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FOREWORD

This Technical Report describes the work done and accomplish-
ments obtained in the cooperative international research pro-
gram of the CIRP/OECD Group of Experts on Metal Cutting
(Working Group C) during the period 1 June 1966 to 30 May
1967. It is prepared for internal use by MATF to assist in
organizing and planning effective Air 'orce manufacturing
development programs in the overall field of material removal
processes. The information it contains was obtained by Dr.
M. Eugene Merchant, Director of Scientific Research, The
Cincinnati Milling Machine Co., Cincinnati, Ofio, through his
personal attondance at the meetings of the CIRP/QECD Group
held during that period and his personal participation in the
activities of that Group as one of the official U. §. partici-

pants in its work.
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1. BACKGROUND INFORMATION

The objective of the program of cooperative iInternational re-
search work being carried on by the CIRP/OECD Group of Experts on
Metal éutting (Working Group C) is to conduct a scientific study
of the relation of the machininy characteristics of steel to its
properties and metallurgical structure in order to provide a sound
basis for predicting the machining performance of steels iu manu-
facturing operations.

The current list of participants in this program (effective
25 January, 1967) is given in Appendix I. It may be noted that
the list of participating countries now includes several Soviet

‘bloc countries. This is due to the new status of the Group, under

OECD aegis, granted to it by OECD on 25 January, 1967, as explained

in Section 5 of this report.

NATURE OF THE MEETINGS HELD BY THE GROUP

2.1 pPesceription, Locations and Dates

During the period 1 June, 1966, to 30 May, 1967, the Group held
the following meetings, attended by the writer:

Seminar on Metal Cutting
OECD Headquarters
“Chateau de la Muette
Paris, France

1 and 2 September, 1966

Subgroup on_Forces and
Mechanics of Cutting
OFCD Offices
91 Boulevard Exelmans
Paris, France

24 January, 1967




Ninth Plenary Meeting
OECD Offices
91 Boulevard Exelmans
Paris, France

25 January, 19867

The work done and accomplishments obtained in the cooperative pro-
gram were reviewed and reported at these meetings, and this report
is therefore organized in terms of these two sets of meetings

(September 1966 and January 1967).

- 2.2 Programs and Agenda

The program for the Seminar is reproduced in Appendix II and

the agenda for the Subgroup meeting and the Plenary meeting are

-given in Appendices III and 1V respectively.

2.3 Participation

~ The list of participants_in’the,Seminar.on Metal Qutting is -

IgiVQn'ianppandix‘v,','

SEMINAR ON METAL CUTTING .

3.1 Genoral

“The purpose of the Seminar on Metal Cutting was to review the -
kesults'ohtained by thQ.CIRP/OECD Graup'of Experts on Metal Cutting

in its program to date and to oblain critical comments from.the

audience to help to further improve the effectivenass of the ProO-

gram in its continuing activities. It was therefore primarily
addrossed to representatives of industry and acientists othor than

those cooperdting in OECD research groups. Howeveyr, in order to




obtain maximum interchange of information, attendance was limited
to approximately 100 persons, including the members of the Group
of Experts.
3.2 History, Tasks, and Achievements of the Group of Experts
on Metal Cutting (Paper No. 1 by Mr. M. R. Weill, Chief

Military Engineer, Central Armament Laboratory, Paris,
France)

A variety of important factors at work in the world today
make it very important that the nations cooperate in o program of
metal cutting research. Among these factors is the rapid growth
of numerical contreol with its requirement for accurate advance pre=-
diction of the machining characteristics of a great variety of work

- materials. Another factor is the advent of a variety of new types. _1
of'éllays to be machined.'includingrmanyﬁof much~highér'stgengﬁh_
”'hhan.tﬁése eneounterédfin thg;past, all posing sigﬁ;fieant maahxning~
'_:preblems._ A further factor'is—the large ré;e}glayéﬂ bﬁ_ﬁhemaaﬁin;ng‘f
_process in the'eﬁonomy 6f.most ﬁatigns today.vité»usa by induétfy""
‘:éonstitut;ng,a:sizeable percentage of tﬁe’gréss.ﬁatienal‘p:oduct-of , 
each:nétieh.v Thus improvements in machining etfficioncy 6fev¢n as
“little as 1% cah.have a significant'impact on a nation's economy. .
~ 1In the program ofnthe Group of Experts to date gha major
:accamplishment~has:been the-estab;ishment of an intern&gional‘basis
fo: comparing machining results and obtaining compardable reproducible
~résults in machining studies of such quantities'as forces, surféc@

finish, and tool life in variocus laboratories throughout the world.




The second phase of the program will begin the work of establishing
the relationships between the metallurgical properties of different
steels and thgir machinability, as well as providing fundamental in-
formation on tool wear and other performance factors, and integrating
the machining data into programs for use in numerical control of
machine tools.

It seems from the progress already made that cooperative research
| is probably the only way to achieve the coordination required by the
challenge of modern technology of the work being done on metal cutting
vrall over the world. Without such an apﬁroach. the work of iadividual
- laboratories has to remain too specialized and the broad prublems
’ghallenging manufacturing today will nct'ﬁé solved.

3 3 Study of Haahxned Surfaces (Paper No. 2 hy M. €. Shaw,

iCarnegte Institutc of Technolnqyg P:ttsburgh. Penns;lvanxa,J”
U.8.A.) :

In the cooperative researchfprcgram. thé Subgroup on Surfaaéf-;_

,{Flnxsh and Surface Qual;ty studmed the surtace £1h1sh obtained When

',‘machlning the OECD XC45 stenl over a wide range ‘of cutting zondxtxens."

-They found that there arerseveral‘critxcal speedsvassocaatea with the
“Tifinish producea by the primary cutting edge of a turaing tool. This. :
'-iis due to the fact that ﬁhe built-up edge on the face of the tool |
. disappears when the tool facé reaches a certain critical temperature
(associated with a certain critical cutting spead) , thus eliminating .
- roughness duc to’fragmunts of built-up ocdyu. However, surface finish f

~continues to improve with increase of cutting speed beyond this first




critical value and dces not reach its optimum until the temperature
on the clearance face of the tool reaches the same value as that
which existed on the tool face at the speed (témperature) at which
the built-up edge disappeared. The work surface then has a burnished
‘appearance.

The cutting speed at which the built-up edge disappears was found
to correspond to the speed at which the cutting force reaches a max-
imum value and also at which the face of the chip first has a bur-
nished appearance. o |

3.4 Mechanics of Cutting and Cutting Forces (Paper No. 3 by Mr,

M. F., Eugeng, Chief Military Engineer, Central. Armament
Lab@ratnry; Parxg. Franue) . :

 ‘ The work on'the Subgroup.on-nedhanics,of Cutting and Cutting

: L Forces hasieoncentrated'largely.onfdévelopinq-methods for obtaining-:"'

'}%comparable repreduc;ble metal cutt;ng force measurements batween dif~
:ferent 1aboratorzea.. The test methods for mak;ng iorce maabure&ents |
'i-were standard;aed and comparxsons then made betwuen the tarca dynamaff
.'mete;s used 1nrthe saven-ccépcraexng_laborahorxes.‘ Aftey comparing -
 *the results.'it beeamé_évi&entjthat a stancdard éyhamcmeter shou1d bé
deaxgned and constructed for use in the later yhascs of this program |
' and a caoperat;ve program to do. this was instituted.

3 5 Behavior of High Speed Steel Tools (gauer No. 4 by Prof. E.
Bodart, Institute of Mechanics, University of Liege, Lxege,

Belaium)

A great variety of cemparative tool life tests with high

'~speed steel tools were run on the XC 45 steel by the different lab-

oratories participating in the program of the Subgroup on Behavior




of High Speed Steel Tools. They found that it was much more difficult
to obtain comparable and reproducible results between laboratories in
testa with high speed steel toecls than in tests with carbide tools.
This is largely due to the fact that with high speed steel tools a
buiit-up edge is present. It was found, however, that more reprodu-
c¢ible results could be obtained with an 18-4-1 type of high speed
steel containing 10% cobalt than with é 10.5 W-3.5 Mo-4.5 Cr=-3 V
high speed steel contaiﬁing 10% cobalt. This led to the conclusion
| that it is desirable for reproducible tool life testing to use types
‘of_highvspeed stecl wﬁich are least sensitive to small differences in
'vheag,treating procedure. Further, it was found‘that more reprcduciblef'
. ‘results can be obtained with one piece tools than with brazeé«gip'-
:  &001&. the wé:k'Of_Ehé subgroup also contfirmed the fact that with
;;.higﬁépeedstael-tcols'the.gutting:séeéd'?63 $ 60 minutg_toolllife
' f¢an begverg_consideiably,incr¢a§ed by using*rake'énqlés'cf tbe créerj} f
:.pf°259'to'35? instead of- the usual 159, - | o o
3.6 Behaviox of_Carbide,Tanls_i?anér_ne,ﬂs_by,Peressor_umegitz; 

- Director of the Laboratories for Machine T@@ls,and‘ﬂanufacgurg_f
-ing Technoloay, Technical Universaty, Aachen, Goermany) '

- The Subgraﬁp on Behavior of carbide.T§¢ls running tool life
i._testsren the XC 45 steel found that it could obtain quite'reproduc~:
“ible results wi£h éarbida tools. As a'result; a number of types of
istudies were iun tu'relaﬁe tool wear to anious'other characteristic
*faétﬁ:s in ghe metal cutting process and to the characteristics of

_the~st¢el.




