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CHAPTER 1Y

INTRODUCTION



INTRODUCTION

In wodern manufacturing, maohine tool vibrations
have assumed oonsiéernble significance and still more
smphasis has bsen placed on them during recent years, It is
80 becauss many people have recognised that acouraey, tool
1ife, production costs and above all the surface finish

are amply influencod by the vibrations in sachine tools,

Maohine tools have always vibrated and will oontinue
to do so. We strive to control these vidrutions and keep
them at or below toler'able level, Thia waas siaspler in the
past than it s tbday beoauss the older machine tools had
fewer auxiliary mechaniems, lower speed and feod ranges,
and were comparatively less complox ih oonstruotion, Today
an arsenal of sophisticated instruments is available for the
investigetion of machine tool vibrations, However, in the
final analysis the Iinished surface 1iself will refleot the
dynamic behaviour of the machine tool,

Although ﬂbrﬁtions in machine tools play an import-
ant role, Jyet m.rvoi of the literature reveals that very
1ittle experimmt sl or theoretioal work has been published
on the mibjeat up to the beginning of the last decade, First
in Japan and then in other countries some work was dqnd and
only lathes and lathe tools were investigated, The pionsers
in this field were Shizuo Doi 1in Jupan (1031, 1037, 1940)



A oarnoral®” 1o Dnglon@ (3360) un@ A.d.Chicholn®@) ¢n
Pogland (1049). During tho pust fov yoors tho {mercaning
Gcrand for groutor outpat, coouraoy ond bettor Linich hao
cuuvad tho vibration probleno in toching toolo to guin
graduslly in toportamoo, Conpogquontly tho dohavigay of
nachine toelo tndor tho offoct of poriodio or Lluostaating
foroon. Irio boon tho ohjoont of ologo fnvostigation by rany
inveptigatoro, for inctanco in 1068, Ivor Bcnr?i:zon{m
porfornod o porioo of taento on vidbrationo im Imeo typo howl -
gontol nilling cachino, Il mado pystonutio invootirations
on tho {oportonce of clanping sud anolanping tho vorions
elononto, In 1968, Dbr, Inp. H,. GptiaM) invootipatod tho
influnonoo of vibrationo on the curface conditiano and tool

1ifo, Ho ocmoludod thuos

“The guality of thoe surfoaco in mililing §s offootod
by vibration covooents vhioh noy bo both gelf-
czott od or Loraod vibrationo, Dut on soceunt of tho
varying catting foroan, tho ferood vibratieno aro

of primury ioportonoo,®

in 10060, F.Hocnigoborgor ond S.M.sawm) oodo
an oxporicontal otudy of tho dynomio choractoriotfioo of o nfill-
tng nashino and sorrolat od tho roculto with tho cerfooess
producod dQuring cutting bycmﬂéna.in thof @ aonoluci cno thoy
ptutod thot tho quality of tho nuebinod curioson follew08 O
pottorn oporoninotoly oimilar to thut of tho nuwohimo vibrationo,

o Tho Liguroo oppoaring in tho poronthonio rofor to dAbIicyrophy
ot tho ond of thooic,



)

Rocontly J.Potorn(a) hao roportod tho rooulto of hio
rooooroh garriod out in thic £iold, Nio invontigation
oipod at ginding oo to vhothor thoro 1s any ocorrolation
betwoen dynanioc charasetorictios of O naohino t;ol an@ tho
purfago produood on tho work pleco, For thip purposo, ho
nado hio otudies on five Aifforont lathoo, On tho hooio

of tho rooults of hig cxporimonts ho has concluded that
there {0 o veory good agrooaont betwﬁon the vinration and
tho surfuce roughnoos CLA values, Othoro vho norit o nention
so far as thoir contribution o thio field fp oconcomed ore
R.S8.Hahn; S.A. Toblas and V,Fiphwicl; A,0.Sohnidt;
“.L.Konnicott and J.M.Gulicborti, It nay ho of interoat to
note that at procont moro than 60 percent of tho industrial
reneurch and developuont offort io betng directed towords

roduoling vibrational disturbdbances,

Since tecinically, a maohine tool ovonstituten, fren
vibrational point of viov, an oxtronely conplos otruoture
0 thooretiecal discousston of tio sricing problons 16 not roodily
acoossible. An osporiocntal approooch to thio mattor {1,
thoroforc, bottor cuited (4). Such an oxporincntal at toopt
hap beon pado in tho prooont work to study gone of tho aynonio
ohoructoriction of o pilling naehino and to corrolato tho
roculto with tho cirfocon producod during onttinz oporationo
and it hopo boon chown that a good corrcintion botwveon tho
transvorcgo vibrationo of tho outtor ond ﬁho gurfaco roughneon

of thy vork ploco oxiuoto.



. The modaorn milling machine cuts metals in tund#-
mentally the same way as it has been done sinoce man first
started to use machinery to fashion more of his needs in metals,
In & horizontal milling machine, the milling cntter ts mounted,
on the arbor which 1e support;d in bearings both at the drive'
end and the olamp end, The aotion of a milling cutter, during
milling operation, 1s analogous to the hammering action-each
tooth striking individual blows on the work piece, Consequently
the arbor and hence the ocutter vibrutes, To inorcase the
stiffness of the arbor it is clamped to over-hanging arms, the
whole assexbly being called as ‘'arbor assemhly', From the vibr-
ational point of view tho ‘arbor assembly'! forms a highly
complicated system to be deslt with by analytical methods, The
problamvts farther complicated by the nature of cutting forces
which 1& rather difficult to predict in dynamic operations,
Since the position of the cutter and olump oan he varied at
will along the length of the arbor, we get a different systenm
at. every now setting., This adds more to tha.intrioﬁey of the
problem 1f studi ed anulytionlly. These oonsiderations necess-

itate the experimentul approach to the study of the prbblem.

No machine tool is free from vibrations, More causes
for vibrations ocour fin milling machines than in any other
machine tool‘7). These vibrations moy bhe foroed or self.excited,

Both forced and sustained vibrations are known to he prejudicial

to agcuracy, output md suriace finish of the work pilece; dut

in milling the foroed vibrations are of primary tmportanoe.(‘\



The present study has, therefore, boen i1imited to the
study of the effect of forced vibrationﬂ of the arbhor
assembly, Self-exoited vibrations are not oonstidered in

this investigution,

In milling operations, the fluctuation of the
cutting forces with interrupted ohip formation caused by
successive engugoments of cutter teeth, which forms chips
of varying cross-scotions, i1s the most important source
of foroced vibrations, These exciting forces are usually
oonsi derably higher than the dieturbing forces caused by
unbulanced musses, incorrect tooth piteh of the gear, slec-
tric motors ete.(s) These variable forces ocour not only
on the peripheral direotion of the milling cutters but aleo
in the radiul direction, so that vibrations are pnodheed in
vertical relationship with»the-milled surface which may
have a damuging effeot on the surfuce quality, Moreover, the
angular velocity of the milling spindle i1s subjected to cyolio
deviations due to repeated entrance and exit of cutter teeth
with respect to wofk. This oauses torsional vibrations which
may also contribute to the roughness of the milled mirface,
The presont analysis, however, confines itself to constidering
the motion of the tool with respect to the workpiece in a
directi on nornal to the out surface, This 1is because only motion
in this dreotion hus a direot effeoct on the surface finish

and dimensional aocutucy(o).
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apart from vibrutional aspeots, there is a large
numbor of variables whioh also influenoce the surface qual ity
of a milled surface, for instanco, speed of the milling outter
foed rate of the workpiococe, depth of ocut, hardness of the
material being milled, type of tho milling cutter om?loyed—-
its muterial and tooth angles, mothod of milling adopted,
.sharpness of the cutting edgo, cutting fluid used eto. However,
due to the limitutions of both tinme and facilities available
an attempt has beon made to investigate the effect of only a
few importent purameters, These 1hnlﬁde. speed, feed, depth of
_ out, cutter and olamp positions, With Qﬁe help of dimensi onal
analysis, an empirical rel@tionshig correlating aifferent

outting oonditions and surface roughness has been suggest od,

In iﬁo present -day oonpetitng industrial world,
theré is wellunigh' a ' craze ' for greater output, We may -
sugment the production rate by employing heavier feed rates ‘
and deeper depths of out as permitted by the available capacity
of the maohine, but thie 1s not always feaslble especially when
we have to satisfy certain surface finish requirements also,
The empirical relation suggested, it i1s hoped, could be of some
help in plunnihg the milling operations where approximute range

of the surfuce quality desired is known,
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SURFACE QUALITY




