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~s ~ ~° 7 . ABSTRACT

.~ . Y
. ThiSH%?esis“records an investigation of tool wear.
in millfng'slots-with carbi@é—tippe& and high speed steel

énd'milling_cutteré as,well'és the development of,ﬁhe

A

o LI - - e ' 3 :
cequlpmentg_/_glsed; ~The study is limited to one conventional

 material (mild steel) and one:diffiéult—to—maéﬁine alloy

W

5 -

(multimet) only. .

s .
.-

sf“”f ~ The first four chapters present a general review

-

of machinability of materials, description of tool materials
and various mechanisms of tool failure. Discussion of

problems related;:\thermachinability of heat resistant

alloys as well as a dis
- . R N S .
‘cutting conditions are in¢luded. The theories described..

arerq;ed'in.interpfeting the experimerftAl results. - et

g
w7
Eritel v

: Thegfifth Chapterldéscrib851the‘dévglopmenthof a - ..

V' 'Quick-Stop Device. ~This device is used in metal cutting

"of ‘the-eutting tool

-

= - v ) * -

&

behaviour of the chip as it is born. - -
& ]
: ; . SO ° : e
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ussion on machining under interrupted

LI S

-

.-lﬁﬁébtigatfbns'to be made of the geometrical and métallurgiqall'é =
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In Chapter VI the effect of various cutting ' . i- -
c0ndit10ns on the development of the tool wear while end .
milling,steél'asfwell as multiﬁet isfaﬁalyiéd and optimum
cuttinggcohditiens'for eha_milling the two materiale”are

-recmmended . : : g o
. o . S {

. - e }
*th_order to try to explain some of the phenomena
‘obsexved,.Tufhing experiments siﬁulating previous milling

operations were carried out and are described in chapter

_ L S N . S

VII. Here it was possibie to separate the aspects of thin
- o o ) _'- . . . .._-' hd - i - - ‘ . ) ' R ) '

_and,thick chips from the. aspects of interrupted cutting.

a a

The results af these tests-indicatesthat'the thin portion’

-

"of the ch p obtained at the entry'and exit-df ehd¥miliing
2 \ -
'cutter ‘affects tool life much - 1éss than the thick part. of .

the chlp. 'ﬁawever, even these tests_did.ﬁbt.explain why it .
_ : : . e , .
- was rather the total numher of cut 1nterxupt10ns than the

r

actual-cutting time which influenced tobl life. Furtheie”-'

: _:esea:ch will be necessary in'leokihg‘ihto both.the

- - N V_ N X - . . . N . . . . . . o . - " - )
mechanical and thermal shock aspects. A N
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CHAPPER I

t

INTRODUCTION

1.1 .Machinability of Metals Y

’ 'Machinabiiity:is‘a'complea_term and the objectives -;;
vary'frod ohefapplication to another;"Practicaily-all
empirical nethods of-eaehinabrlity'evaluation are concerned-
Nwith tool life.ftooi=forées, surface”finish,rehipeform éﬁa_'°
power consumptlon, but mod1f1cat10ns in maghlnrng varlables
.such as cuttlng speed, feed; tool geometn ,‘and cuttlnd "
'fluxds generally.resulteln altered,values for-tool'llle and".
order of merit of the'cuttlng stock.. ihe maln reasou for'
the complexlty of thlB subject 11es in the fact that machln— '
~ab111ty is not a pr0perty that can be measured in terms of
absolute unlts and,'therefore, it can mean.nany thlngs to

_ many pe0p1e. 'Thls eomplfCated-situatlon 11m1ts any standard
”machlnablllty tests to rather narrow areas, and although A
prevxous worh has produced a few guldlng prancxples; no.
general theory has emerged._ The-statement is often made:

* that the only reliable assessment is that made 1n the’ machlne

shop under a glven set of condltlons, and that BClentiflc

P




B

.'1n terms of practlcal machlnlng.

-:propertﬁ\s may no longer be the cr1t1ca1 factor 11m1t1ng

@

tests in the laboratory are rarely amenable to interpretations

- [ -

In-order to arrive at an understanding of‘this subject

it is necessary to take 1nto .account not only the metallurgy

of the workplece. but also that of cuttlng tool. 1In addltlon

to_thls, such major factors,as the chemlstry.of the action
. . . R : " " v .

T

of cuttihg fluids, the vibratory nature of the action of the

cutting tool, and all the‘other'engineeringvfaetors asspeiated"

with'themaChine.thI itself, have certain.mpdirying effects

on this property.

b

‘Most production’ engineers would agree that tool wear -

is of crucial iﬁporrance_inumétal machining. ﬁuring the’

nineteenth century the productivity of ﬁaehining operations

was largely Hetermined,bfgthe properties of the tool material

Whlch placed deflnlte 11m1tat10ns on the rate of cuttlng..

7W1th the - 1ntroduct10n, first, of hlgh«speed steel tools and

then of 51ntered hard metal, the maximum p0551b1e rate of

cuttlng has 1ncreased many tlmes and the tool mater1a1

product1v1ty.u Machlne shop 1ayout. ease of loadlng, dlsposal

-of swarf, are some of the many factors, whlch in addltlon

to tool wear, affect the rate of product;on.

* -

3.

e e far s ol
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approprlate for each. For example,’the machinabilitylof a

Nevertheless, the wear resistant properties of the, -
cutting tool still decide the rate of machining in most

cases, and  hence the search for still harder and faster
cutting materials'continues;

‘

Machinability is generally rhought of as a property
_ o p _ S B¥
of the'workpiece material. Research in the field‘of manu- .

&
facturlng processes 1s almed contlnuously at f1nd1ng ways

*

to lmprove the-machlnablllty of all materlals. A number,{

v

.'F- . L]

of‘dlfferent tests have been devrsed to determlne the~
machrnablllty of metals.‘ The machlnablllty ratlng wrll -

depend on the partrcular deflnltron used and the test

'employed for 1ts evaluatlon . These factors should be

'consldered before applylng suchpratlngs.

1,2 Spec1f1cat10n of Machrnablllty

As mentloned earlrer, the term "machrnablllty" means
different thlngs to dlfferent people. There is no quantitative
definition that W111 cover a11 shop operatlons. This is

because there are a number of reasons for usrng machlnlng

oPeratlons,*and dlfferent_PFopertres of the workgtese.are-‘

part that is belng machlned only to obtaln a lustrous flnrsh

depende on its ability to‘be machineg ar‘high speed_wrthll

N

. . . . - - . . .
. roA . ) . . . -
* -
. Co : . . . [l : . ' . S
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little tendency to form built up edges. At another. set-up,
where machining operations are enployed to mass produce

. » i . r ' . - - ‘\\ : N V )
parts at minimum cost, the machinability of workpiece would

-

be thought of in terms gf its effect on tool 1ifé at high
o L . N
speeds and -feeds.

Lorenz(4) takes a realistic viewpoint and separates

'machinapility from finiShability. He has shown that six

steels can be ranked in‘the'sade order whether conventional"

Ior‘qﬁick tool—life‘facing-tests are used,.and that drastic

changes in- tool geometry do not dleturb the ranklng.
The word “machlnablllty" 1mp11es 1ts own dgﬁlnltlon -
the ability,of the material'to be_machined. Materials which

may be cut w1th ease are sald to possess good (or hlgh)

_machinability. Those whlch do not respond well to cuttlng

. . 3
are listed as poor (or 1ow} machlnabxllty‘metals.

‘While machinability is knOWn to consist of a number

of'differingurequirements} it is common to express it in

/

terms of the.cutting:speed foria giVen tooi life in minutes.’

-

In order to compare and rank materlals, a ‘common mater1a1
1s -taken as a reference or standard The machlnablllty of
‘_any other mater1a1 may ‘be compared to -the standard by

determlnlng the V60 (or Vgo) and. the ratlo (V60 materlal/

o

. ®

o g s < Tt T Ve & ey b
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ﬁhieh‘inelﬁde'speed, feed, and depth of cut, aIeo,affect

: of toolaworkplece engagement, the workplece dlmen51ons, and .

Vgo standard) and expressing it as a percentage. This’

. . \ e .
ratio is called RELATIVE MACHINABILITY.(1l) cClearly, a.
, T . - -
material with a high cutting speed for a 60-minute tool .
life will be considered to have a high machinability, which
- . o9 i " —_—

is desirable, Handheoks‘s) and;manuale(G) contain data gh

A

" relative machinability for the convenience of users. Thus,
when asSeésed in this way,\maphinability is essentiallyh‘

‘équivalent to tool life with patticﬁlarAreference to the

effect of ‘Work material;

&

There are a number of factors whlch affect the ease .

with whlch;a;metal can beicut. One 1s the cuttmng tool

form and mate:ial.“The ;et?upféonditions of the machine,

the ease of cutting;u’some ﬁatétials may not'machiﬁe well
LY : .

under dry cuttlng coniltlons.‘but are reasonably machlnable

when a good cuttlng fluid is properly appllea -The nature‘

.- . -

the conditlon of the machlne tool and 1ts(faxtures-all affect

=

lthe‘ease with which:the~workp}ece may be cut, None of these
Qariablee'relates‘to actual‘properties.of the workpiece

material,'&et'a‘machihability;ratiag'is desired for each

"matériai‘aceérding'to its'eharacteristics alone. Therefore,

N
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-for broad appllcatlon are de51red as lndlces of machlnablllty.f

Three such factors, tool llfe, surface flnlsh and’ powe; A

machﬁpability_is_usually"thoughtnof as the ease with which

a material can be machine@under average conditions (or

under. a prescribed Set of conditionsﬂ.
1

A number of propertles of the metal affect its

- &

machlnablllty. The most 1mportant of these are chem1ca1

?
h'h

rcomp031t10n..mlcrostructure, and general mechan1ca1 propertles

such as hatdness,rtensilerstrength, and stréin-hardening

~a

Yo
N L]

-

N
el

e T
'_Since,theigoel of any machini?g operation is to

psbduce‘the desired number of parts to specifications at

"minimum:cost,,the machinebility’of the workbiece may be |

* related to this objective.(!} For example, the machinability

i

of the metal could be rated accordiné';o the cost of producing
a certein~“averag9”§Part which combines the usual machining

operations used in the particular shop under. consideration.

Such ratings-would have little_ﬁniversal“application. Factors

T

‘readily determined ftom actual machiniﬁg tests and useful

o

g

consumption,'have»come to be?accepted'as indicators"of
general machlnablllty. The we1ght glven to each of - these

depends on appllcatlon, usually accordlng to the1z effects

I il R R oncir o et +l Ll

T'."r
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- on oyerall machining costs. various concepts and factors

e b Y 3 n pa e A i

representing or affecting the machinability are summarized

in Fig. 1-1. : - : " _ . _
‘P00l Life: oo , e !

o . . H

_ Tool "life is usually the most important of the three

main machinability criteria, from the standpoint of machining
costs. For‘this reason, most machinabiiity ratings ef
materials are based on tool-life values only. Metals which

can be cut without rapid tool wear are generally thought of
as being well machinable, and vice versa,

e

.mnﬁ"workpiece'material with many small hard inclusions

* may- appear to have the same mechanical properties as less . .
% \ N g ] _ ) o r

abrasive metal. It‘may require no greater powef'consumptipn” -

durlng cuttlng.' Yet the mﬁchlnablllty of thls materlal

A“ ) '

would be lower.because its abras;ve propertles are respon51b1e :

- =

for ‘rapid wear on- thé”tool, resultlng in hlgher machlnlng
. ~ ‘ . , N ,
costs. : o ' L '

‘bne problem arising.from the use of tool life as-a

-
I

machlnablllty 1ndex is its senszt1v1ty to- the other machlnlng

varlables. of pa:tlcular lmportance is the effect of tool Til
'”‘ﬁaterial. Mgchinabillty-ratlngs based pn tool life cannot 4

'"be compared,if‘a high speed steel tool is used in one case




/> 8

bl

and a sintered carbide tool in another. The superior life

"of carbide tool would cause the machlnablllty of the metal

A o .~

‘cut with ‘the steel tool to appear unfavourable. If identical

types of tool materials are used in evaluating the wqupiece-

mategialg, meaningless ratings may still result. For eiample,
1 . ) to- ) ) . ’

caSt—iron-cytting grades of carbide will not hold up when

* L .

cutting steel because of excessivecratcﬁmg;and-Steel—cut;ing
grades of carbide'a:e not harg*enough to give sufficient.
g ’ . T A -

‘abrasion.resistance when cutting cast iron. ' ;o

'The effects of the other ﬁachining variables are

often consxdered 1n the same way as’ tool mater1a1 effects.

--—-——-—.‘--u I

Machinability ratings are.gbtained using conditions suitablq'-‘

for the individual materials. For example, relatively high
rake angles are used for aiuminum and-lowersiake angigg,for
- St681.(1)-- . _ .‘ o .

w
L

Tobllforées aﬁd'Power consumption: h -

| fhe use of tégl’forbes 6£ powgﬁ.conéumption as a
.éritg:ign,of machinﬁbilitf of the wbrkpiéce material comes
abéut.fof two reasdns. lfifst; the,conéqpt of‘machinability"
as the ease with Wthh # ﬁétal is cut 1mp11es that metal
through whlch a tool is ea511y pushed (requlrlng low cuttlng

force) should have a good machlnabllxty ratlng. .Second,

e b AR R mp A e g T v S
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thg:mqre practical concept of machinability in terms of

-

minimum cost per part machined reflates to  forces and . power

. . '
i e S b b by P g Ry =l e b e g e

consumption through the overhead costs of a-machine of

proper capacity.

when using tool forces as a\maéhinability rating, -

either the main cutting force (in the direction of the
A i
;- , _ i ) .
cutting velocity) or the thrust force (feeding force) may

»be used. The main cutting force is more popular of the

L

workpiece and éetermines'thgapower édnsﬁmed. Although

L

!

e o '- . ’ ] EIAR + ’ L) l .
machinability ratings could be listed according to .the
. . ‘ “ - . ‘ ;..: . l‘“.'l T N . ‘
cutting forces under a sét of standard machining conditions,:

T

the data is usually presented in terms of specific energy. -

wd%kpiéce materials having a high specificAenérgy of metal
removal are said to be less machinable than those with a’

.1owef'spedific energy. o ' o : T -
#*:. ' 7The use of net- power consumption during machining as

an index of the machinability of the workpiege is similax

- to the use of cutting fdrce;_ Again, the data’ is most useful
in texms of spécific energy. One advantage of using specific

‘energy ‘of ‘metal removal as an indication of machinability is
that it is maihly"a property of the wozkpiece material'itself' 

PR ' D - ’_ ' S ]
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and is quite insensitive to tool materiial. BY cootrast.

-

tool life is strongly dependent On.tool material.

The metal removal factor is reciprocal of-tpe B

L ai-

specific energy and can be used directly as a machinability
' rating if for'cés or power consumptlon are used %3;define
machlnablllty. That is, metals w1th a hlgh meéal removal

factor could be sald to have hlgh machlnablllty.

o

The big drawback to-usxng force, energy. or oower

‘terms as machinability indices is that they do not always _°

:;jorelate well with actual machining costs. cost per piece

emaihs‘the practical,standard*of‘a-production process.'

i

Whlle 1t is true that these indices represent power .costs
-

very well, the cost of power is u&ually a negllglble part -

of the total machlnlng cost . The mpre expen31ve machlnes.'
'_;equiredfwhen forces.aﬁd power cOnsumptiooﬂare high‘do not
’“add'to theroveraeao charges‘in‘direCt_proportioa. It-shouid

~ : »

be remembered that forces and pOWer consumptzon represent

one phase of overall machlnablllty, but they should not be
1used'alone; R Aa'.w; & | |

‘Surface Fihish#_”

4*The quallty of surface flnlsh left on the workplece

1

durlng a cuttlng Operatlon is sometlmes useful in determlnlng S

e
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<

§_ the machinabi;ity rating of a metal. sSome workpieces will

. of workplece machlnablllty._

_no attentlon to flnlsh lS requlred In many flnlshxng cuts,

not "take-a good finish" as well ‘as others. The fundamental‘

reason for surface roughness is-the formatlon and sloughlng

¢ r

off of parts of the bullt-up—edge on the tool. Soft, ductile
materials tend to form a built—up edge rather‘easily; -Stain-

less steels, and;other metals with high strain hardening

ability also téhd to machine with.built;uh edges. . Materials.

E

) which machihe-with highwshear'ibne anglee'tega-to minimize

'
§

‘bullt-up edge effects. These-include,the aluminum alloys;

Y

’ cold worked steels, free machlnlng steels, brass.-and'titanium

alloys;(ﬁ) . If surfade finish alone is choseh as 1h§ex:of;.‘i ;

[

machinahility. theee latterrmétals,wculd rate higher than

[ : S e

those in the-first;yroup; -

In many cases;‘surface flnlsh is a meanlngless crlterlon
( ) In- roughlng cuts, for example,

o

-the°cond1tlons produc1ng the de31red d1mensxon on the part'
S Lt

kl w111 1nherent1y prov1de a good flnlsh Wlthln the englneerlng

hence the" machlnablllty ratlng of the workpxece.‘“ ~

ra 4,

spec1f1cation. There arehcases where a. poor flnlsh may be

o

a cauSe“fer'rejection-by the 1n5pector.- Fox these cases,

. s
(? - »

: surface flnlsh speclflcatlons affect the machlnlng costs and

-(.

3 -

2
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‘o

‘ by force or tool 11fe determlnatlons. stainless,steeis».

;'would have a low ratlng by‘any of these‘standafds. while

5 +

-‘surface-flnrsh are-ea511y determlned. Surface flnlsh'

;'readlngs are taken w1th an approprlate 1nstrument after

3
s AP g At o b

o Machlnablllty flgures based on surface finlsh

N
measurementsado not alwaya agree w1th the flgures obtalned
L -w

\.
< .‘ Y . S

et e it i e ol S B e S

alumlnum alloys would be rated hzgh.( ) Tltanfum alloys

-a

qpuld have a. hlgh ratlng by flnlsh measurements, 1ow by R

tool 11fe tests, and 1ntermed1ate by force readlngs.

-
-

The machlnablllty ratlngs ‘of various materlals by

v +

%

-~

'fstandard workpleces of varlous materlals are machlned under '

. d = - .

.coﬁtrolled'cutting CQndltlons, The maehrnablllty rat;ng varies‘;
. ?_ . : - - ) ) R ) . . . T ; .. . . . . ) ) .

inversely with the instrument reading. A low reading means

‘good finish,ﬂand thus'hfgh"machinaﬂility:,’Relative ratingsf

e

‘~may be obtalned by comparlng the observed value of?surface

- ‘ K
.flnlsh Wlth that of a mater1a1 chosen as the reference.r

. chip FO?mt L ",F- ' e ?'d” ."ﬁ h ,." o Ul-”gv

'and~dlspos1ng of chlps. A.materlal that produces 1ong

C,

EER

There have been machlnablllty ratlngs based on the
‘type af chlp that 1s formed durrng the machlnlng operatlon.r_stﬁ

Lo d

The machlnablllty mlghtvbe judged by the ease of handllng

strlngy chlps would recelve a low ratlng. as would one whlch

S . P . ' °
P . . . N . PR )
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produces fine -powdry chips. Materials which inherently form

nicely‘broken-chips.'a half'cr full turn of the normaI chip

helix, would receive up rating. chip handling and disposal - B
can be quite expensive. stringy chips are -a menace to-the

- operator and;tO'the fidish'on‘%he freshly machined surface.'

R

- However,_chip formation .is a function of the machine variables
as well as theuworkpiece materiai, ahd“the ratings obtained

?}'by thls method could be changed bx prov1smon of a- sultable

L chlp breaker.‘ i 33“*“%?”“”_- L
: . : _ SR T

- - - " -

' Ratlngs based on the ease of chlp dlsposal are baslcally

-~ /

' ‘qualltatlve, and would be Judged by an 1nd1v1dual who mlght

a551gn 1etter gradlng of soma klnd. wide use ig not made of

[

thlS method .of 1nterpret1ng machlnablllty. 1t findsfsome

0
5app11catlon in drllllng, where goqd chxp formatlon actlon ig -

necessary to keep the’ chlps runnlng up the flutes. However,-

.Zthe Whlpplng actlon of 10ng c01ls once they are clear ‘of the .

