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CHAPTOU  

I! 

INTRODUCTION 



II TRoWCTION 

In eodern manufacturing, machine tool vibrations 

have assumed considerable significance and still more 

emphasis has been placed on th•n during recent years. It is 
so because Sony people have recognised that accuracy, tool 

life, production costs and above all the surface finish 

are amply tatiaanrod by the vibrations to machine tools. 

Machine tools have always vibrated and will continue 

to do so, We strive to control these vibrations and keep 

them at or below tolerable level. This was simpler in the 

past than it is today because the older machine tools had 

fewer auxiliary mechanisms, lower speed and food ranges, 

and were comparatively less complex in construotien, Today 

an arsenal of sophisticated instruments to available for the 

investigation of machine tool vibrations, However, In the 

final analysis the finished surface itself will refle©t the 

dynamic behaviour of the machine tool. 

Although vibrations In machine tools play an import-

ant role, yet survey of the literature reveals that very 

little azpsriwrntol or theoretical work has been published 

on the subject up to the beginning of the last deoa4e, first 

In Japan and then in other countries some work was done and 

only lathes and lathe tools were investigated. The pioneers 

in this field were Shisuo Dot in Japan (1931, 1937, 1940) 
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The modern mil ,.ing machine oats metals in funds_ 

mentally the same way as it has been done since man first 

started to use machinery to fashion more of his needs in metals. 

in a horizontal milling machine, the milling cutter is mounted, 

on the arbor which Is supported in bearings both at the drive,  

end and the clamp end. The action of a milling cutter, during 

milling operation, to analogous to the hammering action-enoh 

tooth striking individual blows on the work piece. Consequently 

the arbor and hence the cutter vibrates. To increase the 

stiffness of the arbor It is clamped to over-hanging arms, the 

whole assembly being called as 'arbor usxemhly'. Prom the vibr-

ational point of view the 'arbor assembly' forms a htghiy 

complicated system to be dealt with by analytical methods. The 

problem is further complicated by the nature of outting forces 

whiob to rather difficult to predict in dynamic operation,. 

Since the position of the cutter and clump can be varied at 

will along the length of the arbor, we got a different system 

kAt: every now setting. This adds more to the. intricacy of the 

problem if studied analytically. 'these considerations necess-

itate the experimental approach to the study of the problem. 

No machine tool to free from vibrations. More causes 

for vibrations occur in milling machines than in any other 

machine tool). These vibrations way be forded or self-excited. 

Both forced and sustained vibrations are known to be prejudicial 

to aoou racy, output and surface finish of the work piece; but 

in milling the forced vibrations are of primary importance.(;) 
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The present study has, therefore, been limited to the 

study of the effect of forced vibrations of the arbor 

assembly. Self-excited vibrations are not considered In 

this investigation. 

In milling operations, the fluctuation of the 

cutting foroes with interrupted chip formation caused by 

successive engagements of cutter teeth, which forms obipe 

of varying cross-sections, to the most important source 

of forced vibrations. These exciting forces are usually 

considerably higher than the disturbing forces caused by 

unbalanced masses, incorrect tooth pitch of the gear, elec-

tric motors etc. (8) These variable forces occur not only 
on the peripheral direction of the milling gutters but also 

in the radial direction, so that vibrations are produned in 

vertical relationship with the milled surface which may 

have a damaging affect on the surf ace quality. Moreover, the 

angular velocity of the milting spindle to subjected to cyclic 

deviations due to repeated entrance and exit of cutter teeth 

with respect to work. This causes torsional vibrations which 

may also contribute to the roughness of the milled surface. 

The present analysis, however, confines itself to considering 

the notion of the tool with respect to the workpleoe in a 
direction normal to the out surface. This is because only motion 

in this direction has a direct effect on the surface finish 

and dimensional aocu raoy~9 ). 
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apart from vibrational aspects, there is, a large 

number of variables which also influence the surface cu al ity 

of a milled surface, for instance, speed of the milling cutter 

feed rate of the workpieoe, depth of out, hardness of the 

material being milled, type of the milling cutter employed—

its material and tooth angles, method of milling adopted, 

sharpness of the cutting edge, cutting fluid used sto„ However, 

duo to the limitations of both time and facilities available 

an attempt tae been made to investigate the effect of only a 

few important parameters, These inciu de speed, feed, depth of 

out, cutter and clamp positions. With the help of dimensional 

analysis, an empirical relationship correlating different 

cutting conditions and surface roughness has been suggested, 

Zia the present-day competitive industrial world, 

there is well-nigh a ' craze ' for greater output. We may 

augment the production rate by employing heavier feed rates 

and deeper depths of out as permitted by the available capacity 

of the machine, but this Is not always feasible especially when 

we have to satisfy certain surface finish requirements also,, 

The empirical relation suggested, It Is hoped, could be of some 

help in planning the milling operations where approximate range 

of the surface quality desired is known. 
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SuRPACE QUALITY 

2.1.  DEFIN I`PION$: 

in any machining 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 to the naked eye if 

the surface is quite rough. 

Surfaces in general are very complex and result 

from several kinds of variations. The principal elements 

of surfaces have been defined by the American Standard 

Association tion in ASA-B-46; 1-1947, as follows:- 

SCIRFACE 

The surface of an object is the boundary which 

separates that object from another substance. 

ROUGHNESS:  

Relatively finely spaced surface irregularities 

on surfaces produced by machining and abrasive operations, 

the irregularities produced by the cutting action of tool 

edges and abrasive grains and by the feed of the machine 

tool are roughness. Roughness may be considered as being 

superposed on a wavy surface. • 
WAVINESS: 

The surface Irregularities which are of greater 

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

F 

Yrregularitie s which odour at one place •r at 
relatively infrequent intervals in the surface e.g, soratoh, 
ridge or a bole. 

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

2.2- DE NAT 	VSURFACE UAL,Tfl.  

Surface speoifionti one, like tolerances, should 
convey a specific idea from the designer to the tool engina r. 
Roughness, Lay and waviness may be designated on drawings 
by the use of the following standard symbols. 

.002 	waviness height finches) 
max. roughness(u")-63 	.-roughne~ss~ wtdtt~(inohes' ~ 
Min.roughness (u")..32 	 lay 

~--- surface,. 

2.3. FUNCTIONAL IMPORTANCE Of 
SU1d CE JAL TTY. 

Certain qualities in the sirfaoe layer are important 
for various classes of services for instance, the conditions 
imposed on the races of a bill Cdr roller bearing where heavy 
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loads must be carried by very emull areas, while under 

the action of rolling friction, demand that the surfaces 

must possess a high degree of homogeneity, elasticity 

and hardness. 

The finish and texture of fitting and mating 

surfaces have an important effect on the bearing friction, 

rate of wear, initial tolerances, retention of lubrication, 

stick--slip phenomenon • etc, 

The reliability of a press or force fit and its 

approach to theoretical conditions Is largely dependent 

on surface quality and finish. Even for wrfaces which do 

not fit or arirve as bearings, smoothness is of ten teportant 

since in highly stressed parts, fatigue creaks originate 

from the surface blemjehes, The influence of su rfooe rough-

ness on the mechanical properties of solids can be parti-

cularly shown by the study of fatigue strength. It is kno*i 

that a fine surface miorogeornetry Improves fatigue strength. 

This has boon proved experimentally by Ouzand and Pox*ey(g  ) 

who have made the following conclusions: 

(i) 	Fatigue strength usually decreases when surf ace 

roughness increases. A number of little juxtaposed 

scratches of the same size, however, mutually 

relieve© their stresses 

(iii) 	Corrosion resistance is also improved by improvesent 

in surface quality, 

Another oharaoteristio sensitive to a micron is the 



state of flow along a wail. This phenomenon to equally 

important in aerodynamics and hydrodynamics, where it 

follows the saints laws. Increasing roughness causes 

increasing flow instability. The passage from laminar to 

turbulent flow is accompanied by increase of the energy 

lost by friction, and of beat convection flow through 

the boundary layer. This moans that better control of 

,surface finish can result in such benefits as decrease of 

the friction Zeros (aerodynamic drag) or increase of 

beat transfer (fluid flow exchanges),. 