SURFACE QUALITY

2,1, DEFINITIONS:

In any muchining process, some degree of surface
irregularity is inevitable, Under sufficient magnification
a machined surface is seen to be made of a series of peaks,
ridges and valleys, They are visible t.o the naked eye 1if

the surface 1s quite rough,

Surfaces in general are very complex and result
from several kinds of variations. The principal el ements
of surfaces have been defined by the American Standard

Associuation in ASA-B-46; 1-1047, as follows:.
SURFACE 3

The surface of an object is the boundary which

sepurates that object from another substance,

ROU GHNESS :

Relat ively finely spaced surface irregularities
on surfaces produced by machining and abrasive opardtions,
the irregularities produced by the outting uction of tool
edges und abrasive grains and by the feed of the macohine
tool ére roughness, Roughness may be considered as being

. »
superposed on a wavy surface,
‘ °

WAVINESS:

The surface irregularities which ure of greater

spacing than the roughness, On machined surfaces, such
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irregularities may result from machine vibrations, strains,

deflections ete,
FLAWS

Irregularities whioh ocour at one place sr at
relatively infrequont intervals in the surface e.g. scratoh,

ridge or a hole,

LAY :

The lay of a surface refers to the direction of
predominant surface pattern or surface marks as ob served
in the direotion at right angles to the line representing

the surface,

2.2~ DESIGNATION (F SURFACE QUALITY,

Surface specifioations, like tolerances, shonld
convey a specific ideus from the designer to the tool énginczr.
Roughness, lay and waviness may be deéigna&ad on drawings

by the use of tho following standard symbols,
+ 002 waviness height /inches)

_IKL:ggirrou;hneus width(ino hes)
lay

h___ surface.

max, roughness{u®)-63

!1n.roughnels/(u')-82

2,3, PUNCTIONAL IMPORTANCE OF
§ AQ QAL .

Certain qualities in the murface layer are important

for various classes of sorvice, for instance, the conditions

imposed on the races of & ball dr roller bearing where hoavy

R
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loads must be ocarried by very smull areas, while under
the action of rolling friotion, demand that the surfaces
must possess & high degree of homogeneity, elastioity

and hardness,

The finish and texture of fitting and mating
surfaces have an important effeot on the beuring friction,
rat e of wesr, initial tolerances, retention of lubrication,

stick-slip phenomenon etoc,

The reliubility of a press or force fit and 1ts
approach to theoretiocal conditions is largely dependent
on surfuce quality and finish, Even for smirfaooes which do
not fit or serve as bearings, smoothness is often 1mpertan£
since in highly stressed parts, tatigue cracks originate
Lrom t he surface blemishes, The influence of surfasce rough-
ness on the mechanioal properties of solids can be parti.
cularly shown by the study of fatigue strength, It is knowm
that a fine surface microgeometry improves fatigue strength,
This has been proved experimentally by Gﬂzand and Pbmoy(aés

who have ﬁade the following conolusions:

(1) Fatlaue strength usually decreases when surface
roughness inoreases, A number of little juxtaposed
soratches of the same size, however, mitually

relieve their stresses

(1) Corrosion resistaunce 1 also improved by tmprovement

in surface quality,

Another charaoteristio senaitive to a mioron is the
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state of flow along 4 wall, This phenomenon is equally
important in aerodynamics and hydrodynamios, ﬁhere it
follows the same laws., Inoreasing roughness cuuses
inoreasing flow instability, The passage fron laminar to
turbulent flow is accompanied by increase of the energy
lost by frioction, and of heat conveotion flow through
the boundary layer, This means that'bettar control of
surfuce finish can result in suoh'Benofits as deorease of
the friction foroce (acrodynamio drag) or inorease of

bhoat transfer (fluid flow oiohangea).

2,4, ROUGHNESS EVALUATION SYSTEMS:

For assessment of sirfuce roughness of oross-
seotion profiles und for the numerical evaluation of the
graphe, 1t is essontial to estublish some internatqi onal
stundard for the definition of roughness and 1ts measurement,
However, an internat ional agreemont on the gauge and the unit
of surface roughness hus not yet reuchad.rconaequantly Qany
differences have arisen in different standards which cem be

olassified into two main groups viz,,

(1) Standards ohoosing & Mean Line as referenco line
for the numeriosl evaluution-the M-System, e,.g.

Amsrican and British Standards,

(11) Standards choosing an ﬁnvelobe-—tha E-system, eo.g.

Germun und Swiss Standards,
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2,41, THE M-SYSTEM,

The M{Mean line) system consists of the meaﬁ line
Ly and two L, - purallel upper and lower reference lines
L, and L, within ssmpling length, f (Fig.1), The mean
linev Lu is aoline having the form of the geometrical
profile of the spéoimen within the 1limits of the sampling
length (meter outoff), and is so positioned that within the
sumpling length the sum of squares of the deviations (equally
spaced ordinates) of the profile from the mean line i{s mininmum.

This line is uniqe in position and direction but its gra-
- phical determinatio 1s somewhat diffiocult,

The mean line is found automatically by eleotriéal
integrating ihstruments. The eleotrical intégrating instruments
refer to the mean 1ine of the alternating current flowing
through them and which represents the profile, This mean‘line
is 4lso called '‘centre line' when the areas embraced by the

profile above and below the line afewaqnala

o
ards touching the highest peak end the lowest valley within

The reference lines L  and 'Lh are in most stand-

the sampling length [,

Various standards are based on different measures as

discussed below:~

(1) Depth Measures:

The peak to valley value, R, is the distance between
the upper and lower reference lines Yy and Uy: This value
is a measure of the total depth of the surfiace irregularities

within the sampling length and therefore the most direct of
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all surface roughnaés valtgs.

