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F OREWORD

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 poriod 1 June 1966 to 30 May

1967. It is prepared for internal use by MATF to assist in

organizing and planning effective Air P'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, O1io, through his

personal attondance at the meetings of the CIRP/OECD G roup

held during that period and his personal participation in the

activities of that Group as one of the official U. S. partici-

pants in its work.
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1. BACKGROUND INFORMATION

The objective of the program of cooperative international re-

search work being carried on by the CIRP/OECD Group of Experts on

Metal Cutting (Working Group C) is to conduct a scientific study

of the relation of the machining characteristics of steel to its

properties and metallurgical structure in order to provide a sound

basis for predicting the machining performance of steels ii inanu-

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.

2. NAIURE OF ThE MEETXNGS UELD BY THE GROUP

2.1 Description, Locations and Dates

During the period 1 June, 1966, to 30 May, 1967, the Group hold

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
ORCD Offices
91 Boulevard Exelmans
Paris, France

24 January, 1967
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Ninth Plenary Meeting
OECD Offices
91 Boulevard Exelmans
Paris, France

25 January, 1967

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

Siven in Appendices III and 1V respectively.

2.3 Participation

The list of participants in the Suminar on Metal Cutting is.

given in -Appendix V.

3. SMIN _,QN,1 o T.h* .CU'1TXNG

3.1 General

The purpose of tC Seminar on Metal Cutting was to review the

results obtained by the C1RP/OECD Group of Experts on Metal Cutting

" in its program to date cuid to obtain critical co uments from the

audience to help to further improve the effectiveness of the pro-

gra in its continuing activities. It was therefore primarily

addressed to representatives of industry and scientists other than

those cooperating in OECD research groups. However, in order to
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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 " program of

metal cutting research. Among these factors is the rapid growth

of numerical control 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

of alloys to be machined, including many of much higher stronth

than :those encountered in the past, all posing significant machining

problems. A further factor is the large role played by the machining

process in the economy of most nations today, its use by industry

constituting a sizeable percentage of the gross national product of

each nation. Thus improvements in machining eoficiency of even as

little as 1% can have a significant impact on. a nation's economy.

In the program of the Group of Exp"rts to date the major

accomplishment- has beeni the establishment of an international basis

* for comparing machining results and obtaining comparable reproducible

results in machining studios of such quantities as forces, surface

finish, and tool life in various laboratories throughout the world.
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The second phase of the program wifl begin the work of establishing

the relationships between the metallurgical properties of different

steels and their 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

all over the world. Without such an approach, the work of individual

laboratories has to remain too specialized and the broad problems

challenging manufacturing today will not be solved.

3.3 Study._of. Machined Surfaces __(Paper No. b Z_. C..Show,
Carnsegie. Institute of Technoloqty, Pittsburgh, Pennsylvania,

In the cooperative research program, the Subgroup on Surface

"inish and*Surface Quality studied the surface finish obtained when

machining the OEC .XC45 steel over a wide range of cutting conditions.

They found that there are several critical speeds associated with the

finish produced by the primary cutting edge of a turning tool. This.

* is due to the fact that the built-up edge on the face of .the tool

• " disappears when the tool face reaches a certain critical temperature

(associated with a certain critical cutting speed), thus eliminating.

roughness due to frag-ats of built-up o. However, surface finish

continues to improve with increase of cutting speed beyond this first



critical value and does 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 (temperature) 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.

3.4 Mechanics of Cutting and Cutting Forces (Pa er No. 3 by Mr.
M. F. Eugene , Chief Military Engineer, Central Armment
Laboratoarv Paris. France)

Ile work on the Subgroup on Mechanics of Cutting and Cutting

Forces has concentrated largely on developing methods for obtaining

comparable reproducible metal cutting force measurements between dif-

ferent laboratories. tho test •methods for making force moasurements

were standardized and camparisons then made between the force dynamo-

meters used in the seven cooperating laboratories. After comparing

the results, it became evident ithat a standard dynamometer should be

designed and constructed for use in te later phases of this program

and a cooperative- program to do this was instituted.

3.5 Behavior ofHLigh -Speed Steel Toolso (ptaper No. 4 by Prof. E.
Bodart, Institute of Mechanics., University. of Liege,. Liege,
Belgium]

A great variety of comparative tool life teats 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
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of High Speed Steel Tools. They found that it was much more difficult

to obtain comparable and reproducible results between laboratories in

tests with high speed steel tools than in tests with carbide tools.

This is largely due to the fact that with high speed steel tools a

built-up edge is present. It was found, however, that more reprodu-

cible results could be obtained with an 18-4-1 type of high speed

steel containing 10% cobalt than with a 10.5 W-3.5 Mo-4.5 Cr-3 V

high speed steel containing 10% cobalt. This led to the conclusion

that it is desirable for reproducible tool life testing to use types

of high speed steel which are least sensitive to small differences in

heat treating procedure. Further, it was found that more reproducible

results can be obtained with one piece tools than with brazed tip

tools. The work o .the Subgroup also confirmed the fact that withi

high speed steel tools the cutting speed for a 60 minute tool life

:can be very considerably increased by using rake angles of the order

of 25 0 to 350 instead of the usual 150.

3.6 i2_vior of carbide Tools (Paner N. 5 by Professor It. 0it*,
Director of the Laboratories for,MapchinnTeols and•Hanufact.ur

The Subgroup on Behavior of Carbide Tools running tool life

* tests on the XC 45 stoel found that it could obtain quite reproduc-

ible results with carbide tools. As a result, a number of types of

studies were run to relate tool wear to various other characteristic

factors in the metal cutting process and to the characteristics of

.the steel.
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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 a speed of about

10 meters per minute where it reached a maximum. Beyond this speed,

the built-up edge began to decrease in size until at about 30 meters

per minute it disappeared. As can be seen, in the range of increasing

size of built-up edge with increasing speed, flank wear decreases

and reaches a minimum when the built-up edge is maximum, tangential

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

to maximum, surface roughness increases and.. reaches a maximum when

the built-up edge is maximum, and cutting temperatures remain quite

;low. In the range wbere the size of the built-up edge decreases

with increasing cutting speed flank wear first increases then de-

creases to a minimum at the point where the built-up edge disappoars,

cutting forces increase and reach a maximum at, the point where the

built up edge disappears,. surface roughness decreases and roaches

a minimum at the point where the built-up edge disappears. and

cutting temperature rises rapidly with increasing speed until the

point where the butilt-up edge disappears. Boeyod the point where

the built-up edge has disappeared, the various characteristic factors
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behave in their usual normal way with increasing speed, namely,

tool wear increases rapidly with increasing speed, forces fall

with increasing speed, surface finish remains virtually unaffected

by increasing speed, and cutting temperature rises steadily as the

-speed is increased.