2.4. A.WGiNSSS E'AAW ' 1QN- SYSTEM: 

For assessment of surfaoe roughness of cross- 

section profiles and for the numerical evaluation of the 

gr4phs, it is essential to establish some international 

standard for the definition of roughness and its measurement. 

lower©r, an international agreement on the gauge and the unit 

of surface roughness hint not yet reached. Consequently many 

differences have arisen in different standards which e+e be 

classified into two main groups viz., 

(i) Standards choosing a Mean Line as referenoo line 

for the numerical evaluation-the P.!-System, e.g. 

American and British Standards. 

(ii) Standards choosing sn Envelope-the g-system, e.g. 

N 	German and Swiss Standards. 
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2.41. THE M-SYSTE1 . 

The M(Mean line) system consists of the mean line 

L. and two Lm  - parallel upper and lower reference lines 

Lo  and Ln  within sampling length, f (Fig.l). The mean 

line i m  is a line having the form of the geometrical 

profile of the specimen within the limits of the sampling 

length (meter cutoff), and is so positioned that within the 

sampling length the sun of squares of the deviations (equally 

spaced ordinates) of the profile froin'the mean line is minimum. 

This line is unique in position and direction but its gra-

phical determination is somewhat difficult. 

The mean line is found automatically by electrical 

integrating instruments. The electrical integrating instruments 

refer to the mean line of the alternating ourrent flowing 

through them and which represents the profile. This mean line 

is also called 'centre line' when the areas embraced by the 

profile above and below the line are equal,,. 

The reference lines Lo  and t 	are in most stand- 

ards touching the highest peak and the lowest valley within 

the sampling length f. 
Various standards are based on different measures , as 

discussed below:- 

(i)  Deptb Me.,._ .cures. 
The peak to valley value, R. is the distance between 

the upper and lower reference lines i'o and Lnt This value 

is a measure of the total depth of the surface irregularities 

within the sampling length and therefore the most direct of 
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all surface roughness values. 

(ii)  C. L's t. Moasirej. 
The oeatre line average value, Ra, i s the arith- 

metical average value of the departure of the whole of 

the profile, both above and below the mean line (taking 

all ordinates as positive) throughout the sample length f, 
in a plane substantially normal to the surface, The baste, 

formula is given in the figure. 

Both the British Standard No.1134; 1950 and the 

American Standard S. 46-1955 are based on this weuenre, 

the quantity being called the oentre-line-average (CIA) 

value in the British Standard and the arithmetic average 

(a,a.) value in the American Standard. 

The root-mean-square value, R. ,S. , is the g eosetr-

coal average value of the departure of the whole profile 

both above and below Its mean line. The mathematical 

expression is 

yl  + 	+ 	+ ...... 
.1_I 	 a 

The RMS value was formerly used in the V.S.A. standard 

(SA B-46) but has in 1955 been replaced by the Re  value, 

2.42. *E S SXSTEms. 

During the last few years another system, the 

S (envelope) system has been developed and i.e at present 
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used as standard in some countries. This system is 

based on a "contacting envelope" instead of the mean 

line and is roughly built up in the following way! 

A certain circle with radius It, which is nor, 

muily 250 mm is rolled across the surface to be tested. 

The centre of the circle will describe a curve and this 

curve is displaced in a direction perpendicular to the 

geometrical profile to a position where it is contacting 

some of the highest peaks in the effective profile. The 

locus of centre for the rolling circle 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. is now rolled across the surface. 

The locus of centre of this circle is also displaced in 

a direction perpendicular to the geometrical profile by 

such a degree that the curve Ii touching some of the highest 

peaks in the effective profile. In this  position the locus 

of centre for the small circle is called the "contacting 

envelope". Now in this basic measuring system it is rather 

easy to distinguish between the different kinds of deviation 

of the effective profile (effective surface) from the 

geometrical profile. 

The area between the geometrical profile and the 

"curve of form" represents the errors of form; the area 

between the *curves of form and the "contacting envelope" 

represents the waves (secondary texture) and the area 



botvroon tho °oontuoting envelope" and the effective 

pro$llo ropronento the roughnooa (primary toa to ro) b 

From grapthto r000rding of the nurfuoo, the "eon tao-- 

tintj envelope&' is muchoualor to determine than to the 

anon line. it nay, tia:revor, be pointed out that at prr000nt 

no instrument hao boon dooianed to caeuoure a000rdtng to 

1 .-Syeton. 

2.5 , UCASU It ENT OF SURFACE QUAI, fl'Y, 

There are many mothode available for meacurtng 

surface oondittono, Sono of them are:-. 

A, OPTICAL MFTHO! 

(1) Profile nior0000pe, 
(11) Comparison otor0000pob 

(111) Optl oul Slat, 
(iv) Photogruphn, 

0, E ECTRlr;At M 'IIOIR s 
wN 	 ~IY • Ste! 

(8) Surface anal yoor , 
(it) curfuoo comparator* 

(t) Fury Film ourf000 comparator,, 

D, M ,'CH N I mo' L METTHODS : 

(1) Profilomoto-r or Tialyourf, 
(11) ROTV (flou&m000 Oporatod Di opluooncmt ) 

Intotrato ro 
(111) Phtlip-o Roughn000 sootor,  



Since the Philips Roughness Teeter Model PRt-915o 

available in the Department of Mechanical Engineering , 

University of Roorkee, Roorkee, was out of order, 

'Talysurf' seas. used for testing the roughness of the 

machined pieces. In passing it may be stated that this 

was the only surface roughness measuring instrument avail_ 

able. near Roorkee, The Instrument in with the Indian 

Institute of Technology, Haus Khan, New Delhi, The details 

of this Inatrumm t are given In Chapter ITT, 

18 
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EKPF1IMRTAL SET-UP AND pROCEI.1N1LC 

3.1.  DRSCRTPTXDN  OF SET-UP: 

Photogr"ph No,1 shown the details of the sot-up 

for the experimentation. The Univeroul Milling M ohino Model 

3AGU (Adcook and Shipley) was oelected for the axpar.taent 

because of ito grouter horse-power rated capacity and it a 

auto tatic food t eohani©m. A high speed ot«*e1 milltj cutter 

with straight teeth was used because it was a suitable Butter 

available. The workpieoes wore prepared from Hill steel 

R.f.N.148, Fig. 2. shoes the details of a specimen test 

pi,eee.ln order tea utilize the full grip of the vise, the 

6 0  long test pieces were prepared and the width wan kept 

an half inch no as to allow overhang for the delicate corners 

of the milting cutter tooth. 

The various instrument used in the experirepnt are 

dotaildd below:- 

3 • 11. V 11HH f 10N PICKUP 

With the progress in electronics and development 

of now elootronto equipment, Doaour000nt and analysts of 

vibrations liuvo become very convenient. Most of the piek-

upo used today are generally bused on electronic principles. 

HHowover, out of the pick-ups available in the Tnstrunontat-

ton laboratory of the i'ieohunioul Engineering Doparteont, 

tho CEC'o vibration transducer was found suitable to piotr.- 

up the 4fibrationo, This transducer to of 4-1O2A type, linear 
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I.. tai i3. ing ti ob1no . 2. Arbor. 
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velocity, omnidirectional rii th a 10-inch integral cable 

t ormiziati ng in a cannon CK 3 — 12 connector. 