(11) C,L.A, Meoasuress

The centre line averuge vualue, R, 1s the arith-
metical uverage value of the'departdro of the whole of
the ﬁrbtiio, both above and below the mean line (taking
all ordinates as péaltchS'throuzhout the sample length f,
in a plune substantially normal to the surface, Tbe baa@c,

formula is given in the fLigure,

Both the British standnrﬁ No,1134; 1950 and the
American Standard 8, 46-1958 are based 6n this moamire,
the quuntity being called the centre~11ne-averagé {CLA)
value in the British Standard and the arithmetio average

(a.,8,) value in the Americen Standard,

(111) R.M,S, Mousure,

The root-mean-square value, R,M.S,, 18 the geometr-
ical average value of the depurture of the whole profile
‘both above and below its mean line, The mathematioal

expression is

S w yl"yg"'ygﬁoootoo ;n

W —

The RMS value was formerly used in the U.S.A, standard
(ASA B-46) but has in 1955 been replaced by the R, value,

2.42, THE E-SYSTBM,

During the last few years another system, the

E (envelope) system has boen developed and is at present



used as standard in some ocountries, This system 1s
based on 4 "contaoting envelope" instead of the maah

1ine and is roughly built up in the following ways

A oertain oirole with radius R, whioh is nor-
mally 250 mm 1s rolled aoross the surtaoé to be tested,
The centre of the ocircle will describe a curve and this
ocurve is displaced in a direotion perpendicalar to the
geomatrical profile to a position whero {t ts contacting
some of the highest poaks in the effeotive profile, The
locus of centre for the rolling oirole is in the position

thus determined, culled the “curve of form",

In a similar manner another circle with radius r,
which is normally 25 mm. 1s now rolled across the surface,
The locus of centre of this cirole is also displaced in
a direotion perpendicular to the geometriocal profile dy
such a degree that the curve is touohing some of the highesp
peoks in the effective profile, In this position the loous
of oentre for the small oirole is oalled the "contacting
envelope", Now in thiis busic meusuring system 1t is rather
easy to distinguish between the different kinds of deviation
of the esffective profile (effective surfoce) from the

geonmetriocul profile,

The area betwcen the geometrioal profile and the
"ourve of form" represcnts the errors of form; the area
botween the "ourves of form and the "contacting envelope"

represents tho waves (seocondary texture) and the area
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botwoen thy "oontaoting onvolope® und the offcotive

profiloe roprosents the roughnoos (primsry toxture),

From graphiio pocording of the surface, the "omntao.
ting onveolope® ie ruch essior to detormine Lthan 1o the
coan line. It ooy, howover, be pointed out that ot procent

no ingtrunont hao been dosipgned to meusure according to
E-Systoeon,

205, MBASURDMENT OF SUAFACE QUALITY,

Thore aro nuny pethodo available for meusaring

curfoce cenditione, Sonmoc of then aroi-

A, OFTICAL METHODS;

() Profile nioroscope,
(44) Compurison mioroncopo.
(444 ) Optioal flat,

(iv) Photographs,

B. ELECTRICAL METIIONS :

() Surface analyoor,
(£4) surfaoce conparator,

G, CHEMICAL MEWIONSS

(1) Fax Film purface comparstor,
D, MECHANICAYL METHODS:

(1) Profiloncotor or Talyourf,

{(14) nont (Roughnoos Oporutod Displuéoumt)
Intogrator, '

. (424) Philipo Roughnoss Tostor,



Since the Philips Roughness Tester Model PR-91B0
available in the Dopartment of Meohanical Engineering ,
University of Roorkee,Roorkee, was out of order,
'fulyaurt' was used for testing the roughness of the
muchined pieces, In passing it may be stated that this
bwan the only surface roughness measuring instrument avall-
able near Roorkee, The instrument is with the Indian
Institute of Teohnology, ﬁaua Khas, New Delhi, The detai ls

of this instrument are given in Chapter III,
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EXPERIMENTAL SET-UP AND PROCEDURE

3.1, DESCRIPTION OF SET-UP:

Photogruph No,1 shows the details of the set-up
for the'experlmontation. The Universaul Milling Muohine Model
2AGU (Adoock and Shiploy) wus celeoted for the expariment
becuuse af its great er horse-powor rated capacity and‘tta
autonautio feed mechaniem. A high speed steel milling cutter
with stralght teeth was used becuuse it was a suitable cuttoer
availuable, The workpieoces wore prepured from nilq stael
B.JI.N. 148, Fig. 2. shows the detuils of a specimen test
plece In order tuv utilize the full grip of the vige, the
6% long teat pleces were prepared and the width wan kept
as half inch s0 as to allow overhang for the delicate cornors

" of the milling cutter tooth,

The various instrument used in the experimant are

dotailed below:-

3,11, VIBRAIION PICKUP,

vith the progress in eleotronics and developnent
of now electronic equipnent, nocasurencnt and analygis of
vibrations have beocome very convenient, Most of the pilck-
upo used toduy are genorally bused on eleotroniec prinoiples,
However, out of the pidk-ups availeble in the Instrunentat -
ion laboratory of the MMechunicual Enginecering Departacnt,

tho CEC's vibration transducor whu found suitaeble to pichk-

up the Wibrationo, This tranoducor in of 4—103A type, linoor



FA0TO N0, 1 RXPERIMENG AL SET-UP

Milling laohino., 3. Arborx,

Milling cuttor. ¢, Vibration pick-up.
Claop,., O, Ovorhamging eroo, :
Clanp bor (8) Horizontol bor,

Briok oolurnp, 10, Vibration notor,
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volool ty, onnldireotional with u 18-inch integral cable

terminating in 4 oannon CK 3 - 12 oonnector,

3,12, VIBRATION METER;:

The Type l-— 117 vibration peter (CEC) used in
these tests 15 u compact and agourate indicating-type
inotrunent which provides a convonient means for neusuring
tho average volooity (inches por second) and the pouak-to-
poak displacenent (oils) of nechaniocal vibrations vhen
it 10 omployed with self-generatkng linear or torsional
pioch-upe, The oyaten (pilok-up with vibration neter) may -
bo used for vibration studios of machine toolp, presses,
olovators und bulldings -— sny place where vibration may
ocour und should be studiocd 1f fatlure 18 to be avoided,
Fig. 3 chows the suggested oilrouilt for use of CEC Vibration

notoer,

3,13, SURFACE MEASURING INSTRUMENT:

todel 3 'Tulysurf' (Photo.2) wao uced for neasuring
the roughness of curfacos of tho test pieceo nilled at

different cutting conditionsg,

The 'Talysurf' instrument nakes uoco of a charply
po;ntod stylus to trace the profile of thoe surface irreg-
uluritios, A flut choo or rounded skid is generally uged to
providoe a datun, The piolk-up unit ocarrying the ntylus and

tho £lat shoo oy okid or dutun attuachiiont 1o ¢raversod ueroso
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F0T0-No .2, "TALYSURF® Model Sa

1, Stgmé, 3, Goar box. 3. Plcok-up..

4, Anplifior, B. Avorage Motor,

R




the surfuce by meuns of & motorised driving unit (the
Geur Box), By means of an electro-mugnetic transduocer
aotuated by the stylus, its up and domm movements relative
to the shoe are oconverted into corresponding changes in an
eleotrioc current, These ohunges are amplified by means

of & valve amplifier and are then used to control:

(1) A Graph Recorder
{Not shown in the photograph),

(11) An aAverage Meter, whioh shows the centre line
average (C.L.A,) index of all 1rrégular1t.1 es

ooming within a prescribed length of surfaoce,

Detailed specifications and desoription of all the
squipment «nd instruments used in this experiment ation are

given in Appendix — A,
8.2, TEST PROCEDURE:

Before starting the experiment i{ was ensured that
the milling machine was in good working condition by check-
ifng its feed and speed ranges, lubrication and belt drive,

The milling cutter and clamp were mounted ¢n the arlor

at u specified distance from the spindle nose, the pick-up
ussembly (Fig.4) being mounted just close to the outter
position, The vibration piok-up was kept in vertical position
by two steel rings huving exact sliding fit with the body of
the ptok-up, These rings were screwed to one end of a clamp

bar, the other end of which was fastened by sorews to
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horizontal bar supported dy two drick columns on efther
side of the machine, The piok-up was connected to the
vibration net'cr with the help of leads provided with

the instruments, The workpliece was securely held in

thi vise and it s mirface to be milled was made paral lel

to the table of the machine, The workpiece was hrought
extioctly under the milling cutter, The machine was run at
& predetermined speed, feed and depth of cut, Simultan-
-sously the meter wus also put on to indicate the amplitude

of vibrations during the operations,

The above procedure was repeated for a nuwber of
workpieces by changing the cutting conditions for every
observation, After ailiing. the quality of surface finish
obtained on the workpiece wus tested with the help of
Talysurt mirface measuring instrument as detatled above in
para 3.13. The Talysurf gave centre line average (C,L,A)
values of surface roughness in miorons, Tahle 1 (Chapter IV)
is a detalled record of all the observations and calounlations

made in the test, ®

In order that no disturbance due to the running of
other muchine tools may oome in, the tests were carried out at
the time when no other muchine neurby was working. Only
conventional method of milling i,e, up-militng was employed
for all the tests, In order to increase tool life cutting fluid

was used,

It may be stuted here that after the milling operat.

ion every test pleoce was cleaned, greased and properly



_wrapped in packing paper, The pleoes were carefully
pucked in a wooden box, The pucked pieces were carried

to Indian Institute of Technology, New Delhi for testing

the roughness of the surfuce.



