INTERNATIONAL ISO
STANDARD 3685

Second edition
1993-11-15

Tool-life testing with single-point turning
tools

Essais de durée de vie des-outils de tournage a partie active Unique

— Reference number
ISO 3685:1993(E)


https://standardsiso.com/api/?name=d84c05d8978615b85655fbc9a5446e14

ISO 3685:1993(E)

Contents
Page
T S0P it 1
2 Normative referenCes ......cccoccevveviiiioieieiceeeceeee e 1
3 DefiNItioNS oot 2
4 WOTKDIECE oo 2
4.1 Work material oo, 2
4.2 Standard conditions for the workpiece — ..coovvieiiiieeeeee 2
B T00IS [ 3
5.1 Tool materials oo 3
5.2 T0Ol gEPMELIY oo 3
5.3 Standarf conditions for the tool ... 5
6 Cutting flHid e 8
7 Cutting cpnditions oo 8
7.1 Standarf cutting conditions ..o e @ 8
7.2 Other clitting conditions  ..oceeevevieveieieieee e 9
7.3 Cutting[speed oo S e 9
8 Tool-life griteria and tool wear measurements  ...........cooeeenn. 9
8.1 INtrodUGION oo e et 9
8.2 Toollifgcriteria oo 9
8.3 Tool wdar measurements™  .....cccoeeeveeeieeee e 13
9 EQUIDMEMt e e 13
9.1 Maching t00I5o0 i 13
9.2 Other eQUIPMENT oo eveeeeseneas 13
10 Tool-life test procedure ..o 14
11 Recording and reporting results — .....oooiieiiiiee 15
11,1 ToOHiIfe teStS i 15
© ISO 1993

All rights reserved. No part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without per-
mission in writing from the publisher.

International Organization for Standardization
Case Postale 56 ¢ CH-1211 Genéve 20 * Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=d84c05d8978615b85655fbc9a5446e14

11.2 Data sheets and diagrams

11.3 Evaluation of tool-life data

ISO 3685:1993(E)

Annexes

A General information ..o
B Reference work materials  .....ooooiiiiiiiiiee
€—Footwearand-toottife—criterie————————————————————
D Datasheets .o L
E Preliminary tool-life test ..o @
F Evaluation of tool-life data  ....ccveeiiie i
G Chip characteristics  ..oovvieeeee o et
H Bibliography .ol



https://standardsiso.com/api/?name=d84c05d8978615b85655fbc9a5446e14

ISO 3685:1993(E)

Foreword

federation of pational standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a techrfical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-goverpmental, in liaison with 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

ISO (the Inteinational Organization for Standardization) is a worldwide

Draft Internatipnal Standards adopted by the technical committees are
circulated to tHe member bodies for voting. Publication as an International
Standard requifes approval by at least 75 % of the member bodies cating
a vote.

International Standard ISO 3685 was prepared by Technical Committee
ISO/TC 29, Small tools.

This second| edition cancels and replaces thé) first edition
(ISO 3685:197f7), of which it constitutes a technical revision.

Annexes A, B,|C, D, E, F and G form an integral part of this International
Standard. Anngx H is for information only.
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Introduction

The adoption by both industry and testing bodies of thecrecon

nmendations

contained in ISO 3685:1977 created a demand for the ‘plblication of simi-

lar recommendations for other commonly used cutting proce

Tool-life testing in miling is covered fin~ SO 8688-
ISO 8688-2:1989. During the final stages of their preparatior
ognized that there was a need to update the recomme
single-point turning tools.

This International Standard contains recommendations whi
cable in both laboratories and~manufacturing units. These]
dations are intended to unify procedures in order to increase
comparability of test results'When making comparisons of {
work materials, cutting parameters or cutting fluids. In orde
close as possible to thése aims, recommended reference
conditions are included and should be used as far as is pract

In addition, the.recommendations can be used to assist in
ommended cutting data or to determine limiting factors an
characteristics” such as cutting forces, machined surface ch
chip form(etc. For these purposes in particular, certain parani
have een given recommended values, may have to be used

The.test conditions recommended in this International Standa
designed for turning tests using steel and cast iron workpiec
microstructure, with solid high-speed steel tools or tools wi
carbide or ceramic indexable inserts. However, with suit
cations, this International Standard can be applied, for examp
tests on other work materials or with cutting tools develope
applications.

The specified accuracy given in the recommendations shq
sidered as a minimum requirement. Any deviation from the
dations should be indicated in detail in the test report.

BSes.

1:1989 and
, it was rec-
ndations for

ch are appli-
recommen-
reliability and
utting tools,
to come as
naterials and
cal.

finding rec-
d machining
aracteristics,
eters, which
as variables.

rd have been
es of normal
th cemented
able modifi-
e, to turning
i for specific

uld be con-
recommen-
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INTERNATIONAL STANDARD

ISO 3685:1993(E)

Tool-li

fe testing with single-point turning tools

1 Scop

This International Standard specifies recommended
procedures |for tool-life testing with high-speed steel,
cemented tarbide and ceramic single-point turning
tools used for turning steel and cast iron workpieces.
It can be applied in laboratory testing as well as in

production

In turning,

ractice.

utting conditions may be considered un-

der two catpgories:

a) conditions as a result of which tool deterioration is

due pregq

ominantly to wear;

b) conditiops under which tool deterioration is due

mainly t
or plasti

This Interng
recommend
nantly in togq

Testing for
is to be sub

b other phenomena such as edge fracture
deformation.

tional Standard is solely concerried with
ations for testing which results’ predomi-
| wear.

the second category of ‘conditions above
ject to further study.,

This Interndtional Standard establishes specifications

for the fol
single-point

owing factorst of tool-life testing with
turning tools: “workpiece, tools, cutting

fluid, cuttin

recording,

j conditions, equipment, assessment of

aluation and presentation of results.

tool deteriO{tion anditool life, test procedures and the

Further gengralinformation is given in annex A

based on this International Standard are
to investigate the possibility. @fyapplying

i+ +arard
cent editions of the statidards

Members of IEC and ISO ‘maintain reg
rently valid International-Standards.

ISO 185:1988, Gréy cast iron — Classifid
ISO 229:1973,/Machine tools — Speeds
ISO 468:1982, Surface roughness —

encouraged
the most re-

indidatad halaw
nivivyailcou

OeioOW.

sters of cur-

ation.
and feeds.

Parameters,

theircvalues and general rules for specifying require-

ments.

ISO 513:1991, Application of hard cutt
for machining by chip removal — Desig
main groups of chip removal and
application.

ISO 683-1:1987, Heat-treatable steels,

ng materials
nation of the
groups of

alloy steels

and free-cutting steels — Part 1: Dirgct-hardening

unalloyed and low-alloyed wrought steq
different black products.

ISO 841:1974, Numerical control of mac
and motion nomenclature.

b/ in form of

hines — Axis

ISO 883:1985, Indexable hardmetal (canbide) inserts

with rounded corners, without fixing ho
sions.

ISO 1940-1:1986, Mechanical vibration

e — Dimen-

— Balance

quality requirements of rigid rotors — H

art 1: Deter-

mination of permissible residual unbalance.

NOTE 1  This International Standard does not constitute
an acceptance test and should not be used as such.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements

ISO 2540:1973, Centre drills for centre holes with
protecting chamfer — Type B.

ISO 3002-1:1982, Basic quantities in cutting and
grinding — Part 1: Geometry of the active part of
cutting tools — General terms, reference systems,
tool and working angles, chip breakers.

ISO 4957:1980, Tool! steels.

ISO 5610:1989, Single-point tool holders for turning
and copying, for indexable inserts — Dimensions.
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ISO 9361-1:1991, Indexable inserts for cutting tools
— Ceramic inserts with rounded corners — Part 1:
Dimensions of inserts without fixing hole.

ISO 9361-2:1991, Indexable inserts for cutting tools

— Ceramic inserts with rounded corners — Part 2:
Dimensions of inserts with cylindrical fixing hole.

3 Definitions

4.2 Standard conditions for the workpiece

All mill scale or casting skin shall be removed by
clean-up cuts before testing, except when the effect
of the scale is being tested.

The plastic formed surface of the shoulder, i.e. “the
transient surface”, and any other burnished or abnor-
mally work-hardened surface on the workpiece which
can come in contact with the test tool shall be re-
moved with a sharp clean-up tool pnor to testing in
order to ¢ e residual

For the purpgses of this International Standard, the
following defipitions apply.

3.1 tool wear: The change of shape of the tool from
its original shape, during cutting, resulting from the
gradual loss of tool material or deformation.

3.2 tool wepr measure: A dimension to be meas-
ured to indicafe the amount of tool wear.

3.3 tool-life| criterion: A predetermined threshold
value of a tod wear measure or the occurrence of a
phenomenon.

3.4 tool life} The cutting time required to reach a
toollife criteripn.

4 Workpiece

4.1 Work material

In principle, testing bodies are free to select the work

materials accd
in order to in
tween testing
materials, steq
cast iron grag

recommended.
terials are giy

cations, mater

rding to their own interests. However,

trease the comparability of results be-

bodies, the use ¢fonhe of the reference
I C 45 in accordance with 1ISO 683-1 or
e 25 in aecordance with ISO 185, is
Detailed “specifications of these ma-
en in <annex B. Within these specifi-
als may vary with a resulting effect on

machinability Tominimize such problems the pro-

b

sub-surface deformations due to the previous test.
However, this does not include removal of the
normally work-hardened surface on“the telst bar pro-
duced by the previous passes of the tool.

The length/diameter ratio of ‘the workpiede shall be
not more than the minimum ratio at which chatter
occurs. The test shall.b& stopped when thatter oc-
curs. A length/diameter ratio greater than 10 is not
recommended.

The hardness)of the work material shall| be deter-
mined overthe complete cross-section of pne end of
each testbar or tube.

Where ‘hardness variations are expected tq be signifi-
cant, measurements shall be taken to asdertain that
values fall within the prescribed limits.