3,12. VIIION MFTCRa 

The Type 1— 117 vibration oe±ter (CEC) used to 

these tests In a compact and accurate indicating-type 

inotrunent which provides a convenient oeono for measuring 

the average velocity (inches per second) and the poak-to-

poak dinplaoe.ient (rile) of mechanical vibrations then 

it in employed with self-generating linear or tornional 

pick-ups. The aye too (pick-up with vibration motor) racy 

be used for vibration otudioo of machine tools, presses, 

elevators and buildings ___ any place where vibration cry 

occur and should be studied if failure Is to be avoided. 

Fla. 3 shows the suggested circuit for tine of CEC Vibration 

motor. 

3.13. SURF CE H SUING i'NSTRU1iM'Ts  

Model 3 'iulycurf' (Photo.2) Tao used for measuring 

the roughness of curl aeon of the test pi eoeo milled at 

difforont cutting conditions. 

The ''Palysurf' instrument oaken taco of a oharpty 

pointed stylus to trace the profile of the surface trrog-

ulurities. A flat shoo or rounded skid is generally used to 

provide a datum. The pink-up unit carrying the ntytuo and 

tho slat shoe or skid or datum -attachuent in travorood across 
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the surft►os by means of a motorised driving unit (the 

Gersr Box). By means of an eleotro-aagnotto transducer 

actuated by the stylus, its up and down movements relative 

to the shoe are converted into oorrespondtng ehanttee in an 

electric current. These changes are amplified by means 

of a valve amplifier and are then used to control: 

(I) A Graph Recorder 

(Not shown in the photograph). 

(ii) An Average Meter, which shows the centre line 

average (C.L.A.) index of all irregularities 

coming within a prescribed length of surfnoe. 

Detailed specifications and description of all the 

equipment and instruments used in this experimentation are 

given in Append i x -•- A. 

3.2.  T 3' PROOEDCIRE t 

Before starting the experiment it was ensured that 

the milling machine was in good working condition by oheob- 

ing its feed and speed ranges. lubrication and belt drive. 

The milling cutter and clamp were mounted On the arbor 

at a specified distance from the spindle nose, the pink-up 

assembly (Fig.4) being mounted just close to the cutter 

position. The vibration pick-up was kept in vertical posits on 

by two steel rings having exact sliding fit with the body of 

the pick-up. These rings were screwed to one and of a clasp 

bar, the other end of which was fastened by screws to 
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horizontal bar supported by two brick columns on either 
side of the machine. The piok.-up was connected to the 
vibration ureter with the help of leads provided with 
the instruments, The workpieoe was securely held in 
the visa and its mirface to be milled was made parsl lel 
to the table of the machine. The workpieoe was brought 

exactly under the milling cutter. The machine was run at 
a predetermined speed, teed and depth of out. Siauitan~. 
.eously the meter was ©loo put on to indicate the amplitude 
of vibrations during the operations. 

The above procedure was repeated for a number of 
workpteoes by changing the cutting conditions for every 
observation, After milling, the quality of surface finish 
obtained on the workpieoe was tested with the help of 
Talysurf surface measuring instrument as detailed above in 
paru 3.13. The Talysurt gave centre line average (C,L,A) 
values of ma rtaoe rougbnese in microns. Table x (Chapter TV) 
Is a detailed • record of all the observations and calculations 
made in the test. 

In order that no disturbance due to the running of 
other auohine tools may cone in, the tests were carried out at 
the time when no other machine nearby was working. only 
conventional method of milling i.e. up-milling was employed 
for all the tests, In order to increase tool life cutting fluid 
was used. 

It may be stated here that after the milling operat-
ion every test piece was cleaned, greased and properly 



wrapped in packing piny er . The pi eoes were carefully 

packed in a wooden box. The packed pieces were carried 

to Indian Institute of Technology &  New rielhi for tertfng 

the roughness of the surface. 
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QBSrRV"TIMNS AND R S[)'[ S 

4.1. SELCCTrON OF PAR *TERS:. 

To plan in 4dvtnoo the efficient ooploymont of 

o1Y11aa facilities it to n0000eary to have tho follor~Ona 

inforrition available: 

antortal of the workpi.ece and ito slop; 

capacity of the eaohtn e; 

speed and food rancor; 
diameter of the cutter used; 

production rato otoo 

In our problem the material, of the toot pieces 

nao mild stool B,fl,N.148. rho most denorully reoor. 3endod 
vuluea of speed and food for milling this material are: 

surface opoed, V : 60--120 foot per rain, 

food per tooth, F.: upto 0,02 inohoa, 

Auso, diac3tor of the cutter unod in = 6 tnaheo, 

find rated home poor of the a- chine to a 3 fl. P. 

all the oalo ilationo aaro made rrith the help of 

chip voluno, speed mad feed oulo tutor (Koarnoy an I Treohor 

.311nuukoo), tiociovor, the oerioo of otopo that are involved 

are givou bolos: 

(1) 3oloot Cutting. 	cad; 

Die cutting opood of a milling cutter to the 

porilphorul linear opood res:AltinC from rotation. Yt in 
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product of cutter circumference and number of revolutions 
per minute, usually expressed in feet per minute (f.p.m)or 
eurtuoo feet per minute (e.f.p.m). 

V,o 
xa 

where, 
V = cutting speed f.p.m or a,f..p.m. 

7 : 3.1416. 
D a diameter of cutter, inches. 
N - revolutions per minute of cutter (r.p.m.) 

wh©noo=  
Na .. V 

Dx 
V 

O.2ó- r.p.m. 

(11) Determin a the feed rote 

The rote at which the workpieoe advances past the 
cutter to the feed rite, measured in Inches per minut e(i .p.m). 

F - P.  n. N. 

where, 
Ft  a feed per tooth, inches, 
n . number of cutter toeth. 

N a revolutions per minute of putter., 

(iii) Determine the metal removal rate s 

The metal removal rate for all types of milling is 

092 



the voluoo of metal removed in a unit of time, ouotooari ly 

.oxproosed in cubic inches per minute (aio). 

. 

. . aim awxdxP 

where, 	l a width of out, inches. 

d a depth of out, inchen. 

F 	food rate, inches per minute 

(iv) Detormi the power re, irod t 

Milling iachinos like other machine tools absorb 

part of the power exerted on them. This in due to the trio-

tional losses, gear-train inefficiencies, mechanical cond-

ition etc. Consequently the horcopower required in a milling 

operation is composed of the power needed for actual cutting 

or 'metal removal and the power needed to overcome friction 

in the spindle and feed mechanisms and other losses. For 

beat performanoo..th-eoo power requirements should not 

exceed the rated horse power of the driving motor. 

The horsepower required at t',• auttor I e given by 

III FQ a aim n 

where, 	 a horoopohor ©t the cutter when the rate 
of natal removal in one aim, 

Thorofore, the horsepower required for a out may be exprenuod 

as 

1101'0 is W 	d x P x~ o 

V 7i l` X Pt X n X N X~ e 

a Rated UP. : ~e 



ihero, H.PQ = horoopouer avatlable at the cutter. 

It = overall efficiency of the oiling 
machine.  

The value ofp~v«iri os pith kind of material and type of 
milting. 

Anoth©r netbod of oulou l ruing horsepower required 

for milling is by use of 'K' factor, 

M+ F. C`POR 

Ratios of metal removal rate per horsepower (0th 

per h.p, at the cutter) have been eotabliAhed for various 
on alas 

K 	a t m 
ff. 
U. 

7udxF' rs-p~ 

or 	i3. Pa 	b 	x4 xP 

Thus total horae,powor required at the cutter equals amount 

of material removed per minute divided by K. 

The K-factor, liked, varies with type and hardness 

of material; also for the sung material it varies rdth the 

teed per tooth increasing Lia the chip thickness increases. 

Time consuming trials are required to determine the quantities 

Involved because in each case the K'-factor represents a part-

icular rate of metal removal and not a general or -average 

rate. 
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to tko available a quick approximation of the 

totyl power requirements, a milling machine selector 

table has been devised 'Table 27_9° (21) Which estimates 

the mot.+l re owed In cubic inohon per minute for van i ous 

rated horoopo- 7oro of the machines. Corresponding to the 

3 horoopowor rated capacity of a milling machine the cx-

ir.un oetal removal rate (cim) for mild steel in 0.78. All 

calculations mode for power requirements are according to 

this figure. 