CHAPTER IV
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OBSERVATIONS AND RESUL?PS

R

4.1, SELECTION OF PARAMETERS

To piun in advunoo tho officiont omploynmont of
nilitng facilities it 10 nooessury to have tho following

inforoation avatlablo:

nateriasl of tho workpiece and ito sgice;
capiaoity of the puochine;

speed and feod rangesg

dianeter of the ocutter used;

production rato oto,

In our problom the material of the toot pieces
was mild steol B,.ll.N.148, Tho most genorully reconnended

valuoe of speod and feod for milliing this mateorial aro:

purfaco spoed, V ¢ 60-130 feet por nin,
foed por tooth, Fﬁ: upto 0,02 ingchen.

alego, dlacator of the cutter uocd io = 6 tncheo,

nd rated horso power of the o.uchine 10 = 3 H. P,

all tho caloalations vore mudo with the help of
ochip voluno, cpeed cnd feed oaloulator (Koornoy and Treokor
Milvuakoe), Novever, the perioco of otops that are involvod

aro givon bolow:

(1) Scloot Cutting Spoocd:

Tho cutting opeod of & willing cutter ie the

| poriphoral linear opood rosalting fron rotation, It i s



a product of cutter oilrocumference and number of revolutions
per minute, usually expressed in feet per minute (f.p.m)or

surface feet per minute (s.f.p.m),

12

where,
V = cutting speed I.p.m.;of 8.2,p.m,
7T = 3.1416,
D = diameter of cutter, inohea.

N = revolutions per minute of outter (r,p.m,)

whenco,
Vv

D x:{%
v
* Dx 0,26

, v
= 578D T-Pem

N=

(11) Determine the feed rate:

The rute at whioh the workpiece advances past the

outter is the feed rute, measured in inches per nminute(i.p.m),

F = Ft. n. N.

where,
?t = fecd per tooth, 1inches,

n = nuaber of cutter teeth,
N = revolutions per minute of ocutter,
(111) Determine the metal removal rate:

The metal removal rate for all types of milling 1is



tho voluse of motal romoved in & unit of time, customarily
.oxpressed in oubic inches per minute {cin),

L]
..oimawxd.xl’

where, W e width of ent, inches,
u depth of cut, inches.

F = foed rato, inches per ninute

(1v) Deternine the power requirod;

.Milling muchines like other naohine tools absord
part of‘the power exerted on then, Thig {s due to the frio-
tional lossos, gear~train inofficienotes, mechanical cond-
vition etoc, Consequently the horaepower.required in a miitlng
' oporation is composed of the power needed for actual entting
or oetul romoval and the power nceded to overcome frictton
in the spindle and feed mechunisms and other losseas, For
bdat performance, these power requirements should not
excecd the rated horee power of the driving mofor.

The horscpower required at t'z euttor 1s givon by

.’J’

whoro, c( = horoopower at the outter whon the rate
of metul removal 15 one oin,

Thorofore, the horsepowver required for a ocut may be expressed
ao
WPy =% xdxF xe
c‘.‘lxaxﬁ‘txnxm xO(,
= Nated I, P, x'YL



AN
3 i

where, u.Pc = horoopover uvulluble ut the cutter,

?L = overall offioclency of the nilling
nachine, !

The value GIO(Vuries with kind of nuterial and type of
mtlllng.

another npethod of culculuting horsepover required

for miliing is by use of ‘K*' faotor,

‘Kt FaCTOR

Ratios of metal removal rate per horsepower (oin
per h,p, at the cutter) have been estahlished for various

natorials,

or H. P o

Thus total horsepowver requirod at the cutter oquals amount

of material romoved per ninute divided by ¥,

The K-faotor, likec(, varies wvith type and hardness
of material; also for the sumo material 1t varies with the
foecd per tooth inoreasing as the ochip thiclmess increases.
'Time consuning triale are required to determine the quantiticc
involved because in each cace the K-factor represents a part-
iocular rate of netul removal and not a general or avevagoe

rate,



Mo nuke available & quick approximatien of the
totul pover roquirenents, & nilling machine selector
table hag becn deviced Table 21-9.(31) which estimates
the npotul romoved 19 cublo inochen per ninute.for vari ous
ratod horsoposors of the machines, Corresponding to tho
3 horoopower ruted capaoity ot o nilling machine the pax-
irum petal removal rate (eim) for nild steel 1s 0,78, All
culoulations mudo for power requirenments uaro according to

this figure.

The computation of all the values corresponding
to different cutting conditions enployed were nade with
the help of volume, speed und feed oaloulator, These valuos
have been tabulated in Table - I given &t the ond of thip

chaptor,

4,2, SPECIMEN CALCULATIONS 3

Let the ocutting spesd be = 100 £pn,
°e R.,P.,M, of the cutter = vy
e © e Ko lle 0:"560

_100
® 0.26x6 °

-1 66‘
= 67 — the nearest r,.p.n.
value availadle
on the nachine,
Now, corresponding to 67 r.p.m., the ocutting speed can de

founa,

New cutting speod = 5
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e 0,26 x 6 x 67
= 106 £,p.m,

Algo, nunber of teeth of cutter e« 20

and 12 feed rate is = 5 inches per minute,
F
thon, feed per tooth : = WN

o Eﬁ%ﬁ?ﬂ inches,

Now, width of cut = 0,0 inches
And, 1f depth of out = 0,094 inches
then, metal removal rate,oim = WxadxPF

= 0,8 x 0,094 x 5,

= 0,236,
All the vulues were culculuted like this und tabulated in
Table — I, It may be observed that the firsgt five speeds
available on the muchine viz, 30, 41, 64, 67, and 88 f.p.m.
approximutely cover the reconnended ranges of gpeed and

Loed,

Table -T contuins ull the calculetdd -21d4 ob gerved

vualues of the data portuining to this exper’ smt,

4.3, DESCRIPTION OF GRAFHS

In order to study the effeot of different pararsters
oin the surfuce roughness of the workpiece, the odbserved
datas (Tublo 1) has been presented in tho form of graphs as

doooribed bolow:

Figure 6 18 a plot of the aoplitudo of theo cutter



and lurtac§,roughneus k;eping teed per tooth constant,
The feod per tooth hias been kept constant becanse outting
speed and feed are directly related to it wherens other
cutting conditicns sffeot the amplitude of the outter

only.