.

“ho;e is uhdesxrable. L RN

The factors controlllng the machlnablllty of metals
- have been dlscussed in- the order of thelr relatlve 1mportance.
/- D

» -

'Tool 1ife is the most important machlnlng variable affectlngogﬂr_
"actual cost per part in the majority of cases. Therefore} it

\

is the best slngle lndlcatlon of workplece machlnablllty.

v
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whenever poeeible. all variablee diecueeed ehould be takon

- into account. Publiehed valuee of.mechinability ere ueually
.bneed on tool lifo deta alone becauee no euitable fcrmule

‘combining all of fhe factors that contribute to machinability

has been devined. '

P 1.3 700l Life Testing 3

A tool that. no longer performe the desiroed function

is'edid to-haue~feileddand hence reached the'end of'ite‘ueo-'

ful life. At\q\ch an endpoint the tool ie not necaessarily

unable to cut the workpiece but ie merely uneatiefectory for

Ithe purpoee required. The tool may, therefore,,be reeharpened

and used again on leee reetrictive machiningugperatione. or -

it may be disposed of.
- In normal workehop practice, it ie neceeeary to regrindf

o a cutting tool when the shape hee been 80 altered that it cen_

no longer cut efficiently, or. ie ebout to fail in thie wey.’

The amount of work done by the tool between regrinds is called

the 1ife'of the. tool, and thie may be meeeured in a number“

'of different units, depending on the character of the

mechining operation.(l) _f g_- o _' N ; -

R Yy R A e T Lk e T A AN A e
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1.4 Specification‘of Tool Life and Failure Criteria:

TN TR T

The_tdoI'life'betweén fool resharpening or replacement
. . - [ ‘
;nqan_be:specified in fhe'following:wéys:(l) . .
.1: 'Actual_Cuftingtime to failure.
2. Total'time'tb_failﬁfe ~ as in tHe case of an
. interrupted_qutting process such as milliﬁé.'

3. Length of the work cut to failure.

4. Volume or Qeight of the metal‘temovéd before .
‘th¢=end of toal life. B .
5.-'Cuttihg_épéed fdr a given time to féi;ure. L.

! St . . . h m. o N I
6. _ Number Of components produced to failure.
'The criterion of the end of tool life vaiieg even

'ﬁgre. 'This may be reached when:

7. The su:facé finisb of thé.wqu detexioratesf; ‘
ﬁeld§ gome aéceptable iimit;‘l'.?_ . .l. .

| - é..'ﬁhe wbik becomes bﬁéréigéd qﬁé to Wéar Qn_theun  .5
el e o

9. QXCessive'wéar céﬁéés‘thattgr.o# ﬁibrétibp;w

o 10._”Thejtool'ceasés fo';ﬁt.“

11.. The'powér coné@mption rises”sharply;

12, uscmeucritical amount of wéar on £h¢~too; hés._'. o
v | L béeﬁ :eached; s
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13. Chippiné-Q;-fine cracks develop‘at the cutting
edge. .
. ¢

The pnoblem of:£901 wear is therefore a complicated

fone and there'ialno one cleaﬁ,wayhaf dealing with 15;  one’
?ahproach\ie to.eimplif; the é;oblem hy accepting ohe
?meesurable form ef-wear; and a definite,amount of.wEar of

%this type-asrthe_c;iteticn of tool'life.'AThis is the .method
fadoPted'ih many engiheerihg'ihvestiéahiéns.“ This ﬁethod.of
:approach_has.hhe‘edvahtage that it gf;ee a quéntitetive

result in terms of a figdfe which chn'belenfered in'equationé
to achieve the sort of - ordering of cnformatlon characterlstlc B
of the engineering aphroach. G. Barraw( ) has recommended |

. " the followlng valuesr

.‘carbide and Ceramic. Tools-~ -

Flank Wear:

VB = 0.015 in.. - | I T - 5 - o g
\— . . co R . : . ! ) ’ - ‘ . A -
VN 0.030 in. . L a o -

" T 4 l
'VBma .= 0 030 in. Q S -

: ¥

1

fwhere VB, VN and VBmax are as shown in. Flg._l-Z
ﬂkyhen applylng ‘these. crlterla it is suggested that tooI

llfe be deflned as when the ‘weax reaches one of the 11m1t1ng

<

'-values stated.

s
.
»
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Crater Wear:

I

KT = 0.004 + 0.3S in. (See Fig. 1-2)

where S = feed in mm/rev

High Speed Steel Tools:

- i

VBpax = 0.060 or complete failure

Complete failure of highﬁspeed_steel'is particularly
f_jrecommended fbr'the-cases'where material build?up on the
> - . . ' .

tool makes measurement very dlfflcult.- T o e

¢LI D roe

Whlle fallure of tools by crater wear does occur, -

experlence haS'shpwn'that prov1ded‘the-correct-tool materiain
fl is used, -failure by flankué;r nechani;n”is:usualf(7).'In
uiew of tnis:mtgelvlife equatienstare:usualiy"deveigped usiné
flank wear criterion.- G.'Barrow(?) has.éhown that‘in'somerze
cases the thermal derormatlonrof a mild form does not lead

to 1mmed1ate fallure, but accelerates the rate of flank -

A

‘wear (see Fig. —3).‘ - L
The quoted values of flank wear for carblde tools
‘are by no ‘means arbmtrary._'A-Judlclous ch01ce haS-to be .

made between values whlch are- too high - (hlgh forces and

e

xL“,

1ncreased chanc¢e of premature fa11ure) and values Whlch are
-too low (low tool llves), An 1nd1cat10n of the problems

involved can be obtained by consideration of‘Flg. 1-4 which
' : : s T T oo




fshows schematically the relationship between flank wear and

lftime: Three stages are identifiable. (7)

(a) ‘An initial rapid wear rate.

(b) An approximate constant wear rate.

(c) Another zone of rapid wear which leads to

eventual failure.

v
>
24
3

It can be seen from Fig. 1-4 that ﬁhe;e is éonsideréble

N

g_advantages';n uti}izih@ff%e iinear_portion of the curve as
g,much_as pé;;iﬁ;e. $he vélue 6? flank_weaf ievellieached
f.béfore the second (1ihe§ii-stage is reéched.varies congiderablyq
é for_differéﬁt topl~ana‘wotgpie¢e compinationS.'.Thege,is’ ‘

~however, a general trend depending upon the type of canbide‘

aspshdﬁn'in Fig.'£;4.. o , _ o ; ' - Q u
.The:choice of tool 1ife:critériinhés a considerable -

ipfiueﬁcé on' the ﬁﬁrm éf_tool'iifeequatiqn ;s shown in

Fig-_l;S._:Itiis, thgrefore,'diffipﬁik éélcpmpére.tgol life

data if different criteria are used to define the end point

. of tool life.

1.5 Tool tife Equations- ' . S S .
. Taylof Type Equations:
The most well known tool life equation is that of
- Taylor. . . . o " .
[
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- - ~
i.e. v = ¢ _ o '.(1-1) . \
. where V is the cutting speed, T is the tool life, n the ’
slope of the logT-logv plot and C is the so-called -

Taylor Constant, i.e. cutting speed_for 4-on

: minute tool life. - ) T ._: .« 5 o
- This formula indicates a linear relatioﬁship between

} log T and 1og V, i.e. n-is~a constant Experlence has - shown

3

that: 1n gene'ral a curve results fron’f' a log'r—logv piot and

- .-

that constant n is a spec1a1 case whlch occurs’ under certaln;

conditions. ‘Fig.'1—6‘shows linear Taylor-plots'obtaineg?at
University of Manchester Institute of SCEence and Technology

wh11e Flg 1-7 and 1—8 show non- llnEnI Tag&or plots obtalned

‘by. other workers
R Accordlng to G. Barrow(7).‘Taylor equatlon 'pears to

~ be reasonably valid when machlnlng carbon and low alloy steels

. w1th all types of tool materlal under seml-roughlng condltlons o
(dePth of cut. 0 050 to 0. 15 in. and feeds of less than 0. 020 in. )‘\\
‘while cuttlng with speeds to glve a tool 1life between 10 and
50 minutes. Fortunately, when using carblde throw—away°tools,‘
one is marnly 1nterested in tool llves of 10 to 50 mlnutes .

'-,since'it_is in‘this region that onenapproacheS'optimum‘

' economic conditions.. An'exception to thds is in the case
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: of transfer lines wherxe it is usual to change tools at half

~or full shift intprvals (i.e. tool lives of 240 minu;esfand

- above). ' This is usually the region of maximum curvaturé

and extrapolation of a Taylor curve into this region can

create considerable errors.

Equation. (1-1) only relates to tool life for a particular
/ ” ' . '

R | Lt ) ". .”.-: ’ ’ . - .
- tool-workpiece combination, no account being taken of other

. of cut could not be comblned 1nto a 51ng1e varlable. However,

cutting variables and tool gbometry. To connect tool life

withiseyerél_variables, Taylor derived the equation:(7)_ :

K bad = o ‘ :
\L = Cs. (1" 7(527)1) - : (1—2‘)
T =z L2 r43a; /15_\.006 PR TER SN

S-\-’.’:?.T 327 6(‘52")4—‘!%&

mhete..VT is the cutting speed-for tool life T;

[

S 1is the feed:
. a " is the depth of cut;

' r is the tool nose radius;

" and Cc1 is a constant. = ° ' S

While this equation includes the impprtént variables,
| _ . I E ' N
feed and depth of cut, it is too complex and limited to be

P
4

of any praCticai use. Taylor considered'that feed'and depth'

Kronenberg( 14) used the data obtalned by Taylor and found

that in most cases:the area of cut (Sa) could be used asta S
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- single variable. By plott%pg data in the form of log Vo -

log A he developed the -relationship. |
2 .
— (1-3)
(1000A) o
F A -~ - :‘l"..'_ | -
- Where_, is a Constant,-i.e. cutting speed for an area of .

" cut of 0.001 in.2, A is the area of cut and ZJthe751o§e of
_the 1og Vp - log A plot. . . o | -

Combined with Taylor's'reLationship vl = C. equation-

F]

*{1-3) becomes

- n . .
e 60" C . o _ _
VTn = - __...._._....z_i . . . R (1_4) ) = .
| @oooa)” = L - -

_A shape effect-was_introduced by considering the slendernessd

;fatio_G‘= %W o] that : f'f ) " S e .
‘ G ‘ A ' :
/v = . e _ ‘ - (-5 - -
| (ooom)* - o =

. : G : , T
wherelJ is a constant and the term 5 relates G to an’ average )

(14) S

value of G whlch Kronenberg - con51dered to be 5

Whlle equatlon (1 S5) - conSLders both feed: and depth

- . Al

of cut the nose radius is not taken 1nto account . whlle

-

Taylor connected tool 11fe w1th cuttlng speed feed and’ depth :
of cut in separate equatlons,he never attempted to.comblne
: them tOgether. Thls 1s now done regularly and is known as

- the "Extended Taylor Equatlon" ( > - ‘ S ' '
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T= — . : (1-6)
- v* gk |

4

€3, *,P & Y are constant.

while this-equation is used fairly extensively it still

omits tool geometry and assumes that the exponents «,§,Y

are constant. As in simple Taylor equation this is. not -

4

generally so and large erxors can occur. Thé general trend
_ -

of tool life with the cutting speed, feed and depth of cut

is shown schematically in Fig. 1-9. The amount of curvature T

in a particular case will depend l_ipon the tool and ‘workpiece:

_.;:ombination' aad' the cut'ti_ng condi_tions,.
| Previded . .‘P and Y are reasonably constant, : equat.ion
(1 6) is qu:.te useful the evaluat:.on of e ;5 X arid ’C3‘i5.
-however, qu:.te labon.ous since at least three sets of tests
,J.nvolva.ng f:.fteen tool life values are requ:l.red as follows;
: o
A.(,él) Evaluate of by plotting log T agalnst log V(S and a COnstant)

Cb.) Evaluate ? by plottlng log T agalnst log s(v and a constant)_
() Evaluate Y by plottlng log T agalnst log a(v and § c:onstant)
(&)- Evaluate C by subst:.tutlon of oL, (:!» and Y and cutting
| .- donditions in equat:Lon (1- 6)' T '

Ingeneral--'.' E R e

i

L ECETY

'S
\-J.l_ .

i

¢
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into account is:

« -
. Extended Taylor Equation which takes the tool geometry also
¥~ .
{
1

3 d

Cq .
T = [ ) 1 .. 1-7
NI R (1-7)

where Y is thé'tobl approach angle and % is a constant.

Konig-Depiereux Equation:

. g , 15 . ' .
Konig and Déplereux( ) have developed an analysis
which accommodates non-linearities in the logTQ;ng and logT-
logs Curves. #Typical curves of this type are éhqwn in Fig. 1-8.

From Fig. 1-8 it can be seen that the slope of both the logT-

’ - logv and logT-logS graphs'vary-cqnsiderably.

The slopes of ‘the logT-logv curvef(wkuzﬁ#ASWQ,) can
5é measured at any point (Sayfét‘a particuiar value of feed)
and then plotted -against v. The same pr¢cedure'cah be repeatéd

fbr the. slope of the logT-logs ‘graph.’ The results of this |

- procedure ége shoﬁn-in'Fig,nl-iO.

~




3 From Fig. 1-10:
A
k = kv
; i=igs"
; B @logT
; -k =\?logv/_
] _ alogT)
: -i =\?logs

: g v

From (1-8)
dlogT

.which gives

(aT T
PV, = -T
. s
and
'(DT)' _
KX} = g
.“ v_ T
now ";D '
o 2

. ar =

.bv

" which leads to

o fE [ av N

?T BV
CAY Blogv
' mel
Kﬂ
n-1 '
i S

&

L S

f-i ST
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(1-8)

(1-9)

13s

!
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‘technique to evaluate the various constants and

) g ) : : .

(—EX_VQ‘- is g" + c)a ’ o o

T=e - T R (1-17)

. "

If the slope of the logT-logV curve is constant

3

(;Egsn + c) : B
n .- -k : o .

T = e v o **e(lf} Yy - T

3 s ey
P . .

- L

Kanig and_Deéiereux have developéd a compytational
- _ i , et
[

¢ - . - ,
tool life curves.from only five wear tests.
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' CHAPTER. 2T,
TOQL _MATERTALS AND WEAR OF CUTTING TOOLS o
- 2-1_eclaesi%icatien;ef'Tooi.Matérzals ; ! — -
ﬂyhe seﬁe;al teol meteriels in use:toeey mey-be
classified as follows: @4 . . L o
SO T8 Carbon,sﬁeele,
) 2.- : :Medium J?sﬂiloy, Si;eels' | , )
! ‘3. ",ﬁi__ér_x's;:eed' Steels ..
i 4; cast Tbel‘3119y3xe ;
- . 5. | Cé{n&'ﬁteé' Carcl.)‘idee e . v .
i fjﬁ-‘tpiee;alet: | | N
N | a.-Zéilicoe Ea:bideﬂi ' N ‘ )
A . g; iﬁ;'7A1um1num OXLde
S .
: | ‘%c. D;amhpd
Li- ﬁhile the flrst three groups ef materlals are really
't;steeis in as. much as thelr major constltuent.ls 1ron, _the .
{laEterjehree groups coetelﬁﬂlron as an.lmpureey. |
‘;Carbon Tool Steels:  :'L --_‘:'l.f’u_  f; '5;-‘5.‘ \‘ L.
\'O Tools?ln use before 1900 were a11 of th;s type.u‘Their
*chlef characterlstlcs .are low hot hardenezs and poor hard— |
6 ?
26" ’ -
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f.“r
; enability, ,They—aﬁe-usuéﬂly quenched into brine'and even
' theh only é_thin layer can be fullf hardened Qith the
‘attendgnt risk of developing quenching cracks. The cérbon
lsteeis are limited in usequ tools of small sectioﬁ which
oTerate_at_relatively iow speed (and hence low teﬁperatﬁ;e).

.°A representative plain carbon steel would have the following -

ianéé of analysis: _ ) i ' | R
C:%_ 7 _Si:% . an% ;
0.8-1.3 -, 0.120.4 0.1-0.4 = . -

' The highér the carbon;content;_th31§reater will be.the

. ) * ‘-_ - -" . .
1+ wear resistance of the.tool.:

".Medium_élléy'steelé: "n
- 3 - [

_ ) Thesg“éteels,différ from the blain‘carbon steels by
- . _-7\ o, ' . . .

the presence of elements designed tossmprove h;}ﬁenability.

-

~.Small amOunts_of éhrémium ahd.mélybdenum are frequently te

- used for this purpose. - Repzesentative compositions of some,

. of medium alloy steels are<giﬁgh below: -

N e T o '

¢ §  Mn, - Cr - MO~ "W ~ Fe
._"\‘ - ' ‘ o o : .
132 0.3 06 0.5 C-- . -- pal.

i

. 132.§<o.3 0.7 0.5 0.5 - | o
. 1.2, 0.3 -0.3 0.7 8.3 1.5

1.3 0.3 0.3 0.7 --° 4.0 A
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&

Up to about 4% of tungston is sometimes added to these e

steels in order to improve their wear resistance. While °
y : ' . ) .

sty e g e e T

these steels are widely used for drillel taps;and_reamers,
‘their hot hardness is about the'same as that.of,carbon'-‘
steels, and they are not satisfactory for high'epeed'turning
ox milling; b

High Speed Steels: o R | A

Thls materlal was first ueed for turning tools by
Taylor "and White about the turn of the century. Its intro—
duction made possible a signlflcant increase in machinlng
epeede, which accounts for its name.' However, today hrgh
speed steel is misnamed since it rs now the general'purpose
mater1a1 for use in machlning operatlons performed at 1ow1;-
or noderate speeds. The chief characteristlcs of these

| steels. is superlor hot hardness and wear resistance. The '

”composrtrons of three popular high epeed eteele are given |

below: .
Deeignation . Type W cx v 'Mp - ¢ - Fe
pel S w18 4 1 0.1 Bal. -
M1 - Mo 1.5 4 1 8.50.8
M-2 . W-Mo 6 4 . 2. 5 0.8
' L a : . '
|
Qo ; .
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‘High speed steels have wide applications but in meny
. ' . .
ioperations' (particularly singie point) they have been

, : 7
-superseded by carbides. j o . - {

:Cast_Alloy-Toole:

A number of nonferrous alloys high in cobalt have
$§een developed for use as cutting tools. .These materials -
‘whicﬂ are known es stellites cannot be heét-treated ehd'a;e
used as cast from a temperature ef‘ahnut 2300° F. A rep-
resentative range of analjses‘for materials of-thie sort

]

is as follows: .
7 o o i . o |
co , % " o _Cr' ’ % W . % ) C.» '%

40 to 50 "‘, 37 to 32  l4to29  2to 4 N
Cast alloys are not qulte as hard as tool steels at room
temperature, but retaln thelr hardness td\h1ghe£ temperatu;es.
_ They are not 1n wxde use. Thls is due to thelr fraglle
:nature.' lee all cast materials these alloys are relatlvely
~weak in feneipnfand'henee;tend.to sha?te;‘ﬁhen‘subjected to,

:a shock load or if hot.properiyisﬁpported.

fCEmented Carbldes-' - ' ‘ K ' oL .

carbldes can be c1a351f1ed into two types-

1. The C grade (stralght carbldes) con51st1ng;§f tﬁngsten

carbideﬂwith cobalt-as a binder for use in machining




cast irons and. nonferrous metals,

2. The s g;ade~(s£eel cut;ihg'cafbides) cdnsisting of
tungﬁten,.titénium. and tanlabim carbides with a cobalt
binder, for use in machining-steelé.

.Ceﬁentéd caxbides afe unusual in several respects:

1. _The} have-high hardnésé over a:wide range of temperatures.

2, Thgy:are-very’stiff (Young's mpduihs is nearly three
times that for‘;teell; 8 . |

3.a Thef exhibit ho-é;astic flow'(yieid point) e#en to
‘stréSSeS'as High-as 5 x 105'fsi.

