MONTANA

STATE UNIVERSITY

Lathe-cutting of certain alloy cast irons
by Wright K Gannett

a THESIS Submitted to the Graduate Committee in partial fulfillment of the requirements for the
degree of Master of Science in Mechanical Engineering

Montana State University

© Copyright by Wright K Gannett (1939)

Abstract:

Alloy cast irons are widely used in industry. Yet little has been done to put their cutting on an
engineering basis. The cutting of other metals, notably certain steels,, has-been carefully | investigated,,
but the scientific Cutting of metals is still in its infancy. Among metals commonly cut, on which
scientific cutting information is either meager or lacking, are the alloy cast irons used in this
investigation. Concerning these irons, R. C. Deale, executive secretary of the A. S. M. E.
Subcommittee on Metal-Cutting Data, states, ".... the work (of this investigation) should give data in a
portion of the field where nothing is available and should be of very real value to industry. "1 The
Subcommittee acts as a sort of clearing house for metal-cutting information and conducts a planned
program of research. Mr. Deale directed this investigation as a part of that program.

Three compositions of cast iron were tested; one was ordinary base iron, while the other two were alloy
irons* The bade iron acted as a convenient reference with which the cutting characteristics of the two
alloy irons could be compared. Each iron was in the form of cylinder linings (sleeves) and was
furnished by General Motors.

This investigation was concerned with the variation of tool life and of power input with different
cutting speeds.

For each composition of iron the feed and the depth of cut were kept constant at values prescribed by
Mr. Deale. The purpose of this investigation was to establish empirically—under the prescribed
conditions—the mathematical relationships among the variables of (1) cutting speed, (2) tool life, and
(3) power input, using formulas whose general form has been well-established by F.W. Taylor 3 and
confirmed by later investigators. The data gathered served merely to find the values of certain constants
in those formulas.

Since little information exists on the difference between the cutting characteristics of the skin and of
the clean metall, the data for these two types of cuts were kept separately. Those data made clear the
extent to which the greater hardness and abrasiveness of the skin shorten tool life.
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Abstrect
{

. Alloy vaet irons are widely tused in industiy. Yet
1ittle hasg been dene to put their cutting of an englneerlng bas-
sigse. The cuttifig of otheéer metuls, notably cerbain steels; hag:
been carefully\imvestigated but- the seientific dutbing of mecu :
als i s4ill iﬁ its infaneys Among metals commonly cut, on whzch
seientific cutting information is elther meager or 1acking, gre
ﬁhe alley east |iroys used in this investigstion. aaneernlmg
theke drons, R . Deale, execubive seevetary of the A. S. Mo
.. .Subcommittee on Metal-Cutting Data, states, "eeso the work °
(of this investigation) should give date in a porition of the field
where nothing is available and sghould be of very real value to
industry.® * The Subcommittee &cts as a sort of clearing house
‘for metal-cutting information and eonducts a planned program of
regearehs - Mirs Deale directed this investigabtion as & part of
that Prografi

Three compogitions of east iron wevrs tested: mna wes
ordinayy base iron, while the other twé were alloy. ironsgs 'The
base iron adted as & convenient refevense with which the cutting
characteristics ef the two alloy irons could be &sofipared. . Each
iron was in the form of ¢ylinder limings (sleeves) and wes Fur-
nished by General Motors.

This investigation was concerned with the variation
of tool life and of power input with diffexent cutting speedsa
For each composition of iron the feed and the depth of eut were
kept comstant at velues prescribed by Mr. Deale. The purpose
. of this investigation was to establish empirisally--under the
preseribed conditionrg-«the mathematical relationships among the
variables of (1) cutting speed, {2) tool 1life, and (3) power
inpuk,; using uermulas whose general form has been well-establishe
ed by F. W. Teylor ? and confirmed by later inveéstigators. The
dats . gathered served merely to find the values of gertain cone
stants in thmse‘formulasa ,

Since little 1nformatmon exists on the differenée bew
tWeen the cutting characteristics of the skin and of thé clean
meual the data for these two types of tuts were kept separate-
1y Tho e data made clear the exbtent to which the greater hard.
ness and sbrasiveness of the skin shorien fool life.




Inﬁf&duﬁtion | '

| Aceording o F. W Taylor 7 there are twalve prim&ia
pal variables involved in the eﬁttimg 6f‘mébais¢ combinatzon
of thege Varlables as made by the maﬂhine aperater is em@iria
Qeal and 13 based on pracﬁzce whieh he” mever ﬁhlnks %a queﬁtioﬁa
:umodern industry 1m 1ts scramh1e for prcflﬁa g eonscaﬁtly placw
;1ng Ltself ugder a. mare sclentlfic eeonomic managemen&s- Saﬂee
‘ the evﬁtzng af metalﬁ'xs’one @f the Toremost 9ro@esses of iv-
‘dustry, it is important that the epbimum;edeﬁamlﬁ ﬂomblﬂatmam
of'th;“%ariables of eubting for any given Jjob be Knowr. ABut
such knowledge dan bé obbtalned éﬁly‘By'@aréful-&ﬁé eﬁﬁensi%e
;re@aarch w%iah establishe& the emperical f&rmulas that relaxa
%hose variablesg For all metals these Tormulas ave of the
'same general exponentidl type and are a@mmeﬁly usa& to relate

" the more‘iM@ortanﬁ variables of ﬁ‘) tool 1ife, (2) cntblﬂg
_speed, (3) power imput, (4) feed, and (5) depth of cuts Altho
.:this paper 1s 11miﬁed o reporﬁlng ou only the firsﬁ three
of those varmables§ further 1nvestlgaticms fr@m bime to %iMa

are @ertain £6 help aamylet@ the pie@ure of the eut%zng of these

metaly
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Conditions under which this Investigation was made

The‘ghglysesfof‘the‘ﬁhreé cast ivons were:

, 250 (BaSe Iron) a g§g 0 213 M
Silicon - - ",1b997 S 97m I 1+92%
Total earbon. = ./ 338 o 3,40 e 3,25

- Nieckel - o 2036 - 2,00, : 030 |
Chromium'~ ' 0.28 051 0440 . -
Molybdenmm o e - —— e 0460
Coppéx -~ . ' ' 0«35 o 0e300 L 0,20

JAﬁﬁ”tﬁeiyhysiﬁal'prﬁ@eytiaﬁ were: T o {

Ci- 230 (Base Irom) 262 , 213. M
Transverae S 2,450 . 25400 3,150
Deflection ' .20 - . 0,26+ . 0:28
‘Tengile (0.305% bar) = 44,520 44, 720 55,590
Brinell (average) S : I
B (a; in gkin 248 264" 305
“{b) b 1/8" depth 2050 - 2B L2700
. Iype of fvaﬁtare in, fine graif.. fine gf&iﬁww fine groif--
- tenmile tasﬁ - gray carbide  gray . ,_gr&yif:'
- network ' .

qucept ﬁgr the haw&ness Values the above 1nfarnatiom was fur~ 
inlshed by ahe Internat1enal Nickel Gempanyq The 930 base irOﬁ
rand the 262 5rcn.were not disszmilar enough to pradg;e very ‘
d1fferenn cutting charaetarmuﬁlesg Both cut far more ea311y
than the 213 M. l “

There was available.é total of twelve sleeves: four
of each composition of ironﬁ'.Sinee ali cuts were 1/8% depth,

the 3/8" walls of the gleaves allcwed only two passes to be

taken in each, oene in the skin and one in the ¢lean metal.




