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FOREWORD

[This Foreword is not part of ANS[JASME B94.55M-1985.)

This Standard is a slightly modified version of ISO 3685-1977, Tool Life Testing With
Single-Point Turning Tools. Only several small changes have been made, such as replacing
referenced ISO materials specifications with ASTM and ANSI specifications. It was\felt
that U.S. users of the Standard would be more familiar with the ASTM and)ANSI
specifications and have easier access to them.

Following approval by the B94 Standards Committee and ASME, this-Standard was
submitted to ANSI and approved as an American National Standard on:November 27,
198s.
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TOOL LIFE TESTING WITH

0 INTRODUCTION

Tool life testing has been carried out for at least 75
years, i tremendously increasing volume, but under a
variety of cutting conditions and methods having little
in common with each other. Thus, a need exists for
standardization of tool life testing conditions appli-
cable nqt only in laboratories but also in production
plants.

The tkst conditions have been specified in such a
way thal the different factors which affect the results
of tool life testing will all be under a reasonable and
practical degree of control.

This Ptandard has been so framed that it can be
directly lapplied to industrial testing and in research.
For research purposes, however, this Standard should
be considered to be only a minimum set of conditions,
since greater attention may have to be given to the fac-
tors whikh affect the variability of the tool lifé values.
Although the test parameters are standardized, any

ar¢_primarily suited to testing on steel and
i w ith suitable

SINGLE-POINT TURNINGTOOLS

' 2 REFERENCES

If, for some reason, it is necessaryto deviate from
the specifications given in this Standard, this shall bg
reported in detail.

NOTE: This Standard is not af aceeptable test and it is not advis}
able to use it as such.

1 SCOPE.AND FIELD OF APPLICATION

This Standard establishes specifications for the fol}
lowing’factors of tool life testing with single-point
turning tools: workpiece, tool, cutting fluid, cutting
conditions, tool wear and tool life, equipment, test
procedures, recording and reporting and presentation
of results.

Further general information is given in Appendix
A.

The latest issues of the following documents form &
part of this Standard to the extent specified herein.

American Society for Testing and Materials

ASTM A 159-83, Standard Specification for Automot
tive Gray Iron Castings (Grade G 3000)
ASTM A 576-81, Standard Specification for Stee]
Bars, Carbon, Hot-Wrought, Special Quality
(Grade G 10450)

modification they can also be made applicable to test-
ing on other materials.

The specifications for test conditions are also
mainly applicable to tool life testing in which the tool
wears at a conventional rate and in a conventional
manner. However, it is evident that they may also be
applied to some types of accelerated tool life testing.

ASTM E 18-79, Standard Test Methods for Rockwell
Hardness and Rockwell Superficial Hardness of
Metallic Materials

ASTM E 92-82, Standard Test Method for Vickers
Hardness of Metallic Materials

ASTM E 112-82, Standard Methods for Determining
Average Grain Size
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American National Standards

ANSI B46.1-1978, Surface Texture

ANSI B74.3-1982, Markings for Identifying Grinding
Wheels and Other Bonded Abrasives

ANSI B94.4-1976, Identification System for Index-
able Inserts for Cutting Tools

ANSI B94.50-1975, Basic Nomenclature and Defini-

3 WORKPIECE
3.1 Work Material

In all cutting tests in which the work material is not
itself the test variable or is not itself an important pa-
rameter, the investigation shall be conducted on the
appropriate one of the reference materials indicated in
paras. 3.1.1, 3.1.2, and 3.1.3. In the exceptions
quoted, however, it is desirable to conduct tests on a
reference material for comparative purposes.

The provision of a well-defined reference work
material shall be discussed with the manufacturer.

3.1.1 Steel. The steel reference material shall be a
hot-rolled medium carbon steel corresponding nomi-
nally to ASTM 1045 (A 576-81) but-of-the following

controlled composition.

C% Si% Mn% S% P%
0.42 0.15 0.50 0.02

to to to to 0.035 max.
0.50 0.40 0.80 0.035

The presence.0f the following elements in excess of the
maximum values given below shall disqualify the steel
as a refevence test material.

TOOL LIFE TESTING WITH
SINGLE-POINT TURNING TOOLS

Source Nitrogen Content, %

Open hearth or oxygen 0.003 to 0.006

converters

Arc, single slag 0.004 to 0.008

It will be necessary to analyze the steel for nitrogen.
he—steel—sh be—pureha o—ASTM; A 576-81
specifications, but special quality bars'meeting the
above criteria should be specified. The-limits of the
elements and deoxidation practice shall bg discussed
with the steelmaker and analyses'of'C, Si, Mn, Ni, Cr,
Mo, P, S, V, Cu, Al, and Nrequested at the fime of the
order.
The minimum initial’test bar diameter shall be 100
mm, but the actual initial diameter shall be [reported.
The test bars, after being cut to length, sHall be nor-
malized to a Brinell hardness of 180 to 200 HB. The
actual hardness shall be reported.

3.1}:2.Cast Iron. The cast iron referende material
shall ¢correspond nominally to ASTM A 48, Class 25
(ASTM A 159-81), with a Brinell hardnesg of 200 to
220 HB.
If available, the following material shall pe used.

The microstructure throughout the entirelvolume of
each cast iron test bar shall consist essengially of a
matrix of 100% pearlite with flake graphitelwithin the
following specification:

Pearlite 100%
Free iron carbide 0%
Free ferrite 5% max.
Steadite (iron-iron phosphide
eutectic) 5% max.
Graphite flakelgraphite
only

3.1.3 Other Work Materials. Where thqg work ma-
terial is not one of the reference materials, if possible,
the grade, chemical composition, physical properties,
microstructure, and complete details of the processing

Ni = 0.20% route of the work material (for example, hot-rolled,
Cr = 0.15% forged, cast, or cold drawn) and any heat| treatment
Mo = 0.05% shall bereported.

V = 0.02%
Cu = 0.20%

The steel shall be deoxidized with aluminum and the
minimum aluminum content shall be 0.01%. Special
deoxidants shall not be used.

The nitrogen content, being to some extent depen-
dent on the steelmaking source, shall be as follows:

3.2 Standard Conditions for the Workpiece

All mill scale or casting skin shall be removed by
cleanup cuts before testing, except when the effect of
the scale is being tested.
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The metal forming the surface of the shoulder, i.c.,
‘“the transient surface,’’ and any other burnished or
abnormally work-hardened surface on the workpiece
which can come in contact with the test tool shall be
removed with a sharp cleanup tool prior to testing in
order to reduce as much as possible the residual sub-
surface deformations due to the previous test. How-
ever, this does not include removal of the normally

ANSI/ASME B94.55M-1985
AN AMERICAN NATIONAL STANDARD

4.1.1 High-Speed Steel. The composition of the
reference tool material shall be as follows.

work-hardened surface on the test bar produced by
the previpus passes of the tool.

The length/diameter ratio of the workpiece shall be
not morg than the minimum ratio at which chatter
occurs. The test shall be stopped when chatter occurs.
A length/diameter ratio greater than 10 is not
recommended.

The hdrdness of the work material shall be deter-
mined over the complete cross section of one end of
each test par.

The cuftiting test shall be conducted only on the bar
in the rgnge of diameters where the hardness lies
within the limits given by the original hardness
specification.

Quantitative metallography (as regards microstruc-
ture, grain size, inclusion count, etc.) of the work ma-
terial is recommended but when this is not practical,
photomi¢rographs shall be included in the report. The
magnificption shall be in the range 100 to 500 .

In maghining 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, When fixing the workpiece betweenza chuck
or a faceplate and a center, special care shall be taken
to prevent any bending loads on the workpiece.

A centpr hole of 6.3 mm diameter with/120 deg. pro-
amfer is recommended.

4 TOOL

C% Si% Mn%
0.80t00.85 0.10t0 0.40 0.10t0 0.40
Cr% Mo% W%
4.0t04.25 4.75105.25 6.0t06.5
V% P% S%
1.7t0 2.1 0.03 max. 0.03 max.

The heat treatment of the preground toolbits shall
be as follows.

(a) Annealing. The toolmaterial shall be annealed
from a temperature noetexceeding 850 °C, followed by
furnace cooling {where possible, the cooling rate

- should not exceed)30°C/h).

(b) Preheating. Preheat at 850°C. When desired, a
prior preheat at 650 °C is permitted.

(c) Hardening. Harden between 1220 and 1 240°C.
TheHolding time shall be adjusted according to batch
size and furnace size. Where possible, neutral salt
baths should be used as the heating media. The ap-
proximate time at temperature shall be 2 min.

(d) Quenching. The toolbits shall be quenched in
oil or in a salt bath followed by air cooling.

{e) Tempering. Temper between 550 and 560°C for
two periods of 1 h each at full temperature. Following
a hardness test, the material shall be tempered a third
time at a temperature suitable to obtain a hardness
of 65 + 1 HRC corresponding to 846 = 23 HV and shall
be checked according to ASTM E 18-79 and
ASTM E 92-82.

If the required hardness is achieved after the second
temper, then the third temper shall be carried out at
550°C.