Concerning the relation of tool wear to the other character-
istic factors in the metal cutting process as a function of cutting
speed, it was found that the behavior of the built-up edge as a
function of cutting speed ties these together. The relationships
found are shown in Figure 1., For tae conditions shown here, sep-
arate tests had revealed that the built-up edge,which was small at
quite low speeds, gradually increased in size up to é speed of about
10 meters per minute where it reached a maximum. Beyond this speed,
ﬁhe built~-up edge began to decrease in size until at about 30 wmeters
per minute it disappeared. As éan'be seen, 1n the range of increasing
rnize_ef built-up edge with increasing speed, flank wear decreases
 7and reaches'a'minimum when the built-up edge is maximum.AténgentiaL o

. cutting force decreases and ruaches a minimum when the built-up edge

s maximum;*sﬁrfaee roughness increases and. reaches a maximum when

:ihe‘builﬁaup.eage:is maximum, and aﬁtting>témparature#lremain quite )
:ldw.'frn'the range where the siéerof the built-up edge dccreases

f.With ineroasiﬂg éutting_speedAflank waar first inereases then de-
‘creases to é,minimum at the point whére'the built-up edge ﬂisapﬁéarg,;r
‘_cutting>farces increase and reach a maximum at the point where the
;builtvup edge disappears, éurface roughnesé decreagés and reaches

a minimum at the point where the built-up cdge disagpea:s. and

"~ cutting temperature rises rapidly with increasing speed until the

point where the built-upd edge disappears. Beyond the point where

‘the built-up edge has disappeared, the various characteristic factors




“hehave in their‘usual normal way with increasing speed, namely,
’itool wear increases rapidly with increasing speed, forces fall
with increasing speed, surface finish remains virtually unaffected
"éwfff, ';  "py increasing speed, and cutting temperature rises steadily as the
igpeed ;§Aincr¢a$ed-p
| ~Concérning the_relationship of tool wear to the character-
istics of the sﬁeel, the Subgroup ran tests with two steels of the
 game type but from two different melts. The first was a vacuum
_melt to eliminate all oxide inclusions. The second was a melt in
which the steel was deoxidized in such a way és to produce oxide
inclusions of a type which would build up a.protecti?e-film on the
face and flarnk of the tool during machihing; In pre;iminaryrtests
-on these steels using carbide tools containiné titahium:ca#bide all; 
the members of the Subgroup-found considerably ies& tool wea# when
machining thé>specially.deoxidized steai,thaniwhen machining ﬁhg::~
vacuum melted steel. The progxram of sﬁhdy on theéeAtwo steelsiwas |
gtill in prog¥ess at the time the Seminar was held. | |

3.7 Steel Pregafation (Paper No. € by Mr, J. Pomey, Honorary
‘Scientific Director, Renault Corporation, Paris, France)

For the first phase of the Cooperative Research Program

(that aimed atrobtaining comparati&e*reproducibleiresults bgtween”f
laboratories) this Subgroup arranged forvand secured a uniforﬁgf'

homogeneous XC 45 (0.45 C) steel made to-the fdllpwing'xequirements§3-

a. Chemical homogeneity and purity of1§ha iiquid stegl“*“-

: obtgined by the_glecgricaétéel making’procesgfwitﬁ  ;’ :

induction stirring.




b. Homogeneity during solidification without any segregation
‘obtained by the continuous casting technique.

C¢. Accurate and uniform heat treatment of the bar stock by
means of a continuous process using special equipment to

obtain the required structure and hardness values.

For the second phase of the Cooperative Program (that aimed
at relating machining performancé to the structure of the steel) the
Subgroup has arranged for a chromium-nickel and chromium-molybdenum
ateel to be made to the same requirements as those indicated above
in the following structures:

a. ferrite and lamellar pearlite obtained by isothermal

tranéformation during annealing

b. ferrite and globular pearlite, softer than the ébove.

obtained by additional annealingrat just below the A
critical temperature | |

¢. sorbite structures obtained by martensitic gquenching

followed by tempering at various temperatures corres-
: ponding to ultimate tensile 9§rengths of 107, 95, and
 $3 iilograms per square millimeter |

d. élqbulér cémentite on a ferrite matrix a little softer
‘»_'\»; , ‘; f : ‘ k~than'thé laétwnamed structures, obtained by further

: | | annealing of.;he steel (kardened and tempered as abovg)

_atla temperature just below the Ay point.




- 10 -

3.8 Plasticity in Cutting (Paper No. 7 by Professor O. Svahn,
Head of Division Production Engineering, Chalmers Technical
University, Gothenburg, Sweden)

The Subgroup on Plasticity in Cutting has studied the plastic

. properties of the XC 45 steel in relation to the cutting performance
data obtained by the other Subgroups. From the results obtained, it
was found that the plastic behavior under cutting conditions (high
strain rates, high temperatures, extreme contact conditions, and
high plastic strains) for the XC 45 material correlates very favor-
ably with tensile stress-strain data and other measurements of plastic
properties made under normal test conditions. Thus plastic deforma-
tion studies show some promise of being a useful bridge between test
data obtained on the material and machinability data to be used in
production.

3.9 Cutting Temperatures (Paper No. 8 by Dr. M. Pesante, Central
Experimental Laboratory for Metals, Torino, Italy)

The Subgroup on Cutting Temperatures has studied various
methods of measuring cutting temperature to evaluate their suit-
ability for use in obtaining reproducible and meaningfu; data in

ifhe Cooperative Research Program on Metal Cutting. The various
methods studied and the conclusions reached to date on these are

. as follows:

a. Built-in thermocouple method by Ruester. -This method
uses a thermocouple imbedded in the tool and attempts
to extrapolate the obsexrved temperéture within the
tool to that at the chip-tool interface. It has been

found possible by this method to study the temperature
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distribution on the surface of the tool in relation

to cutting speeds and feeds by varying the position

of the thermocouple and analyzing the resulting data
with a special computer program. The method shows
promising results which are well in agreement with
those obtained in other research as well as those
obtained.by calculation. This method and the emitted
radiation method have the advantage that they can also
be used to determine the temperature distribution on
the flank of the tool.

Emitted radiation method. This method is based on

neasurement of the infrared radiation emitted by the

~chip flowing over the tool face through a tiny hole
~drilled in the tool or through a tiny hole drilled in

the workpiece. ‘The method, therefore, comes close to

being an absolute method useful for reference purposes

‘when other temperature measurement methods are under

study. In this study so far, this method has given

very congistent and repeatable results.

Tool-workpiece thermocouple method (Gottwein). In

this method the cutting tool is taken to be one element

of a thermocouple and a workpiece the other. One of

its drawbacks is that the measured temperature value

- is only a general indication of the average temperature
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existing on the combined face and flank of the tool.
Another drawback is the difficulty of calibration
of the thermo-electric system. Nevertheless, this
method is the simplest to use in practice and, there-
fore, has been widely employed in the past. However,
so far it has always given cutting temperatures that

are low compared with those obtained by other methods.

d. Twin-tool thermocouple method. This method makes use
of the thermo-electric potential developed at the con-
tact zone of two lathe tools of different chemical
composition which are simultaneously machining the
same material. It has the advantage that the apparatus
needs to be calibrated only oncé no matter what material'-'
115 to be machined. However a disadvantage of ﬁhe'system |
4isthat the temperatures in the zones of contact between"
.fthe'two tools and the'workpiece may be different, with |
 the result that the temperature readmng on the apparatus 1-'
is something of a wean value betwaen the two mean temp-
‘eratures for the two tool-wp:kpxece.canta¢t zones. An-
'g"" L | ' other'drawback is that the cutting specd is limited by

the cutting ability of the least capable of the two tools.

In spite of these disadvantages, at least one large manu-
facturer in Italy is using this method to rate the machin-

‘ability of batches of steel as received bafore they are
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released to the manufacturing departments.

The Subgroup will continue its study of various methods of
measuring cutting temperature with the hope ¢of developing short time
tests which could be used to determine the machinability of steels
and find optimum cutting conditions in practice.

3.10 Statistical Programming (Paper No. 9 by Professor H. Opitz
Director of the Laboratories for Machine Tools and Manufac-

—————

turing Technology, Technical University, Aachen, Germany)

The Subgroup on Statistical Analysis of Data carried out
tests to determine the uniformity of the carbide tool tips used in
the Cooperative Program. In addition, it statistically analyzed
the results of the tool life tests.

Concerning thetstudy of the uniformity of the carbide tooi
‘tips, it was found that the standard deviation of the Rockwell A
_ bardness for the entire set of tool tips used in;the Cooperative |
.Program was only about't 0,1, This was cohsidered very good since
_ thisrstandard deviaticn is of about the'samérorder as. the accuracy
‘of readxng the hardness measuring instrument.

Concerning the tool life tests made with narb;de tools, .
& regression analysis of the data from the different'labgratories'
resulted in equations for flank wear for the machining of the XC 45
'1ntepl as follows: | |

3‘ TO.SB,
T

= 290 VB

For grade P 10 carbide: v 8
0-8 " . 9850 vB

1
For grade P 30 carb;de: vz' .

Q »

Where :
v = cutting speed (meters per minute)
T = cutting time (minutes)

VB = flank wear (millimeters)
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Tests to evaluate the influence of the side cutting edge angle on
flank wear were also subjected to regression analysis resulting in

the following egiation:

VB = 0.3 x 103 vl'e. TO'G. (sn)o'5
Where
s = feed rate (mm/rev)
x = 90~ side cutting edge angle
VB = flank wear (mm x 107¢)

and the other quantities are as above. It can be seen from this
equation that feed rate could be doubled if the side cutting edge
angle is increased from 0° to 45% without any decrease in tool life.

" This is a result which is understood to a certain extent qualitatively
~ in practice, but the large quantitative benefits available here are

seldom taken advantage of.

'3.11 Unification of Measuring Methods (Paper No. 10 by Mr. M..R.
- Weill, chief Military Engineer, Central Armament Laboratory,
paris, France)  ' ' T o :
'rhe Subgroup on Standardization of Tests developed standard
- terminolqu. érocedures'for the measurement ofltool-wear; and defi-
nitions of tool angles for use in carrying out the research of the
Cooperative Program.f The procedures adopted for the measuremehc,of'
tool wear are shown in Figuré 2 and the,adapted definitions of tool
~angles in Figure 3. |
| " The Subgroup was asked by 180 to prepare a draft standard

.on the method of tool life testing for consideration by
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IS0 TC 29 for adoption as an ISO standard and is preparing such a

document. This document will allow the test conditions, tools,

work material and cutting fluids used in all laboratories and shops

throughout the world in making cutting tests to be standardized..

ﬁesults of such tests could then be exchanged, avoiding duplication,

and direct comparisons between results obtained in one laboratory or

plant and another should be possible,.

3.12 Modern Manufacturing Trends, Needs, and_Optimization Tech-

nology and Their Implications for Metal Cutting Research.
(Paper No. 11 by Dr. M. E. Merchant, Director of Scientxf;c

Research, The Cincinnati Milling Machine Cempany! Clnrxnnatl.
Oh:Lo. U.S.A.)

Important economic and technical factors at workltcday pose
a growing need for'rapid development and'application:ofwéptimization
_technology for metal-cutting manufacturmng.f Ihe ma;or ‘gconomic factor -
is the fact that machmnmng costs 1n mndustrially-éeveloped countries
 ’now amount to somethzng of ﬁhe ordar of 5% cf the gross nat;onal pro-
duct. The major t:edmieal ractors are th& requirements for greater
product variety, elcser,tolerances. ircreasing varxety and strength
,of work matermals. ‘greater emphas;s on. conserVLng materxals. and an
' »1ncreasxng necessxty for improved eommunlcatlon and feedback between
“the manufacturing process and the design process, These economic
,ané technical challenges are resulting in the rapid development and
applicétion'of a numbex of new 6ptimization techniques. Among the
most important of these are the systems approach to manufacturing,

the application of computers to manufacturing, design for production,
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part-family manufacturing (group technology), numerical control

and adaptive control. These factors and developments necessitate
that research on machining be strongly oriented toward optimization
of the metal-cutting manufacturing process. Specifically, these
considerations suggest that in the work to be done in the second
phase of the program of cooperative internatioﬁal research of the
Group of Experts on Metal Cutting, careful consideration be given
to the trends, needs and optimization technology referred to above,
and the research work be so oriented as to contribute most effec-
~tively to optimization of metal-cutting manufacturing relative to
these factors. Further, it is concluded that there is an important
economic and ﬁechnical need to originate a cooperative international

_research program on optimization technology in manufacturing.