8ince data for skiw culs were kept~$eparaﬁé1y from thoéeffa§'
‘clean metal‘ there were two sets-of data- for eaﬁh cemp051t10n
of iron or 31x sets of data in &11¢ The szza of thd sleeves
 and other faaﬁors made it 1mpaSS1ble to geﬁ 1n eaﬁh set af
,data more than abouo a doaen readings«nmueh tao few to estabn.
, 71sh 2 dependable average resulto Therefore, the results of
';this 1nvest1gahlon are not conclu51ve and sheuld be regarded
‘_gnly as g;Vlng the approximate cutting chara@aermsoics of these
:ironsp | | o | | o
The dimensions of the Sieeves wéré:qlo 7/8% 1ehgﬁh;

5 1/2% outside diazﬁeter-, and 4 3/4n insidé diamétefa» The tci;
end of each‘sleevé ﬁas thickened for aboﬁt 1/4" in a‘eeilaf
equiyﬁeduﬁith‘tﬁo diametriéall&=appesité'lﬁg$ (for & p0$iti%e
driving grip). The bottom end of each sle@va, opnosite the
top (or cdllar) end cooled flrst in the mcla and as & fesult
was chilléd so hard that it had to be'cuﬁ back about'llzﬂ bea
fare‘ény "official"Acuﬁs c&uld bé takeﬁa Fuvther metal was made
unavallable for Guttlng because of prellilnary cutsa For a%
smple; & prellminary cut 1n the skin of sleeve l~250~base was
taken to check the aypraximaie tool lives Whmch the sleeves
Were expecued to give., The tool out the Iength of %the sleeVe
_wiﬁhbut faﬂling and showed the neeesuzty ef raising estlmaced

‘speeds by more than 50%n Ssv¢ra1 toals an the 1a$t cut of a
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p&s& reached the end Gf the glesve without Laﬁlingé '%hﬁ-nréé”
a@din Togtors fﬁﬂmﬂﬁd the avnrag@ iength “mfficaam7y” cut |
:ta'@mns dew&nly ?esw %han the tatal 1@ngﬁh of the wleavaq-

L ‘ ?wlnall h@raneaﬁ r&&&imws wore sakea in the akin
i“&ﬁﬁ ab lf@” ﬁapsha A bﬁib and put wers ﬁiﬂehﬁd up inside the
{31anvew ta h@ig eaﬁwy ﬁhe B Qﬁa ke 1oaaq he B* inell r&a&&mgs
'ﬂﬂﬂlﬁ be ﬁa&@n aﬁ 1/%“ d@yth, b&eauas he ﬁbaaa k@u 1@&& erng St
eé tmray Whil@ %ha wetel was not solt enough o be maa@uraﬁ

by the 30& kge && In baﬁh “the skin end at 1/8% four r@a@«
imga &qa&ll; am&aﬁﬁ ﬁlﬁﬂﬁ bhe length ﬂmf?icim&ly“ &am ETE. maﬁ&a .
?nawa raaﬁiﬁg% wers placsd at ram&mm aﬁm&nﬁ Bhe eﬁw&vm@»r%mﬁﬁ
of the slesvas ’Th@ Brinells shoved & rak h&w llwﬁﬁfiﬁaq T Qe
m&sm raéi%ﬂi o shout 20 B ﬁq Mo uﬁzt% from the soft aﬁd

to the ¥ avé m&tiam amdﬁ whers uhﬂ f&r&a @m%s éf ach pass wers
atorieds, ¥Ho Q?Qnﬁli$ were taken in the cht’leﬁ pars of the
mard end. Ehiﬁ_ﬁna.za ﬁhe 21%3-1 sleeven waﬁ alnost mmmaﬁhim»
able with any @01 aofter thon &ﬁ@l ite, b&ﬁ t&e axirent harde
- pess ended e bauﬁ 1/2" from the votton en&a |

Guitzmg A aenﬁ on A haﬁvyadaﬁy, ﬁ@nemawmvan lanhe
360 between a&ﬁﬁ=fs and haviong o 26" awiﬁw lfigﬁ 1)y 4 10
BDe, Do Gu, aéiusﬁahim«&ﬁcad motor ﬁr@v@ Lh@ ?aﬁhea Power
Anput wes weasured by wmesns of & volt m@haw an& &ﬂ @ﬁﬁ&t&f in

the power cirenit (figs 2).  The off 1aie$ay of Wh@ Metor

! P
! !




Fig. I1- Lathe with mandrel and Pig. 2— D. G. motor and iInstru-

sleeve. ments.

Fig. 3— Prony brake.
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dar var;wﬁa é@ﬂﬁiﬁi@ﬁg of 1&&& had %eam &etermime& prevx@usa

71y With a g?amy byaga (fl@e 315 uhﬁ affiaiemey raa&inms ins ﬂ
'eludiﬁg all. frietiam osq@s up ta thﬁ splmdla ﬂf the lathav
:Eafafe amy sﬁta wara m&@a %he 1aﬁhe wa& alwmys allawaé to xun

ﬂuﬁtil ﬁhe pﬂ%@f rea&mﬂgq beaame emngt&nﬁu

Quﬁﬁiﬁg spae@ was gotﬁan fram %h@ diﬁm&%@r af ﬁha

'wmrk anﬁ ﬁh& r« @@ mm ”ha laﬁter w&a ébt&inaﬁ 1m %WQ waysv~t‘

'hy ma&sﬁramﬁﬁt wxﬁh a revalutimm amumﬁav anﬁ &y aalaulaﬁiam v

fwam %ha teml 1¢fa$ fe@@ gm& 1mngituﬁimal leng&h af wmrk @ﬁﬁa

lu?\‘ﬂ .‘IJ. )ln‘-w‘
L b -4 e 3 o "’-\’L i * “

wm@ﬂ ﬁhe pwa m@%&wdw W@ra nat in axaa% &graamwﬁt th@ g?ea%&r

'W@aghﬁ w&& @iveﬁ ﬁm tha ravoluui@n aaumtew ﬁﬁ very $hert au&&

end %a th@ aamy%%at an methmﬂ wn 1mmgar a&tan ?ha la&ter gmve

tha ave g. fa ap mw wiﬁhin +1.reVQlaﬁ1an we% Lame @f togl 1if€u

The 1f8“ &epgh of cut, which was ua@d ﬁOuh i ﬁhs

'.‘skin aﬁﬁ %n the alean metal fer all threa éamnmsitiems of zrany

was measaraé from the @aaﬁﬁ of av@rag@ rumaaﬁ for skin cULSe

The faeaswem as follows: FPor 250 basew-0.0123"/revy, Ffor

252““Dé9123qf?@@§5 and far 213 awmawalaﬁﬁ/r@vo

“he sle@ves were‘mounﬁaﬂ with good aan@sntriaity
and nasx»&?& drivlng grip on & sgeciaily dasigned and eonstruet-
ad m&ndrel (figg 4)» ﬁ&%ky aanatruetmwn, including a BWwaxm

ﬁmate@ shaft iﬁ&ﬁrﬁﬁ hlgh rmgadity¢ The mﬂndrel is shmwa

| b@%waaw genters an t&@ lamha and h@ldnng & sla&ﬁa in Tigs 1@

‘ﬁefare thﬁ pleaves wave m@unﬁ@& on th@ manﬁrel ﬁhey Were turna
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| ed in a ataa&waeaﬁ and thamr innay an&& W@re lored on & LBeYe
a2l so &s ta fiﬁ beameaﬁ the %avel rangg Oﬂ ha mendrs lﬁ One

rimg waa Wﬁl&@ﬁ ﬁm ﬁh@ hw&y af th@ mandrel, whlle the mthe% |
‘W&$ piviched” uy agaxnﬁk %h@ sia@va hj m&&m& mf o mhiak ok

© and wmﬁwaw», Tma 1mgw w%iﬁh furaiah ﬁh@ pmamﬁiwa ﬂr&v&m% g?ip
1&aﬂ be aeen in,fmgm§ i am& @n‘