After heat treatment, the grain size shall be approxi-
mately intercept No. 12 ASTM E 112-82. The actual

4.1 Togl Material value shall be recorded.
In all CUTting tests in Which The tool material is ot 4~ 1.2 Sintered-CarbideTheuseof simtered-—car-

itself the test variable or is not itself an important pa-
rameter, the investigation shall be conducted with the
appropriate one of the reference tool materials indi-
cated in paras. 4.1.1, 4.1.2, 4.1.3, and 4.1.4. In the
exception quoted, however, it is desirable to conduct
tests with a reference tool material for comparative
purposes.

9]

bide from ‘‘tool material banks’’’ is recommended. If
this is not possible, the carbide grades to be used shall .
belong to USA application groups C-7 or C-6 for ma-
chining steel and C-3 or C-2 for machining cast iron.

1For example, indexable inserts manufactured especially for testing
purposes.
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Corner radius r

Minor cutting edge
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00
o,(‘

Section along tool
normal plane (P}
or tool crthogonal
plane (Py)

W/‘Yo
% Minor flank
. . 13 Face
Major cutting edge |
—
Major flank
Ne
FIG.1 TOOL ANGLES
TABLE\1
STANDARD TOQOL ANGLES, deg.
Cutting Cutting Cutting
Tool Rake' Clearance’ Edge Edge Hcluded
Material Inclination Angle fngle
Y a )\s Ky <,
High-speed stee! 25 8 o} 75 90
Sintered carbide + 6 5 0 75 90
~6 6 -6 75 90
Ceramic -6 6 -6 75 a0
NOTE:
{1) The too! rake and tool/€learance angles may be measured in either the cutting edge normal plane (P} or the tool orthofjonal plane
(Po). The appropriate subscript shall be added to v and o to denote the ptane of measurement, i.e. v Or v and ap or fg.
Since carbide,‘grades of the same application group aqd, if possible, chemical composition, hardness, and
vary betweern producers and to a lesser extent between microstructure shall be reported.
batchesy the performance of inserts should be cali-
brated-against inserts from a ‘‘tool material bank”’ if 4.2 Tool Geometry

possible.

4.2.1 Cutting Tool Geometry. The cutting tool ge-

4.1.3 Ceramics. These shall be of commercially
available grades and the composition and physi-
cal properties shall be reported in as much detail as
possible.

4.1.4 Other Tool Materials. Where the tool mate-
rial is the test variable, the material classification,

omeftry 1s defined in accordance with ANSI B94.50-
1975.

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

4.2.2 Standard Tool Geometry. All cutting tests in
which the tool geometry is not the test variable shall be
conducted using one of the tool geometries given in
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Table 1. In the case of sintered carbide and ceramic
tools, these shall be of the clamped insert type. Brazed
or adhesive-bonded insert tools shall not be used as
reference tools.

The tool shall be set on the machine correctly. This
is accomplished by setting the corner on center and
setting the tool shank perpendicular to the axis of ro-
tation of the workpiece. For carbide cutting tools used

ANSI/ASME B94.55M-1985
AN AMERICAN NATIONAL STANDARD

/ g S 5°

N
2

for machiining steel and similar alloys only, the cutting
edge shall have a radius r, such that:

if 7l = 0.4 mm, then r, = 0.02 t0 0.03 mm;
if rd > 0.4 mm, thenr, = 0.03 to 0.05 mm.

For cefamic tools the condition of the cutting edge
shall be feported. All other cutting tools shall be used
with the hormally sharp edge produced by the grind-
ing or finishing operations indicated in para. 4.3.5.

4.2.3 |0Other Tool Geometries. Alloys unusually
difficult fo machine, such as nickel base and refrac-
tory maferials, 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 informa-
tion shal] be reported:

(a) values of the tool angles and the corresponding
working pngles (specified for the condition where the
feed speqd is zero as shown in Table 1);

(b) cophdition of the cutting edge: normally sharp;
rounded|to a specified radius, or chamfered (the
widths and angles of any lands on the face or flank).

4.3 Sta[;dard Conditions for the Tool

4.3.1 [Tool Type and Size. A straight roughing tool
shall be used.

The shank cross section fertoolholders shall be
25 mm X 25 mm and for.solid high-speed steel tools
25 mm > 16 mm.

The digtance from.the corner of the tool to the front
of the lathe tool, post holder (overhang) shall be
25 mm.

Sinter¢d carbide inserts shall be 12.7 mm square and
with a thickness of 4.76 mm for negative rake and

Ss5e Rounded corner tangent

r-‘/(blend angle)

FIG. 2 DETAILS OF ROUNDED CORNER

The tolerance for the cerner radius (r¢) shall be
+0.1 X re.

The tolerance on patallelism between the axis of the
tool shank and both the tool reference plane P; and the
tool black plane-P, (see ANSI B94.50-1975) shall be
+0.5 deg. In{practice, this requirement is met when
the corner is\on center within +0.25 mm and the in-
feed of the-tool past a stationary reference point pro-
duces-a/deviation of the top and side surfaces of the
tool'shank not in excess of +0.4 mm per 50 mm of
infeed motion.

The tolerances of sintered carbide and ceramic in-
serts shall correspond to ANSI B94.4-1976, Class G,
except as indicated above.

4.3.3 Tool Finish. The roughness R, of the face
and flank of the tool shall not exceed 0.25 um (mea-
sured according to ANSI B46.1-1978).

The deviation from flatness of the supporting face
of an insert, except in the immediate vicinity of its
edges, shall not exceed 0.004 mm.

The cutting edge on high-speed steel tools shall have
neither burrs nor feather edge. These may be removed
by careful light honing of the face and flank surfaces
of the tool.

Each cutting edge to be used in testing shall be ex-
amined at a minimum magnification of 10x for visual
defects such as chips or cracks. The defect shall be
corrected if possible, otherwise the tool shall not be

3.18 mm for positive rake.

4.3.2 Tolerances. Tolerances for all tool angles
shall be +0.5 deg. (30’) for the complete cutting tool.

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 deg. (See
Fig. 2.)

used.

4.3.4 Toolholders for Inserts. For cutting tests,
toolholders shall meet the following conditions.

(a) The geometry shall be as indicated in Table 1.

(b) The tolerance on the angles for toolholder plus
inserts shall be +0.5 deg. (30’) and for the toolholder
alone +0.2 deg. (12).
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Indexable insert
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Chipbreaker active face

Chipbreaker height (hg)

55° to 60° (0g)

Toothoider _| °

FIG. 3 TOLERANCES ON SQUARENESS OF
INSERT AND TOOLHOLDER LOCATION

(c) The angle for locating the indexable insert in the
toolholder shall be as specified in Fig. 3.

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

(e) The flatness of the base of the toolholder shall
be within 0.1 mm over the length and width of the
toolholder.

. (f) The faces on the toolholder or the shim support*
'|ing the insert shall be flat to within 0.01 mm.

(2) The underside of the indexable insert shall'not
project over the supporting face of the toolholder by
more than 0.3 mm (see Fig. 4).

(h) The chipbreaker height and chipbreaker dis-
tance and the method of clamping the insert shall be
reported.

4.3.5 Tool Grinding of High-Speed Steel. The se-
quence of operations for driginal grinding and re-
grinding prior to testing is given in Appendix B.

The profile of the-tool shall be restored after testing
as shown in Figs\I\and 2 and Table 1.

When regrinding, the tool shall be ground back at
least 2 mm beyond the wear marks as indicated in Fig.
5. The tool geometry has to be maintained as specified
in Figs:V" and 2 and Table 1. Care shall be taken to
ensure that the tool corner has not been displaced
sideways.

Chipbreakerdistance {/g )

FIG. 4</ INSERT OVERHANG AND CHIPBREAKER

previously measured hardness of the tool material. If
this hardness value is not obtained after r¢grinding,
further grinding or cutting back shall be performed
until the desired hardness is achieved.

There is a danger of overheating, especially when
the grinding machine does not permit a perfg¢ct control
of depth setting and feed. Overheating is usually fol-
lowed by oxidation colors but when colors are not ob-
vious, overheating may still influence the |hardness.
Therefore, a hardness check shall be made

4.3.6 Carbide and Ceramic Inserts. These inserts
shall be machined all over and, where grimiing is em-
ployed, diamond shall be the grinding mediywm. These
inserts shall not be reground.

4.3.7 Chipbreaker. A chipbreaker shall not be
used on high-speed steel tools unless the chigbreaker is
itself a test variable or if chipbreaking is “]\eecessary.

The use of a chipbreaker is permissible when testing
with sintered carbide and ceramic tools| A chip-

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

After regrinding, the hardness of the tool shall be
measured on the flank or face as near as possible to the
cutting edge. The hardness shall correspond to the

breaker is often required when using these tool materi-
als as a safety factor.

The chipbreaker, if used, shall rest flat on the in-
dexable insert. The deviation in flatness of the face of
the chipbreaker in contact with the insert shall not ex-
ceed 0.004 mm.

The chipbreaker angle (pBy) shall be zero such that
the line of intersection of the chipbreaker and the tool
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= original tool
————— = re-ground tool

-------------- = equidistance of 2 mm

F

ank Wear Crater Wear

face is parallel to the straight portion of the major cut-
ting edge| The chipbreaker wedge angle (o), i.e., the
angle between the active face of the chipbreaker and
the tool fr;:e, shall be between 55 and 60 deg.

The chipbreaker distance shall be chosen so that an
acceptable chip form is achieved (see Fig. 4). The ac-
tual chip[reaker distance shall be reported.

