénulicmechaniem
TheSlatted Diuchleachaninm

It 8= the simplesr of all the methods commponaly usad for drivag the Ram of 2 Slowine machins,
The driving mechanizm coasist: ofa Pinion, a Gear, 3 Slotted disc and Crank The disc carries a
T-slot throsgh which passes the Crank pin (See Fig) Its distance fromthe centrz ofthe disc can
be adjusted as desired.

The mam Drving pulley, penerally simastad at the rear sade of the machins 1s dnvan by the Motor
throush Belts. It is turs drives the Pimion which drives the Gear. The sesr beins on the same
shaft 33 the disc drmves the lstter. The Crank and Connectng rod mechanum converts the crcular
motion of the disc into reciprocatiag motion of the ram . The lensth of syoke of the ram can be
vaned by skiftng the oank pn towsrds or away from e cestre of the disc The mtarting
andfimishimgpoationsoftheramswoke can beadjustadby means oftheHandlsverforsroks



adjustment The Flywheel provided st the resy aide acts as 2 shock abzorber at the end of the
stroke

TYPESOFSLOTTINGMACHINE

1. Puschersiofter:
2. Productionzlotter:
3 Toelreomslotters

Puacher Siotter:

Puxnchar Slotters ars heavy duty mackines Ussally suck jobs are machined on these machmes
whichare comparativelvheavisr and have beespreviously brought roughivtotheraquired shape
tirough other operations like Sawing, Forzing or Stamping wtc. The Slocting machine:s then used
10 cut offthe surplus metaland fimishehe workiwothe required shape and size According to the
natareofhe work, esther a square or circalar Table can be fitted onthe machine

ProductionSlotters

This i= the common category of Slottsrs, vasily used for peneral producuon work. It comsters of
heavy Cast Base and 3 beavy Frame, made umsally in two parts.
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¢ Theupperparmmavbeofitationaryrvpeorulting tvps.
+ Intiung type offrames 3 Wormand Wonmwheae! are provided at the rear side to ezable

thesadnitmzoftheframs pered




arfaces, insddmcatothenormalmschininsoperationsperformedwiths  stationsrvryps of
fame.

* A npicalProduction Slotter with fixed tvpe frameis sbown in Fig The drive ofthe ram 13
sccomplished by mesns of the Sloned disc 3nd Connectng rod, &2 explainsd earbier. The
Flvwhes! 13 fitted to prevest thock at the end ofihe stroks.

o The lowsr par of the frame 1= provided wih bonizontalways. On this, 13 finad the Cross
shide whick can be gsiven 3 transverse motion by means of Handwheel The Table i
mountedonthe cross shde and can be givena cross moticnbymeans ofa Handwheel In
sdditioatothls theTabls cames tsethsloms jre periphervand casbe rotstedbyvmesns of a
worme meshing with these teeth.

ToolRoomSlotrers

¢ ThessSlomiagmachinsssreofrecidontypeandarensedforvervaccuratemachining

¢  Usallvultsstypeciframetsprovided inthesemachinesto enablemackiningat different
sngles

¢ Sloted hink tvpe drive i commoenly ysed i thess maching: Rea ofthe construction
wnmilar to that of 3 Production Slostar.

SLOTTERTOOLS

Slotter Tool: are exther forged from o0lid bar of 00l steel or are used in the foem of bits beld in
witable Toolholders. In either case, the tools are made ofenough suff secnon.
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Since the cuming taives placs parallel to the shank lepsth 29 xids rakeis provided on Slottar 100ls.
The Back rake isprovided at thesnd Atypicalilottertoolfor internalmachinmz is shown i Fiz
Shape of the cutnng end of the 1ol 15 mads according 1o the shaps of he slor to be produced
The ame speed: and Seed: are used onSlotting machines as on Shapers.



GRINDING

> Grinding tsaprocessoftemoving meateral dyvrhe abrasive acticacfarevolving wheslon the
nurface ofa workpiece, izorder to bring i % the required shape and size.

» So far a3 the cuming acuon i3 concerned. grisding 1= very much sumilsr 1o the other
machining operations since the microscopic examination oftbe removed materialreveal:
that the same 135 in the form of small chaps, sizular 1o thoss obtained n other machining
operations

> The whee! uwed for performing the minding operation 13 knows a: ‘Crinding Wheel™. It
consists of sharp arvatals, called sbrazives, held together by s binding material or bond
The nbeel may de 2 single piece or solid type or may be composed of several segmentsof
abramve blocks joined togethar. In most cases, & 15 2 imsking opsranon and a very small
amount of matenial 13 removed fromthe surface during the opsration.

COMMONFORMSOFABRASIVE TOOLS
Thefollowing fourtypesofabrasive toolsarsincommonass:
> Stopesandsticks

> Coatedabrasves

> Polishing grains

> Crindinswheels

THEGRINDING WHEEL

Agrinding whael f: 3 multitoothruter made up ofmanyhard particles knowsas abeasive which
have beencrushed 10 leave sharp sdgeswhichdo the cuttizg The abranve gramiare suxed with a
suitable boad, which acs 85 3 matnx or holder whea the wheel is 1n use The wheal mav consist
of One piece or of sezments of abrazive blocks bult up into a solid wheel. The abrasive wheel 13
usually mountad on some formof mackine adapted 10 2 paruculsr tvpe ofwork

ABRASIVES

Az abragive iz 3 substance that is used for zrinding and polishing Operatioas. It should be pure
and have uniform phvsical propemies of hardmess, toughness, and resistance to fracmre w0 be
useful is manuficterine srinding wheels

Abraavesmay beclasufiedmrwoprmaipalgroups

1. Natural2 Artificislormanafactured.



1. Natural Thenamralabrssvesancludssandstonsorsolidquarnts smery corundum and dismonds.

» Smdstonecr solidquarntsizonecfihe saturalabrasivestome: Homwhichenmdstonesare
shaped

> Emery 1« 8 naturs] alumsisurs oxsde. It contsins from 55 to 65 per cent alumips the
remamder connit of wom oxide and other wmpursies.

> Corundurs s 3 nataral aluminium oxide also. It contains from 75 to 95 cant aluminium
oxide; the remainder comuists of impurities. Both emery and corundum have a greater
hardness snd better abrazive acnon than quanz

» Dismond: of les: than gem gualty are crashed to produce abrazive grain: for makiss
grinding wheels to grind cemanted carbide tools and to make lapping composnd. Asa
result of the impunnss in and lack of umforruryof these nsturalabrasives, onlvs varv a
umall percentage of srinding wheels sre produced from astural abrasives.

2. Artificiak Amficial crmasufactursdsbrasmvesincludechiefly (a)skcon carbide and(d)
akimisigmoxide.

Silicon carbide (SiC) sbramve is manuBctured fom 56 parm of mlicon sand, 34 parts of
powdered coke 2 partsof salt. and 12 partsof saw dust in a long, recrangular elecmnic farmace of
the resistance type that is built ap of lcose brickwork. Sand furmishes silicon coke furmishes
carbon, sawdust makes the charge porous, salt vapomizas to form chlondes with the metallic
impurmes present and thus helps in removing them snd zase: may escape through the open
joints @ the brickwork. The atrasive wheels are denoted by'3".

S10:+3C=51C+2C0

There are two types of silicon carbide abrasives - green zrit which contains at least 97 per ceat
wlicon carbide, and black grt which comtans at Jeass 93 per cemt mlicon carbide Thas form s
harder but wesker than the [anes.

Silicon carbide follow: the diamond im order of hardness but it iz not a3 tough as aluminmm
oxide.

It is used for srinding materiale of low tensile stremsth such 3¢ cemented carbides stome and
ceramuc matenals, gray cast irom, brass, bromze, copper, alumimium, vulcanized rubber, etc. The
names ofthe manufacturers manufacuneg silicon carbide srmding whesls and the wade names
ate mives below .



ThecarborundumCo carborundam
TaeNoncacompany arysteloa
Mackkpcompany sliconcarbide
Abrasvecompany glacrolon

Aluminium oxide (ALOy) mamufactared by heatine mineral bauxste 3 hydeated aluminiem oxide
clay contaming wlica, won oxde, ttaziamoxide, etc., mmed with ground coke and won bormgs
In & src-tvpe elecmic fumace

Aluminmmoxide istouzhand not easilyfactured so it is betteradoptedtogrinding materialiof high
tensile swenpth. such as most seslz, carbon st=els, high spesd st2els, anncaled malleabls won
wroughe iron, tough bromse: The wheels are descted by 'A’. The names of mamufaceurers and
thar trade aammes are given balow

Manu facrurerTradensme)lanufacrurer Trade same
TheCarborundumCoAloxiteMacklinCompany Aluminmmonide The
Norton Compssy Alundum Abrasive Company Borolon

BONDSANDBONDINGPROCESSES

A bond is an adhenive substance that 12 emploved 10 hold sbrasive grams rogather mn the formof
sharpenine stones or grindine wheels Boading materials and processes are -

VinfSedbozdusedformakmgverified grindmgwhasls
Stlicarzbond formakmzslicatenhesls

Shellacbond formakingelasticwhesls
Resinoidbondussd formakingresmoidwhesls.
Rubberbondusedformakinsvuicanizednbesls
Oxychlondsbond formakizgoxychlondeniesis

Thsze bondamaybensadwinheithsrsilicoacarbideor slumminmonde.

LR N

Vitrified bonding proces: - Verified wheels are made by boading clay melted to 3 glaus Eke
comzency with sbrasve grams The clav and abrasive grams are thoroughly mixad wogsther
witheufBcient waterto makethe mivterenniform The fiuid mivture fsthespoured into



moaidiand allowsd 10 dry. Whan x has dned to 3 pomt wher= It can be hasdled the matsrial is
cut trimmed to more perfect size and shape It is then beated or burnedin a kilnin much the :ame
manzer a5 brick or tile 5 burt. When the bumnmg proceeds, the clay vimfies ; that 15, & faes and
forms a porcelain or plasclike substance that surrounds and connect: theabrastve grains The

high temperature emploved in this process tends 10 aaneal the abrasives 1o 1ome extent,

Vimfied bond gives 3 whesl good swrength s well 25 porozy to sllow high swock removal with
coelcutting It is affected by beat coldwater or scids Disadrvantages of vitrified bonded wheels
are thewr sensivay 10 umpact and thew low bending swength. About 73 per camt of the wheels
nowmasufacruredaremadewiththishond Avenfiedbondsdwhaslisdanctedbvine lerer "\,

Sdicate bondimg process - Silicate wheels are made by munng sbrasve grams with nlicate of
s0da or water glass The muxmure is packsd im0 moulds and allowed 1o dry. The mouldad shapa:
are then backed i= a fizrnace ala temperature 0260°C for several days.

The alicats bond releases the abramyvs graims mors readily than she vimfied bond, the abramve
Zrams are pot smnsaled a: in the vimifisd proce:x and :ibcate miisel: are watsrproof These
charactenistics makesilicatewheelivaluable for grindingedgedtoolandotheroperationswhere heat
must be held to 3 mummumwith or without the aid of 3 coolamt A :licare bonded wheel 1=
denoted by the lemer 'S

Shellac bonding process - Shellac bonded whaels are also known as elamic bonded wheels In
thisprocess the abyasive snd shellsc are mixed wheasted comsinersand thenroliad ceprassed in
heated moulds, Laterthe thapes are backed a few hours at stemperaturecfapproximatelvl S0C.