%@?are Su&?tlﬂg 3kin evﬁa th@ mVara@a vumau of
a&nh.ulawva W&S ma&$urﬁd ama ?6&0?@@&# iha aVaraga for %he |
runeuﬁﬁ of all 31&@?&3 gay less’ ﬁhan 1/32“} thla tha Tunolt
of most aimgle aleoﬁaa averaged near lszﬂ wha rﬁnaﬂm was:
;pmrﬁly aaused b;‘ﬁggmshapeu erogs s&&ﬁi&nﬁ 0% by che ﬁl&@?es’
| na% beiﬂg px&etiy atraight frem ond ta ends These same TV |
' aeﬁur&a&as made 4% impossible o hold ibe sleevesy for boring.
with p@rf@nﬁ aaﬂaentriamhy iﬁ %%@ staady«vﬁs%a on all exeept
',ﬂn& gleeve. tbﬁ rmﬂmub was @?&éﬁi%&la? ﬁh@ ﬂmm& ﬁ ail @ﬁiﬁéa
‘mlmg “the mmgﬁam . :aw mmm slectes the avevege mmm wag
.:Wﬁﬁﬁrd@d}'>¥%$'ﬁﬁe remaining $1e@ve the w&aauﬁm were rogopds
ed oub by cube | - B |

All nﬁﬁﬁS were run 4Py, using whargwne$$& %aal pite
“of o wingle sHope, heat g?aa%man%, and awmyaﬁitlam& “The ol
blanks were heatb trested by “Browa & ﬁharpa aﬁﬂ wers of the
"18w4«1 %yp@ and ﬁjau squeres Their amalyais w&a* carhon 0#?8“

0.83%, manganese Qoggﬁﬁégﬁg whaspharaua @¢G?5 m&mgg sulgﬁu?
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J?ig. 4 Mandrel.

Pig. 6— Tool-holder



GGQB, ehwumium 3&50«406G¢ uungsﬁen l?azjalﬁagﬁﬁ anﬁ ?&ﬁﬁﬁ&h.

© tim Gdgmﬁlﬁlﬂﬁ mheir he&% treatmenh was

" operstion Zempe, (daga ﬁahwaj . Time gggg&) ﬁﬁmaggngg
| Preheat . 1,600 L

Hardening . . 2,400 . }3fe eei0f o0
. Pompering 1,160 240 r

‘?hﬁ %Owlﬁwwﬁf & shepe spproximating ﬁh@aa Aﬁ genmr@i aﬁewm
.'Wﬁﬁﬁ @fﬁhﬂﬁ wi bl mm ﬂag rmka* 831 ta@ waka hﬁ&ﬁg pwaviﬁed |
;i~hy %ha 8&aagrve n@%lamt mf hhe t@mthﬁldﬁf% M@m&uweﬂ wi h
’Vfraﬁgaaﬁ tﬁ ah@ 60&1 Shﬁﬂk th& sther &mglﬁg W&?ﬁ¢ &4 ﬁﬁgra@ﬁ
“pide w&k&, 15 &agwegﬁ front, ﬂl@&f&mﬁaa & &egr&aﬁ 84ds. ﬁl@&?w
 i%ﬁﬂ$g é dagr@as frwmh &ﬂtﬁiﬁgw@ﬁg@ angleﬁ and 20 @@@?&ﬁﬁ gide
| ouktingeedgs angla {(figs B)s Ail t@ala WaTE a@@u@&i@lg gf@ﬁﬁé
‘am a Gisholk 1&&&&*%&&1 grim@a? aid ﬁha buwrs o th& ad@ea
w&re sarefully wemm#&& by hmn&nga Gara w&a Laken m@% %a hmfn
the tool surfaaﬁa wiile grxnﬁinga |

| A 5ge¢aagﬂy %uilt tovl~holder (@iga 6) deaigﬁe&

For rigldity and @?ev&ﬁﬁlen of slipmaga was nseds It was
similay ko the %m@1whﬁlder used by He o Fronch and Te Go .
. Digges® in the rough tupning of shesl, in ihat = 3/89mmquare
:_ﬁrailaf %éﬁi kn&t uﬁéﬁ in tﬁia imvaﬁtigaﬁxaﬁi'a&ﬁ.a;s@ by
held in place iflﬁe%ﬁﬁﬂﬁwy@ The main bédy'bﬁ the t0ok-holde
er was 5 single gigéé'mf shesl, %o wh&éhikhé.ﬁéy phace was

neld by six cap serews. Bebween the msin body and the top
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q/ -~/ /-

FIS.  — 7S<Y _uBa/AET

piece were grooves for the cutting tool and for the trailer tool. The
tool hits were held in place by set screws and backed up by bolts provi-

ded with lock nuts
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_nﬁvﬁi F&&lur@ _
wha sraeh %iﬁﬂ of tool f&ilaw@ was m@va@ alearn@uﬁ
. and hed to be 5a%v¢mmﬁwh&3-aﬁbﬁtr&wzifw -“hé~ty@m—mf-£&&1hr& :
,w&a nh&fa@ﬁ@%x&t&a ef & shar@»masﬁﬁ ﬁ@ﬂlg %@iﬁ@ &F. a;ﬁlaw&y
;gﬁwagresaiva raﬁ%@r ﬁhaﬁ af & maxa ﬂinatamﬁamaamﬁﬂ m&%&?&;
imuttiﬁg G&%@&ﬁiﬁﬂﬁ<Wém&ﬁ'ﬁﬁm%iﬁ ﬁ%ﬁ %&mﬁ u@ t@ %ha y@iﬁ% mh&w@

;failara wﬁ&xﬁw@’ The. fﬁ?ﬁﬁ ﬁﬁﬁ?@ of %helyragreﬁaiva faglwya 1

?ﬁ#ﬁﬁiﬁtﬁ@ ef iﬂf&ﬁ&ﬁﬁsimai ﬁyﬁams ef m@t&l &éhar%mg t@ ﬂh@
fméwm@r pf the @Hﬁ# Wﬁﬁﬁ - Elme ek im@ﬁ?ﬁ&@%ib&@ fﬁﬁm wnm&@ @ym
peal, ﬁhe wawﬁeﬁ‘ﬁf %ha‘wa% be@am&ag 1@@@ ﬁ&l&wﬁ%ﬂ&ﬂﬁﬁa Then
- the' fmaa would grow ints what I a&li@ﬁ a *definite f&mmﬁ
© The ia%ﬁ&w-i ﬁaﬁgwaﬁuﬁh@-awiﬁﬁmimm @ﬁ f&ilﬁwﬂg-fﬁam&ﬁgvﬁha
ingtaby ot whith the fusw bebame “definiter was rather arbi- |
LraEys @é@ﬁ&iﬁiﬁ the soduracy sould nod have Besn wmueh, elog~
ﬁﬁ %h&ﬁ 4‘3@ &%@@ﬂﬁﬂ for a %aal 1ife of; a&yy four DL 8%
' inam@an%a&lyg bha ﬁuﬁ&y a@@@aranea at ﬁ%@ Lok ik o sf the gut
was ﬁ&ﬁﬁiy 1&1&$ﬁwy d&& ﬁ@“ﬁha w@ta%iannwf %hﬂ~mmvka

\'. In g&tﬂ@wim% sneh of the wix sets of data o tool
bit was used nwre ﬁh&ﬂ pwise. Thus, &m&y@aaﬁxb%ﬁ‘gaaulaaw¢ﬁ
@iasAaf @iﬁgla tool Bits were mﬁﬁim$$aﬁ&

g;fﬁimgﬂ-%aﬁi had & 3lighﬁiy'fﬁﬂ%ﬁaﬂsaﬁf.muga&-whiia .