NOTE: Pafticular attention shall be paid to the fact that the crater
can be diffdrent when turning with or without a chipbreaker.

5 CUTTING FLUID
5.1 Refgrence Cutting Fluid

All cutfing tests in which the cutting fluid is not the
test variable shall be conducted either dry.orusing the
reference|cutting fluid specified below,

5.1.1 High-speed steel tools shall be used dry when
catastrophic failure is desired a$ the tool life criterion.
When flank wear is to be_the tool life criterion,
testing shall be done with an aqueous solution

nitrite (NaNO,) by-mass
5.1.2 Bintered\carbide and ceramic tools shall be
used withiout‘application of a cutting fluid. If circum-

stances rdquire the use of a cutting fluid, the reference

Catastrophic
Failure

FIG. 5 REGRINDING TOOL AFTER TESTING

TABLE2
STANDARD CUTTING CONDITIONS
Cutting Condition A B Cc D
Feed f, mm/rev 0.1 0.25 0.4 0.63
Depth of cuta,mm 1.0 25 25 25
Corner radids.7e, mm 0.4 08 0.8 1.2

5:3 Standard Conditions for the Cutting Fluid

The flow rate of the cutting fluid shall be not less
than 3L/min, or 0.1L/min for each cubic centimeter
per minute of metal removal rate, whichever is the
larger. The flow of cutting fluid shall be directed at the
face of the cutting tool and completely surround the
active part of the tool.

The orifice diameter, the flow rate, the reservoir
temperature, the hardness of the water when used as a
diluent, and the pH value of the solution or emulsion
should be recorded, if possible.

6 CUTTING CONDITIONS
6.1 Standard Cutting Conditions

fluid indicated in para. 5.1.1 is preferred.

5.2 Other Cutting Fluids

In all cases, where the cutting fluid is not the refer-
ence fluid, all known data shall be reported, in par-
ticular the diluent and the concentrations of materials
present.

The cutting conditions for all tests in which ieed f,
depth of cut a, or corner radius r are not the prime
test variables shall be one or more of the combinations
listed in Table 2.

The tolerance on feed shall be f% %.

The tolerance on depth of cut shall be 5%.

The tolerance on corner radius is defined in para.
4.3.2.
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TABLE 3
LIMITS OF OTHER CUTTING CONDITIONS

Minimum depth of cut
Maximum depth of cut
Maximum feed

2 times corner radius [Note (1)}
10 times feed
0.8 times corner radius

TOOL LIFE TESTING WITH
SINGLE-POINT TURNING TOOLS

TABLE 4
GEOMETRIC SERIES OF PREFERRED NUMBERS
FOR CUTTING SPEEDS (m/min)

NOTE:
(1) A smaller depth of cut may make measurements of tool

6.2 Other Cutting Conditions

When it is not possible to choose one of the stand-
ard cutting conditions, or when the feed, the depth of
cut, or the corner radius is the test variable, it is recom-
mended 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 triangu-
lar areas shown in Fig. 6. The limits of the triangular
areas are defined in Table 3.

6.3 Cutting Speed

The cutting speed (m/min) shall be determined on
the surface of the workpiece to be cut, i.e., the.work
surface and not on the diameter resulting from the cut,
i.e., the machined surface. Furthermore, the cutting
speed shall be measured after the tool has,engaged the
workpiece to take into account any loss of cutting
speed resulting from the cutting action.

At least four different cutting speeds shall be chosen
for each cutting condition! In general, the cutting
speeds shall be so chosen that the tool llfe at the high-
est speed is not less than.5 min.

When machiningexpensive materials, a shorter tool
life may be chosen,”but this shall be not less than 2
min.

In orderto.obtain adequately spaced points on the
cutting$peed tool life curve, it is recommended that
successive cutting speeds bear a constant ratio which
willtesult in an approximately double tool life. This is

High-Speed Steel Carbide Ceramic
{R40) (R 20} {R 10)
1.00 1.00 1.00
+06
1.12 1.12
1.18
1.25 1.25 1.25
1.32
1.40 1.40
1.50
1.60 1.60 1.60
1.70
1.80 1.80
1.90
2.00 2.00 2.00
212
2.24 2.24
2.36
2,50 2.50 2.50
2.65
2.80 2.80
3.00 .

3.15 3.15 3.15
3.35
3.55 3.55
3.75
4.00 4.00 4.00
4.25
4,50 450
4,75
5.00 5.00 5.00
6.30
5.60 5.60
6.00
6.30 6.30 6.30
6.70
7.10 7.10
'7.50
8.00 8.00 8.00
8.50
9.00 9.00
9.50
10.00 10.00 10.00

achieved by choosing the cutting speed from a geo-

metrical series of preferred numbers as indicated in
Table 4.

To extend the table upwards or downwards, di-
vide or multiply the given value by 10 or a power
of 10.

Where it is considered necessary for a wider range
of cutting speeds to be chosen, however, the following
series are recommended.

(a) For cutting tests using high-speed steel, the
R 20 series may be substituted for the R 40 series, and
similarly for carbide tools, the R 10 series may be
substituted for R 20.

(b) Alternatively, a narrower speed range may be
used if required.
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Corner Radii, mm
e 1.2
r,

[ 1 r¢08 P
re 0.4 ?

Depth of Cut a, mm 10
10.00

8.00
6.30 4

5.00
4.00

3.15 o = Standard cutting
2.50 e 0.88re 1.2 conditions
re 0.8

2.00 A
1.60
1.2
4
1.00 re 0.4¢
0.80
0.63
0.50
0.40
0.32
0.25
0.20

Feed f, mm/irev

0.05
0.063
0.08
0.10
0.125
0.16
0.20
0.2
0.315
040
0.50
0.63
0.80
1,00

FIG. 6 LIMITS OF CUTTING CONDITIONS

\ Criterion : Depth of

t crater KT

Toot Life T, min

{Logarithmic scales)

Resulting curve

Criterion : Width of flank
\ wear land VBg

Cutting Speed v, m/min

FIG. 7 BROKEN v-7 CURVE, COMBINED FLANK AND CRATER WEAR
9
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7 TOOL LIFE CRITERIA AND TOOL WEAR
MEASUREMENTS

7.1 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 below. The type and value of

TOOL LIFE TESTING WITH
SINGLE-POINT TURNING TOOLS

7.1.3 Common Criteria for Ceramic Tools. (See
Fig. 8.) The criteria most commonly used for ceramic
tools are as follows:

(a) the average width of the flank wear land
VB = 0.3 mm, if the flank wear land is considered to
be regularly worn in Zone B;

(b) the maximum width of the flank wear land
VB max. = 0.6 mm, if the flank wear land is not

hich type of wear will predominate, it is possible to

e either two criteria, resulting in two v-T curves, or a
mixed criterion, resulting in a broken v-T curve (see
Fig. 7). For example, in a typical case of a feed of 0.4
mm/rev, tool life will be considered to be ended when
ejther VB = 0.3 mm or K7 = (.18 mm is reached.

t{e criterion used shall be reported. If it 1s not clear
u

7.1.1 Common Criteria for High-Speed Steel
Tlools. (See Fig. 8.) The criteria most commonly used
for high-speed steel tools are as follows:

(a) catastrophic failure; )

(b) the average width of the flank wear land
By = 0.3 mm, if the flank wear land is considered to
e regularly worn in Zone B;

{c) the maximum width of the flank wear land
(By max. = 0.6 mm, if the flank wear is irregularly
orn, scratched, chipped, or badly grooved in Zone

T~

bR ]

7.1.2 Common Criteria for Sintered Carbide
ools. (See Fig. 8.) The criteria most commonly used
br sintered carbide tools are as follows:
fa) the average width of(the flank wear land
By = 0.3 mm, if the flank ‘wear land is considered to
e regularly worn in Zone B;

(b) the maximum-width of the flank wear land
WBg max. = 0.6_mim, if the flank wear land is not
egularly worn innZone B;

(c) the depth)of the crater K7 given, in millimeters,
iv the formula

~ =

T

-

=

KT =0.06 + 0.3f

regularly worn in Zone B;
(c) catastrophic failure.

7.1.4 Common Criterion for Finish Turning.
Surface roughness is a commbon-criterion fpr finish
turning and the following \R, values, accdrding to
ANSI B46.1-1978, are preferred:

0.4 — 0.8 =16 — 3.2 ~6.3 - 12.5um

in para.
and cast

7.1.5 Other Criteria. The criteria specifieg
7.1 are usually sufficient when turning steel
iron.

The reasons for the selection and choice |of other
criteria for special cases are discussed in Appendix C.

7.2 Tool Wear Measurements

Particles adhering to the flank directly under the
wear land can give the appearance of a larger|width of
the wear land. Also, a deposit in the crater gesults in
lower values of the crater depth. Loose matefial shall
be removed carefully but chemical etchants fhall not
be used except at the end of the test.

For the purpose of the wear measurements
jor cutting edge is considered to be divided
following three zones (as shown in Fig. 8).

(a) Zone C is the curved part of the cutting edge at
the tool corner.

(b) Zone N is the quarter of the worn cutfing edge
length b farthest away from the tool corner.

(c) Zone B is the remaining straight part of the cut-
ting edge between Zone C and Zone N.