.Concerning the relationship of tool wear to the character-

istics of the steel, the Subgroup ran tests with two steels of the

same 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 as to produce oxide

inclusions of a type which would build up a protective film on the

face and flank of the tool during machining. In preliminary tests

on these steels using carbide tools containing titanium carbide all

the members of the Subgroup found considerably less tool wear when

machining the specially deoxidized steel than when machining the.

vacuum melted steel. The program of study on these two steels was

still in progress at the time th6 Seminar was held.

3.7 Steel Preparation (Paper No. 6 by Mr. J. Po__meg, Honorary
Scientific Director, Renut-o~ ration, Pari6#F ane

For the first phase of the Cooperative Research Program

(that aimed at obtaining comparative reproducible results between

laboratories) this Subgroup arranged for and secured a uniform

homogeneous XC 45 (0.45 C) steel made to the following _requirements,.

a. Chemical homogeneity and purity of-the liquid steel

obtained by the electric :steel making process .with

induction stirring.
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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 performance to the structure of the steel) the

Subgroup ha8 arranged for a chromium-nickel and chromium-molybdenum

steel to be made to the same requirements as those indicated above

in the following structures:

a. ferrite and lamellar pearlite obtained by isothermal

transformation during annealing

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

obtained by additional annealing at just below the A1

critical temperature

co sorbite structures obtained by martensitic quenching

followed by tempering at various temperatures corres-

ponding to ultimate tensile strengths of 107, 95, and

83 kilograms per square millimeter

d, globular cementite on a ferrite matrix a little softer

-than the last-named structures, obtained by further

annealing of the steel (hardened and tempered as above)

at a temperature just below the A1 point.
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3.8 Plasticity in Cutting (Paper No. 7 by Professor 0. 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 Temeratures (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 meaningful data in

the 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 observed temperature 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.

b. Emitted radiation method. This method is based on

measurement 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 consistent and repeatable results.

c. 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 once no matter what material

is to be machined. However a disadvantage of the system

is that the temperatures in the zones of contact between

the two tools and the workpiece may be different, with

the result that the temperature reading on the apparatus

is something of a mean value between the two moan temp-

eratures for the two tool-workpioce contact zones. An-

other drawback is that the cutting speed 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 receivu" Lofore 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 the study of the uniformity of the carbide tool

tips, it was found that the standard deviation of the Rockwell A

hardness for the entire set of tool tips used in the Cooperative

Program was only about + 0.1. This was considered very good since

this standard deviation is of about the same order as the accuracy

of reading the hardness measuring instrument.

Concerning the tool life tests made with carbide tools,

a regression analysis of the data from the different laboratories

resulted in equations for flank wear for the machining of the XC 45

steel as follows:

For grade P 10 carbide: v "  T0 5 6 = 290 VB
For grade P 30 carbide: v 2 . 0  T0 "8  , 9850 VB

Where
v W 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 eqiation:

VB = 0.3 x 103 v1 "6 . T0 "6  (sx)0.5

Where
s = feed rate (mm/rev)
x = 90- side cutting edge angle

VB = flank wear (mm x 10-2)

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 00 to 450 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.

3.12. Unification of Measuring Methods (Paper No. 20-by Mr. M. R.
Weill. Chief Military Engineer Central Armament Laboratory,
Paris. France)

The Subgroup on Standardization of Tests developed standard

terminology, procedures for the measurement of tool wear, and deti-

nitions of tool angles for use in carrying out the research of the

Cooperative Program. The procedures adopted for the measurement of

tool wear are shown in Figure 2 and the adopted definitions of tool

angles in Figure 3.

The Subgroup was asked by ISO to prepare a draft standard

on the method of tool life testing for consideration by
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ISO 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.

Results 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 Scientific
Research, The Cincinnati Milling Machine Company, Cincinnati,
Ohio, U.S.A.)

Important economic and technical factors at work today pose

a growing need for rapid development and application of optimization

technology for metal-cutting manufacturing. The major economic factor

is th6 fact that machining costs in industrially-developed countries

now amount to something of the order of 5%. of the gross national pro-

duct. The major technical iactors are the requirements for greater

product variety, closer tolerances, increasing variety and strength

of work materials, greater emphasis on conserving materials, and an

increasing necessity for improved communication and feedback between

the manufacturing process and the design process. These economic

and technical challenges are resulting in the rapid development and

application of a number of new optimization 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 international 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 technical need to originate a cooperative international

research program on optimization technology in manufacturing.

3.13 Additional Contributions

3.13.1 Wear of Finish Tu rning Tools .(Contribution No. 1
by Professor A. J. Pekelharingand C. A. van
Luttervelt, Technological University, Delft,
The Netherlands)

In connection with their participation in the

activities of the Subgroup on Surface Finish and Surface Quality,

these two researchers have studied the formation of small grooves

on the end cutting 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 cutting for some time. Figure 4 shows

schematically what happens to the tool md 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

so does the roughness. The reason for the formation of the grooves

seems to be that at the point where they form the tool is cutting

metal which has been previously cut and is thus heavily work-hardened.

Another effect of this grooving wear of the end cutting edge is that

workpiece diameter will increase rapidly along with roughness. Thus

the end point of tool life may be reached rapidly due to excessive

roughness or due to excessive diameter'change.