%nﬁ’%&ﬁtiwg‘@&ga3aﬁWéaﬁﬁaﬁﬁ'wi%h*%ha-@ﬁwiﬁhéﬁy.ﬁf e worl

 was brightly bhit  negligibly sbradedw-sven for dkin cutss  The
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1

top of %h@ tmal, where the ehip rmbba& was bmrn@é aﬁé algo

‘A\

'sﬁighﬁly wmagh@m@ﬁ by, &Qﬁﬁk& of m@%w& ﬁ@ld&ﬁ ta iﬁ@ @x&e@ﬁ
fm? th@ degwﬁw af ?&ﬁﬁﬁiﬁg af th@ maaﬁp a %&ﬁ& mﬁga&?&& %hﬁ
;Aaam@ wh@thaw W@MQV@& whﬁrﬁiy bafwrm wr &h&wﬁly after»ﬁhakﬂﬁeﬁw ‘
_;iaitamf&zm" paimma ﬁazthar th% fa&a nf bhe @ua H@f %ﬁm ﬁmrfaae
,fmf %ha werrl undewwen% ey aﬁﬁﬂmﬁﬂ@ @hanga ‘pefore f&il%?ea |
| Bwﬁ tha ”ﬂaﬁ*ﬁi&@wfaﬁﬁ" pmmnﬁ s@amé & yrmpar imd?&aﬁimn af |
failmra, ba@auﬁa it was ﬁhe#@ that h@tk POWER impuh anﬁ th@
'ﬁiammtér @f th@ wmﬁk ﬂﬁ&?@ﬁd 4 ﬁméraa$e§ w@?a%al times siier
f&ilura 8 ﬂ@w tmnl Wi ins@vte& aﬁd uﬁéﬁ %m mike a.laﬁgaﬁuéi« '
a&l $G$&L3h in the auyfﬁae of tha'mﬁxka Thas& aar&tehés B
eame~minuﬁely desper in th@ naighbafhaaﬁ of bha ﬂdefiﬂiteﬁfnzzﬁ
ﬁ@aﬂﬁ; raveamang & amail.in¢raaaa-imlthe diameber of the works

| wa outs, each of ahaut.a‘ﬁwaémimaﬁe ool iifﬁg.wera
rﬁn pﬁﬁﬁ.failnﬁaa @hé fésulﬁiﬁg inérease ié fﬁ%% was'eﬂééﬁéﬁgg :
About ﬁhreé1minmﬁés pEsh failu?e-ﬁkaleé%nef‘bf the ﬁﬁt,”@éﬁﬁ@@
bi&ﬁg iémn filing% olustered %&-& mngnet, %a&ama & e@mg?eta
_‘mﬁﬂs and POWET. imymﬁ want up mbrayﬁlya I aalzad thl& th@ “laﬁ*
gﬂﬂ p@lﬁua ihﬁ Hool upon removal ha@ a blunﬁlj flatﬁameé m:@e,l~
aaemingly ﬁhﬁarad fon .ﬁel&e& “Wingaw (1) aa&h side af ﬁh@
nmsa mﬁd aanﬁi&wruh&e burnﬁng a@z&amead bha heat ga&ew&teda
?@nbably th@ fai:uwa of alrauﬁﬁwaas@ﬁ taai wauld emrr&apam&

‘moye elmﬂely ta the ”1aamgo” @aim& than o ﬁhe “d&?iﬁahewfuzz“
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‘points Paradowiedily no.chebge in'the ehavacter of the sur-
ffaee‘af“tha work 0or in the face of tha-@uﬁ?tmﬁh place. batw@éﬁ
Aﬁﬁefini%e fuzz® and "let g% But the incweasein the @iametar

gnf hhe W@ﬁh was. apparent to the ﬁ&ke@ ayay . while 4 ,steml,seale

ihﬁld,lﬂagztnﬁinally against the' work showed: @aynghﬁ mﬁdng?#'
| -'@h@r@'wa?éfﬁwautﬂmiﬁ'W%iah failed differently. from- .
Liglgxtha,ﬁthﬁfﬁqa;@Q?ﬁ@ﬁﬁ the gorner of the eut ab failurs, .. .
~ rounded, off without: the appearance of any fuzs. The ngse: of
‘ﬁﬁat.ﬁwml,m%@ﬁwﬁumﬁﬁﬁbm@ya‘hlammmy.%h&@.ﬁar:tha,dwaimgquﬁailmﬂ
fm@m&éi The s@éqﬁdﬁ@aalwfaixaﬂ,im‘m;mam&@rym@we ﬂhﬁf&éﬁﬂ?ﬂﬁ%@ﬁq<n-\
of & ?&Hﬂﬁﬁﬂ@ﬁéé t@aia The failure W&ﬂqvﬁwy'@ﬁfiﬁi@@ygﬂh@..y
fhee of the- eul . "mushing uph inmediately.. Unlike the.other.
[gaquﬁgalgxﬁa,thzmhamﬁ.aougdnha-Qhwewvaﬁ,wigh.&:@@abablgwaga
3@ufaéy.éf*+10~$aaaﬁ&$s- it sesme - Likely that-peauliﬁfi@iegm”.
.in “Sher ool b;%a %h@mselvas aeca&nt@d For. these. two. slngulag
fﬁaml &&ilﬁ?&&# e S e ;nngg;u
R Ta@l 1ife ‘wes closely dependent on: hardnesse.  For.,
{axamylaﬁ o $1ﬁﬁVE 1213 2 (cub inthe @laaﬂ ma%&&) Adéntigal
:aanﬁit¢ams yislded % uﬁ&l li?e of. 3 1/} mwﬁutes in the. harﬁ _
: ané‘and 8 1f2 mannﬁeﬁ in the ﬁofﬁ endy Dx@zﬁweneaa iﬂ.har&w-f;
"n&as betwe@n twm gleeves of the sane aamnmaztimn ef%en mada
"nha é&z& mthar@d xram one slmost wmy hlass lﬁ grodiatamg ook

xlifg for the ether¢ ﬁbr tha’ reason ecm@uﬁanﬁam ?wf the @rﬁm
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'diaﬁlen of tool 1ife was shelved in favor of "oy guess and
by ﬂssh” ‘- A Tormuls relabing ﬁaol 1afe5.euﬁ®inm spaeé; éné”g
_haréﬁas “woulkd greatly "4 von ok " many of the aisarepangies
;_1ﬂ the date gaﬁhewadg That relatioaship wounld prubably bE.
of th@ farm, yu gt —-Gf, whers H is the hardness and. & iﬁ
& 1 aﬁnﬁtant to be determined hy exgariment waﬁh the givsn m@hm<
1 CIn this invaana@aﬁiaﬂ &h& ﬁata weire ;nmuffiezemt to eaw e
f%&bliah aach a ¢armula@ lnateadﬁ the fiwgﬁ eut in: eaah. slee@e
NS . Tun aﬁ & ﬁzgh anmugh ﬁpﬁﬁﬁ Lo maka & Pairly ﬁh&wﬁ tgal
1ife. yrmb&b?@a Thwﬁ taal 1if@ wag ug@d with the ha@ﬁnesa
'grm&iem% fﬁ? aa%smaﬂing muhseqmanﬁ tool 11#@5 @ﬂ the seme ﬁlé@v&m
Thess ea%im&teg wera ganerslly wuaaeﬁsful in k&ﬁ@&ﬂ? the ﬁaal
llves bﬁﬁweam oneg, amé ten minubes. . |
@Gcaaaamally 2 ool reached the end of the siewvéﬂ
_bafa%g‘failureﬁ 1 the tool was in the Wﬁpé@kéaaﬁaga'af PO~
. gressive failuve the additional time necessery ﬁo_xaaaﬁ flef-
inite fuzs® wes estimeted, gitving e tool life that wis undoubte
[\gﬁéiy'@ithim the. usual limits of error (+ 30 seconds)s 'Gtherf' |
- wige the reading was discarded.
| éaﬁting speed also affested tool 1ife. greatly.
Since a 7% éa@ra&sa in cutting gpeed resulis in & 100% inerease
%ﬁ @éal“lx¢e {By the formula, VM°‘= e}, the wasdem of dalous