3 13 Addit;onal COnterutlons

3.13.1 Wear of Finish Turning Tools (Contribution No. 1
- by Professor A, J._Pekelharinq_ﬁnd C.. A. van
' Luttervelt, Technological Un;vers;ty, Delft.
~ The Netherlands)

In connection with their barticipation in the
activities of the Subgroup on Surface Finish andkéurface Quality,
:these two researchers have studied the formation of small grooves
on the eqd cutging edge of a tool and the influence of this type
- of tool wear on workpiece roughness and diameter. A cutting tool
- will show wear marks after éutting for some time. Figure 4 shows

”schematica;ly what happens to the tool and the surface roughness
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~ as a function of cutting time. Examination of the tool through a
microscope reveals small grooves in the end cutting edge, the dis-
tance between one groove and the next being equal to the feed dis-
tance. Workpiece roughness then no longer depends on the original

. nose radius of the tool but on the shape of the grooves. The rough-
ness increases rapidly during the first few minutes of cutting while
the first groove is being formed (soon to be followed by the second
and third groove). The value of the roughness depends then on the
depth of the grooves. After some time the rapid increase in groove
depth comes to an end; this depth becomes more or less stable and |

“ao does the roughness. The reason for the formation of the grooves

“geems to be that at the point where they form the tool is cutting.

  f.metal which has been prevxously cut and is thus heavily worthardened.
‘j ;another effect. oi this grooving wear of the end cutting edge Ls thatA-*'

'?workpxege diameter-wlll.xncxease rapidly along with roughness. ~Thu§ o

'_the ena'boint of togl life may be reaehed rapidly due to exces&i;é:f
 :oughness or due to excessive diameterfehange., o

| o '¢.13 2 On _the Basic Muchanlsms of Metal Cuttmnq(CQntrxbun

“tion No. 2 by Mr., J. Pomev, Honorary Scientific
Director, Renault Corporation, Paris, rrance)r‘,

'In connection with the work of the Subgroup on
':Nechanics'of'Cutting<and,Cutting-?orces. Mr. Pomey proposes that
~research be done to cbtain a better understanding of the fundamental

| ﬁeéhanisms in metal cutting by independently studying the two main
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mechanisms of that process, namely, plastic flow of the metal as
it occurs in the shear zone and sliding friction as it occurs be-
tween the chip and tool. He proposes that a considerably improved
knowledge of the fundamental mechanisms in metal cﬁtting could be
obtained by studying adiabatic piastic flow of metals under condi-
tions where the stresses, strains, and strain rates are comparable

to those obtained in metal cutting and by experimental investiga-

tion of the dry friction between clean surfaces under conditions

similar to those existing between the chip and tool in metal cutting.

He suggests further that these two fundamental mechanisms of metal

-cutting might even!be'studied separately in the metal cutting process
-by using various means such as transverse vibratory motion and lubri-

f'cation to reduce the friction betweén chip and tool to very low values.

3 13.3 oxidation of Carbide Cutting Tools Often Determines
: Tool Life (ggntr;bution No. 3 by Professoxr A. J.
Pekelhar;ng and €. A. van Luttervelt, Technoloqical
University, Delft, The Netherlands)

- In connection with their work on the Subgroup on

'aehaviof of Carbide Tools, these authors have made an‘important dig-

: coyéry éoneerning the mechanism of failure of éarbide tools in'prae;
  §103.— They have found that in the majority of cases the cutting edge'-
 .Q£ arca:bide'tool crumbles away and iails not because of crater wear'j'

per se but rather because of oxidation of the end cutting edge of the

tool occurring at the point where the inactive end cutting edge meets '

“the active end cutting edge. Here oxidation of the carbide goes on




continuously and rapidly, generating a pit that gradually erodes
its way into the crater, thus eating away a part of the rake face.
This reduces the support given to the chip and increases the pressure
on the tool nose. After some time the nose can no longer carry this
heavy load and becomes deformed and collapses.

Their studies showed that the presence of titanium
carbide in the tool material makes tools less prone to oxidation,
accounting for the better tool life obtained with TiC tool materials.

3.13.4 Appllcatlon of Statistical Techniques to Machining
Experiments (Contrxbutxon No. 4 by Mr. G. Lorenz,

National Standards Laboratory, Division of Applied
pPhysics, Sydney, Australia)

In connection with the activities of the Subgroup on
'iStatistical Analysis of Data, Mr. Lorenz points out that the use of
'i;ptatistical‘design of the expetimantarto_be'carried out in Phase II
- of the COOperativé ?esearch-?rbgram-could conéiderably.increése the
;'rgliahility of the'results obtainédras well as reducing the nnmber‘l

of tests reguired in the program. His recommendations were taken

~under consideration by the group.

- 3.13. 5 ‘Remarks on Plastic ch;g Pormation {(Contribution
No. 5 by Mr. J. Pomay, Honorary Scientific Dmrector,_'
Renault 00:poratlonL_Parls, France) -

In connection with the work of the Subgroup on
Plasticity in Cuttiny, Mr. Pomey points out thét one of the chip
- photomicrographs obtained in the studies made by that gxoﬁp seams
‘to clearly demonstrate that the Lnstabilitf agsociated with adia-
_batic_plastic deformation is present in the chip formation process.

' He suggests that an independent adiabatic torsion test be run on
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the same metal with the same values of stress, strain, and strain
fate as occurred in the metal cutting tests to determine whether

the results do indeed correlate. Thus this proposal is an extension
of that made by Mr. Pomey in Contribution 2.

3.14 Discussion and Recommendations

Following the presentation of the papers and additional
cont:ibutions of the Seminar, the floor was opened to discussion
and recommendations from the different national delegations. A
summary of the more pertinent of these follows.
Mr. M. F. Jamar of F.N.A.G. of Belgium stated that he agreed
with the emphasis which the Group'éf Experts is putting on econémic,
 aspects~andoptimization in iﬁs Program 6f Cooperative Reseaxch‘. Her
:-Ehen‘cited some iﬁsults ftqh-scmp tool life studies which hiscompany-y
has been making in their shops on operations éane_with complicated . |
f'»'ﬁigﬁ.gpegd*Séeel_fdfm éutters andiusihgdsurfacerfinish as the criterion
) for ﬁhe'end;paint:aﬁ ;&ol_iifeg Théy studied the éffeeg ofrako 5ngIe*_
fﬂand found that a 275:akeanglé.is.optimum.v This;anglé.'they'feunda'~;
'f cortasponds t6 thernatural angle ggnefated on thé face.of‘the éuttiﬂq.’
B itool by the formation of a crater. With the 27° rakeianqlé;not énly
.was tool life a maximumé'but also'ihe builtwﬁp cdge -was virﬁuallyf:"
eliminated. Gnréome other-studies_with carbide tools they found that
-grinding an artificial crator on the tool face having a rake- angle of
25° to 30° they Qexe able to increase duttingrspeed,from éo‘méters_per

minute to 400 meters por minute with an actual increase in tool life




at the same time.

Mr. Champetier of the French Ministry of Research read a
prepared statement from ﬁhe French Machine Tool Builders' Association
that the Association urged the Group of Experts to bear in mind that
the machine tool and the cutting tool together form a system and that,
therefore, in their studies on the metal cutting process and the wear
of cutting tools, they should not overlook the influence of the machine
tool on the results obtained. They pointed out further that the rapid
development of numerical control and adaptive control of machine tools
. required an expanded knowledge of the fundamentals of the metal cutting

- process, but went on to say_that they could now foresee, by Qi:tue-of

. the work being done in this Cooperative Interrational Research Pro-

‘gram, a harmonization of motal cutting research with the needs being

"generamea-by these new meothods of machine'hcalraontfol. They, there-

" fore, offered thoir congratulations to the Group on responding to

this need. -

| | ‘H:.'Siebel of thelkrupy Company'iﬁ Germanyvstated thét he

"also agreed -that optimization4affma¢hinxng is oné'of the mose,presséA
1_ing.héedstadaye In-his‘bpinion. this éan only be 6one by_c@ogérative,‘

intérnational_résear&h carried on among the different nationé'iﬁ the

 mannex now being done by the Group 0fVEx§érts. The probiem is so |
"1arge that no one lah@ratory. and'even no one country, could carry

~ out vesearch commensurate with the need. Mr. Siebel recommended to

‘the Group that in their future program they include more work on the




'ﬁ?facébrsﬂaffecting surface finish and that they also investigate

S cther machining processes suchvés drilling, milling, etc., in addi-
t§0n>£o turning. | |

. Dr. Lippman of the Applied Mechanics Institute of the

‘Technical University of Braunschweig, Germany, recommended to the
'ggroup“that they'expand their research on plasticity effects in

- metal cutting. He indicated that he believes there is need for more
‘than the simple model of the metal cutting process which exisﬁs to-
day, that there is @ need for an improved mathematical model of metal -
éutting, and £hat there is a need for better methods of measuring |
metal flow in chip formation. H& also indicated that he believes
there is a need to know more about the causes of vibraﬁion arising
from the metal cutting pfocess itself, as well as a need to know .

llmore about the causes and control of residual stresses produceﬂ-by \s'*
theimetal~cutting process.

Mr. Sten of the Swedish Association of Metalw&rking_manuf

facturers congratulated the Group of Experts on the fine Program =
of Cooperative Research which they have underway to meét'the challengef
of today's rapidly advancing manufacturing teghnologyﬂ He then went . :
on to indicaﬁe that Swedish.metalworking manufacturers have also been
responsive to this challenge and have established a Swedish Institute
for Production Engineering Research to éarry out research programs

~ for Swedish industry on a cooperative basig..
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Mr. Barlow of the Shell Corporation in Great Britain
recommended that the Group of Experts in its continuing program
giﬁe greater emphasis to the effect of the environment (i.e.,
cutting fluids atmospheresl etc.) on the performance of the metal
cutting process. |

Dr. E. M; Trent of Hard Metal Tools Ltd. of England
stated that he‘felﬁlthat?the work of the Group represented‘a con-
siderable advance qux pégt activities in the field of metal cutting
research;"The.Group-hés‘natvburied:itself in studying only the
mechanics of cutting énd~the»equ§tions associated with this, but
instead has chalignged the:eﬁisting knowledge and gone on from there.
He recommended that ln the future program, the Group study the flow
of metal on the" tool tace and the cutting edge more thoroughly since
‘:thiu is not a conventlonal slldlng or friction process. He alsy
reconmended that tha Group study a variety of worn tools (both
f;nishlng and reughmng),taken from a variety of operations in indus-
:ﬁriél plénts to determine what caused the end point of tool life in
ﬁéach of thesefactual éperations: flank wear and crater wear alone
‘are too simpie as criteria for the end point of tool life. He also
recommendéd more study on-actual tool properties in relation to per-
formance; more needs to be known about the fracture of tools and
about test methods to determine toughness. He also recommended that
study of the machining properties of cast iron and of difficult to

machine materials be included in the program. Finally he recommended
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pursuing further the studies on non-metallic inclusions and on
grooving wear.