The cshamatvofithi: bond 15 greatsnhan m other rypes and @ ha: considerable swength. It 13 not
imtended for besvy duty. Shellac bond is cool cutting on hardened steel and thin secticn:. and is
used for fimishimg chilled won, cast iron and meel rolls, hardeped steel cams and alumuzum
piztons, and in very thin sactioas, for abrasrve cutting of machines A shellsc bonded wheel 12
desoted by the lezer E’

Resinoid bowdimg process: Resinoid wheels are produced by miung sbrasive grans with
synthetic resins and other compounds The mixture is placed in moulds and heated at about 200.
At this temperanars, the ress s6t: 10 hold the sbrasive grains inwhes! form.

Wheel: bonded with synthetic resiz, uck as Bakelite and Redrmanol are usedfor purposes which
requare 3 swong. frze high spesd wheel Thev can remove stock very rapudly. Thev ars useful for
precision srindins cams and rolls requirins bish finjsh A resinoid bonded wheel {« denoted by
the letter B°



Rubber bonding process . Rubber bonded whasls are prepared by miong sbragive srams with

purerubberandsulphur The mixturerolied into theets, andwheels arepunchedoutofthesheets on a
puanch press. Followmg thas, the wheels are vulcanized.

Rubber bonded nheels ave more resiient Jess heat resetant and more dense thas resmoid
bonded whaeels. Thevare used where good fimish u primanTequints. Thevars swong and tough
anough to make exwremelytun whesls Arubber bonded whesl 13 denoted bythe lensr B,

Oxychleride bonding proce:s | This proces: censists of mixing abrasive grains with oxide and
chlonide of magnesium. The miung of bond and abrasve 15 parformed in the sams wav as for
vatrified bonded whesl

Oxvchloride bondsaresmploved iz makmgwheslmandwheslisegmentiforsse mdisc-znnding
operstions, The bond easures a coolcuting sction. So grinding is best done drv. Anoxvchlonde
bonded nheel it denoted bythe letter ‘0",

CRIT,CRADEANDSTRUCTUREOFWHEELS GRITS:

Thepramer 2rit number indicares inazensralwaythesizecfthsabrasivegramsussd iamaking 3
wheel, or the 1ize of the cumting teeth, since grinding it 3 trus cutting operstion. Craiz size is
denoted by @ number indicating the mumber of meshes per hinsar inch (23.4 mm) of the screen
throush which the sraine pas: when thev are sraded after crushise The following Nt ramsing
from very coarse to very fine, inciudes all the ordinary grain sizes commonly wisd i the
manufacture of grisding wheels

COMMANABRASIVEGRAINTYPEANDSIZE

Craimsi 4
Coarze 10 12 4 1§ 20 24
Medmum 36 4 3¢ 60

Fme 80 100 120 150 180

Veryfine 220 240 280 320 400 S00 600

In case sranding whcels e manmfycmred from special gram combinstion: the grinding whesl
manufacturer may uie an additional rybolsppended to the standard grain size number.



Example: 36- Normslstandard

36 5-Specialeraincombination

The size ofabrasive grainrequired ins gnnding whesl depands onthe amount of materialo be
removed, the finjoh desired and the hardness ofths matersal dejay sround

Izgeneral, coarseniecisareused for fast removalofmaterials. Finegrainedwiheelsare used for soft,
ducnle materials bur genersllya finegrain should beused 1o grind hard, brrtle matenals.

GRADE:

The term “grade’ as apphed 1o 3 grinding wheel refars 10 the tenacinvor hardness with whach the
bond holds the cuming points orabrasive grains ins place. It Joemor refer tothe hardness ofthe
abrasive gramn. The grade shall be indicated m all bonds and process by a letter of the English
alphaber, A denoting the softest and Z the hardesr grade The term ‘soft’ or hard’ refers o the
resistance 3 bond offers to disrzption of the abrasives A wheel fom which the abrasive grains
the gradas are denoted as

CRADEOFCGEINDING WHEELS
Soft A B Cc D E F c H
Medmums I J K L M N O
Hard Q R S T v Vv v X Y Z

The gradeofthe grinding wheeldspends onthe hardness ofthe mararialbeing Zround, the arcof the
comtact, the wheelsnd work speeds and the condinon of the grinding machine Hard whesls are
recommaended for 10t materzals and 108 whaeels for bard materials.

STRUCTURE:

Abrasive zraiz: are not packed m the wheel but are diztributed through the bond. The relative
spacing iwefaredtoastheSsucturzanddenotadbrthenumber oftumingedgespar unit aresof whesl
face as wellas bvnumber and size of void space: betwesnsraine The primarvpurposs of structure
15 to provide chip cleasance and it may be openor dense. The structure commonlyemd is desoted
by numbers 3: follows



STRUCTUREOFGRINDINGWHEELS

Dense 1 2 3
Open 9 10 11 12 13 14 15 othigher

-
-
o

Rl
L

Thesructursofa srinding wheeldepands onthe hardnessofths matenal betng ground the finish
reqaired and the nature of the srindine operation.

materials ave finichins cuts required 3 dense swructure.

SPECIFICATIONOFAGRINDINGWHEEL:
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Example:

250x25x02WALEL 4V1T7

Whesl dis = 250 mm

Thicknessofwheel=25mm

Boredis = 3lmm

SELECTIONOFGRINDING WHEELS
Inselectinzagrindingwheeltherearefourcoastant factorsandfour variabler GRINDING

WHEEL SELECTION FACTORS

Coastantfacrors Vartablefacrors

1. Matarishto be ground 1 Whealspeed

1. Amountofstocktoberemovad 2 Workspeed

3. Ares ofcontact 3 Conditiozofthemachine Personal
4 Trpeofgnindingmaching 4 Parsonalfactors
CONSTANTFACTORS:

1. The material to be ground: This influences the selection of (a) abrazive, (b) mais size(c)
Zrads, (d) smacrare, and (2) boad

» AMmminmmOxidesbrasive jsecommended for materialiofhishtensilestrensthand
wlicon carbide for low tensile strength

» Finsgraimisuzed forhardandoriniemstsrialaand cosrsezranforsofiductilamenals.

» Hardwheelisusedforsoftmaterialand softwheslfor hardmaterials.

» Geperally, close spacng is requarad for hard and brittle materials and wide for soft and
ducuile

> The clam of work usmally dictates the boad 1 be used Boad selection, of course, can be
safely left 1o the manufacrarsrs if the clazs of work for which the whes! 1= requirsd 1=
clearly mtated However, majoritvofunheels are manufactured with vitrified bonds.



Class of work Grit Grade

Fetilveg. snaggyeg 1230 QT
Toot grndng 30-80 M-Q
Genenal rough work (off hamd) 143 oS
Cylindneal 36120 N
Centreless and crank shaf FTa) LN
Imermal 1580 N
Surface grnding (egmeats) 20-% M
Surtace grading (cylnden ot cupr) 20-M O-K
Surface gnading ‘wraighe wheels) it a0 H-K

2. Amount of stock to be removed: This involves accuracvand Smach Coarse gram is used for
fant curtingand fizegrainfor fine fimsh:widespacing fomapidremovalandcloss for fime fimish
resimotd rubber. and:bellachondfortushfinish

3. Area of contact: Area of conmact mfluences the selection of - {a) grit tize. (b) grade, and {c)
STuCrE.

Finegrainandclosegrainspacinsarensefal where theares of contactinvolvedisemal]l and coarse srain
snd spaciag are emploved where 3 large sresofcontact i concerned.

4. Typeof grinding machine: Typs of zrinding machme dersrmmes 1 a0 extant the grade of the
wheel Henvy rigidly comstructed machine: tske softer nheels than the lghter more Sexible

vpei The combinanon ofipesds and feeds on soms precizion machine: mavaffect the grads of
wheel desirable for best resules

VARIABLEFACTORS:

Wheelspeed The wheelspeed influencesthe sejecnionofzrads and bond. The hugher the wheel
speed with relation to work speed, the softer the wheel thould be.



RECOMMENDEDWHEELSPEEDFORDIFFERENT

Type of grinding Swrface spend
~un LT )
1l Vierified bonded «heehs
Cylindncal 1500 2000 SO00-4500
Surface 1 2001 500 A0U- 3000
e w00~ 1900 20004000
Toul and cuver 1500 200 SN0-4500
Cemiclens sraggirg 15001 K06) SO0 4000
) Recoosd borded wheely
Seugging 2000-3300 £500.0500

Work speed: The work spesd with relation to the whael spead derarmmne: the hardness of the
wheel. The higher the work speed with relation to the wheel speed, the harder the whes! should
be. Vanable work speed are oftex providad on gnnding machines 1o preserve the proper relanve
surface speeds between the work and wheelas the wheel diameter decreases becanse ofwear.
Condition ofthegrimding machine: Theconditonofsegrmding machme hasa heanng onthe
Zrade of the wheel o be selected Spindle loose in their bearins: and insscurs or shaky
foundstions would necessitate the use of harder wheels than would be the casze if the machine
were in betier operating condimon.

Personsl factor: The skill of workonan i ancther variable Sictor which should be considered
welecung the wheel 25, for mstance on ofi-band grinding, ©* cam vary the gnadimg costs
comsderably on the :ame work 1o the same facory.

KINDSOFGRINDING

Grinding 1: dons on surfaces of almost all concervable shapes and matenials of allionds. Grinding
may be chacsified broadly 1ato two Zroups

Roughgrinding Thecommanform:ofrougherindingaresnagringandoff-hasdgrinding
wherstheworkishe ldintheoperstor shand. Theworkispressedhardagansthewhesl orvcs
~versa The accuracvand Surfacefinishobtained areofiecondarvimportance

Snaggwwg w dope where 3 commderable amount of metal i removed without regard to the
accuracvofthefinishedsurface Examplesofmagerindn sarerimmingthesurfacelefiby



sprue and nsers on casungs srindiag the parting line loft on castmngs, removing flashon forgings
the excess metalon welds cracks and imperfections on alloy steel bilets.

Precision grinding - This is concemed wath producing good surface fimish and high depgrse of
accaracy. The whael or work both are suided in precise paths,

1. Extersslcvlindrxslgnndmg.
2. Intermalcylindricalerinding

3. Surfecegrinding.
4. Formgrinding.

Exterzal cylndrical zneding produces a3 straight or tapered surface on a3 workpiece. The
workpiece must be rotated about its own axis berwesn cepmas a5 i pazses [engthwise across the
face of 2 revolving srinding wheel

Internal cviindncal gnoding produces mssrnal cvlindrical holes and tapears. The workpieces are
chucked and precisely rotated about their on= axis The grinding nheel or, in the case of amall
bore holes, the cyimder wheel rotates against the senie offotation ofthe workpiece.

BT

Surfsce grmding produces flatsurface. The work may be ground by enber the penphery or by the
and face of the rninding wheal The workpiace is recyprocarad at 2 constant speed balow or on the
aud face of the grnding whesl

Formgnndmg 1:dons withspecmllvshaped zrmding wheelsthar grnind the formed surfacess: m
srinding gear teath threads splined shafis holes and spheres &c.