The locations of measurement points and the method
of measurement should be noted in the test report.
It is recommended that the deviation within[ one batch
of material be as small as possible. A realistic hard-
ness value for the reference materials gnd similar
materials is + 5 % of the mean value.

The cutting test shall be conducted only in| the range
of diameters where the hardness lies within the limits
given by the original hardness specification

Quantitative metallography (as regards micro-
structure, grain size, inclusion count, etc.) of the work
material is recommended but when this is |not practi-
cal, photomicrographs shall be included in the test
report. The magnification shall be in the rapge x 100
to x 500

1} | b Jdal
vision of a cldserspeeified—work—rnaterialshouldbe

discussed with the supplier.

It is recommended that information concerning the
work material such as grade, chemical composition,
physical properties, microstructure, hardness, com-
plete details of the processing route of the work ma-
terial (e.g. hot rolled, forged, cast or cold drawn) and
any heat treatment be given in the test report (see 4.2
and annex B).

In order to be able to compare results over reasonably
long periods of time, it is recommended that testing
bodies procure sufficiently large quantities of refer-
ence work material to cover their long term needs.

In machining tests carried out on production com-
ponents, the fixing devices normally employed in the
process shall be utilized.

The chuck and the spindle shall be stable and well
balanced (for a method of evaluating the balance, see
ISO 1940-1). When fixing the workpiece between a
chuck or a faceplate and a centre, special care shall
be taken to prevent any bending loads on the
workpiece.

For diameters above 90 mm, the use of a faceplate is
recommended.
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ek s

A centre hole of 6,3 mm diameter with 120° protect-
ing chamfer, in accordance with ISO 2540, is rec-
ommended.
5 Tools

In principle, testing bodies are free to select testing
tools according to their own interests. However, in
order to increase the comparability of resuits between
testing bodies, the use of one of the reference tool
shapes and tool materials, as specified hereafter, is

recommended

A2 921

ISO 3685:1993(E)

5.1.3 Ceramics

These shall be of commercially available grades and
the composition and physical properties shall be
noted in the test report in as much detail as possible.

The reference ceramics shall be

a) Al,O-based, with min. 70 % Al,0, and additions
of other hard materials such as ZrO,, titanium
carbide (TIC) or titanium nitride (TIN);

L\ (‘ kl ammn ol o .|.I_ ...:.. nNn o/ CO: Al - Aat

5.1 Tool|materials

In all cutting tests in which the tool material is not it-
self the tegt variable, the investigation shall be con-
ducted with an appropriate reference tool material to
be defined py the testing body.

In principle| testing bodies are free to select the tool
materials agcording to their own interest. However, in
order to incfease the comparability of results between
testing bodjes, the use of one of the reference ma-
terials, spegified in this subclause, is recommended.

Within thede specifications, tool materials may vary
with a resyiting effect on performance. To minimize
such problems, the provision of a closely specified
tool materidl should be discussed with the supplier to
ensure as much uniformity as is practical.

In order to the able to compare results over reasonably
long periods of time, it is recommended that testing
bodies progure sufficiently large quantities ‘of) refer-
ence tool materials to cover their long term needs.

Reference fool materials should not have any coating
or surface treatment.

If the tool material itself, coating-or surface treatment
is the test|variable then the-material classification,
physical prqperties, microstructure hardness and pro-
cessing roufte should be reported in detail.

5.1.1 High-speed-steel

The high-speéd ‘steel reference tool material should
be uncoate
alloyed (S8 and S 11) all of which conform to
ISO 4957.

5.1.2 Sintered carbide

The sintered carbide reference tool material shall be-
long to the ISO groups of application P 10 for ma-
chining steel or K10 for machining cast iron in
accordance with ISO 513.

Since carbide grades for the same group of application
can vary between producers and are unlikely to be
comparable, it is recommended to select a particular
supplier's grade as a reference grade.

= Nr-based—with——80-%—SihN—and additions

of Y203 and/or AI203

5.1.4 Other tool materials

When the tool material isithe test varigb
terial classnflcatlon and;, if possible, i
composition, hardnessyand microstruc

noted in the test report.

5.2 Tool'geometry

5.2.1_"Cutting tool geometry

The cutting tool geometry is defined if accordance
with ISO 3002-1.

Figure 1 illustrates those angles which dre necessary
to define the orientation of the cutting| edges, face
and flank of a single-point cutting tool.

5.2.2 Standard tool geometry

All cutting tests in which the tool geomdtry is not the
test variable shall be conducted using one of the tool
geometries given in table 1. In the case of sintered

carbide and ceramic tools, these sha|l be of the
clamped insert type. Brazed or adhesiye-bonded in-
sert tools shall not be used as reference| tools.

The tool shall be set on the machine corfectly. This is
accomplished by setting the corner on centre and
setting the tool shank perpendicular to the axis of ro-
tation of the workpiece. For carbide cutting tools used
or machining steel and similar alloys only, the cutting
edge shall have a radius r, such that,

if r, = 0,4 mm, then r, = 0,02 mm to 0,03 mm;

if r, > 0,4 mm, then r, = 0,03 mm to 0,05 mm.

The conditions of the cutting edge for ceramics shall
be in accordance with the magnified view in figure 1.
r, values shall be those obtained by grinding and shall
be noted in the test report.

All other cutting tools shall be used with the normally
sharp edge produced by the grinding or finishing
operations indicated in 5.3.5.
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Dimensions in millimetres

0-0

View on tool orthogenal plane (P, ) N-N

View on cutting edge normal plane { P,)

e as/
'/////';;”/4 ¥n (negative) A

P
S
' Edge roundness %

0.2

[ ; Ceram|c
o\ B | ) i ‘ Edge roundness &‘ I§
As{negative) Carbide

Corner raglius re I l

Ma jor cutting edge Pe | y .
— y —

Minor cutting
edge

Face

0 Minor flank
Feed |
Hirection
-———— View on tool cutting edge planefl P)
" |
1 |N
Major flank
Figure 1 — lllustration of tool angles
Table 1 — Standard tool angles
Anglgs in degrees
P
Cutting tool material Rake? | Clearance utling e_dge Cutting edge angle | Included angle
inclination
b a )'s Ke &
High-speed steel 25 8 0 75 90
+6 5 0 75 90
Sintered carbide
-6 6 -6 75 90
Ceramic -6 6 -6 75 90
1) The tool rake and tool clearance angles may be measured in either the cutting edge normal plane (P,) or the tool
orthogonal plane (P,). The appropriate subscript shall be added to y and « to denote the plane of measurement, i.e. y, or
Y, and a, Of o,
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5.2.3 Other tool geometries

Alloys unusually difficult to machine, such as nickel
base and refractory materials, may require a departure
from the standard tool geometry, but such a departure
shall only be made when it is impossible to employ
the standard tool geometry. In such a case or where
tool geometry is the test variable, the following infor-
mation shall be indicated in the test report:

ISO 3685:1993(E)

A
“

\.
)

a) values of the tool angles and the corresponding !
working angles (specified for the condition where
the fee opccd t3-Zero—as—shownin tabllcql;,
b) conditioh of the cutting edge: normally sharp,
rounded| to a specified radius or chamfered (the s5° Blend anal
widths and angles of any lands on the face or r=—cLend ang.s
flank).
Figure 2 — Details of rounded corner
5.3 Stangdard conditions for the tool
. practice, this requitement is met when [the corner is
5.3.1 Too) type and size on centre within +0,25 mm and the infepd of the tool
. . past a statioriany reference point produces a deviation
A straight rpughing tool shall be used. of the topsurface (parallel to the supgorting plane)
The shank ¢ross-section k, x b for tool holders, in ac- and the side surface (parallel to the plane Pp) of the
cordance wjith 1ISO 5610, shall be tool shank not in excess of + 0,4 mm der 58 mm of

25 mm

k 16 mm for solid high-speed steel tools;

25 mm % 25 mm for carbides; and

32 mm k 25 mm for ceramics.
The distange from the corner of the tool to the front
of the lathHe tool post holder (overhang). shall be
25 mm.
Sintered cafbide inserts shall be 12,7 mm square and
with a thickness of 4,76 mm for-negative rake and

3,18 mm fqg

Ceramic ins
ISO 9361-2
thickness o

r positive rake (see dS©’883).

erts, in accordance with ISO 9361-1 and
shall be 12)7“mm square and with a
f 4,76 mm.

5.3.2 Tolerances

Tolerances

forall tool angles shall be + 0,5° (30%) for

infeed motion (see figure 3).

The tolerances of sintered carbide and ce
shall correspond to ISO 1832 class G, e
cated above.

5.3.3 Tool finish

The roughness, R,, of the face and flan

ramic inserts
kKcept as indi-

k of the tool

shall not exceed 0,25 pm (measured im accordance

with [SO 468).

The deviation from flatness of the supp
an insert, except in the immediate Vv
edges, shall not exceed 0,004 mm.

The cutting edge on high-speed steel to
neither burrs nor feather edge. These
moved by careful light honing of the {3
surfaces of the tool.

brting face of
icinity of its

bls shall have
may be re-
ce and flank

Each cutting edge to be used in tes

ing shall be

the comple

e cutting tool.

. 3 + . g "
CAATTTTOU—dadtra TTmmTianT T Tiiayr mmeativlT

of x 10 for

The angle between a tangent to the rounded corner
and the major or minor cutting edges at the point
where these blend shall not be greater than 5° (see
figure 2).

The tolerance for the corner radius (r)) shall be
+01xr,.

The tolerance on parallelism between the tool refer-
ence plane P, and the tool back plane P, (see
ISO 3002-1:1982, subclauses 4.1.1 and 4.1.3) and the
fixed setting axes X, and Z,, (see ISO 3002-2:1982,
subclause 2.2) of the machine tool, shall be + 0,5°. In

visual defects such as chips or cracks. These defects
shall be corrected if possible, otherwise the tool shall
not be used.