3.13.2 On the Basic Meehanisms of. Metal Cutting (Contrib ,-
tion No . 2by Mr. J. Pomey, lonorary Scientific
Director, Renault Corporation, .Paris,, Prance)

in connection withi the work of the subgroup on

Mechanics of Cutting and Cutting Forces, Mr. Pomey proposes that

research be done to obtain a better understanding of the fundamental

mechanisms 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 cutting could be

obtained by studying adiabatic plastic 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-

cation to reduce the friction between chip and tool to very low values.

3.13.3 Oxidation of Carbide Cuttint Tools Often Determines
Tool Life (Contribution No. 3 by Professor A. J.
Pekelharinqg -andC..A. vAn Luttervelt0. Technological
University., Delft,__The •Netherlands)

In connection with their work on the Subgroup on

Behavior of Carbide Tools, these authors have made an important dis-

covery concerning the mechanism of failure of carbide tools in prac-

tice. They have found that in the majority of cases the cutting edge

of a carbide tool crumbles away and fails not because of crater wear

* 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
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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 Application of Statistical Techniques to Machining
Experiments (Contribution No. 4 by Mr. G. Lorenz,
National Standards Laboratory, Division of Applied
Physics, Sydney, Australia)

In connection with the activities of the Subgroup on

Statistical Analysis of Data, Mr. Lorenz points out that the use of

statistical design of the experimentj to be carried out in Phase II

of the Cooperative Research Program could considerably increase the

reliability of the results obtained as well as reducing the number

of tests required in the program. His recommendations were taken

under cunsidoration by the group.

3.13.5 Remarks on Plastic Chip Formation (Contribution.
No. 5 by Mr. Pomey, IloInorary Scientific D'rector,
Renault Corporation, Paris, Prance)

In connection with the work of the Subgroup on

plasticity in Cutting, Mr. Pomey points out that one of the chip

photomicrographs obtained in the studies made by that group seems

to clearly demonstrate that the instability associated with adia-

batic plastic deformation is present in the chip formation proacess.

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

rate 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

contributions 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 of Experts is putting on economic

aspects and optimization in its Program of Cooperative Research. He

then cited some results f ro some tool life s-tudies which his company

has been making in their shops oi operations done with complicated

high speed stool form cutters and using surface finish as the criterion

for the end pint of tool life. They studied the effect of rake angle

and found that a 270 rake angle is optimum. This angle, they found,

corresponds to the natural angle generated on the face of the cutting

tool by the formation ofa crater.. With the 270 rake angleenot only

was tool life a maximum, but also the built-up edge was virtually

eliminated. On some other studies with carbide tools they found that

grinding an artificial crater on the tool face having a rake angle of

250to 300 they were able to increase cutting speed from 90 meters per

minute to 400 meters per minute with an actual increase in tool life
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at the same time.

Mr. Champetier of the French Ministry of Research read a

prepared statement from the 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 virtue of

the work being done in this Cooperative International Research Pro-

gram, a harmonization of metal cutting research with the needs being

generated. by those new methods of machine tool control. They, there-

fore, offered their congratulations to the Group on responding to

this need.

Mr. Siebel of the Krupp Company in GerMany stated that he

also agreed that optimization.of machining is one of the most press-

• ing needs today. In his opinion, this can only be done by cioperative

international researdh carried on among the different nations in the

manner now being done by the Group of Experts. The problem is so

large that no one laboratory, and even no one country, could carry

out research commensurate with the need. Mr. SiebWl recommended to

the Group that in their future program they include more work on the
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factors:: affecting surface finish and that they also investigate

other machining processes such as drilling, milling, etc., in addi-

tion to turning.

Dr. Lippman of the Applied Mechanics Institute of the

Technical University of Braunschweig, Germany, recommended to the

group 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 exists to-

day, that there is a need for an improved mathematical model of metal

cutting, and that there is a need for better methods of measuring

metal flow in chip formation. H6 also indicated that he believes

there is a need to know more about the causes of vibration arising

from the metal cutting process itself, as well as a need to know

..more about the causes and control of residual stresses produced by

the metal cutting process.

Mr. Sten of the Swedish Association of Metalworking Manu-.

facturers congratulated the Group of Experts on the fine Program

of Cooperative Research which they have underway to meet the challenge

of today's rapidly advancing manufacturing technology. He then went

on to indicate that Swedish metalworking manufacturers have also been

responsive to this challenge and have established a Swedish Institute

for Production Engineering Research to carry out research programs

for Swedish industry on a cooperative basis.
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Mr. Barlow of the Shell Corporation in Great Britain

recommended that the Group of Experts in its continuing program

give greater emphasis to the effect of the environment (i.e.,

cutting fluids atmospheres, etc.) on the performance of the metal

cutting process.

Dr. E. M. Trent of Hard Metal Tools Ltd. of England

stated that he felt that ithe work of the Group represented a con-

siderable advance ovex past activities in the field of metal cutting

research. 'The Group has not-buried itself in studying only the

mechanics of cutting and the equations associated with this, but

instead has challenged the existing knowledge and gone on from there.

He recommended that in the future program, the Group study the flow

of metal on the_ tool face and the cutting edge more thoroughly since

this is not a -conventional sliding or friction proccess. He also

recommended that the Group study a variety of worn tools (both

finishing and roughing) taken from a variety of operations in indus-

trial plants to determine what caused the end point of tool life in

each of these actual operations; flank wear and crater wear alone

are too simple as criteria for the end point of tool life. He also

recommended 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 Technology, U.S.A.,

recommended that the Group of Experts in its continuing program

actively pursue the objective of relating machining performance to

the metallurgical structure of the work material and of the cutting

tool as well. He felt that particular emphasis should be given to

developing information that would result in improved cutting tool

materials.

4, 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 II 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 the standardization of test methods to such

items as quick-stop mechanisms for studying chip formation,

etc.

c. Development of international ratings for metal cutting per-

formance and machinability on such things as tool 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 edge over a wide range of

feeds and speeds, investigation of metallurgical transformations

taking place at the chip-tool interface, peculiarities in the trends

of data such as that on cutting temperature, etc.