Figure 6 1s a graph showing the influence of
ocutter anplitude on the surface roughness in general where
affect of reﬁd per tooth is not taken into account for close
ranges, The scatter of the points is due teo the dif ferent
foeds per tooth included,

Figures 7 to 9 show the effeot of speed, feed
und depth of ocut on the surface roughness at different

settings as indicuted in the individual graphs,
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Table -~ 1

Cutter Poutioh = cu - 3%
Clamp Position = OL = 12"

S.No SPEED FEBD Depth of Cutter  Surfaoce
' ; out Vibrat- roughness
R.,P.M, FP,PM, IN,P, M, IN,PER IN, PER inches 1ion amp- micro-in
- MIN, T007H 1itude

| N, V. S F Fy d  mils,  CLA(R))

I3 3 [ B 6T 8§ 9

1. 30  41.0 564 2.5 L0042 .0628 0,90 156

3, 41 64,5 T4 2.5 L0031  ,0628 0,75 140

3. 54 85,0 1030 2,5 .0023  ,0636 0,67 130

4, 67 106,0 1272 2,5 ,0019  ,0826 0,88 120
8., 88 139,0 1668 2.8 L0014 L0828 0,47 108

6. 30  47.0 BB 2,5 L0042 004 0,78 160
7. 41 64,8 174 2.5 0031 ,004 0,65 148

8, 54 85,0 1020 2.5 0023  ,004 0,60 137
9, 67T 1u6,0 1372 2,8 L0019 004 0,48 123
10, 88 139.0 1668 2.5 L0014 L0094 0,35 114
11, 30 47,0 564 2.5 L0042  ,128 0,68 _ 168
12, 41 64,5 774 2.8 .0031 L1128 0,51 153
13, 854  85.0 1020 2.5 ,0033 L1235 0,48 141
14. 67 106,0 1372 2.8 L0019 L1358 0,42 130
15, 88 130,0 1668 2.5 ,0014 125 0,31 121
16, 30 47,0 564 5.0 L0084  ,0825 1,07 172
17, 41 64,5 174 5.0 L0062  ,06828 0,98 165
18, 54 85,0 1020 5.0 L0046  ,0625 0,88 156
19, 67 106,0 1372 5.0 .0037  ,0825 0,71 142
20, 88 139,0 1668 5.0 0028  ,063%5 0,64 136
21, 30 47,0 664 5.0 ,0084  ,004 0.90 184
23, 41 64,5 774 5.0 .0062 004 0,84 174
‘23, 54 85,0 1020 5.0 .00486 094 0.78 165
24, 67 106,0 1272 5.0 .003T 004 0,68 184

25. 88 139.0 1668 5.0 L0028  .004 0,68 142



1 2 3 4 5 6 7 8 9

26, 30 47.0 564 5.0 ,0084 .125 0,80 190
2T, 41 64,5 174 5.0 .0062 ,125 0,70 176
28, 54 85,0 1030 5.0 ,0046 125 0,62 166
29, 67 106,0 1272 8.0 ,0037T ,125 0,50 186
30, 88 139,0 1668 6.0 .0026 ,138  0.52 151
31, 30 47,0 564 10.0 .O170 0625 1,39 .

33, 41 64,6 714 10,0 L0138 0625 1,13 200
33, 54 65,0 1020 10.0 .0093 ,0635 0,92 186
34, 67 106.0 1272 10.0 .0076 ,0625 0,84 178
35, 88 139.0 1668 10,0 L0056 ,0626 0,70 161
36, 30 47.0 864 10,0 L0170 ,004 1,18 .

37. 41 64,6 T74 10,0 ,0125 094 1,10

3. 54 85,0 1020  10.0 0002  ,094 0,80 100
39, 67 106,0 1272 10,0 .0076 ,094 0,73 181
0. 88 139.0 1668 10.0 ,00356 .094  0.65 172
41, 30 47,0 564 10,0 .017T  .128 1,00 .

42, 41 645 T74 10,0 .0126 ,126 0,80  *

43, 54 85,0 1020 10,0 ,0092 ,125 0,72 300
a¢, 67 106,0 1272 10,0 ,0076 ,126 0,61 183
45, 88 139,0 1668 10,0 .0056 ,125  0.87 . 178

Cutter Position = C = 3°
Clamp Position = CL = 9%

46, 30 47,0 564 2.5 .0042 ,0625 0.7T7 148
4T, 41 64,5 7174 2.5 .0031 .0625 0,63 130
48, 54 85,0 1020 2.6 ,0023 0635 0,40 118
49. 67 106,0 1273 2.5 ,0019 .0826 0,45 111
50, 88 139.0 1668 2,5 ,0014 .06325 0,32 08

* R, vulue above 200
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1 2 3 4 5 6 T 8 9
51. 30 47.0 564 2.5 ,0042 .00 0,70 184
62, 41 64,5 77¢ 23,5 .0031  ,004 0,850 136
53, 54 65,0 1030 2,6 ,0033  ,004 0,47 128
54, 67 106,0 1272 2,6  ,0019  ,004  0.37 117
55, 88 139,0 1668 2,56  ,0014  ,004 0,28 108
56, 30  41.0 %64 2,5 ,0042 128 0,57 160
57, 41 64,5 174 2,8 L0031 L1358 0,48 180
58, 54 63,0 1020 2,5 = ,0023 125 0,45 138
59, 67 106,0 1272 2,5  ,0019  ,126 0,38 128
60, 88 139.0 1668 2,5  ,0014 L1285 0,10 108
61, 30  47.0 564 5.0  .008¢  ,0825 0,98 168
63, 41 64.5 77¢ 6.0 L0062 L0825  0.01 159
68, 54 85,0 1020 5,0 L0046  ,0825 0,80 180
64, 67 106,06 1273 5,0  ,003T  ,0835 - 0,65 137
6s. 88 139,0 1668 5,0  ,0038  ,0625 0,50 1285
66, 30 47T.0 B64 5,0 L0084  ,004 0,83 178
67, 41 64,5 114 5,0 ,0062  ,094 0,73 168
s, 54 85,0 1020 5.0 . 0046 004 0.64 184
69, 67 106,0 13713 5,0 L0037  ,004 0,54 142
70, 88 139.0 1668 8.0 . 0028 004 0,46 131
71, 30 47.0 64 B,0 L0084 135 0,75 188
72, 41 64,5 174 8.0 L0062  ,128 0,62 170
73, 54 85.0 1030 5,0  ,0046  ,125 0,58 161
74, 67 106,0 1272 8,0 ,0037  ,125 0,45 146
5. 88 139,0 1668 5,0 ,0028  ,125 0,42 142
76, 30 47.0 664 10,0 ,0lTo  ,0835 1,20 »
77. 41 64,5 114 10,0 L0135 L0628 0,95 192
78, 84 85,0 1020 10,0  ,0092 .0628 0,80 1786
79. 6T 106.0 1272 10,0 ,0076  ,0025 0,72 167
8o. 88 139.0 1668 10,0 ,0056  ,0626 0,63 186