Dr.'McPherson of Illinois Institute of Tecﬁnology, U.S.A.,
recommended that the Group of Experts in its continuing program
actively pursue the objective of relating machining performaﬁce to
the metallurgical structure of the work material and of the cutting
tooi as well. He felt that particular emphasis should be given to
developing information that would result in improved cutting tool
materials,

RESULTS OF WORK OF PLENARY GROUP AND SUBGROUPS

4.1 General
During the period from the end of the Seminar to 30 May., 1967,

work has been carried forward to plan the program for Phase 1I of

-the Cooperative Research and to begin initial research activities

in this Phase. Based on the recommendations made at the Seminar,
the Plenary Group has developed plans for extension and some re-
orientation of its general program of research. In particular,

plans have been developed for extending the work on developing a

common language between the laboratories and for extending the funda-

. mental research'to-be done in the program.

Concerning the development of the common language, the work to
be done will include:
a. Extension of standardized terminology to other machining
processes, such as milling and grinding, and to cutting

fluids.
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b. Extension of ;he standardization of test methods to such
items as quick-stop mechanisms for studying chip formation,
etc,

¢, Development of international ratings for metal cutting per-
formance and machinability on such things as toel life, in-
fluence of metallurgical structures, cutting fluids, etc.

d. Increase utilization of statistical methods in planning the
test programs and evaluating the results.

e. Development of a hand book on machining to include both a
summary of the present state of the fundamental knowledge
of metal cutting, and a summary of the results obtained
from the Cooperative Research Program.

f. Establishment of a systematic exchange of the results of
machining research being pursued in different laboratories,
whether or not these are being obtained as a part of the
Cooperative Program.

Concerning the extension of the fundamental research on the
phenomena of tool wear, such studies will be included as investi-
gation of the behavior of the built-up edyge over a wide range of
feeds and speeds, investigation of metallurgical transformations
rtaking place at the chip-tool interface, peculiarities in the trends
of data such as that on cutting temperature, ete. |

The work accomplished by each of the Subgroups in this period

~ is summarized in the following Sections.
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4.2 Subgroup on Mechanics of Cutting and Cutting Forces

Tha Subgroup has adopted a program of_tests to be run on the
chromium-molybdenum and nickel-chromium steels (in the six different
structures of each). This will consist of measurement of cutting
" forces and cutting ratio over a range of feeds and speeds as in the
Phase I study on XC 45 steel. In addition, however, temperature and’
surface finish will be measured during the tests. The temperature
méasurements will be made by whatever method each individual labora-
tory prefers and the results will be plotted for comparison of the
trends of temperature with increasing speed and feed. The group will
also prepare quick-stop chip specimens for the range of feeds and
gpeeds studied in ordér to correlate the behavior of the built-up
.edge with the other quantities measured -and observed in the program.
For thisg work the various members of the Subgroup submitted descrip-
tions of the apparatus and methods used in their own laboratories
. presently for making quick-stop tests. A épeqially appointed Task
Force is studying these reports-énd will select from them a standard -
methcd to be used by all the cooperating laboratories. :

Some of the members will also make measurements of the effective
bearing area between the chip and tool (i.e., the percentage of the
total area of the inside surface of the chip which actually comes in
contact with the tool face when fragments of built-up edge are present).

Concerning the development of the standard dynamometer, two types

. of dynamometers able to meet the specifications set down by the Subgroup
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have been built and are being tested at Professor Opitz's Institute

in Aachen. One of these uses piezo~-quartz sensors to provide high
rigidity and therefore a very high natural frequency. However, it

has been found very difficult to insulate these sensors in such a

way that no leakage of charge occurs over the long periods of time
involved in making a cutting test. In.addition. interaction between
the force components (i.e., application of force in the direction of
the X component, for example, produces a reading oﬁ the Y and 2
sensors) has been found very difficult to eliminate. The second type
of dynamometer employs high sensitivity bonded strain gauges but is
still =2ble to maintain a minimum natural frequency of 1,700 cycles

per second. Although this is not quite as high as hoped for in the
specifications, nevertheless, the dynamometer meets all of the other
gpecifications inc;uding extremely small interaction between the fgrce
components and, therefore, may prove to be the one best suited to be
fused as a standard by all participants. A Task Porce is following
“the work on the two dynamometers and when the development of each is
complete will make the selection of the one to be used as the standard
dynamometexr. |

4.3 Subgrouv on Surface Pinish and Surface Quality

This Subgroup reported on studies made on the surface finishrhe-'r
havior of the two special XC 45 (AISI 1045) steels used in the inves-
tigation of the effect of a special deoxidation process for the steel

on tool wear. The nature of these two steels is described in more
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detail in Section 4.4 which follows. However, one is a vacuum de-

. oxidized XC\45'steel and the other is an XC 45 steel deoxidized by
a special method developed in brofessor Opitz's laboratory at the

" Technical University in Aachen, Germany} and found to give a consid-

erable reduction in tool wear when machined with carbide tools
(especially those high in titanium content). The specially deoxidized
steel is known to form a protective oxide layer on the face and
flank of the titanium-containing carbide tools during machining.

The Subgroup particularly studied the effect which the special
deoxidation treatment has on the cutting speed at which the built-up
edge first disappears and on the cutting speed at which a fully bur-
nished surface is first produced on the workpiece. It was found that
the vacuum deoxidized steel and the specially deoxidized steel showed
no significant difference in the cutting speed at which the built-up

"hdge disappeared (abont 48 meters‘per minute at a feed of 0.25 mm per

_-revolution). However, this special;y deoxidized steel gave a smaller )

built-up edge than the vacuum deoxidized. Concerning the cutting |
speed at which the finished surface just becomes burnished, however,
it was found that the special;y deoxidized steel gave a much lower
value for this'(lss ﬁetérs per minute) than that obtained with the
,ﬁacuum deoxidized steel (200 meters per minute). Thus the spacial
;daoxidaticn treatment no; only reduces tool wear (see Section 4.4
which follows), but also gives an improvement in surface finish

- (due to the smaller built-up edge) and, at the same time, makes it
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Possible to obtain a burnished finish on the workpiece at a consid-
exably lower cutting speed than is possible with the usual XC 45

steel.

4.4 Subgroup on Behavior of Carbide Tools

The major program carried out by this Subgroup during this period
was a comparative test of the tool wear obtained when machining two
different treatments of XC 45 steel (AISI 1045 steel) with carbide
cutting tools. One of these sﬁeels was vacuum melted and the other
was deoxidized by a special treatment developed at Professor Opitz's
laboratory at the Technical University in Aachen, Germany. This treat;

" ment involves deoxidizing with an alloy of calcium and silicon, result-
ing in oxide inclusions in the steel which tend to form a protective
-layer on the face and flank of the carbide tcol during machining.

The chemical composition of the two steels is as follows:

Bteel ¢ Si M P s N AL cr cu O,

SD 70.46-70.35 -0.72 0.030 0.038 0.006 0.005 0.06 0.16 -0.007“
VM  0.46 0.22 0.56 0.032 0.026 0.005 0.005 0.07 0.17 0.002
(SD = Spedially deoxidized . VM = Vacuum melted) |
The Brinell hardness of the specially deoxidized steel was 186, and
- of the vaéuum melted steel 190;' The steels were machined with two
different grades of carbide tools, designated P 10 and P 30. . ‘The

composition of these tools is as follows:
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Grade Source WC TiC TacC CbC Co
P l0 Soederfors 71 12 12.5 . 4.5
P 30 widia 82 8 ' 10

Tool wear tests were run on these steels by five participating
laboratories, namely, Trondheim (Technical University, Trondheim,
Norway), Cincinnati (Metcut Research Associates for the Cincinnati
Milliné Machine Company)., Aachen (Technical University, Aachen, Germany),
Delft (Technical University, Delft, The Netherlands), and Paris (Central
Armament Laboratory, Paris, France). The tests were run over é range
of cﬁtting speeds from 80 to 200 meters per minute and over a range
of feeds from 0.1 to 0.4 mm per revolution. Both flank wear and
crater wear were measured and all of the laboratories agreed very
‘well in the results obtained. vapical crater wear and flank wear
‘results are shown in Figures 5 and 6 respectively (carbide P 10,
cutting speed 200 meters per minute, feed 0.25 mm per_revolution).v
It can be seen that flank wear when m&dhining the specially deoxi-
dized steel is only about 50% of that obtained when machining the
vacuum melted steel. The crater wear results are even more striking
-lince with the vacuum melted steel the ¢rater depth increases with'
time in the usual manner whereas with the specially deoxidized steel

not only does no crater form, but a protective layer actually builds
up on the tool face increasing in thickness with time. Similar re-
- sults were obtained over the whole range of speeds and feeds with

the P 10 carbide tools. With the P 30 carbide tools (which do not
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contain titanium carbide) similar results were obtained (flank wear
reduced by half, crater wear eliminated by the special deoxidization
treatment) up to a cutting speed of 125 meters per minute. Above
this speed, however, crater wear began to occur with the P 30 carbide
‘machining the specially deoxidized steel, although the flank wear
values still remained half of those obtained with the vacuum melted
steel over the whole range of feeds and speeds.
It is evident that this special deoxidation treatment provides
a8 remarkable improvement in the machinabiliﬁy of carbon steels. Be-
qause of these results, the entire German steel industry has now
gonverted its melting'ptactices so.ﬁhat all carbon steels which it
produces are deoxidized by this special process, resulting in a great -
improvement in the machinability of German produced carbbn-steels.,
| In order to ﬁlan the program of tool life tests to be run on thg
new chromiumémdlybdenum and chromium-nickel steels (in six different
ltructgrgs'each) some preliminary cutting,tests were run on samples |
"-‘of each of these twelve steeis. it was found fhatkthese‘ateels are_»a
7‘-§ery machinable so‘that a considerable amount of material Qill'be
required for each tool life test. Further, it was found that the
differences in machinability between the six stfuctures. for eaéh 7
- of the two steels; are very small.'indeed. In the light of this
information a Program of Cooperative Tool Life Tests has now been
;drawn up for sharing the test work among the various participating

laboratories and the testing is underway. Both P 10 and P 30 tool
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materials will be used and the cutting speeds will cover # range
from 60 to 250 meters per minute, while the feeds will cover a range
from 0.125 to 0.5 mm per revolution. It was found necessary to use
cﬁip breakers for ail tests (except where the effect of the chip
breaker is being evaluated) becaqse of the excellent chip formation
properties of the test steels.

4.5 Subgroup on Behavior of High Speed Steel Tools

This Subgroup has made preliminary plans for a program of tool

* life tests to be run on the chromium-molybdenum and nickel-chromium

steels (in six different structures each) to be divided among 13

‘different participating laboratories. However, before this is iinal-
",ized.-aome preliminary cutting tests are being run to determine the
- .best cutting conditions for these new steels in their different struc-
'1tnres.f It is éxpected that these cutting tests will be run'using the |

. new standardized 18-4-1 high speed ateel::hrpwaway tips now available:

from Sweden (see Section 4.10)..