4.' They_ﬁaﬁe low_thermal expaﬁsion cbmpérgd withéteél‘i

5. ‘Tﬁey-have relativeiy high-thérmai';9nduct§vity;_

6. Thef have strong-tgndency'to form'pres§ure welds at

low cutting speeds.

Dléﬁond Tools-“

- Dlaﬁond tlpped toéls are sometlmEs used for spec1a1
_,aépiications such as,p:oducflon of surfaces of hlgh flnlSh
on . soft materlals that are normallj dlfflcult to machlne.

- The- geﬂéral péopertles of diamond m#y be summarlzedlas
: n |

‘follpws:' r-j.'f ;* . o | | o

1. _ﬁardest kno&n substance (Brinéli ﬁardhesF =;7006).

2. 'Lowest‘thefﬁal expéﬁsion of any pure sﬁbstance (about;
' . 4 o . . ) C B ' E . . .
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12% that for steel).
3. High heat conéuctivity (twice that for steel).
4. poor electrical conductor; ' . o N

5. Burné to ooz when heated to about” 1500° F in air.

:‘6. very low ooefficient of friction against netels.
Sinoe.very high hardness is alqeys eccomnanied hy

brittleness, a diamond-tool must be cafitiously usedlto

avoid rupturing_the poéhtt 'Thislnaually-iimits the use of - )

diamond tools to-1ight:cont£ngous-quts_in :elatively eoft B '

metals} and low eeluee ofifakeeengle.are normally used to

| provide-aistronger bntting edge{ : \

2,2 Types of Tool Fallure

The failure of cuttlng tools may be classlfied in _ ,2

L (24 ST ;T
three general types-( )- . . ‘ SR g f.‘
Coee N : T . ,

1. Temperature Fallure

a2

The hardness (and strength) of a tool varmes Qlth
gteﬁ?erature.. When the rate of energy input to the t1p of

.a tool becomes too large, the tool bec0mes too soft to

) functlon properly and fallure ‘ensues, This® type of fallure'
' occurs qulte rapldly, is frequently accompanied by. sparklng,

- and is easlly recognlzed. ) I
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. 2. Rupture of Tool Point:

' Because of high hardness required, the tip ot a
o ?
fcuttipg tool is mechanically weak and brittle. This is
:particularlf true‘of carbide and diamond-tipped tools.
twhehever the cutting forces exceedra critical value for a
| giveh tool,fsmall portions of the cutting'edge begin to
-'chlp off, or the entire tip may break away 1n one plece.
~.The high forces which-produce-thls-type ;5 fajlure are not
generally assoc1ated w1th steady state cuttlng, but rather

- L
_w1th varlatlons in. the cuttlng process such as might obtain

ih a'milling operation or when cuttlng w;th e#ce551ve v;b—
ration'(chatter). For a ciVeh tool matetial; the tendehcy
toward“a rupture failute cah'be diminished‘either.by teducing-
| the casual forces, reditectlhg them, or redes1gn1ng the tool
tto withstand them. The forces can frequently be dlmlnlshed

:-by 1ncrea31ng the rlgldlty of the tool and work holders._

3. Gradual Wear at the Tool-P01nt:

When'a tool-has been’ln use”for ‘some time,-Wear-may

.become ev1dent in two. reglons as 1ndlcated in Fig. 2- 1 (i.e.
on the flank and rake faces of the cuttlng tool).,,In some
‘} . .

Pl

cases the flank wear is by no. means unlform as 1nd1cated Ll

inhFig. 2-1(B). Nose groov1ng 1s a common form of wear

~




'nose grooving and notch) are progressive with time as. indicated

2.3 Basic Wear Mechanisms

. during high speed finishing operations, while notching

~ occurs yhen_machin}ng high strength material, particularly ’

heavily work hardening materialusuch as stainless steel,

Ni and Co base alloys. Both crater and flank wear (including

in Fig. 2-2(a) and é—ﬁ(b). At high metal removal rates nose

grooving’and notch wear may be severely modified due to

.

oxidation.

e

' Severaljmechanisms of tool wear have been proposed.
Under certain{conditiOnS all'these,ﬁechanisms may act

simultaneousiy as;indicatedfin'Fig. «3 after Vlerege (25)

- A brief description of .the various @echanisms_is given below:

Kl

Adhesion wear mechanlsm-A

a

When surfaces rub together, partlcularly in the

',ahsence of 1ubr1cant fllms, some adhe51on 6ccurs at the .

‘.points of.rubbing contact. The frictiou_is prrmarlly the

force requlred to shear 4he junctlon =]e] formed."The simple'

2
mechanlsm of frlctlon and wear proposed by Bowden and Tabor( 7)

is based On the concept of the formation ‘of welded junctlo&s

and the subsequent destructlon of these._ when the destructlon

v
is by shearlng below the 1nterface, ‘a wear partlcle is. transferred

T

&
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The plucked fragments may initially be attached to one sur—-

' face but may subsequently be back-transferred onto the other.

_However, in machiuing operations this process is procbably

of very minor importance since fragments plucked either from

thé tool or work are rapidly carried away from the rubbing

. region,

For this;reason; adhesive wear in machining operations
is a relativelf straightforward_eoncept. The tool is invariablf
chosen.to”be Aarder'than work. If a junotion_is formed.at )
the metal)hork iQterfaee it'will geuerallyrpluck'out a fragmentl

from the work. The.process of.pluckiug—Out will have the

f' fragment in a very work~hardened conditidn aud it maywwell,

be hard enough to score: or groove the work. The accumulation

'of the transferred material from the work to the t1p of the

tOol is, of_course{_the'origin of the built-up-edge. ‘This

S - , e . .
nose acts as-an extension of the tool, and to some extent -

I

protects the tool from Wear. Howeve:, the buiit—ué-edge,

\
may occasronally break away w1th a small portlon of the

.tool'itself. This is partlcularly llkely if the tool is
heterogeneous in structure s0 that local reglons may be

appreclably weaker 1n ten51on or shear than the overall

wstrength _ Adhesive wear of the tool is therefore llkely

: : . ‘ . Ly ey

A .
m

P

e mmmemx—maaa raim i w s sy b,
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to be most marked if the tool is of non-uniform strength.(a)

~ Clearly the best way of minimizing adhesive- ear'is
by reducing the amount of adhesion. The commoneSt[:Qghgd

is by using a lubricant. However, it is still not clear’

lqwhether the lubricant acts mainly as a coolant or as a means

of reducing friction and adhesion. "™ it acts as a true
lubrlcant.lt is highly desirable to know how the. 1ubr1cant
gets 1nto the work/tool 1nterface and how qu ‘_Jgkly 1t can-

interact to be effectlvef Another approach is tofallow

adhesion to occux but to ensure that.transferred film is
. very easy to shear. The easiest way of doing this is to -

' incorporate suitable materials on small quantities'in the:

v 1o

work mater1a1 1tse1f. It may be that free—machining steei;_

- which contains 11 quantltles of 1ead, functlon, to some;,'

- . ' . . : d 9

extent, in this-way. Another idea is to make the work

relatlvely brlttle s0 that the removed ch1p ea511y fragments

and breaks away fnom the tool face. lelcates in the work

prObably functlon in this way., although at hlgher speeds 1t

is- p0551b1e that a smeared glass-llke f11m acts, in some -

measure, as a lubrlcant-between work and tool.r "

. ' .
——
! . . . . 2 f B e

This mechanism cannot be the complete explahation

of the wear procees,'since it'implies_that one surface will °

=
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i

II

3 become covered with a layer of metal from the other . surface
4

and it does not explain how loose wear particles are produced.

Abrasive wear mechanism:

Probably the earliest concept of wear,ﬁas one of

abrasion of high spots on one‘surface'through material of

the other surface. The abra51on process rnvolves cuttlng §_1

: #‘-—un ":l‘-:%",‘-:
and, as such, it depends on the hardness, the elastlc » BN

properties and the geometry of the two mating surfaces. -

 abrasive wear occurs if a hard particle cuts or groqve; ona{ﬁ‘
- . . ’ . Ty r-"v ', "‘
o . o 4 ARG

of the rubbing surfaces. The flrst crlterlon for appreciﬁble <

&
_ LR
=abxasive-wear‘is that the partlcle should be hafﬁer than- B

————

: =
the surface belng ahraded._ I1f the vickers-hardnees of the
tpartlcle 1s, say, 1 5 times that of the surface, abra51on
can*occur fairly readlly, It the partlcle is. smooth, most

‘of the abrasion will be{in the form of plastic grooves,(w1th

R

. very little material removedf_cr”in’the form of chibs and
flakes if'the]surface'is brittle,' If the particle has

"sharp‘cdrhers'er edges and it is appropriately oriented, ‘it
.wiil cut the surfacei””Abrasioh then‘reéeﬁbles micrecuttihg.

-and the abra51on rates are relatlvely h;gh

B ot PN - . o
¥

Tool wear by abra51on is most llkely to occur w1th

work materlals contalnlng hard 1nc1u31ons aeccordlng to

.

”
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(8) ",

. D. Tabor 1f the inclusions are spherical the& are more
likely to groove the. tool face and flank andttpe rate of
removal of_material will be very small. ;f on the other
hand, the inciusions are sharp thef’may'produce microcutting
and relatively hiéh rate§x0f‘abrasion. Clearly rhe best
way’of avoiding such wear is to use work materials that do )
;not_contain hard inclusions or at least to arrange for the
-inclusions to be smooth.‘ Another apnroech is to nee a tool
material that is harder than the inclusions. Alternatively;'
a softer tool material may.be nsed'provided it workhargens

. under repeated abrasion to'grve\? hard surface layer capablefr

of resisting further deformatlon or cuttlng by abrasive

.rparticles. The same effect may be achleVed by coatlng the
tool w1th a very hard skin elther by platlng or by chemical

~treatment, e.g. nltrrdlng. -

b ]

Diffueion'Wear mechanisms:

Hoxnl(ZG)Jtnoughr:of“wear as a.proceee of atomic',
_trensferlet contacting ésperities; i.e.;'wear nurely by
dlffuelon.. More recent concepts of wear'con31der dlffusron
to be an 1ntegral part of other near processes.r AS poxnr\a‘\\ N
| (27) | ': \

‘out by Bowden and Tabor. _some diffusion myst occur-ln

Jf.the adhesion of contactlng asperltles, the dlffu51on and |
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alloying processes at the interface junctions will control

the' size and nature of the wear particles.

Diffusion may be classified as part of the abrasion
wear mechanism qnder certain circumstances. One of the well-

known examples of this is in the wear of tungsten carbide
4

tools used in cutting steels. Th3~chemical affinity
between the steel of the work materlal and the cobalt binder
in the tungsten carbide leads to dlffu51on of the cobalt
out of the‘tool.‘ This, in turn, causes the format;on of a

i Weakened surfaée.layer,on the twol, which is manifested by

It can be controlled by addltlon of tltanlum and tantahnn-

L4

alloying elements.
The diffusionﬁrate‘is a temperature—depenaent pheno-

:menon, i -e., a direct functlon of the rubblng speed. .However{
the anount of mater1a1 transferred by dlffu51on is’ ‘dependent
‘on the tlme of contact of the'matlng surfaces - anvlnverse
functlon oflspeed ~ The relatlonshlp between Slldlng speed

jand wear rate as rnfluenced by dszu510n is thus a complex

‘one. ‘

This tYp%;of wear may be reduced in three ways:
¥ ' . S ' ‘ S

(a)_be rnnnihg atilower speede so that the surfaoe -
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“temperatures are lower.
(p) Dby coeoling the system so that the interfacial

temperatures are diminished.

(¢) by using tools that are not soluble in the work

even at elevated‘temperatﬁres, e.qg., by the use -

{2 R R
of titanium carbide with ferrous materials.

chemical wear mechanism: S e

2

There is another kind 'of wear_which may j§nvolve both S

1.

adhesion and abrasion. it occurs if'the.rubhing enrfaces |
hlare attacked by the env1ronment to form a removable surface
flhm ror example, in the presence of a snlphurlzed 1ubr1&ant
.a sulphlde f11m may be formed on the metal" surface. in the

- presence of adfatty acid-a'soap-fllm. ‘More generally*'
oxide or hydroxide-films will ‘be formed in the presence of A
- ' - B 0 . 5 ) . .
(8) L T . . i , _ o

_'air._ These films may be removed by the slidlng process

to expose fresh underlylng metal whlch is hlghly laH_}e and '

[ Y .
- can readlly react with the env1ronment ‘to reform the surface -4

film. This type of wear is often slow and generally is to

)

be preferred to the wear that would occur if no surface

0 =

-

films were"present.” Howevertllf extremely reactlve luprlcants

‘are used, chem1ca1 wear or even dlrect corrosxon may become

significant,




patigue wear.mechanism: = - ' ' o .

klthough fatigue wear can always occur between E K
. « - ..
‘Slldlng surfaces 1t rs usually swamped by: adhesive or‘

[ - . L3

abra51ve wear. Consequenfly,_fatlgue wear becomes rmportant-!
only when.adhe31ve and abra51ve wear are relatlvely small...

For exampley in well_1ubricatedjsystems‘adhesive hear may; S ?
be negllglble. 1f hararparticies‘aré exciuded'ftmﬁ{the ; |
_“system (thls may be dlfflcult he;ause dust can, often'act 1n. o

" this way) abra31ve wear may/he small. If then the surfaces | o
rrare contrnuousi;hsubjected to 1oad1ng or. unloacang they may . a
‘,gradually fatrguerandjpleces_of the su;face may ea51ly be

'_: 'detached ‘ qi'his occurs‘in'si'idin'g sys'tems Where "asperities ,

- on one surface contlnuously transmlt stresses,onto the other -

r.,.

reven though they are completely separated by a lubrlcant fllm

.8 -\ e -

A sxmllar effectrmay occur 1n rolllng bearlngs. Fatlgue‘w" . i
. e : Y . R . . - B
.;fallure 1s often 1n1t1ated at a surface flaw or crack. S

_‘Accordlng to D. Tabor( ) an applled stress may open the e

-

' crack a llttle- 1n the presence of a contamxnatlng atmosphere

-

-the crack does not ‘healhton removal of the stress. Repeated e

y

ﬁi¢YC11ng of the stress w111 thus gradually produce spalllng

[

-of a fragment out of the surface. Sometlmes fatlgue cracks -

"can be 1n1t1ated at defects whlch 11e below the surface.3;='
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In this bnee.:eéeated‘ehreasing greduelly work oardene thoe
'eﬁbeurfnco"meﬁerial. Thie,mey bo followed By'ehear'or
teneile\failore;b'
Fatigqp doee not ueually -occur if the applied etreee

15:b010W a co:tain 1imit. TO minimize fntigue wear in tools -‘. -$i

it is desirable to use tools that are cohaiderably harder_

than work.w Tho contact pressures which are determinod by

_the yiold properties of the wg;k may then be below the. 1imit

o

uﬁ-which :apid fatigue_occu:a. It is aleo desirnble to avoid
‘flaws in the surface of the tool" and mnomogeneitieo in ite'
etructure. ‘ '

2.4 Factors Involved in Tool Life : : ‘\\.

Although the shapee,of metal—cuttiﬁg tools used in
7,turning.’milling, dmilling, ete., vary widely, the: baeic

: _form is that of a Wedge forced aaymmetrically into the ‘work

.material . It ieunow accepted that in general the workpiece'

f’material is deformed as indicated in Eig. 2—4 (7) The

secondary deformation zone ie cgoaed by the chip adhering A
" to the tool over a po:tion of the total contact length ,
| -
Kbe-tween chip and taob hie form ia’dictatod by the objeztive

. of the operation. which ie to remove & thin 1ayer from a

. more rigigd body. The 1ayer moved in the form of frggment .

-




. material bears against the passes over the flank or clearance

‘or lass parallel to the work eurface. is formed by wear.

or, chip). being thinner and more flexible, can conform more" S
‘ the rake face of the tool along a considerably longer path, . = i
-.chip; Wear aleo takes place on the rake. face of the tool
‘alth&ugh not so univereally as %2 the flank. . - Lk

Flank\wear‘ _'_ o o o TR

(Fig. 1-Q), th .width or;which can be

42

or'a‘continuous’ribbon bears on the-rakelgéc;ﬂof the tool

and paeeee.overfit,Awhfle the morekrigidjbody'of‘theiwork

i

face of the tool To avold exceeeive-friction hetween the -

‘tool and workpiece a clearance angle (which may ba - from
~ about 1° to 20°) ‘on the flank of the tool ensures that the
g work_eurface‘ie in contact with only a narrow band very -

‘close to the tool-edge. Becauee of-the rigidity'of the

work this normally remaine narrow until a new eurface, more - . - ‘ 1

such a worn surface ie called-the flank wear. or land and | . t’ﬂ

is the most typical form of tool wear .’

' The layer removed from the work surface (the swarf | b

.
-

readily to the tool shape and normally makes contact with . i

a(dietance eeveral timee the thicknees of the undeformed e

- , = : . &
/ {

L PR +

This ‘often takes the form of a}%even band of ygai

easured with
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wear process. ‘

reasonable accuracy. Weareland'formation is not always .

unifoxrm alonc the side anduend cutting edees of'the tool. |
o | v :

often localized wear at one or more-positions along the

edge is.several times'greater_than_the average. .Two_positions

at which accelerated.wear commonly occurs are where the |

sork:surface intersects'the cutting edge of the.tool and

near the nose of the_tool. 'At:the former position the surface

T

" condition of ‘the work and the atmosphere may influence the i'

L

——

Flank wear . -occurs under almost a11 conditions of
cutting, but metallographic evidence shows that more than:
one wear process is involved 80 that simple laws relating

the rate of wear to variables such as speed,-feed, tool |

‘geometry,'etc;, can be expected only under»conditions where

the- wear process remains substantially unaltered ' cutting

tools are generally used most efficiently w;en the only. form

of. wear is an even land on the tool flank, but. factors other‘:

than flank wear 1nf1uence the 11fe of carbide tools in: practice.
The surface finish produced in a ‘machining operation |

usually deteriorates as the’ flank-land wear 1ncreases -

although there are circumstances in which a wear land may o

burnish the workpiece and produce a good finish. Cutting

‘Qﬁh‘




:_ mode when the,tool wears.

llikely under_diecontinuqus cutting.conditions. cutting ;*.

Laaei Loty ot b e T
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forces are normally increased by flank wear of the tool.

, | ,
Flank wear also influénces the plan geometry of a tool.

This may affect the dimensions of componente.produced in a

'machine with eet cutting tool positions, or it'may influence-

Y

the shape_of'componente;produced'in-an operation utilizing o

a ferm tool.

vibratio or) chatter ie another aspect of the cutting

.. process which may be influenced by t001 wear.. A'wear land -

. increases the tendency of a tool to. dynamic instability. A

cuttingﬁ:::;ﬁtion which is quite free of vibration when the '

tool.ie £p, may be subjected to an unacceptable chatter .
' B 13—\1 ‘.".1 '

Crater wear:

B On'the rake face e'cevity or crater frequently forne'
/
a short distance from the cutting edge, as ehown in Fig. a.

Once the crater is eetablished, its depth KT grows ‘more

rapidly- than its top width KB. The edge of the crater

approachee the cutting edge, both by wear of the crater and

by clearance-face wear.' Thie weakens the tool close to the'
cutting edge and a major failure may occur by fracture from

o

the crater through to the clearance face. This is more
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forces are normally increased by wear of the tool. - Crater .
. '-‘—\g e - . n
wear may, however, under certain circumstances, reduce

-

forces by effectively:increas}ng 'the rake angle-of the tool.