5.3.4 Tool holders for inserts

For cutting tests, tool holders shall meet the following
conditions.

The geometry shall be as indicated in table 1.

The tolerance on the angles for tool holder plus in-
serts shall be + 0,5° (30") and for the tool holder
alone + 0,2° (12)).
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Dimensions in millimetres

Y :(5 -Yn
=)
é Plane P
wn
N
5
L — b= B
-Xm . : : *Zn 1
- 0,5° {or + 0,5°) o
5
+
[
K]
— th
o
I
Baseptane
+zm
Plane P,
~Xn NS— £0.5° {or - 0,5°)

The angle for focating the indexable insert in the tool
holder shall be[as specified in figure 4.

N\

. s

° \%\ Q} -\Gb\
- 0 .b

Indexable insert

Tool holder ——_]

Figure 3 — Tolerance on‘parallelism

The faces on the tool holder or the shim gupporting
the insert shall be flat to within 0,01 mm.

The underside of the indexable insert shall rjot project
over the supporting face of the tool holdef by more
than 0,3 mm (see figure 5).

The chip breaker height and chip breaker distance and

the method of clamping the insert shall bg noted in
the test report. (See 5.3.7.)

5.3.5 Tool grinding of high-speed steel

The sequence of operations, types of grindihg wheel,
cutting data and recommended procedures should be

Figure 4 — Tolerances on squareness of insert
and tool holder location

The tool holder material shall be steel with a tensile
strength not less than 1 200 N/mm? (1 200 MPa).

The flatness of the base of the tool holder shall be
within 0,1 mm over the length and width of the tool
holder.

obtamed-fromthe grinding wheet manufacturers.

For tools having a positive rake, each subsequent
corner shall be lower than the preceding one. The
decrease in tool corner height shall not exceed
5 mm, otherwise a new rake face shall be ground at
the original height.

The cutting direction of the active periphery of the
grinding wheel should be approximately perpendicular
to the tool major cutting edge and in a direction away
from the major cutting edge across the tool surface
being ground.
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tReRsipns in millimetres

Defined point on the chip breaker

Interse

Q An
=

A
=g,
——X

(U

ction of Pgand Ap

Figure 5 — lllustration of insert overhang and chip breaker

breaker
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When using a plain grinding wheel the direction of
feed motion may be either in the same direction or
opposite to the cutting direction of the wheel relative
to the surface being ground.

There is a danger of overheating, especially when the
grinding machine does not permit a perfect control of
depth setting and feed. Overheating is usually fol-
lowed by oxidation colours but when colours are not
obvious, overheating may still influence the hardness.
Therefore, a hardness check shall be made.

After grinding, the hardness of the tool shall be

For ceramic tools, the distance Iz, may not be too
small with regard to the risk for crushing the edge.

NOTE 2 Particular attention should be paid to the fact

that the crater can be different when turning with or without
a chip breaker.

6 Cutting fluid

Cutting fluid shall be used when cutting steel
workpieces with high-speed steel tools unless the

measured on the flank or face as near as possible to
the cutting edge. The hardness shall correspond to
the previously] measured hardness of the tool ma-
terial. If this |hardness value is not obtained after
grinding, further grinding or cutting back shall be per-
formed until tHe desired hardness is achieved.

The profile of [the tool shall be restored after testing
as shown in figures 1 and 2 and table 1.

When regrinding, the tool shall be ground back at
least 2 mm bpyond the wear marks. The tool ge-
ometry has to|be maintened as specified in figures 1
and 2 and table 1. Care shall be taken to ensure that
the tool corner has not been displaced sideways.

5.3.6 Carbide, ceramic

high-speed-steeltools-are-being-tested-te-egtastrophic
failure (see 8.2.1).

When cutting steel workpieces with-carbides or cer-
amics cutting fluid normally should-not be Used.

When cutting cast iron the uselof cutting flids is not
recommended.

The cutting fluid shall ‘be’clearly specified| either by
trademark or composition of the active elements, the
actual concentration, hardness of water (When used
as a diluent) and the pH value of the splution or
emulsion.

When usifng’cutting fluid the flow should “flood” the
active jpart of the tool. The flow-rate shoyld not be
less ‘than 3 I/min or 0,1 I/min for each cybic centi-
metre per minute of metal removal rate, whichever is
the larger. The orifice diameter, flow-rate and reser-

These inserts $hall be used in the manufacturer's de-

livery condition

5.3.7 Chip by

A chip breaker|
tools unless th
or if chipbreak
breaker is pe
carbide and ce
quired when
factor.

The chip bred
indexable insef
of the chip bre

and shall not be reground.

eaker

shall not be used on high-speed-steel
e chip breaker is itself a test variable
ing is necessary. The use-of a chip
missible when testing, with sintered
Famic tools. A chip breaker is often re-
sing these tool materials as a safety

ker, if used, shall rest flat on the
t. The deviation in flatness of the face
bker in‘contact with the insert shall not

voir temperature should be noted in the test report.

7 Cutting conditions

7.1 Standard cutting conditions

For all tests in which feed, f, depth of cut, a,

or corner

radius, r,, are not the prime test variables, twe cutting
conditions shall be one or more of the combinations

listed in table 2.

exceed 0,004 fnms«

The chip brea

between the line of mtersecnon of the chip breaker
and the tool face and the straight portion of the major
cutting edge The angle gg, can be varied with differ-
ent work piece materials so that an acceptable chip
form is achieved and in order to guide the chip direc-
tion to or from the work piece, see ISO 3002-1:1982,
subclause 7.5. The chip breaker wedge angle (0p), i.e.
the angle between the active face of the chip breaker
and the tool face shall be between 55° and 60°.

The chip breaker distance Ig, shall be chosen so that
an acceptable chip form is achieved (see figure 5). The
actual chip breaker distance shall be noted in the test
report.

Table 2 — Standard cutting conditjons
Cutting condition A B Cc D
—Feed, f, eV 0,1 0,25 0,4 0,63
Depth of cut, 4, mm 1 2,5 2,5 2,5
Corner radius, r, mm 0,4 0,8 0,8 1,2

The tolerance on feed shall be 3 % (in accordance

with 1SO 229).
The tolerance on depth of cut shall be + 5 %.

The edge geometry on corner radius is defined in
5.3.2.

NOTE 3 Designations in accordance with 1SO 3002-3
have been used.
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7.2 Other cutting conditions

When it is not possible to choose one of the standard
cutting conditions, or when the feed, the depth of cut
or the corner radius is the test variable, it is rec-
ommended that only one parameter be altered at a
time and that the values chosen be at the intersection
of designated feeds and depths of cut within the tri-
angular areas shown in figure 6. The limits of the tri-
angular areas are defined in table 3.

ISO 3685:1993(E)

8 Tool-life criteria and tool wear
measurements

8.1 Introduction

In practical/workshop situations, the time at which a
tool ceases to produce workpieces of the desired size

Table 3

Minimum

depth of cut 2 times corner radius?

Maximum |depth of cut 10 times feed
Maximum|feed 0,8 times corner radius
1) A smaller depth of cut may make measurements of

tool wear 1fnore difficult and less accurate.

7.3 Cutting speed

The cutting

speed, in metres per minute (m/min), shall

be determined on the surface of the workpiece to be

cut, i.e. thq
resulting fr
Furthermor
ter the too
account an
cutting acti

At least fod
for each cu
a limitation
the materi
speeds sha
highest spe
less than 2

When mac
life may be

In order to
cutting spe
successive

work surface and NOT on the diameter
om the cut, i.e. the machined surface.
e, the cutting speed shall be measured af-
has engaged the workpiece to take into
loss of cutting speed resulting from the
bN.

r different cutting speeds shall be-chosen
ting condition, except for ceramics,/when
to three speeds is practical with regard to
| consumption. In general,\the cutting
| be chosen such that the tool life at the
ed is not less than 5 min, for ceramics not
min.

Nining expensive\materials, a shorter tool
chosen, but §hall not be less than 2 min.

obtain adequately spaced points on the
bd tool-life curve, it is recommended that
cutting speeds bear a ratio which will re-

sult in an ag

proximately double tool life. The ratios can

and surface quality usually determines the end of

tool is incapable of further cutting may
sidered as useful tool life. Howevef,/th
which tools may be considered to have
end of useful tool life will beddifferent
depending upon cutting conditions etc.

To increase reliability ahd comparison o
it is essential that teollife is defined as
ting time of the tool to reach a speci
tool-life criterion.

Dependingl.onf where at the cutting e
teriorationwoccurs different values can be

Thisnternational Standard recommends
terioration in the form of wear shall be
termining tool life.

Where more than one type of wseg
measurable, each type should be record
any one of the wear phenomena limits
tained, then the end of tool life has beer

The numerical value of tool wear used
tool life governs the quantity of testing

ant when the
also be con-
b reasons for
reached the
in each case

test results,
the total cut-
fied value of

iges the de-
accepted.

that tool de-
used for de-

ar becomes

ed and when
has been at-
reached.

to determine
materials re-

quired and the costs of testing. If the li

iting value is

too high, the cost of establishing resulty may exceed
the worth of these results. If the limiting value is too
low, the established result may be unreliable since it
may be determined during the initial stages of wear
development under the test conditions.

be chosen

from a geometrical series of preferred

numbers given in ISO 3 and/or ISO 229.

As a guideline, the following speed ratios can be

used:

high-spe

ed steel tool: 1,06

carbide tools: 1,12

ceramic:

1,25

8.2 Tool-life criteria

The type of wear that is believed to contribute most
to the end of useful tool life in a specific series of
tests shall be used as a guide to the selection of one
of the tool-life criteria specified hereafter. The type
and value of the criterion used shall be noted in the
test report. If it is not clear which type of wear will
predominate, it is possible to use either two criteria,
resulting in two vT, curves, or a mixed criterion, re-
sulting in a broken vT, curve (see figure 7).
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Figure 6 — Limits of cutting conditions
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8.2.1 Common criteria for high-speed steel tools
(see fiqure 3)

{see figure
The criteria|most commonly used for high-speed steel
tools are ag follows:

a) the maximum width of the flank wear Jand
VBg max. = 0,6 mm if the flank wear is not.fegu-
larly worn, scratched, chipped or badly grooved in
zone B;

b) the average width of the flank wear land
VBg = 0|3 mm if the flank wear land is considered
to be regularly worn in zone B;

c) catastrophic failure.