4.6 Subqronp on'PlasticitgAin Cutting '

This Subgroup has completed a program of preparing a series of

. Quick stop chips from the original XC 45 (AISI 1045) steel and pre-

paring a series of photomicrographs of the resulting chips. It is

now proceding to prepare a program for similar studies on the new

“chromium-~-molybdenum and nickel-chromium steels.

4.7 Subgroup on Cutting Temperatures

This Subgroup is continuing its study and evaluation of various

’,methods for determining the temperature and temperature distribution
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in the cutting zone in the manner described in the Paper given by
Mr. Pesante at the Seminar on Metal Cutting (see Section 3.9).
No new results have been reported since the Seminar on Metal Cutting.

4.8 Subgroup on Metallurgical Properties of Machined Steels.

This Subgroup completed its work of preparing and checking out
" the properties of the new batches of steels to be used in Phase II
of the Cooperative Program. Shipment of these steels to 17 partici-~
éating.laboratories has now been completed. 1In all, approximately
80 tons of steel were prepared, checked, and shipped.

The chemical composition of the two steels is as follows:

Cx-Mo Steel ‘Ni-Cr Steel
c . 0.39 ' - 0.40
Mn - 0.8 - 0.81
8i . - . 0.29 0.41
Cr . l.28 . . 1.06
Ni - 022 1.48
- Mo - 0.3k -
- e 0.009

S - 0.0

A;_;‘Tha B8ix struétures'ih which each of the two steels were supplied "
| are as followss | ” -
'(1)'£errite and lamellar pearlite obtained by isothermal tran#—"
formation during annealing; | o | | |
a'i‘(z)Aferrite énd glcbuiar pearlite softer than the above, obtained
| by additional annealing at jdst below the A) critical tem=- |

- perature;
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(3-5) sorﬁite structures, obtained by martensitic quenching
| followed by tempering at various temperatures corres-
ponding to ultimate tensile strengths of 107, 95 and
83 hbar:; and
(6) globular cementite on a ferrite matrix a little softer than
the last-named sgructures, obtained by further annealing of
the steel (hardened and tempered as above) at a temperature
just below the Aj point.

4.9 Subgroup on Statistical Analysis of Data

This Subgroup carried out two projects recently. The first was
vto analyze the causes of the_high-vériability found in the tool life
tests with high speed steel tools.  When compléted the statistical |
anaiysis showed that the observed variability in tool—lifeiinithései-
'tests was not due to the tool materia; nbi the heat treatmant.;'lt |
Qas fcundriﬁstead that the yariabiiitvaas due mainly tceffecis

" intr0duced duéingithe sharpening of the tools and to differéhcés in
:'the_heat treatment of the individual tools arising *rom differences
“in the poéitiﬁns of-thc tool b;ts in éhe salt bath during h@at't:@atu
ment.. | |
'-,The second-project involved the statistical planning of the tool-
H,iifé tests to be made with the carbide and high speed steel tools on f
~ the new steels. This resulted in é plan for selection of speeds.'
.feeds. and the times at which wear measurements are taken that will

provide a built in correlation between the experximents done in all
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the different laboratories so that the results will be compatible.
This plan has been adopted in the tool life tests being run with
the carbide tools.

4.10 Subgroup on Standardization of Tests

At the request of the International Standards Organization
(ISO) Technical Committee 29, this Subgroup undertook a project
to develop a draft proposal for an ISO recommendation on tacol life
cutting tests with single point tools. This was done and the draft
proposal has now been submitted to the ISO TC 29 secretariat which
~ has put it in the hands of all members of that Committee asking for
- them to vote on whether an international standard oa ﬁhis subject
o should be established. The proposed standardvhas as its objective
. the providing. of standard:conditions and precédures for condueting='
'”' cutting tests wiﬁh-single-point tools sdlthata‘_ o |
| -af Reéults'bbtained in a;l 1aboratexies éan bo camparcd'
- directly, o | | o |
b.lscagter of the test resu;ts will be kepﬁ to § minimum,
sxt theréfofe spells 6u; a standard work material, standard cutting
't@cl materiala. standard tool'geemetries. standard cutting fluids,
 standard cutting conditions, and standard criteria for the end-point
of tool 1;fe. . In addition.*is describes a procedure to-be followed
 in running todl'iife tests. The recommended standard tool geomotry
'in‘shown in Table 1, herewith, the racommendéd standard cutting

conditions are shown in Table 2, and the recommended standard
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priteria fqr end point of tool iife are shown in Table 3.

| Meanwhila,rthe Swedish Institute for Production Engineering
Research, working in cooperation with Swedish manufacturing industry
and Swedish cutting tool manufacturers, has developed a "bank" of
higﬁly standardized carbide and high speed steels. These aré now
available for.purchase throughout the wérld and information on them
is given in Table 4.

The Subgroup is now continuing with standardization of the
various conditions used and anticipated to be used in the Coopera-
tive International Research Program of the Group of Experts on Metal
Cutting. Standaraization of terminology is now nearly complete for
 the‘single point tool life testing and plans call for extending this
to cover other methods of machining such as milling and grinding.
Plans also call for standardizing additional test methods (such as
the quick stop method of preparing chip samples) and on establish-
ing international machinability ratings ana standard methods for
gtatistical analysis of machining data and statistical design of
metal cutting tests.

4.1l Subgroups on Grinding and Electrical Machining Processes

4.11.1 Grinding

This Subgroup completed a preliminary set of cooperative
tests as a starting point for developing a program of Cooperative

Regearch. The tests were carried out with two different grinding
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wheels (AA 46-G8~V 40 and AA 46-J8-V 40), grinding the XC 45 steel
(AISI 1045 steel) used in the first Phase of the Metal Cﬁtting Co-
operative Research. Six laboratories participated, two in the U.S.A,
and one'eaéh in Japan, West Germany, Belgium, and France. These lab-
aratories made measurements on density, modulus elasticity, and hard-
ness of the two wheels, as §ell as forces, wheel wear and surface
roughness in grinding. Each laboratory used its own preferred methods
for measuring these quantities in. order to determine what degree of
agreement between different laboratories might be obtained by using
tais approach. Analysis of the results showed that rather poor agree-
ment between the different laboratories resulted, demonstrating the
ﬁeed for establishing standard conditions for carrying out cooperative
research in grinding.: The Subgroup.is now proceeding to develop a
set of standard tests and measurements to be used in the Cooperative
Research Program. | | : |
4.11.2 Electrical Machining Processes

This Subgroup continued its program of cooperative research
in electrical discharge machining;‘ Comparative tests made under rough-
ing and finishing conditions, machining a Ni-Cr-Mo-V steel with a
copper electrode have now been completed by most -of the participating
laboratories. It was found that those lahorétcriés whiéh used relax-
ation type (RC) power supplies, which do not providé ihdependent'con—
trol of the amplitude and dﬁfation of the current pulses, were not

able to get comparable reproducible results between laboratories.




However, quite good agreement was obtained between those laboratories
using controlled pulse power supplies. This is demonstrated by the
results discussed in the following paragraph.

Four laboratories have completed the first set of cooper-
ative tests with the pulse type generators and reported their results,
namely, the Technical University at Aachen, Germany; Chalmers University
at Gothenburg, Sweden; the Technical University at Delft, The Netherlands
and the Philips Company in Eindhoven, The Netherlands. The results of
these tests are shown in Tables 5A and 5B, while Table 5C provides a
descripticn of the equipment used by these different laboratories in
running these tests. As may be seen from Tables 5A and 5B, two sets
of tests were run, the first being a finishing test with a pulse

energy of approximately 10 milli-joules, a pulse current of 20 amperes,

a pulse time of 25 microseconds, and a cycle time of 100 microseconds;

and the second being a roughing cut with a pulse energy of 100 milli-
joules, a pulse current of 25 amperes, a pulse time of 200 microseconds,
and a cycle time of 400 microseconds.

The results given in the lower portion of Tables SA and
5B illustrate the fact that material removal per pulse in electro
‘discharge machining is almost directly proportional to the energy
pet pulse. On the other hand, the amount of electrode wear per pulse
depends mainly on the average pulse current and is little influenced
by pulse energy or pulse time.

Encouraged by the relatively good agreement obtained




between different léboratories in this first set of tests, the

Subgroup is now planning a more ambitious set of cooperative tests

to study in some detail the influence of the various EDM parameters

and the properties of the tool and work materials on the performance
obtained in electro discharge machining with the aim of developing

fundamental understanding of these.

NEW STATUS OF PLENARY GROUP UNDER OECD AEGIS

As of January 25, 1967, the CIRP-OECD Group of Experts on Metal
Cutting was given a new status. In this new arrangement the Group
will continue to operate under the aegis of OECD, but the CIRP will
operate the secretariat for the group and no longer be dependent upon
OECD for this service. As a result, participation in the Cooperative
Research activities of the group will no longer be limited to member
countries of CZICD but will be world-wide.

The details of this new arrangement are set forth in the official

statements attached as Appendix VI.




STANDARD ANGLES FOR THE TOOL IN HAND (TOOL ANGLES)

TABLE I

gutting | Normal Normal Cutting Cutting Included Nose
tool rake clearance edge edge angle radius
material inclination angle
Y 44
n n X K e
High
Epeed 12 5 0 75 90
Stesl 15 8 0 75 90 oe
. 20 8 0 75 90 NI
intered Lo
rarbide +6 5 0 75 90 3679
-5 5 -5 75 90 z« §£
G
Ceramic -5 5 -5 75 90 H >
TABLE 2
STANDARD CUTTING CONDITIONS
Condition 1 Condition 2 Condition 3 Condition 4
in.per rev | 0.005 0.010 0.0l6 0.032
Feed|mm pexr rev | 0.125 0.250 0.40 0.80
Depth of cut | in.| 0.040+0,002 0.1000.004 | 0.100+0.004 [0.100+0.004
mm | 1.00 +0,05 2.5040.0 2.50 +0.1 2.50 +0.1
'Nose radius |in. 1764 3/64 3/64 3764
m 0.40 1.20 1.20 1.20

(NOTE: It may not be possible to use the positive rake angle geometry for .
carbide tools - Table I - with Condition 4). ,
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TABLE 4

- s

INDEXABLE INSERTS FOR CUTTING TEST

Specification

All inserts are manufactured in the following dimensions:

Length x with (square) l 12.7x 12,7 mm (1/2")

Thickness | 3.18 mm (1/8")

. Sintered carbide (indexable inserts)

The carbide inserts are specially manufactured in selected grades
representing the groups P10, P30 and K20.