-

Built—up edge: o s e o . _ ’

According to E.M;'Trentfg) in steel‘cutting, the
pressures 1oca11y on the3rakeiface_may~be greater than
100,000 1b/in.2;'.The surface temperatures'may be several

- ’

hundred deg - g c,rand clean.metaf:surtaces are constantly N
being generated;_'It is-notfsurprising theretore; that when.‘
the tooi is withdrawn‘from.the cut a fragnent of the work
materlal is often found flrmly adherlng at the edge.. The -
bullt—up-edge is not formed durlng the act .of dlsengaglng

.the tool but represents a body of metal present throughout

) the cuttlng process.; Slze and shape of the bullt—up-edge
vary with the cuttlng speed and - feed Flg. 2.5 shows an’

' 1deallzed-p1cture of bullt-upeedge. As cuttlng speed |
-1ncreases, the shape often changes from a large wedge to a -
flattened lump and then w1th further increase in. speed it
dlsappears almost entlrely 1eav1ng only smears of metal on .
=the tool surfaces; ) |

i L

~ The presence of bullt-up—edge is 1mportant Ain relatlon

LA

3

to toolplife and surface flnlsh; It_may elther be harmfuL

T
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or beneficial to the tool, depending on the conditions.

- ¥ ~—
\ 7

E.M. Trent (9 ) has suggested that when cuttlng cast iron

' B.U.E is usually benef1c1a1 and :cast iron is frequently
cut underAconditions where huilt—up-edge is formed. This
largely protects the rake surface(of the tool fromkwear and
the rate of flank wear is low.‘

| When cuttlng steel wrth’carblde tools,»the bullt—up—

edge is most frequently harmful.(s)

Not only doed’ surface
.flnlsh of the work become poor, but the bullt-up-edge is
often broken away, brlnglng with lt small fragments of the
"tool edge and leadlng to rapld breakdown of the tool. Wlth—
out dlssolv1ng the metal adherlng to the tool, the cause of
'breakdown may:not be obvrous ‘and fallure may appear to be

. due to rapld flank wear.. ‘ ) |

. Unllke flank wear, uhlch occurs under almost all
condltlons of cuttlng, the built—up—edge is a factor‘

‘e affectlng tool life malnly at low cuttxng speeds and‘feeds.
To nredlct tool llfe. surface flnlsh, etc., 1t is. 1mportant

to know the condltions under whlch bullt—up-edge occurs for

. the tool3and~work materlal concerned.

~

i

--Tool”’ deformatlon- i

There is a constant trend in metal cuttlng to 1ncrease

-

i
v
$.
£
}

i
.;"
L
¥

I
!
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metai removal rateﬂby increasing cutting speed and feed

rate. ;with inereased speed the'temperature at the edge of
"’ the tool is raised,ﬂwhiie both'temperature and the stress
near the cutting edge are iricreased with incnements-of
feed rate. A limit;is‘eventually reached at which the tool
material can.no longeriresist the combination of stress and
temperature, and begins to<deform permanently; The resistanpe
of the tool to deformatlon may be the property on whirch - : :L V.fL
depends the upper 11m1t to the cuttlng speed and\feed whlch
can be used. The dgvelopment of tool materlals from carbon
steel through hlgh—speed steel and cast co—based alloys to
cemented carbldes represents a serles w1th 1ncrea31ng S -l'o'
resxstance to deformat:on under compresslve stress at. hrgh
‘temperature. e, B

| Defornatron is a factor in tooi 1ife,quite distinct

from normal flank wear. Where the tooi'tip‘is not stressed
above 1ts elastlc 1rmit the wear rate is not related to the
resistance to deformatlon. As cuttlng speed and feed are :

ralsed, the elastic 11m1t is exceeded and the tool begins S

to deform. At flrst this may have no effect on ‘the wear

“
.

' rate then, rather suddenly, the limit may be reached of the.

straln whlch the. tool can withstand, and it may fail suddenly
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as a result of localffracture. Such ;failure may be attributed.
" to flank near or to mechanical"chipping, unless the tool is - ?r
carefully examined under the micreecope, but it is necessary

to diagnose the failure.correetly in ‘orxder to apply Epe : o
correct remedy. Tool failure by mechanical chipping may

require the use of a toﬁgher'tpoi material, while to ovircome
deformat%on a.harder.theugh less tough toolmay be-needed.
Deformation'occurs mest freqnently at the nose radius of

8 a tool and may;he minimized by attention teltoolrdesign; A

tool with a small:noee radrus-wili deform_atmuch 1dwer

- speed and feed than one with a 1arge‘radius. e
It is uSefhl to know” under what conditione'defprmatien

4]

of ‘the tool occuis. To calculate this would require knowledge
_ of the temperature'and stress distribution near the cutting
"edge of the tool, knowledge not at present avallable.

Fortunately, mueh useful 1nformat10n can be obtained at

-:.relatively 51mple 1aboratory tests. kThe'flank surface of a'

tool tip is lapped optlcally flat and the tip is then clamped
in-a tool holder'and used’for cuttlng underrcontrolled

condltlons.‘ After cuttlng,‘any deformatlon of the ‘tool tlp
. ...f -

" can be observed and measured by p1ac1ng the flank surface of

'the t1p on a flat glass plate and examlnxng it under mono- a

)

\

[
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chromatic light.

By,testing’different tool and work material in tbis
way, with varying tool geometry, it is possible to build up‘
a body of'knowledge concerning'conditions under which de-
formation of' the tool is‘a factor of importance in tool life,
and the relative resistance of‘tool material-te'deformatien.

Mechanical. chipping: o)

: chipping of the tool, as the name implies, involves
removal ‘of relativelyllarge discrete particles of tool material.

Tools subjected to diseontinuous cutting'eonditions?are

‘partlcularly prone to chlpplng. Built-up—edge formatidh.also

has a tendency to promote tool chlpplng. A built—up-edge is

'never completely stable, but it perlodlcally breaks off.

. Each time some of the bullt—up mater1a1 is removed 1t may

take with it a 1ump of tool edge, to which 1t has adhered.

- This leaves auﬂhlpPEd cuttlngaedge.

.

- chipping results mbst frequently from 1mpact of the
swarf on part of the cuttlng edge not engaged in the cuttlng,
or when startlng or stopp;ng the cut,‘or frcm careless hau\llng.

It can be greatly reduced by measures taken to control the

-formatlon of swarf by Chlp curlers, etc., and by eff1c1ent'

methods of swarf disposal. -In many cases ‘honing, or;the

(9)

-y,
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formation of a small radius or chamfer on the cutting edge
of the tool, will prevent this ‘form of damage, or it may be
necessary to use a tougher grade of demented_carbide.. In
such ways mechapieal chioping can be minimized but its general
erfect is to cause‘scatter in the data for tool life, and ’ T;
often so much scatter as to render workshop test results
meapinglessf ' - - - f |

_Again it is importantrto ;e able to distinguish
correctiy between failure due to mechanicaltchipping and
other causes. ‘To do this With,certaihty gsually reguires
micrpseOPicai exemination~0f tools\treated in acidrto remove
adhering metal... |

Thermal cracking:.

: At the cuttlng edge of ‘the- tool very steep temperature.

'-—-—-._._

gradlents exlst and 1n 1nterrupted cuttlng frequent and .

r . - -

‘rapid chariges of temperature occur. It is, therefore, not
surprising-to flnd partlcularly in m1111ng operations, that
;crachs oay‘be-formed aoross the cutting edge which can be :
lattribgted‘to the stresses assoc1ated wlthnlocal thermal-
eroension epd'eontraction.. They may shorten tool 11fe in 4

two ways. If many cracks form close together, fragments of - i

the tool ‘edge may break: away between them.. If the tool }s
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subjected to major stresses in service, the stress concen-
tration at the root of the thermal cracks may result in -

-

failure 6f the tool by larger scale fracture,-bqt a smali
riumber of short thermal cracks does not appreciably affecé
the tool life. |

There are other factors and causes of.ﬁear involved
in particular metal—cutting processes, but ﬁost‘of_these,
e.g. oxiéation of the ﬁip, or-failur§ due to brazing and
grinding ;tresées, are éyoided by taking reasonable precautions
well known to those 'skilled in the art of metal cutting’,

or are rarely encountered.

L%

. -
R o
/\,
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CHAPTER IIIX

MACHINING OF HEAT RESISTANT ALLOYS

‘3.1 General Concept.

_with the advent of supersonic aircraft and rockets,

thermal-resistant—alloys have replaced the traditional

- magnesium and alumlnum for many appllcatlons in aerospace

industry.

These alloys are hard, tough and often abrasive.

‘rheir machlnablllty is low. End mllllng is dlfflcult. -

current trend in the a1rcraft lndustry has 1ncreased demand

for materials:that are:

4-

5.

. The materlals that meet these requlrements are generally
~difficult tojmachlne.

‘that no machining

resrstant to. oxldatlon. partacularly at.

‘high temperatures,

of great strength,
b

of llghter welght,

!

,exhlblt small deformatlons at hlgh temperatures.

are not brlttle at low temperatures.-

i
/

In many cases these alloys are SO _new

/

information is avarlable«for use in settlng-

up produotion‘maohining operations.
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- [ - ~

3 s

Three major factors are the sourceé‘of much 6f the - 5ﬁ3

difficulty encountered in machining high-strength and thermal- .

resistant alloys. These are-(lq)

1

1. Abrasive character of metal - determined‘by %
the ‘nature and distribution of the microconstituents. W?fQ

- 2. High temperature at the edge of,the cutting CoE

"tool.
3. Tendency of_the.ﬁeﬁé}_to,work-hardeo.
Wﬁrie.an‘evereincreaeing quentfty'of_ordinerg
structural materials wili be‘mactioed-in'our mase proouctioh | g

o

1ndustr1es in the future, an, 1ncrea51ng percentage of our

productlve efforts. w111 1nvolve the proce331ng of 1ess

n c.-

. conventionaI materlals. ThlScMOIk 1s concerned w1th some

-

of the‘ba31c prlnc1p1es assoc1ated w1th £he end mlllxng of .

< -

- ) - " g

one of the conventlonal materlals, namely PDS IOIOSAP (mlld

-

steei) and one. oﬁ the less conventlonal materlals, namely

7 PDS 10710KA {Multlmet) that ‘might be c1a351f1ed as dlfflculth

- - ]

to machlne. Multlmet is an 1ron base corr031on and heat,

v
+ 9 . N

re31stant alloy wrth a hlgh N1 content ln it. ‘ Therefore,

.

) 1ts machlnablllty characterlstlcs are very much simllar to
those of nlckel—based alloys. To efflclently machlne such

a materzal is obv1ou51y.a very challenglng problem whlch

A
- . )

«

wr e e e e N
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.. o

hasg not been Cémpletely solved today, f‘ . . ' .

The Cuttinghprocess: -,fx' S ‘ | . -‘. -‘./)ag”
. . To understand the difficulty-Ofimetal reﬁoval with - ‘ffa

t

A 'respect to Multimet and nlckel-based alloys a close look at v

the cuttlng,processA1s_necessary.' When a sharp tool engages
with'thé workpiece-iﬁ'a machining operatlon a’ complex . s N0

dynamlc relatxonshlp 1s.estab11 hed, and although 1t may be N Ly

customary to talk of'diso te values of tdb1 forces these el S

will, in fact.ﬂvarf,continuously‘over'a wide rangeq- Durlng; S i

cutting the ma terlal at the tool p01nt reaches a yleld tl' . igf

//-ériterion and falls, the volume of matal attalns values_g . R
?fbf stress Whlch wlll VarY‘Wlth.the tool. sharpnes§ q_ ; . =
R ,ro;nded tOOl_Wlll produce a 1arge volume of nearﬂylelq J = .‘( :;f
_' .fﬁater-ial, and".‘ﬁrax;'cl"li'ng ;t:_x:at:-‘ks may ré_sﬁ.]‘_‘t'. P.. Wc':lr.b.l‘l;rtg;‘n'(g.\)‘ e f

o'has found that the material 1mmedlately 'in the reglon of

“the tool absorbs a large amount of energy and ig llkely
. o

to be hlghly stressed both hydrostatlcally and in shear, '

1t is therefore llkely that most metal cutting Qperatlons '

w111 promote a brlttle type of fracture of the”branchlng

C

‘ ‘:crack varlety, ‘as’ thlS d1381pates more energy than a single o

-

' ‘crack fallure. R R

- 3N - -
. . . . . e \-j,-g.‘un . . Q
" B . . ’ : ;‘\?{’ ' :

‘:"f‘s:‘_:» . ! .oy P i B o . . v

R N .
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3.2 General-Machining characteristics s
The principa¥ machining characteristifs of heat
. o

resistant a;loys are also encountered when naohining C-
ordinary materiais,_hnt usnally to a lessFr-dedree. Each

_class of‘materials has its particniar-combination,of difficulties,

e

gfat resmstant alloys have low thermal conduct1v1t§
_and low specific heat, both of Whlch give. rlse to higher ~
cutting temperatures; A hlgh coefflc1ent of thermal
-expans1on makes it dlfflcult to malntaln dlmenslonal accdracy;

These materlals also tend to straln harden apprec1ab1y and -
: ﬁ # .

"may even transfqrm to marten31te wn11e belng cut. ThlS

_results in relatlvely hlgh values of cuttlng force unless oot
+

the. strain in the chlp can be’ reduced.kﬁgools of relatlvely
'large rake. angle "and. low tOOl-Chlp friction are ealled for.

Goxng hand in hand wlth large stratn hardenlng is bulltuup-
edge formatlon and poor’ flnlsh. o

. ‘
Another problem assocmated w1th heat re51stant alloys.,

. ¢ -

is the tendency to . leave a dLsturbed surface layer and

' resxdual stresses in tne flnlshed surface.(le) If a secondl‘

1

cut ‘must beqtaken 1t ls then necessary to deform prev10usly i
™ . ‘ -

“str; hardened materlal In order that weakest portlon
? . |
£ e

o ‘tool (the tlp) w111 not have to engage straln

N
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to weld to the workpiece material.

' SPU-422— HlB were. selected for testing purposes. ,1e'\

4 56

->

hardened material, it is importanht that the undeformed

. : 1
chip thickness exceedsthe depth of the disturbed layer,

" rhe chips produced when machining heat resistant alloys-

-

are ductile and chip disposal or chip breaking is apt to

3

be a problem. “The large thermal coefficient*of expansion

.-

~and thejdimensional change_with phaseftransformation makes

it difficult tonmachine to close tolerances; An increased ‘

'rake'angle'helps'both.or these'problems.'j_ .
-'Best'resnitsﬂare, thereforb;IObtained with heat
resistant alloys when‘they are machined at moderate values
of feed usmng tools of high rake angle (due to the strong

tendency for strain hardening) and having a low tendency

(16) Ceramic tools are
1.4 ’ . + i .

fnot.well suited to these materials. cast iron (straight K

tungsten carbide) grades of carbide give beat results and

tool hardness should be as hidh as possible, consistent

with edge chipping,'in order “to decrease thg tendency for

' weld formatron. Therefore, cast iron grade carbide &nserts ;

L}

The iron base high temperature alloys are not as

N

_effective as the nlckel and cobalt iase alloys with respect o

to oxidation Btablllty and high ‘tem erature strength, bnt

; e .
. : , _ .
) . - . N ) K . . . . .
- ’ ' - - : : : I3 -
’ . . . . . £on
. - B - B a . - -




at both edges of a chlp

instead or'the-usual 30 thou. . S ‘_'4\

;. :J'“ﬂ., ’ 57
‘V ‘ . .
are more easily machined and less expensive.
, Since larger rake_ angles may generally be used with

High‘Speed Steel (H'S S.) tools than with carbide, H.S5.S.

tools frequently give~the best results when machining high

r

‘fa-temperatureralIOYS- Therefore, H.S. S.rtools were -also used

in the 1nvestigation.

In addition, 1ow values of speed and feed should be

jused and’ machine tools should be as rigid as possible. i

‘Cutting fluids containing active chlorine and sulphur

generally ard in the machining of high temperature alloys.
As the maximum operating temperature of a high"temperature

alloy ‘rises, the difficuity of-machining increases.. The

strong tendency to strain harden gives rise to deep grooves

(16)
The high temperature alloys should not be machined
w1th tools havrng flank wear values that are as high as“

those normally employed in cutting ‘steel. TOdls should be

taken from servrce when flank wear reaches 10 to 15 th%B

K3
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3.3 clueeification of problems Associated with : :
pifficult-to-Machine Materials - ~

Practically all-the problems associated with difficult- )
to-machine materials may be classified as follows:

1. Problens.of tool iife.

2.‘ Problems pflsurface finish,

3. Prohiems of toel,forces and gpwer.

4. Prcbiems,ot.chip-disposal. g | S
‘3.3.1 Tool Life L N

Tools usually fail in one of the following ways--(16)

-
-

g Due to plastic deformation of cutting edge -

since cutting temperatures frequently tend to be ‘_'
high when machining high temperature alloys this can be -
the source of failure for both H.S.S. and carbide tools. 5

since this type of failure requires“the~remova1.of 1arge

._ frequently 1nspected when this form of failure is apt to ‘  S

‘occur, so that plastic flow of the cutting edge may be

,detected at an early stage in its development

| lDue to attritious wear -

-

This type of wear occurs as a result of . the shear '.3:. .

failure of local regions en the tool surfaces. It may result . . ;g
+ . -

N

-
!
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from ploughing action of hard-particles in the chip or eork-
plECE. The item of interest here is the hardness of the ’
hlghly worked chip énd workpiece constituents relative to

7

the softest‘phaee oF_theutool. In. this sense the heat
resistant alloys freQﬁentiY‘behate in an abrasive manner.f
The eetablishment of microwelds betweeh chip and tool is.
another source of attritious-wear.- The amouht of wear

resulting from weld'formation'depends on the relative

strength of materials-in the vicinity of the weld. If the

_weakest‘region“is in the chip then‘a.built-up—edge results. o

_Thls is usually the case with heat resxstant alloys. When
the weld lnterface is weakest there w111 be no. transfer.__
Howeber, when the‘points of'greatest‘weakness,lie wlthln

the tool, wear partlcles are developed. since many of the

——

—

‘they may ‘be v1ewed as abra51ve 1nhthis sense too. A change
in the chemlcal comp051tlon of the Dbol face (thln 1ayer)
due to diffusion. into the Chlp may reduce the strength of

the tool face and cause an- 1ncrease in attltlous wear. _How—

ever. as Opltz( ? has shown, a boundary layer ‘may form at

R

'the chlpetool 1nterface due to chemlcal ‘action there whlch

has,a protectlve'actlon.' The- promotlon of thls type of

L

heat resrstant alloys both tend to weld and to straln harden

L
S
-
"i
o
S
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"

protective action is particularly important for the difficult-

to-machine materials_and-deaerues further study.

: _ \
pue to groove formation -

When cutting high-temperature“alioye (especially‘
' ‘ : - - R

nickel or cobalt high temperature alloys) there.is a

tendency for groovee to form at elther edge of the Chlp."

sometlmes multmple grooues hav1ng a spacing equal to the

feed are found on the secondary edge of the tool. These ] " )

are obv1ously produced by uncut mater1a1 escaping the cuttlng

edge at the po;nt where the first groove forms on the secon-

dary cuttlng edge.'- | s _f ' AR | _ SR | _'E%
éroove wear has been attrlbuted toha straln hardened-

layer on the work surface at poxnts correspondlng to the

chip edges. Materlal of hardness 63‘R;has been found 1n

theselregions. a o = i S \k\; o e

‘pue to gross chlpplng -

*,stresses lnduced by shock are of greatest 1nterest. To

-avo;d shock, contlnuous chip formatlon should be promoted.

~in the tool. can also cause gross chlpplng. S

T T E T T T T

Larger pleces of tool materlal may also be lost due

to brlttle fracture. In such cases’ hlgh 1nterna1 tool

Thermally 1nduced stresses caused by temperature gradlents

-~ L
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For efficient hachining of high.tenperature_alloys,
tools should befrefractory,to'avoid plastic flow, haue'hign
wear resistance to‘avoid attritious wear, and have good
brittle fracture resistance to avoid gross-chipping.' Unfor -
tunately, therfirst two of these'reqdirements‘do-not occur

naturally with the third and‘frequently a compromise solution

must be sought.
4

The correction of tool . failures should follow the
procedure usedxfor ordinary materials. First determine the
cause of tool failure. This is particularly important since
-a remedy for one type of failure frequently promotes another.
FOX example. an increase in cutting temperature 1s harmful
from the point of View of first two types of failure, but

may be benefic1a1 in decreaSing gross chipping. However,_'

use of a coolant may sometimes promote gross chipping.