TYPESOFGRINDINGMACHINES

Various different types of srinding machines have been desizzed and are being uzed Some of
these are for roughing work, some are for pracision work and soms are for specialpurposs, 1€ w0
perform a specific type of operation. The varieties of srindine machines gre probably larger than
any other type of machine tocls, Howsver, the mest commonly wsed types can be broadly
clazaufied a: follows:

> RougkingerNon-precisionsrinders.
> Precimongrinders.
ROUGHINGORNON-PRECISIONGRINDERS

The mampurpoie ofbese grinders ix 10 remove more tockthan canbe eamhwemmoved byother
tvpes ofgzrinders The qualirvofzurface finish iz obviously, ofs secondsry importance.

Thisclassofzrindersiscludesthefollowingmachune:

(i} Bamch, Pedestal or Floor grinders (1) Swingframe gnindars (in) Porsble andflexible
shafterinders (iv) Balt granders

1 Bench PedestalorFloorgrinders

Thess grinders are commonly wssd for ‘Snaggmz’ and ‘Off-hand’ gnnding of vanous masenals
and cuttins tools in ool rooms, foundries and sensral repair shops, etc. They carry & herizoatal
wpindlshaving grinding wheslimounted on bothends. Atvpicsl bemch grndens showm ia Fig. It
can be samsbie bolt=d on 2 bench ar convenient hajzhe




The floorsandorpedestalerinder i sothingbut sbexchznnderofthsabovervpe mountsdons :2el
stand or pedestal of suitable height The horizostal spindle carrving the grindimg wheels it
normally an extension on both sides of the armarure sha® of the motor. Thess grmders can also
be used for polishing by replacing the srindine nheels by polishing whesls

It consists of 2 2 to 4 metres Joag horizoatal frame Seely suspended at its cemtre The fame
camias 3 grinding wheel 3 its one exnd and motor at the other. The motor dnves the gnnding
wheel by means of & belt In operation the motor i started 1 revolve the whael and the frame
swung by the operator about it: pomt of suspension (ceatre poiat) to cover up the desired
gnnding arsa.



Portableandflexibleshaftgrinders

They ressmble very much winh the portable elecmic dnlls, both = comsmucthon as wall as
operatton, with the oaly diffsrsace thar the spindle carying the dnil chuckin the laner i replaced
by 3 spmndle, on which i mounted 3 small minding wheel A mafety zuard 15 also provided over
the wheel These grmders are vastly used in fimshing casungs, forgings weldsd joums m
sructural work, removing burrs and sharp edge: preparing surface: for welding by removing
whare gock removal 1= the primarvrequirsment sad not the dimsngonalacouracy.




Another machine uied for the :ams purpose 1= 2 flemible shaft prindsr which consists of a
flexible shaft driven byan electric motor. The sha® carries a chuck or collet at its ead to receive
small gnnding tools liks rowary files, mounted wheels and points and small grinding discs. The
electric motor i+ mounted on & Sxed stand.

CYLINDRICALGRINDERS

The principle ofcylindricalgrinding. as illustrated inFig. izvolves holding the wotkpiece rigidly
omcentres, ima chack or ma sumsbie holdmg focrure rotatmng it about msamsand fesding 3 fast-
revolving srindine whesl sgain the same Ifthe work surface 10 be ground is Jonger than the
facewidthofthegrinding wheel, thework istraversed past thewbeslor thewheelpast thework
Traverzmg ofwheslor work 13 done enther by hvdraulc or mechanicalpowsr or byhand

Feed 11 mven to the workorthe wheel at the end ofeach raversing movement In case the widdh
of wheel face 15 more or equal to the length of the work surface t0 be ground, the wheal may be
fed inwith no waversing movemeant of it orthat ofthe work. This 15 knownas plungs srindms

The simplest and quite commonly uied type of cylindrical grinder is 2 toel post grinder uned on
lathes. Whan wheels of large diamerars are used, theyv can be moumsddirsaly on the motor shaft
For mounting small wheels an suxiliary tha® is provided which rums at 3 relatively mmuch kigher
speed thanthe motor. Bothexrermaland mernalcvimdncalgnnding can b2 done on lsthe by this
squipment.



Cyliadricalzvindin pmachine saremanlvofihefollowmzathrestypas:
1. Plaincylindricalerinders

2 Umiversalcylindnicalgrinders
3. Cemrelessavinders

Toay 3ll work oz the commos prnciple of cyvlindrical grnding, imvelving the followimg
necassary basic movements.

1. Theworkmustrevolve.

2 Thegnndingwheshnustrevoliz.

3. Enberthewheslorthewarkmusthavestraversinsmovementpastthaother.
4 Exnbarthewhesibouldbefedintotheworkortheworkomto thewheel.

These cvlindncal grinders are special purposs machime: and will thersfors be dealt with
separately.

PLAINCYLINDRICALGRINDERS

On these grinders, the workpiece 1= usually held barwesn two cenmws:. One of these cenmss s
the beadstockandtheother inthetailstock. Inoperaticn, the rotating work is traversed acrossthe face
ofthe rotstmgz grinding wheel At the end ofeachmraverse, the wheehs fed mio the workby sn
amount equal to the depth of cut While mounting the work between centres, the head-stock
centre 15 mot disturbad. It is the taslstock cemtre wiuch 1 moved m or ost, mamually or
hvdrsulically, 1o msert and bold the work. Tailstock and headswock both can be moved slong the
table tosust the wesk. The table is uszally made in two parts. The upper table carries the tailstock,
headstock and the workpiecs and can be swiveled is 3 honzoataiplane. 1o 3 maxmum of 10° oo
either side. along the circular wavs provided cn the lower table This enables srinding of tapered
vartaces. Tha lowsr table s mounted over horizonts] guideways toprovids longmudinal traverse
o the upper table, and hence the work Table movements can be boh by hand as well as power.
Hydranlic table drives are smally preferred.

The wheel headis umally mounted on borizomeal cross wavs on the bed and wavels along thess 10
feed the nheal 10 the work This movement |« known 55 in feed The wheel and work are 0
adjusted that the grinding force is directed downwards to ensure proper stability. A plain
cyhndricalgrinder 15 shown by means ofa block diagram in Fig.
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UNIVERSALCYLINDRICAL GRINDERS

AUniverzal cvlindricalerindsr carmes all the pan: and movement:s ofs plata cvlindrical grinder
azd in addition, carries the following advantageou: features
» It headstock can bemaderocarry alnveordead spindle as desirad theformerbeing needed
when the work s held in s clusck
» Theheadstockcanitselfbesnivelledinahorizonnaiplane.
» Ilrswheslhsad can be raisad or lowsred and canalso be swivellad to 0%0 gnind taperad
nwfaces baviag large taper angles

All these factors comnbute towards the greater versatiliey of these gnnders All the modem
universal type cyiiadricalerinders carrvhydraulic drive for wheel head approach and faed table
taverseand aliruratiopofbacklash mthe feed screwmut Momt ofthe modersunmvermlzrinders
argprovidedwithnecessarvenwsequipment like workresto supportslendsr work, wheeltruing
device, arbor for balancing the wheel 'imterpal grinding spindle a=d 2 three jaw seif.centering
chuck, ®c

CENTRELESSGRINDERS

These grinders are alwo 3 type of cylindrical grinders omly, but the principlecf centrelezs
zrndingdiffersfrom centratypegrindingmthanhework mieadof detnmountadberwaen



centres, 15 supportad by a combinsnon of a grinding whasl a regulation wheel and 3 work rest
blade. The relative movement: ofthe work-piece and the two wheels are thown in Fig.

The prisciple of centreless grinding 15 wsed for both the exyernal gnnding as well as intemal
srinding A\anv hollow cylindrical and tapered workpiaces like bushes pistons valves, tubes and
balls, etc., whicheither do notor cannot havecentres, arebest groundoncentrelessgrinders.
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A znmplhified diagram of 3 centreless grinder 15 thonn in Fig, ilkastrating its maim pasts and
comrols It camies a beavy base and rwo wheel heads one cammving the grmding wheel (larpsr
oa¢) and the other regulating nheel (zmaller one). The workpiece rests on the blade of the work
reit betwesn theie two wheels Each bead cames 3 separate whesl twing mechamism for the
whael it carmes. Housing 13 provided onone side of the machine bodyro house the main drivisg
motor. There are two control panels on the Sont. The lefi hand pazel carries controls for speed
adjustments of the two tuing machanism: and the infesd gnnding mechamism The nght band
pans! carries controls for hydraulic mechaniom spesd sdjustment ofregulating wheel sutomanic
working cycle masch, start and stop swches, esc.

In operation, prinding operation is performead by the annding wheel caly whils thefuncrion of the
regalating whed it to provide the required suppert 10 the workpiece while it iz pushed away by
the cuming pressure of the gnnding whesl

This helps the workpiecs to remain i contact with the srindine wheel Asthe same time required
wpport frombottom s provided by the workrest as the workpiece, while rotating, rests on
thebladeof theworkyest, Thersgulatingwheel 2:ssatially cameaubberbondandaelpan



the rowmnon of workpiece due 10 friction The direction: of rotation of the two whesls are the
1ame. The common method: used for feeding the work are

> Throughfesd
> Infeed
> Endfeed

1 Throughfeedgrinding

In this method of centreless srindine the workpiece issuppocted and revoived as described above
but 15 seuitaneow siygivenazaaalmovamant also bytbe regulsting wheeland guades so as 10 pass
between the wheels For this the axis of the regulsting whes] is inclined st 2 10 10 degrees with
the verticakSee angle @ m Fig) The amount of wockto be removed determuizes as to bow
manyums 3 workplece has 10 pass between ®ie whesls Thiz method is used for swaght
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2 Infeedgrinding

Thic method i« smilar to the plunse cut srindins method uied on cViladrical grinders Both
regulating and grindmg wheels are more iz width thas the work length to be ground. Axis oftke
regulaning wheel 13 nclined 3 lile szy sbous half 3 degree. fromrhe honzontal This method 13
used for grinding shouldered or fornsed compenents.

Bzfors the operanon, the reguistng whesl 15 dramm sway 10 sccommodate the workpiece Aftsr
placins the workplece on the blade of the workvest the regulating wheel is azais pushad in to
press againwthe work. Inthis operatios, the workyestdoes notcarryguades Iastead itix made o
have an end stop a1 the rear end 3 shown in FIg



3 Endfeedgrindmg

This method 1o ins way, 3 sort of formenndms It js bacause bothe whesl: Le the pnding
wheel and the regulsting wheel, are dressed to comtain the required thape orform The workpiece
15 f=d longrudinally from the 1ds of the wheels, As n advances betweenthersvoling whesls s
surface js sround ofll jes farther end tonches the end stop. This method can be used for srinding of
both sphencal and taperad surfaces, but 1t sumts best 10 the gnnding of short tapersd surfaces The
method ofend-feed srinding i shows in Fis.

AdvastagesofCentreles:Grinding

ik s o =

Y

Thenzedfor centerinpandussoffintures, etc istotallyavoided

Incasbeapplied equallvicbothenternslandisternslorinding

Onceaset-apbaibesnmade insafastermethodthanc emera typegrisding.