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

The: 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

measurements 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

speeds studied in order to correlate the behavior of the built-up

edge with the other quantities measured -and observed in the program.

For this 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 specially appointed Task

Force is studying these reports and will select from them a standard

method 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 on the Y and Z

sensors) has been found very difficult to eliminate. The second type

of dynamometer employs high sensitivity bonded strain gauges but is

still able 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

specifications including extremely small interaction between the force

components and, therefore, may prove to be the one best suited to be

used as a standard by all participants. A Task Force 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

dynamometer.

4.3 Subgroup on Surface Finish and Surface Quality

This Subgroup reported on studies made on the surface finish be-

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 Professor 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

edge disappeared (about 48 meters per minute at a feed of 0.25 mm per

revolution). However, this specially 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 specially deoxidized steel gave a much lower

value for this (155 meters per minute) than that obtained with the

vacuum deoxidized steel (200 meters per minute). Thus the special

deoxidation treatment not 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-

egably lower cuttinq 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

wis 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 steels 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 tool during machining.

The chemical composition of the two steels is as follows:

Steel C Si Mn P S N Al Cr Cu 02

SD 0.46 0.35 0.72 0.030 0.038 0.006 0.005 0.06 0.16 0.007

N14 0.46 0.22 0.56 0.032 0.026 0.005 0.005 0.07 0.17 0.002

(SD = Specially deoxidized . VM = Vacuum melted)

The Brinell hardness of the specially deoxidized steel was 186, and

of the vacuum 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 TaC CbC Co

P 10 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

Milling 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 a range

of cutting 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. Typical 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).

It can be seen that flank wear when machining 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

since with the vacuum melted steel the crater 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



-31-

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

a remarkable improvement in the machinability of carbon steels. Be-

Qause of these results, the entire German steel industry has now

converted its melting practices so that all carbon steels which it

produces are deoxidized by this special process, resulting in a great

improvement in the machinability of German produced carbon steels.

in order to plan the program of tool life tests to be run on the

noew chromium-molybdenum and chromium-nickel steels (in six different

structures each) some preliminary cutting tests were run on samples

of each of these twelve steels. It was found that these steels are

very machinable so that a considerable amount of material will be

required for each tool life test. Further, it was found that the

differences in machinability between the six structures, for each

of the two steels, are very small, indeed. In the light of this

information a Program of Cooperative Tool Life Tests has now been

Arawn 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 a 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

chip breakers for all tests (except where the effect of the chip

breaker is being evaluated) because 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 final-

ized, some preliminary cutting tests are being run to determine the

bet cutting conditions for these new steels in their different struc-

tures. It is expected that these cutting tests will be run usinq the
new standardized 18-4-1 high speed steel throwaway tips now available

from Sweden (see Section 4.10).

4.6 Subgroup on Plasticity inCutting

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-

pating. laboratories has now been completed. In all, approximately

80 tons of steel were prepared, checked, and shipped.

The chemical composition of the two steels is as follows:

Cr-Mo Steel Ni-Cr Steel

C 0.39 0.40
Mn .0.81 0.81
Si 0.29 0.41
Cr 1.28 1.06
Ni 0.27 1.48
Mo 0.3. -

S - 0.009
S-0.010

The six structures in which each of the two steels were supplied

are as follows:

(1) ferrite and lamellar pearlite obtained by isothermal trans-

formation during annealing;

(2) ferrite and globular pearlite softer than the above, obtained

by additional annealing at just below the A1 critical tem-

perature:
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(3-5) sorbite 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 structures, obtained by further annealing of

the steel (hardened and tempered as above) at a temperature

just below the A1 point.

4.9 Subgroup on Statistical Analysis of Data

This Subgroup carried out two projects recently. The first was

to analyze the causes of the high variability found in the tool life

tests with high speed steel tools. When completed the statistical

analysis showed that the observed variability in tool life in these

tests was not due to the tool material nor the heat treatment. it

was found instead that the variability was duo mainl to effects

introduced during the sharpening of the tools and to differencea in

the.heat treatment .of the individual tools arising Irom differences

in the positions of the tool bits in the salt bath during heat treat-

mont.

The second project involved the statistical planning of the tool

life tests to be made with the carbide and high speed steel tools on

the new steels. This resulted in a plan for selectior of speeds,

feeds, and the times at which wear measurements are taken that will

provide a built in correlation between the experiments 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 tool 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 on this subject

should be established. The proposed standard has as its objective

..the providing of standard conditions and procedures for conducting

cutting tests with single point tools so that:

a. Results obtained in all laboratories can bo compared

directljy

b. Scatter of the test results will be kept to a minimwu.

It therefore spells out a standard work material, standard cutting

tool materials, standard tool geomtries. standard cutting fluids,

standard cutting conditions, and standard criteria for the end point

of tool life. in addition, it describes a procedure to be followed

in running tool life tests. The recommended standard tool geometry

is shown in Table 1 •herewith, the recommended standard cutting

conditions are shown in Table 2, and the recommended-standard
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criteria for end point of tool life are shown in Table 3.

Meanwhile, the Swedish Institute for Production Engineering

Research, working in cooperation with Swedish manufacturing industry

and Swedish cutting tool manufacturers, has developed a "bank" of

highly standardized carbide and high speed steels. These are now

available for purchase throughout the world 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. Standardization 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 and standard methods for

gtatistical analysis of machining data and statistical design of

metal cutting tests.

4.11 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

Research. 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 Cutting Co-

operative Research. Six 'laboratories participated, two in the U.S.A.

and one 'each in Japan, West Germany, Belgium, and France. These lab-

oratories made measurements on density, modulus elasticity, and hard-

ness of the two wheels, as well 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

this approach. Analysis of the results showed that rather poor agree-

ment between the different laboratories resulted, demonstrating the

need for establishing standard conditions for carrying out cooperative

research in grinding. The Subgroup is now proceeding to develop a

net 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 laboratories which used relax-

ation type (RC) power supplies, which do not provide independent con-

trol of the amplitude and duration of the current pulses, were not

able to get comparable reproducible results between laboratories.
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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 Netherlandi

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

description 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

per 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
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between different laboratories 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.