,3;3.2 Surface Flnlsh

The roughness of machined surfaces is due mainly to
the following two items-(lg' 20) f' "i
':(i) Geometric factors.
-(11) P01nt of separation of Chlp from workpiece.

The first includes feed marks. the depth of which may

;easily be calculated for a given feed and tool geometry.

Y Lt BN

e

e
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.

puilt-up-edge (B—ﬁ-E) leaves behind strain hardened

L : a e- -

debris on the finished surface. Certuln high tehperature
_alloys are particularly.troublesome fram the point of viewi
of B-U-E. To.avoid\h—U-E, the following steps may be taken: (4%
(a) Increase the chip tool ihterface temperature
to_the point where the chip meterial re-—
crystallizes, This may be diffidult to achieve
wrthout destroy;ng the- tool in case’ of high
temperature alloys which have very high re—

crystallization.temperatures. R

(b) Use a cutting fluid that prevents chip-tool

W .
T

" adhesion. - S .
| . I

(c) Increase the rake angle to about 30°.

(@) change ﬁachining conditions to promote .

oyt
)

e diécdntinuous;chip formetion.

©3.3.3 Cuttlng Forces -and Pewer.

‘Some of the heat re51stant alloys requlre high cuttlng

o -

forces and-hlgher power._ The power above is no problem
except that it results in higher cuttlng temperatures, for

- the same speed. ngh forces may be troublesome and cause

o

tool breakage and poor accuracy, partlcularly if the part

_is slender and has a low Young 8 Modulus of elastlcity. It

~
»




. 63

should be noted that: ‘w-.

b(d) Hardness which is essentially a static room
temperature.test isa not.capable of expressing
__the relative tendency of materdals to strain
harden in cutting, particularly when'ordinarf
P steels and high temperature alloys are.invoived
in the comparison.- ) e 'Fi;;
_(il) The strain hardening that takes §1éce_in cutting
‘occurs at high temperatures andmhdgh strain o ®
rates. Thls results 1n a much higher degree
of straln hardenlng for a high temperature alloy ;‘f' EEN
, \
" than. for -an ordlnary mater1a1 of the same hardness. ﬁﬂ
Thus,.lt is very 1mportant to note that the straln

. hardenlng that occurs when cuttlng hlgh temperature alloys

is spec1a1 and cannot be measured by a hardness test or by .-'i'~

fcompre351on or tor51on test. but only at a combinatlon of
. . ‘- \ .
‘high temperature and high. straxn rate. o _1 - ) A

" 3.3.4 chip Dlsposal

c e -

]

In milling, pace for chlp flow is 11m1ted and a long o ';?ﬁ

strff chip- may result in tool damage. - It should be noted

lthat a- thin ch1p may be broken by a small force but requlres

a large. deflectlon.( 2) Since most Chlp breakers prov1de a -



fixed deflection, thicker chips are more easily broken

1

than thin ones but require more force. Thick chips are

P PR

producédAby an increase in updefoxmed chip thickness osga

£

decrease in -shear angle.
, while milling heat. resistant alloys, chipping of

cutting edge is the most impbrtant problem encountered.
a

This is due not only,to “*hermal and mechan1ca1 shock and
fatlgue, but also to chlps wh%eh become welded t)the tools. ' -g?ﬁ

climb (ox down} mllllng is helpful in av01d;ng this difficulty,

.. : '

smnce the chlp thickness and tool-chip contact area are

2

'small at the end of each cut. ‘This type of m1111ng also
decreases attrltious wear since 1t reduces the rubbxng that

’

: Q :
'precedes cutting, and thlS is partlcularly':kportant for

~

materlals that straln harden greatly. Because. of the

‘ L]
1nterm1ttent nature of the mllllng process. and the,fact
_that Cllmb m1111ng is advocated for dlfflcult-to:ﬁachineg}d “ T

materlals, it ;smlmportant that the, mllllng syatem be

unusually rigid. and stable. o - o ‘t;.f
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countered.-by v1rtue of whlch the change in the life- and

eff1c1ency of a tool is gubjected to rules which are dlfferent

fcuttlng 1s the same or even greater than in contlnuous cuttlng.

' .not taken . 1nto account) \ Zbrev(zs) also showed that the 11fe

Pra————— e L

MACHINING UNDER INTERRUPTED CUTTING CONDITIONS

—

The‘term,“interrupted cutting” is used to describe a
variety of cutting operations in which, after intervals of

time, measurable in seconds or fractions ofaSecond; the . "¢ . h;;§
cutting alternates with the free running of. the tool. ‘The p
B . - y . i .

interrupted cutting operation is freguently encountered -in
production engineerihg. Tt is conditioned by the kinematic
properties of a number of prdcesses like milling and planing.

L 2
in 1nterrupted cuttlng several specific phenomena are en-

from those in contlnuous cuttlng.. .
| (28) ; -

BY spec1ally conducted experlments zorev '/ established A

v | : ) S r

that the llfe of*a hlgh speed cuttlng tool in 1nterfupted

‘. !
For the convenlence of comparlson he determlned the tool llfe

as the total time of-actual‘cuttlng (free-runnlng time was

*

of a cerbide-tippéd cuttlng tool in 1nterrupted cuttlng can

—~—

e - -
e ) -
. ~
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be several times shorter than in continuous cutting.

By ,the analysis of experimehtal data, obtained under
different conditions of cutting, Braiden and Dugdale(?) hase

. & . .
shown that a reduction in the life and efficiency of a cutting

-

tool on changing over from the continuous to 1nterrupted

cutting may depend not only on the propertles of the tool

A}

material, but also on the shape of the blank belng machined
ana so on. . : ’
: (28) . : AL e
Fig. 4-1 compares the life of T5k10 carbide tipped
. . . . , ' /

cutting'tools for“the cOntinuous turning and face milling of
steel having a hardness of 190 HB when t = 6mm and s =51.1 mm/
rev (mm/tooth). To obv1ate the effect of the v1brat10n of

- the teeth on the tool llfe, 31ngle-tooth fly cutters were

&

useds The life of the cutter was based not “on the “total’
o
_machiﬁing tlme up to the lnstant of bluntlng, but.on the.
‘ _ i P
actual cuttlng time. From the graph it is seen that a11

—

other conditions being'equal, the llfedof the carbldeptlpped

: cuttlng tool is almost the same 1n mrlllng and contlhuous

-tuxning. In other words, for the chosen conditions of

mllllng the 1nterrupted character of Operatlon has practlcally

R

'Ano effect on the llfe of the TSklO carbldeatlpped euttlng"

. tools. -Itowould be.possible to quote other examples whlch

L= ) -
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show that the effecqfof the interruption factor may be very
’ :
(28) | _ »
Q ,'fl‘

Thus, it seems‘to be impossible to give any -general

different.

correction‘for thellife of the cutting. tool {(or permissible:

" \

-

cutting - speed} for 1nterrupted cutting. :It.rs,also R

lmPOSSlble to recommend any type of carbide for 1nterrupted

cutting. It is necessary to establlsh the physmcal nature
N -
of the effect of 1nterrupt10n on the life of the carbide-

PR

tipped cutting tool and'to.flnd.the basmc factors which

determlne the 1ntenslty of this effect

In llterature, the p01nt/of ‘wiew is repeatedly

: expressed that a reductlon in the 11fe of a carbide- tlpped
cutting tool in lnterrupted cuttlng is condltloned malnly
bp the 1mpact actlon of the mater1a1 being machlned on the‘
‘cutting edge of the tool. In thls connectlon, for 1nterrupted‘
nheavy cuttlng 1t was recommended by Braiden( ) that 1arge .
negative rake and ax1a1 rake ;néles of the tool should be
-used." Furthermore, it was proposed that the most favourable'
. 'points of lnltlal contact between the cutting ‘face of the

tool and the metal heang machlned should be secured for the.
initial cut and fven that steps should be taken to decrease

L ]

the speed of initial entry Of_the;tool._

- .. ’ -
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' ' In the detalled“inuestigation'it was shown by zoray (28) .

‘ L F ] e . . -
that these.recommendations, as well as the conception itself
about the'decisive role of_medhanical impact.at the instant

—of the entry of the tool, were unfounded.' As an example,'
. - B .
. some results from experiments conducted by zorev(za)-for -

- the purpose of clarifying the role of impact on initial
. N B ] ,
¥ ntry are shown. The tool life diagrams in Fig. 4~ 2 ware = - =,

-

obtalned for two cases ‘of planing using a Tlelz_carbidehc.

]

~ -

' tlpp6d cuttlng tool.

a4

In first case, on a planing machine when 8 = zmm/stroke
: ‘ , ST
'~ and V; 25 m/min a steel 45 plate having a 1ength of 2000 mm

T N
I wasoflxed to. slant towards the plane of the table # thaci
(ktheelh:tlal entry of the tool into the metal was. made at

_ zero cuttlng depth which gradually incroased~to lOmm at’the "

: ewlt 0f the cutting tool.h

In the second case the plate was: slanted in opposxtej

v “ ' o, .

dlrectlon and the entry of the tool into the metal was made‘ .

at full depth (10mm) whlch gradually decreased to zero at

i the exlt of the cuttlng tool. Thus. fbr ‘the. equal amount ‘:l_.'gw
Df metal removed and for the same amount of work done ln"

uttlng, in ‘the flrst case the lmpact'on entry into the metal

- was non-exlsteht: and;ih_the second case it had the hlghest

- . ' ’ e -
- . . St




©. ist associated with the formntion of’ micro- or macro—cracke._

S

value. ' However, in both caseas the life of the cutting

tools was ahown to be nearly the sane. The insignificant

'difference5in the life was smaller than in the variations . '{tt
in the life of individual cutting toole. This bringe out

the fact that in the given case the’ impact at- the inetant

of the initial entry of the cutting tool into - the metal

| does ‘not play an effective role.

The study of wear‘of a carbide«tipped tool by.shinozakiizg)l

'

showed that the reduction in ite life in interrupted‘cutting.

-

The cracke repreeent the areas of wear concentration on
the’ front'end rear'eurfaceet_ Under edveree conditione the
‘_crache increaee rapidly in size, and chipping of the cutting
edge or even ehearing takee place. |

- The study of the operations of the fhce milling cutters'
;'showed that a11 the factors which increaee the cooling rate
of the cutting edge during 1ts free running aid the formation

.

‘fand extension of cracks and as a reeult of thie reduce the“

.'life of the cutting tool.: on the other hand, the factors

‘whlch reduce the Eemperature during the free running of the

“

5'm1111ng cutter tooth increase the 1ife. (30) In particular. o o 'ﬂ[
it'Was shown that the life of the carbide—tippedrmilling L o
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.-
g

cuttors reducee_rapidly'When.cooied by"anﬁemuleion.' At the
gamo’ time the‘preheating'of the milling cuttexs hy gas

flame during the frea running increased the life.

. Thus, the conception emerged that the baeic cauee

£or the ﬂprmation of cracks and reduction in the life of a

¥
v

arbido tipped cutting tool in interrupted cutting 1iee in &
the cyclic cooling of the cutting edge during the free running.

During the cutting period the contact surface layere R
Voo '
'offthe tool are heated to a higher temperature than the

wl

sub eurface 1ayere.‘ Under theee conditione. owing to the": o i i
l _ _

deformatione caueed by ‘the difference in temperaturee, I - rw”
comproesive etressee are eet up in the eurface layers. | |
- Ddring the period of free running the eurface layere

f the tool cool very rapidly. and their temperature becomes
1ower than the temperature of the eub eurface layere. under 2
_ which‘conditione teneile etreeeee are eet up in the eurface‘
llayere; 51nce the compreeeive strength of‘carbidee.ie
coneiderably greater than their teneile etrength, then the“'
. teneile etreesee which are eet up during free running of

o

the ‘ool play the greatest role in the formation of cracke.

-

It ie obvioue that the more VLgorouely the tool coole ;

o

during the free running the more severe will be the teneile
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stresses set up in-the_aurface.1ayere,-tﬁe‘crachs form in

_the cutting edge andrdevelop rapidly, and the life'of the
(31) . ;;” | '

tool reduces.
According to what haﬂ been said it must be expected

- that the interruption factor will show,ithelf more strongly?

L

the longer the-duration of the free running of the tool.

- From this point of view it is poseible to explain quite a :

different effect of the interruption factor, meptioned.above

in the consideration of. experimental ‘data.
.5on:ev(2 ) has shown that the duration of free running
- of the tool does not completely characterize the effect of

-

the interruption of cutting on the tool life., The tool.-
"operating time to, during which heating of the inner layers

of the carbide tip takes- place, haa also a considerable

-

'-effect. Wlth a short duration the 1nner layers of the tool

K ’

-do not heat up and, consequently, less severe tenaile streesee
P . -

- are set up in the_gvrface 1ayers during the free'running..

'.The tool 11fe 1s, therefore, reduced to a 1ee§er degree.

(28)

zorev has shown that Wlth an. 1ncrease 1n the duration,

. L . -
A of~the interruptions the 1ife ‘of the cutting tool reducea

'considerably.“,‘

It should ‘be . borne_in mind that an‘increaee,in the

&
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duration of free and operating runs of:the Cutting tool.
canrfot be continuously accompanied by a reduction in the

1ifa of the carbide-tipped cutting tools. An increaee in

he duration of the operating run will continue ébrrquce

e

' the tool life up to the point when maximum: poesible heating :
of sub surface layers of the carbide Eip is achh:ved. In
exactly the same way an increase in the duration < the free

un will continue to reduce the tool 1ife up to the p01nt

- &

when the maximum possible qooling\of the aurface layers of
/ ‘

the carbide tip, relative to its inner layers, is~reached._ i I

“-‘!

A further increase in the duration of the free run will not
: cause a reduction in the life of the tool, but on . the contrary, -
.the tool 1ife will be'increased more, Since ‘under . theee'

L e -

_er of heating and cooling cycles per unit

conﬁitionS'the nt

‘time is reduced.a It ie obvious ‘that in ‘the interrupted

' cutting the 'fe of the carbide-tipped tool is determined ce o
N S oo
_not-only by the amplitude of the change in stresses in the

28)
: surface 1ayers, but also by the number of these changes.( )

: The most adverse duratron of free and operating rune r

™~ R

_of the cutting tool depends on many factors, in particular
~on the Cuttlng speed, the feed rate, the thermal conduct1v1t¥

ZOf the‘carbide, the area-of contact beé%een the chip and the .




s front surface, the mechanical properties of the metal being ) N
machined, etc. ZOIGV}ZB) has found that in interrupted
cutting of a plain carbon steel having a hardnees of 170

to lBO HB, when 8 = 1.5 to. de/rev, ="6 to 10mm and v =

30 to 40 m/min, the most adverse duration of the operatlng

and free runs is 3 to 5 eeconds.

3

The déterminatlon of general quantltatlve relatlon-
Shlp between the llfe of the carblde—tipped cuttlng tools

- on the one hand, and the duratlon of free and operatlng

runs of the cuttlng tool on the other hand, represents a
1

'complex problem, slnce these reéati\hehlpe may: change _'

i -

I materlally under the 1nf1uence of dlfferent cond;t;one..,

It is found that. the effect of duratlon of 1nterrupt10ns

(31) “

s the more pOWerful the weaker the tool materlal.? ‘ The_

ot

1nvestlgatlons qhowed that, all other cpndltlons bexng equal, p _I{

theREEfect of the duratlon of interruptlons also depends on.._ i
fthe hardness of the steel being machlned reductlon in “
"_the hardness of eteel below 200 HB relnforces the effect
.of 1nterrupt10ns. ;herefore, for those condmtlons of cuttlng
A ander whlch the effect of 1nterruptlons has already markedly .L"§. "i

shown 1tself, a hump—shaped graph is observed for the"

xelationship between the hardness of the steel belng machlned” Lo

g

e it = e pr e G T s
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and the life of the tool, but for those conditions.under:
which the effect of interruptdons'does not yet appear,
this relationship is uniform in character.

For high-speed cutting tools, which posasess very

§ ’ ..

high strength. the uniform relationship between the permissible

- . \. 2

cutting speed and the hardness of the material being machined
remains in force even under the very adverse . conditions of.
interrupted cutting. .On the okher hand. for very brittle
tool materials, for example, the TsM 332 ceramics, the hump—.

shaped character of the indicated relationship reveals
. o “
1tself even wmth the very insignificant effect of interruptions.

J

Actually, the life-of ceramic tools under the conditions of

A

| prolonged turning of plain short parts of steel -45 is greater,

hen turning parts made of mild steel-lo or hard steel V -12. (28}

«  From what has been said above, it folloWs that in .

interrupted cutting of steel with high feed rates the carbide

muSt be chosen . by taking into account the effect of a large -

. L3

~number of factors. However, in the first approximation it

is possible to be guided by taking 1nto account the duration

of the free run of. the cutting tool only.

It was shown by Braiden and Dugdale( ) that in

'finterrupted_cutting the speeds perm1551ble for a carbide?

'
¢ .
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£ipped tool may be lower than in continuous cutting., Therxe-
fore, for wakiﬁg cut the conditions for interrupted cutting
for heavy cuts it is impossible to use the existing formula

or tables compiled on . the basls of the study of contlnuous

.
cutting.
e
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CHAPTER V

THE DEVELOPMENT OF A QUICK~STOP DEVICE

5.1 Introduction

f

;n'order_to put the analysis of a metal cutting
operation on a qualitative basis, certain observations must

be made before, during and after a ciit. Some - features of

-

Lthe cutting configuration can‘be'determined before any

;cuttlng is undertaken - such as the undeformed chip’ thlck—

)

o
ness, Lhe tool cutt;pg angles and the strength hardness
!

and microstructure of the workpicce materlal.‘_other features

- can be determlned after cuttlng —'suéh as theithickness of

S

~ the chip. producod and the strength hardnessrand miero?

4

")

e
structure. of the Chlp material. Certaln features however

I

can - 0n1y be determlned by “fre021ng" the“cutting_actlon-so

0

that‘the geometrical and metallurglcal behav1our as the chip.:

- is bornrcan be - lnvest;gated B

‘( h ~ . ” ’ ) i . ' {

i

As a part of the development of the metal cuttlng

y‘researc, laboratory, a qulck-stop devxce ‘was deslgned.r A

'qu1ck sLop device 1s an 1nstrument used in metal cuttlng

'research to rapldly reduce the velocity of}the Cuttlng tool

_relatlve to the workplece to zero.-_The_device enables“ﬂ

\.

"'investigatlons to be made of the zones of chip and workpiece

=]
A
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aur face gonoration under doiiditions indicative, to‘nomu
extent, of the "paqudo—ateady-atnLd" commonly oncountorcd
in motal cutting. SLudioa of this form have not beon per-
formed before at this University and the. dovcloment of the
device is a very uscful contrlbution towards tho dovclopment
of the mdﬁal cutting tesearch lnboratagy at McMaster.
The matériai contained(within the zdncuﬂof ehip and
‘ ‘ ; 5
wnrkpiécc qurfaée gcﬁcration constitutesn tho "chip‘rOOt",
.1” ordcr LhaL Lhe Chlp foot should faithfully represcnt
the geometrlcal and matallurglcal configuration that OXlBLB
“undC'“nokmdl.cutting conditioné, instantancoug éeparation
of the toolAand the workpiece. Bhould tako piace. ‘As
ln‘tantaneous separatlon reqplres lnflnlte accelozation (or
dgcclératlon} of CIthg%;the tool or the workplece, thisj
_pcrformance is phy51cally 1m90531b1e to achicve anﬁ somé
dcviaﬁlon from the ideal mu;t be toleratca

5.2 chUerments of a Qu1ck -stop Dev1cc

.Some.dQSirable features of the action of a qu;ck SLQp

dev1ce are as follows.‘ *

S

lﬁ“Thé-separatlon t1me of the tool. and the workplece should'

¢

be small. . .
. ’ . i B . . ; . ) . L ) -
2. The distance. travelled by the tool relative.to the.work-

plece durlng the separatiOn‘prqceSS“shduld,be_ﬁmall;

‘3. Geometrlcal and metallurglcdl changes in the chip ahd.
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the workpiece surface introduced by the action of the

device shoyld be minimal.