The computation of all the values oorreoponding 

to different cutting conditions employed wore made with 

the help of volume, speed and feed calculator. These values 

have been tabulated in Table - I given at the end of this 

chapter. 

X4.2. S PECI II~t CALCU 	S 

tot the cutting speed be = 100 f pm. 

° R.P.l~4. of the cutter a e a 	 0'1) 

100 
t L 16i6 
a 64° 

67 — the nearest r°p°m. 
value available 
on the machine. 

Nov, corresponding to 67 r.p.m. the cutting speed can be 

found. 

Now cutting speed 	r- 

= 0.26D x N 



c 0.26 x0 i 67 

a 106 f.p.m. 

Also, number of teat!, of cutter a 20 

And if feed rate is 	 5 inohes per minute, 

than, feed per tooth 
	 P 

° 200x Y inches, 

.0037 inches. 

Now, width of out 

And, if depth of out 

then, metal reL1ovctl rate, oi.m 

fl 0.sS inches 

0.094 inches 

= W x d x F 

a 0.5 : 0.094 x 5, 

= 0.236. 

All the values gore calculated like this and tabulated in 

Table —I. It may be observed that the first five speeds 

-available on the miohine viz. 30, 41, 54, 6Y, and 88 r.p.m. 

approximately cover the reoor: ended ranges of speed and 

Z eed., 

Table -T contains all the cnloulctbd ,id observed 

values of the data portaining to this ©caper` ant, 

4.3. DnscRTPTTON  OF GRAPHS: 

In order to study the effect of different purarters 

on the surface roughness of the vorkpieoe, the o served 

data (Table 1) bun been prevented in tho form of graphs no 

d000ribed below: 

Figure 5 is a plot of the amplitude of tho cutter 

W 
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and surfaoe roughness keeping teed per tooth constant, 

The food per tooth has been kept constant because cutting 

speed and feed are directly related to it whereas other 

cutting conditt ms affect the amplitude of the cutter 

only. 

Figure 6 i • a graph showing the influence of 

cutter aepiitude on the surface roughness In general where 

4affoot of teed per tooth is not taken into account for close 

ranges. The scatter of the points is due to the different 

feeds per tooth included, 

Figures 7 to 9 show the effect of speed, feed 

and depth of out on the surface roughness at dif ferent 

settings as indicated in the individual graphs. 
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Table -_1 

Cutter Position a Cn a 3" 
Clasp Position W CL u 12" 

8,No 	SPEED 	I 	L9 $D 	Depth or utter' Surznde 
--~.-- ..~. 	•.-_- 	------- out 	Vi b ra t- roughness 

R.P.N. F.P.M. IN.P.M. IN.PER IN. PER inches ion amp- atom-in 
• MIN. 	TOOTH 	11tode 

N. 	V. 	S 	F 	p'+ 	d 	nil". 	CLA(R.) 

-1,T -3o 47.0 566 2.5 0̀042 .0625 0,90 155 
2, 41 64.5 774 2.5 .0031 .0625 0,75 140 
3, 54 85.0 1020 25 .0023 .0625 625 0.67 130 
4. 67 106.0 1272 2.5 .0019 .0625 0.55 121) 
1. 88 139.0 1668 2.5 .0014 .0625 0,4? 108 

6 .. 30 47.0 564 2.5 .0042 .094 0.78 160 
7.  41 64.5 774 2.5 .0031 .094 0.65 148 
8.  54 85.0 1020 2.5 ,0023 .094 0.00 137 
9.  67 106.0 1272 2.5 .0019 .094 0.46 123 
10.  88 139.0 1668 2.5 .0014 .094 0,35 114 

11, 30 47.4 564 2.5 .0042 .128 (. fi 9 168 
12. 41 64.5 714 2.5 .0031 .125 0151 153 
13, 54 85.0 1020 215 .0023 .125 0.48 141 
14.  67 106.0 1272 2.5 .0019 .125 0, 42 130 
15.  88 139.0 1668 2.5 .0014 .125 0,31 121 

16.  30 47.0 564 5.0 .0084 .0625 1.07 172 
17.  41 64.5 774 5.0 .0062 .0625 0,98 165 
18.  54 85.0 1020 5.0 .0046 .0625 0; 88 156 
19, 67 106.0 1272 5.0 .0037 .0625 0.71 142 
20.  88 139.0 1668 5.0 .0028 .0625 0,64 136 

21.  30 47.0 564 5.0 .0084 .094 0.90 184 
22, 41 64.5 774 5.0 .0062 .094 0.84 174 
23. 54 85.0 1020 5.0 .0046 .094 0.76 165 
24, 6? 106,0 1272 5.0 .0037 .094 0,68 154 
25. 88 139.0 1668 5.0 .0028 .094 0,58 142 



1 2 3 4 5 6 7 8 9 

26,  30 47.0 564 5.0 .0084 .125 0.80 190 
27,  41 64.5 774 5.0 .0062 .125 0.70 176 

28,  54 85.0 1020 5.0 .0046 .125 0,62 166 
29.  67 L04.0 1272 5.0 .0037 .128 0.59 , 156 
30.  88 139.0 1008 5.0 .0026 .125 0.52 161 

31.  30 47.0 564 10.0 .0170 :0625 ' 	1,30 

32.  41 64,5 114 10,0 .0125 .0625 1,13 200 

33.  54 ' 85.0 1020 10.0 .0092 -.0525 0,92 186 
34.  57 106.0 1272 10.0 .0076 .0625 01 84 ITS 

35,  88 139.0 1668 101 0 .0056 .0625 0.70 161 

36,  30 47.0 564 10.0 .0170 .094 1.18 * 

37.  41 '64.5 774 10.0 .0125 .094 1.10 * 

38.  54 '85.0 1020 10.0 .0092 .0.94 0.80 190 
39.  67 106.0 1272 10.0 .0076 .094 0.73 181 

40, 88 139.0 1888 10.0 ,00 .6 ,094 0.65 172 

41. 30 47.0 1564 10,0 ,o11 .1255 1.00 
42, 41 64,5 774 1.0.0 .0125 .125 0.80 
43. 84 85.0 1020 10.0 .0092 .125 0.72 200 
44, 67 106.0 1272 10.0 .0076 .125 0.61 183 
45. 88 139.0 1668 10.0 .0056 .125 0.6? 178 

Cutter Position a 
Clamp Poaiti on a C1  = go 

46.  30 47.0 664 2,5 .0042 .0635 0.77 145 

47.  41 64.5 774 2,5 .0031 .0625 0.63 130 

48.  54 85.0 1020 2.5 .0023 ,0625 0.49 115 

49.  67 106.0 1272 2.5 .0019 .0625 0,45 111 

50.  88 139.0 1668 2.5 .0014 .+)825 0.32 98 

* Su  vu1ue above 200 
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1 3 3 4 5 6 7 8 9 

51.  30 47.0 564 2,5 „0042 .094 0.70 164 
52.  41 64.5 774 2.5 .0031 .094 0.611 136 
53, 54 86.0 1020 2.6 .0023 .094 0.47 128 
54. 67 106.0 1272 2.5 .0019 .094 0.37 117 
55.. 88 139.0 1868. 2.8 .0014 ,094 0.25 105 
56, 30 47.0 564- 2,5 .0042 .125 0.57 160 
57, 41 64.5 774 2.5 ..0031 .126 0.48 150 
58.  54 85.0 1020 2.5 .0023 .125 0.49 138 
59.  67 106.0 1272 2,5 .0019 .125 0.39 125 
60, 88 139.0 1668 2.5 .0014 .125 0,10 108 