5. JEW 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 CMCD but will be world-wide.

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

statements attached as Appendix VI.



TABLE I

STANDARD ANGLES FOR THE TOOL IN HAND (TOOL ANGLES)

Cutting Normal Normal Cutting Cutting Included Nose
tool rake clearance edge edge angle radius

material inclination angle

n n K

High
Speed 12 5 0 75 90
steel 15 8 0 75 90 . 0

20 8 0 75 90 N Z0

±1niered
Carbide +6 5 0 75 90

-5 5 -5 75 90

eramic -5 5 -5 75 90 >

TABLE 2

STANDARD CUTTING CONDITIONS

Condition 1 Condition 2 Condition 3 Condition 4
in.per rev 0.005 0.010 0.016 0.032

reed mm per rev 0.125 0.250 0.40 0.80

Depth of cut in. 0.040+0.002 0.100+0.004 0.100+0.004 0.100+0.004
Mm 1.00 +0.05 2.50±0.0 2.50 +0.1 2.50 +0.1

"Nose radius in. 1/64 3/64 3/64 3/64
mm 0.40 1.20 1.20 1.20

(NSEr, 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

INDEXABLE INSERTS FOR CUTTING TEST

Specification

All inserts are manufactured in the following dimensions:

Length x with (square) 12.7 x 12.7 mm (I/z")

Thickness 3. 18 mrn (1/8")

Sintered carbide (indexable inserts)

The carbide inserts are specially manufactured in selected grades
representing the groups Pl0, P30 and KZ0.

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 =-50) 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'6o) 194.3-1621 K20 0.4 17

1194.3-1623 PiO 1.2 17
194.3-46Z3 P30 1.2 17
194. 3-1623 K20 1.2 17

The carbido inserts specified above are recommended in our Cutting test.
The carbide inserts specified below are intended for tests where nose radius
0. 8 mn are better than 0. 4 and A. 2 mm,

Negative 1 4. 1-1622 P0 0.8 15
rake atwtle 194.1-t622 P30 0.8 15

Postiv,, tQ4.3-1622 PtO 0.8 17
rake angle 194.3-162Z P30 0.8 0

_!igi1 .Speed ISte inserts)d

The JSS insort~s will be ,nanufacturet in a modified version of a standard
148S (date of delivering is not yet settled).

Tv .w l)esignation Nose radius r
.. . .____ ___ _ , .. .. .. . . m iT ,_ . ...._ ,,_ ...... ..

Positive tISS4. 3-162i 0.4

rake angle. HSS4.3-1623 1.2

The inserts may be purchased from the distributor Sveriges Mokanfdrbund.
Artillerigatan 34, Stockholm 0, Sweden.



TABLE 5A

C.I.R.P.- O.E.C.D.

ITEATIONAL INSTITUTION OF PROMOTION EMIERI=M RESEARCH
Working Group E.

Table of results of cooperative tests on Electro Discharge Machiniag.

Workpiece I 56NiCrMoV7

Electrode s Copper

Institute
symbol T.H. T Philips

___~__1 %teb'p Delft Aachen -1-

pulse energy A 12.6 10 11.25 11

verage pulse if A 22.8 22 16.7 17.6
ourrent ,

average pulse u V 22.0 23 27 24
voltage f- - - -

avezage IA 4.1
current f

average U V 7.4
voltage f

pulse time t i on 25 26 25 25

period tim t JAB 125 125 108 71

duty cycle tilt % 20 21 23 35

ilt. removl VW mm3/s 0.22 0.30 0.21' 0.47per seond

electrode wear y =3/8 0408! 0.10, 0,12 0AU

pe , second E o.0 . 2relative % 05 $ 50 4*
electrode wear A0. I454 1.
mat. removal .6 3
per V.1144 VW 10m 301 7 26 3

electrode wear V 6I -6"3 12.8 14.6 4.2
per Vilse 1.5

f~ kiz 8 8; 9.1 13.9
effetive r kfm 740 74 802
pulse freq. 7
relative fr*9  % 92 99 90
eoffective freji /P

polarity of.1 electrode + + 4 +

_______J . 5.2 5 5.9 5CI1

mm . date , A' mawo 2"7th 1967*



TABLE 5B

C.oI.R.P.- O.E.C.D.,

PTUTIAL IMN8TTION 0' PRQI13MOO EMINXG MMEACH

Working Group E*

Table of rewlta of cooperative tests onflectro Discharge Machining.

VeOkp1eo I 56NiCAoV7

Electrode i Copper
Institute

symbol unit Phipsy__ol_____ 'teb' Aaohen

pulse energy A f mi 110 .110 98

average pulse A 23.6 23.3 23curent ---
e =n i A 23612* 3

average pulse u V 23.3 26 22
voltage f - - - --

aver e I A 11.0
currenat

average V 13--
voltage .

pulse time t 1  A 200 200 190

period time tp Ps 400 380 232

duty cycle t1/tP 50 53 8

mat. removal0,69 5 10

electrode wear3.
per oeeon vE / 0.17 0.29 0.96relative

electrode wear V A 1% 2.3 2.95 0.9

per pulse VE l0"m 2.3 9 12
- - -O - L-- - -

electrode wesa 6,. 6.36 S.. 2.1

pulse g g klH 2.5 2.6 44
frequency j

effective £= 2.3 2.28

pulse freq. - -

relative 
94.0 8

efrective freq,_'  'P 9.
polarity of + +

electrode
roughness

CItR e 2t1

date I Jain , 27t 1967



COIOR.P* TABLE 5C

33TRTIO&L INSTITUTION OF PRODUCTION IM ~IG RUEARCH

Working Gr~oup Be

1UO!0,3OBION QUT '' 3 USE.

su *

GMzete' :- AEG T0'46 (twaitor)
2.rwusysten I Diital, stepping ustoz'.
Disc~rge counting -s Cur nt-dvoltase logic# followed by a bistablIa

Aultivibrator and aying-cooil indicator*.