 1gming the re Do #e 88 well as measuring 1t becones ﬂ@@&ﬁéﬂ%a
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- Lhﬁ mragr&a&iv& failu%@ af the&& taalsb while yrmm--
,ﬁ&ﬁ&iﬁ& vary qlmwﬁf mmﬁ&r @Tdiﬂ??y v@ﬂdiﬁzgm@» bw@ama m@%&
'ra?i& as ﬁme ﬂevawiﬁy ef the @aﬂditamns iﬁaraasaﬁ@, In aﬂa
,@%ﬁ a8 0@&h1ﬁwh@&WJ fged was aryaﬂamumly uawa, givaﬁm & %901
'flﬁfa Qf parﬁaws fzﬁ%ﬁaﬁ aamoﬂﬂs &nd an Miﬁ@ﬁ% in@tantamwmma i;
'fsexmrm Other 40418 making "meff%ﬁiaﬁ mms in the amllaﬁ .
_aﬂd ﬁa&la@ vary mayi@lym Huﬁ f@r al& uSuﬁl auﬁ@ ahe-timw e
.Lwean'"&afmnﬁza fﬁ&&“ ana “lat g@“ is grah&hly amm@whaﬁ in |

$X¢ﬁﬁ$ mf tha aetﬁal %ﬁ@l lifea




"speeﬁ in e /minwuagaxust M, %he ﬁaol iife iﬂ miﬁm ea, @H iag%V

fl@g pa@er £or skin ahd claaa~meta1 cubd fespﬁat%?@iyé

Be&alﬁﬁ KQWml Life)

whe dats for the variaﬁian ot téml Aife with euttiag

‘speed ape gzven 0% ﬁhe folluwing tablea amﬁ g&aphﬁ

‘--:E’or wcm 250«»«?&.@1& I, dm‘,a plo*ﬁted on flgsq _*7 am& 8 PP
~fog von’ 262.-Table 1T, dats plotted on figd, 9.and . 16“' R
j:for 1ran 213 Mﬁﬁmablé I11, dats plmtte& on Fiew 1l and 12& a"‘*

*The ﬁwa figu?es in e&@h aase give the wlmt ef Vs the &&@ting

!

......

The ﬁablés lis% the Brinell haramags number fmr-eaah

;sepaﬁaae cuto These Va;aés wera estamaﬁea by shaéimg the av»
 erage ‘B Ha No of the sleeve to asaamnt Far the gasitiamAef %he»

_:Qut alang'the haxdness graélentq The hardneﬁs gradienﬁ waa nat

notnaeé 1m time ﬁo allow $epara%e hardness readings to ba taken

Por ~eddh euﬁa Hﬁwevaw, sihce ori the average moye Brinells werd
_ taMen per Mleeve han cuts per sleé%e, +the estmmaﬁe@ haraﬁess

of esah edt Shoula be raasﬁnably aeeufateq i

Tha ﬁ@ol»lifa faﬂmalas below, af’the general ﬁype

'establzshed by Tayiar ’ were used in thia_ nvgsﬁigataaﬁa
.VMO»_" c,‘ ' ' ' : E

Vo= K/TO#LZ“?TMQ ! S o ‘ ‘
where ¢ and K- ara emp rzeal congtants, 7z ia the chip ﬁhmekne%s
= ‘Feed [ codir QQJ‘h 57 the tool used; Hod L is the- leﬁgﬁh af

.engagemen% C-"’depth of cut/casp 20“ f@r the togl vsed)s

Mra Deale S§eamfied the expanents in the abave f@rmulas aﬂ uhe

basis 6f his experieneaa The empoﬁeﬂﬁ, el@ in.vmx==6-is the
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aagétive alope of the straighteline plot on logslog vaper.

Thiﬁ slope éeémigwell canfzrme& by the gfouping af the gaiﬂ%s

on the graghs 1n figSQ T thru 12# ?hersher E%pﬁﬁﬁﬁ@%,'lﬁ the’
‘:saaond fbrmmlaw mus% he taLen Qn Paithq Thear aeau?aey eeul&
ﬁot be éheakeé becavse ﬂei%her feaﬂ nar depth 01 eut (ia_g?y./
:T end E) were va%ieéa : _ , . o
i the eattiﬁg candi%ians xer the three iranﬁ ha&

haen identlﬁal the gansﬁanﬁg G, frow %ha firgt farmula wcal&
{have heeh a-&rite?iam af maahiuabilityﬁ 'Ehe higheﬁ~walues af .
i) Wind heve 1ndi¢ate& gweaﬁew m&ahimabillty and tha resalﬁing
greaﬁaf ﬁaal 1i;e te @e expeetedu But the éaﬁtlng aomdi@ieus
for ahe three ivons Weﬁe ot idﬁnﬁléal, beﬁauﬁe & haavzér feaé |
(050185“/?@V9 agammsﬁ $a®123“f?&vq) w&& as&d for sleeves 213 ﬁ¢4
Euﬁ ﬁhe eongtanﬁ, K, fvom %he seeand formula ig 8 %rue eriterisn
of machimahiliﬁy* bgaause that f@ﬁmmla-éﬁmsiéerﬁ»Vawigﬁzomsd-

(o ditforences) in both feed and deépth of eut. The preceding
,st'é*temei%ﬁ asﬁﬁmé;-j of wotirge, ;%z;f%a;ﬁ *éhaag pemaifiing ‘%&iﬁﬂi&hl’eﬁf of
cutting sve kept tomstambe Tt is epparent thet highly depend-
able values of K;could bé'eb%aima& omly fron daié iﬁfwﬁium_ﬁd%h |
feed aﬁd dapth af awt are ?&?i@ﬁm H@wever, K. nas, cal@ulated
for both gkin &ﬁd eTean#meﬁal eats far all Lhree 1raﬁ$ 1& erﬁ&r
to ﬁhbW“th&‘éifIE$en¢€$ in ma&hinﬁbilipy"bgﬁweam.skmn,anazaleam

me%al'amﬁi%ﬁ'sﬁaW”%hefrela£EVE ma@himabiii%?‘ef‘%ha ﬁhréa*iramsa
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Ia sh@u1d be P$membered that the valaes 01 Q (from the first
Pormula). are true only for the partneuaaf feeds ané &epth ef ‘
cut usedo If any of ﬁhe ramainlng af the twel?%'varzables ha&
beaﬁ.dlffereni (fer e&amplé ool shap&), dzf”erenﬁ values af
both ¢ and K- weald have f33u1tedv Sihﬁe the seeend ferm&ia f
econsiders all the foremast Vawmablea eIAaaﬁkxmg (far a giVeﬂ
meual) the aonSuant, K, aan be ¢onsidered 3 fazrly &n1Vsta1
ﬂflte@i@h of Ma@hlmabalztyu, e ) ., - o

_ The average valaes 0£ ¢‘and K are 113@&@ beiaw¢ ﬁeﬁe
how the K's emphaS1ze the lessar ma&hlnabllzty (an& resal@zng
' sha#ter ﬁool,lifa) of the gkzng The ﬁhrea irens 115@3@ in arée%
cf decreasing mauhanabality are* 250 hasey 262% aﬁd 213 Ma .'

fpr 250 bage, skin ﬂutwmﬁ-—lOOQTD,K 94,215
for 250 basé, ocut: in: eledn metal-=0 =10854, K 15 33!'

for 262, Ckin oube-0= 92475 KE=13 11~. Cel e
tifeky 262 cut in alean metal~#e~‘93b? E= 13¢g3p-

for 213 ;- ﬁkiﬁ ﬂui«wc-"ﬁﬁgﬁ, K= 8. 3&,_- .
for 213 M, ¢ut in elean netalesd =566 K—-9636p

The. heswier. Teod used for sleeves 213 " mwew the values of

¢, but does ot affeet K. In-fige 14 tha=abqva Kig ﬁre*@lo%ﬁe&‘

1n @rdar to bring'ont graphlcally the dszérenées in machmmahi?ityw
It should be remembéred that the' 1esser machaaab&lmty‘and to¢i ‘
1ife eharaeterlsﬁlc of the skin was - ﬁaused nat enlj'by Hhe gr%aﬁw

er hardneds and abraszveneas of the sk&n, bu% alsa by the raneutg
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Altho varﬁat10ﬁ$ in runout were no% an. appreelable
faetor in: the- variatian ef taal 1&?@; the funout added anethe?