The width of the flank wear land VBg shall be mea-

the ma-
into the

where fis the feed in millimeters per revolution. This
leads to the following values of K7 for the feeds speci-
fied in the recommendation where K7 applies as a
criterion.

Feed f, mm/rev 0.25 0.4 0.63

Crater depth K7, mm 0.14 0.18 0.25

10

sured within Zone B in the tool cutting edge plane P
[see footnote (2)] perpendicular to the major cutting
edge. The width of the flank wear land shall be mea-
sured from the position of the original major cutting
edge.

i 2The tool cutting edge plane P, is the plane containing the major

cutting edge and the direction of primary motion.
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Plane P

Section A-A

KB = crater width
KM = crater center distance
KT = crater depth

(See para. C.5, Appendix C.)

FIG—8—SOMETYRES-OF WEAR-ON-FURNINGTOOLS

VB,

H

c

0

N

VoD

C

Q

. B

1 Nl ol |
Wear notch VBN

~———————]

11

Flank wear land
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The crater depth K7 shall be measured as the maxi-
mum distance betwéen the crater bottom and the ori-
ginal face in Zone B.

Further details appear in Appendix C.

8 EQUIPMENT

TOOL LIFE TESTING WITH
SINGLE-POINT TURNING TOOLS

(k) aslide caliper for measuring workpiece diame-
ter and for setting the chipbreaker distance;

(/) equipment for measuring the flow rate of cut-
ting fluids. (This can be done by measuring the time to
fill a barrel of known volume.)

9 TOOLLIFE TEST PROCEDURE

8/1 Machine Tool

The lathe on which the test is carried out shall be of
stable design and in such good condition that no ten-
dencies to vibrations or abnormal deflections can be
observed under the test conditions.

The machine tool upon which the test is to be made
1l be equipped with an infinitely variable speed
ndle drive covering the range of spindle speeds to be
d.

his is particularly important in turning in order to
able to maintain the same cutting speed as the
meter of the workpiece is reduced by successive
s.

urthermore, a variable speed drive allows precise
determination of cutting speeds and reduces the
e required to obtain the data for a complete tool
curve.

‘Other Equipment

he following equipment is needed for specific
asurements and shall be of sufficient resolution to
criminate the tolerances specified in this.Standard:
a) a device for measuring tool geometry
urately;

b) a profile projector for inspection of the tool
ners;

¢) astopwatch for recarding of cutting time;

d} a toolmaker’s microscope, or a microscope

(f) anX -~ Y table is recommended to obtain more
acfurate tool-wear measurements;

It is only possible to describe tool life test pro¢edure
in general terms, as conditions will vary\with each
situation.

The method to follow is the same:as that used for
good machine tool operation, except that great care
and observation must be exercised and that ¢ertain
measurements must be takeén,

Most details of the measurements and the precau-
tions to be taken have-already been covered elsgwhere
in this Standard.

Before starting the test, it should be ascertained that
lathe, workpiece, and tools fulfil all the requirgments
of this Standard. The data sheet, ‘‘General Condi-
tions,’%as'shown in Appendix D shall be complgted.

Themachine shall be set to the required cutting con-
ditions. If necessary, a preliminary tool life fest as
described in Appendix E shall be carried out.

Tool wear measurements shall be made at syitable
intervals. All data shall be recorded on the data|sheet,
“Tool Wear Measurements,’’ as shown in Appendix
D. The readings shall be plotted on a tool wear|(ordi-
nate) versus time (abscissa) diagram (see Figs.|9 and
10).

Such diagrams shall show at least five experimental
points for each curve so that the time at whigh the
value that is selected as the tool life criterion is rgached
can be assessed with sufficient accuracy.

Under no circumstances shall the tool life be|deter-
mined by extrapolating the tool wear versus time
diagram.

Finally, the results of a series of tests shall [be re-
corded on the data sheet, ‘‘Cutting Speed Versus Tool
Life Diagram,’’ as shown in Appendix D.

The evaluation of the tool life data is dealt With in
Section 10.

(2) a profile recorder if registration of the crater
profile is desired;

(h) hardness testing equipment for the determina-
tion of hardness of the workpiece and the tool;

(i) a portable roughness measuring apparatus for
measuring workpiece roughness while the workpiece
is mounted on the lathe;

(/) aninstrument for measuring cutting speed;

12

10 RECORDING AND REPORTING RESULTS
10.1 Tool Life Tests

10.1.1 Tool Life as a Function of Cutting Speed.
Flank wear versus time measurements taken at several
cutting speeds will provide curves as shown in Fig. 9.


https://asmenormdoc.com/api2/?name=ASME B94.55M 1985.pdf

TOOL LIFE TESTING WITH
SINGLE-POINT TURNING TOOLS

0.3

ANSI/ASME B94.55M-1985
AN AMERICAN NATIONAL STANDARD

Width of Flank Wear Land VB8g, mm

n T Ty Ta
Cutting Time ¢, min

FIG. 9| DEVELOPMENT OF FLANK WEAR FOR

DIFFERENT CUTTING SPEEDS

Corresponding curves will be obtained in measuring

cratering as shown in Fig. 10, surface roughness, etc.
If cathstrophic failure is used as a criterion, the tool
life T i§ plotted directly against the cutting speed v,

which will provide tool life curves.

Plott]ng the coordinates (v,, T}), (v,, T5), etc., ob-
tained from Figs. 9 and 10 on a double logarithmic
cutting [speed versus tool life diagram (same module
along bpth axes) will produce a v-T curve as shown in
Figs. 1){and 12.

Thesg
certain

v-T curves may be considered linear within a
speed range. The equation for-this linear por-

tion of the curves is written
vXxX T~ 17k = C
where
v =|the cutting speed in meters per minute
=|the tool life.in minutes
k =|tg o (as'shown in Figs. 11 and 12) defines the
slope'of the tool life curve
C =|constant

{Linear scales)
{Linear scales)

v ¢ <]

E 4]
v, € o
Q ;- vy
g Y
2 0.
S 18
S
L
/ § / ///,
1 %

T T, Ty Ta
Cutting, Time t, min

FIG. 10 DEVELOPMENT OF.CRATER DEPTH
FOR DIFFERENT CUTTING SPEEDS

10.1.2 Tool Life as a Function of Spindle Speed.
In production it is sometimes suitable to plot the com
binations of revolutions and number of workpieces
produced for a specific criterion of tool wear on a douf-
ble logarithmic diagram as shown in Fig. 13. This diaf
gram can be used in the same way as a v-7 diagram.

10.1.3 Tool Life Tests at a Single Speed. In cer
tain circumstances, tests at a number of cutting spee
cannot be carried out. In such a case the tool life;II;
expressed in minutes or alternatively as the number
workpieces produced at a single chosen speed.

The evaluation of such tests is explained in Appen
dix F.

Further information is given in Appendix E.

10.2 Data Sheets and Diagrams

10.2.1 General. No standard data sheets ar
specified. However, suggested layouts are given i
Appendix D, but these are not suitable for compute
evaluation.

Three different data sheets are suggested:

b B ¢ ')

The values of k and C in the above equation shall be
reported. Methods for the determination of Xk and C
are given in para 10.3.

If the flank wear criterion is reached before that of
the crater wear or vice versa, a v-T curve may be drawn
according to Fig. 7. It should be observed that usually
the v-T curve determined by cratering is steeper than
the curve determined by flank wear.

13

(a) General Conditions, which covers all the basic
data for a complete series of tests;

(b) Wear Versus Time Measurements, which cov-
ers all the details of a single tool life test; '

{c) Cutting Speed Versus Tool Life, for recording
the results of a number of tool life tests carried out at a
range of cutting speeds.

All information shown on the sample data sheets
shall be included in any other data sheet compiled.
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E 73 <
"o'l k=tga Z N, {Logarithmic stales)
I {Logarithmic scales) °
: e ;
N €
- =]
ST z
- 2
= N3
)
3
-
T1 4 115
\‘ Spindle Speed n, rev/min

Vg V3 VvV W
Cutting Speed », m/min FIG. 13 - NUMBER OF WORKPIECES PRODUCED
ASA FUNCTION OF SPINDLE SPEED

FIG. 11 v-TCURVE FOR VB; = 0.3 mm

10.2.2 Data Sheet, Wear Versus Time. Informa-

\ tion recorded in the “‘remarks’’ column on tHe data
sheet (b) in para. 10.2.1 shall include the following:

(a) the chipforms obtained (see Appendix G);

(b) the progressive readings of Brinell hardness of

the workpiece as its diameter is reduced by sucgessive

cuts;
(c) the orifice diameter, flow rate, and regervoir

T : . . .
3 temperature of the cutting fluid supply and fluig pres-
kK=tga sure if possible.

(Logarithmic scales) 10.2.3 Data Sheet, Cutting Speed Versuj[ Tool

0,18 mm, min

a

Tool life T for KT -

Life. The tool life curve shall be plotted on standard
log-log graph paper with the same module in both
directions (83.33 mm modules if possible).

The abscissa shall be the cutting speed v expressed in

meters per minute.
The ordinate shall be the tool life Tin minutes|or the

.....