“~

4. vibrations introduced into the cutting action by the
action of the device should be minimal.

5. The device should have the static and dynamic charac-

-

teristics of a good tool: post
6. The tool should not be damaged in the separatlon prqcess.

7. The device should be safe and easy to use, should be

2

' re]xable and give reproducxble results. .

it may not be p0351b1e in design1ng a quick stop
dev1ce to satlsfy all these requirements and some compromlse

- may have to be made.

5.3 The Development of the Device

Fig. 5-1 shows the device in its'developed form.
A Ramset Plston—set tool (gun) is used to accelerate the

tool. -with tﬁls tool three dlfferent ‘types of cartrldges.

o 1Y

. to glve three dlfferent velocmtxes to its plston which

-strlkes the tool holder were used.- Veloc1t1es of’ plston
- : .. )
obtained-with_different cartridges are as follows:

L

*

ou
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Ya \
cartridge TYpe velocity of piston )
1-2CR-Grey - 75, ft/sec ,
2-2CR~Brown 150 ft/sec
3- ZCR Green - 225 ft/seo‘ v

-~

‘rhis enables to conduct experiments in which separation

H

time and separation distances can be varied to sce the
offect of thelr variation on the chip roots for a'given set

of machining oonditionBL;

[ _ .
Also the piston-set tool (gun) must be pressed down

before it can.be fired Thib is a Sefety featureﬂ ;The

¢

Vchld strenth of the piston of this gun is sufficiontly
high‘to withstand the contact stress produoed_es the piston
‘,ntr:kes the tool holder.

The "tool block is pivoted ‘at. the rear end and it rests

on the shear pin on'the other -end. The‘shear pin is,made_
F“W C ‘ _ o o i
of hlgh carbon’ steel (1/4" dia. h. The.pins ara notchcd— . v

. down to 1/8" dia. at- the appropriate shear sections. _The

oot diameter of the pins was determined euch that the' force

rcquired bo shear .a pin was greater than the maximum
:tangential cutting £orce énvisaged. The shear pin and the .

pivot.pin rest in‘tho,side plates oﬁrthe dev1do. nardened

i-

; -

i

bushes'hrehused'for;the shear,pin. he tool block 15 secured !

o




,I

80

in its normal position by clamping bolts. The barrel of
the gun is held in position by means of two plates and bolts
such that the line of action of the gun is exactly in the

» - centre of the tool block and is normal to the shear pins.

on the 1mpaCL of the piston of the gun onto the tool block,

LA 4

the shear pin breaks and the too block accelerates down

'and rotates around the axis of the pivet pins. At the end
N

of its travel the\motion of the tool block is arrested by

plastitine. The device\is ‘canted over at 5°2 to the vertical

-

.

N

- in the direction away from’ the workplece to minimize the
. . \ -

1nterference of the tool w1th the previously cut. -surface .

during the. tool retraction stroke. Interference would

occur wrth vert1ca1 retractlon because the ‘tool cuttlng edge

.has a velocity in the feed dlrectlon durlng as well as before,.

t . . . T

the retractlon process.

o

The acceleratlon of the tool and its qeparatlon'distance

. 'from.the workpiece depends on the'veloclty ofﬁthe plSthJQf
the gun._" P SR R | . B - o
.flne of contaet between.plston and the topr shank; L ' o ' }”

. . , ) e

Theory of wave propagablon is applled to determlne .

the t1me durlng whlch the plston w111 r emain in éontact

with-the tool shank. Ourlcase in Whlch the’ plston strlkes

,__..,_..- aeramrein b , b . ,,:;;.;;/"'- Ve e et
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™ the stationary tool with a velocity;v can be simplified to
the case of collnear impact of two bars of unequal length
moving with.equal velocity of v/2 (see Fig. 5«3).

Initially the stress.in both tool as well as piston

is zero and their velocity is v/2.
= (23)
Accordlng to the theory of wave propagatlon, i
-immediately after the impact as the two wave fronts: travel

1n the two bodies they go on making the ve10c1ty of a part

r

of the body - equal to zero as they pass through 1t and

(23) a
tress in that’ part is: P

-

whéfe g 1s the denslty of the materlal 2
. l - !

PR« is the velocity, of wave prop t&on_

i

7 DT

[

where .E' 1s the modulus of Elastic1ty of the strlklng bodles.

{Therefo:e, 1mmed1ately after the 1mpact equal lengths of
"eaeh body w111 haye been brought to rest because the elastlc
wave. speed 1n both is™ same. A compress1ve stress G‘ gc v/2
’Wlll have been propagateﬂ away from the common plane ofr
1mpact ' The compresslve pulse 1s reflectcd as'a wave of

] ten51on from the free end of each body, 50 that for the

pe;;od'of ‘time L2 <:t <: 2L2 . the'tobl-holder will be :*
ST o = ‘ o =

t




‘ unioadea. when t =

o, T
2 . the toel holder 18 completely

_.‘r\.

b

-2

stress free and the partlcle s.@ed 1n it will eve{rywhere

.‘-,\

have been exactly reversec‘r to become. «—vi. At th:l.a :Lnstant

4 -

G ) | ]
the two bodies will s:e}:aalu:ai:e.L Therefore, N .
k . L . 2L ' R |
time of contact dt = 2 o o
. C
- _ L2—075 :an:hes S ‘ A
c. XE_/_E :izox"’ = 5'~°‘9~‘17 y ‘N/Sec
: 5% - . ;
Cdt = 2Xol5__ ¢ __— '
N ao "2.1"1,)(\0 - -

14/’ 5\-’ 74\ X\o -,‘ S'eq-

. - “' it_“
Fig. 5-4 shows the variation of veloc1ty of the tool ‘holder
with time ;m this 1dea112ed case.‘ S:ane v/2 is more then
T
the normal cutt:.ng speed the sepaéatlon of, the +tool Wlll

“

t

.

be almost 1nstantanéZus. Here, energy requ:.red to shear the

'.cpihi hasﬁ be_en_' neglect d. _
¢ contact strels mgg =SS v/2 . .
\;“l\.‘ . \ . 7 o S= ‘0:5_2';% % %—i |
SR R | c =20 '2'2;7\-:2. g% ir')h/sec'-'{_ . ‘
- - ‘.'_'.ﬁ_ri'=‘—"\-reloc;i'til of"p_i.-ston' % 225 ft/sec (max)
v,.. 2700 J.\n/sec _' - o N
 meretore, g - 28R (o). 2
o _ | - . Q?: =A_2,QO.'--2°«O 1b/in? . _'-.- L . ‘
) . LT
. ' o ' . -




put the yield strength-of the ken_nametal tool holdex 'KTAR
‘v

163C is approxlmately 210 X 103 lb/ln and that of . the material
j =

of the p;ston 1s,aleoAapproxlmately‘the samet Thereﬂore,
o ¥ . . N o

-the materialgTwill be able to withetand'thie,strees‘withf

out any plastlc deformatlon." ‘

Flg. 5- 2 shows the photomlcrograph of the formatlon
R .

of a continuous chlp (after pollshlng and etchlng) obtalned

BN

by u31ng a qulck Stop dev1ce. | .
L I i .

After the flrst test. sllght plastlc deformatlon -

:_on the shank .of the tool wa§/no§3ced .Thps, the outer

-layer of the tool shank Was straln hardened after the flrst

,flrlng and no further plaegic deformatlon occurred durlng

the subsequent flrlngs. Also from the photomlcrographs no'

. [ i . .
i v + " . PO
H

,ruBblng of the tool w1th the chlp was noelced whlch showed

that bhe accelerat1on of the tool was suff1c1ent for the
; . C e . L. . S ‘-n-

'*purpose; N T
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CHAPTER VI = AR A

- . . 3 . .
STUDIES OF TOOL WEAR IN END MILLING S .‘**

AN .
he flrst four chapters have prov1ded a rathef -~

lengthy review of some of the problems in-the area. of metal 1‘
cuttlng.‘ In presenElng’Rhf’ rev1ew 1t was not the 1nten51on‘
to empha51ze the negatlve aspects of the state oﬁ the art
4 . . ’ .

since con51derable progress has ‘been méde in complllng

P metal cuttlng data under varlous comblnatlons of topl and

WOrkplece mater1a1 _
ey i -. ‘_' \ - \ .

‘. . A very c0mprehen51ve collection of data for metal

k]

‘cuttlng Operatlons llke turnlng, planlng, borlng, m1111ng

and‘shaplng,_etc. is- to be found in reference (33).

- !

Thls present 1nvestlgat10n was prcmoted by a.

. { 1 - .
T machlnlng operatlon that ‘was. presentlng prdblems to a local-

\ . PN .
1ndustr1al flrm. The ccmpany was- 1nvolved 1n manufacturlng

. slots in turbine shrouds and orgglnal}y was attemptlng to '

produce slots by, a planlng operatlon.‘ In the consr red

' - !
Opinion‘of the.company'the process—they were employlng was_

% ~uneconomica1 and-Dr;'TluSty was approached regardlng an _
R ! il [ "‘/\ R “'\‘

alternatlvé method of manufacture.: It.appeared that end

milling-might be a possible solut;on but somefprellmlnary
e work 1n\the\?rea carrled out by the‘company;was_not;successful.f“
. - ° : , e

The problem was then referred baék to Dr.'Tlusty”and

B . .
L . o . 2

o wixar . S w‘\.w ) %_ 84 . : _— Coe S




é4(af
arrangements were made for therauthorfto earry_Out an

investigatlon into the:end milling of the-slets aimedaat'
optimizing the.cuttzngfconditions. The wo;k involved the

milling of two distinctly-different materials from which the

turblne shrouds were manufactured: . T RS
'ES,,

l)~3PDS 10105 AP (Mlld Steel)

-
g

2y dlfflcult to—machlne, heat res15tant hlgh Ni, high
‘cr, iron base alloy hav1ng the trade name multlmet < B

\ IS . . .
' Because of the d1551m11ar nature of these two

\'] .
materials it was deemed necessarynto“carry ‘out some furdamental

and comparative tests involving the use of different cutting
techniques, iee. cuttérs:nade fromfdifferent‘materials;and' oo
uttlng under dlfferent operatang condltlons. A o T | o ‘

“Thus the author was . 1nvolved in flndlng optlmum

~

. cuEting'conditions for end milling narrow slots and had the
opportunmt?~to contrlbute some knowledge ln a field where

. practlcally there is no data avallable." Slnce thls was the

el . I

' flrst }nvestlgatlon of thls type, i.ed 1nvestlgat10n into.

tool wear and machlnablllty to be,carrled out‘at*McMaster‘
'Unlver51ty;'the author was Obllged to set up the necessary
equlpment for oarrylng out the 1nuestlgat10ns::ifhr;also.
1nvo1ved consultation and maklng arrangementsfof.regrlnding
'the tools and supply of the mater;als w1th the Westinghouse‘f‘
=

Gf canada. Ltd.. purchas1ng and comm1351on1ng of the-tools}

fneasurlng equlpments and set up equlpnents requlred




'-propertles of the workplece materlals

A S%liéén; Max. . . 1.00-

‘MeqhanicaliPpOPextiés: S,
I .

(b) 'PDS 10710 KA (Multlmet) . B { T

Condition-‘ Hot roLIed, annealed and pleled

N
'/.. ot ".

L4

K

) . , .
(a) PDS’ 10105 AP (steel) o . : R

copndition: ‘Hot rolled steel bnrs._

™

-

chemical compo ition: : : . ) T |
. carbon . _ ' n'0.13% ~ 0.28%, : BERE
i 0 _ . \_» :
Manganese T o 0 30% =1, 00%

' éhbsphorus,_Mai. o 0 040%

Sulphur, Max.' ‘' 10£050%‘

Tensile strength, psi, min. . 5,009

Yield strength, pSi; min. " .. -35,000 "
3o .

corr051on and heat resmstant alloy plate.

chemical composit;i.on,ﬁ: R o "“, ’

. oot
. " o — . P

‘carbon .. 7 0.08 - 0.16 -

' Manganese .,'”‘_,.”‘l__ ' " 1,00 - 2,00 7
Hi‘ -Bhosphorué; ﬁax. f_. :"‘K o 0.046f'
ﬁSulphur, Max; i C _.,‘ "3' . 0,030" “
chromiwm o . . 20,00 - 22.50
gickel . . T .-19.00 ~ 21.00

copgle T e 1SR




;‘.w of the tests-

.

6.2%

i - 1 ) .
- ¥ M >
_ - T 86
v B
e . ‘ -'- ‘, | .' ‘ 3 ‘ ) | - —
’ "Molybde_num - 2.50_ = 3,50
o : . P TN
Tungsten U - .72.00 - 3.00 !
- . B, -7 '- ' .. !
- Columblum & Tantalum S ‘0.75 - 1.25 . °
'gitrogon- _ﬂ S " 0.10.- 0.2C o/
Iron‘ oL ST o Jkehainder
‘Mechanloa Propertles N | .
Ten511e strength pSL, mﬁZTJi \IXIOO,OOO ‘\‘l‘
) . ~ (‘ — 7 . , A !
Yield strength, p81,‘m1n.' 40,000 . . - |
% | h
Elongatlon in 2" or 4D, %, mln. 40°

.1.-.

Testlng Procedure

\

In v;ow of the nature. of 0perat1ohs and the materzals

! )

_ ﬁsed, follow1ng :éttlng tools were’selected for the!purpose W:

SR (R : , T o
' Y : . =
(1) Cafbxde Cutters-F$\ i-"ffw’” T ;’1“Tf”"rfﬁij”

. »
I .

2 5 1nches dlameter cutter capable of hold;ng 6

- P
o ‘ >

th;owéaway 1nserts. Followrng 1nserts were selected--

u.kl
Sely

L.

e

.‘_1_.‘

(a)_‘Sandv1k spu—422, s4 (steel grade) for cuttlng
T . Y N T VI
E steel 'l NI '_.vii_'\;‘ e
(b) Sandvrk 5907422' Hléﬁlcast iron érade) 'for - N
.. = . \
: cuttim_:;'Mult:ilmet......7 _:‘-“,A';_ff;' Tt
NOTE:, Duringitheééttests 51ngle tooth cuttlng was done
ﬁSing'only_one‘insert\etfa t1me; The purpose “was
4 .. r V )|
. - k__ ‘ .,._) N .
. Al ‘ 5o "




atos,

5]

" (2)

to‘obViate'the'effect_of the viﬁratiene of the teeth:
on tue toel 1i}e. In_the|eaeepwhete all,the 6 . '{
inserts-cut‘siﬁultadeously, because‘of the,inevitable'_“‘
run.out,_the eerEtive feedjwtil-be\maximum forupne

uarticuiar thth ehd for‘tte‘teet.aftﬁe teeth it .
Jdil'be lees,~\The;efer5. in'single.ZOQtu cutting
the feedfrepreeents onlx;an'eveggg;.value‘o%*the -
feed/toot—h. - : o ,\‘,-A . oA .

.
r - . -

High Speed Steel cutters- .. . -

Clarkson Rlppa (:lpplng Cutter) of 1.5" diameter§

(5% co. hlgh spegd steel) with 6 teeth. £ T Ty

- »
- .. 7‘_; ‘. . B i ) . rlr . .
'Mé hlnes used for - testlug o e oo Cde e

a ) N N

A dynamlcally stiff machine tool ls a must for metaL

.’d’e"; R

. .
—~ . - T 2 -

cutting‘experimehts.' sturdy 5pindle bearlngs, adgueted for '

o
A

heaqy.eutting 1dedSy'are needed, as ig adequate torque to;

.

e -t ~.
AR .

‘carry the ﬁIute through the cut. -The feed-mechanlsm mugt . Lo

’ L4

have zero backlash Snug, Eean and correctly Iubrxcated'

. » ™
5 -

glbs amd Slldes are 1mpoétant. The machlne must have adequate

power to ma1nta1n cuttlng speedhsﬁd\it must be free from

"vibretions. FGIIOWlng machlnes>were used forutestlng:

T ™

~

+ : ° . . "l

i

‘ . ( _ -
(ij Clnc1nnat1 Hydrdtel'(B spipdle.vertxcel Ne -

s

'mllling machlne)_pslng mlst of coolant.:_ﬂ' -a"ﬁ.

(AccufaCy- V+0 5% and s+o 2%)

¢ "




g

Fig. 6-1 shows-the experimental set-up on S
- T . ' '

clnc1nnat1 Hydrdtel... '

’

. (2) CORREA FSUA (Spanlsh) mllllng maéhlne u51ng a

¢
- ~ 7

flood 6f coolant. (Accuracy. +2% and s+1%)\.m

N

. (3) ZBROJOVKA FAAK\NC m1111ng machlne using flood

\ ’ F
_of coolant.’ (Accuracy: V+2%Land s+r%)

&’

-
)

,ehtting.Plaid: T _*, T

'/ . The coolant used was a solutlon 20: 1 of TRIM SOL,

////groduct of Master chemlcal corporatlon. The’ f1u1d was fed

" on the-c1rc1 of tﬁe cutter pass through a nozzle. - 'l : _,_

(O o . .
- .

Measuring DEViceé Used:\

"

. " - . -A ’ . ) ' . - - ’

- (1Y 5cann1ng Eleqtron Mlcroscope, Cambrldge S.E.M. .

. ~
\5‘&&?) Tool maker s mlcroscope (see Flg. —2).(Accuracy:if00911:
(3) sSpecial purpe:;}mlcroscope whlch can be used - ’
‘ o Awf : to measure wear on ‘the teeth of the m1111ng
QP S
i - . c;tter wh11e the cutter is mOunted on Epe S '
_ machxne (ﬁee Flg. é/}& (Accuracy- * 0. 0001 1n y ;
- Types o Testé \ ".- ‘. o - ) . r ___‘\ S
N ”.; FOllOWlng types'of“teste;wete ﬁetfoined-withyana'Qithff
out the use of cuttlng f1u1d-”‘ jE.;}.i'l" R ‘1._ﬁ ‘

. e
P

(1) Slottlng.tests\under dlfferent cutting conditi°?5f3
- . - . . . ‘ -~ .r.- .- . -‘...,f-

(2) Half—immersion tests:‘ o
T e




. . . . -
“ )
) e .
. . .
. .

- ) . ? X --. . " . -
These tests. differ from the slotting tests- in the
. . h N - )

type of chip obtained. 1In slotting tests. the chip thickness
: R R , T : '
varies from zero to a maxinum value and then from maximum

s
.‘ -\'

to zero agajin. In the case of half—immersion'tests there

can be two cases: - - - o '

s .
- . . . . - . : s :
- . . . . . L4
i - E
. L . ) . “
: : A S . X [

%, (a) ConventiOnal or up'milling- In this case the..

K _- 'workpaece ig# fed in the direction opposxte to
the dlrectlon of" cutter rotatlon (see Fig 6-4
l(h)).- The chip thicknees varies from~zerorto
a maxrmum'value;' | - |

(b) .Climb'or dowh’milling in which case the directionr

of work feed and cutter.rotatlon is the‘same
«{see Fig. ‘-4 dh)._ Here the Chlp thlckness
varieglrrom‘a maximum‘vaLUe_to zerc. . /T

..

. o S PRI
. The purpose of half—immersion tests-was_two—fold:

(1)_ to compare the tool life obtained in up mllllng
~ and down m1111ng._:._ | .-'._ | o ‘a N
. T _ B T
(2)- when\a spec1al m1111ng cutter is used the dla-v

meter of whlch equale the_yldth of the slot,r.