61,  30 47.0 564 5.0 .0084 .0628 0.98 168 
62,  41  64.8 714 6.0 .0062 .0625 0.91 159 
08. 54 85.0 1020 5.0 .0046 .0625 0.80 150 
64. 67 106.0 1272 5.0 .0037 .0636 0,65 137 
65, 88 139.0 1668 5.0 .0028 .0625 0,50 125 

66. 30 47.0 564 6.0 .0084 ;094 0.83 178 
67, 41 64.8 774 8.0 .0062 ,094 0.73 185 
68.  64 85.0 1020 5.0 .0046 .094 0.64 154 

69.  67 106.0 1372 5.0 .0037 .094 0.54 142 

70.  88 139.0 1668 5.0 .0028 .094 0,46 131 

71.  30 47.0 264 5.0 .0084 .125 0.75 185 
72.  41 64.5  77 4 5.0 .0062 .125 0.62 170 
73.  54 88.0 1020 5.0 .0046 ,125 0.88 161 
74, 67 106,0 1272 5.0 .0037 .125 0.45 146 

75.  88 139.0 1688 5.0 .0028 .125 (),42 142 

76.  30 47.0 564 10.0 .0170 .0625 1,20 
77.  41 64.5 774 10,0 .0125 .0625 0.95 192 
78.  i4 85.0 1020 10.0 .0092 .0628 0.80 178 

79.  67 106.0 1212 10.0 .0076 .0625 0.72 167 
80.  88 139.0 1668 10.0 .0056 .0625 0,63 156 
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1 2. 3 4 5 6 7 .8 6 

81 30 47.0 584 10 .0170 0.094 1.15 
82 41 6415 774 10 .0125 0.094 0.80 194 
83 54 85.0 1020 10 .0092 0.084 0.68 180 
84 67 106.0 1272 10 .0076 .094 0,63 173 
85 88 139.0 1668 10 .0056 .094 0.58 168 

86 30 47.0 564 10 .0170 .125 0.95  
87 41 64.3 .774 24 .0125 .125 0.72 * 

88 54 85.0 1020 10 „0092 .125 0.66 192 
89 67 106.0 1272 10 .0076 .125 0.52 176 
gt3 88 139,0 1668 10 .0058  ;125 0.48 172 

91• 30 47.0 564 2.5 .0042 .0625 0,68 136 
92 41 64.5 774 2.5 .0031 .0625 0.54 124 
93 54 85.0 . 1020 .2, ! .0023 .0625 0.42 110 
94 67 106.0 1213 .14, 5 .0019 .0625 0.38 106 
95 88 139.0 1668 .8.5 	. ,.0014 .0628 0,22 90 

96 30 - 47.0 864 2.5 „0042. .09 	' 0,84 150 
9? 41 64.5 714 .2.,5 .0031 .094 0.43 129 
98 84 8.0 1020 2.5 .0023 ,094 0.33 116 
99 87 106,0 1272 2,5 .0019 .094 0.38 138 

100 88 139,0 1668 2.5 .0014 ,094 0.17 99 

101 30 ' 47,0 • 564 2..5 .0042 .125 0.52 156 
102 41 64.5 , 774 2.5 	. .0031 .125 0.40 141 
103 54 85.0 1020 2.5- .0023 .125 0.361 130 
104 67 106,0 1272 2.5 .0019 .125 0.33 123 
105 88 139.0 1668 2.5 .0014 .125 0.11 104 

106 30 47.0 564. 5.0 .0084 ,.0625 0,92 162 

107 41 64.5 774 5.0 .0062 .0895 0.86 '156 
108 54 85.0 1020 5.0 .0046 .0625 0.71 144 

109 67 106 0 0 1272 5.0 .0037 .0625 0.56 130 

110 88 139.0 1668 5.0 .0028 .01825 0.44 118 
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1 	33 	
4ii_-  5 	!J-I  7 	g 	g 

111 30 47 564 5 .0084 ,094 0.78 ITS 

112 41 64.5 774 5 .0062 .094 0,86 160 

113 54 85.0 1020 5 .0046 .094 0.58 149 

114 67 10(.0 1272 5 ,0037 1094 0.48 136 

115 88 139.0 1668 5 .0028 .094 0.39 124 

116 30 47.0 564 5 .0084 .125 0.69 180 

117 41 64.5 774 5 .0062 .125 0.56 165 

118 54 85.0 1020 a .0046 .125 0,48 154 

119 61 106.0 IOU 5 .0037 .125 0,36 140 

120 88 139.0 1868 8 ,0028 .125 0.32 131 

121 30 47.0 564 10 .0170 .,0625 1.0 r 

122 41 64.5 774 20 .0125 ,0625 0,88 186 

123 54 85,0 1020 10 .0092 .,0625 0,73 168 

124 67 106.0 1272 10 ,0076 .0625 0.60 158 

125 86 139.0 1668 10 .0056 .0625 0,46 140 

126 30 47,0 564 10 .0170 .094 0.90 +► 

127 41 64.5 774 10 .0125 ,094 0.69. 184 

128 54 85.0 1020 10, .0092 .094 0.60 173 

129 67 106.0 1272 10 .0078 ,094 0,45 160 

130 88 139,0 1668 10 .0056 .094 0.42 150 

131 30 47.0 564 10 .0170 .125 0.82 • 
132 41 64.5 774 10 .0125 .125 0.75 * 
133 54 85,0 1020 10 .0092 ..ir2g (.56 186 
134 67 106,0 1272 10 .0076 . 	~S1 0,43 158 
135 88 139.0 1668 10 .0056 ;12* 0.40 165 
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1 fib 8' 4 !fi 13 7 g .9 

136 40 
Cp 

47.0 
ie #9" 	, 

564 2.5 .0042 .0825 1.29 ► 
137 41 64.5 774 2.5 .0031 .0638 1.18 

138 64 85.0 1020 2.5 .0023 .06315 1.08 •. 
139 67 106.0 1273 2.5 00019 .0625 0.95 189 
140 88 139.0 1668 2,5 .0014 .0625 0.86 168 

Cu _00  

1 41 30 47. 0 564 2.5 .0042 .094 1.25 O il 
142 41 ".5 774 2.5 .0031 .094 1.14 ø 

143 54 85.0 .1020 2.5 .0023 .094 1.00 •, 

144 8? 100.0 1272 2.5 .0639 .094 0.90 197 

145 as 139,0 X+B88 2.5 .0014 1094 0.79 182 



C ER V 

DISCUSSION &CONCLUSIONS 



5.1- iiAl.iLYS1S itND CORN %-kTXON OF DATA: 

From the curves drain in Figs. 7 to 9 it is 

obviouo ttkt the iu rface roughness is related to all 

the parameters taken Into consideration during the 

toots. Matbematteally, n0 say R$ = F (S,F,l9,Co,C)o 

Lot us assume that the relation between variables 

considered is of the form 

o 
Ko = Re a S. F. de Cam. JCL. 

rte ore, 

V-0 a a constant. 

,1n = surface roughness in micro-inches. 
(Ciro value) 

S 	a cutting speed in inches per. minute. 

F = food rate in inches per minute. 

d 	= depth of out in inches. 

Cu = cutter position measured from spin dl e 
nose, inches. 

CL a clump position measured from spindle 
nose, inches. 

0... 	unlmorin constants, 

DimausI on ally, this is equal to: 

= (ti) . () . (i). (4ø, (L) '. t. 

Equating the aumfflai ant s of L & T on both sides, rio got 

4 a p~ ♦ C 4 Y4 0 'b 	'~ 

5,0 
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or 	 1 	- {~ . 	 w.♦• 1 ) 

and 	0 	0~4 9 ♦ 	♦ 	as♦♦ (2) 

Lot TO 	be the dimensionless pares reters, 3  
then: 

°C 	,Y 	0 
7T1 s o a -1 Q a 

7T2 O -1 	+1 	0 0 0 

7f3 f~ 0 	- 0 	1 -1 	0 

J 4 0 O Q a 1-i 

eh once 
R 

7T1 . -- =— , a non-dimensional factor, 

~Z 	g  , a non-dimensional factor. 