7y The following pertinent data shall be shown in the
\ heading of the graph:
! (a) date
vs V3 V1w (b) work material specification

(c) hardness or physical properties of work
material

(d) tool material used and hardness in the case of

FIG. 12 v-TCURVEFORKT = 0.18 mm high-speed steel

Cutting Speed v, m/min

14
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(e) tool geometry (data given in the following order
v, @, A Kp, € and re and chipbreaker)

(f) cutting fluid

(g) feed

(h) depth of cut

(i) criterion of end-point of tool life

(j) all other data pertinent to the test
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10.3.3 Evaluation by Calculation. Linear regres-
sion analysis is an objective method of fitting a
straight line through a number of observations. The
line is fitted by the method of least squares which
requires that the sum of the squares of the deviations
between the observation points and the line be mini-
mized. The method is described in Appendix F.

10-3-4

10.3 Evaluation of Tool Life Data

10.3.1 General. Any evaluation of tool life test
data befomes useless if precautions are not taken dur-
ing the pxperiment to ensure that the observations ob-
tained are really independent of all factors other than
that whlich is being investigated, and that the tests are
carriedjout in a random sequence.

The ¢onstants of the Taylor tool life equation

vX T-Vk =C

can be ¢stimated from tool life tests either by a simple
graphiq method, described in para. 10.3.2 or by a
mathematical method, described in para. 10.3.3. If
the latter is used, it is possible to obtain a measure for
the dispersion as well as for the significance and the
confid¢nce interval limits, as described in paras.
10.3.4 and 10.3.5.

10.3.2 Evaluation ““By Eye’’. With evaluation
““by eyg’’ it is possible to estimate the constants C and
k quickly with an accuracy that is acceptable in many
cases. However, it should be borne il mind that evalu-
ation ‘Jby eye’’ is not objective, as_it is unlikely that
two inflividuals would arriye\.at exactly the same
result. Further details are given'in Appendix F.

ness of Fit of the v-7 Curve

(a) Dispersion. All experimental observations’aie
concerned with dispersion. One way of indicating the
dispersion is by the determination of residual varia-
tion about the regression line, whichyis the mean-
square deviation of the observed log T values from the
value according to the regression-line. Further details
are given in Appendix F.

(b) Significance. If the.observed relation betwe
the variables 7 and v is not to be considered as only|a
result of chance, theaesidual variation should be smaljl
in relation to the total variation of the 7 values due
regression. Further calculation methods are shown in
Appendix E;

10.3.5Confidence Interval Limits for the v-T
Curve

ta) Confidence Interval Limits for the Complele
Line. The confidence interval limits form an arda
around the calculated regression line within which, |f
the tool life tests were repeated several times, a certain
percentage of the corresponding regression lings
would fall. The method of calculation is given in
Appendix F.

(b) Confidence Intervals for the Constants a, (¢,
and k. The confidence intervals for the coefficients &,
C, and k form an interval within which the coefficien
would lie in a certain number of cases if the tests wej
repeated. The calculations are explained in Appendjx
F.

o wn
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APPENDIX A
GENERAL INFORMATION

The|objective of this Standard is to provide stan-
dard cpnditions and procedures for conducting tool
life tests with single-point tools in turning so that:

(a) results from different sources can be compared;

(b) dispersion of the test results will be kept to a
minimpm.
of such tests may be:
etermination of machining properties of work

(b) comparison of tools (material, geometry, etc.);

(c) ¢omparison of cutting fluids;

(d) fletermination of recommendable cutting data.

In this Standard, certain items are standardized (for
example, standard tool geometries and standard cut-
ting conditions). The term ‘‘standard’’ is used for
quantifies the values of which can be measured and
expresped in physical units, one or more of the values
being ¢hosen as standard. In tool life testing there are
also variables like work material, tool material, and
type of cutting fluid the properties of which may be
imporfant for machining but cannot-be easily ex-
in physical units. Here, a detailed description

d for reasons of comparability, the ‘‘com-
riteria specified in this Standard are preferred,

{This Appendix, whichis placed after the main text for convenience, is anintegral
part of ANSI/ASME B94.55M-1985.)

ticed when another batch is taken ofithe’same nominal
material. The only real solution/)for this proble
would be an international ‘‘material bank’’ in whigh
very large amounts of very rigidly controlled materi
would be kept for calibration purposes. This idea has
been considered but camnnot be realized. Such banks
exist on a national léyel and in a few countries only. (.

A major problém in drafting this Standard was that
a standard with’only one or very few conditions gives
very good comparability but little freedom to adopt
the test<circumstances to wider use.

If more conditions (for example, feeds and tool gg-
ometries) are standardized, a greater chance exists
that a case comparable with a particular type of pro-
duction is covered, but it would be unlikely that daja
of this case are available for comparison. If, for ip-
stance, it is required to test the machining propertigs
of work materials in order to obtain information fpr
the purchasing, work preparations, and other depart-
ments, this can be done in most cases by the use of ofe
of the standard cutting conditions, standard tool gp-
ometries, common tool life criteria, the referenge
tools, and the reference cutting fluid. Then the resu
will be comparable with those obtained elsewhere. [n
many cases it will be necessary to deviate from tHis
Standard. For instance, work materials very differept
from the non-alloyed steels and cast irons, which afe
the work materials most commonly used in the tej;s
described in this Standard, may make it necessary {o
use a non-reference tool material, and perhaps the
standard tool geometry will also not be the bdst

Although the reference materials are described in
detail, differences in behavior in cutting may be no-

17

choice. If deviations are necessary, it is advisable to
follow this Standard when possible.
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APPENDIX B
GRINDING OF HIGH-SPEED STEEL

(This Appendix, which is piaced after the main text for convenience, is an integral
part of ANSI/ASME B94.55M-19865.)

In Table 5 are listed grinding data which, it is suggested, will ensure a production of a satisfactory high-speed
steel tool. The type of wheel, choice of speed, and dressing conditions are not, however, obligatory.

The cytting direction of the active periphery of the wheel is to be approximately perpendicular to the major
cutting efige and towards the wedge of the tool as indicated in Figs. 14 and 15.

When |using a plain grinding wheel, the cutting direction may be opposite or equalto the feed direction. (See
Fig. 14.)

When jising a cup grinding wheel, the cutting direction is approximately perpendicular to the feed direction. (See

Fig. 15.)

19
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TABLE-5

2
GRINDING RECOMMENDATIONS
Operation Grinding Data
Grinding
I Wheel Cutting Depth Table
. rf Grind
No Surface rincing Marking Speed Setting Feed Note;
Wheel A di
Type ccording A
to m/s mm/stroke m/min
ANSI B74.13
Original Grinding
Cutting off 1 Minor flank Ct':t-off AB0P4B 50 10 70 approx. 3
wheel
Roggh- 2 Minor and Cup A4618V 25 0.01 t0 0.02 | approx. 3 | Wheei to be
grifding? major flank grinding or dressed afte
wheel . AGOHBV the regrindifig
3 Face Plain 25 0.02 approx. 3 each tool
grinding
wheel
Fing- 4 Minor and Cup 25 0.01 t0 0.02 | approx. 3 | Before fine
grinding? major flank grinding grinding, th
wheel wheel is 10 Qe
5 Face Cup A120G8V 25 | 0.005100.01 | approx. 3 |corefully
grinding cl‘ressed vfuth a
wheel single-point )
diamond
Regrinding
Roygh- Minor and Cup A46IBYV 25 0.01 to 0.02 |approx. 3
grinding? major flank grinding
whee!
Fing- 4-5
grinding
accgrding
to {Jl) above
NOTE:
{1) |Ali grinding operations are to be performed with an adequate flow of coolant. Grinding shall be done perpendicular to thg major
cutting edge and-with grinding direction away from the edge.
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APPENDIX C
TOOL WEAR AND TOOL LIFE CRITERIA

C1 INTRODUCTION

mentally how one or more factors affect the useful life
of cutting tools.

The rpason why the useful life of a cutting tool
should be considered to be ended is often different in
differenf machining operations. The most simple case
that may occur is that the tool becomes completely
useless.

In moft cases the tool wears gradually, and the work
done by the tool becomes less satisfactory, for
instancg the roughness of the machined surfaces
becomeqd too high, cutting forces rise and cause intol-
erable deflections or vibrations, the tool wear rate in~
creases [so that dimensional tolerances cannofbe
maintained, etc.

For rgasons of comparability the determination of
the end ¢f tool life has been established:

The :}lm of tool life testing is to determine experi-

C2 DEKINITIONS

For the gurposes of thisStandard the following defini-
tions apply. _

tool weqr — the‘change of shape of the tool from its
original [ shape;» during cutting, resulting from the
gradual Joss.of tool material

part of ANSI/ASME B94.55M-1985.)

C3 GENERAL REMARK

The numerical values in‘this Appendix and in para.
7.1 are a reasonable ,compromise and apply to the
cutting conditions specified in Section 6 for non-
alloyed and low-alloyed steels and cast irons, with
tools having the.approximate characteristics specified
in Section 4. (As an example, the presence of sintered-
in chipbreaking grooves or special surface treatments
may influence the wear behavior significantly and
makethe assessment of the amount of wear more dif-
ficult.) In circumstances which differ greatly from
those specified, it may be necessary to select other val-
ues for the tool life criteria. In such cases, values being
either 50% lower or 50% higher than the indicated
values are recommended. Under no circumstances
should the tool life be assessed by extrapolating the|
wear versus time graph.