&cmpﬁnent to %he rubbzﬁg aetwom of the Sﬁiﬁu Therefora,-%he )

runout aanﬁrabuted ta %he shorter coel liia in Lh@ Sklﬁn
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TABLE I

These daﬁa are - ;olo“ei,eci ih figs. 7 @nd 8 (far S0l life) and
fig, 13 (for poweﬁ input), Whm*e K is’ compare& to 1/K° in figa 14

Sleeves-~250 ba$§ . d@ﬂdﬂw000123"/f$Vo_ D@pth af cut~~1/8“

Gut 1n Skin
Avemge runout "Averaae 0 &= 100.7 o zor h
'2-250--04030%  Average K = (average G)T“4 =14,21
3.250--0,023" Average K'=6+03
4=2502=0,025% - "Average ‘BoHoNoy all sleevés = 249

Cut Sleeve BoH.N) Speed, ¥V Life, M TM*:C Kw. K'=F/FDV
N9e _ NGs at out £, /minb Cmids ‘ inpub
X - - 245 8855 6,25 106s2 04890 6653
261 - 8644 2,25 93.7 0,868  6.52 _
268 82,0 3,67,  9343:0.887 . T.02
256 . 8040 7475 9842 0,811 6.39
242 . 9%.4- 375 104sd 045TT 4610 -
238 - 89s3 4,17  103.1 0,762  5.54
2321 9248 ‘ 3s67 ”_1955?‘0n845 5.92

~scwvhwsxtoké
&h&w&xﬁmnﬁ

. “Quﬁ“iﬁ.aleaﬁ:ﬁetal S
;Averawe G-—l@8¢4 © average K ={aversge 0)T" "L 7= 15,33 . .
jéAVerage K'"~5 80 Average. BoHole, all sleeves r—EQS :

" Cuit Sleeve BpoNq Speed V. Llfe, " e Kws K‘"*P/FDV
Hoy  no. @b _cuk f’c.a/mm° mine. : irput
205 8B.8 5.25 . 1o¢¢9 0.738 5,40
192 94,4 - 3500 105:% 0.858 5690
181 95,8 417 11045 04865 5.86 '
215 95,8  2:75 1066l 04910 6.16
198 87&01 9467 10932 Om?gﬁ 5695 . “'
PO - 9069 Be33°  107s5 04893 6.38. U
203 . 9%.0° 5,75  110«8 0.852 5.95 . .
S 930 . 91,8 8,00 . 112.8 04681 4u8% 0 .

cﬁ%;cmnnghmrwrd
U N0 R

,\1%‘ e ek
;if ¢7fw~4”oﬂzviﬁ7
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ftoo/ /Ao, 'n.J

Flo. S-FIST- ZV OL-ESYS ASETSIE

Figs. 7 and 8- Effect of cutting speed on tool life for sleeves
250. Depth of cut 1/8", feed 0.012]"/rev., and VWA/= G = 100.7

(for skin) and 108.4 (for clean metal).

The small numbers refer to "Cut no."™ on Table 1.
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TABLE IX
These deta are plotted in Tigs. 9 and 10 (for tool 1ife) snd
”ign lz (for power imput), while K is gompared wuuh L/RY im
igs 14a

Sleevemww262 Peca-=0,0123%/767s  Depth of upee1/8%

Qut in Skil
Average wunoul évaﬁage 0 = 92s7 otz 25T
10 2626=0,0367 Average K = (average ﬁ}@' L= 13431
P20 Pun(, 0380 Averans B = 6,55
B 2B Do OFFW Average ﬁaﬁaﬁ9¢ a&l Hlaoves ~‘28&

,@maﬁgﬁwﬂqﬂlﬁﬂ

Cut  Sleeve Bolale gpwaﬁ ¥ :z,:;;:fa,, BOWOEE  Ewe Kt=P/FDY

Do Boe. Bb_ Tio/mive . miny input ‘
3 i ?Eﬁﬁ 80s5 "1@2§ VB2 .86 6494
2 1 267 a8 1BXT 0 96,2 04801 6.98
3002 274 7648 T 13492 7 99,9 05792 6,70 .
L 3 . 266 C 74O Te8% 1 90620 0.848  T.44
9 5 259 ,’ "aﬁaﬁ T Ba2% 93q5 ﬁégzg 6,98
& 3 258 9346 083 7 BT.0 0675 4.68
SN T 253 0 943 1433 9643 0e864 5595
8 4 253 {2451 CB.00 1 B%5:5 0,798 . 675

- u* lﬁ ﬁle&m E@%au
- ﬁva%&g@ G =9847 . . Average. K = (average @)Tﬂﬁ’aﬁgt” ldngﬁ K
| hvevage K= 5491 ﬁve@are 3nﬁ¢§n; ali slﬁé?@ﬁ ==-?1§ o

Gug. Sleeve BeHoN. Speed, ¥ Life, i ‘m"’«r—e K ;z.t;v—fw@w

B nos. a2k _sub ngZM¢ﬁﬁ min, inpub

A 1 TBO6 8049 “La09 9iﬁ§ s B20 5.85
a2 1 204 "O0.2 0 133 0 9249 0.985 T.09
3 1 - BDR T BYsd T TeBT 0 9945 0.T00 5,20
4 L 197 CBTed . 508 - Lo249 0 De861 6,39
] R - 230 " B8%ed T 2,00 0 9Ts8 - 0u8T0  G.40
6 a 284 D 90eL - 2T 0 9948 - 0eTTE 556
1 2 a8 BTs4 4550 LOLsS | O.TIL . 5428
a8 5 225 8350 C AsTS 990 0858 6456
9. ... 3. 219 B4 629 1010 . 0aT62 5.88
3 F BN 208 BL,5 2,75 9345  0.60T - 4566
IR 228 88,0 . 92400 10740 0uB843 [ 8435
'%f&75ﬁ77 e

df—L’gﬁaoée
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\s\
.@\ 125 :
“)ES oo -
E\\E\ 5 ——Z_ | | . .
N 4 | © 250
3 AN 7 D
N |
X\ 5’0/ pA g - A = 6\7‘-5.9/"0 15 20
M, (tool 1i7e, rrirz.) i
Fla G— CoT IN SHIN
\@ 1257 T
S
AT w - - _

.\ \ 6 . ‘ ] ' 1 - ‘ ‘
& ¥ P 2 | e |7 | ¢ . .
t \ . . /0‘ -4 [ —re———_ ’

AN ' o
Ni Q
N |
i .
A 5&./ . z 2] « s 6 7 & 9 o 7 zo

A, (Zool N7z, 17irs)

FiG 10— CUT IN CLEAN METAL

Figs. 9 and IO:; Effect of cutting speed on tool life for sleeves

262. Depth of cut 1/8", feed 0.0123"/rev., and VU® =C = 92.7

(for skin) and 98.7 (for clean metal).

The small numbers refer_to "Cut no." on Table Il.