In through-feed mathod the process 1= continuous a5 thers 12 po idls tme forthe machine
because loading and unloading is done during the operation itself

In mfeed method also no chucking of work 1s needed and, as such, the idle time of the
maching is glmpst pashisibls,

Smce there it no end threm, thare are no chances of any springy action or dimtortion in
long workpieces

The openating coadition: astomatically provide 3 true floating type cextre for
theworkpiace and, a3 such, the common srrors nommally associared with the centres and
centrs holes are automanically sliminated



§. The workpisceis supporad nizadly duning the cparaton and can be subjectad to. heavy
cuts, resuking in a rapid and moce economical grinding.

2 Since thencedformalongandmakmgcentrs holenis totally chiminatedand 2smaller grindmg
sBowance s needed, the srinding time s considerable reduced

10 Largsgrindingwheslmareu sedanderrondueto wheehwearsrersduced. So, the requirement
of wheel adjusument 13 munmmum.

11. Avervhitlemaintenanceineededforthemachine

12 Venmughlvaklledoperstorsarsnotmesdedforopersting cenmel essgnndars.

13. Drectadjustmentioesizescanbe made reaulnnsisshishsraccuracy.

14, Afmiriywide raageofcomponentican be grownd.

SURFACEGRINDERS

Suzface grinders do almoest the same operation as the planers shapes or milling machimes but
with mors precson. Primarily they are insended 1o machmne flat surfaces, aktbough ursgular,
curved or tapered surfaces can also be pround on them The common clasaification of surface
Zrinders caa be made as Pollows |

L. Accordingrochetablsmovemsnt:

(2) Recigrocatingnablenype.

() Rotarytabletype.

2. Accordingtothe directionofwheelspindiss
(3) Verticalspindlenype.

(v) Honzostalspuadlanype

3. Specaltipeazdimziepurporemachizes
(3) Facegrinders

(v) Wayzrnders.

(¢) Wetheltzrinders.

1. ReciprocatingTableTrpeSurfaceGrinders

The prisciple ofrinding as applied to reciprocaniny tabls type wurface prinders s dustrated by
means of the diagrams of relative movements in Figs A reciprocatiag table type surface grinder
may havea borizontsl spndieof the prmdmnzwhesl or 3 vemcel spindlsofthe same 35 shown
Fiz The former will carry a straight wheel and the latter a cup type wheel Hydraulicdrives
arecommeshused is all suchgnnders. Cutting 15 domsomtheperipharyofihe sraight wheel m
caseof borizents] spindletvpe andon therevolvmeedeeof thecupwhesl cavertical spindle



machines The horizomalspindle machines are widely used in wolrooms The workpisce i
usually held oz 3 maszetic chuck on these machines They are vastly uted for grinding fiat
warfaces. The machine g2 15 designatad bythe dimenzions ofthe working sres ofthe table.

Hﬁ

g 1221 Working principie of & Marisantsl Spindle g, 1222 Warking princighe of & Vertical Spndie
Reciaratating Table Surtace Gnnder, Rocecating Table Surface Srmder,

The longitedinal feed to the work i3 piven byreciprocating the table For giving cossfeed, there
are wo methods. One 13 10 mount the 13ble on 3 :addls and given the crossfaad by moving the
waddle Alternatively, the cros:feed can be given by moving the wheel-head mand out.

In case of verucal spmdle raciprocstng mble grinders the table, alongwith the workpiecs,
reciprocates under the wheel The wheel covers all or 2 major pertion of the width of the job, as

shown m Fig, 12.22. Crossfeed to the work cam be piven as smnal by moving the saddle A
manusl or power feed can be emplovad ro feed the wheel-head vermncally. An individaal motor
drive it qmally provided to rotate the nheel

2. RotaryTabkeSurfaceCrinders

Roeary table surface grinders are also made in two types. e eifher having 3 horizontal whesl
spindle or 3 vertical wheel pindle. The relative movements of the wheel snd tableofs herizostal
spindle typs arz shown in Fiz. 12.24. Usually a circular shaped magnstic chuck is mountad onthe
circular table to bold the jobs. The weorkpieces are normally arranged in a circle, concentric with
the round chuck. Ifitis 2 smgle piece, 1t can be mouxtsd centralivon the chuck. The table is made
10 rotate under the ravolving whesl both rotating i opposise direcrions. The vertcal fead to the
wheel is Zives by motning the wheel-kead alonz a colmmp and the cromdfeedby the horizontal
movement of the whesl spindle. A sraizht wheel 15 used on thess machines which cut: om ms
periphery. Some machines carry the provision o raise or lower the table also, and also to incline
the ms.



Figure 12 25 (lleserates the relarive movemens of the wheel and tabls of a Rotary table verucal
spindle surface minder. Acup wheel has to be used cnthese machizes, as sthows inthe diagram
Vertical feed 1o the wheel 1z given by moviag the wheel-head The workpieces are mounted on
the round chack jnthe same wavas inthe horizontalspindie type. The table rotates ins direction

Fg 12.26 Tfarhe nyvements of dfecect gurts of 2 u 12.2¢ Mh-mdcmmd.
Wortmaeeal Spentie Botary Talie Swrliin Sonder. Veriual Simte Brtan, Tatde Sorfmce Grnder

opposite 10 that of the wheel and bring: the workpiece: one after the other under the rotatng
wheel The table i« usually mountad oas slide 50 25 to give crossfesd.

Some rotarytable surface grinders are provided with twvo tables miatead of coe so that, while the
workpiecss are betng ground outhe table, the other table can be used for loading the fresh barch
ofworkpiece:.

OtherTyposofSurface Crmdens
1. Facegrinder
It is more or less uimilar in operation to a horizontal spindle reciprocating table surface grinder,

but differs mthar 3 vamicalflst surface 13 ground instead ofa horizontalose. The cumsg 15 dome on

the face of the wheel and not the periphery. Usually cup ring or segmental type wheels are used
which are moustad om 3 bonzomtal spindls azd fod on to the vernucal mrics of the workpiecs,
mountad onthe reciprocanng table. This typs ofmaching 1= used for large and heasvy workpieces,
The work canal:o be beld omangle plate or in well desizned fixtures.

2 Wargnnder

It fs acoaally 3 simsie purpose machine used normally for srisding the bednavs of differen
mackines. It 1v 3 very large and heavy duty machine camryiag 3 vartical spindle. Cup, rimg or
segmennaltvpenhesl sareusedontu amackine Thewheslipindlecanbetinadroadasrad



angle to grind inchinad surface: ofthe wavs. The table &2 offeciprocaung tvpe, which camies the
work past the retating wheel

3 Wetbskgrmders

These machinss carry 3 vertical piaten wnhich supports an eadless shrasive belt revolvine = a
vertical dizection. The table moves 10 feed work agaimat the belt azd the former also oscillates
3Cross the laner to effecr desirad gnnding The sbrasive used on thebelr cames the rezmoid boad.
This type of machine it specially used in grinding low fusion point materials 22 8 large amount
of heat gensrared 15 absorbed bythe coolant, which 1s uzad mample quantiry.



Classificanonofdrillmzmachines

Drilling Machine: stemanufacturedin varicus sizes and varietiss to suit the &ifferenttvpes of work.
Theycan, howsver, be broadly classifiad a5 follows

PoradieDriling)\iaskins
SenntivecrBenchDriZ
UpnghtDnllmgMachine Singlespindle)
UpaistuDrillins hachineTutrettvpe)
FaduDnimz)lackine
MulupleSpindleDrilling\Machine
DeepholeDrilling Machine
GangDnlhingMachmns

9. HeeizoamalDrillinshischine

10. AtomaticDrillingMachine
PORTABLEDRILLING MACHINE

o

<1 O

> Itisavey small compact and self-comtained unst carryving a small Elecwric motor inside
1 4

> Inwvervcommonhused fordrilling holespencheompopsntsthatcamnotheransported to the
shop due to their mze or weight or whare lack of space doer not permit their
wansportanon 10 the bigger type of Dnlling mackhine,

> In smuch cases, the operatiom it performed oa the site by means of the Portable Elecrric
Dnil. PortableDrills are fawlvlight mweight sotharthevcanbesanivhandlsd byoneor two
men only.

» They are mazufactured iz differemt sizes and capacities; thus being suitable for 2 wide
rangs of bols sizes. Also, on account of te high speeds available, 3 considersbls saving
i pirme fs affected by their use.

» Another sdvantage is that the boles can be dnlled by means of them st amy desired
mclizanon. Usually they ars made 10 hold dnlis ypto 3 maxumsum diametsr of 12 mm.
However, Portable drills ofupto 15 nue dia Capacityare available.

> Thustype ofDnillmachize iwesed for verstight work Itsconstruction irveryample and 3015
tha operation.



» Itcomsi=m: ofs cast you Base having 3 fixed Tadlz over it The vertcal Column cames 3
Swiveling table, the height of which caz be adjusted vertically along the former. Also, it
can b2 sWusg 10 anvdeswed position.

> At the topof the column i< provided the Drive which conssts of an endless balt rusning
over two Vpulleyr One ofthess pullews 11 mounted on the Motor shaf and the other on
Machine spmdie.

> No gears are used i the drive, Vertical movement to the Spindle is given by the Feed
handle through 2 Rack and Pimicn arrangsment

» The spindle usually cames Morse taper. Sensmjve dnlls are normeally masyfacrured
having upto 20 mm Drilling Capaczy in steel
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TheDrivemechaniemofthis machkiness ilustratedinFis below.

» As the motor 15 switched om, the Motor shaft stants revolving and, hence, the V-pulley
mounted over it This throush the V-balt, wanumirs motion and power to the other V-
pulley mounted over the Drill spindle.

» Thus, the spmdls starts rotating and, therafore, the Curtng tool(Drill). Whea the Dnll 1=
requiredtobefedintothenork itispressedazsinntheworkbymeansoftheFeed



Handle. Asthe handle ijwrotatedntich isdwectivmountsdoathe Pinjonsha® the pimion
rotates. It moves the rack longitudinally and hence, the spindle and the drill.

» Different spindle speeds can be obtained by shiftmng the V-belt so differemtpairs of dnvisg
and driven pulleys while the motor comtinues to rotate on the same speed However,
normallvthere is 0o arrasgement for sutomatic feed ontkis machine

» Onthese machine, thednllsrotateat very can be
obtamed on the periphene: of small dnill: used om these machime: The hand feed
enablestheoperatortofecithezraduaipenctrationofthedrills  intotheworkmaterialand also
sense the obstruction. if amy, in s way.

> Bykis hapd fae] he canalso sense if the drillis cutting properivor has become blunt snd
needs regnndizg. For thesa reascns only itis knowm 21 3 Sezative Dnll

LERIGHIDRILLINCGMACHINESINGLESPINDLE)

» It 15 akio kmown as Standard, Vertical or Paillsr Dnlling Machme. It 13 used for beaviar
work and has back searing urangsment similar 10 2 laths,



It speafically differs from a Sensitive drill in ns weight rieidity, spplication of powsr
feed and the wider range ofspindle speeds A typical Upright drilling machine is shown in
Fig.

The Vertical Column can be sther round or box tvpe. Box type column is usally
provided when the mackine is comszructed for relatively heavier work.