C4 WEAR OF THE MAJOR FLANK
C.4.1 Flank Wear

This is the best-known type of tool wear (Fig. 8). 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 growing width

tool wear Tieasure — a dimension 10 be measured 10
indicate the amount of tool wear

tool life criterion — a predetermined threshold value
of a tool wear measure or the occurrence of a
phenomenon

tool life — the cutting time required to reach a tool life
criterion
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of the flank wear land leads to a reduction in the qual- -
ity of the tool. All cutting-tool materials normally
have a high initial rate of flank wear which usually
decreases considerably after a short time of cutting
unless excessive cutting speeds are used (Fig. 9). The
flank wear of high-speed steel frequently develops dif-
ferently from the wear of sintered carbide tools.
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High-speed steel tools may have prolonged periods
of very little measurable increase of flank wear. This
phenomenon occurs especially at low cutting speeds
when machining ductile materials. At higher cutting
speeds the increase of flank wear of all cutting-tool
materials is usually approximately uniform (see Fig. 9)
subsequent to the initial high wear rate. The final por-
tion of the flank wear versus time graph often shows

away from the cutting edge may be less dangerous to
the tool than a less deep, narrow crater close to the
cutting edge.

This is one of the reasons why the values for KT as a
tool life criterion are given in relation to the feed. For
special purposes the crater center distance KM and the
crater width KB may be measured as additional infor-
mation. However, they should not be used as tool life

anjaccelerated rate of wear which leads to catastrophic
faflure. The width of the flank wear land VB, (Fig. 8)
is & suitable tool wear measure and a predetermined
value of VBj; is regarded as a good tool life criterion.
or reasons of comparability, one value VB = 0.3
isshown in para. 7.1.

lower value would cause more dispersion of
reqults since the initial high wear rate would have too
much influence.
higher value would be costly and might not be
redched in all tests.
n irregularly worn flank is often caused by chip-
ping of the cutting edge and is therefore dealt with in
para. C7.2.

C4.2 Notch Wear

his is a special type of flank wear at the spot where
thg major cutting edge intersects the work surface,
whlich seldom makes the change of tools necessary:
profile and the length of the wear notch- VB,
. 8) depend to a great extent on the accuracy of

th of the wear notch may be used as the tool wear
sure. In such cases the\value VB, = 1.0 mm may
used as the tool lifecritérion.

CY WEAR.OOF THE FACE

Crater,wear is the most commonly occurring type of
fade wear.

criteria.
The crater center distance KM (the distarice b¢tween
the original 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 (Fig. 8).
The crater width KB (the distance between th¢ origi-
nal major cutting edge and.the rear side of the frater)
is measured parallel to the face in Zone B and perpen-
dicular to the major cutting edge (Fig. 8). As thd crater
center distance KM depends not only on feed bt also
on work material and tool material, the cratef ratio
K (K = KT/KM) is sometimes calculated. A ¢hosen
value may then be used as the tool life criterion 4nd the
value K-= 0.1 is recommended.

C6 WEAR OF THE MINOR FLANK

In turning, the machined surface is shaped fnainly
by the tool corner and the minor cutting edgq. This
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 aftera per-
iod of cutting. These grooves cause increased yough-
ness of the machined surface. A direct evaluation of
this type of tool wear is difficult but its effect thay be
assessed by the measurement of the roughness |of the
machined surface. A certain value of the roughness
may be used as the tool life criterion. Recommended
values are given in para. 7.1.4.

Oxidation of the minor flank often leads to the de-
struction of the tool when turning with carbide tpols at
sufficiently high temperatures caused by high| feeds
and high cutting speeds. In such cases the toql may

The depth of the crater K7 (Fig. 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 high-speed
steel or ceramic tools. Recommended values are given
in para. 7.1.2.

The position of the crater relative to the cutting edge
has also some importance. A deep, wide crater far

24

become useless because of oxidation of the minor
flank before the criteria VBg = 0.3 mm or the recom-
mended value of KT are reached. In such cases the
sudden deterioration of the machined surface caused
by the destruction of the minor flank has to be used as
the tool life criterion.

In general, this happens quite suddenly, otherwise a
certain deterioration has to be taken as a criterion.
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C7 VARIQUS OTHER PHENOMENA
C7.1 Deformation of the Tool Corner

This may lead to destruction of high-speed steel and
carbide tools when cutting conditions are severe.

Deformation of the tool corner should not itself be
used as a tool life criterion; however, deformation will
in most cases lead to a more rapid occurrence of cata-
strophic fat i i
the consequences of oxidation of carbide tools more
severe. It may happen that cutting conditions are so
heavy tha{ deformation starts immediately after the
tool starts cutting. In such cases the tool life is usually
very short] This is why it is recommended in para. 6.3
that tool life should be not less than 5 min for normal
materials |or not less than 2 min for expensive
materials.

C7.2 Chipping

The chipgping of fine particles from the cutting edge
1 cracking (frequently met in interrupted
portant with brittle tool material. The
amount of|chipping and thermal cracking is evaluated
to a certain extent by the maximum width of the flank
wear land| VBg max. (Fig. 8). Therefore, the value
VBg max. [= 0.6 mm is indicated in para. 7.1 as a tool
life criterign.

C7.3 Premature Failure

All abn¢rmally quick and therefore unreliable and
unpredictdble modes of tool failure and heavy defor-
mations which end tool life immediately>may be
caused by a hard spot in the work material or an acci-
dent in theloperation of the machine toel. One tool of
a series may break, chip badly, deform, or may other-
wise fail ujzlpredictably. The occurrence of premature
failure disqualifies the test;.unless special cases arise
where premature failure‘is-more frequent than wear
and the otI::r criteria are.seldom reached.

This may be the case when machining very hard and
heterogeneous work materials with brittle tool materi-
als (for example, ceramic tools) and delicate tool
shapes. In such cases it is recommended that more ex-
perimental points be used to determine the v-T lines.

C7.4 Catastrophic Failure

period of successful cutting under the combined
action of load and increasing temperature is a reliable
criterion for high-speed steel tools and is therefore in-
dicated in para. 7.1.1. It may also be used in‘case of
testing carbide and ceramic tools under{severe metal
cutting conditions.

C7.5 Preliminary Failure

This phenomenon, sometimes observed prior to the
catastrophic failure ofthigh-speed steel tools, is evi-
denced by a shiny, burnished appearance of the ma-
chined surface and,the transient surface, usually dur-
ing 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‘tool life criterion and cutting shall be contin-
ued, until one of the preferred tool life criteria is
reached. The instant of preliminary failure shall be
recorded.

C8 CUTTING FORCES AND TEMPERATURE

A major increase of cutting forces and temperature
with cutting time is sometimes used as the basis for a
tool life criterion in scientific research and in adaptive
control systems.

This is not covered in this Standard. Forces and
temperature may be measured as additional informa-
tion. It should be kept in mind that most dynamome-
ters are less rigid than a standard tool post. Increased
vibrations, which affect tool wear, may be the result.

25
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APPENDIX D
DATA SHEETS

{This Appendix, which s placed after the main text for convenience, is anintegral -
part of ANSI/ASME B94.55M-1985.)

Data sheets follow on the next three pages.

27
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Reg. No.

Company GENERAL CONDITIONS
Order No.
Date Ordered by 1Performed by
AIM OF THE TEST :
TEST MATERTAL
Designation Manufacturer Country Charge-No.
RAnalysis % C| Si|Mn| P SN |C|[MojCu]| V Alide %
Btandard (0] %
Charge N %
Test bars ’ H, %
Blag analysis Si0, Al, 0, FeO MnO Inciusions (Type,-size, etc.)
Bnd inclusions
Ca0 MgO TiO, Cr,0,
Treatment of ingot {ingot size, rolling, etc.)
Heat treatment Structure
Mechanical Reo.2 . N/mm2| Brinell.hardness  ..... Additional data
properties Ron ... N/mm2| Balt.diameter mm
ReL ... N/mm2|Load .N
rooLs
Manufacturer Country ! Tool material
bintered carbide Insert (designation) JGroup of application
pnd Ceramic Toolholder (type-and designation)
High-speed steel Composition Hardness
Heat treatment Designation of tool
Grinding.method
Tool geometry T = Jan= I)\,= ]K,= l€,= T’e=
| ATHE
Manufacturer Type No. Year of manufacturg
Rated output Height of centres Maximum distance Machine conditions gs
between centres for record
. kW mm mm No. . ..
. Yes O
Machine mounting.{bolted down, etc.) Infiniteiy variable speed No O
Miscellaneous
FIXING.DEVICE
S Chuck 0] Other device (description)
::::fllo.\zu“r:‘g tixing Chuck-centre (J
Centres [J
CUTTING FLUID
Cutting fluid Yes O] Type Designation or analysis Pressure Temperature | Volume
used No (O ... l/min

Miscellaneous

28
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Company WEAR VB, KT VERSUS TIME t MEASUREMENT Reg. No.
Order No.
Date Ordered by ]Performed by
TEST BARS, TOOL AND CUTTING DATA
Insert or Edge No.’ Rough Diameter before | Length of Machined
tool No. . .. diameter machining workpiece zone
...mm ...mm ... mm ...mm Chipbreaker
Feed f mm/reviDepthotcuta . . mm|Cuttingspeedv ... m/min! height ! distance
Miscellangous '
TEST VALUES
Measure- Time Diameter Flank wear Cratering Chip Remarks
ment t D VB, VB, max. " KT 0 form
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 griterion 1) if other wear measure is applied Is chipforming affected by
chipbreaker ?
Yes O No O
V8g, K7T)|mm The scales of the two axes shall be adapted to the values obtained.