8.2.2 Common criteria for sintered carbide tools
(see figure 8)

The criteria| most commonly used for sintered carbide

Figure 7 — Broken vT, curve, combined flank and crater)wear (Logarithmic scaled)

Cutting speed v, m/min

KT =0,06+0,3f

where f is the feed expressed in millimetres per rev-
olution. For standard feeds, this leads to the values
of KT given in table 4 when KT applies ds a criterion.

Table 4 — Values of KT

Feed f, mm/rev. 0,25 0.4 0,63

Crater depth KT, mm 0,14 0,1B 0,25

d) the crater front distance reduces tpo a value of
KF = 0,02 mm (see figure 8);

e) the crater breaks through at the minor cutting
edge, causing a poor finish of the machined sur-
face.

NOTES

tools are as follows:

a) the maximum width of the flank wear land
VBg max. = 0,6 mm if the flank wear land is not
regularly worn in zone B;

b) the average width of the flank wear land
VBg = 0,3 mm, if the flank wear land is considered
to be regularly worn in zone B;

c) the depth of the crater KT given, in millimetres,
by the formula

4 It should be recognized that notch wear is normally due
to chemical action and occurs outside the area of physical
contact between tool and workpiece both along the major
cutting edge and to a lesser extent along the minor cutting
edge. In both instances notch wear affects both the face
and the flank simultaneously.

5 Notch wear, which in some cases can cause cata-
strophic failure, should be distinguished from abrasive wear
VB, which occurs along the cutting edge coincident with the
work surface. Notch wear is often caused by work harden-
ing effects in the workpiece by the previous pass of the
tool.

11
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Dimensions in millimetres

X Flank wear land
‘\ \\\\ VB¢

Plane P

| . .Crater ~ _} B ! vBg max.
A ! A ' 1 | VB
|
! LN —— l
i ° L VB
> o [ ? -
]

KF = crater front distance
KB—=-crater-width
KM= crater centre distance
KT = crater depth

(see clause C.4)

Figure 8 — Some types of wear on turning tools

12
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8.2.3 Common criteria for tools of ceramics (see

figure 8)

The criteria
follows:

a) the maximum width of the flank wear

most commonly used for ceramics are as

land

VBg max. = 0,6 mm if the flank wear land is not
regularly worn in zone B;

b) the average width of the flank wear land
VBg = 0,3 mm if the flank wear land is considered
to be regulary-worn-inzone-B- The—rachi

ISO 3685:1993(E)

9 Equipment

9.1 Machine tool

The lathe on which the test is carried out shall be of
stable design and in such good condition that no
tendencies to vibrations or abnormal deflections can
be observed under the test conditions (balance quality
grade G 6.3 in accordance with ISO 1940 is rec-
ommended).

be equipped

8.2.4 Other criteria

The criteria
turning ste

The reason
teria for sp

8.3 Tool

Particles adg
land can gi
wear land.
values of {

specified in 8.2 are usually sufficient when
Bl and cast iron.

s for the selection and choice of other cri-
ecial cases are discussed in annex C.

wear measurements

hering to the flank directly under the wear
ve the appearance of a larger width of the
Also a deposit in the crater results in lower
he crater depth. Loose material shall be

removed carefully but chemical etchants shall not be

used except at the end of the test.

For the plirpose of the wear measurements,\the
major cuttihg edge is considered to be divided into
four zones [as shown in figure 8.

Zone C is the curved part of the cutting:edge at the
tool corner

Zone B is fthe remaining straight_part of the cutting

edge betw

Zone A is t
b farthest g

Zone N ex|
between t
T mm to 4§

ben zone C and zong-A.

he quarter of the/worn cutting edge length
way from the\tool corner.

tends beyond the area of mutual contact
ne tool~and workpiece for approximately
mm along the major cutting edge. The

wear is of

with an infinitely variable speed spindléyfirive covering
the range of spindle speeds to becused.

This is particularly important id-turning in order to be
able to maintain the same eutting speed as the diam-
eter of the workpiece is réeduced by sudcessive cuts.

Furthermore, a variable”speed drive allows precise
predetermination of ‘¢Utting speeds and reduces the
time required to @btain the data for a complete tool
life curve.

9.2 Other equipment
Thevfollowing equipment is needed| for specific
meéasurements and shall be of sufficient resolution to
discriminate the tolerances specified [in this Inter-
national Standard

— a device for measuring tool geometry accurately;

— a profile projector for inspection of|the tool cor-
ners;

— a stopwatch for recording the cutting time;

— a toolmaker's microscope, or a| microscope
equipped with a filar eyepiece, for measuring flank
wear;

— a dial indicator with a contact point gpproximately
0,2 mm in diameter for measuring ciater depth;

— an X - Y table is recommended to ofjtain more ac-
curate tool wear measurements;

hotch tvne
7

The width of the flank wear land VBg shall be meas-
ured within zone B in the tool cutting edge plane Pg"
perpendicular to the major cutting edge. The width of
the flank wear land shall be measured from the pos-
ition of the original major cutting edge.

The crater depth KT shall be measured as the maxi-
mum distance between the crater bottom and the
original face in zone B.

Further details are given in annex C.

— a profile recorder if registration of the crater profile
is desired;

— hardness testing equipment for the determination
of hardness of the workpiece and the tool;

— a portable roughness measuring apparatus for
measuring workpiece roughness while the
workpiece is mounted on the lathe;

— an instrument for measuring cutting speed;

1) The tool cutting edge plane Py is the plane containing the major cutting edge and the assumed direction of primary motion.

13
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— a slide caliper for measuring workpiece diameter
and for setting the chip breaker distance;

— equipment for measuring the flow-rate of cutting
fluids (this can be done by measuring the time to
fill a barrel of known volume).

10 Tool-life test procedure

It is only possible to describe tool-life test procedure
in general terms, as conditions will vary with each
situation.

The machine shall be set to the required cutting con-
ditions. If necessary, a preliminary tool-life test as de-
scribed in annex E shall be carried out.

Tool wear measurements shall be made at suitable
intervals. All data shall be recorded on the “Wear
versus time measurements” data sheet as shown in
annex D. The readings shall be plotted on a tool wear
(ordinate) versus time (abscissa) diagram (see figures
9 and 10).

Such diagrams shall show at least _ﬁve experimental

The method tq follow is the same as that used for
good machine [tool operation, except that great care
and observatioh must be exercised and that certain
measurements|must be taken.

Most details pf the measurements and the pre-
cautions to be taken have already been covered else-
where in this International Standard.

Before starting the test, ascertain that the lathe,
workpiece and [tools fulfil all the requirements of this
International Standard. Complete the data sheet
“General conditions” (see annex D).

Tool-Llife criterion

Vel Ve2

pointsfor sachcunre—seo thax—t-he—ume—at—:fvhich the
value that is selected as the tool-life efliterion is
reached can be assessed with sufficient-acduracy.

Under no circumstances shall thevtool life |be deter-

mined by extrapolating the toolqwear versus| time dia-
gram.

Finally, the results of a‘series of tests shgll be re-
corded on the “Todl life versus cutting speed
diagram” data shegt as shown in annex D.

The evaluation of the tool-life data is dealt with in
clause 11.

Va3 Veo Ves

JS [ S

Width of flank wear Land VBg, mm

—

Cutting time £, min

L__ Approximately equal to the edge

roundness (rq in figure 1)

Figure 9 — Development of flank wear for different cutting speeds, ve1-vs (Linear scales)

14
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Figure 10 — Development of crater depth for different cutting speeds,.v v, (Linear s
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11 Recording and reporting results

11.1 Tool-life tests

11.1.1 Togol life as a function of cutting speed

Flank wear
eral cutting

versus time measurements taken at sev-
speeds will provide curves as shown in

figure 9. Cprresponding curves will be obtained ‘in

measuring
roughness,

Figure

cratering as shown in figure 10, surface
etc.

Cutting time ¢, min

If catastrophic failure is used as a critg
life, T, is plotted directly against the g

v, which will provide tool-life curves.

Plotting-the co-ordinates (v, Ty), (v,

tainedfrom figures 9 and 10 on a doul
cutting speed versus tool-life diagram (|
along both axes) will produce a vT, cu

in figures 11 and 12.

cales)

rion, the tool
utting speed,

T,), etc., ob-
le logarithmic
same module
rve as shown

(Logarithmic scales)

(Logarithmic scales)

\
Teu
Teu
Tca
T k=1g
c = £
E k=tgx € x
e © W
—g \‘ :‘0:1 I'c2
g
Ter
Ter ¢
\ \
Veo Va3 Ve2 Ver Veo V3 V2 Ve
Cutting speedv ., m/min Cutting speed v,, m/min
11 — v T, curve based on figure9 Figure 12 — v_T, curve based on figure 10
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These vT, curves may be considered linear within a
certain speed range. The equation for this linear por-

tion of the curves is written:

11.1.3 Tool-life tests at a single speed

In certain circumstances, tests at a number of cutting
speeds cannot be carried out. In such a case, the tool

1k _ PPEE ) . ¢

vexTo "=C life is expressed in minutes or alternatively as the

number of workpieces produced at a single chosen
where speed.

Ve :,]SU;(Q? cutting speed, in metres per mi- The evaluation of such tests is explained in annex F.

T is the tool life, in minutes; .

¢ 11.2 Data sheets and diagrams

k=1tg a (ap—showmimfigures—+Ht=and—12)defimes

the slope of the tool-life curve;
P 11.2.1 General
C= cqgnstant.