These machinesars manufacraredmvanoussizeshavingdifferent DrilhineCapacmiesup o &
maximamof7S mmin steel The most commonhused size is 38 mmin steel

A Cylndnical Vamncal Pillar faclnates the swinging of table 10 any posmion and,
combination with the rotary movement of the table it enables axy part of the surface to
come underthetoolwithout disturbing the work.lfs BoxType rectangular pillar wsused,
Vemical dhdss or ways are providad 1o enzbls simlar semmngs




» It 3 production drilbng mackine, whach 15 vy useful wken 2 senes of differeat nize
holss are 10 be drilled repeatedlv or 3 mumber of differemt operanon: lke dnlling
reaming counter boring. :pot facing etc areto be performed in sequence repeatedly.



The main parts of the machine, a: shows by measn: of a Block diagram in Fig. include
heavy Base, verucal Column, 3 Ramcarrymng Turret bead and 3 Table,

The Table can be rajsed or lowered alons the columa Alwo, it cam bz moved
longitudinally sideways and across to bring the job incomrsct powtion below e Toel
The Turret hesd which carries sx aght or ten differsnt Tool mounting posions. 1=
mounted cxa Ram. It casbe easily indexed to being the proper toolizoperating porsition
over the work and can be raised or lowsred by moving the Ramupwards or downwards
The requived tools are mounted ix sequence in the Turret head 5o that thevautomatically
come I Opersting position when the Head is indexed.

This rvpe of mackine shiminste: Toolchanging nme axd & :mgle machine can be uiad 10
perform a number of different operation: one after the other. The smaller varieties of
these mackanes are wmally mazually operated, but 3 large vanety of these machmes is
Numesrnically Conmrolled (NC) Typa.



BARIALDRILLINGAMACHINE

» This machine is very useful because of its wider range of action. Its principal use is i
dnlling holes cnsuch work which 15 difficult to be handled fraquesty.

> With the use ofthis machine the toolis moved o the desired position instead of moving
the work to bring the latter in position for dnlling.

» This machine constars of a Base oo which 1= moumted 3 cyvlindnical Verucal column. A
typical type of Radial Drill is shown in Fig.

» The Column cames 3 Radial Anx, as shown A separate mocor 15 provided for elevatmg
and lowerng the arm  Clamping levers are used for lockung the srmar s desired heishe
> Aparnt from this, the arm can be swung round the column to azy deswred angle. The
Drilling Head or Spindle Head 1z mountsd om the arm along whick it can slide
» Differemt ocher comtrols for the spmdle speed and feed, etc are shown mn the dagram
which needs a carefsl studv. All the above adjustments collsctively contribute towards

mumEiEng the setng time to as spprecisble exment,

» A good many Radisl drills are provided with & Swiveling head instead of the Fixad type.
This enables drillme of bole: at any desred ansie Another development iz many good
machineswillbe foundthar theclampmgz leversare imerlockedwitheheslevatingconmol s0
that the ppward or downward motion will moe start wntll sad unless these Jevers are
releazed.

» Also, In these machimes it will not be possible to clamp the arm while the elsvanng
mechanism is in cperation. This easures safetyof ome azainst the other.

» Some machines are fimed withan Avmbarvspindle for Highipeed dnlling. A bole deph
strip i= incorporated in moders Radialdrills to stop the machins sutomancallvas soon as
the required depth of hole i3 obtained
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» Apan fromthe Fixed colums type of Radial drills masy other form: are also used They
mclude the Guder and Plare Radial Dnlls. Thess machines ars of mavarang rvpe which
can be moved along the rails fom one position to the other, whereas the work canslide ot
rollers under the mackize. This i sssestial for covenng 3 wider area for dnlling, a5 i
required for érilling work in Boller plates &c

» With these machizes a larger area can be covered without unng amachine of larger radial
am Sometimas these dnllingmachine: arsmounted on a Trolley base rohsvs a



graater degresof mobility in order 1o move the machine 1 aay position on o around the
work and drill holes at any desired angles These mackizes are knows a: Univer:l
Portable Radial Drills.

Based on the type and sumber of movements possible the Fadial Drills can be broadly grouped
ax

1. Plant Radial Drills. Thre: pnacipal movemsnts are possible in thiz rype of machime vz,
Vertical movement of the Arm alone the Colinm herizoatal Shdise movement of the Drilling
Head or Spindle Head along the Armand RadialSwinging ofthe Arm in 2 honzonmiplane.

2. Semi-umiversal Radial Drills. Thess machines, in addinon o the above three bamc
movements, carry provision for swinging of the Spindle Head about 2 horzontal sxs which is
nermal to the srm Thus, the Head, and hence the Spindle, can be inclined to s witable anglewith
s noneal verucsl ponition on enther side, anablmg dnilling of holes at desred mclimanons with
the norpes] vertical positien.

3 UnwersalRadialDrills. Inthiz mackine the Arm miclfcanbs rowteddwoughsdeswed angle
along 2 borizontal axis This is in addition to the four possible movements available 0o a Semi.
unrversal Mschine. Thas makes this mackane highly versatile and faaktates dnlling atany deswed
inclinstion and location It is mormativprovided with a Geared Drive.

Inthi: machine, the Spandie head move: onCrozs-rail(arm) bymean: ofthe Hand Wheeland iz
provided with Locking amangsmest 10 lock the head st sny poamos on the arm Vertical
adjastment of the arm is made with the help of Elevating Notor. Thus the head can be raised
lowered and rouag arcaad to amy postion relative to the Base; Powser is tranamitted from the
motor to the spindle throush V-belt drive.

MACHINESIZE

> The Portable driline machines are specified by the maximom size of the drill they are
capabls of holding.

» Senanve and Uprizht drilling machinssars specified bvths largest diamsterofths job
which the machine can drill a centre hole. Invariably, the Maximum drilling capacity of
the machine 1 als0 mennoned 1o addition to the above dimsnzion

» Radisl dnlls are normally specifisd by the lensth of the arm Some muanufacrurers
however, specify the 1ize of the columa also.



However, in order to spectfy 2 Dnlling machine fully many other parametsrs hke the taper in
spindle, spindle travel outside dis. of spindle note, feed range, drilling area, requiredflocr space,
powearof motor(s), net weight of machine, etc., are required to b: mentionad.

In case of the Fadial drill machines the addwions] parameters requited to be specified are the
dnlimg, boring and tappmg capacite: = different metals (particolarly i case of wom and wmesd),
No. of spindle no, dnilng depth rangs of spindle speeds and feads | working ranze (drill
tadius, vertical movement of arm horizonts]l travel of drill head, :wing movement of arm,
honizonal wavel of dnll kead, swing of arm, ¢tc ), nze of base plsts, working surface, power of
mosers, net weizht of mackize working space requited etc. areto be menticned.

OFERATIONSDONEONDRILLING MACHINES

Thars are 3 number of Operanions dons on 2 Dnlling machins 23 shown m Fig Thess are as
follows ©

Drnllmz
Reaming
Bonze
Counter-borizg
Counter-smiomng
Spetfacing and
Tappnz
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BORING
INTRODUCTION

The operstion of Bormng differs from Drilling in that it impliss the enlargsment of an alraady
axiung hole This hole caa be dus 1o previous drilling or produced inCasting or Forgmg. When
sm3ll holes sre to be bored parnculariy in small jobs, which can be conveniantly held in Chucks
or Face plates, the operstion of Bonng can aasily be dose on Centre latkes orCapstan and Twrets
of medium size

Forlsrzeandheavyjobs, specialBoring Machine: areto beused, whichmaketheoperationeasy and
efficient These machinme: sre however, productios mackines and their use it noemally confined
10 thoze shops where their existence is justifiad byvthe need for boring ona larse scale

CLASSIFICATIONOFBORINGMACHINES:
Boring Mackines are manufactured in varous different designs and sizex They can bvoadly be
clasafied into the followmg three types

1. HorizoanaiBorine)\achines

2. VerucslBorizgMachmes

3. NhgBonnzMackine

Of the sbove three the frit tno types mchade production machines used in seneral production
work, whareas the 135t ope 15 3 precimon machine wied for precision Bormg operations, such a3
Jiz bonize,

HORIZONTALBORINCMACHINES

TableTvpeor UniversalType 15 modt versatleandcommonlvused machine. Adstailadsudvof this
machinewill, thersfore, follow nthis amicle. This mackize, bymeansofaBlockdiagram, i3 shown
w Fig.

The spizdie of the machine is capabla of bolding Drills and Milling Cutters as well toperform the
operations of Drilling azd Milling.

Foer the same reason, this machine is also named a: 3 Herizomtal Boring, Drilling and Milling
Aachine



DT 1ed Sappon —
Cmpme
Il Seppens
L J
el B M bory
i~ Tude
{ = Cobann
Blatere — v J ew
e I
(ISR
[

';‘.._,,Mmu‘qumm

ThePrincipalFasturssofthustyps ofimachine ssshown wFig arsthefollowing

1. TwoVermcalColumns, coeoneachend oftheTable.

2. AHzadStock whichcanbemovadvericallvalongtheManColuran

3. AHorizentalS pindle houssdinthieH ead Stock, whick canberotated fediorwardazd backward
accordizg to requirement.

4. AlcadbearingEndSupport forsupportingthe endofa long boring barwhichcanbeadjusted
verticaily alons the End Support Columa

5. AHorizoanalTable, moustedonaSaddie, that canbe movedhorizontallviorwardand
backward and dsways by moving the Saddle.

6. AheavyandsmonzBed whichcamnsstheemize loadofdifferamt parts workpieceandiooling over o,



AultipleHesd T ypeHorizontaiBoring Machine

It consists of two Vertical Columns mounted on the sides of a stationary bed. The columns are
bridged by means of Crossqail Asa maximam four Headstocks can be mounted onthe machine,
cae sach on the fnwo verticalcolurmns and two onthe Cross rafl The Headstockson the columns
will have Horizomtal spendies snd those oa the Cros: ral Verncsl spmdies In this way,
maximuen four tools can be moumted ursuhaneously on this machine. Ths work s mounted on
the Table wiuch iz supportsd and movad oa the bed In this way, this machins very nasrly
resembles 3 Plansr tvpe mulling machine The Hesdstocks can be swivellad 1 desired sngles if
angular cuts are requirad 1 b2 taken Thus, machming om more than one surfacs om a job 13
poisible snmultaneously 33 up to four tools can operate amultansously on the job from different
angles and at differest locations

o Columns
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" Block diagram of a Multiple Head Horizontal Boring Machine.



HoldingtheWork

Individual Workpieces in Tobbing work are acrmally beld cn Herizoatal Bosing Machines by
means of the comveational Work Holding Devices like Clamps T-Bolts, Steps blocks, Angle
plstes Seraps etc.. whereas i mass production woek well desionad Boring Zigs are prefered
Thesa Nizs apan from rizidly bolding the work is postion alio suids and suppont the Boriss
bars. Alsp, thetr use ensbles constderable saving of mme i comrect locanon of the workpiecs m
posinen.

BoringTeolsand Bars
TheToolsusedinhorinswerkareofmamiyvtwe types
¢ Rouungnpe
¢ Noa-rotsungnpe
Of the above tno types, the first kind is weed nhes it js incodvenient to rotate the work on

account ofit: awkward shaps or similar other regsons. Suckools are commonlyused for bonng
workonDrilling machmnes, Cenpe lathes, Bonng machines and somenmes inMilling machines.