Cumat masuremnt a Coaxial resistorg 1.0., time contant 2"em

Gen.?aters Square-mave gazertor with delay-Ling
not comeoia1l.y available*

Sorwo system t Kleotzro-Mechanioalo

TwB. EINDHOVEN

Membia t lassovis YE 38
Gew~tz a mister-pulse pontoz', nt oeomime

SOM, system aD*O.eotor# contolled 1w a oosbini iitalaslog

Disharge counting a Curzt-vel~ag logic followed by & ouate.
ownst fsaUeet a Flat rialstor, 70 aA, tiuS constant t as*

9ebme & Sparoatz~n JC 262
Qma~~atr a 5paotxon SM BOA, with wo notosh ia

available polse pasntere

Ser". system 0 V4rMeUlo*
Discharge counting a Caant.voltqge logio, tfalowd by a. oeuatae.
Omat srnaaC~at trnsfao .

N~biue a Oharele XUers DIS
~r~te a~ Owellss isopuls P?2

Dischargs counting a 31stited f"M silsa
ftnet Isa t a Coxia resdster, 46 )

4ary 26th 1961.
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CRATER WEAR

Work DepthZMaterial:C 45 N (AISI 1045) of cut: 3 mm
Melt: V (spec. deox. Feed: S 2025lMM/rev

voQ& e vac
Tool M~ter4.al: Carbide P10
Cutting speed: v-2c"m/min

v V Trondheim
0O* Cincinnati

150' 0 D Aachen
A A Delt

PM d' Paris

*120- ~

$4

90-

30.



APPENDIX I

LIST OF PARTICIPANTS

Cooperative International Research Program
of

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

Australia

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 C.ollins Street
Melbourne C~l. - Victoria

Austria

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



List of ParticiPants (continued)

Belgium

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

Professeur J. Peters
Institut de Mecanique
Parc d'Arenberg
Hverlee-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

Prance

Monsieur M. Bassiere
Centre Technique des Industries Mecaniques (CETIM)
4 rue Gambetta
93 - Saint-Ouen

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

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



List ot Participants (continued)

France (continued)

Monsieur J. Pmeny
Directeur Scientifique Honoraire de la
Regie Nationale des Usines Renault
8 Avenue Emile Zola
92 - Billancourt

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

Germany

Professor Dr.-Ing. Dr. b.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
Direktor des Instituts fur Werkzeugmaschinen und
,ertigungstechnik
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. Timnms
Ministry of Technology
Milibank Tower
London W.

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. 0. Box 4910

Italy

Professor Ing. C. Carro-Cao
Direttore Istituto Tecnologica
Meccanica della Universita
via Diotisalvi
Pisa

Professor G. F. Micheletti
Institute di Teanologia Meccanica, Politecnica
Corso Duca degli Abruzzi 24
Torino

Dr. Ing. Mi. Pesante
Head of the Research and Development
Central Laboratory RIV-SKE
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
Hongo 3-chome, 3-1
Bunkyo-ku
Tokyo

Dr. Hidehiko Takeyama
Chief of Metal Cutting Section
Metal Working Division
The Government Mechanical Laboratory
4-chome, Igusa, Suginami-ku
Tokyo

Jugoslavia

Professor J. Peklenik
Department of Mechanical Engineering
The University
Edgbaston-Birmingham 15
Gr'at-Britain

Professor Dipl. Ing. V. Solaja
Institute for Machine Tools and Tooling
Beograd
27 marta 80



Netherlands

Professor Ir. A. J. Pekeiharing
Laboratorium voor Werkplaatstechniek
Technische Hogeschool
Leeghwaterstraat 3
Del ft

Ir. J. L. Renimerswaal
Centrum voor Metaalbewerking T.N.O.
Mijnbouwstraat 16a
Postbus 52
Delft

Ir. B. L. Ten Horn
Ingenieur en Chef aux Ateliers Mecaniques Generaux
N.V. Philips' Gloeilampenfabrieken
Eindhoven

Professor Dr. P. C. Veenstra
Laboratorium voor Werkplaatstechniek
Technieche Hogeschool
E indhoven

Norway

Professor S. P. Andersen
Norges Teknishe Hogskole
Trondheim11

Poland

Professor D~r. J. Kaczinarek
Technical University in Krakow
Instytut Obrobki Skrawaniam
(The rnstitute of Metal Cutting)
Krakow

Sw'eden

Professor 0. Svahn
* Chalmers Tekniska Hogskola

Sven Hultinsgata
Goteborg S



Lis o F i i n s con inuea

Switzerland

Monsieur le Professeur E. Matthias
Ecole Polytechnique Federale8006 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
Etcheverry 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
Scharikopodschipnikowskaj a 4



APPENDIX II

00 0#ORGANISATION FOR ECONOMIC

CO-OPERATION AND DEVELOPMENT

INTERNATIONAL COOPERATION
IN SCIENTIFIC RESEARCH

seminar
on

META CUTTING RESEARCH

on Ist and 2nd September, 1966
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SEMINAR ON METAL CUTTING RESEARCH

Results and future programmes,
merits end difficulties of International cooperation

in the field of getal Cutting Research

Organised by the

ORGANISATION OF ECONOMIC
COOPERATION AND DEVELOPMENT

Chairman

Professor Df.-Ing. Dr.h.. H. OPITZ

Director of the La/hrofy for Mac ine Tools
and Industrial Economics

at the Technlsche Hochscto, Aachen, Gemany

Chairman of the OECD Group of Experts
an Metal Cutting Rmeac,



Thursday, 1 September 1966

1. SESSION 9:30 to 12:30 hrs.

Conference Room C at OECD

chalman of the Session
Professor F. Koenigsberger, Manchester U.K.

Welcome to the Seminar

OECD Directorate for Scientific Affairs

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

Presentation end Discussion of the Following Papers

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

R. Weill, Ing~ieur Militair. en Chef,
Laboratoire Central do IArmement, kcueil, France

2. Studies of Machined Surfaces

M.C. Show, Professor at the Carnegie Institute
of Technology
Pittsburgh, Pa., US.A.