$eoit
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Time t, min



https://asmenormdoc.com/api2/?name=ASME B94.55M 1985.pdf

* | Reg. No.

Company CUTTING SPEED v VERSUS TOOL LIFE T DIAGRAM
Order No.
Date WOrdered by ]Performed by
MAIN DATA
Test material Tool material Tool designation Feed Depth of
... mm/revicuta . mm
Tool geometry Tn = lan = I}\, = K, = 16, = Ire = Cutting fluid
emarks
Too! life, T, min Test values
250 - 8 DO T
- -+ X Tqol life
- 1 SEESE 88080 B Tool-|Cutting + mi
-+ +— +1 + . min
200 ' - bt bt Sheet | life- | speed
* ﬁr + - : f No. erite- v Mean Stan-
RS : R e | rion | m/min valug :;r_d
150 . ; e e RS B ; via-
+ ——t ) tion
130 -~ R -
LA B B ELS IR R RS b
- - s
100 . 5 IR +
90 |- . ' s ——t
80 + e it
70 v B H . Bt
bt N
| ) " g T
60 s B e it
e — —
T 1 T
50 — "
% s
i + 1‘;[
30 > it s
T I T o
1 -
- RS EOSES
D ' e
20 — + + ‘ e
. ; T M 8 S I
- 1 S e mw s naspsvott
15 * \ ——t + +
; ' . — e
H N JEEET EITEE I
. N 4 I 1O
+ ' 4 ’ — - +
. . H 1 1 AN Pl ‘Ij
‘ T REARSS
10 + Bl i - ﬁ?t M f
9 ~ 1 ) PEDE I I REE S S93) B
° - e mamas essisir
— S RSSN IEI BN
X X R EEEREAN HEE
_ ‘ DR EEEEI N nli
5 f ESaERESIMEIHINES
; T IBBRE R :
5 = mmaensszsssses
‘ R . T - ; :
Iy — ++ -+ — T N ) 1. !
4 3 —— e 1 11 — 1 10
20 30 40 50 60 80 100 150 200 300
Cutting speed v, m/min
Remarks
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APPENDIX E
PRELIMINARY TOOL LIFE TEST

A cut should be taken with the machine set at an
arbitrarily|selected low cutting speed and, if neces-
sary, the chipbreaker distance should be adjusted until
an acceptdble chip form is obtained. The period of
time over which the cut is taken should be short, and
will probaply vary between individual cases. The tool
should thdn be examined for indications of failure,
and if nong appear, a further cut should be taken with
the cutting speed increased. This procedure should be
repeated uptil the tool has failed.

A tool life point thus obtained should not be re-
corded as part of the data; however, it is valid in estab-
lishing thd correct operating level. The cutting time
taken duripg the test at the lower speeds is an insignifi-
cant portign of the life of the cutting tool when oper-
ating at the speed at which the tool failure occurred.

The cuttling speed for the first tool life-tests is deter-
mined by ¢stimating the slope k of the'toel life curve.

Using a Jog-log graph paper (module 83.33 mm rec-
ommended), a line having an estimated slope may be
drawn through the tool life point obtained in this pre-
liminary tgst.

{This Appendix, which is placed after the main text for convenience, is an integral
part of ANSI/ASME B94.55M-1985.)

This line can then be used to determine the cutting
speed for the first tool life desired./This cutting speed
can also be calculated by using the tool life equation in

the following formula:
T, \- 1k
T,

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

High-speed steel: kK = —7, but values between — 12
and — 5 may be obtained.

Vi =

Carbide: £ = —4, but values between —6 and —2.5
may be obtained.
Ceramics: k = -2, but values between —2.5 and

—1.25 may be obtained.

Values near the initial estimated values are fre-
quently found when cutting reference work material
with reference tools.

The.cutting speed thus chosen will rarely 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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APPENDIXF
EVALUATION OF TOOL LIFE DATA

INTRODUCTION

It should be noted that the symbols N, X, Y, X, Y, o
and o2 used previously for the work relative to tool life
testing with single-point turning tools have been re-
placed by », x, y, X, ¥, s and s2, respectively.

F1 EVALUATION '‘BY EYE"’
F1.1 Pro¢edure and Calculation

A log-log graph paper of equal scale moduli shall be
used with the tool life T (dependent variable) on the
e and the cutting speed v (independent var-

plotting on} the double logarithmic’graph.

The bes{ straight line shall'befitted to the graph of
log v against log T. Theoretically, the line should be
drawn in such a mannert that the sum of the squares of
the vertical distances'between the line and the actual
points are ¢stimated; by eye, to be as small as possible.

The congtant-%can be easily obtained from the slope
of the line, or from two sets of observations (v, T)

(This Appendix, which is placed after the main text for convenience, is anintegral
part of ANSI/ASME B94.55M-19865.)

T
(Vlr T])

i (Logarithmic scales)

|

| k= —b/a
b |

i

|

|

L ,, Ty

’ \
\
C v

FIG. 16

through which the line actually passes.

log T,-log T}

log v, —log v,

The constant C can be read directly from the graph
as the cutting speed for a tool life of 1 min.

33

Alternatively, C may be calculated from
C=v, x T,"\

Example I: In a series of tool life tests with carbide
P 30 tools on a normalized 0.45% steel with feed
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S = 0.25 mm/rev, depth of cut 4 = 2.5 mm, corner
radius 7. = 0.8 mm, and tool orthogonal angle vy, = 6
deg., the following results were obtained:

Tool Life T, min

F2.2 Calculations

For the calculations the computation schedule
shown in Table 6 may be used. Columns 1, 2, and 3 are
completed initially by the insertion of the observed v

Number Cutting .
of Speed v Criterion KT= | Criterion VBy = and T values for all the experimental resul.ts taken.
Test m/min 0.14 mm 0.3 mm Only undoubtedly false results should be omitted.

) 180 0 P TPe foj{f):v:‘x’lf n?tauoq fis‘ed: .

~ 60 183 T #—=—number-of-experimental-observations

3 140 24 30 x = logv

4 140 20 26 y =logT

5 125 36 40 Columns 4 and 5 of Table 6 are completed py simply
6 160 13 17 taking logarithms of v and T. The summati(ﬁ of both
7 125 44 51 the x and y values is then obtained and their nean val-
8 180 8 15.5 T .

ues x, m from:

9 160 15.5 22 ¥ computed from

10 125 40 47

11 140 25 36 X = X and 7 = Ly

12 180 6.5 12.5 n n

NOTE: The work material and the tool material were not exactly
identical with the reference materials described in this
Standard.

'Determine the constants of the tool life equation.
Solution: The experimental points are plotted as
shown in Fig. 17. One line is plotted for the criterion
VB = 0.3 mm and another line for the criterion
KT = 0.14 mm. The constants are obtained graphi*
cally and are indicated in the figure.

F2 EVALUATION BY CALCULATION
F2.1 Regression Analysis

Regression analysis is a.statistical method which
helps to fit the best line to'a‘given set of data, instead
of simply drawing a_ line’by eye. This method deter-
mines the equation-of'that straight line from which the
sum of the squared distances, or deviations, of all
plotted points/in a particular direction becomes a
‘minimum.

In thi§ particular work it is assumed that log T is a
linear function of an independent variable log v; the
deviations are thus measured in the log T or vertical
direction

Transformation of the Taylor tool life equation to-
gether with'suitable choice of axes gives the following
formula:

y=a+k(x-X

where
a=k(x-logC)
=y

and
(x, ) are the coordinates of the centroidal point.

It is necessary to find the values of C and kfsuch that
the sum of the squares of the y residuals is a miinimum.
An outline for the calculation is given in Talle 6.

The constant k, which is the tangent of the angle
between the regression line and the X-axis, i§ given by

Zxy — [(Ex-Xy)/n)
x? - (Ex)z/n

k:

The products xy are tabulated in column § of Table
6 and their summation obtained. The separate values
of £x and Ly are obtained from columns|4 and 5,
respectively. The product Zx-Ly is then diviLed by n.

The logarithmic transformation from 7T and vtolog
T and log v results in the regression analysis being cal-
culated for deviations from log T instead of 7. This
distinction leads to a small underestimation of the
level of the line, as shown in Fig. 18.

In practice, the difference between a tool life calcu-
lated for T and a curve calculated for log T is very
small in comparison with the scatter about the curve.

34

In column 7 the sum of squares Zx? is calculated.
Then from column 4 the sum Lxis obtained, squared,
and divided by n.

Finally, the constant C is calculated from

logC =% — y/k

NOTE: £x2is not the same as (Ex)z.
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Example 2: Calculate the constants £ and C in the
Taylor tool life equation for the observations pre-
sented in Example 1.

Solution: A simple graph of tool life against cutting
speed is made on log-log paper as indicated in Fig. 17.
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 number of degrees of freedom (d.f.) equal to 1 and
n — 2. The ratio s3/s? 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.

The calgulations are shown in Table 9 for the crite-
rion KT = 0.14 mm. The results are shown in Fig. 18.