’i‘h&aw date ave pla‘z:wt:i in figge 11 mnd 12 {(for tool 1ifs) and
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TABLE 11X

Tige 13 {for powsr i%.zzpu'i;) . while K is coumpared with L/KY in

flga 14,

Sleavese-213 B - Fﬁﬁﬁﬂwﬂaﬁlaﬁﬂffé?§ | Deplth of Curbwel/8"

Avrernge runoub
1213 M-w0,034%
2aZd3 Ymn 0329

42213 Yesw0,0L9%

© gk im Emm

Averags € = 5045
svevage K =(aversge Q)P L = 8553
fverans K¥ = 7,93

G215 Bl OATH, Do0BEH fveregs Bollille; 81l sloeves = 505

Gut  Sleeve B.H.B4
ﬁgg nes. B8h ouk.
1 1 586

5 1 300

3 2 HL5

4 3 =11

5 g 310

6 3 304,

7 &

Q‘Av@rwa ¢ *-56&6

204

" Average K= {awm@a i})Tm

Spead, T Idfe, ¥ V=0 Kwe E*;Pf?@?
gﬂin[g N X T iopub

.*Qas ’ 201D : #ﬁmﬁ_ ﬁa?41 '?ﬁgﬁ*"
L 38y %650 | 43,6 0.756 8,52
i 8 “1a83 0 49T 0eB4L . TWTIT
R Y - 1400 558 0920,  Te67 .
A58 925 . SLuf 0,833 . 8.5¢

4446 11e00 36T 0.783  To61

A3y 2 LABLTS  B6ek 04763 0 TeB3

E‘:zz'b in 01 aan b&ma&

9656

.;.ﬂ.é:wmﬂw K* &6& Avemfre mﬁnﬂg, gll &l @&‘ﬂ'@ﬁ = 2?0 _
;fguf ‘Sleevs ﬁbﬂomg ﬁpeéma ¥ Ldfe; K e ‘ Ewo - ﬁ*»@f@mvi
10y 0. ab cub Ly lmm,g, mige - dnpud
| “5HS T 50.0 . Led2 51T ,ﬁt?éﬁ- BoB3

2 i am 12«933 L 333 0 BEs06 - 00965 84435
3 1 263 49473 8s50 61,0 0,728 6,38

4 -2 278 A48T 5025 . 375 - 0aT44 6,60,

5 2 268 4959 - 900 62.1 0.7 6,18

b 3 L 8TH o B246 1033 . B4.2 0,663 5.46

T 3 266 51led . 24230 55,6 0Q.072 5e66
8 3 BTT B0aT - LeT5 55D 0678 5677
g 4 .271

25,1 1300 5843 0u838 . B.0d.

—
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AN /7N

//— CUT~ /AZNZWZV

7 & 9 &
AY, oo/ /e, i)

/NS, [/ Z - <Ccsr /M ASFYTZAL-

Figs. 11 and 12— Effect of cutting s;>ed on tool life for sleeves
213 . Depth of cut 1/3", feed 0.0185" ~rev., and VMtz= O- 50.5

(for skin) and 56.6 (for clean metal).

The small numbers refer to '"Cut no.'" on Table I1II.
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Results (Power inpub)

Fig. 13 shows the relationships betweeﬁ'eﬁtting'aﬁeéd -

sid power input Ffor all thres compositions of irow. ﬁhfarﬁaﬂe

" aﬁeiy the power ivwput and eutting speea-bathvéﬁvefe&*suéh smail

raﬁges that only & elustsr of nolnts on esch graph was abiain»

j&dﬁ' Bince the plots (for teal 1ife) on 1aga1ﬂg'pape? were .
- fmeawly horizontal, the desired range of tool life was G@Vefaﬁ
ﬂwith a gorresponding veéry $mall ravige in spesd {onr wawer inpaﬁ)a

If the metal eut had been suth that = higher v&lu&;éf the ee

ponent in the formula, VH®'=C, had been thaiﬁed;.tha vesulting
range of eutting speed (or povwer input) would have been Gor
respondingly larger,

Altho therd is = steaight-line raiaﬁienship'be%weéﬁ
entting speed and power inpub, it is ﬁbﬁ‘appa?eﬁt fraﬁ the _
elustered points obtained from esh sot of date. But the fact
that (0, 0) is a painé bn'%hé§ﬁéurﬁaﬂ and other fastors to by
discusged pyesentiy i&ﬁie&tgwtha@/ﬁhe.“éuﬁﬁéﬁ must be a abraight
litie (thra the drigim)a .“ | | |

The graph 1n fzgg 13 W&o drawn in the Pa?lawing i

knew@ The Tormula, P ‘K*FE?, was uged, waere P ig paw&r g
pmk at the splndle in K., F is feeﬁ i1 inehesfrev,, D ig depth

of euﬁ in 1ﬁches, and K' is & eonstant dQPEﬂdlﬂg on %he meﬁal

cute Multiplying both sides of the eguation by fime, (%),
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‘vevesls that energy input, (Pt), is proportiomel (for gi#én fge&
apd depth of sut) to the weight .of mémaIAxemmveé,;Qyusii@ngﬁh;g
;oiwghipguwhieh:isaprapcrtiqnal.té;ﬁhﬁimeight,af;maﬁél,rﬁméﬁﬁéﬁﬁ'
 $1&&§ thefymaéﬂding statement is GEViawsly;ﬂﬁuag.iinbeﬁgmegg;f~
.aﬁ,_p&iﬁentﬁ that: the -original equation.(without, time), is 810, tru,e
;fﬁar:gﬁveﬁ\ﬁee& gnd deépth ¢Ff éuﬁ)qmjﬂqn &ifﬁaﬂantwfegdsq@uifﬁépthé
;dﬁﬁﬁmﬁ';%;aeems<reasamahle'tham;ppwerﬁingut\wQakd ba,pﬁ&yé&ﬁiOﬁ»
a&lﬁo FDu . The truth of thab. relatiomship would have 6 be de- |
termined by experiment. But.whether or not. that relationship
holds ovey a wide range. is of no. importance. to this investigation,
becaude &11:D's (depths of cut) were the samé and F (feed) was
only slightly,gfeater for 213IMa | .

| | Further evidence of the sbraight-line relationship,
.'is:ﬁham‘pewerninpwﬁ-graphs'in,whi&hyaugréaﬁev-wa@ggnaﬁ-sgeeé
nhd powed input is vovered 'show points Scattered over o fairly
wide band;) buﬁ‘,- fievertheless, tracing out a well-defined straight
| Tines ;- ' ' |

. :In the graph in fig. 13 the straight lines ake drewm

‘Withvavérage~vaiuéslof Kla. ThegaﬁaePEfA@he siOpe:@f¢%he1Lin§$
the. more easiiyiﬁutf@he.metal i&,%nd,thgwlomgew‘thé tool lasiss
Note that themclaﬁanéﬁal.eut@:(da%@e& lines) faﬁ ﬁ§ﬁh cotipo~ -,
sition of irew have  steeper slope than the Lines for, the ..

glein eabs,. cmmpawiSdmr@f‘hhe-sl@pésumﬁ,%héTmimg$¢$Qr 213 M
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‘ with ﬁhe slapes for. the other irons ig mlsleading, beeause
‘213 g W&u eut with a heavier feed, But the. dlsarepaney due to
1ihe differenﬁ feed 15 el'minated 1n the cmnsbant, K'; sanee “[ |
ithe farmula, P K'FBV accoﬁnts fer differenceg lﬁ fee&; Thera*
fore, K? 13 F) eriﬁerzcn of maahina%iiaty (ar tool llfe)e; qesm
.ser values Qf K’ 1mﬁieate greaﬁer maah;mabnlity¢ In flgﬂ 14
'the reclpreca1 of K’ ls shown on a bar g%aph in @vder ta bring
out graphm@aily the dlfferences 1n ma¢h1nability be%wean skin
- and elean metal and am@ng the %hrea comPQS1tioﬂa off 1ron¢. L
It 15 smgnzPimant thaﬁ thls gvaph (frmm powaw input) ﬁells ﬁ7
abaut the aams story of maéhlnablllty as aoeq the bar graph
of K (fram %mal llfe) Both graphs are. shown o the same sheet,
(figo 14)¢ e f"- R

. The motor aﬁ all tzmes operateéed on the eavly part -
of the efficlnney euvve, Where %he ‘slope . was large and the
afeffieleney Values not mell—fzxedn This fact part y‘accounts
"wfor the “”1oskmefsb3rds" arranmement of the b@ints ig figg 13, "f
The power 1nput P (1n kﬁa), was taken as ﬁhe power delivered
to the spindle. ef the laﬁhp and was correcte? for Varlations