7T3 ,r 	- , a non-dimensional factor. 
u 

C 
~4' 	, a non-dimensional factor. 

L 
Let F ( 7 , 7T2 , 7s3 ,7T4 ) 	- K. 

or 	7~ a9 (7)* (7k)n (1T4) . 	.... 	) 

where K,m,n, p are unknown constants, and 7j , i, 71. 
 71 . 

are non-dimensional groups. 

Now, varying the two variables .- one 7'C and any me of the 

other three, keeping the rest constants, we get three 
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equations: 

7~ n 
K1 (7)R 

 ... (4) 

7T, % ( 3)n 	 ... (5 ) 

7T" K3 (74)P 	 ... (8) 

whore 	! 1 . K { d )n ( U )F a a constant. 
u  L 

.n constant. 
L 

K3 a K($ )a ( 
d 
 )n w a constant. 
u 

Now Figs. 10 to 12 are respectively the plots of equation@ 
(t), (is), & (6) steno+ the values of a, n & p and '1, K2 
& K3 can be determined. For sake of illustration let us 
consider equation (4): 

7ra gl( 2)a 

Taking logs;, of both sides, we get : 

log 7ç a log K1 + a 1og 7v . 

or  log a± . log K1 + a log (s) 

C 	 ' 

This is obviously an equation of a straight lins(of,y:ax+o), 
To plot this, we choose log (=) as ordinat • and log() as 
abscissa, including only those values of (;a ) and ( ! ) for 

Q 
which 	and ~- are constants e.g. we can consider first 

a 	U 



five observations from Treble--1. 

Yr log •du 	 Xi logg. 

1. log s0°4- aQ w L190-L796 log 	. 0.398 - 2.751 

.-2.60 - 

a. iog .4622 a 1.158-L796 log 	a 0.398-2.889 

a -2.64 • -2.49 

3. log « tf6 130  " L114-L796 log — . 0,398-3.009 
1020 

a -2.68 	 : -2.61. 

#, log,3 062 - 	.O79 x.796 iog1 2 " 0.398-3.105 
- -2..72 	r •.2.70 

5, log  0°0 	- 4.033-2.796 log 2  6 a 0.398-3.22 
.0625 

a -2.76 	 a -2,82. 

These points constitute the line drawn in Pig.lo. 

Now we have to find the value a of a -- the slope of this 

line, and of log kl  .. the interoept made by the line on 
y _ aad s. 

To this end, take any two points on the line say, 
Pi  (_2.57, ..2.67) &I  (-2.70,  _2.71 )•, 

then: 

2i  .. x2 
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2.1I2, 7 

t 

CO  

.. 	
I_o [hi 	 • 	

(_ -..1.;;iT.:/ 
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- (-2.71j 
-2.57 - (4.70) 

0 04 
- 0.13 

Also, y . rx + a 

.. -2.71 u 0.3 ( -2.?O)+o 

or 0 w -1.90. 

. .log k1 R --1.90 

+it once '1~1 a .0126.., 

so that we hays: 

s « 0.3 	# 

- 0.0128. 

Q « 0 = « 0.0208. 
tt 

- '3 -0.25 
OL 

Proceeding in the sae wy the lines (5) and (6) are 
plotted in •Fig« 11. and Fig. 12. respectively. From 
these we got: 

a • -0.90 

k3 • 0.0000773 
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S : 0.00444 

C 
is 0.25. 

ran d 

p  a -0.20 

Icy 	- 0.0019 

a 0.00444. 

f 0.0205 
U 

vtu5 known the values of all the Qon stunts, we can find 

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

Thus, 

(0.02081 0 9Oar(o.25 )`o• 20 

- 288 x 107 . 	 1..♦ (7) 

0.0000773 
(.00444)0• x (o.a5)-0• 

a 298 x 10 	 ..... (8) 

8 	x 	o 0019 ,~  
(.00444)0• x  

292 x l0'0 	 0000. (9) 
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Moan value of g, „ ,,,?es+ 2 8+293 x 10-6 
3 

a 292.6 x 10 6̀ 

293 x 10-0  ... (10) 

Putting these values of a, n o p & 9 in eqn. (3) we get: 

293x10'"6 x()p'34 -0.9 ( ~..0.a 
u 	 , 

0.3 C +0.9 C +0.2 1 
g,u 	a 393x10'"$ x O a (. ) 	x ( 1' ) 	rd 

u 

or R 	: 293 . 14-6 x ( )0,3 x Coo, 7 x C~0.3 x d0.1 

... (11) 
Equation (11) to an equation expressing an approximate relat-
ionship of surf ►oe roughness with different parameters. 

.c I 

The empirical relation suggested above (eqn. 11) aunt hold 

good for any observation. Selecting at random observations 

No: 16, 86, & 131, for instance, we get: 

For No.16 t 

d' 3 	(6 )0.3 

.e 0.242 
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(Gu)3.7 	(3)©:7 

0 2.16 

(CL)O2  

1.645. 

 

0.~  
a (.0625 )C• 1 

a 0.758 

Substituting In eqn• (11) • 

Ro 	a 293XIO xO.242x2.16x1.645x0.758. 

0122 x10 6 

But observed value of roughness to 

172x10 6. 

	

.~.Error 	- (192-1't2)x1O'6 

20 x i0_6. 

	

% error 	a 	x lot) 

: 11.6 

12%. 

Fr o. 85: 

. .$16 



(Cu)4.7 a (3)0.7 

: 2,16 

(C L)°2 
	(9)9.2 

1.55 

(d)001 	- (.094)tl.1 

078 

Subetitutinj in oqn. (11) ; 

Ra 	a 393 z i o 8 * 0.216 x 2.16 x 1.55 x 0.78 

a 164 1d 6̀►  

Ob.servid R.  168 x 10_6. 

% Error  4  x 100 

= 2.4% 

(iii)  For-No.131 s 

,P )©* 3 	t  10 )0.3 
s 	sue"' 

* 0.3 

(a )o•'t  a
(
3)0.7  

a $.16. 

(c)O2 0  (6)' 

= 1.43,E 
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(o.125)01  
a 0.812 

■ 293x14 ox 0.3x2.16 x1.43x0.812. 

m 222. 

Observed fit. • (above 200 ,1t). 

The %error onnot be found, 

• 



52-  oSaIsSxoN OPRNSULUS t 

The results of the present study here been 

presented in the form of graphs and an empirical relation. 

Figures 5 & 6 represent.  graphically the off eat of 

cutter amplitude on the surface roughness. Ti wnuid be 

observed that the surface becomes rougher with the increase 

in amplitude of the clatter. 

Ptguree.  7 to 9 graphioally -represent the pattern 

of change of surface roughness at different cutting eon di-

tions. It would be observed that in the range of cutting 

conditions employed, surface roughness. 

(i) increases with the inoreaee in feed and depth 

of, out. 

(it) decreases with the increase in cutting speed. 

it would further be observed that almost the same pattern 

of change is maintained for all the conditions -employed. 

The equation (11) to an empirical relationship 

embodying' uli the parameters -considered. Although the 

equation is far from precise in the strict ewse of a 

mathematical expression, yet the assumptions made in the 

experiment in addition to personal errors of oh nervati on 

etc., may warrant the lack of exactness in it. 

Again, surface finish becomes poorer as the distance 

of the cutter and clamp from the spindle nose Increases. 



5.3- CON CLUSION3 s 

The conclusions reached by this experimental study 

are based on the results of the experiment. There conclusions 

and the suggested relationship may or may not apply to 

other materials or other cutting conditions. The results 

that the present study has yielded may be summartsed below: 

(f) 	Under normal operating conditions, the roughness 

of a milled surface is reduced as the cutting speed 

is increased; and for a given outtirg • speed, the 

surface becomes rougher as the teed rate is Increased. 