F3 STATISTICAL CONSIDERATIONS ON THE
GOODNESS OF FIT OF THE v-7 CURVE

F3.1 DisLersion

The residual variation is calculated according to

Ex-Ey>
n

Ey2 -yy — k():xy -

s2|=
r n-2
For the| computation, the computation schedules

shown in Tables 6 and 7 are used. Begin with the com-
putation df the square sum £y° in Table 6. Transfer
this squar¢ sum from Table 6 to part 1 of Table 7, as
wellasy, Oy, k&, Lxy, Lx-Ly/n. Continue with compu-
tation of s according to the formula given in part.l of
Table 7.

F3.2 Significance

Calculatidns: For the calculations,-use the computing
scheme shown in Table 7. The\following have to be
calculated

(a) the mean-square stum-due to deviation from the
regression|line (= residual variation) as described in
F3.1 (use part 1 of(Fable 7);

(b) the meanssquare sum due to variation explained
by regressjon

F4 CONFIDENCE INTERVAL LIMITS FORTHE v-T
CURVE

F4.1 Confidence Interval Limits for.the Complete
Line

Calculations: Use the computation schedule shown in
Table 8. Proceed as follows«

fa) Write in the head of Table 8 the quantities ob-
tained in Tables 6 and*7. Choose the desired level of
confidence. Read. in Student’s -Table the two-sided
t-value for themumber of degrees of freedom equal to
n-2.

(b) Théeonfidence interval for the complete line is
calculated from the following formula:

1
y=7+k(x—)?)its,\/—+
n

The first two terms of this formula represent 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 8, part 2 indicates the order of the calcula-
tions 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
columns 4, 5, and 6.

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

x - %’
x* — (Tx)*/n

F4.2 Confidence Intervals for the Constants a, C,

sz = k(Zxy — Ex-Zy/n)

This quantity has already been calculated as a partial
result in part | of Table 7.

fc) theratio s3/s2.

Choose the confidence level necessary (for example,
90%) and read from Fischer’s F-Table the F-value for
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and k

Cualculation: The confidence interval for k is obtained
from

s,

NE
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Table 8 suggests a method for recording the values ob-
tained. Input data may be obtained from part I of
Table 8.

The confidence interval for the constant a is ob-
tained from

F5 EVALUATION OF TOOL LIFE TESTS AT A SIN-
GLE SPEED

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

Ty + To+ T3+ Ta+ ...+ Ty

and a substitution in equatioh

logC=Xx-y/k

Corresponding limit values for log C and finally C
may be obtained. Again, Table 8 suggests a method
for recording the values obtained.

Example 3: Obtain a measure for the dispersion about
the regression line treated in Example 2 (F2.2). Also,
carry out a test of significance and set up confidence
interval limits.

(a) Dispersion. The calculations are shown in Table
10, part 1.

(b) Significance. The calculations are shown in
Table 10, parts 2 and 3. When the F-value is taken
from the table of the F-distribution, note'that the de-
gree of freedomis n — 2 for the smaller'sum of squares
and 1 for the greater sum of squares and thus the cor-
rect F-value is taken from the-— 2 row and the first
column.

As the variance ratio- =131 and F = 4.96, there
exists a high degree of significance.

(c) Confidenceinterval limits

(1) Confidence Interval Limits for the Line as a
Whole. The-calculations are shown in Table 11. The
results canbeshown graphically. Note that if a log-log
paper,with scale modulus 100 mm is used, then
x =.2.25 corresponds to a distance of 225.5 mm from

X.=.0.0 (v = 1 m/min). Thus, a confidence interval
= 0.08 OLLE i e

d ol A nond O C nce{abpo

or below the mean regression line) of 8.2 mm.
In Fig. 18 the regression line with confidence inter-

vals limits corresponding to a confidence level of 95%
is shown.

(2) Confidence Interval for k. The calculations
are shown in part 3 of Table 11.

(3) Confidence Interval for C. In part 4 of Table
11 the minimum and maximum values are shown.
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n

Moreover, if:
(a) the observations are statistically independent;
(b) randomization has been carried out;

(c) the sample of the observed T-values mhay be re-
garded as drawn from a-pepulation with normally dis-
tributed T-values. (Sometimes a normal distribution’
may be obtained _by‘taking log T instead|of the T
values.)

The confidence interval for the calculated mean
tool life 7 can be obtained from:

T=T+s- 1
n

where s is the standard deviation of the n| observed

values of tool life.

]/E(T—T)Z
S = [
n-1

and ¢ denotes Student’s t-value for n — 1 degrees of
freedom for the desired level of confidencqg 1 — %
(Table 12).
Example 4: The difference between the wear resis-
tance of two tool materials was investigated|by practi-
cal industrial tests in a machine tool group, where
three machine tools of the same model and year of
manufacture were in use under identicgl cutting
conditions.

As the material for the workpieces was|delivered
from more than one stock, it was decided to(divide the
material up in 20 lots. The order of the ma¢hining of
A i y a a~table of ran-
dom numbers. The workpieces where then machined
with toolbits 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 VB; = 0.8 mm.)

lA test of normality should be used for confirmation.
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The following tool life data were obtained:

For material B the corresponding interval is
Ty = 20.0 + 0.4
The confidence interval is less than the difference be-

tween the mean tool lives for the tested materials.
Thus, the mean tool life for material B is greater than

Tool Life Number of Observed Tool Lives
(Number of Workpieces
for Each Tool Edge) Material A Material B
14 4
15 5
16 [ 1
17 15 6 i '
tirat{
18 10 18
19 16 20
20 18 20
21 10 14
22 8 8
23 5 8
24 2 4
25 1 2
Sumn= 100 101

Solution|and discussion: The mean tool life for tool
material A is

= 14x4+15x5+16xX6+...

4+5+6+... -1

Ty = =19.0
4+54+6+...
The mean tool life for tool material B is
Ta = 20.0
The standard deviation for material A is
- 2 - 2
5 = \/4(14 192 + 505 — 192 +53: _,

and for steel B

SB ] 2.0

The confidence intérval for material A is (with a confi-
dence lev¢l 0f-95%)

Test conditions. €T
is no factor other than tool material that might explai
the test result, it is justified to generalize that.the todl
material B has a greater wear resistance than materi
A, under conditions similar to those of thetest.

However, in this case the formulation)of the text o
the problem indicates that there exist some factors (b
sides tool material) that might résulf in a difference i
tool life in the two sets of obsefvations. These factor
are the machine tools involved, their operators, an
the order of testing A and-B. If the influence of thes
factors had been controlled, for example by random
ization, the above conclusion could have been drawn
Example 5: The difference in the wear resistance o
two kinds of high-speed steel tool materials was inves
tigated. For'this purpose, the number of workpiece$
produced by one tool until tool failure occurred wa
recorded for a number of tools made from both kind
of high-speed steel.

All workpieces were identical and made from cold
drawn steel bars from one delivery. As there might be
some influence of variation of the properties of thg
work material between the bars, tools were changed ir
a random sequence each time a workpiece was fin
ished. All tests were carried out by the same operatoj
on a semiautomatic lathe with a constant spindlg
speed.

This means that these results do not necessarily ap-
ply when cutting conditions, tool geometry, or work
material are changed.

In order to achieve reasonably safe production
tools made of material A should be changed after 12
products have been made. For tool material B this
number is 15. Approximately 20% of the tools will fai
before this number is reached.

If tools are changed after 11 and 14 products respec-
tively, the risk of early failure is reduced to about

—
T, =190 I.983 X 2.5/ NIO0 = 19.0 £ 0.5
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10%.
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Tool Material A Tool Material B
Tool Tool Life 5 _ 32 Tool Tool Life _F _ 2
Number T -7 r-n Number T -7 (r-7
1 15 1.5 2.25 1 14 - 26 6.76
2 10 -3.5 12.25 2 18 1.4 1.96
3 17 3.5 12.25 3 17 04 0.16
4 14 0.5 0.25 4 13 - 3.6 12.96
5 13 =06 825 b 16 = 0.6 0.36
6 11 -25 6.25 6 18 1.4 1.96
7. 14 0.5 0.25 7 17 04 0.16
8 12 -15 2.25 8 20 34 11.56
9 16 25 6.25 9 16 - 06 0.36
10 . 13 -05 0.25 10 16 <06 0.36
1 12 -15 2.25 1 15 1.6 2.56
12 14 0.5 0.25 12 19 24 5.76
13 15 1.5 225 = — _ 2=
12 13 —05 0.25 n=12 ZT=199 Xr-n 44 .92
n=14 IT=189 |S(T-T)°=47.50 F:Hz‘%?.z o
n
- 2T 189 3
7T=—=—=135 (TN 44 .92
n 1 s= _—= —_—=2.02
n<n 1

(

As it is felt that ail factors which may affect togl life were
kept under a reasonable degree of control, it is justified to
conclude that tool material B has a greater wear|resistance
than tool material A for the conditions of these tests.

Confidence ievel : 95 %
Number of degrees.of freedom : n — 1

Material A : n(— "= 13, t value = 2.160

Material8¢n — 1= 11, t value = 2.201

< ts
M \&ET+—
VII
_— 35+2.16><1.97_ .
A = 13. e =135+ 1.1
7, —166+2——~'2X2'°2—166+13
B . - \/ﬁ O = B

Ditterence significant

Yes NOD
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FIG. 18 LINES WITH CONFIDENCE INTERVAL FITTED BY CALCULATION
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