Type Designation SMS 986 Nose radius r | Price
and SMS 987) mm Skr/insert.
Negative 194, 1-1621 P10 0,4 15
rake angle|194.1-1621 P30 0.4 15
(y.=-59) [194.1-1621 K20 0.4 15
194.1-1623 P10 1.2 15
194.1-1623 P30 1.2 15
194.1-1623 K20 1.2 15
Positive 194, 3-1621 P10 . 0.4 17
rake angle |194.3-1621 P30 0.4 17
(y=6°% [194.3-1621 K20 0.4 17
194,3-1623 P10 1.2 17
194, 3-1623 P30 1.2 17
194. 3-1623 K20 1.2 17

The carbide inserts specified above are recommended in our Cutting test,
The carbide inserts specified below are intended for tests where nose radius
0.8 mm are better than 0.4 and 4, 2 mm,

a0

Negative |194,1-1622 P10 0.8 1%
rake angle [ 194, 11622 P30 0.8 15
(y = ~5")

Postive 194, 31622 P10 0.8 17
rake angle] 194, 3-1622 P30 0.8 17
(y= 60)

High Speed Steel (indexablo inserts)

The HSS insevts will be manufactured in a modified version of a standard
HSS (date of delivering is not yot settled).

Ty pe Degignation Nose radius r
e . ; . mm

Positive | HSS4, 3-1621 0.4

rake angle| HSS84. 3-1623 1.2

(¥ =129)

The inserts may be purchased from the distributor Sveriges Mekanfdrbund,
Artillerigatan 34, Stockholm O, Sweden,




TABLE 5A
. COIOR.P." OQE.CQDQ
INTERNATIONAL IN'STITUTION OF PROIUCTION ENGINEERING RESEARCH
: Working Group E.
Table of results of cooperative tests on Electro Discharge Machining.

~ Workpiece : 56NiCrMoV7
Electrode 3 Copper

l Institute - ) |

{ TeHe TeHe 1ol
vol
symbol | unit gcb‘teb' Dolft | Aschenf Ti11Fs) .

- pulse energy A, nJ 12,6 10 11.25( 11
btk el IIEV A | 28] 22 | 16,7 1746 \_
| “’335;;‘1“ w | v | 20|23 fan |a |
“‘rw;urrent Ie A 4ot '
.vgm:o;tago Uy v Te4
pulse tine ti pe 5 26 25 25
period time tp ue 125 125 108 n

duty cyole t 1/t ] 20 | 2 23 35

::ﬁ'.ﬁ:&'a‘l v w’/e | 0.,22] 0.30| 0,20 0.37
sleatrode vear 3

pexr scoond VE wn/n 0,089 0,103 0,12 0.&?
rolative

slectrode vear y"vnhw % JBeS | 34 9949 18.2
mat, vesoval |y oS3 | 3001 33| 26 | 23

per pulse WF

slectrode vear v
per p_nln

- 10~6e’ 1155 128] 14.6] 4.2

3 it I
M..fr&umy f, |1 8 & 9e% | 1349 ‘

lee freq. | fr [ | 78| 79| 8.2

rtrecrtve rragpf/5| % | 92 [ 99 | 90 |
pox:;l‘:z:g;o + + + + X
e B, | o | sl | se|s

date s Jamuavy, 27th 1967,




TABLE 5B

C.I QR.PQ" OQEOC obo .

TNTERNATIONAL INSTTTUTION OF PROMUCTION ENGINEERING RESEARCH

Working Group E.

Table of regulta of cooperative tests on'Electro Discharge Mashining.

Workpiece 1 56NiCrMoV7
' Electrode ¢ Copper

Institute
e P P
pulee energy Af nJ 119 »‘;110 98
wverage pulse | i, A 23.6| 23.3| 23
"::;f:g;“l“ u v 23.3] 26 | 22
“"mmem I, A 11,0
“m;ohage Uf 1 13
pulse tice by ‘pe 200 | 200 | 190
period time | tp ne 400 | 380 232
duty oyols | %/t | & "1 50 | 53 82
o | Y | m/e | o9 fomts| 10
;ﬁ;":’::g:;"“ Vg | =/ 0,173 0,29 | 096
:::::::;e vear 'WBNH % . 2:? 2:21 0.9 7 : B
naty zomovl | Vi 106’ M| 3 | 22 | h
electrode | Ve [07%s| 6.36| 10,58 20 | |
m"fre&uenw rR A Kite 205 | 2'6 423 .‘ |
[t [ h [me | o) e
| :;}:::X:a freq A=t/ rp | ", 94.81 68 _
A EERE
N |

date + Jeimary, 27th 1967




CeIl+RePe TABLE 5C
INTERNATIONAL INSTITUTION OF PRODUCTION ENGIMEERING RESEARCH
Working Group E,

ELECTRO-EROSION BQUIFMENT IN USE.

‘ Tellv ANCHEN
Mechine s
Generater + AEG T046 (transistor)
Servesystea ¢ Digitaly, stepping metor,

Discharge counting -1 Currentevoltage legioy followed by a bistable
miltivibrator and moving=coil indicator,
Current measurement : Coaxial resistor, afl, time constant 2Qus,

TeHs IELFT

Mashine ’

Generater t Square-wave gensrator with delay=line,
ot commercially available,

Sexvo aystem ¢ Eleotro=mechaniocal,

T«He EINDHOVEN

Maghine ¢ Kassovia FE 35

Gensrator t Transisteorwpulse gunerator, not commsxoisble

, * - available, '

Sexvo system 1 DiCommotor, coutrolled by a combined digital-analog

aysten,

Diseharge ceunting ¢ Currant«velsage logic followsd by a counters
- Curvent msasurement ¢ Flat resistor, 70 mn, time constant ¥ ns,

T.He GOYEBORG

Nashine § Sparcatren JC 262

Gemaxator ¢ Spaxcatron SPP 804, with wew, 0t commsroimlly
available pulse genaratex,

Ssxve aysten ¢ Hydreuldo.

Disoharge counting & Current-voltage logio, followed bty a csunter,
Carrent msasurensat : Curreat txausformer,

Nashine ¢ (harailles Elereda D18
Genszuter s (aruilles Isoxuls F2
Sexrvesysten ¢ Hydremlio,

Discharge ceunting & Eatimated from cseillegram
Chrrent msasuwremsnt ¢ Coazial reaister, 4,6 mn,

Jamuaxy 26¢h 1967,
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CRATER WEAR

Work
Material:C 45 N (AIsI 1045) g%pggt: 3mm

Melt: '.l‘.’spec.deox. Feed: s=025mm/rev
vonad yvac

Tool Material:Carbide PJ0
Cutting speed: v=200m/min

V ¥  Trondheim
O ® (incinnati
O® Aachen

A A Delft
d' & Pparis

Crater Depth KT

Cutting time T

4
) g

16 18 _Zb min




APPENDIX T

LIST OF PARTICIPANTS

Cooperative International Research Program
of
CIRP/OECD Group of Experts on Metal Cutting
(as of 25 January, 1967)

Aystralia

Mr. C. A. Gladman

Division of Applied Physics
National Standards Laboratory
University Grounds - City Road
Chippendale - N.S,W.

Mr. G. Lorenz

Principal Research Officer
Division of Applied Physics
National Standards Laboratory
University Grounds
Chippendale - N,S.W,

Professor P.L.B. Oxley

Head, Department of Industrial Engineering
The University of New South Wales

Box 1, Post Office

Kensington - N,.S.W.

Mr. J. G Ritchie
McPherson's Ltd.,

546-566 Collins Street
Melbourne C.l. - Victoria

Austria

Ir. F. Motalik
Gebr. Bohlexr & Co. AG
Kapfenberg




List of Participants (continued)

Belgium
Professeur E. Bodart
. Universite - Institut de Mecanique
75 rue du Val~Benoit
Liege

Professeur J. Peters
Ingtitut de Mecanique
Parc d'Arenberg
Heverlee-louvain

Canada
Professor W. B. Rice
Department of Mechanical Engineering
Queen's University
Kingston - Ontario

Czechoslovakia

Dipl. Ing. J. Koloc
Vuoso

Na Zertvach 24
Praha 8

Dr. Dipl. Ing. J. Tlusty
Vuoso

Na Zertvach 24

Praha 8

France

Monsieur M. Bassiere

Centre Technique des Industries Mecaniques (CETIM)
4 rue Gambetta '

93 - Saint-Quen

Monsieur 1'Ingenieur Militaire en Chef F. Eugene
2 rue Georges Bizet
92 Colombes

Ingenieur General P. Nicolau
Diracteur Honoraire de l'Institut Superieur
des Materiaux et de la Construction Mecanique




France (continued)

Monsieur J. Pmeny

Directeur Scientifique Honoraire de la
Regie Nationale des Usines Renault

8 Avenue Emile Zola

92 - Billancourt

Monsieur 1l'Ingenieur Militaire en Chef R. Weill
Laboratoire Central de l'Armement
94 - Arcueil

Gexrman

Professor Dr.-Ing. Dr. h.c. H. Opitz

Technische Hochschule

Laboratorium fur Werkzeugmaschinen und Betriebslehre
Aachen

Professor Dr. Ing. E.h., Dr.-Ing. G. Pahlitzsch
Technische Hochschule

Lehrstuhl und Institut fur Werkzeugmaschinen und
Fertigungstechnik

Braunschweig

Langer Kamp 19

Professor Dr.-Ing. G. Spur

Dicektor des Instituts fur Werkzeugmaschinen und
Fertigungstechnik ,

Technische Universitat Berlin

Hardenbergstrasse 34

1 Berlin 12

Great Britain

Professor F. Koenigsberger

Machine Tool Engineering Department
The University of Manchester
Institute of Science and Technology
Sackville Street

Manchester 1

Professor J. Loxham

Production and Industrial Administration Department
College of Aeronautics

Cranfield -~ Bedford




Great Britain (continued)

Dr. C. Timms

Ministry of Technology
Millbank Tower

London W.1l.

Professor S. A. Tobias

Head of Department of Mechanical Engineering
The University

Edgbaston-Birmingham 15

India

Dr. Amitabha Bhattacharyya
Professor of Mechanical Engineering
Jadavpur University

Calcutta=-32

Israel

Dr. E. Lenz

Associate Professor,

Department of Mechanical Engineering
TECHNION - Israel Institute of Technology
Haifa - P. O. Box 4910

Italy

Professor Ing. C. Carro-Cao
Direttore Istituto Tecnclogica
Meccanica della Universita
Via Diotisalvi

Pisa

Professor . F. Micheletti

Ingtitute di Tecnologia Meccanica Politecnica
Corso Duca degli Abruzzi 24

Toxino

Dr. Ing. M. Pesante

Head of the Research and Development
Central Laboratory RIV-SKF

Via Nizza 148

Torino




Japan

Dr. Akira Kobayashi

Production Engineering Division
Electrotechnical Laboratory
Ginza-Higashi, 8~19, Chuo-ku

. Tokyo

Dr. Naojiro Kumagai

President, Japan Society of Grinding Engineers
Electrotechnical Laboratory

Ginza-Higashi, 8-19, Chuo-ku.