The values of
given in the t
nation of k and

and C in the above equation shall be
st report. Methods for the determi-
C are given in 11.3.

If the flank weal criterion is reached before that of the

crater wear or
according to fig

ice versa, a v,-T, curve may be drawn
ure 7. It should be observed that usu-

ally the v-T, cufve determined by cratering is steeper
than the curve fHetermined by flank wear.

11.1.2 Tool Iif

In production
combinations
workpieces pro
wear on a dou
figure 13. This ¢
as a v-T, diagrs

e as a function of spindle speed

t is sometimes suitable to plot the
of revolutions and number of
duced for a specific criterion of tool
ble logarithmic diagram as shown in
iagram can be used in the same way
m.

N1

No standard data sheets are specified. However,
suggested layouts are given in annex D, but these are
not suitable for computer evaluation.

Three different data shegts)are suggested:

a) "General conditions”, data sheet which ¢overs all
the basic data-for a complete series of tdsts;

b) “Wear versus time measurements” data sheet,
which ¢overs all the details of a single togf-life test;

c) "Toot life versus cutting speed diagrgm” data
sheet, for recording the results of a niimber of
tool-life tests carried out at a range gf cutting
speeds.

All information shown on the sample data sheets shall
be included in any other data sheet compiled.

N2

NOTE — Further

Number of workpieces N

N3

n

n2

Spindle speed n, rev/min

information is given in annex E.

Figure 13 — Diagram showing the number of workpieces produced as a function of spindle speed
(Logarithmic scales)

16
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11.2.2 “Wear versus time measurements” data
sheet

Information recorded in the “Remarks” column on
data sheet b) in 11.2.1 shall include the following:

a) the chipforms obtained (see annex G);
b) the progressive readings of Brinell hardness of the

workpiece as its diameter is reduced by success-
ive cuts;

ISO 3685:1993(E)

ensure that the observations obtained are really inde-
pendent of all factors other than those which are be-
ing investigated, and that the tests are carried out in
a random sequence.

The constants of the Taylor tool-life equation
ve x Ty W_ ¢

can be estimated from toollife tests either by a sim-
ple graphic method, described in 11.3.2 or by a
mathematical method, described in 11.3.3. If the lat-
ter is used, it is possible to obtain a measure for the

¢) the orifi } a and-reservei—tem
peraturg of the cutting fluid supply and fluid
pressure if possible.

11.2.3 “Tool life versus cutting speed diagram”
data sheet

The tool-lifd curve shall be plotted on standard log-log
graph papef[ with the same module in both directions
(83,33 mm|modules if possible).

The abscisda shall be the cutting speed v,, expressed
in metres per minute.

The ordinate shall be the tool life T, expressed in mi-
nutes, or tHe number of workpieces N.

The following pertinent data shall be shown in the
heading of the graph:

a) the date;
b) the work material specification;

c) the hardhess or the physical properties'of the work
material

d) the tool| material used and hardness in the case
of high-§peed steel;

e) the tool|geometry (data given in the following or-
der y,, o, s k. &, I, ¥ and chip breaker);

f) the cutting fluid;

g) the feed;

dispersion as well as for the significance and the
confidence interval limits, as descrited’jn 11.3.4 and
11.3.5.

11.3.2 Evaluation “by eye”

With evaluation “by€ye” it is possible tg estimate the
constants C and k-quickly with an accurgcy that is ac-
ceptable in many cases. However, it should be borne
in mind that¢evaluation “by eye” is not|objective, as
it is unlikely that two individuals would| arrive at ex-
actly thexsame result. Further details are¢ given in an-
nex F:

11.3.3 Evaluation by calculation

Linear regression analysis is an objectie method of
fitting a straight line through a number of obser-
vations. The line is fitted by the method of least
squares which requires that the sum ofl the squares
of the deviations between the observatipn points and
the line be minimized. The method is [described in
annex F.

11.3.4 Statistical considerations on the goodness
of fit of the v-T, curve

11.3.4.1 Dispersion

All experimental observations are corjcerned with
dispersion. One way of indicating the digpersion is by

h) the depth of cut;
i) the criterion of end point of tool life;

j) all other data pertinent to the test.

11.3° Evaluation of tool-life data

11.3.1 General

Any evaluation of tool-life test data becomes useless
if precautions are not taken during the experiment to

the determination of residual variation about the re-
gression line, which is the mean square deviation of
the observed log T, values from the value according
to the regression line. Further details are given in an-
nex F.

11.3.4.2 Significance

If the observed relation between the variables T, and
v, is not to be considered as only a result of chance,
the residual variation should be small in relation to the
total variation of the T, values due to regression. Fur-
ther calculation methods are shown in annex F.
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11.3.5 Confidence interval limits for the v T,
curve

11.3.5.1 Confidence interval limits for the
complete line

The confidence interval limits form an area around the
calculated regression line within which, if the tool-life
tests were repeated several times, a certain percent-

age of the corresponding regression lines would fall.
The method of calculation is given in annex F.

11.3.5.2 Confidence intervals for the constants g,
C and k

The confidence intervals for the coefficients a, C and
k form an interval within which the coefficients would
lie in a certain number of cases if the tests were re-
peated. The calculations are explained in annex F.
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Annex A
(normative)

General information

The objective of this International Standard is to pro-
vide standard conditions and procedures for conduct-

ing tool-life
that

— results

— dispersi
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— determi
materia

compar
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Annex B
(normative)

Reference work materials

B.1 Steel

The steel refergnce material shall be a hot-rolled medium-carbon steel of the following composition carre sponding
to steel C 45 Ef, in conformance with ISO 683-1.

Cc Si Mn S P
% % % % %
0,42 t0 0,50 0,10 to 0,40 0,50 to 0,80 0,035 max: 0,035 mjax.

It is recommenfied to use mean values, if possible.

The presence df the following elements in excess of the maximum values given below shall disqualify [the steel
as a reference fest material.

Ni  =0,20[%
Cr =0,15|%
Mo = 0,05|%
V. =0,02(%
Cu =0,20|%

The steel shall pe dioxidized with aluminium.and the minimum aluminium content shall be 0,01 % and the maxi-
mum aluminiung content shall be 0,03 %. Special deoxidants shall not be used.

The nitrogen coptent, being to some extent dependent on the steelmaking source, shall be as follows:

Source Nitrogen content
%
Open hearth of oxygen-convertors 0,003 to 0,006
Arc, single slag 0,004 to 0,008

It will be necessary to analyse the steel for nitrogen. The steel shall satisfy ISO 683-1 delivery condition 1
(chemical analysis only). The limits of the elements and deoxidation practice shall be discussed with the
steelmaker and analysis of C, Si, Mn, Ni, Cr, Mo, P, S, V, Cu, Al and N requested at the time of the order.

In order to reduce dispersion of test results, attempts should be made to obtain material in which the actual
composition is within closer limits than indicated above.

The microstructure shall be specified and recorded.

For the recommended reference work material the minimum initial test bar diameter shall be 90 mm. The actual
initial diameter shall be reported. If other work materials are being tested, it can be necessary to use smaller di-
ameters in order to achieve a homogenous structure in the zone to be tested. If required cutting speeds, or for
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reasons of stability, bigger diameters would be needed, it is recommended to use tubes with a wall thickness of
maximum 40 mm.

Test bars or tubes after being cut to length (see 4.2 "length/diameter ratio”) shall be normalized to a hardness
within the range specified in ISO 683-1.

For testing purposes where the work material is not the test variable, it is recommended that the hardness should
fall within closer tolerances than those indicated in ISO 683-1. The actual hardness values and points of
measurement should be recorded and reported (see 4.2).

B.2 Cast iron

The cast ira

n reference material shall be supplied to |SQ 185 grade 25

The micro
100 % peaf

— free irof

— free ferfite: 5 % max.

— steadite

— graphitg: flake graphite only

— pearlite

For testing|purposes where the work material is not the test variable it is recommended that the ha
should fall [within closer tolerances than those indicated in ISQ185. The actual hardness values
measurement should be recorded and reported (see 4.2).

B.3 OtHer work materials

Where the|work material is not one of the reference materials, the grade, chemical composition, ph
ties, microgtructure and complete details of the~“processing route of the work material (for exam
forged, cast or cold-drawn) and any heat treatment shall, if possible, be noted in the test report.

ructure throughout the entire volume of each cast iron test bar shall consist essentially [of a matrix of

lite with flake graphite within the following specification:

carbide: 0 %

(iron-iron phosphide eutectic): 5 % max.

balance

rdness values
and points of

ysical proper-
ble hot-rolled,
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Annex C
(normative)

Tool wear and tool-life criteria

C.1 General

growing width of the flank wear land leads to a re-
duction in the quality of the tool. All cutting tool ma-
terials normally have a high initial rate of flank wear

The aim of tqollife testingis—to determine—exper
imentally how |one or more factors affect the useful
life of cutting tpols.

The reason why the useful life of a cutting tool should
be considered fto be ended is often different in differ-
ent machining pperations. The most simple case that
may occur is that the tool becomes completely use-
less.

In most cases,|the tool wears gradually and the work
done by the tpol becomes less satisfactory, for in-
stance the rodghness of the machined surface be-
comes too hjgh, cutting forces rise and cause
intolerable deflgctions or vibrations, the tool wear rate
increases so that dimensional tolerances cannot be
maintained, etq.

For reasons of [comparability the determination of the
end of tool life |has been established.

C.2 General remark

The numerical [values in this annex and in 8.2 are a
reasonable compromise and apply to the cutting con-
ditions specifiefd in clause 7 for non-alloyed'and low-
alloyed steels gnd cast irons, with toqls having the
approximate cHharacteristics specified-in clause 5. (As
an example, the presence of sintered-in chipbreaking
grooves or special surface treatments may influence
the wear behgviour significartly“and make the as-
sessment of the amount of wear more difficult.) In
circumstances which differ’greatly from those speci-
fied, it may be mecessary'to select other values for the
In, such cases, values being either
50 % lower or [50:%, higher than the indicated values
are recommenfed! Under no circumstances should
the tool life be assessed by extrapolating the wear
versus time graph.