Agzamst thes, when the work 12 of such namre thar it can be convaniemly held in Chuck. 12 1t
can be conveamently rotated, the secomd ryvpe 15 prafarred. This type 13 generally used on Canme
lathes, Capstan, Tumret and Awomanc lathes, Vamcal lathes and Bonng machmes.

Under the abovs two categonies f&ll a number of Bormg Tooli. A few common ones ofthese are
described below -

1. ForgedSolidToolk:

Thay provide, probably, the quickest method of boring in amall jobs on lathes They ars generally
forged ous of tool stesl and then ground to comect angles. They are made in pairs, consisnng of 2
roughing and 2 finishing tool. Two Carbide Tipped Boring Tools are showsn iz Fig These tools
are held exber 1z Turret head or sometimes m Tail stock. The work is held @ a Chack or
Faceplate and revolved, thetoolbeing feod into the job bymoving the Tailstock spindle 23 the caze
may be.



Mg L8 Cardide Tipped Said Samg Toals

(2} Canprge tigped Seel (&) Carbide Uoged toal with

tend Soider
2. BoringBars
There are manywavs ianhichs Borisg bar canbe held ocalathe One method willbs to holdths bar
in the Tadl ss0ck and the work m Chuck or Face plare 23 usual. The work will rotaes and the bar
fed into it just asthe forged tool. It mall kold goodboth for blind asweilasthroughholes.

VERTICALBORINC MACHINES

A VermcaiBoring Machine |« namead so becauss the work held on & rotarytabls about 3 vertcal
axis while the tool{s) remaiz statiopary, except for feeding The Table, together wnthk the work,
rotstss in 3 borizontsl plane.
AaislythefollowinzthreetypesofBoringmachinesfallinthascatesory .

1. StapdardVerncalBormghills

2. VemcalTurretlsthes

3, VemicalPrecisicaBorizsMachines
Allthesemachinescanbeused forvarncal boring.
StandardVerticalBoringAlill
It consistsofs heavveam wonBed whickcamesa Cucular Table over it Ombe sidesofthe bed are
two Vertics] Columns whick are bridged together by means of 3 Croasail a1 thowa by means
of a block diagram in Fig.

As 2 maxaeum four Toolheads can be mounted on the machine one eack on the two Columns
and two on the Cross<sail This sumber cam also be reduced according to the reguiremssnts

UsuallythaToolkesdscarrviheprovistonforbains syrivelledioscanamansieforaking



Anzular cuts. The Work 12 mounsad oa the table which rotste: about irs vertical mus The rotatng
work 13, thus, fed against fixed tools, which resules in circular cuts baing taken on the job. The
Table is provided wih T-slots for clamping the work.

Ususlly large snd nvmmetnical workpieces, mch a5 cvhndnical objects, are bored om these
machines A few examples sre the Casings for Staam Turbines, Tables for Machines tocls and
Preswure vessels

An {mportamt point 10 be noted here 13 that the Vertcsl Housings on the two sides of the wsbis
Hmit the size ofthe work that can be mackined on this mackine,
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THEJIG BORINCMACHINE

A Jiz Boring Machims ix 3 specially designad Machine Tool wsed for precision locanen and
production of boles, a5 are nesded in Jigs Fooure: Tampimes Dias, Gauges &c. Such a high
degree ofaccuracyls usuallvcalled for wherethe refative locationofdifferent holes oathe same or

adjacenr parts affacts thew operation.

In sppearance and cosswuction 3 Jig Bonng Machine resembles very much to 3 Verncal Milling
Machine butit 13 comparatively more rigid and accuratethantbe lamer. It essentially commsts of 3
haatvy bawe and verticsl column. The Columan, st its top, carmies the Spindle head which can shde
up and down along the vertical suideways provided at the font of the former. A Saddle s
mouanted o= the horizontal ways on the top of the baxe 1o give cross-feed to the work The Table
s mounted over the saddle and the same can moveto and froat rishtansles to the movement of



the saddle along the guldewavs providad on the latrsr, The work 13 tha: given the longituding]
movemant by moving the Table, cross movement by moving the Saddle and varcal adjustment
of the tool to the work 1= mads by moving the Spindls head up or down. A Quill 15 providad in
the Spindle head and the spindle moves mside it

AlBedoperations:

Counterboring

By Counterboring we mean the enlargement of diameter of a hole for certain depth osly.
Ordinary flar cutters can be effectuvely used 10 countarbors the previcously bored largs holes
Tools usedfor Counterboring small holes however, naed 2 Pilotat the frontend The Toolcan be
m mngle pisce or may have Inserted Camters

Countersinkisg.

It means providing a comicalrecess at the end ofa hole to make 3 seat for the Countersunk Head

ofa mating component, usually Fastemers, hike nivets and Screws, &c. For generalpurpose work,

wheres vervhishaccuracyis sotdesired asimpleFia dnlleroundso comtatnrhereguiredansle can be
used.

Trepsnamg. It 15 an operanon which 1 done when 3 very largs hols 13 w be made in tun meml
or whema verydeep and large bole is t0 be made ins solid workpiece.






Broacking is a3 machining operation iz whick 3 tool, Ravine 3 series of cutting teeth called
Broach, is either pulled or puthed by the broaching machine past the surface of 2 workpiece In
doing 0, 2ach toothofthe tooltakes 8 small cut throushthe metslonrface.

The surfsce 1o be cut may be external or mrerss] When the operation is parformad on ixtamal
surfsce 1t iz called laremmalor Hole Broaching snd mcsse of exremalsurface Exvarnalor Surface
Broaching. Most of the cuttng 15 done by the first and intermadians testh whersas the laa few
teeth fimsh the surface to the requirsd mize.

TYPESOFBROACHES

There is a fairly Jarge varisty of broaches in uss in indusery, but all of them can be dassified a5
follows

1. Accordingrothemethodofoperation-Push pullorsuanonary.

2. Accordingtotheking cfoperationsthevperform-mtermalandexternal

3. According 10 thew conswucthon - Solid, buik wp, rotor cut, inserted tooth, overlapping woth,
prozresave, c

4. Accordizngrotheituse-Singlepurposeorcombination.

3. According to ths functions - Kavway, splme, bumishing, roughing, sizmg, ssmration, rflmg,
serface, spiral etc.

Push broaches are shorter m length than the pall breaches ofthe zame c7oss section in order to
ensare adequate wiffness to resist bending. The former type is wmally emploved where 3 thorter
lenzth is to be broached and less material ia to be removed Where a considerable amount of
metal is to be removed and a longer surface is to be broached a pull type broach which carries
more sumber oftesthand is lonser and hence temoves more material is preferred

- FTH 1 -
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In genaral i1 1= the rool (broach) which moves while the work remain: sationary, but in certain
cass: the broach remains ststionarvwhersas the work pieces ars moved pastit 3 i Continuous
byoaching machine A broach made ina single piece is knownas 3 solid broach.

The msternal broaches which are normslly of sohd type, are commenly emploved for enlarzing
35d simng an emsting bole and or providing specific shapes 1o the existing holes These holes m
the compoments exist due 10 earlier operstion: on thems, such as dnilizg, casting, forgmg,
panching, etc.

Tookmsaterial

Highcarbomstesl hghtwork

HSS. commonlyvused forproductiomwork massproduction

Carbude tipped to0ls: for very hard materials, sbrasives

DETAILS OF BROACH CONSTRUCTION

Fizure ilustrates the details of s pull type holecr interns] broack for prodaciag & cylindrical bhole.

The puller 2rips the broackswhe shank sad Beforstheteeth the front prlot ensersthe hole to keep

proper slignment The cummng tzeth which Sollow the fom plot zradusily imcrease i size The
first 32t of curtmg teeth, called roughing reeth dos: most of the cuming. They are followed by
semi-fimshing 12eth, which remove comparatively les: stockthan the fonmer.

o PNl Tod Fromt Miat Rear Mioe —
\ 1
1-— Sk Leng® b Roughing Teeth — < Pinidhirg b Tihng
| Tty Teeth
r — u'i’s Testh ‘1

Thevananoninthew azeswiliobvionsivbe smallsrthantheroughingresth Thevbrmgthenzs
oftheholetoroughlvtherequiradsize The fmishingreeth, whichfollowaftzrthesemi-fimshing seeth,
do mot practicaliy remove any appraaable amounst of stock. They are all of the same size and
i53pe 25 the required size and shape of the hole, 5083 to produce the hole of requared si1zs and
shaps having 3 smoothfinish. Whenthe & fimishing reetharswomonut, those bekund them



sun domg the azing oparston The rear prlot supportsthe troach and kesps it aligned after the
cutis over.
ELEMENTSOFABROACH

Fizureshowsthed staflsofbeoachtasth It wouldbe tatarestinsto notethsteachioothofthetoo] i« larger
than the preceding one and smaller than the one that follows except the finishins resh which are
all of the sxme size

{-' Hook Angle

Steaght = fack off ar
Land Clearaior

Rake
Hook

)

Theprine palelaments ofac : thefellowing

1. Pull end That end of the pull broach, which contain: shank is the pull end The brosching
machine's puller head grips this end of te broach.

1 Fromt piotit gmidesthe broackintotheholeandkespsit comcentricwiththe latar Thishelps
sarmg » swaight cut

3. Rear pilot Its nize and thape conforms to those of the Gniskedhols and provides mpport to the
beoach sffer the cutting process is over. After the operatios, thiz portios of the broack is gripped
by the machine 1o pull back the broack to the starting position.

4. Land It s the extreme top part of the tooth and is ncemally srousd dishely to provide
clearance:



5. Toothgullet It i: also knownas face guller orchip space This provides space forthe chips o
curl and escape. If this space is not provided. or 1s 100 small to accommodats the cur chips, the

chips willrubagsinst the bole surface and spodlst Itzsizs vanes directivasthe puchofthetesth

6 Puch The lmear distamce measured between the cumng edge of one tooth and the
comespondingpointondanexttocthizcalledpstck, But, it 5 notthesame for alithetasthof the broach
It udiffareat forthethreesetioftecth, 9. roughing, remifizishingand fnishingteeth It shouldbe
large enougk to allow encugh space for the chips to collect It is moze importantin caze of jozg
holes.

7. Hockoerakeangle, It i3 aleo knowmas face angle It i simifar tothe rakeansie provided ona
single point toolofs lathe and purposs s also the sams.

3. Hook radws. It s the radms contamnsd by the dottom of the zulfler It should have a very
polished and smooth surface 0 aso prevent sucang ofchips inthe zuller

USEOFFIXTURES

Use of propesly designed fixtures (s more pronounced and almost an umaveidable featare in
broaching It i so for the resson that very cuming forces are emploved in broschms and
therefors, the workpiece alwaye nseds a proper spportng and clampine devica. Secoandly,
becanse troachmpmachines are alwayv: usedm mass productnonworkthe useoffixmrs: sffect 3
conziderable saving insemtng tnme and labour. The following arsthe fancmons ofallbroaching
fixture

» Tolocatsths workincorrscipostion.

» Tompportandbold theworknpdivdunng theoperation.