2 3 4 5 6 7 8 s
g1 30 47,0 564 10 .0170 0,094 1,18 .
823 41 64.5 174 10 0125 0,094 0,80 194
83 54 85,0 1030 10 .0002 0,084 0,68 180
8¢ 67 106,0 1373 10 .0076 0904 0,63 173
85 88 139.0 1668 10 .0056 ,004 0,88 168
86 30 47.0 564 10 L0170 L1285  0.95 .
87 41 64,3 774 10 L0125 125 0,72 .
88 54 85,0 1030 10 .0092  ,125  0.66 192
89 67 106,0 1372 10,0076 ,125 0,52 176
90 88 139,0, 1668 10 L0056 125 0,48 172
91- 30 47.0 564 2.5 €304 L0628 0,68 138
92 41 64,5 174 2.5 .0081 ,0828 0,54 124
93 54 85,0 1030 2,8 0023  ,0638 0.42 110
o4 67 106,0 1272 2,5 0019 ,0628 0,38 106
95 g8 139,0 1668 2,8  ,0014 ,0025 0,32 90
96  30. 47.0 564 2,8 ° ,0042. .00& 0,64 180
07 4 64,8 114 2,8 ,0031 L0904 0,43 120
98 B4 62,0 1020 2.5 .0023 ,004 0,33 116
99 6T 106,0 1272 2.8 L0019 - 084 0,28 108
100 88 139,0 1668 2.5 0014 094 0,17 99
1001 30 . 47.0 564 2.5 0042  ,125 0,52 156
102 41 64,58 774 2,8 .0031 125 0,40 ‘141
103 54 86,0 1030 2,8 .0033  ,128 0,38 130
104 67 106,0 1273 2,8 ,0019  ,128 0,33 123
106 88 139,0 1668 3,5 .0014 125 0,11 104
106 30 47,0 564, 5.0 .0086 ,0838 0,02 162
107 41 64,8 T4 5.0 .0062 ,0628 0,86 156
108 84 65,0 1030 5.0 L0046  ,0635 0.TF 144
109 67 106,0 1372 5.0 .0087 ,0838 0,86 130
110 88 139,0 16868 5.0 .0028 L0828 0,44 118



1 3 3 4 5 6 7 8 9
111 30 47 s6¢ 8 .008¢ L0904 0,78 178
112 41 64,5 114 5 .0063 ,094 0,66 160
113 56 85,0 1020 5 L0068  .094  0.58 149
114 67 106,0 1372 3 .0037T 004 0,48 136
115 88 139,0 1668 5 .0028  ,004 0,30 124
116 30 47.0 564 5 .008¢  ,125 0,60 180
117 41 64,5 TT4 5 .0062  ,125 0,56 165§
118 54 85,0 1020 5 0046 L1285 0,48 1854
119 67 106,0 1873 5 .0037 L1285 0,36 140
130 88 139,0 1668 ) ,0028 L1258 0,2 131
121 30 47,0 566 10 L0170  .0628 1.0 .
122 41 64,5 T4 10 .0125 L0626 0,88 186
123 54 85,0 1020 10 .0092 L0625 0,73 168
124 67 106,0 1272 10  ,0076  ,0625 0.60 186
126 88 139,0 1668 10 .0056  ,0635 0.46 140
126 30  4T.0 564 10 0170 094 0,90 »
127 &1 64,8  TT4 10 .0138  .094 0,60 184
128 54 85,0 1020 10 ,0002 .094 0,60 173
120 67 108,0 1373 10 .0076  ,094 0,48 160

130 88 130,0 1668 10 L0056 094 0,43 150
131 30 47,0 564 10 0170 ,135 0,82
132 41 64,5 174 10 L0135 128 0,75 »
133 54 85,0 1020 10 0092 y35  0.56 186
13¢ 67 106,0 1272 10 L0076 .jag 0,43 168
135 88 139,0 1668 10 L0086  .io. 0,40 165




-Cy = 6" Cy w 12" '
136 30  4T.0 564 5.5 .o0ez 0626 3.30
137 4 64,8 174 2.5 L0031 ,0835 1,18 &
138 &4 85,0 1020 2.8 .0038 ,0638 1,08 &
139 67 106,0 1373 a,s L0019 L0628 0,95 189
140 88 139.0 1668 2.8 .0014 ,0625 0,86 168

cn - 6% OL - O |
141 30 47.0 56é 2.5 (0042 004  1.35 e
143 42 64,8 774 2.6 L0031 ,094  1.24 W
143 54 85.0 1030 2.5 .0028 004 1.00 &
144 67 106,0 1272 3.5 0018  ,004 9,90 197
145 88 130,0 1668 2.5 L0014 004 0.790 182
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5.1~ ANALYSIS AND CORAELATION OF DATA:

From the ourves drawn in Figs, '7 to 9 it is
obvious thut the sirface roughnoss is related to all
the parameters takon into ommsideration during the
tosts, Mathematioally, we say R, = F (S,F,d,cu,cb).
Lot us assume thut tho relation botween variables
consi dered is of the forn

L By e g ¢

xo = Ra [ S. F° d. Cu. CL.

vhere,
K o & constant,

R, = surface rougliness in mioro-inches,
{cLa value)

S = ocutting speed in inches per minute,
F "= feed rate in inohes per nminute,
d = depth of out in inches,

C = outter position measured from spindle
nose, inoches,

C; = olump position meusured from spindle
nose, inches,

OL ,P.“{’, 6... = unlmowm constants,

Dimonsai onally, this 18 equal to:

o &
K, o= ). @ . . W Wl

Equat ing the cuvafficients of L & T on hoth sides, we pet

o=ol+?¢r¢ e -a-¢+§
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pomr

O= -(3 -Y e
orxr ﬂ —ﬁ, esse (1)

and o=a(¢e+¢4§,.... 2)

Let 72, 7T 7%' &7]—41;0 the dimensionless parameters,
2-

then:
L B Y e g <
Y10 0 -1 0 o
71, o0 -1 +1 o o0 o0
iy O -1 0
Ng 0 O a 1 -1
wh ence
R,
7ﬁ - » @ non-dimensional factor,

& non-dimensional faetor,

7, = y @ non-dimensional faotor,
C : '

7‘;' -6-'-'-.- s & non-dimensional faotor,
L

Let F (7]" ,77;_)7\'3)71-4) = K.

o n n P
or 7T' s K (71) (7&) (7T4) . « evee (3)

where K,m,n,p are unknown constants, and 71-, o TT 07U 0 TT s
2 3

4
are non-dimensi onal groups.

Now, varying the two vuriables — one 7\‘land any one of the

other three, keeping the rest constants, we get three
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equations;
T, =% (7T)" cee (4)
TV = Ky (773)“ | ces (5)
7T, = Kg (TP ess (6)

' C
whore K, » K {3 )® (-2 )P . a gonstant,
g c“ Ob

—_
‘a“‘%"f'éi’)’ = 8 gonstant,

Kg = K (-;- ™ { _g_;)n = & gonstant,

Now Pigs, 10 to 12 are respectively the plots of emquations
(4), (8), & (6) whenoce the values of =, n & p and K. X,
& Ks cun be determined, For sake of 1llustration let us

consider equation (4):
n
7= B (7))

Taking logs. of hoth si des, we get :

log 7T’u log Kl «m 10;7\'2.

R
or log -55 = log K; + m log (-g-)

This is ebvim.ly an oquution of a straight 1line(ef,ysmx+o),
To plot this, we choose log (T') as ordinate and log( ) ae
R

abscissa, including only those values of ('i" ) ang ( -.- ) for

C
whioh - %—- and -53 are constants e,g. we can consider first
u L



Live obaervatiima Lrom Table-1,

R
Y= log 52 | X=10g £,
000185 2.5

1, log *Ggap— = 4.190-2,796  1log 7.7 S 0.39'8 - 2,781

l"a‘ﬁo = "2.35
0 - 2 '
2, log .ogg!’;“’ « 4,158-2,796  1log -ﬁ% = 0,398-2,889
] -2.6‘ ] —-2.‘9
3, log 220130 _ 7.114.3.796 1log 225 . 0.398-3.009
- -2,68 = -2.61,

000120 - 2
¢ log.275g° - 2.079-2, 796 1og~1-5-%3 « 0.398-3.108
- 2,72 - 2,70
5. log 4200108 _ T 033.5.796 1log -1‘33%3 = 0.398-3,22

+0628
. - ..2.76 = -2.82.