C.3 Wear of the major flank

C.3.1 Flank wear

This is the best known type of tool wear (see
figure8). In many cases the flank wear land has a
rather uniform width along the middle portion of the
straight part of the major cutting edge. The width of
the flank wear land is relatively easy to measure. The
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which usually decreases considerably aftdr a short
time of cutting, unless excessive cutting)speeds are
used (see figure 9). The flank wear ofthigh-sgeed steel
frequently develops differently from the| wear of
sintered carbide and ceramic tools)

High-speed steel tools may- have prolonged periods
of very little measurablecinerease of flank wear. This
phenomenon occurs especially at low cutting speeds
when machining ductile materials. At higher cutting
speeds the incredse of flank wear of all cytting tool
materials is _usually approximately uniform (see
figure 9) subsequent to the initial high wear|rate. The
final portion'of the flank wear versus time graph often
shows an ‘accelerated rate of wear which| leads to
catastrophic failure. The width of the flank yvear land
VBg.max. (see figure8) is a suitable tool wear meas-
ure ‘and a predetermined value of VBg mpx. is re-
garded as a good tool-life criterion.

Too low a value would cause more dispersion of re-
sults since the initial high wear rate would|have too
much influence.

Too high a value would be costly and mgy not be
reached in all tests.

An irregularly worn flank is often caused by chipping
of the cutting edge and is therefore dealt with in
C.6.2.

C.3.2 Notch wear

This is a special type of combined flank and {ace wear
which occurs adjacent to, but outside, the point
where the major cutting edge intersects the work
; et tes make
the change of tools necessary (see 8.2.2). The profile
and the length of the wear notch VBy (see figure 8)
depend to a great extent on the accuracy of repeated
depth settings.

For these reasons the notch wear is excluded from
the evaluation of the width of the flank wear land (see
8.3). In special cases where the notch wear is pre-
dominant over all other tool wear phenomena, the
length of the wear notch may be used as the tool
wear measure. In such cases the value for VBy may
be used as the tool-life criterion.
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C.4 Wear of the face

Crater wear is the most commonly occurring type of
face wear.

The depth of the crater KT (see figure 8) may be used
as a tool wear measure and a predetermined value
of KT may be selected as a tool-life criterion. Crater
wear is more important for carbide tools than for cer-
amic and high-speed steel. Recommended values are
given in 8.2.2.

The position of the crater relative to the cutting edge

ISO 3685:1993(E)

ing and the following R, values, in micrometres, in
accordance with ISO 468, are preferred:

0.4;08; 1,6; 3,2; 6,3; 12,5.

Oxidation of the minor flank often leads to the de-
struction of the tool when turning with carbide tools
at sufficiently high temperatures caused by high feeds
and high cutting speeds. In such cases the tool may
become useless because of oxidation of the minor
flank before the criteria VBg =0,3 mm or the rec-
ommended value of KT are reached. In such cases,
the sudden deterioration of the machined surface

has also $some importance. A deep, wide crater far
away from) the cutting edge can be less dangerous to
the tool than a less deep, narrow crater close to the
cutting edpe.

The distance from the front edge of the crater to the
major cutting edge is sometimes a useful criterion
which if limited can eliminate catastrophic failure.

This is ong of the reasons why the values for KT as
a tool-life ¢riterion are given in relation to the feed. For
special purposes, the crater centre distance KM and
the crater|width KB may be measured as additional
informatioh. However, they should not be used as
tool-life criteria.

The crater|centre distance KM (the distance between
the origindl major cutting edge and the deepest point
of the crater) is measured in zone B parallel to the
face and perpendicular to the major cutting edge (see
figure 8).

The craterl width KB (the distance between_ the-orig-
inal major putting edge and the rear side of the crater)
is measurgd parallel to the face in zone B and per-
pendicular[to the major cutting edge (see*figure 8). As
the crater|centre distance KM depends not only on
feed but dlso on work material andtool material, the
crater ratip K (K = KT/KM) is sometimes calculated.
A chosen palue may then be'used as the tool-life cri-
terion and the value K-approximately 0,1 is rec-
ommendefl.

C.5 Waear of-the minor flank

In turning,|the, machined surface is shaped mainly by
the tool cerner—and the minor cutting—edge—Thi
means that any change of the tool corner as a result
of wear has an effect on the machined surface.

In finish turning with small feeds, one or more
grooves are often found in the minor flank after a pe-
riod of cutting. These grooves cause increased
roughness of the machined surface. A direct evalu-
ation of this type of tool wear is difficult but its effect
may be assessed by the measurement of the rough-
ness of the machined surface. A certain value of the
roughness may be used as the tool-life criterion. Sur-
face roughness is a common criterion for finish turn-

caused by the destruction of the mingr flank has to
be used as the tool-life criterion.

In general this happens quite_suddenly, otherwise a
certain deterioration has to.betaken as|a criterion.

C.6 Various othéen phenomena

C.6.1 Deformation of the tool carner

This can lead)to destruction of high-sgeed steel and
carbide toels when cutting conditions are severe.

Ceramies do not deform plastically Under practical
cutting conditions.

Deformation of the tool corner should not itself be
used as a tool-life criterion; however, dg¢formation will
in most cases lead to a more rapid [occurrence of
catastrophic failure of high-speed stegl tools and it

makes the consequences of oxidation g
more severe. |t can happen that cutting
so severe that deformation starts imn
the tool starts cutting. In such cases
usually very short. This is why it is red
7.3 that tool life should be not less t
normal materials or not less than 2 min
materials.

C.6.2 Chipping

The chipping of fine particles from thg
and thermal cracking (frequently met
cuts) is important with brittle tool

f carbide tools
conditions are
nediately after
the tool life is
ommended in
han 5 min for
for expensive

cutting edge
in interrupted
material. The

amount of chipping and thermal crack'!rg is evaluated

ith of the flank

wear land VBg max. (see figure 8). Therefore the value

VBg max. = 0,6 mm is indicated in 8.2 as a tool-life

criterion.

C.6.3 Premature failure

All abnormally quick, and therefore unreliable and un-
predictable, modes of tool failure and heavy defor-
mations which end tool life immediately can be
caused by a hard spot in the work material or an ac-
cident in the operation of the machine tool. One tool
of a series can break, chip badly, deform or otherwise
fail unpredictably. The occurrence of premature failure
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disqualifies the test, unless special cases arise where
premature failure is more frequent than wear and the
other criteria are seldom reached.

This may be the case when machining very hard and
heterogeneous work materials with brittle tool ma-
terials and delicate tool shapes. In such cases it is
recommended that more experimental points be used
to determine the v-T, curves.

C.6.4 Catastrophic failure

The rapid deter;
riod of successful cutting under the combined action
of load and indreasing temperature is a reliable cri-
terion for high-gpeed steel tools and is therefore indi-
cated in 8.2.1. It may also be used in cases of testing
carbide and ceramic tools under severe metal cutting
conditions, but fthis is not recommended.

C.6.5 Prelimlinary failure

This phenomenon, sometimes observed prior to the
catastrophic failure of high-speed steel tools, is evi-
denced by a sHiny, burnished appearance of the ma-
chined surface| and the transient surface, usually

during a few revolutions of the workpiece. This may
occur seconds before catastrophic failure or as early
as half of the tool life. Preliminary failure shall not be
used as a toollife criterion and cutting shall be con-
tinued until one of the preferred tool-life criteria is
reached. The instant of preliminary failure shall be re-
corded.

C.7 Surface roughness, cutting forces
and temperature

ss is a common criterion for finish

turning.

A major increase of cutting forces and temperature
with cutting time is sometimes uséd .as the|basis for
a tool-life criterion in scientific research and|in adapt-
ive control systems.

This is not covered in this’ International Standard.
Surface roughness, forces”and temperaturg may be
measured as additionalyinformation.

Chip formation is normally not recommendegd for de-
termining toal life. Chip form, however, is ugeful as a
“control instrument” as described in annex [G.
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Annex D
(normative)

Data sheets
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Data sheets

Company General conditions
Date Ordered by l Performed by
Aim of the test
Test material
Designation........nseseenesenes Manufacturer. Country Charge No...........
Analysis % (o] Si | Mn| P S Ni | Cr | Mo | Cu \" Alot s %
Standard O %
Charge N %o
Test bars Ho ONY | %
Slag analysis andl inclusions SiO; AlL,O3 FeO MnO Inclusions (Type, size, etc.)
Ca0 MgO TiO, Cry03
Treatment of ingpt {ingot size, rolling, E1C.) o e R e
Heat treatment Structure
Mechanical propgrties Rpo.2 Brinell hardness =0 Additional data
ReH Ball diameter ~ { .Y mm
Ret Load
Tools
Manufacturer Country i Tool material
Sintered carbide O Insert (designation) Group of application (ISO 513)......|.ccccvmrmrrennne
Ceramic: All;,03-type O Toolholder (type and designation)
S|aNa-type O
High-speed steel Composition Hardness
Heat treatment Designation of tool.......].ccceevceveriine.
Grinding method.......
Tool geometry 07 T o\, N A Jg = EF = s rn = PBy
Qn = Kr = Te = i Ign = |
Lathe
Manufacturer Type No. Year of manufacture....foccccennn,
Rated output? Height of centres Maximum distance between Machine conditions as [for record
centres
..................... kW .mm covvnemmnneeneenes MM [\\T¢ SOTR
Machine mountifg (boltéd-down, etc.) Infinitely variable speed vesD
NoO
IVESCOIANEOUS oo ottt 4404044444444 50
Fixing device
Chuck O | Other device (description).....oen....
The following fixing device is used Chuck centre O
Centres O
Cutting fluid
Cutting fluid used Yes 00| Type Designation or analysis Pressure Temperature Volume
No O I/min
Miscellaneous
1) If possible, the values of the cutting power, P¢, and/or the working power, P, (in accordance with ISO 3002-4) should be measured and recorded.
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Company Wear VBg, KT versus time ¢ measurement Reg. No..
, Order No.
Date Ordered by Performed by
Test bars, tool and cutting data
Insert or tool Edge Rough diameter | Diameter before | Length of Machined zone
No. No. machining workpiece
mm mm MM | e, mm Chipbreaker
Feedf = mm/rev | Depth of CUt @p.....cuveeeeeeerernereceinnennes mm | Cutting speed v............... m/min height distance
Miscellaneous
Test values
M:}::{e- Time Diameter Flank wear Cratering Chip form Remarks
t D VBg VBg max. K KT "
No. min mm mm zone mm mm
0 — — — — — — —
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Tool-life critgrion 1) If gtheég wear measure is applied Is chipforming affected by chigbreaker?
Yes No (7
The scales of the two axes shall be adapted to the alues obtained.
£
<
g

Time f, min
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Tool life T, versus cutting speed v, diagram

Ordered by

Performed by

Main data

Test material

Tool material

Tool designation

ap

Tool geometry

K’.= £f= re =

Remarks

250

Test values

200

Sheet No.