Tokyo

Professor Dr. Makoto Okoshi-
- Dean of the Faculty of Engineering
Toyo University .
Kawagoe City
Saitama Prefecture

Professor Dr. Norio Takenaka -
Faculty of Engineering
University of Tokyo N
Hongo 3-chome, 3-1 SN
Bunkyo-ku '
Tokyo

rd

Dr. Hidehiko Takeyama I
Chief of Metal Cutting Section

Metal Working Division

The Government Mechanical Laboratory
4~chome, Igusa, Suginami-ku

Tokyo

) Juqoslavia

Professor J. Peklenik

Department of Mechanical Engineering
. - The University

Edgbaston-Birmingham 15

Great-Britain

Professor Dipl. Ing. V. Solaja
Institute for Machine Tools and Tooling
Beograd

27 marta 80




" Netherlands

Professor Ir. A. J. Pekelharing
Laboratorium voor Werkplaatstechniek
Technische Hogeschool
Leeghwaterstraat 3

Delft

Ir. J. L. Remmerswaal

Centrum voor Metaalbewerking T.N.O.
Mijnbouwstraat l6a

Postbus 52

Delft

Ir. B. L. Ten Hoxrn

Ingenieur en Chef aux Ateliers Mecaniques Generaux
N.V. Philips' Gloeilampenfabrieken

Eindhoven

Professor Dr. P. C. Veenstra
Laboratorium voor Werkplaatstechniek
Technische Hogeschool

Eindhoven

Noxwa

Professor S. P. Andersen
Norges Teknishe Hogskole
Trondheim

Poland

Professor Dr, J. Kaczmarek
Technical University in Krakow
. Ingtytut Obrobki Skrawaniem
{The Institute of Metal Cutting)
Krakow :

Sweden

Professor 0. Svahn
Chalmexrs Tekniska Hogskola
Sven Hultinsgata

Goteborg S




Switzerland

Monsieur le Professeur E. Matthias
Ecole Polytechnique Federale
8006 Zurich

U.S.A.

Professor L. V. Colwell

Department of Mechanical Engineering
2046 East Engineering Building
University of Michigan

Ann Arbor, Michigan 48104

Mr. R. S. Hahn

Manager of Research
Heald Machine Company
Worcester, Massachusetts

Dr, M. Eugene Merchant

Director of Scientific Research
The Cincinnati Milling Machine Co.
Cincinnati, Ohio 45209

Professor M. C. Shaw

Head, Department of Mechanical Engineering
Carnegie Institute of Technology
Pittsburgh, Pennsylvania 15213

Professor E. G. Thomsen
Mechanical Engineering Department
Division of Mechanical Design
Btcheverry Hall 5114

University of California
Berkeley, California 94720

U.S.S.R.

Professor T. N. Loladze
Mechanical Engineering Department
Georgian Polytechnic

Lenin St. 78

Ibilisi

Professor Dr. habil ing. N. Zorew
Directeur adjoint de l'Institut Zniitmasch
Moskau SH-88 -
Scharikopodschipnikowskaja ¢




APPENDIX II

c0
H ORGANISATION FOR ECONOMIC
0y ¢® C0-OPERATION AND DEVELOPMENT

INTERNATIONAL COOPERATION
IN SCENTIFIC RESEARCH

seminar
on

METAL CUTTING RESEARCH

on st and 2nd September, 1966

ot the
Chotenv de lo Nustte
rue André-Pascal, Peris XVie




SEMINAR ON METAL CUTTING RESEARCH

Resvits and future programmes,
merits and difficulties of international cooperution
“in the field of Metal Cutting Research

Organised by the

ORGANISATION OF ECONOMIC
CQOPERATION AND DEVELOPMENT

Chairman
Professor Dr.-ing. Dr.h.c, H.OPITZ

Director of the Laboratory for Machine Tools
 ond Industrial Economics
ot the Technische Mochschuls, Aachen, Germoany

~ Chairman of the OECD Group of Experis
: on Metal Cutting Research




Thursday, 1 September 1966
9:30 to 12:30 hrs.

Conference Room C ot OECD

1. SESSION

Chalman of the Sessien
Professor F. Koenigsberger, Manchester U.K.

Welcome to the Seminar
QECD Directorate for Scientific Affairs

Opening on Behalf of the Metal Cutting Group
Professor H. Opitz, Aachen, Germany

Presentation and Discussion of the Following Papers

1. Introduction = History, Tasks and Achievements of the
Group of Experts on Metal Cutting

R. Waill, Ingénieur Militaire an Chef,
Labaratoire Central de I'Armement, Axcueil, France

Studies of Machined Surfaces
M.C. Shaw, Professor at the Camegie Institute

of Technology
Pittsburgh, Pa., U.5.A.

2

Y Mechanics of Cutting and Cutting Forces

F. Eugane, Ingénisur Militaire en Chef,
Laboratoire Central de I'Amement, Arcusil, France

4. Bshoviour of High Speed Steel Tools
E. Bodart, Professor ot the University of Lidge
Lidge, Belgivm ,




Thursday, 1 September 1966
2, SESSION 15:00 to 18:00 hrs.
Conference Room C ot OECD

Chairmen of the Session
Mr. F. Eugdne, Paris, France

Presentetion and Discussien of the Follewing Papers |

5. Behaviour of Carbide Tools

M. Opits, Profasscr ot the Technische Hochschule
Aachen, Gamany

6. Metallurgical Propertias of Sml’t

M.J), Pomey, Honorary Scientific Director
Usines Renault, Boulogne-Billancowrt, France

7. Plasticity of Steal Subjected to Cutting Strazses
0. Svohn, Professor ot the Cholmers Tekniska
Higskola
Giteborg, Sweden

- 8 Cutting Temparctures

M, Pasonte, Ceniro Sperimsntale del C.N.R,
Torino, ltaly ‘




Friday, 2 September 1966
3. SESSION 9:30 to 12:30 hrs,

Conference Room C ot OECD

_ Chalrman of the Session
N Professor M.C. Shaw, Pittsburgh, Pa., USA

Presentation ond Discussion of the Following Papers

9. Stotistical Programming

H. Qpitz, Professor at the Technische Hochschule
Adchen, Gemiany

10, Unification of Test Mathodn

R. Weill, Ingénieur Militaire an Chef,
Laberatoire Central de I'Armement, Arcueil, France

1. Modern Manufacturing Trends, Neads ond Optimization
Tachnology ond Their Implications for Matal Cutting
Ressarch

E. Merchont, Director of Physicol Research
The Cincinnati Milling Machine Company
Cincinnati, Ohio, US A '




Friday, 2 September 1966
4. SESSION 15:00 to 18:00 hrs,

Conference Room C ot OECD

® : Chairman of the Session

Professor H. Opitz, Aachen, Garmany

Discussion of Future Developments
and Research Activities

Policy Statement of the Chairman

H. Opitz, Professor at the Technische Hochschule
Aachen, Germany

Discussion of Future Trends on MQMIACumng Rescarch.

Résumé and Conclusions of the Seminar

F. Koenigsberger, Professor ar the Manchester
College of Science and Technology, -
Manchester, United Kingdom




Participation

The Seminar will be attehded by
- Members of the OECD Group "Metal Cutting"
~ Members of the CIRP Group "Metal Cutting"

- Chairmen and Technical Secretariss of OECD Research
Groups concerned with Mechanical Engineering

- Representatives of Governments, of Industry and of Engi-
neering Associations designated by National Delegations
to OECD

- Scientists and Engineers invitad by the Secretary General
of OECD,

Fees

The participation is free of charge.

Papers

Preprints of the papers to be presented will be sent to nomi-
nated participants free of charge in sufficient time before the
Seminar.

Discussions

All participants are invited to comment on the papers to be
presentad.
Written contributions submitted to the OECD Secretariat at the

latest one month before the Seminar will be duplicated for
distribution ot the beginning of the first session, .




Proceedings of the Seminar

No written records will be taken during the sessions. All
participants who contribute to the discussions are requested
to submit their intervention in legible writing to the Chairman
of the session concerned before the end of the 4th Session,
i.e. 2 September 1966 18:00 hrs. Interventions which are not
submitted in writing will not be contained nor answered in the
final proceedings.

The proceedings will be sent to all participants as soon as
possible after the Seminar free of charge.

In addition, a summary report of the proceedings will be
published 1n technical magazines of varicus countries in the
local language.

Languages

The official languages of OECD are English and French,

The papers will be circulated in the original language only -
either English or French - but will be accompanied by summa-
ries in both languages.

The presentation of the papers and the discussions will be
simultaneously translated. The participants are requested to
kindly ‘use English and French only.

Hotel and Travel Arrangements

it is loft to participants to book their hotel reservations and
to arrange for their travels.




APPENDIX III

Group of Experts on Metal Cutting
Subgroup on Forces and Mechanics of Cutting

Meeting held 24 January, 1967, at 91 Boulevard
Exelmans, Paris 16, France

AGENDA

Progress report on the standard dynamometer

Final drawing up of the program of cutting tests
on Ni-Cr and Cr-Mo steels

Measurement of cutting temperatures
Quick-stop tests in cutting

Distribution of tasks




ORCANISATION I'OR ECONOMIC RESTRICTED
CO~OFPERATION AND DEVELOPMENT Paris, 16th December,1966

DAS/CSI/66.358 The Director for
Scientific Affairs

to

Members of the Plenary
Group on Metal Cutting
copy to Members of the
ommittee for Research
Co-operation and Heads of
National Delegations/.

Or. Fr.

DIRECTORATE FOR SCIENTIFIC AFFAIRS
COMMITTEE FOR RESEARCH COOPERATION

Group of Experts on Metal Cutting

9th Plenary Meeting of the Group of Experts
on Metal Cutting to be héld 91, Bd Exclmans,Paris 1l6e
on 25th January,1967 at 10 a.n. and 5 p.m.

-

Draft Agenda

Opening of the meeting by a raepresentative
of the Directorate for Scientific Affairs.

Approval of the draf% agenda. DAS/CB1/66 558

Approval of the minutes of the 8th meeting
of the plenary group. DAS/C81/66.3%7

Results of the Seminar on Metal Cutting
huld on 1lst and 2nd Septembur 1966 in Paris
(Mr. Weill).

Preparation of the second stage of coopera-

tive tests (Mr. Weill).

Results of the tests on specially deoxydised
steels(Prof.0pitz).

E.GS15
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8.
9.

10.

il.

12.

13,

Results of the statistical evaluations by
Mr. Lorenz (Prof.Opitz).

Standard dynamometer (Mr. Eugéne).

Teats of stage 2

-~ Inspection of materials (tools, steels)
(Mr. Pomey). .

- Sub-Group "Mechanics of cutting and
cutting forces" (Mr. Eugéne)

- Sub«Group "Behaviour of carbide tools"
(Prof .Opitz). .

= Sub~Group "Behaviour of high speed steel
tools" (Prof.Bodart).

= Other sub-groups.

Unification of notations (Mr. Weill)
Standard testing of tools (Dr. Merchant).

New trends of cooperative research.
New groups (grinding,electrical machining,
optimalisation) (Mr. Weill).

Statement by the O0.E.C.D. Secretariat on ths
independance of .the working group.
Discussions and decisions concerning future
cooperation.