These points constitute the line drawn in Fig,lo0,

Now we huve to find the values of m — the slope of this
line, and of log kl -~ the intercept made by the line on
y - axis,

To this ond, take any two points on the line say,

then:
'1 - y1

21.-83



/ ;\.?’.80 1

-2-50

3

il bl

-

_2‘73

~LE 700

——— ——

B, (-2:70, = 2:71)

e Ly O O 1Y e MLt
¥

- v - - . R
Vi NERTTRE RS [ CER RN RN
" ]




=267 - (-3,71)
-2,87 - (-2.70)

= ¢ 0,3,
'Aloo, Y= nux + 0
o o ~2,7T1 = 0.3 ( -2,70)40

or c = -1,90,

. .10‘ kl = -1.90
» 5-10.
wence k, = ,0136,
80 that-we.havc:
| - 0.3

- 0.0126‘

- ﬁ? = 0.0208.

o L

- %-, = 0,25

Proceeding in the sume way the lihou (6) and (6) are
plotted in Fig., 11, and Pig, 12, respectively, From

these we get:

n = --0.90
k2 = 0,0000773
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= 0,00444

= 0,35,

= -0. 20
= 0,0019

= 0,00444,

= 0. 0208

Having known the values of all the constunts, we can find

the value of K Zfrom equations (4), (5) and (6) separately:

Thaus,

= 0,0136
(0.0208) 0+ 205 (o, 25)~0+ 20
» 288 x 10-6 ’ cose (7)
0,0000773
K= 2
(.ooua.)":5 x (n.ms)"”:i
w 298 x 10“6 XXXX] (8)
0.0019
x - -=_ ety
(.00444)0'3 x (.oaos)"°'°
= 293 Xx 10"6 s (9)



Moun volue of K = ~258.2398 ¢ 292 , 10™9 ’
‘ 3 ‘

$78 L 156
= 292.6 x 108 ,

-6
= 203 x 10 ) o0 (10)

Putting these values of m, n, p & X in eqn,(3) we get:

R ' ¢

_6 P —-yle -ily
G2) =298 x10 x<-§>°-3x(g:>°9x<€§>“
0.3 C +0,9 0. +0,2 1

-6 P u * L *
R, = 203xl0 x &) x(4) *(gt) xa
. "6 Y - u 'Y

orR, =203x10°x (£)%3x¢%7 x¢,%% xa?

eee (11)
Equation (11) is an equation expressing an approximate relat.
fonship of surfuce roughness with different parameters,
JECK $

The empirical relation suggested above (eqn, 11) must holad
good for any observation, Selecting at random observations

No: 16, 88, & 131, for instance, we get:

For No,16

0.3
@ - (g*?
u 0,342



(cu)091 = (3)067

L 2516

(OL)Ooa - (12)0.3

»m 1.6‘5.
0.1 o
) « (.0625)%°1

Substituting in egn, (11),

R, = 203x10"%x0,242x2,16x1.645x0,758,

= 133 x 1078

But observed value of roughness is

= 172x10-%,
..‘. Error = (192.-172)::10“6
= 30 x 1075,
: 20
4 srror - g5 X 100
-» 11.6
= 13%.
For No,85:
F .

60



(cu)0.7 - (3)0.7
= 3,16

" 1.55

. (d)OOI = (.09‘.)001
= 0,78
Substituting in egn. (11) ;

R = 303 x10~% x 0,216 x 2,16 x 1,68 x 0.78

. .
= 164 x 10°%,

Observed R, = 168 x 107°,
€ Error = 4 x 100
' 168
- 2"*

(111) Por No,131:

@ - (g ?

L4 C'
(€)% = (3)°
= 3,16,
(6)%? = (6)%
= 1.‘3.



@%! .

Observed R =

The %error

(0.1285)%1
0.812

203 x 107% 0.3 x 2,16 x 1.43 x a.812,

az2,

# (above 200 /«:’)_

cannot be found,

ONT



5.3~ DISCUSSION OF RESULTS 3

The results of the present study have been

presented in the form of graphs and an empiriocal relation,

Pigures 5 & 6 represent graphtiocally the effect of
outter amplitude on the surface roughness, It would be
observed that the surfuce becomqs roigher with tho tnorease

in amplitude of the cutter.,

| Pigures 7 to 9 graphioally represent the pattérn
of change of sarfuge rougﬁnosa at different ocutting condi-
tions. It would be cbaserved that in the range of outting

conditions employed, surface roughnass,

(1) inernases with the inorease in foed and depth
of out, |

(it) dooreases with the inoreuse in outting speod,

It would further be observed that almost the same pattern

of change is naintained for &11 the oéndttions employed,

The equation (11) is an empiriocal relatiaship
onhodying'alllihé parameters onnaiderud; Althuugh the
equation is far from precise in the atriot sense of a
muthematical exproseion, yet the nbaunptious nade {n the
experiment in addition to personul errors of observation

etoc,, may warrant the laék of exaotness in {t,

‘Again, surface finish becomes poorer as the distanoce

of the oatter and oclamp from the spindle nose incoreoases,
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5.3- CONCLUSIONS;

The conclusions reached by this experimental study

are bused on the results of the experiment, These obnoluaions

and the suggested relutionship may or may not apply to

other materials or other outting oconditions, The results

that the present study hus yielded may be summari sed below:

(1)

(11)

(111)

(1v)

(v)

Under normal operating oconditions, the roughneass
of a milled surface is reduced as ths cutting speed
is inoreased; and for a given outting speed, the

surface becomes rougher as the feed rate is increased,

For 4 given ocutting speed and feed rate, mirface

finish becomes poorer us the depth of out ia inoreased,

For a better finish the cutter and glamp should he

as near the spindle nose as posesible,

Good surtabe'zinish ond high produetion rate go
111-together, depending as both do on the feed rate
& dopth of out,

For good surfuce finish the vibrations of the arhor
sasembly should be minimum, This demands more rigidity,

smoother cutting operation, and small etting foraes,

5.4- SCOPE FOR FURTHER RESEARCH:

The present study was performed on mild steel which

was the only readily avatlable material, The study ocan be

made on other materials and effect of other paramsters oun
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4180 be studied, To analyse the effect of vibrations on
surfuce finish, 1t s desirable that both the vibrations
and the surface profiles bo recorded with the help of

recording devices,
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TABLE-X

ADCOCK AND SHIPLEY (ENGLAND)
UNIVERSAL MILLING MACHINE MODEL 2AGU

SPECIFICATIONS
(1) TapLe
Working surface, overall, eon 40"x10%
Longitudinal traverse, hand, eae B3,
Longitudinal traverse,automatic, cee 23°
Transverse traverse, hand, ces 8"
- Vertiocal traverse, hand, sse 14"

(2) TWIN OVERARMS,

Diametoer of each, ' see 3%,
(3) SPINDLE SPEEDS,

Number of changes, ese 12

'A' range R,P.M, o ves 30 to 600

'B' range R,P.M, eees 80 to 1200,
(4) ARBOR

Diumeter ees 17,

Nose to arbor support, eee 17"

Nose to arm brace, see 21% "

(5) FCEDS (Longitudinal only)

Number of changes, eee 9
L4
Range, inches per minute, cee %' to 10"
(6) Horse power required, see 34

(7) Speed of motor, ese 1430 R,P.M,



TABLE-11

MILLING CUTTER DATA,

Diéuetor of ocutter
Nunfur of teeth,
Width of outter,
Dianmeter of arbor,

Material of outter,

Included or 1lip angle.
Rudi al ruke angle,
Relief angle,

se e s 1188
(Batu),

eess 80°-15°
vees 52-80"
cees 4%-18°,



TABLE_I171

THE TYPE 1-117 VIBRATION METER (CEC)
SPECIF ICATYONS,

1. POUER:
30 watts, 105 to 126 volts (116 V noninal)
60/60/400 oyoles, Moxinum voltago change
within opectfications will oaﬁne less then 290

in omplifior goin,

3, AMPLIFIER:

(o) Input Impedance, oo e 10,000 ohno,

Changoahle to
80,000 .ohns,

(b) Linearity Deviation, ceve Less than 3¢
' : of full geale
at all specified
frequenoie s,
(c) Temporature:
Metor operable from - 10% to & 60%,
vithstunds temporature from - 0% to +50°%,

Indicution changos loss than -~ 0,29, per
%8 in operable reonge.