3. Mechanics of Cutting and Cutting Forces

F. Eugine Ilnpdnieur Militaire en Chef,
LaboratoIre Central de IAument, Arcueil, France

4. Behoviour of High Speed Steel Tools
E. Bodart, Ptofeuso at the University of Liege
Lige, Belgium

4



Thursday, 1 September 1966

2. SESSION 15:00 to 18:0 hrs.

Conference Room C at OECD

Cheirmm of the Sesslen

Mr. F. Eugine, Paris, France

Pieseatoe W Discusslen ef the Fellewle. Parers

5. Behaviour of Carbide Tools
H. Opits, Professo at the T.chnische Hochschule
Aachen, Gemany

6. Metallurgical Properties of $%*ies

M.J. Pomsy, Honorory Scientific Director
Usime Renaut, Boulogree'Billocwe, France

7. Plasticity of Steel Subjected to Cutting Strses
0. Svohn, Poksm at the Cha e Tknlska
H;tskula
08teg Sweden

8. Cutlug Tem.pototur

M. Pew0te, C4t11 Spenre awt#d Jol C.N.R.
Twiao, Italy



Friday, 2 September 1966

3. SESSION 9:30 to 12:30 hrs.

Conference Room C at OECD

Chairman of the Session

Professor M. C. Show, Pittsburgh, Pa., USA

Presentotlon end Discussion of the Following Papers

9. Statistical Programming
H. Opitx, Professor at the Technische Hochschuie
Aachen, Gemoany

10, Unification of Test Method-
R. Weill, Inginiour Militaire en ChW,
Lobomtoir. Central de I'Armment. Arcusil, France

1.. Modern Manufacturing Trends, Nelds and Optimixotion
Tochn gy and Their lmplicallons for Metal Cutting
Research

E. Merchant, Diroector of Physicei Research
The Clcinnoti Milling Machine Company
Cincnaot#4 Ohio, U S A

6



Friday, 2 September 1966

4. SESSION 15:00 to 18:00 hrs.

Conference Room C at OECD

Chairman of the Session

* Professor H. Opitz, Aachen, Germany

Discussion of Future Developments
antd Research Activities

Policy Statement of the Chairman

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

Discussion of Future Trends on Metal Cutting Research.

Risumi and Conclusions of the Seminar

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

7



Participation

The Seminar will be attehded by

- Members of the OECD Group "Metal Cutting"

- Members of the CIRP Group "Metal Cutting"
- Chairmen and Technical Secretaries of OECD Research

Groups concerned with Mechanical Engineering
- Representatives of Governments, of Industry and of Engi-

nearing Associations designated by National Delegations
to OECD

- Scientists and Engineers invited 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
presented.
Written contributions submitted to the OECD Secretariat at the
latest one month before the Seminar will be duplicated for
distribution at the beginning of the first session.

8



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
atosible after the Seminar free of charge.

hi addition, a summary report of the proceedings will be
Oub11hoJ Ii technical magazines of various 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 Arangements

It Is left to participants to book their hotel reservations and
to orronge for their travels.

9



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

1. Progress report on the standard dynamometer

2. Final drawing up of the program of cutting tests

on Ni-Cr and Cr-Mo steels

3. Meaaurement of cutting temperatures

4. Quick-stop tests in cutting

5. Distribution of tasks



ORGANISA.ION FOR ECONOmIC RESTRICTED
.O-OP.RATI0N ARD DEVELOPET 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

Uommittee for Research
Co-operation and Heads of
National Delegations7.

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 held 91, Bd Ebcelmans,Paris 16e

on 25th January,1967 at 30 a.n. and # p.m.

Draft Agenda

1. Opening of the meeting by a representative

of the Directorate for Scientific Affairs.

2. Approval of the draft agonda. DAS/CSI/66358

3. Approval of the minutes of the 8th meeting
of the plenary group. DAS/061/6. 7

4. Results of the Seminar on Metal Cutting
huld on 1st and 2nd September 1966 in Paris(M.Weill).

5. Preparation of the second stage of coopera-
tive tests (Mr. Weill).

6. Results of the tests on specially deoxydised
steels (Prof.Opitt).

E.G;15 /""



DA8/0SI/66.358 - 2 -

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

8. Standard dynamometer (Mr. Eugane).

9. Tests of stage 2

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

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

- Sub-Group "Behaviour of carbide tools"(Vrof.Opitz).
- Sub-Group "Behaviour of high speed steel

tools" (Prof .Bodart).
- Other sub-groups.

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

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

12. Statement by the O.E.O.D. Secretariat on the
indapendance of the working group.
Discussions and decisions concerning future
cooperation.

13. Other business.



SEMINAR~ ON METAL CUTTING

SEVIN11'AIP21 SUR LA COUPE DES METAUX

LxzriL of Participants (1st September.1966)

Lirl:o des Partiolpanits (lbr Septembre, 1 96)



2

AUSTRALIA - A1ISTRALIE

Mr. C.A. GLADMAN,
Division of Applied PhySies,
Nlational Standar'ds Laboratory,,
University Grounds,
City Road,
Chippendale,
New South. Waler4.

AITST1IA -AUTRICHE

Gebrtlder I'oeh!ler und Co. A.G.
Kapfeniberg'Styrie.

'M L' IUM -11L12~

Prof. E. 'IODART
Universitd de Li~ge,
LibCe.

M . OZAPLICKI,
!niversitd do Li&5e,
Li~ga,

Ml. GJRAPFI
1W'brique Nationale d'Arraos do Guorro S.A.
Herstal-Lez.Libeo,

14. F. OTAMAHO
Fabrique N4ationale d'Armes do Guerre S.A.

* Uorstal-Lez-Libgo.

M. R.V. SALKINO
Iiiadnieur Chef de Ddpa'ternent,
Cei'tre Hati onale dA M t4tallurgiquesp

t.SIr4ONET9
v 'Iversir-d do Libge,
IUige.