(it) 	For a given cutting speed and teed rate, surface 

finish becomes poorer as the depth of out is increased. 

(iii) For a better f .nish the cutter and ola 	houl1 be 

as near the spindle nose an possible. 

(iv) Good surface finish and high production rate go 

Ill-together, depending as both do on the feed rate 

& depth of out. 

(v) For good surface finish the vibrations of the arbor 

assembly should be minimum. This demands more rigidity, 

smoother cutting operation, and small cx.tting forces. 

5.4- SCOPE FR FURTHER RESEARCH:  

The present study was performed on mild steel which 

was the only re4dtly available material. The study can be 

made on other materials and effect of other, parameters can 



also be studied. To analyse the effect of vibrations on 

surface finish, it 1i desirable that both the vibrations 

and the surface profiles be recorded with the help of 

recording devioee. 
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TABLE-! 

ADCOCK AND SifIP16EY (ENGLAND) 
UNIVERSAL MILLING MACHINE MODEL 2AOU 

SPECIPICAWIONs 

(1) Ts LE 

working surface, overall. ... 40"x1C" 
Longitudinal tri~verse, hand. • ..  23",, 

Longitudinal truveree, aut ooiatict. ... 23" 
Transverse traverse, hand. ... A" 
Vertical traverse, hand. «.. 14" 

(2,) TWIN OVERA1RIIS, 

Diameter of cacti. ... 3+~. 

(3) SPTND . ; _SPEEDS. 
Number of changes. ... 12 
'A' range R.P.M. ... 30 to 600 
'B' range R. P.M. ... 60 to 1300. 

(4) ARBOR... 
Diameter ... 1". 
Nose to arbor support. ... 1?" 
Nose to arm brave. ... 24  

(t) PEEDSjLongitudlnal only) 

Number of ohangeu. .., 9 

Range, inches per minute, ... i« 2 	to 10" 

(6)  Horse power required. , .. 3. 
(7)  Speed of motor. , .. 1430 R.P.M. 
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TABLE-1I 

MILLING cUTTEit DATA. 

Diameter of cutter 	 ..,,. 8" 

Number of teeth. 	 .... 20.. 
Width of cutter. 	 .... 

Diameter of arbor. 	 .... 1" 

Material of cutter. 	 .... lESS 
(Batt). 

Included or lip anglo. 	«... 80°-2$' 

Radial rake angle. 	 „... 

Relief angle. 	 .... bo-add' . 



0D 

TABLE-111 

THE TYPE 1-117 VIBRATION METER (CRC) 

SPEC!?ICATIONS.  

a. rOt R: 

30 natt a, 105 to 125 volt a (116 V nominal) 

30/60/400 cycles, foximum voltage Change 

within opoolfioation will oaune less then 25 

in uesplifior gin. 

2, A!4PLIFI1R : 

(a) Input Impedance. 

(b) Linearity deviation. 

(o) Temperature: 

	

.. « 	10,000 ohmo , 
Changeable to 
60,000 .ohms. 

	

.... 	Leos than +3V 
of full scale 
at all specified 
froquenoio e. 

Motor operable from - i0°© to ,o 

iithetands temperature from - 4000 to +6000, 

Indication Changes loss than - 0.2, per 
o In operable range. 

8. SENSITIVITY AND P LJENCY RESPONSE 

(a) velocity H6eaCuecutas 

Normal ceneitivity Range (ba1.0). 

Frequency response within c 35 from 5 to 5000 ups. 

111gh eenoitivi ty Range (VxO.l)  

Frequency response czithin .o-3e from 5 to 5000 cps. 



(b) flisgluaenent ioucurenents: i~r~ 	r 	~ wrrir~i~~rra +.~rar.wrr 

Normal Sensitivity Range (Exl.o) 

High Sonoitivity Range (DxO.1) 
Frequency response within + 45S from 5 to 50011 ono 
in both the ranges. 	" 

,d. GM49RAL DESCRIP'PION: 

Four individual input channels, Channel selector 

dial provid©d. 

Meter diroot reading in average velocity or 

peak to peak dtopluoenent. 

outputs for recording osoillograph, cathode ray 
oscilloscope and external meter, 

Compatible sell-generating transduoero are the 

only accessories roq~itred. 
Inndividi*ul sensitivity adjustment for each channel, 

. djustable internal calibration vo.lta±*.o. 

5. PHYSICAL Cfl CPERTSTICS t 

Height 4 inches, vi dth i0 inches. 

depth ~ inches; eight 23.5 pounds-

nitb three accessory fitters. 

6. COUPATTBL33 TRINSDUCERS 

CEO transducers 4-102x, 4_103, 4-106V, 4--10011, 4.118 and 

4-103 are compatible for use pith the 1-117, Di splacenento 

from 0.006 to 15.0 degrees peak to peals may be made 

direct reading cihen CEO transducers are used, 17tth theoo 

transducers, velocities from 0.5 'Vo 1600 inches per seoon 



or trot 5.0 to 15,000 degreoo per second s may be made 

direct-reading on the motor, 

The 1-117 vibrution rooter nay be adjusted to read 

directly in the prescribed unite (ni1n, inches per eeeond 

etc) . when used ►pith any self-generating trunodnoor phone 

ooneitivi ty is 50 to 150 MY/inoh/eeoond. 
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T41BLE -YV 

SURF~iCC MB.,SUTIING TNSTRUU,NT UODEL 3 
xiiLYSURF I ('AYLOR-TAYLOR ROflSfN, MOLAND) 

DRSCRr PrION 

?!odol 3 Tulyourt oomprieeo tollowinE purta: 
(1) Stand (oorietatinG of bone, column and Voo block) 

(ii) Gearbox (the driving unit) , 

(iii )St ,ndard Pio .up,, 

(iv) Rou j hnoou otandurdo 

(v) Orr,  plifior, 
(vi) Roattlincur Graph roaordor, 

(vii) Triple cutoff average not~r. 

(viii) Coupl eto cot of intor-oonnoo f g loads, double and 
rronob0 plastic cover, 

l ThND: The stand has a cork table in the form of a z.-olottad 

ourfuoo on ali iota a goo block, or such other i ounttng lovioc 

tic the uoor may provide, can be clu +pod, 

2. OCfl fox The Gear Box ,provides throo notoricod speeds of 

traverse for the pick-up giving respectively Bor and iabx 

borinontal ©+t.nitioation and a opood cuitublo for the avoru ;o 

roudin~3a iho E)oar Box travoroeo the pink-up across the Front„ 

It oont4no internally a oarrtuGo unto rich the pick-up 

to piuggc d, the oarrtwe being ouoponfied on IIgament_bing; od 
links for ap ro .nutoly ©trui,pl,t line motion, 'Rartn, the 

tr"voroo the carriage operates critoh contuotn which control 

the Ivoraro LMotor, 



To reduce hour, 011oes or skids are c ado_ of tungcaton 

carbide. 

3„ PII 	!? Tho otandard pink-up is provided citth 

interchangeable nosopieoen carrying either a roandod 

ohi d or flat choo or the datun attachment for Conerat to g 

the datum, the choice depending on the nature of specimen. 

The dianond stylus has a tip dimensions of .0001 In 

(.0026 m ) and bears on the specimen rAth a force of about 

O.1 grist (100 mi 1igramo) . 

The atom of the r'hoio pick-up body piu°gs into the 

cooket in the Gour Box Carriage, At its forward end, the 

body carries a nose piece having a slider rivich roots on 

the ourfuoo to be menoured and slides over the crests, 

The rear end of the stylus arm actuates a variable 

Inductance by moans of which the movements of stylus are 

converted into corresponding changes in an olootrt a ourrent, 

After aoplifioation these changes arc either recorded to 

provide the profile graph, or averaged to give the CM 

Index Number, 

4. AMPLIFIER: The amplifier in destgnod to feed an average 

motor or recorder or both, th000 units connecting indepcnd... 

ently into separate coohoto at to book of the arplifior, 

The fine adjustment knob enables the slight adjustments 

pen or pointer without changing the height of the gear be 



To reduce 7ear, ohoes or oklds are nildo of tung 4*ton 

ourbide. 