S. SENSITIVITY AND F%EngNCY RESPONSE 3
() Volocity Measureaonts:
Normal oensitivity Range (Vx1,0).
Froquonocy rogponse within ¢ 3% from 8 to 5000 opo,
High senoitivity Range (Vx0,1)

Frequoncy rosponse within ¢3% from § to B0OO opso.
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(v) Displucenent Meupurenents:

Normul Sensitivity Range (Ex1,0)
High Senoitivity Renge (Dx0,.1)

Froquency response within 4+ 4% from 5 to 5000 ops
in both the ranges, -

4., GENERAL DESCRIPTION:

Four individual 1npnt channels, Channel secleotor
dial providod,

Metor diroct roading in overage velocity or
pguk to peak dioplucenent, |

Outputs for recording oscillograph, oathode ray

» oscilloscope qnd extomaeal neter,

Compatible self-generating transducers are the
only accessories roqguired,

Individaal sonsitivity adjustnent for each channel,

Adjustable internal calibration voltare,

5. PHYSICAL CUHARACTERISTICS:

Height 8} inchos, width 103 inches,
depth 9% inches; weight 23.5 poundso-

with threo accescory fitters,
6., COMPATIBLE TRANSDUCERS,

CEC transducers 4-103a, 4-103, ¢-106V, ¢-106H, 4-118 and
4-103 are conmpatible for uso with the 1-117, M splacenents
£ron 0,008 to 15,0 dogrees posk to peall may bo nado

diroct reading when‘CEc transducors are uocd, With theno

tranoducers, velocities from 0.5 o 1600 inches per second
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or fronp 5,0 to 18,000 degrecs peor socond may be made

- direct-reading on the meter, \

The 1-117 vibrution moter may be adjusted to read
direetly in the presoribed units (mils, inches per second
ete), then used with any self-generating transdnoer whose

gonsitivity 1s 50 to 150 MV/inoh/second,
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TABLE TV

SURPACE ME.SURING INSTRUMENT MODEL 3
'TALYSURF' (TAYLOR-TAYLOR HOBSON, ENGLAND)

. DESCRIPTIGN

Modol 3 Tulysurf ecomprises following porto:

'(x) Stund (oounsisting of buse, column und Veo block)
(11)Gearbox (tho driving unit), -
(144 )Stondard Piok-up,

(Av) Roughnoss otandurd,

(v) aoplifier,

(vi) Rootilinoar graph recorder,
(vii) Triple aut-off avorago noter,

-
x

(vi12) Coumplete pet of intor-connooffng 1eads, double und

1,

wronch, plastic cover.
8TAND: The stand hos & work table in tho form of o T-slotted
osurfagc on wbhich o voo blogk, or such other mounting "ovioco |
ag tho ugor may provide, can be eolanmpod,
GEAR BOY: The Geur Box providoo throo notorised specds of
travoroe for tho pick-up giving reopectively 20x and 100x
horigontul nognification and a npeed cuituble for the averagé
roading. Tho Dcor Box travorses the piok-up aerone tho work,

It ocontaing internally a oarriapgo Unto viich the piok-up

10 plugpod, the carriuge boing sucponded on liganent-hinged
linko for apyroximatoly otraipght line ootion, Naring tho
truvoroco the curriage operaton owitoh contoaote which control

tho aAverago Metor,
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To reduce wour, shoes or gkidg are nade of tunpaton

carbido,

3, PECK-UUP: Tho otandard plok-up 1s provided with

int erchangoablo nosopieces ocarrying either a roundoqd

okid or flot choo or the datun attuchment for gonerating
tho datun, the ohoice depending on the naturo of specimen,
The disnond stylus hus a tip dimensiong of ,0001 in

(,0026 m ) and bears on tho specinen with a force of about
0.1 gran (100 miligrans),

Tho stom of tho vhole piok-up body pldhs into the
pooket in the Gour Box Carriasge, At its forward end, the
body carrios 4 nose plece having a slider which rests on

the surface to be neasured and slides ovor the creste.'

The rear ond of the stylus arn aotuates a voriable
inductance by meuns of whioh the movements of stylus ore
converted into corresponding chungeo in an olectriec current,
Aftor aoplification thase changes oarc etther rocordeqd to

provide the profile greph, or averaged to pgivo the ClLA

Index Nuwmber,

4, AMPLIFIER: The enplifier 1is designed to feed an average’
netor or recordor or both, thooo unito conneoting independ-
ently into separute sookoto at tio baok of the anpliftoer,
The fine adjustwont knob enables tho slight mdjugtmenta.

pen or pointer without changing the height of the pgear bo
© A
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To reduce weuar, shoes or okids ure nado of tungaton

carbido,

3, PICK-UP:t The standard piok-up 1s providod with
interchungeablo noscpleces carrying either a rounded

okid or flat choe or the datun attachment for generating
tho datun, the choice depending on the nature of gpécimen.
The diomond stylus has a tip dimensiona of 0001 in

(,00256 m ) and bears on the specinen with a forcoe of about

0.1 gran (100 miligrans).

The stem of tho vhole piok-up body pléhs into the
pooket in the Geur Box Carriacge, At its forward end, the
body carries a nose plece having a slider thich rests on

the surfuce to be nedcured and glides ovor the oresta.'

The roar ond of the stylus arm aotuates a variable
induotance by mocans of whioh the movements of stylus are
converted into corresponding ochangeno in an electric ourrent,
After amplification these changes are either recorded to
provide the profile graph, or averaged to give the CLA

Indox Number,

4, AMPLIFIER: The enplifier 1is deaigned to feed an average’
mete} or recorder or both, these unito connecting indepcnd-
ently into separute sockots ot the back of the anplifier,
The fine adjustwont knob onables the slight adjustnonto

pen or pointer without changing the height of the goar box,
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Six aifferent magnifications can be selected hy
the magnification switch, The setting of the magnification

swit ch also determines the scule on which the C.L.A. values

are read on the average meter,

5. TRIPLE CUT-OFF AVERAGE METER ;

The Triple Cutuotf'ﬁverage Meter provides for a

wide range of surfuce and gives a choice of three cut-offt
values with three assocliated lengths of travel, The cut-off
values (0,01 in,, 0,03 in and 0,10 ;n) are standard in the
British B.S. 1134-1950 and the American B-46-1958 specifio-
ations, The longest cut-off will serve for measuiring the tex-
ture of - rougher grades and surfaces afflicted with chatter
marks, The shortest cut-off is needed for measuring finishes

on very short parts such as piston rings.

The Average meter is connected to amplifier through
a 18-way lead, The dial on the meter shows the C,L.,A, values
of the réughness 1n.microns. In Talysurf instruments, the
pointer fluctuutions (so common in ordinary ourrent'meésuring
instruments) are avoided by using an integrating meter which
is connected to the output from the amplifier for a pre-
det ermin ed time of operation controlled by contacts in the
Gear Box, The meter sums the fluctuations of ocurrent which
the instrument receives as the stylus traverses the work and

shows the average value directly on the scale,
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