Tool-life
criterion

Cutting
spegdv,
m/min

Tlool life Tc, min

Z

ean | Standard
vglue | deviation

Tool life T, min

150

130

100

90

80

70

60

50

40

30

20

15

10

20

30

40

50 60

80 100 150 200 300

Cutting speed v, m/min

Remarks
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Annex E
(normative)

Preliminary tool-life test

It is recommended that a preliminary tool-life test be
carried out_in order to determine a cutting speed

This line can then be used to determine the cutting
speed for the first tool life desired. This cutting speed

which will fresult in a reasonable tool life and avoid
inordinately] time-consuming cuts.

A cut should be taken with the machine set at an ar-
bitrarily sel¢cted low cutting speed and, if necessary,
the chip breaker distance should be adjusted until an
acceptable [chip form is obtained. The period of time
over which|the cut is taken should be short, and will
probably vary between individual cases. The tool
should ther] be examined for indications of failure, and
if none appgar, a further cut should be taken with the
cutting speed increased. This procedure should be
repeated until the tool has failed.

A tool-life point thus obtained should not be recorded
in the test freport; however, it is valid in establishing
the correct| operating level. The cutting time taken
during the fest at the lower speeds is an insignificant
portion of the life of the cutting tool when operating
at the speef at which the tool failure occurred.

The cutting|speed for the first tool-life tests is déter-
mined by egtimating the slope, &, of the tool-lifercurve.

Using a log-log graph paper (module 83,33 mm rec-
ommended), a line having an estimatedSsiope can be
drawn throligh the tool-life point obtained in this pre-

liminary tes}.

can also be calculated by using the teol-life equation
in the following formula:

=1/k
S (Tm )
c2 = Yel

TcZ

A reasonable estimate of\the slope of thg tool-life line
for flank wear for different cutting too| materials is
given below.

— High-speed(steel: k=-7, but valjes between
— 12 andy~6 can be obtained;

— Carbide: k=-4, but values betwgen —6 and
—2,5 can be obtained:;

~— Ceramics: k = -2, but values betwefen —2,5 and
— 1,25 can be obtained.

Values near the initial estimated values gre frequently
found when cutting reference work matgerial with ref-
erence tools.

The cutting speed thus chosen will rafely yield the
tool life selected; however, it will provide|a reasonable
cutting speed at which the test may be [started. With
some experience the preliminary test can be omitted.
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Annex F
(normative)

Evaluation of tool-life data

F.1 General

radius r, = 0,8 mm and tool orthogonal angle y, = 6°,
the following results were obtained:

It should be ngted that the symbols N, X, Y, X, Y, o
and ¢% used previously for the work relative to tool-life
testing with single point turning tools have been re-
placed by n, x|y, X, y, s and s respectively in accord-
ance with 1SO 3534.

F.2 Evaluation “by eye”

Procedure and calculation

A log-log graph paper of equal scale moduli shall be
used with the fool life T, (dependent variable) on the
wvertical scale gnd the cutting speed v, (independent
variable) on theg horizontal scale.

All observations of v, and T, for the particular tool-life
criterion shall e plotted with the exception of obvi-
ously false data. Errors frequently occur by averaging
the results of dbservations at one speed prior to plot-
ting on the doyble logarithmic graph.

The best straight line shall be fitted to the graph of
log T, against Ipg v.. Theoretically, the line should-be
drawn in such p manner that the sum of the'squares
of the vertical dlistances between the lineand the ac-
tual points is ¢stimated, by eye, to be as’ small as
possible.

The constant k|can be easily obtained from the slope
of the line, or from two sets of, ebservations (v, T,)
through which tthe line actually-passes.

= log Tp—log Tg
"~ log vh—log g

Cutting Tool life, T;,min
Number| speed,
of test Ve Criterion KT = (-, Criterign VB =
m/min 0,14 mm 0,3|mm
1 180 10 17.5
2 160 186 24
3 140 24 30
4 140 20 26
5 125 36 40
6 160 13 17
7 125 44 81
8 180 8 15,5
9 160 15,6 22
10 125 40 47
1 140 25 36
12 180 6,5 12,5

NOTE 6 The work material and the tool materigl were not
identical in all respects to the reference materials described
in this International Standard.

Determine the constants of the tool-life equftion.

Te
(ver. Ted)

1

1

|

! k=-b/a
The constant ¢ €an be read directly from the graph i
as the cutting speed-foratotatifeof—+mm: i O

I
Alternatively, C may be calculated from L. O ez, Teg)

€= vy x T

EXAMPLE

In a series of tool-life tests with carbide P 30 tools on
a normalized 0,45 % steel with feed
F = 0,25 mm/rev., depth of cut a, = 2,5 mm, corner

30

Ve

Figure F.1 —
(Logarithmic scales)
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Solution:

The experimental points are plotted as shown in fig-
ureF.2. One line is plotted for the criterion
VBg = 0,3 mm and another line for the criterion
KT = 0,14 mm. The constants are obtained graphically

ISO 3685:1993(E)

Transformation of the Taylor tool-life
gether with suitable choice of axes gives
formula:

equation to-
the following

and are indi

F.3 Eval

cated in the figure.

uation by calculation

y=a+k(x—-X)
where
a=k(x-logC)
=y
and

F.3.1 Regression analysis

Regression
helps to fit
of simply d
mines the
the sum of
all plotted
minimum.

In this part
linear funct
deviations 4
direction.

The logarit
log T, and |
ing calculat
This distinc
the level of

In practice,
lated for T,
small in cor

analysis is a statistical method which
he best line to a given set of data, instead
rawing a line by eye. This method deter-
equation of that straight line from which
the squared distances, or deviations, of
boints in a particular direction becomes a

cular work, it is assumed that log T is a
on of an independent variable log v; the
re thus measured in the log T, or vertical

nmic transformation from T, and v, to
bg v, results in the regression analysis be-
ed for deviations from log T, instead of T.
tion leads to a small underestimation of
the line, as shown in figure F.3.

the difference between a tool life caleu-
and a curve calculated for log T,-is\very
nparison with the scatter about the_turve.

F.3.2 Calculations

For the calc
in table F.1
completed
and T, valu
Only undou

The followin

n: numb

ulations, the computation schedule shown
may be used. Columns 1, 2 and 3 are
nitially by the ifsertion of the observed v,
s for all thédexperimental results taken.
btedly false \results should be omitted.

g notation is used:

bLof experimental observations

x: log v,
y: log T,

(x, y) are the co-ordinates of the gentroidal point.

It is necessary to find the values of )¢ and k such that
the sum of the squares of the y residugls is a mini-
mum. An outline for the @alculation|is given in
table F.1.

The constant k, which.is the tangent of the angle be-
tween the regressionline and the X-axis| is given by

- Tas{Em)
L

The'products xy are tabulated in column B of table F.1
and their summation obtained. The separate values
of ¥x and Yy are obtained from columns$ 4 and 5 re-
spectively. The product ¥x-Yy is then divjded by n.

In column 7 the sum of squares sz s calculated.
Then from column 4 the sum Yx is obtaihed, squared
and divided by n.

2
NOTE 7 Tx%is not the same as (Zx] .

Finally, the constant C is calculated from|
logC=x-ylk

EXAMPLE

Calculate the constants k and C in the Tlaylor tool-life
equation for the observations presented|in the exam-
ple given in table F.2.

Columns 4 and 5 of table F.1 are completed by simply
taking logarithms of v, and T,. The summation of both
the x and y values is then obtained and their mean

values %, y,

2.

n

computed from:

. Ty

and y = —;

Solution:

A simple graph of tool life against cutting speed is
made on log-log paper as indicated in figure F.2. The
graph shows that there is good reason to assume that
the tool life follows the Taylor equation. Thus, it is
reasonable to compute the constants k and C by
means of regression analysis.

The calculations are shown in table F.4 for the cri-
terion KT =0,14 mm. The results are shown in
figure F.3.
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F.4 Statistical considerations on the
goodness of fit of the v T curve

F.4.1 Dispersion

The residual variation is calculated according to

Ty

—yYy k( Xy =

F.5 Confidence interval limits for the v -
T, curve

F.5.1 Confidence interval limits for the
complete line

Calculations

Use the computation schedule shown in tableF.3.
Proceed as follows:

250
=]

Sr

For the com
shown in tablg
computation

Transfer this
1 of table F.2,

n—2

butation, the computation schedules
s F.1 and F.2 are used. Begin with the
bf the square sum Zyz in tableF.1.
square sum from tableF.1 to part

as well as y, Yy, x, Yxy, Yx>y/n. Con-

tinue with computation of s; according to the formula

given in part 1

of table F.2.