3 P 	The standard piok-up is provided rt th 

interchangeable nosepieoen carrying either a rounded 

oki d or f t at Moo or the datum attachment for generating  

the datun, the choice depending on the nature of specinon. 

The dianond stylus has a tip dimensions of .0001 in 

(.0025 m ) and bears on the specimen with a force of about 

0.1 gram (100 ©iligrrno). 

The stem of the whole pick-up body plugs Into the 

000ket in the Gear Box Carriage. At its forward end, the 

body carrion a nose piece having a slider rich rents on 

the surfuoe to be aeucurod and slides ovor the crests. 

The roar end of the stylus arm actuates a variable 

inductance by moans of which the movements of stylus are 

converted into corresponding changed in an electric current. 

After amplification these changes are either recorded to 

provide the profile graph, or averaged to give the CI,A. 

Index Number. 

4. AMPLIFIER: The amplifier is designed to feed an average 

deter or recorder or both, these units connoting indepcnd-

ently into separate aoohoto at the book of the anplifior. 

The fine adjustron t knob enables the slight adjuotnont o 

r3 

pan or pointer grit hout changing the height of the roar box. 



Six different magnifications can be selected by 

the magnification switch. The setting of the magnification 

switch also determines the scale on which the C.L.A. values 

are read on the average meter, 

5.  TRIPLE CUT-OFF AVERAGE METES,; 

The Triple Cut-off Average Meter provides for a 

wide range of surface and,gives a choice of three out-off 

values with three associated lengths of travel. The out-off 

values (0.01 in., 0.03 in and 0.10 in) are standard In the 

British B.S. 1134-1950 and the American B-46-1955 specifia-

ations. The longest out-off will serve for measuring 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 G.t. A. values 

of the roughness in microns. In Talysurf instruments, the 

pointer fluctuations (so common in ordinary current 'measuring 

instruments) are avoided by using an Integrating meter which 

is connected to the output from the amplifier for a pre-

determined time of operation controlled by contacts in the 

Gear Box. The meter sums the fluctuations of current which 

the instrument receives as the stylus traverses the work and 

shows the average value directly on the scale. 



XSIIOGA ffiT 

75 



BIBLIOGRAPHY 

1, Arnold, H,IJ. O ioohanion of Tool Vibrations in cutting of 
stool' - Pr0000dingo of tho Institution of 
Mach, min eora, Yo1.15, 1046 pp,261. 

2. Chioholn, A.J, 10  The Cau000 of Chattor Vibration&'. 
!ochinary (Lend) Vo.? 	 , 1 ►4 i ,pvoSl. 

3, f©ndixon, L. 0  Vibrationo i.n ttnoo-Typo Horizontal M2ting 
Machin e%  M  - U•roao, ASME. Vo] , 76,, 1053 pp,547w.574, 

40  0pita,, Xng.H, , aZnfluonoe of Vibratiomo on Tool U fo cnd 
Surface Conditions In billing Operation*. T1iorotoonio, 
Vol ,13. loa.3, April, 1988, 

5. I oonigoborgor, P, , and Said, S.M., ' The Dynamic Performance 
of a Milling Maohino'O. Production Engineer Vol,30, 
1900, pp.2?0-9O, 

6. Petra, J,., What ern vibration reoearch tontributo to. 
Machine Tool Dovolopcnent ". Prooe-►dings of the Intor-
national Production Engineering fleoearob Comf oronoo, 
19631 paper No.53, 

7, Sobuidt, A, O.,'* Uooticg Milling Roqui roiz nt s 'Under Shop 
CondI ti an a1. The Tool Engineer, V01. $S, Nov, 1956. 

So  t7oiianaann, R., Torsional Vibrations In txilltng Spiodloa 
Drivon by 'V_bolts'. Int o, Journal of uachtno Tool 
Hooign and R0000roh. Vol.2, n.3, 1062. pp.231-9. 

0, Gurney, J.F. Tobtao S.I. " Graphical Uethod for dotor-
nining a€g Dynento Stability of Machine Tooio" Ynt, 
J. Machine Tool Dooign & Roocaroh Vol.l, Sopt.41. 
pp. 148-06. 

10. Dohaidt, A,0. cad Proundfolhor, R,, Mnnlyoi n of Vibratt an e 
in Moohino Toolo by rporinontaI and Dialtrat Co©putors". 
ASTLSC paper No; SP 63-177. 



11. Sadowy, Miroslay. " Chatter Vibrations as a Stability 
Problea of machine-tool structures". ASTE. paper 
number 215. Vo1.59. 

12; Sadowy, M. " On the Efficiency of Machine--Tool Suspension". 
. ASTUB. Vol.60, paper no. :264. 

13. Hahn, R.S. " Metal Cutting Chatter and its eliaination". 
ASME- Trans. Vol, 75, 1953 pp.1073-80. 

14. Fishwiok, W., end Tobias, S.A. "Theory., of Regenerative 
Machine Tool Chatter." The Engineer 'Vol .205, 19!58. pp, 
199.203. 	 . 

15. Tobias, S.A. " Vibrations of Machine Tools". Production 
Engineer; Dec. 1964 issue. 

16. Sadowy, M. " Eliminating Chatter In Machine Tools". Tool 
Engineer,, V.43 n4 Oot.59. pp,99--1b3. 

17. Frommelt, H., ." Draping 'Cutting 'Vibrations". Machinery. 
Vol.97 n. 2493 Aug. '60. pp.448-54. 

18. Xronenberg, H, " Reduce Machine Vibrations. For Better 
Tool Life and Finish". American Machinist. Vol.98 
Sept. 1952. 

19. Albrecht, F1, " Self-Induced Vibrations in Metal Cu ting ". 
Trans. ASME Vol, 84, 1962. 

20. Den Rartog, J.P. " Mechanical Vibrations". 3rd Edition, 
McGraw-Hill, New York, 194?. 

21. Tool Engineers Handbook, ASMTE Publication. McGraw mill, 
New York 1959,   

22. Hine Charles, R. 0  Machine Toole. for Engineers". McGraw 
Kill . Publication 1959. 



78 
23. Suhhanot►, E, S, & Cudinou, V.A. , "Cutting Tool 

Vibrationo". Meohineo and Tooling V 32 ii li,1Q61, 

24. Bodart, B., " ?achino Tool Vibrationoa . jnternati oval 
Production Fttnoot'ing Research. Conference 1963,. 
Paper Nos49. p p.453-.88, 

25. Oourtol, R., " The Relationship of Surface Finish to 
Physical and Vunottonal ,Behaviour". International. 
Research in Pro du otl oo Engg , Soot, 1968 4  pp, 876, 

38, Charles, 11.Good, " Surface Specifications And Thoir Ue&'. 
The Tool min oer V,43 n4 Oct. 1959. pp. 77_R0. 

27. Reason s  R.E, "Trond of Surfaoo Meacureaeft". Institution 
of Production EaiQro. J. Vol.33 n & May 1954 pp.263. 

28. Olson, I.V. " The Standardization of Surf ace Rou8hnon& . 
r xcerpt from hi paper appears In Prod►iotton ngg1  
Research Cent crenoe Sept. 1963. 

3 . Baker, U,V7, "Modern t7orhehop Technology". Part II,. 1960. 
Cleavor.. iuno Prose (,London). 

30. 8iokol, B. " Some Fundamental Probléno in the . oasureront 
of Surface Raugbnoos". 7ht. Production Rngg. Research, 
1963. paper No:13, 


	MIED63677.pdf
	Title
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Appendix
	Bibliography