> Toindexthe worktothe pext position beforethe second cut starts, if more than ' one cut
are required.

» Toguidehsbroachduring the operation.

> Tomove the workeo correct positionbeforaths startofths operationand remove it from
there after the operation is over.



PRINCIPLEOFBROACHING

The operation of broaching tavolves the use of 3 multitooth cutter. called broack, which has
akeady been described earlier The teeth of the broach are 30 designed that the height of the
cuming edes of the followins cuttins tooth i« slishfly more, equal to the feed per woth thas that
of the precading rooth Thus when the broach 1o fod in & swaisht lins ether over s sxtamal
surfsce or through an (mtermalourface, the metal 1= om in severalsuccessrve Levers by successive
teth ofthe broach The thickmess ofsach laver 15 :ame and 15 knownas fe=d per tooth The sum
ofthicknesses of all the lavers taken ogether 15 called the depth ofut

During theoperation, eithsr the broach is fed past the stationaryworkpiscs orthe workpiece past a
sanosary broach, the former practice being more common. The mrface produced cames sn
mverse profile 1o that of the broach testh. A specific pomnt regarding broacking is that out of sll
the basic machming processes it is the oaly process in which the feed is im-buikt in the tool
(brosch). This feed is equal to the chip thickness This aspect is amply clearin the given diagrams
(Fige 14.7 and 14.8).

— il
Fig 147 A Pnh type Brwacht b0 wne for Mahining Fig. 140 A Pt type Proarh i uie hoe Dol
 exterval sofain broscheng or & vt pul dren type machoe

Figare 147 shows 3 push type brosch being fed psst the sationary work, oz 3 honzoats)
broacking mackize, to machine s exterssl mrface on the workpiece. Figure 14.8 shows a pull



an imternalourface ofthe workpiece Inthis caze aliothe workpiece willremain stanonary. Both
theoperations are parformed ins single lmesr siroks ofthe broach After the end ofthe swokem
boththeaboveoperationsthebroachi retractadroth2on ginal starmin gposition, thefimshedpart
replacad bya new workpiecs and the operanon repeated as usual

TYPESOFBROACHINGMACHINES

Thers are 3 number of differcet designs available of broaching machines in diffsrsm aize: and
capacme:. A few of them like arbor press, are manually operaad and the rest sll are powsr
operated Manusllvopersmedmachmezareused nommallywhersonhya few pisczsarersquirsdio be
broached and the components are small in g2 Where broaching 1 10 be dome om mass scale, 3
powsr dnven machine u slways uwsed. The common types of twoaching mackizes can be
clasnfied as follows :

1. Accordizgrotheponeremploved -manuallvoperatedorpowerdrives.

2. Accordizgtothedirecticnofbroachmovementincuttine -Horizontalorvertical

3. Accordingtothemethodofcutting Pull pushorcontimons.

4. Accordiapgrotheconditosofmovementoftistoe] ralatvetothework-Movingor Stationary
broach

Accordingrothervpeofdrive-Mechanicalorhvdraulicdnve.

6. Accordizgrothenumber ofpulibeads-Singleormulnple pull-bead.

.

Enefdesptionefconsmacnonand working ofsome commontypes ofbreaching mackines ars
given iu the followizg amicles.

BROACHINGPRESSES

Various types of presses have been developed which are used for broaching. As mated earlier in
the last article, 3 umall mumber of jobs can be sasily broached on a manually operatedarbor press,
shown in Fig
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Fig. 14.9 Aa Arbor Press Being used to broach
a key way in a gear.

This 1 the nmplest snd lightest of all the presses used m broachking work and iz manumally
operated. Moders power press, used for broaching oz mass icale, umally carries 2 hydnaalic
drive. Push type broache: are commenly used on these machines Both iernal as well a:
external broachine casbe done, but the former i more commonlyperformed onthese mackizes.
Thesemachines are made in various different sirves raneins in capacity Som250 ke to 35tonnes
pressure These machips: sre ganerallvavailable inthe verticaltype. The workpiece is placed on
the machme tsble and the vemcalramofthe machine, carving the broach pushes the laer past
the work. The mam sdvantags of wang presze: for broachmng is that they ars relanvely less
expensive s comparad to other broachingmachines. Another sdvantage with thase presses is that
thev can eanly be switched over to perform other operanoms hks bending or tnmming and
drawing, #ic., when broaching 15 notbeing dene. Thus, the adle tme is fully wtilised It is for these
reatons that presses are mostivpreferred over other regular types ofbroacking mackines in those
shop: whare broacking 15 not a regular requirement,

HORIZONTALPULLTYPEBROACHING MACHINES

Almost all the modern horizoatal pali-type broachine machines carry a hvdeaulic drive for
reasonsofesetinstherequiredpowerandefficientdrive Apressure-gagsei alwavafitted



which readily mdicates the pull bemz applisd on the wol A: indicatsd by the mame of
themachine 3 pull<tvpe broach 15 alwavs uisd. The:e machines ars uszd bothfor internalss well
as external broaching. Those used for bole or inssrnal broaching camy a bad quite sumilar to that
ofa lathe and the broach moves kike the tailstockonthe bed ways. The otherclass, which is used
for exernal or surface breaching, carmes the guideways on 3 vermncal smurfsce, sormal o the bed,
along which the broack moves Fixtures are izvariably used on these machmes In addition to
this, the cutting pressurs, or to a3y the pull, exerted on the broach further helps in clamping the
work in position. The broach is pulled by a borizontalram, which iz driven bya hydraulic pisten
a2d cylinder mechapism incorporated in the bodvof the machine. The mouthor Soat part of the
rame carries & hole 1o receive the shaek of the broach puller. The shank of the broach is passed
troushths initialopening ofthe joband connected tothe breachpuller or pulling head The rear
end of the broach 1= usually heldmn 3 supporung :lids which travels along with the broach daning
the operation, just liks a wavelling steadyona lathe Thess machunes are manufacrured m both
fully sutomatic snd semi-automatic tvpes In boch the tvpes, automatic stops or lmir switches are
provided 10 comtrolthe lengsh of stroke ofthe ram.

Urcach Halder

Bowt 7,

Fig. 14.30 A schamatic clagran showing Procisle of
Surtece Broaching o4 & Al type Morizostal machee.

Principles of both surface broaching and internal broachine operations 2: performed oa 2
horizontalpull-tvpe broaching mackine are shown i Figs 1410 and 14.1] respectively. Fisure
1410 showsths relative movemant ofthe broach with respact to the stationsrvworkpiece while

broachinganexrernslaurface Figural4 |l illusrapesthemovemamofthebroachazamerthe



workpiece, held stanonary, while broaching internal splinec in the boss of a gear (workpiece).
The pull ends of both thess broachss ars held in sunable pulling head: and then ars pulled past
the work.
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SURFACE FINISHING
OPERATIONS

231  wraooucnon

Athous basic ar prepacitory metel machising operations, me, turndng boeing,

Urilling, shaping, mllng etr. have boen described earfier in this book. The pants
produced thicnigh those sperasers, altbough tairly sccurate in wse. o rot carry & very high
degree of Garface firssks As mach, in good many cases, Mhnnnﬁdymhmurlm
are indended hor ard ane t be sulyocsed b omw e more fuarthes opcratvms 1o oblain the desired
sirface fimish oo then, These peocesn waefae firgdang opwrationa, employed for producing
extremely Mgh surface finish, are called maen-finivhing cperations fur the tesson that the
surfaces finished through these provesses s specified n micso-umits, such as microns of
micre st Where vory Chome dinsevwsonual scoarecy is roguired, 5 addison 10 2 Nighly finishesd
sartace, the aperatons performd e the above purpose inchude

» Same grnding operatioen » Lapping
» Honing, and 'S\Mnhhng
Alwmwh‘“'"i‘mw""!"'mdﬁmdwnmw
and a very clos damensionsl acuracy ummm-mcu.hm-mau.uu
obtained by
» Polmhing * Butfing
» Tumbling and # Durnistung

WW“MWW»!M&«W...% .
‘wmmmﬂlm,hwuum 13. The
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232 weews

W is an sbending proves for imgwuving the surface fimssh by reducng
mmuam-mum 31 i sl on Dot Aeat-brvated
and o heest trzatnd metal perts. [ shaskd, howevet. be aobed thet whet good appestance of
B job surface is the only mpuirmenl it deubd not be cmphyed. since there ane other
Bininhing methiods whah will give e s dennd et with low st B shousld be usd
only where scourscy b o vl domadenstion in ailditen b e sirface Daish. The hask
purpose of kppog 40 et e estremedy mimute iregsilanies feft on e b surface
#hT MIme MATIING opve st

I betel. wie can ey that Lapping is hasically emsployed Me nenoving mvinoe susface
Imperfections, obtarsng grometreally thee wirfaoes, obtatming better demenstoral acouracy
nd, thue, facknam o very chime Hi betwawn swo oontastieg sirtaoe

The macrial s be selevted S making 2 lapping ool or Lag legedy dopends opon the
indlividual cholew anet the availab ity and s ipwshee nde can be lmd for the same The andy

cornaderation Wt hae b be mad i that the saterasl used fosr inabing a lap should be soft so
that the abwmive grains can e ewdly ersbedded in ity surface. Is cose » hard material s used
for making the s the abraveve particles will quikiy go out of their places. The commendy
wend materisle ane soft el bon, copper, bram. bl sed wanetitne hardwood
Ab-'nﬂh“mh,m.nnlummudhm
Adawsiniwnr enide b protorred for lopgung st fermoss sl man-tetrous metals
Mmﬁmm“uﬂhmmlmm
pmuc-whmmmﬁm-m-mﬁmhw
soel comporents and dumend Sor extremedy hied materiah ke comervied
(artwdes
mmmmwnmh-hlmm»mum*
M,—Mumbwmnhmhuﬁq
acton of the latver s-mwhmummnw
-ﬁ:ﬂdw“n“‘m.u.‘..“
o hie alohol, sod heavy groase For ceaning the lips, "
—-n,-u.u.w&m«;ma:::-u
Mdoﬂ-n&ﬂhmmwmh
fllowing qualises
L nuuuuuumm“mu
opezation

3 1 shenld not evaponnte quickly,
4 It should bw non-corrostee,

A s visconity should st the opersting speeds,



Lapping
-_-_m:‘:-:;a.hdytmum u-m---'.‘:’:m

Rlgher will be e dinensscral obtsined. Keeping in view thw above discision, the
pocommended nnuge of ppng vmer o be e bs o folkows
| rmm-.
Allowance on surtace 0073 w40 0125 m
ABowance wn dia or thichiwes 0015 rees 10 0.0 en
2. For lapporg the wort which baw hevm fuck grovad
Allowance so wirfaoe 2005 mm
Alwance om dia A0 mam
Pressure and Spewd for Lapping
The follomanyg magnudem of presane are secvmamended tor lappeng
For ud) mascrials 007 - 02 hglom”
Foe hard materiah 07 kglon®

Narmal gand renge used I otary gy Lo, when the work and lap have a rotary
mnotiom relative 10 sach ofhwer, varikes Hrom 15 miwy 10 40 miwc