1n aoﬂload pewerb<.f'

Beldﬁ‘are the average values of K’ Theﬁe values.
' L

are simply avefages and aetually are ﬁoh aecurate tc ﬁWO degi-

mal placess
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for 250 base; skin éut-=K'=6,0%;
for 250 base,'éut"inséleaa,meﬁalae&*::EQBQ;A

for 262, skin cuﬁumK' '@55‘

‘for 262, cut in e?ean meﬁaluuK’ Ba 91
Cfor . 213 My skin Qut“#K¥”_7 93; : o
-_'f.o_r 213 M, eut in elean meta1m-K' F‘& 605

Far a’ glVen feed, sPeea and depth of b Kf 15 praw

parulonal to  the power input, pance T is altima$6e'

-?1y_dlsslpaﬁed Hs heat, K' is &lso proportional tglﬁhg amount
”Efiheat geﬁéfafa& per seeond, For'givéh'eat%ing éandi%iéﬁ@*gﬂ
the ratio of K' (for the skin) to K' (for the clean metal)
'is the ratis of the heats developed in é&éh,ﬁﬁ%é . The gréatef'

heat developed«in'skin c&té'eonﬁribuﬁeﬁ £0 %ﬁé'shartef tool

l1ife dn the gkins
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Fig. 13- Gutting speed against power input for all three irons.

The increasing slopes of the lines indicate increasing ease
of cutting and, therefore, greater tool life. Note that

for each iron the dotted line (for clean metal) 1is above the
solid line (for the skin). The significance of the graph

is explained in greater detail in the text. The straight
lines are plots of the formula, P=NI1FDV. The average values
of K1 (a criterion of machinability) are listed iIn the text.
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va&rtleulaf Paznts an the Gr&nhs ‘ ' B
sed T Iaspeci:mn af‘ -the tool«li;ﬁ‘e g aphs (fighs T Lhm
12) and of the pgwerulnput graph (figq 13)¢ revaals ﬁhaﬁ for f}
'fbeth L2 eut made 1ﬁ metal aarder than %he average should yléld
: a polnt belaw the 1ine—-and vice versa,. Insyeet;an ox a few 3
| partieular p01mts an the toolalzfe graphs should be instructivea
In flgn 7 901nts 2 33 and 4 are below the 1ﬂneu Table i res
veaWs that skia cuts 2 3, and 4 were made 1n the hardest metala
In flga 9 pelnt 1 is a eenslderable dlstanue beWow the 11neo
The expl&nanion.ls found in Table II, whiah shows that aut
number b was made 1n the hardest paft of the Sl@@?@n' P@lm% 7
direatly above goint 1 ewes its posltnon tc uhe ‘Fact %hat cub
number ? was made in the softest part of the sleeveﬁ Inciden-
tally, cut numbey 3 was made ip metal nearly as hard as that
for number 1, but point 3.is gbove theﬂligé instead of below
it, This faétiin@ieatas_tﬁaﬁ,a.lérge'ﬁumbef'oﬁ voints (say
45@) per‘graphfmight'feyy‘wéll show an.éxpomggﬁ;gmaller“ﬁhan
0,1 to be d;’és'i_}abiaq Figs. 10 and 12 gupport this probability.’
| | Figgﬂil'has féur_v%fy interesting poi§$sq Numbers
1 and 2 éfe7ébﬁsidefably below the line, Whiie'Glan&IT are
considerably abote it. At first giaﬂQe @h@uﬁoihtg‘seem to be
too Tar from tﬁe"iiﬁe to be donsistents 'Bﬁt:Ta%}e_III shows

that cuts 1 and 2 were mafe in mebal abpuﬁ‘iﬁjﬁaﬁfﬁ upits hard-




er than the average ﬁhile‘euﬁ 7 Waslmadﬁjim,me%al_zl 3a3@§;
unlts softef than the avzrageg Gﬁt mumbe%ﬁ6 w&s’&lsﬁAﬁéﬂé in
relatlvely ﬁofh metalq It should he ﬁoted thet cuﬁs 2 an& 7
'Were the two sinnular Lool failure disausséd under ggg;_gallurea
Probably bemause of some fanlt in the toal bit, eud 2 falléd
at the parinherj of ﬁhe work before faillng at the nose (as
~the tool blts gener&l y did)u In other words, that’ fa11uve ﬁas
apparently too eavlye It aan be geen 1@ fl”e 11 that if the
Atoal 11fe far polnt 2 had been’ 1onver, po%nt 2 would,have been
_cleser tm the curvea. Tmr out 7 the ﬁoml failed w&thaut %he
_format:om of fuzz aﬁ the corher of the eut«- In~aiﬁemptzmg B0
'get fuzz it iS vavy 11kely tha% eut 7 Was ruh yast failvrea
Ag1V1ng an averwlong tool llf&a Fagg ll shuws ﬁha& poxnt T waald
jhave baen Gloser to the 11ne 1f tha teol llfa h&@ baea 1éssa
In flgg l2 pmints 1 and 8 are furthest belaw the

Jlime and* as sh@wa in Table IIE} cuts 1 &nd 8 were made im

the hardas meta1@~ Pmlnﬁs 3 and 5 are fﬁruhﬁﬁt ahave ﬁhe 11&@,
cuta 5 and 5 belmg m&de in the S@fﬁ@gt metalq '

| Thius , 1t seems thaﬁ the greategt @ismrapana&ﬂs in

the %eal»life gwapha aan be aecmunﬁe& fur by th@ ra%her large

dafferénces in hardness among mary af %he cutsa

-
C N

U, .
'




u(exeept for tWO of the Doints) that. all Doiﬂts ab@ve (or bel@w)
 the line on the nger»lnput graph. eorraspond rebpectively to"

'Q01nt5(above (mr belnw} the line on the to0ol life graphs, .

7 particular points chogen are in good mgreement on the two kinds

 less. However, it 13 1ﬁt@resﬁing-te note that point 5 (for-

:could be obtalned by runnzng toolwllfe ﬁests wath feed, s@wea
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7 the points earrespomdxng ta the partlﬁul&r paxnts
(on the taoleife grsnhs) mant;oned in the’ precedlng paragraphs

are 1oca$ed cn the pawer»inyuﬁ graph (fige 13), 1% Wlll be found

Siﬁ@a;‘iﬁfeither'kiﬁd of graph, varistions fﬁ@m;@ﬁe~a§efage'
hardness should shift the points in the same diréetion fiom

the line (aliove for softer metal, below for harder metal), the

of graphs, This "striking" confirmation is really fortuitous,
béeaase'ﬁhe impGSsibiiity of"measuring‘poﬁer:inp&t aeﬁaraﬁelj
made wany df‘ﬁhé‘femaining points on‘théfpoﬁe?;input gr&ph‘
eonﬁradiéﬁory as fegards ﬁheir leeaﬁmon.relatlve to the liﬁ%a'
This’ "aonﬁﬁadmeterineéﬁ" make% any dlseusslon of the 1ocat1cn
of parsicular pmints ‘on the- powermznput graph almogt meaninga
250 gkin, figh 13) owes ité‘pasitian.high above the line parte
1y to thé'faat'ﬁhat‘eut 5 was” madeé ﬁh’fél&tivei& soft metals

' A Formila such g8 that dlgauSsed on page 16 Vﬁf%ﬁﬁ‘)

and depth of ¢ut constant. Such a ioﬁmula would to & great

extent "iron out™ those disereépanéied due %o bardness variabions
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In addutian ta Mra Deale- Dr» &rlc Therhelsen anﬁ

Praf¢ Fred Hamann of‘Mbﬂtana Etaﬁe Gollege helped ta direct
chxs inVestlgaﬁionm_ I Wlsh ta express my ﬁhankg b th@m and
th General Motorsg Internatlonal ﬁlekel ﬂen, and Brewn & Sharpe

‘far thenr aawmstaneea
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