F.4.2 Significance

Calculations

For the -calcd
shown in tabl
lated:

a) The mean
regression
in F.4.1 (us]

b) The mean
by regressi

SR—_—k

This quantity |
result in part 1

c) The ratio sé

lations, use the computing scheme
b F.2. The following have to be calcu-

square sum due to deviation from.the
line (= residual variation) as desdcribed
e part 1 of tableF.2.)

square sum due to variation’explained
bn

S-S

as already been calculated as a partial
of tablek.2.

2
Is;

a) Write in the head of table F.3 thelduantities ob-
tained in tables F.1 and F.2. Chogdse the desired
level of confidence. Read in Student's f-table the
two-sided #value for the pumber of degrees of
freedom equal to n— 2.

b) The confidence intefval for the complgte line is
calculated from thé following formula:

y=y+kxzX) £

X ts,

1 x-%?
2
Zx —(Z In

Thefirst two terms of this formula represgnt the re-
gression line itself. The last term is an expression for
the size of the confidence interval, that is| the com-
plete range between the confidence limits.

Table F.3 part 2, indicates the order of the cglculations
required. Values for s, (column 1) and 1/n {column 2)
are first obtained. A series of x values is then chosen
(column 3) followed by the completion of golumns 4,
5 and 6.

Column 6 gives the confidence interval on gither side
of the regression line for the chosen confidgnce level.

F.5.2 Confidence intervals for the constants,
a, C and k

Calculation

Choose the ¢

FasA] ! ! il :
HHUTTILT ITVET TICLToodly (TUI EX4ITIPIC

90 %) and read from Fischer's F-table the F-value for
the number of degrees of freedom (d.f.) equal to 1
and n-2. The ratio sR/s,z should be greater than the
F-value in the F-table. If this is not the case, the ob-
served relationship should be regarded as a chance
result.

32

The confidence Interval for k Is obtained from

\/ % (z)/

Table F.3 suggests a method for recording the values
obtained. Input data may be obtained from part 1 of
table F.3.

kn=k
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and a substitution in equation

log C

=T-jlk

Corresponding limit values for log C and finally C may
be obtained. Again, table F.3 suggests a method for

recording th

e values ohtained

ISO 3685:1993(E)

in part 4 of tabieF.6, the minimum and the
maximum values are shown.

Calculations

From the observed number n of T-values, the mean
value T. should be calculated as:

EXAMPLE

Obtain a m
gression lin
Also carry g
dence inten

a) Dispersi

easure for the dispersion about the re-
e treated in the example given in F.3.2.
ut a test of significance and set up confi-
al limits.

DN

The calculations are shown in table F.5 part 1.

b) Significa

The calcula

2 \Whan thia
O. VVIITH U

F-distributio

n-2 for the

greater sunj

hce

ions are shown in tableF.5, parts 2 and

+ha ~Af thaa
Ic ID'VGIUU iS LQ;\CII fIUIlI e LdUIU O1 tllU

n, note that the degree of freedom is
smaller sum of squares and 1 for the
of squares and thus the correct F-value

is taken fro

the n—2 row and the first column.

As the variapce ratio = 131 and F = 4,96, there exists

a high degr
c) Confiden
1) Confi
whol

The

e of significance.
ce interval limits

dence interval limits for jthe line as a

)

L

Calculations are shown in table F.6. The

resuls can be shown)graphically. Note that if

a log
used

log paper with-scale modulus 100 mm is
then x =2)25 corresponds to a distance

of 2P56 mmifrom x=0,0 (v.=1 m/min).

Thus
Ay =
or be

a \»confidence interval width of
0,082 ‘corresponds to a distance (above

In figure F.3 the regression line with confidence
intervals limits corresponding to a confidence

level

2) Confi

The
table

3) Confi

of 95 % is shown.

dence interval for k

calculations are shown
F.6.

in part 3 of

dence interval for C

2) Use a test of normality to make sure.

+T

cn

_ T +T o+ T+ Tt
Tc=zTc/n= c1 c2 c3n ¢4

Moreover if:

a) the observations are-statistically independent;

} randomization has\been carried out;

then the sample of the observed T.-values may be
regarded as{drawn from a population with normally
distributed T -values. (Sometimes a rjormal distri-
bution? may be obtained by taking log|T.-values in-
stead of the T.-values.)

The: confidence interval for the calculatgd mean tool
life T, can be obtained from

T,=T, +s
n
where s is the standard deviation of the n observed
values of tool life.
and ¢ denotes Student's t-value for n—1 degrees of

freedom for the desired level of confid¢gnce 1 -a %
(see table F.7).

EXAMPLE

tools of the same model and year of manufacture
were in use under identical cutting conditions.

As the material for the workpieces was delivered from
more than one stock, it was decided to divide the
material up into 20 lots. The order of the machining
of each lot was determined by means of a table of
random numbers. The workpieces were then ma-
chined with tool bits made of materials A and B, and
the number of workpieces that could be machined by
each tool edge was recorded. (The tool-life criterion
was VBg = 0,8 mm.)
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The foiiowing tooi-iife data were obtained:

Thus, the mean tool iife for material B is greater than
that for material A under the test conditions. If there

Tool life Number of observed tool is no factor other than tool material that might explain
) lives the test result, it is justified to generalize that the tool
(Number of workpieces for | 0o o o | Material B material B has a greater wear resistance than material
each tool edge) A, under conditions similar to those of the test.
14 4 However, in this case the formulation of the text of
12 E . the problem indicates that there exist some factors
1"7’ 1”5 é (besides tool material) that might result in a difference
18 10 18 in tool life in the two sets of observations. These
19 16 20 factors are the machlne tools mvolved their operators
20 T8 yAY) aRe—the—order—of Lcouug A—anc—B—if-the—infiuence of
21 10 14 these factors had been controlled, for' 'sxample by
23 8 8 randomization, the above conclusion could have been
23 5 8 drawn.
24 2 4
24 1 2
Sum n = 100 101 EXAMPLE
. . ) The difference in the wear resistance of two kinds of
Solution and|discussion high- speed steel tool’materials was investigated. For
The mean tool life for tool material A is this purpose, the number of workpieces prpduced by
one tool until toel failure occurred was recgrded for a
T 14x4+15x5+16x6+.. _ 419y number of teols made from both kinds of high-speed
CA & '
4+5+6+.. steel.
The mean too| life for tool material B is All workpieces were identical and made from cold-
T =200 drawn steel bars from one delivery. As there might
c8 ! be some influence of variation of the propefties of the
- . ; work material between the bars, tools werg changed
The standard dleviation for material A is in a random sequence each time a workpiece was
4|(14_ 19)2+5(15 - 19)% + .. finished. All tests were carried out by the same oper-
Sp = T1516+ 7 =25 ator on a semi-automatic lathe with a constant spindle
speed.
and for steel This means that these results do not necessarily apply
sg=2.0 when cutting conditions, tool geometry or|work ma-
terial are changed.
The confidence interval for material(A)is (with a con-
fidence level df 95 %) In order to achieve reasonably safe produdtion, tools
made of material A should be changed aftgr 12 prod-
Tea=19,Q £ 1,984 x 2,5/4100 = 19,0 + 0,5 ucts have been made. For tool material B tHis number
) : ) is 15. Approximately 20 % of the tools will [fail before
For material B|the corresponding interval is this number is reached.
Tig=20.0+04 If tools are changed after 11 and 14 products re-
spectively, the risk of early failure is reduced to about

The confidend

ecinterval is less than the difference

between the me

34
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Tool material A

Tool material B

Tool life Tool life
Tool = = Tool = =2
number T I.-T. T.-To) number T I.-T. T.-To)
c c
1 15 1,5 2,25 1 14 -26 6,76
2 10 -35 12,25 2 18 1,4 1,96
3 17 3,5 12,25 3 17 0,4 0,16
4 14 0,5 0,25 4 13 -3,6 12,96
5 13 -05 0,25 5 16 -0,6 0,36
6 11 -25 6,25 6 18 1.4 1,96
7 14 0,5 0,25 7 17 0,4 0,16
8 T2 =15 2,25 8 20 3.4 11,56
9 16 2,5 6,25 9 16 -0,6 0,36
10 13 -05 0,25 10 16 -0,6 0,36
11 12 -1,5 2,25 11 15 -18 2,56
12 14 0,5 0,25 12 19 2,4 5,76
13 15 1,5 2,25
14 13 -05 0.25 n=12 ST, = 199 (T, - T)?|= 44,92
=14 T, =189 T, - T,)* = 47,50
n Z ¢ Z( c c) _ ZTc 199
T.=S-=—5 =166
= 2Ic 189 1
N i SET
nc— 1 ¢ 44,92 =202
A2 D \/47,50 1o
B a1 13
] ts
T.=T. +
n (o] C -\/n—
7 2,16 x 1,91
Ta=135+ 2222 =135+ 1,1
2- \/14
® g 2 T=166+ 22202 466413

Confidence level: 95 %

_\/E

Difference significant Yes ® No O

As it is felt that all factors which may affect tool life
were kept under a reasonable degree of|control, it is

Number of degrees—of freedom:n—1
Material A: n—1 =13, t-value = 2,160
Material B: n—=1 = 11, t-value = 2,201

justified to conclude that tool material B has a greater
wear resistance than tool material A for the conditions

of these tests.
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Cutting speed v., m/min

Figure F.2 — Lines fitted “by eye”
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Table F.1 — Computation schedule for calculation of regression line y = a + k(x - X)

1 2 3 4 5 6 7 8
Observation v, T, x=log v, y=logT, xy x? ¥y

No. m/min min

1

2

3

4

5

6

7

8

9

10

1

12

13

14

15

Sum Tx = Ty = Ty = ox Py’ =
2
LxTyE
B | T
( )2 TxTyln =
x| [n=
Number of observations n =
k=-
X= Zx/n = By
_ N
a=y= Edy/n =
log C=Xx-ylk=

38
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