CAITADA -CANADA

Dr. S. Jo. HAYES,
Dept. of' Mines & TechioaI Surveys*
Ottawa,
Ontario.

* Prof. W.B. RICE,
Dept, of Mechp.nioal Migineerings
Queen's U niversity,0
Kingston.
Ont ario.

i", ANCE - FRANCE

Ceiitre rieohlnique des Industries Mdcaniquess
4 rue (Gam'betta,
St. Out1:11

14. C1-AM1)ETIER,

15 ','d, irneau,,
Neuilly sur Sei;ko.

Ins, Milil-.iro en.aohef EUMNEE,
Laboratoire Central de 1 Armemerit,
Vort do Montrougeo
94I Arceui,

Laboratoire Central Shell-flerre*
62 rue Eriiest Henan,
Nanuerve.

M. Hl. LAIJHE11-
Ingdnieur & 1; Soe01t0 Rateaup
14 rue flateau,
La courneuve (Seiae)

14. MATHlON 1,
Direction des flecheroheso
fidgie Nationale des Ueinea Renault,
8 Ave. Emile Zola,
*1oulogno-Hillaxicourt.

Chief de Service h 1'Igwtitut~ de Recherches do la
Siddrurgle V'ranga:9e0

1315 rue du 1Prdaident Roosevelt,
ic. Cerntain en Liaye 73.



FRANCE (Contnud

M. 11 iigdnieur en Chef PELLE11AY,-
Directionl des Iadustries 1,4caniqlUess
Electriques et Electroniques
(Service des tnachifes-outils)

23 ave, Franklin Roosevelt,
Paris 86me.

Directeur Scientif'iquo Ilonoraire,
R6zlie Nationale des usifles Renault,
8 ave. Emile 7,olas
1'uon-ilaout

11, le Professeur SALOMON*
28 rue des Rdnaudes,
Paris 176me.

1. J. USOLAT,
CoaItr~le des Fabrications#,
S.N.Cd..
100 ave,* do Suffrei,
Paris 15,

LTi0-M-iur Milit-aire en CheV R * WEILL,
Laboratolre Central do.1' ArmeOent#
Arceuil,

OEUMAN1Y ALLEI4ONE

Insti tut fUr Werlaactkgpft5ohilin',
Toohflische Ilochsoiule,
8 tlUnchen 2,,
riistrasse 21.

Dr. V1,C. DOHME1,
DoutBche Foshi5~mis~,
fleruiedy-Allee 40.
Baed Godesbeg,

Dr. 1,in. If. flUCK8.
Dlreictoro
Mawchlnefarbrik Prow-iop Ombfl,.
Rhoydt/Mlld,



GERMANY .( CONTI NUEDJ

Dr. L: .IP1'MANq
Lehr M~Pr Mea1haniC der

TechniBche liocliechulej
Pockelestrasse 114#
..raunschweig.S

Dr.Ing. KeFe MEYER,
Institut fUr Werkzeumasohiflef
und 'Detriebs1ehret

Technisohe Hochachule Aachenl
51 Aachen.

Prof. Dr.1ng. 1-1. OPITZ
Labor atorium fUr Werkzougmaschi nen und
Detriebslehre*

Techniso Hoohschule Aaohefl,
51 Aachen.

Prof. Dr. PAHLITZSCH,
Toc'iisohe Hoohnoliule
In-maitut fUr WerkzeugVuo~hilef und

LanI~er Kamnp 19.,
nraunaohweig,

Institut fCtr Werkzougmas88hinexi urid Detriebswi3ssen-
Schaf tot.,

Teolinischo lochschulo,
10.00 MUnchen 2,
Araisstrasse 21,

Friedrich Krupp WIDIA iVabrik
MUnchenorstrass3o 125,

Prof* Dr. SPUflm
Technische Univerai ttIt Torlin,
1!artdonborgtraSO 314,

INDIA - IDE

Acwiustant Profossor#
I.4dian Institute of' Technology,
Naadroas 36.



ISRAEL - ISRAEL

Dr. A. T3ER,
Dept. of Mechanical Eng~ineering,
Technion -. Israel Institute of Technology,
I'AIFA

ProfDr, E, LENZ,
Dept. of Mechanical Engineering,
Technion -Israel Institute of Technology,
H{AIFA.

ITALY -ITALIE

Dott.Ing. Bruno DARTALUCCI,
Istituto di Teanologia Mecoanica,

Universita di Pisa.

Prof. (1. CARiRO"CAO,
Istituto di. TeonoloGia Moooanioa,
Univorsita di Pisa.

Dr. Ing, F. GIUSTIs
Istitutrct di. Teanol1tia M4ocoanica,,
Universita di Pisa.
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Independance of O.E.C.D. Group of Experts

on Metal Cutting

le O.E.C.D. Policy

Recent O.E.O.D. policy is directed towards promoting scientific
resear ch by establishing research groups and providing them with
secretariat help on a short term basis, and to let the projects
operate independently as soon as the continuation of their resear'c
activities can be assured outside of O.E.C.D. The active supporz
of O..O.D for any research group is now limited to two years.

2. Secretariat of Group "C". to CIRP

The group on Metal Cutting (Group"C") has been operating
successfully under the Aegis of O.E.O.D. since 1960 and has com-
pleted t'Le first phase of its programme in 1966.

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

The CIRP stressed its f;cilities to handie three languages

(English, French and German).

3. O.E.C.D. Aegis
Although the 0IRP would assume the secretariat responsibilii

on behalf of the O.E.O.D., the Group's activities would still
remain under O.E.O.D. aegis. This means that the Group continues
to submit periodically to the ORC summarized progress reports
and the work programmes and that it meets at the O.E.O.D. for
the necessary discussions.
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4. Participatinn in Research

Recognizing the different structures of CIRP and OECD, no

limitati~n 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.
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CONCLUSIONS

Group of Exparts on Metal Cutting has taken note of the OECD

statement (pronounced by Mr. Hausen) 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 cooperativ9
programme.

The group of Experts stresses that these recommendations conform

with the OECD statement.