233 TYPES OF LAPPING OPERATIONS
mmmhmumamuum.

» Tuuaiising Lappeg
» Form Lappeng

1 Eguabuing Lapping

B ie the opeation of nuving Iwo Sating purts o shapes bgefer with an sbrasive
retwwoen thern. W two soch surlaces un Mpeter n cunstant (onesct with the sbrasive,
Phete sarface fimish i mmproved and any deviation of shige comected. Thow resalts can by
easily seem during seating of fapemsd Vahas in theis s or when gear are rotated together
Wit these ctectives.
2 form Lappg

that ls responaidsie for by o commponding work surtace
m::w‘.'..‘”““'-ﬁ.'*bhl Obviounly, the
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234 LAPMING METHODS AND MACHINES
Lappeng s dime w the bollon g dow ways |
> By hasd - calinnd howed beppireg
L A

material weed fur the plate. ¥ i thetefore, able (o retals the wmaiee grams (lapping
mediam| The wotkpeece 1s placed over the Bpping svwdism and rubbed oves the same. As
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mﬁn“.—lhmm-wummwmw A wnrlibeabn f B
anaching cwssisty of two Dornded dwasive swheeds b phur of the dane ndeling wiee b
M.MMMonm.’oﬁmMcn.hl«hhmomubm*o
srtanes and fhe apper orw dovs ot Bt flasis ey B warkgilass Tl e atimchirws (o b
weod sy for eroular and Ml vk

The wenking pranciple of 2 brpaial Vmtinl

Spondly Lapying Mackimne i shuwn ) g 252 "—;:.
The sewhqionws sew baadel o1 ond ismng ity -

oF dnges o the wtary baser plats, whish naios ‘

shost o vertical axts, as shown At the o J

ume e condibonmg  rings  alw  retale
slongwith the  warkpiooms 0 thewr wwn
posttions The corabusatum ol ese iwo wtary | ety
momons provides & gyratory motion o the Wiag o C mpe
workplaoes. duw te which the vntiey wirfaom (f
the two platen wre coverd. Thin semelts 0 4n
ever waar of the plate vurbace aad Srelure. ity
flatmess w manrared. The wpper jlile jus

provides o foating ation s helps in e
matntxineg pacsllelows Mot of the emmemandy p— At £
used engireering materialy (an be Lpped By Pl

hes type 0 arrangemest by cavr of shnder s,

# workivddr in mcoeporated betwoen the beo Ny 102 ey oy

lap plates b keop the workpleos i praper ““" i
abigrumers wih the plates —

Some weatirn mmwpw“mmm o
motion, the lower plate orrry ing s sbesb paper Bad on s lop surface ~'~w7
-hn-hmlwn--t--"mmh“m. jozry
a8 & resilt, (he workpieots flow on the smery pupes for Lippeng. sibrated

Vor Mapping cronk hafi md g el shessive el waating
employed. This machine i 4 Pusmstsl spenie maching of which the "«-u::
crank chatt. During O cperstivn, the crnkihall gty o sl Mf.ﬂ-‘m
**uhwmup_.,w"“'“‘ M:.-‘
costed shessve Kho papet or Choth s wod Inetead

Mﬂu’-'ﬂhm
" hu“»mwﬂmﬁu-“a:':"mm

operation
Wu“hﬂmmdumu,
hu#u-d—-muuu-.,..m:rnu:::

:.uhdh““'*w””ﬁhu*”
Sescritwd in chaper 1}
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235 wonms »

--a-..mm.uummmwy—mmu
mustty useud for finshang iertnal vRitticn sartacrs seh as deifled or bored holes. The awl
umed. calledd o home, w # bomided sbeasive stono made in the form of 4 stk Although haning
enablen the mavimum stoch sewvoval i of all the sarface finiibing operasions, otill @ is nat
M.mmm‘om.ummmmm
hm.(h-.um;m:wdmawa.lh_kmm
b corrosted Buaough it The sswl smunest of stock left far remeval by horing is form 0 1 e
o (2% ymem, akhough it i capable of reemoving fhe sock up 10 (.75 mw, Homing is performed
ot relanvety sow speedds m the tange of 10-00 metres/mmin,

The fesnng ol warka mare o ke 1) e same way 5 an expending resmer. The haning
shorwes ave w0 held i @ holder or waaiedn? that they can be forved outwands by mechanical or
hydranle priwsiry againet the surface of the bore Aluminum ovde. silicon cartude o
diamond grazs of suitable g1 are Sondesd i resmold, VitrSod e stellac bond o form the
hening stores. umaslly carrymg imgregnated irsoe of sulphur or wax for longer 0ol fide and
better cutting ackian Both iternal oy Hindrical and flat surfaces o be homed. Tut, the process
of heiong s langely appiied W ioternad oyfindrrcal sirtaces only. A hand using i is shown in

I T00 A Nendl ey taet el Soring (oo,

The Mand Moning Process ~

Homing 1 & wer’ process s i1 s secessary (hat » suitable coolant be wsed in sesple
Quantty durtng the operation. In small paeis, honkng can be o by hud It ghis, the haoe i
ritated and the workpuece movid over rtating ool back anet furth by hand The length of
stoewes woed |s about hull of that of the hole and the over travel at the end of sach stroke Is
ot cme-thind of the stone kegrh

Machine Honing

The process of honng can be dose on many general purpose machines alvo. sch an
lethes and drillng machanes. Wham D stationary type of machines & mot sisit the matu s of
work, 4 portable ehectric deill con b uned oo this purpose by lisiag s home i place of She drill



1. Norleontal Maring Machines

These machiunes are sty usesd for haning comparatively longer o, wach o gun
harels AL s machines carry o hormontal spindle, o which s munted the honing tool.
O come machines the warkpiece s meauntest on o table which recpwecetes hystrailically to
WWE e work W oand o on B done, which mtstes about B awn snis and sha,
Smultaneously, escillates + Uithe, The encillating motios of the hane may be controbied
M"M T vorme rachines the work o hebd in @ harizental position and
FOLM abont e wem anis No Peapeecating motin is given 4 i Agalost this, the horing tocd,
WICH 18 Iniied 0 & travelling hesd, i retsted and rectprocsed 1 pive the ame resalt
shove. The Laster tvpe of machine s wsed fior estremely Lo jsbe A miitable grupe s always
Provided 1o indicate as b whesher the aoerect sase has been emctod o st These machines
MUY CArTY A wingle o dexibie spindies

1. Vertical Moning Machion

These machioes hold B work o well as e sl
W verncal posslons. They are aveilable in bofhy sngle
andt muitiple spendie vpen Ussially @ spind e hwade
and hence the touls, reckprocete sad not e workpuoces.
Suttable Darures are wsuslly empkwed o bold e
warkpreoss (0 powiban Mest of e modern matiws
m..ﬂ”“ﬁ“#ﬁuﬂﬁ
soois These machines ae best suited for shoter jobs. In
sppesrance  these  madines sesemble the  drilling '
amachines. In hursing woek the sertiad sachioe sve sure ::: [SNTS
wigety v the howlovosad comes. A busing ol hewd
ﬁ-ﬁﬂmmum.ul&& M54 Herwy st bt

fete v
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 ruwe or b e & lapysng process with & speofic $iflemence
mﬁ-.mm'm“-ﬂunﬂwnyhn
contruited conditions ta produce 2 ph ity sisface firssh on the wirh surtace 1t shawald b
...l“l-—c-nﬂyonuu-n'.m-‘.‘
ron hwary,

st shoukd st b Sestshied, thevgh othet opwrations, very ready to the
m-m““”_hh‘”md’muumu.m
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b-mdhwmmm"-mtwna-dumq‘mu
com e semsived Shnigh this operatem hnhvhbmlkmdhﬂﬁl_m

sccwtay. gronding i wsally vmployed pror te sgwrfinshing.

= A% Lace uf the sbvamay
The prencyle of spwrisishong 18 shown achwmatacally in Fig 219 One

Mt (mert ie given the shape of the surtace e be wperiinished m&dhhﬂqnﬂ“
Acker o gl amd placed on the work surface. The quill in spring lasded to provide » ighe
presire on the work surface., The wark prece s rotated st @ very sow surface speed of the
order of 290 20 mimin A the work sotaton, the shrasve block moprocstes forwands and
hachiwands 2t 3 raphd rate In onder 8o cover the entive kength of the workpieve, the block
sverrums by an amoust 15 mum 0 6 mes on both ends of it stroke. A suitable Rabricant i

Lt P ——

penerally used in the process. An oscillatory mation dbtained dse to the combinastion of rotary
metion of werk and recipmcating moson of the abrasve block, with rubbing of the sone
agxin the work surface, ressitn in the peoduction of & superfinished surtace.
m&:uhmbm-o“ubn-w
machine : for performing miperfinishing on large scale, specially designed snd
NIW:M:MMMTW&!Q&M
rroprecstor external and intermal sirlace can be superfisiihed. Also, superfimah g
machines are svadable i horisontad send vertical Most of the superfirished sarfaces
usually flat or cylandrcal. o -
On coraiderieg the ather sspocts of this provess £ will be observes as resembling w O
H-‘p-u“iw.-dmm&h.b&y.m.
compare the two. The relative compansm bedow will reveal the differurce botwesn thew two
pricesey
(0 Tt s powsible 1o create dimensions, e, the desirnd sze through haming while
superfinishing s employed enly for ubtabning » high quadity suitace fnish with
10 appreciable amount of skack removal,
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LLL - et ot Wheros superinishing nay
MM.“h"::u.u:wananw

9 The horsie prcvms fs sty ewpleyed for fimihing intermal wirfaces, whoreds
Sperfuvahing s largely used fie sutside surfaos

(R Supertimestving is done st rauch fowws eperating speeds than honmg.

() The seal prvssste o the work s oo Mo i superfinishing av compared 10

‘mr&MMﬂmhm*uﬂ‘;’u A

bemgth of strobe in speetinishang Is very shart, ussl mm

Svmpared to haning. With the sesult, there is e appreciable scosmulation of
hIDS and werelorr ne acratches a3 prochaced on the b surtace

237 rousune

It 1% 3 surtace fnishung uperation which s empdoyed for emoving scrasches tool marks
anct mmilar other irrvgularites tom the job suttaces produced thiviagh other operations. kke
machining, castirg or Sorping. The primuary abyeet of this operation is anly (0 improve surface
finash ard it s Bverhore, employed anly whese dimwnsionsl sccuracy = ot 1o be dosely
contrulied

Thas opetation is performed by moans of sbrasive cooted whwels or belts. The wheels
waed aiw s shaped and termesd as bobs and wops. The furmwr v made of beather, felt or
wWood, o the periphery of wiuch are coated the abcasive partcles with the help of ghee. These
wherls operate at & spewd of 1200 te 1500 snetres por minwte inear) ard aee the first 0 be
uped in the operation. They are Jollowed by ihe ot type of wheels callnd mops, which
noemally operate between 1000 1o 1300 metres per murute: They are made of cloth, or eather
Both natural ancd antificial abrasive grawa are used for coating these whiwls, but in cither case
they showld be of a very finw grit. This aperation may be dorw by hand or machines. n some
cases. where andy o few preces ane to be polished, the polsiing wherd can be sttached 1 the
spindle of & pedustal grinder in place of the meguler grinding wheel, and the operation
mwmumwunmv-mmmw
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