R T
LT . > . -
Yﬂ' i . 'only the "slottlng". i.e. ﬁull-lmmersion cut s

‘. v -

Normally, however, a general purpose cutte- %9 .
v : * \S\ i AR

-f.f- o ig taken and the slot is machined in Qne pass. .

e
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\. |.cu
'nqsed'w{th a diameter smaller than the width of - . o
~ - . cut. 1In this case’it takes one slotting pass
- . ’ . ‘ l V - ~ . ’

‘and one partial-immersion pass to machine
" completely the slot. -The half-immersion test:

. thus relates to such.a;secon& pass and its

¢ -
.purpose is to see how the tool lives of the

r
- . -

full immersion ‘and half—lmmerSLOnfcuts dlffer

-

a

'w1th respect to only half the time Of - actual o o
cuttlng in the latter case’ as compared w1th the

former one. . . -

Randes of cutting conditidns:. . ST
‘ (.-‘ .o S . L SN .
VA ) y . T S . ~ i [
- - Range of Speed @ Range of Feed/Tooth L
ft/minute T .in/tooth
Carblde Cutter L -164~to 361 - . 0.002 to 0.007
H.S.S. Cutter.'."' 3 to 196 ‘:' . 0.003 to O. 007

ables 6 1 to 6—3 glve the data of the tests performed

| It may be p01nted out\that the total number ‘of the

tests perfbrmed was much greater thaﬁ'those 1nc1uded in the
- ’ - ¥,
lftables 6 1 to 6-3 because of various’ types of tool ox machlne
‘. « ' . : s ‘ < .
malfunctlons during some of‘the tests.

Each tgol tested was studled with regard to the flank

wear after test 1ntervals of flxed length.. The 1qvestlgat10ns,

4 . ) 7 . 8 - ‘L . >,

-
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were carrred out with .light optioal microscopes as well as

'a'scanning electron microscope. The two kinds of micro-

’ . - v ’ i ‘ - —7 .
scopes have different kinds of depth sharpness characteristics,
‘and thus are complementary to each other in an excellent way.

» . . . ‘, - N .

6.3 Descripfion of Results

' . To analyse the pattern of the developnent o% wear,
the'average and the maximum flank‘wear %Bav'and VBmax was
measured ‘at various tiﬁe'interVals; ‘In addltlon, the type
| of pattern of tool: wear, bullt-upuedge, if any, types of-
.chlps, surface'flnlsh'obtalned,zlength of.cut and other l
!special features; if anf;Adere reoordedfat_thQSettime inter-
vals. Figst 6-5 to 6-10 shoﬁ-the'piots-of;vﬁ;;; versus-time.
-for various tool add workplece comblnatlons.,rThe outting
speed in- ft/mlnute, feed per tooth in 1nches and the test =

numbers are marked on each 1nd1v1dual eurve. These test

numbers c01nCLde with numbers 1nvﬁpbles.6—1to 6—34 -As_'

3
'

- can be seen from Flg. 6-5, - the development of wear with. tlme

*

whlle cutt1ﬁg steel with carblde 13 rather unlform. wear
lncreases steadrly w1th tlme. Th Jpattern of wear development’
for half~1mmers1on and slottlng t sts is not very dlfferent

Fig. 6-6 shows the development of wear of carbn.de tools B

- .
‘t- . +

while cutting’MuItimet,, It can be seen that up to a certaln T
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M o b Y : - . . .

time the wear develops uniformly but after that time a rapid
development of\wear results in tool failure. This is because.
as‘the—wear oPVelops,the chips start stickingito the tool.

In're-entering the cut the edge breaks off-ﬁirst-in small
/ _
parts‘and further 1n bigger parts and soon a large damage

is:causee. Another 1tem of interest here may be the hardness"
of the. hlghly worked Chlp and workplece constituents relative
:to the softest phaseﬁgf the tool. In this sense, multlmet
behaves in an abra31ve manner.> The qstabllshment of mlcro—

'welds between chlp and tooi is a source of attrltlous wear. :‘}

The amount of wegr resuﬂting from weld formatlons depends

—

on the relatlve strengths of materlals in the viecinity of

theweld N o e .

]

Flg. 6-7is a plot of VBmax v?rsus time for- H. s. S.

on steel- In thlS case the development of” wear is agaln

unlform.v Flg.AG—B ehows the development of . VBpax wrthqtlme -

4
-

for H.S.S. .on. Multlmet. It can:be seen that cuttlng speed
" has a great effect on the tool life. At 35 ft/mlnute,ethe_

Jwear develops rather unlformly as seen from tests #25 and' -

- A 3

- W

_‘#27, sometlmes Wlth 1ncreas;ng wear rate as 1n test #29
But when the cuttlng speed is- 1ncreased to’ 99 ft/mlnute the.

tool fails very fasthas‘oanlbe ‘seen. frOm tests #26 and #28
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and as il]:usti:-a"ted further in photograph. Fig. 6-13 '(b) .
The photograph ln Flg 6 13 compares the wear on
two . H S. s_ tools whlle cuttlng Multlmet "It can be eeen- :

that on the tool Wlth 35 ft/mlnute cuttlng speed the wear
is normal but on the tcd 'w1th a speed of 39 ft/mlnute the

flISt two sectlons of'eﬁery tooth dre sheared off compdetely, . "‘_,

o

probably as a result of softenlng due to hlgh temperature'j;.

*.. of the tooth tlpS.-- "' : o I

-

Flg; 6~ 9 shows the development of VBmex thh tlme -
whlle cuttlng steel and Multimet Wlth carbide tools. No .
— . s . ‘&

| X
'coolant was used 1n»these experlments.p It can. be ‘seen Ehat
rate of wear in these cases is very hlgh Tool fa;lure.;n

. - : ’ - * .oy

these cases occurred qulte rapldly, was accOmpanled by . - N &:
7 sparklng, and was easmly recognlzed chgps obtalned 1n

test #31 were xed hot . It 19 obv1ous that 1n teets #30
; i
and #31, temperature fallure of the tools occurred

B ' . Fig. 6 10 comparee the tool llfB 1n up-mllllng and.

‘f'idown-milling. It 13 - geen that in case of both H, S. S. and

. - . - ¢
-

carblde tools, longer tool 1ife is obtalned in down-mllllng '
‘Uthan in up—milllng.' But the 1ncrease in tool llfe in case e ;_ AN

of carbide toole is not very much. The reason -£or dbtalnlng"

'?5*better;tool'1;fe inrdown-mllllng 18 that down-mllllng is

32 7 ) . s . ) . - .. L.

-




v

helpful in avoiding the formation of microwelds between;
. ; . .
the chip. and the tool. Downlmflling alsocdecreases

[ A

J
attritious wear since it reducts the rubbing that precedes e

cuttlng, and this is particularly importent for materdals

. that strain harden greatly. Also.slotting cutters have B

1ess tendencx to deflect sideways when used in down—milling (32)

- i . L]

“In down—mllllng however. the cutting edge. begins to cut on
the rough surface of the work and the presence of sand or

'scale is detrimental to cutter life. In up-mflling, ‘the

cuttlng edge engages the workpiece onmthe surface milled

by - the previous tooth, and the cendition of the outer surface v
AT ' ’ ‘ |

of workbiece s*generally.no appreclable effect on~cutter_:_

“lifes

o Pﬁotographs %n;flgs; -14 to 6 23 show typical -

b
electron micrographs of wear patterns for vsrious combinations- . o
B i * q k r:__.. ! . o . ) . " ,._V
- of “tool and workplece., ~_“; T pvﬂ“ ’ :
rooF FrOm the foregoing discussroﬂ of weax. development T [.'3:

.
- -

- Fs ]

R and of wear modes it is’ seen thet it iB POBSib1e to accebt ;il
flank wear VBmax = 0 030 inches as tool life criterion. x

Here. we do not take VBav as. criterion because of the rather s

. / : ' .
rlrregular form of flank wear in those cases where there is

!

y AR AR S

,an increased,wear ezther on the nose or at the'p01nt on: the

L Ca T‘. —_ L Lo T - Lo . } !
w ot . o e : L : . " } - . =
N . Lot . . . . . -
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edge which cuts the sprface of the workpiece and atso | -

-

becausé of those cases where chipping and breaking'eut‘bf
the edge starts to accelerate. Fet the H{S;S. cutters, -
,—wear'on each of'the'six teeth was measuredland notedidown
at-regular tdme intervals. For teoh‘life‘limit;the secend . ]
worst tooth uas taken. For therearbide Eutters,-the onlff:' - , l\\_
exlstlhg edge was measured and it was assumed.that it may | \ul

) ' »
+ -v ! .

*'be taken as representatlve. Thls assumptlon leads to hlgher

*.
—1

tool 11ves than what wlllwprobably be obtalned bn a real
, cutter where one of the teeth will be more. 10aded because S
:)hf’therrun;outrf o z..'_“ D | ; J ‘ _

: S -
. . " The thus establlshed values of tool -life T in .
-;1nutes‘for all theilnvestlgated cases.are assembied 1ni

S

‘dlagram shown 1n Fig.: 6 11. The'horlzontal4co~ord1nate of
 the graph is cuttlng ‘speed in ft/hlnute. 'Feed ?per tooth

'1n 1nches is noted at each p01nt or 11ne on the. graph
-+

Lines are used to connect 901nts representlng the same tool- .

.\\&‘

' workplece cdmblnatlon, same feed per tooth and same’ mode. - .

',whlle they d;ffer in cuttlng speed. For such tests where

'ongy one cuttlng speed was’ tested, 1solated p01nts only nf:_;.u{-

"are shown. * - © "j; Cow Co

L
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| . _ Voo .
we shall now discuss the indiv}dui}_features
resulting from this diagram. o : ,
In the left hand pant, coverlng the range of

cuttlng speeds up te 200 ft/hlnute, results -of- tests with

Ay

H,s,s;zcutter are_glven.- Flve cases of machlnlng Multlmet
are grouped at the left_ane fite ceses ot?hachining mil? ' -
rsteel:‘on the rightt-'Fornhothlgfoups:a;very‘strong effect
Jof'cuttihg.speed on'tooi'iife is evident."Actually‘the
two cases of Mnltlmet machlnlng at.v = 49 ft/hinute-are
‘ those‘rn which very fast destructlon of the tooth tips
« occurred as shown in photograph Flg. 6- 13(b).. On the other

hand, feed per tooth, in. the range used, ‘from 0 003 to‘ﬂ

e..

0. 007 1nches, does not seem-to 1nf1uence tool llfe at all.,,

LI

It is also 1nterest1ng to notrce that the full—1mmersxon N

“and the half—lmmer51on tests at v = 35 ft/hlnute and’ St =
0. 005 1nches on Multlmet gave equal tool ‘lives in terms of .f“'_J

total tlme (free runnlng tlme plus actual cuttlng tlme)

gg. .

= o
The same applles{to such two tests at v =98 ft/hlnute and a
’ %: = 0. 007 inches, on steel. In terms of the tdtal volume e ‘; v

ofématerlal removed per tool llfe, full—lmmersron tests glve-

' . , °

better tool life than the partlal—lmmer51on tests. oo . .

. .
L . . . ‘ . L o
" . .o . . . TN - B
» ° ) s N : -
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Recommendations of v =.35 ft/minute, ét = 0.005.in.<‘ o
RN — . l _.
- for Multimet and Vv = 88 ft/minute, S; = 0.007 in. for steel
| - ..': . [ . . ~7.
result clearly of these-tests. = ' : o

x " y

In the right hsind part oq the dlagram carblde tool
tests results are,plotted. The numbers in circles glven at

_ some points are test nuﬂbers for which photographs of  tool

wear arezincluded‘fn.thié_thesis. .t
As regerds the effect of cuttihg speed in this part,

contrary to the flqdlngs for H.S S. tool, no systematlc

1nfluence on tool life is, found " For both steel and Multe— o .

met machlnlng we find both 9051t1ve ‘and negatlve effect of

- cutting speed on tool llfe bnt none of. them is str%ng. In:
, average, we may take—th*smeffect as negllgible., On.the.
other hand, again for both tool mater1a13; a strong inflﬁehcé‘._

of feed on tbol 11fe is found 1n a very systematlc way.

f.Tool life 1ncreases w1th the decrease in feed per tooth for

a given speed.l“,1 R ~ L L

- c N i . | - R .'5..

Further‘featuree‘in this region are:' depth of‘cut

~_has also a- strong effect on. tool llfe. however. not as

Jstrong as té justify taklng two halfwdepth cuts 1nstead of

3
one full depth. parlng the two O. 007 in. 11nes for steel

\-q

'machlnlng we conclude szmllarly to the case of the H. S S.

.O
L4

e

G
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T oA

. tool that the half-lmmersJon test glves tool life equal . IR
b L

to that of full-immersion slottlng. - f : : f

\

It is necessary to 901nt out that test #7 is a~ |

repetltlon of test #ﬂa.[ Test #7 gave such an exceptlonally
\\ ) g " \
long ?Ool life that we disgfgard ft“anﬁéfer—the,resultlng- E il
~=recommendation,conditions of case 7a are‘applied '

/

It is usually argued‘zg) that the reductlon in the

life of carblde tools an mllllng is assoc1ated with-the

formatlon of mlCIO— or macro»cracks and reductlon in the
life of a carblde—tlpped mlkllng cutter lies 1n the cycllc

Y
coolrng of the cuttrng edge durlng the free runnlng.
Reason for crack formatlon is explalned in detall _'r--‘ﬂ

in chapter'Iv; Lo o o

SVIE

- It is rnterestlng to note thatlno thermal cracks (v 's_'
' -}.here obsereed durlng our experlmehts.. It shows that the .
- tool operatlng tlme tbv urlng Whlch heatlng of the 1nner;w
layers of the carblde tip takes place, “has a con31derable

. effect -on crack formatlon. with a short duratlon to the

lnner 1ayers of the tool do .ot heat up and, consequentlyz . .o
A . : P .

less severe ten51le stresses are set up in the surface

-

layers durlng the free runnlng. The tool 11fe 1s, therefore, \

n
;reduced'tq‘a 1esser degree. In our experlments the duratlon

¥ o




-

. With carbide éuttqr: v = 302 ft/mm. S{. = 0.002 in.,’
. "' Q ' -. - . . . $

B

‘ Wlth.H 5. S. cutter-f" 9& ft/mln,;T“hL 0.007 in.;

L3 l - V N . ! . .
o - A . ’ R ’ . ‘ . ) N ) 99
: o _ . . . L ,
of opegqping:éycle was very short tfrom-0,054'se¢onds'to K
; . ] .o : ' . 3

0.11 seconds).. Thereforé,‘nb thermal cracks were formed.: - .

These results, incidently, are in-cldse-agréemént with

:' L ' ” . ‘ 28‘ vy ’ 1 ’ -
experimental results of_zorebs ) T e L
6.4 Recommendatlons L T

~ B -

The recommendatlons to be {?rmulated are based on
conclﬁéions¢pfﬂtgg @iscuésion‘of Fig. 6-11 and.on tﬁ% -
. . o r
. T N . '\= . ] . _ *‘ 1
summaryzof best_results given in Flgqif-lz‘whene»tool

@

l ves obtaxned are expnessed 1n length L- of full depth of

.~

cut (applles equally to slottlng and half-lmmer51on) ‘_~ . B
. ) ) - .

1nstead of In tlme as in Flg. 6 11 Thus. from Flg. 6-12, -~

b

it is :ecommendedz' - g AT s "“'{; Lo

Fox machxnlng Multlmet- ) , _.‘_ Ce . L.
\ ) . - o - L
with H.§:S. Cutter: v 35 ft/mm, St“' o 005 1n.,

.}3 3. . -
- e '

T w o ES = 2. 7 in/mln, resultlng ‘in L = 60.iﬁ.

Lo~
to

I - _.5 5 1n/h1n. resultlng in L = 98 in.
- ;t_/' ’ . )

. - )
r ¢ -

'For machlnlng mzld steel._'f_ 5

oL

-

5 . - -J'
1 r Bl

' l; S  “7” ST g Q\lo 5 in/mln, resultlng in L = 360 in.

with carbide Cutter:_v’ﬁ 361 f*l:/"min.F , = 0. 005 1n.,

16.6 1n/m1n, resultlng in L = 540 in.
\ .

S

L

= e

e

__‘-‘-
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L' a Yo
The flndlngs of Chapter VI are contrary to those

of other.WOrkers.' But it shoald be noted that end m1111ng

-

p
of narrow s{g}s 1s*a specxallzed operatlon where it is “not

1
. [ " ~
, : . o\ . NS .
-p0551b1e to6 use )arge diameter cutters-and thip digposal "is

a'serious problem. The, followind pncémmon, phenomena were B
" ) v - . - M

-observed- 1 L . - .-
; A ~ o : .

1) Better tool 11fg is obtalne& while cuttlng Wlth carblde
WA

'cutters uélng coolant. nAs mentloned 1nzchapter VI. B

o

other workers have found that the applicatiqn of coolant - “\\ /Ls
1 ' _ T k - o ,

on carbide cutters under interrupted*cutting condition

i is'detrimental to.tool life because of the formation -

»  of thérmal cracks due‘toiCYClicﬂéooliﬁg of the cuttingv_
_ P . W - - -

. edge.during the free ruﬁﬁiné_tiﬁe. Fig. 6-9 shows the .
- PR - - -
. : . S A . T L
development .Of- VB,5 on carbide cutters without coolant

-
.

and Fig. 6-6, the de\r'e_lopinént of wear, 'on_'c'arbide‘ 'cut'ters'
R ' ' =N oL Vo :
o : - # L : -
“while coolant isfpsed. ,By comparing the two graphs we

. <

- £ind the obv1ous dlfferétce in:; “tool. life. del 1ifétﬂ'
tﬁ cutting w1&h coolant‘;s better because‘the coolant | -
helps in chlp dlsposai ' also, from the graph in Fig. S

; 6 6 it is 90551b1e Ep specify the t1me after whxch ;he .

rapld wear on the tool will occur._ As can be. ‘seen from-
- 7/ .

the.qraph,'VBmax = 0.030 inch can. be ﬁsed_as'an;aPPFQle?F?

A
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4 .
criteripn for carbide tool life. In the case 6f H.S.S.

tools this criterion is justified because 1f we accept
. “
) -

<, more wear on the tool then the number of regrrnds per
o tool w111 decrease which will decrease the overall
3 - - . . gh )
_life'of‘the Pjis. tool.. L : : ‘ 7
L , - ) ‘- . o i

2) The effect ofrcutting epeed;on‘rooh.life undér tﬁe ;
iconcitigne.specified io'the;caee.or carbide tool$ isi-
hegligibieres cdn Ybe' seen from éig.foéll;;
3): The eff;céfbé,fega on the fool. life under’ the cohditions '
T T ‘ .

speqified in the case of H.S.S. .tools is 'negli ible

(see Fig. 6-11). © Lo

4y The'total number of impecrs rather than the actudl 1

»cuttlng tlme governs tool life.

1-

The tests of chapter VI are qulte re11ab1e when

the coolant is used. These tests are repe?table to the
: t

‘ extent that 1t was poss;ble to sPec1fy the tlme aftE; which
' j o . -

R \ N

.the rapid weaf’on the'tool w111'occur (zze Flg. -6).
However, under dry . cuttlng éopdltlﬂns t

L3 .
tresults are-

£

_?extremely scattered,(see Flg. 6- 9). Slnce the tool 11fe

obtalned whlle mllllng w;thout coolant is much lower than

.

‘that obtanned w1th the coolant Ain all the cases, further

A

inﬁestigation_includlng statlstlcal analysis ;s_not gusrlfiec.g
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(]

-
-

However, it is the belief of the author that he T
" has been able to-idéntify some of the problems encountered

in the end milling of slots in both mild steel and multimet.

turbine shrouds using H.S.S. and ci'ﬁi&e'cutters. The- - .
. | . -J~ - . .
‘company is now in a position to carry out successfully the o
e ' Coe e ’ Ve . L { ’
" machining of the turbine shrouds following the 5pecifiqat1695'
| . p | M o
-~ N ]
laid down by this work. a
)
'h‘ 10
/ ;
r -'- A r
i
oy f A
i A
-
' . ¢
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CHAPTER vII- IR e

",

et

, SIHULATIVE EXPERIMENTS L ' ;t o

- . ' . : '. ‘ . ‘..o -. N I“' o h - v‘. . - : ‘. )
7.1 _gbjective . ﬁ .,‘ L

| ‘ | .. | ' - ’ ’ ’

wj/From the mllling experiments of chapter VI 1t was .

observed that the tool 1ife in terme of tdtal time (actual

.cuttlng tlme plue free runnlng time ) in the case of full-'

1mmerelon (slottlng) tests as well as half-immersion tests

Y

is approxlmately the same. However,.in tezms of theftotal

n

S, i -

~ volume of ‘material removed per‘tool llfe, fu11 immeraion

-

-'tests g?ye hetter resu;ts than the part1a1 immers;on teete.
~

It should be noted that the total number of bmpacts ‘in both .

b

the cases 1s the same for the samentotal cutting tlme. o

%

Therefore, 1t might be the total numbe& of interruptlons ' d;l .

or 1mpacte durlng the fotal cutting ti?e which governs the

tool‘lee. . o 734'.- L : ‘af s “f- I Jﬁ“ii o .
R R A : s ST -
"A180'it'Wa9'obeeIVed that the‘tool iife obtainedflnh..~ ,
.down—mlllxng was better than that obtalned in up—millxng
under same cutting condltions. It should be noted that 1n_f- L
up-milljng the tool etarte cutting from the initial thin"'

portion of the chip-anafinhd“ —milling it startsucutting.