Other businaess.
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AUSTRALIA ~ AUSTRALIE

Mr, C.A. GLADMAN,

Division of Applied Physics,
NHational Standards Laboratory,
University Grounds, \
City Road,

Chippendale,

New South Wales,

AUSTRIA - AUTRICHE

Dipl.~Ing. ¥. {ICTALIK,
Gebrilder oehler und Co, A,G.
Kapfenbere/Styrie,

NELLIUM -~ BELCIQUE

Prof, L. “MODART
lniversité de lLiége,

M. CZAPLICKI,
iniversité de Liége,
Liég& »

M. GRAPT,
Fabrique Nationale d'Armes de Guerre S.A.
Herstal-Lez-Lidge,

M, F. JAMAR,
Fabrique Nationale d'Armes de Guerre S.A.
Hersval-lez-Lidge,

M. R.V. SALKIN,

Ligénieur Chef de Département,

Centre liationale de Reulvatvhnne Mdtallurgiques,
AuLtye Qu Val Janeft,

i\lc SIMONE'I‘. )
U iversité de Lidge,
Lidge.




CANADA -~  CANADA

Dr., S.J.. HAYES,
Dept. of Mines & Techlcal Surveys,

Ottawa,
Ontario.

Prof, W,B. RICE,

Dept., of Mechanioal Engineering,
Queen's University,

Kingston.

Ontario.

FRANCE -~ FRANCE

HG lle 'Y ‘LANC 2

Centre Tecinigque des Industries Mécaniques,
L yue Canmbetta,

St, Ouen,

M. C AMPETIER,

S C.'uP‘

15 'd, ‘ineau,
Neuilly sur Sei.e,

Ing, Militaire en, chef EUFENE,
Laboratoire Central de 1' Armement,
Fort de Montrouge,

ol Arceuil.

M., R, I!'R3ERT,
Laboratoire Central Shell-Derre,
~ 62 rue Eruest Renan,

Nanterra,

M. R, LAURENT,

Ingénieur A la Soclété Rateau,
14 rue Rateau,

1a Courneuve {Seine)

M. MATHON,

Direction des Recherches,

Régie Nationale des Usines Henault,
8 Ave. Emile Zola,
Joulogne-Billancourt, .

M. MURRY,

Chef de Service A l'Iastitut de Recherches de la
uidérursie I'rangalse,

165 rue du Président Roosevelt,

St. Cermain en Laye Td,
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M. 1'Tagénieur en Chef PELLERAY,

Direction des Industries m8caniques,

Electriques et Electroniques
(Service des machines-outils)

23 ave, Franklin Roosevelt,

Peris O&me,

1\10 POMEY, ) N
Directeur Scientifique Honoraire,
Rézie Nationale des Usines Renault,
8 ave. Emile 7ola,
toulogne~Billancourt,

11, le Professeur SALOMON,
28 yue decs Rénaudes,
Paris l7tme,

11, J. USCLAT,

Contrdle des Fabrications,
8.N,C,F,

100 ave, de Suffren,
paris 15,

Tugénjeur Militaire en Chef R, WEILL,
Laboratoire Central de 1'Armement,
Avceuil,

GERMANY = ALLEMAGNE

tir. K. CORDACH, :
Instisug fur verisougnaschinen,
Techniache Hochaohule,

8 ttinchen 2,

Avcisstrasse 21,

Dr, M.C. DOIREN,

Deutsche Forschungsgemednschalt,
Kensiedy-Allee %0,

nad Godesborg.

Dr. Ing. H. HUCKS,

Diraktor, .
Maschinenfabrik Froriep GmbH,
Rhoydt/Rhld.




GERMANY ( CONTINUED)

DI" . ": . LIPPMAN ]

Lehr 7 Mir Mechanik der
Teclnische Hochschule,

Pockelastrasse 14,

Uraunschwelg.

Dr.Ing., K.F. MEYER,

Ingtitut fUr Werkzeugmaschinen
und Detriebslehre,

mechnische Hochachule Aachen
51 Aachen.

PI‘Of. DI‘.IHS. H. OPITZ

Laboratorium fir Werkzeugmaschinen und
Iletriebslehre,

Technische Hochschule Aachen,

51 Aachen,

Prof. Dr, PAHLITZSCH,

Tgo'nische Hochachule , _

Institut fir Workzeugmaschinen und .
Pertigungstecinik, .

Langer Kamp 19,

Draunschwelg.

Mr, B, SCHMEER

Inatitut £ir Werkzeugmaschinen und Deotriebswissenie
schafton, -

rechnische Hochschule,

3000 Mtinchen 2, -

Arcisstrasse 21,

?\1‘. _I' ivye nd ’ SIEI}EL’

nipoietay, o

Friedrich Kreupp WIDIA Fabrik
Minchenerssrasae 125,

Esson, '

Prof., Dr. SPUR, ,
pechnische Univeraitit Norlin,
Hardenbergstrasse 34,

Berlin 12, _

INDIA - INDE

Dr. V.C, VRNKATES',

- Assistant Professor,

ILidian Institute of Technology,
jadras 36, '




ISRAEL - TISRAEL

Dr. A. BER,

Dept. of Mechanical Engineering,

Technion « Israel Institute of Technology,
I'AIFA

Prof,Dr, E, LENZ,

Dept. of Mechanical Engineering,

Technion - Israel Institute of Technology,
JATIFA,

ITALY - ITALIE

Doct.Ing. Bruno DARTALUCCI,
Iatituto 4l Tecnologia Meccanica,
Universita di Plsa.

Prof. G. CARRO~CAO, '
Istituto 41 Teconologla Meocanica,
‘Universita di Pisa.

Dr. Ing. ¥. GIUSTI, ‘
Istituts dl Tecnolopia Mocoanlca,
Universita di Pisa. :

Prof.0,F. MICHELETTY,

Istituto 41 Tecnologla Meccanica,
Corso Duca Degli Agruzzi 24,
Torino, - :

Dr, M. PESANTE
Villaperosa « 5,K,.F.
Via Nizza 148,
Torino,

J-Amz, ~  JaroM

Lr. A KOBAYASHI,

Chief of Production Englneering Diviaion,

" Electrotechnical Laboratory,
Ginza-ligashi, 6-19 Shuo-ku,

Tokyo, .

‘Dr., H.TAKEYAMA, .

Research Officer,

Govérnoont Mechanical Laboratory,
12, hechiome, Igusa,

Suginami-Jau,

TO!CY\O .
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NETHERLANDS - PAYS BAS

Ir, AW.J, de GEE,
Metaalinstitut T.N,O.
Delft.

Mr. C.A. van LUTTERVELT,

Lehoratory for Production Engineering
rec mologleal Universivy,
Leeghwaterstraat 3,

.Delft,

Tr. 1M.J.C« MATTHIJSEN

ead of Research - Centre for Metalworking,
[etal Research Institute,

P.0.Nox 52,

Delft,

Lahoratory for Production Engineering, .
Technological University, o
Leeghwaterstraat 3,

Delft.

“Ir, J.0L. REMMERSWAAL,

Plractor, -

Gentre for Metalworking,

~ Hetal Reascarch Institute,

‘P.0,Box 52, ' '
belft.,

" LIORWAY - NOVEQE

Prof. S.P. ANDERSEN

Head of Machine Tool Laboratory,
\iorgea Tekniske Hfgskole,
Trondheln, - o

Mr. gyvind Didrke, ,
‘ o/o Norweglan Dolegatic

Mr, Arve Michelsen, to OECD .
Mr. Clw, Kjacrgasrd lilagen, Paris Bame.

e PNt & iitl st aa

te. Jon T. Videm
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Prof, 0., SVAHN,

Chalmers Unlversity »f Technology,
Dept. of Production Engineering,
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Gothenburg.

-

Mr. '. STEN,

¢/o Swedish Delegation to OECD,
46 ave Montalgne,

Paris 8adme.

SWITZERLAND - SUISSE

M. i, BENOIT,

Professeur A 1'Ecole Polytechn1que,
Chemin de Fénix,

1095 Lutry,

Dr. E. FREUDIGER,

CIIWA 8.4,

Inatituh d!'Ecudes Méba11uva1qnas kppliquhuu,
Chantemerle 20,

2000 Neouchiitel,

Mr. A, RWNZLI,
Sehweizerische Aluminium A.G.
Forschungsingtituy,

- 8212 i:etmausen RHE,

Prof, 0. MATTIIAS,

Eeole’ Polytechnique bédérale, :
- Leonhardstrasse 33, :
UOOG Zur 01: .

Hr, A, tﬁ(TI"Pt! '

Director of 3001ét6 Genovolse 4' Ingtrumonts
de Physique,

0 rue des View: Grenadiors,

1211 Gendve,
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Dr. J.R, CROOKALL,
Imperial College,
Dept. of Mechanical Englneering,
South Kensington, London S.W.7.
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1. 0.E.C.D. Policy

2. Secretariat of Group "C" to CIRP

D

19.1.67
GH/cb

Independance of O:E.C.D. Group of Experts
o on Metal Cutting

'.resear ch by establishing research groups and providing them with

Recent 0.E.C.D. policy is directed towards promoting scientific

secretariat help on a short term basis, and to let the projects
operate independently as soon as the continuation of their researcy
activities can be assured outside of O.E.C.D. The active supporsv
of 0.8.0.D for any research group is now limited to two years.

The group on Metal Cutting (Group"C") has been operating
successfully under the Aegis of O0.E.0.D. since 1960 and has coa-
pleted ti.e first phase of its programme in 1966.

In order to ensure continuity in this cooperative endeavour,
the CIl.' has stated its willingness to take over the secretariat
for tLis group without financial assistance from the 0.E.C.D..

The CIRP stressed its facilities to handle three languages
(English, French and German). .

0.E.C.D. Aegis

Although the CIRP would assume the secretariat responsibilivi
on behalf of the 0.E.C.D., the Group's activities would still
remain under 0.E.C.D. asegis. This means that the Group continues
to submit pericdically to the CRC summarized progress reports
and the work programmes and that it meets at the 0.E.C.D. for
the~neg§§sary discussions.




4, Participation in Research
' Recognizing the different structures of CIRP and OECD, no
limitatidn shall be set for participation : the CIRP shall |
accept cooperation of non-members of CIRP and non-member countrie

of OECD shall be able to participate in the cooperative research
‘programmes .




1st Draft
19.1.67
GH/cb

CONCLUSIONS

Group of Expsrts on Metal Cutting has taken note of the OZECD
statement (pronounced by Mr. Hausep) and recommends that

1) the established cooperation be continued

2) the administrative secretariat be assumed by the CIRP as
of the 25th January 1967.

3) the research programme be periodically submitted to the _
Committee for Research Cooperation in order to remain under
the Aegis of the OECD.

4) the OECD be asked to facilitate at its Headquarters the
discussions on the programme

5) no limitations be set for participation in the cooperative.
programme.

The group of Experts stresses that these recommendations conform
with the OECD statement.