- !. :

T S



¢

-

. . AR
£rom the 1nitia1 thiok portion Qf the ohip. Thie leade

- to the doubt that it might he the initiel rubbing or the 1

thin portion of the chip that might be detrimental to ’

tool’ life. - ,r_' L ;“- ‘.Jﬁl” .

) .
-
I

Aleo in some ceeee of milling such as elotting teet )

o .o

on multimet with feed per tooth - 0 005 in. end gpaed =,Z‘

.49, 107 ft/hinute (teet #28). complete deetruction of the.'-

tool occurred. The ceuse of feilur.e i thoee cesee' was

Yy 9

not clearly'khown. It could be either the temperature
failure or rupture of the toal point due to the exceeeive

cutting forces. . “”{ S : -lﬁ_i.o,ﬂ.f

o Above diecuseion leade to the following questions..

(1) which. pert of the chip obtakned during elot milling

ie nmore. detrimental to the ‘tool’ life (thin portion :
. - ,

-

" or: the thick portion)? S ;ii - ' g

'kz) ,which ie the type of failure in those cases in which

~

complete deetruction of the tool occure ikemperature

+
4

failure or the rupture of the toolrtip)? '

. In an attempt to anewer theee queetions, turning

. experimente eimulating the previoue milling were - cerried

v
e -

! i . e

105




LAY

to keep the chip thickness during interrupted éutting constant.

T 106

out during which it was possjble to separate the aspects of

thin and thick chips from the aspects of interrupted cutting. ..

[

- gn millinhg interrupted éutting is accompanied by the con-

tinuous variation in,chip thickness and the two cannot be

"~
i
B

. . i . L o
separated whereas in simulative experiments it is possible

-

7.2 Testing Procedure o , : : - ./é;

Experiménts wére"performed on a rigid MAZAK 24 lathe
1 - .0 " )
fitted with an'infinitely variable- speed drive. Fig. 7-1

and;7¥2'show the experimental.set-up. Two special steel

workpieces were prepared for the purpose (see Fig. 7-3).
' S - | | |
The type of steel was very much similar to the steel ‘used

in millind tests. The ratio R of non-cutting time to cutting

/

time in one case was one (conditions similar to slotting

tests) qherea; in the other casé it:wéa twdf(Partial; T _;M_;ifi;t
 .immérsion.ﬁéstg)fi,poilog;ng‘tpois_were ﬁsed:_' L
T"-:‘.c-arbide_cut:t_:er':.s.akavi:k‘sm';-t'!rz:!.‘.s4 (steel gréde)_in?erté'
. B - . (éamq inserts"whiéh were used in hil;ing :
tests). o ’ .: TI o fi_J t:
“g.sls. Cuttér:l ﬁltr;.cgbigal plus one-t°§1 bitsl(Baifoug' o >

parwins Ltd.) which are very similar to the
C e AH.S.S; of Clarkéonltippa_cutters dsgd'in -

-3

> —_— )
, “
e ° !




107 .

w

mi1ling testa. .

|

The coolant used was again a solution 20:1 of TRIM

'SOL. (same as in mllling testa). , o ¢

~The average and the maximun-lank wear VB,, and VByay

% >

was measuredAat various time intervals. 1In this case also

a ¢

the investigations were carried out with Toolmaker's micro-

scopeé as well as a scanning electron microscope. '
. - * M ' ) '.’V ) . 7

Tool forces:were continuously recorded during every

~test,'using the ultraeiolet recordeq,(see;fig.‘7~2);' The -
_main cutting force év; the feed’force“gé and the thrust
force F£,wereobterhedlby meansrof e three coopoheht strain
gauge dynamometer. 5_‘

/ TwO feeds (1n/rev) were used during the.tests- ohe

the minimum availahle feed on the'lathe i.e. 0.0022 1ncheé f

(corresponds to thlnner portlon of the mllling chlp) and
other, the maximum feed sed in milling tests i.e.

;0 0069 inches (nearest avallable to 0. 007 1nches) which

’

corresponds to the central th;ck portlon aof the chip in.

'slottlng tests.

N
Tables 7-1 and 7—2 glve the data of}the tests

performed.
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7.3 Description 'of Results"

' Carbide Cutters: | 'f" iy 7.

Figs. 7;4 and-71§,ehq§'the piOts.of Vﬁmax:and'VBav
versus time in the ¢ase of carbide togls. ' The effect of
,feed on tool life can‘be clearfy seen’ from theseﬂplots.f
Tool 1ife-increaees as the feed;is decfeased. sane effect

of feed was 6bserved in the milling experiments with carbide
‘ . .

¢

‘tools (see Flg. 6- 11). Since small feed"gives better,toolf

‘{.) G

life, it can be concluded that the thln chlp at- the entry

and exft of slott;ng -tests- 1s not as: detr1menta1 to the. tool

-

life as thHe thlck port;on of the chlp.’ It can also be seen

-

from Figs. 7-4 and 7»5 that at lower feed rate the tool

.
o

life in both the. cases i.€. R—l and R=2 13 the ‘same,- in l
.terms of total tlme (free runnlng tlme plus actual cuttlng

time). - (R is the ratlo of free-runnlng tzme to actual

il

cuttlng time). At hlghe; feed rate we' tend, to get better s
tool life in terms-of total time when R=1 ut the dlfference :
is not apprec1ab1e (Flg. 7-8)._ In terms of the'total volnme

of metal removed pek. tool llfe,R—l gives better results‘
1,. ‘\

than R=2. Since the‘thin'portion-of-the chipuis not detrié_
£ - ,
.mental to the tool 11fe 1t can be said that it is total

number of - 1mpacts rather than actual cqttlng tlme wh1ch e “/“

F
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governs the tool lifeé

camparisoﬁ'of wear pattern ef EEmJiét;ve-turning
test numbers:l and 3 (b) with milline Fesi nﬁebees 4 and 6.‘
respectively shbws:that the general pattern of tool wear,
-in these cases is the eeme es'can_be ééen ffqm the.photo_
graphs of the f1ank~ﬁeer iﬁjiéspective-eaeee‘(cemeafe phete-'\‘
graphs in Fig. 6- 17 and 6—19 with those-ln Figs. 7- 16 and

7- 17 resPectlvely).

High Speed Steel Cutter: 7

v N
t‘-

Flgs. 7-16 té 7-23 show the typicei elect;onmidrographs
of the flank and crater wear on carblde tools under different.

cﬁtting conditions at variouS'magnlfzcatlons,-.No thermal . .

r
Il

-eracks are seen. _ | ’1; .o 'r_ :' R
FlgS. 7—6 and 7-7 show the plots of Vﬁmax and VBav
versus tlme in the~case f H.S. S. cutte;- \It can be ‘seen
-thet as the feed 1s dec£;3§3d fr&m 0. 0069 1n/rev to 0. 0022
1n/rev, the tool 11fe'1ncreases from 105 mlnutes to 300
'mlnutes in slottlng tests (r=1) . Same 15 trqe for R=2 : ) o
*mglso in- whlch casevtool 11fe 1ne;eases from "180: mlnutes to
360 ﬁlnutes as the feed is reduced £rom 0.0069 1n/rev to
. 0.0022 in/rev. This again ehows that the thin portion ?ﬁ_,

the chip in slot milling is not detrimental to the tool life.

. - . i
R : . . : Cy
- e - . :

- R ) ) . : )
. . - : . .
. - . . . ) ) . ‘
: ' ‘ - .
et - “ i . . o
PR - . . -
EERP : : -, .
.
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]

In the case of H.S.,S. cutters we find that 'in terms
of the total time, R=2-givea'better tPolllcre than that in
the case of R=1 (R is the ratio of noncuttinc tiﬁe to the
actual cutting time) but tool life for R=l‘is‘moro'than'that$
:for R=2 in terﬁslof the total volume of the material reooved.

-

The same trend was observed in the case of carbide tools also.

Figs. 7—24‘and;7-25 show'the'photographs of the floﬁk

wear. | C

_ ‘Typical ulﬁraviolet {uv) recoxds of the threercomponents

of the guttlng forces are shown in Figs. 7-11 to 7-15. 1In

Figs. 7-9. and 7- 10. the main cutting "force F, ,othe feed

force Fg and the thrust force Ft (due to the nose radluo

of the tool) for carblde‘and H.S.S. cutters reaPectlvely,\'

are plotted agalnst time. 'It can be ceén that iﬁcreace in
" the cutting forces with tlme iS‘nOt much | Fluctuations'in‘ .
- tﬁe components of cutting force in the case of H S.5. tools

are because of the formatloh and dlsappearance of the' bullt— o

up-edge: o
| Since thcre.la no drostlc increase in cutting forces S \\\
with time, the p0331b111ty of rupture of the tool point

‘because of the exce351ve cutting forces -is ruled out and in

those cases in whlch complete destructlon of the tool

_',{_
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occurred, the temperature failure of the tool took place.

i

7.4 conclusions

. J..
_From the foregoing discuassion it can be concluded S

that: i o . _ T

1. The thin portion of the chip obtained at the entry and

exit of end milling‘cutter affects tool ltte much less

than the thick portion of the chip.

]
1

2. In terms of total-volume ofpthe material removed,
longer tool life. is obtained'in full—immersion-(slotting)

o N ‘ o :
than in partial-immersion milling. -
3 ’

However, even these tests did not explain why it

was rather the total-number_of cut interruptions than the - . .

actual cuttxhg ‘time which lnfluenced tool llfe. Further

research will be neceésary in 1ooking into both the mechan1ca1

and thermal shock aspects. h

3. Complete destruction of the tool in scme of the tests
like test #28, chapter v (cutting multlmet with H.S.S.
tool wzth a speed of 49.1 ftﬁnln. and a feed of 0.005.

| 1nches/tooth) was due to the hlgh temperature development
in the cut and consequent fast develognent of . the - tool - S

-~
wear leading to a further increase in temperature and
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ultimately to the melting of the tool. . - Con

The simulative expetriments were performed because
. (\ * -

we hoped that these tests might exp}.ain'(soéxe'of t

»
3

‘ unﬁsual phenomena which coccurred durirg milling tests.
However, the author does not feel that he has been really - .ﬁ

able to give a satisfactory explanation for those unusual
. - ’ ' A S . ‘ . ' . .
' findings. -“Further research‘looking into both the mechanical

“ 4 -

and thermal shock aspects might explaln these unusual facts. L

This would involve furthe: cuttlng tests and a cow@rehen51ve :q

-+ o

metallurgical studies aimed at idegtify;ng the interaction -

of the workpiece and tool_ﬁateriels under a set of given

cuttiﬁg conditions. Any.metal cutting opera on-invalves

4 1 . o*
3 P

a compllcated 1nterplay of temperature,tstra Y] réte, heat

F

transfer. 1nteract10ns of tool and workplece materlal

perhaps involving’chemical interactlon between dlSSlmllar

e T ‘ . . ~
/ .

materlals in the presence of dlfferent lubrxcants.r=_ . \\;’ 5;
/ .

In short 1t is a very dxfflcult problem whlch is
-not readlly amenable to analysxs.' However, it is only by' . -
fundamental studles, as mentloned above,that ‘some 1lght

bll *

might be  thrown-on this operat;on.,
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Table Qéi. Simulative Tests with carbide Cutters
. ;
A , L ool
o Depth of - - cutting speed 1life in
Ratio R - cut in’ Feed in in ft/min minutes
Test R=Noncutting time inches in/rev
Number cutting time (a) (8) ‘ w)-. - (T)
1 . 1 0.15" 0.0069  361.42 17
2 1 0.15 0.0022  361.42 . 25
3 (a) 2 0.15  0.0069 361.42_ 1
) > . ‘l‘ . . 3, '/
3() 2 0.15 . 0.0069 361.42 10 |
3 (c) .. 2. 0.5 . 0.0069° .361.42 10
) . o " . . B
4 : 2 ~- 0,15 0.0022 361.42 25
Table 7-2, Simulétive Teéts with H.S.S. éutﬁéfs
_ - pepth of S T - Tool _
Ratio R~ - cut in Feed in cCutting sp ed life in
rest . R=Noncutting time inches — in/rev  in ft/min ' minutes .
Number .. cutting time (@) - (8) ) v (1)
5 - 3 . 0.15 - 0.0069 98.21 = | -105
. s ' . o . : i
6. L 1 ) 0.15 ' 0.0022. 98.21 ‘N7 300
7 2 0.15 ___ 0.0069 ' 98.21 \\ 180
8 o 5 0.15 * _ 0.0022 _ 98.21 -\.' . . 360
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A’ local industrial firm experienced difficulties

] PN , 7 - .

in manufacturihg slots in’ turbine shrouds matie of mild
steel and muitimet. As a résdiq; milling experiments were

-
Lo~

carriéd out using carbide and H.S.S. cut texs -on the'above—
¢ - e

-

mentloned materlals and optimum cutting conditions were -
'determined. Simulative turnmng experlments waere also
. . (

perforﬁed'in order to explain sbme'unueual phen

observed durlng\mllllng experlments.' As a~ygesult of these

- -,

1nvestlgat10ns the followxng can be concluded

-

1.. while m1111ng slots in m11d steel and multimet using

- . ™~
v

| arblde and H. s s, cutters 1t is necessary to use

.coolant in order to obtain a better tool 11fe. The  -

~

'o§e of’ coolant relps ‘in the disposal of the cths

whlch otherwlse causes serlous problems.r

[

2. with d short duration of aCtual cutt;ng time the eub—
Iayer of a carbxde cuﬂtlng tool is not heated up and

‘less. tensile stresses are,, formed during ‘the free'

£
Therefore,rno thermal cracks are formed

1

running time.

-

if the cutting_speed ie hi@h.

- 113() .

A
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113 (b)

-

The endlmilliﬁgenperiments indicate that VBy,y
0.030 in. can be used as a tool life criterion - .
while end niiling-mild steel and multimet with carbide
and H.S.S. cutters. This isithe most commenly used
'toolJlife criterion.

For the samg vol&ﬁe of the material removed, 1onger

-‘tool llfe is obtained in full 1mmersron (slottlng)

'than 1n part1a1 lmmer51on mllllng. This is hecause

the tool life is governed by the total number of o
impacts on %Pe.tool during_the.total cutting time- 11
rather than‘the-aotual cutting time.

'Turning experimentelsimulating millinélshow thet the .
thln portlon of the chlp obtalned at the entry and
‘ex1t of end milllng cutter ‘affects the tool life mych
less than the tthk portlon of the Chlpor _ ‘>” 7.-.'/
Better tool 11fe of carblde cutters whlle u31ng

cooient and dependence of tool llfe on the total - number

<

of 1mpacts rather than the actual cuttrng tlme are some
1 ‘&
of ‘the unusual facts found out as a result of these

\investigations.. In order to enplaln these facts,.'

,further reseérch inithe’area of end mllllng narrov. slots

. iookind into‘the mechanical.and thermal,shock asPects ls

recommended .

-
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O—v= m/min
200 o -7 9—y=100 m/min | 12z
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60l
¢ 40
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o 20t
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2 19;
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~ 40 60 80100 . 200 300 | 6 -8 1 2
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Crater wear

. Section A'-.A

-

‘. . Tool rake face

_Notch wear.

Nose _—
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SR Tool clearance face -/ =
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Crater wear

~ Increasing metal
femoval rate

Fiank wear

e

. Increasing metal -
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. - Time

FIG 2-2
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velocity of the tool holder .
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Fig. 6-1. Experimental Set-Up for
"Milling Tests .

Fig.‘6-3§ aeasuremeﬁt of Fl%nk Wear'on}af
S - Milling Cutter Mounted on the

‘Machine.
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_ - AT R : _ . S P PR S : : . N
" ‘ Fig. 6-16. Test #5. | carbide tool.on stéel, half -
immersion, v = 30fZ-ft/min.,‘ sg = 0.007. r'
e - chipping at the tip. N o, oot
. . ) v, . . .




?Teat“ﬁ4'”0arbide on. ateel, v =361 £t/min.,
RN QO'I. Regulnr wear with notches at

Fig. 6-19.

Test #6. carb:.-.de on. .steel.. half mmersmn,

long t:ool hfe.'

= 361 ft/mln.. st = 0. 007 o

[~2 4
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v
, - -Figs 6’ '2“0“""1'581: #7485 -ﬁﬁe con&ltions' as in
Fig.: 6=15,: This t:ime, however, lax:ge wear
ontoolnose..:'--‘ e oo
[ ! } -
. o
_ ’ .*
i .
8 .Flg.‘6-21. -T'estr #17. carb:.de on Mult:.met, :
c'. = 246 ft/m:l.n., S¢ = 0.005. Rather heavy
,ch:.ppl_ng of edge. o o i

T
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L
_ ‘Fig'; 6-22., Same as Fig. 6-20 but with
1arge magnzf:.cata.on (154x)
- (‘ (‘
Fig, 6-—23 Same as Flg..G ~-15 but w:.th b
o large magnxf:.cat:.on (84x) .
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. SECTION = A-A
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-—..rt - - ——---‘-- - ——-—-p..

————
T »
————— "
————
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" Fig 78,

. ’(t))..h

yorkpiece for simulative

 experiments.
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JL VRO Jgl VOO S ICW Qi ¥ 200,LB7CM.,

| 110.8/CM.

| Fe | - oL
W g0.LB/ CM.

- i . .
o | . ' B < - i i
|

| Fig. 7-11. cutting Forces in Simulative Test #2..
J V= 361,42 ft/min., 8 ="0,0022 in/rev, R = 1.

Lom .

200.18/CM.-
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I UME—— _» 1.SEC:20.CM... ~ .
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- pig. 7-16. Teat #l, carbide on steel,
.y = 361.42 ft/min, R = Iy §= 0.0069 in/rev
- .16.8X : o

a ‘F_ig. ;7,—17.'? | Teét" #3:(’b) .~_'\c?ar;bi'de on s_ti?el,
v = 361.42 gt/ftn, R = 2,5 = 0.0069 in/rev. .




‘Y = 361,42

16.8X

Tes/t\#ti, carbide.on steel, = -

164

ft/min, § ='0.0022 in/rev, R = 2,

Same as Fig. 7-18 but at
higher magnification.. BAX

1




5
. Capig. 920, Test #2, carbide ‘on Steel Flank: .
Face, V = 361.42 £t/min, S =.0.0022 in/rev,
R =1,715.4x _ SR
N . : ‘ V ‘ v . . "

) a
| : y

Fig- 7-21;f_same-aé'rig; 7-20, at higher
-; : - ',magnifi’qa’t’j.qn‘,_ 840X ‘

“ : Le o
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Fig. 7-22.. Same as Flg. 7 20 but thls ' :
. R shows the ra.ke face. 15.4X : ‘
: . . , -

17' 22,..at h:.gher

Flg - 7""23 - ’7,',_ 3 :
' --magni‘p‘.‘icatlop . 1540;{ .
. ’ S |
- e . _
. e . | |
. ) - //‘/ ‘ ’ ' -
’ T ) 7 . ’ §
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Fig, 7-24.
v = 98.21 ft/min,

pig. 7-25-
vV = 98,21 ft/min,

g

rast #8, 1H.5.8. ©
.g = 0.0022

B

g = 0.0022.

..

H.S;S.'dh;sﬁeelg

n Stodl;
in/rev, R = 2

167

in/rev, R = 1
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