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SUMMARY

Based on pieces per hour (cutting time) or feed rate in inches per
minute, the following general relations have been established for the various

steels:

1. The C1018 (Pb) material is 75% of the standard C1117 steel
in turning, forming, and drilling operations under the con-
ditions of cut found satisfactory on the single-spindle,

- automatic screw machine.

2. The Cl045 (Pb) material is 120% of the C1045 standard in
the turning, forming, and drilling tests.

3, The A4140 (Pb) steel is 120% of the A41LO standard in the
turning, forming, and drilling operations.

4. Using an A8620 standard as a 100% value, the AB620 (Pb)
steel is rated at 122%.

it




— ENGINEERING RESEARCH INSTITUTE - UNIVERSITY OF MICHIGAN —

AN EVALUATTON OF Cl1117, Cl1018 Pb, C1l045, C1045 Pb,
Ak140, AK1LO Pb, AB8620, AND A8620 Pb STEELS
AS MACHINED IN A BROWN AND SHARPE, NO. 2G,
SINGLE-SPINDLE, AUTOMATIC SCREW MACHINE

This study was made to obtaln comparisons of the performance of cer-
tain types of leaded and standard steels. The operating conditions of the
automatic screw machine and the geometry of the cutting tools were varied to
obtain an acceptable performance on each of the materials.

OPERATING CONDITIONS

Machine.—The Brown and Sharpe No. 2G single-spindle, automatic screyw
machine was used for the entire test program.

Cutting Fluid.—A Standard 0il Co. "Stanoil No. 31" at 310 S.S.U.
(LOO°F)—an equivalent to an SAE No. 20—was mixed 9 parts to 1 part of Stu-
art's Thred-Kut oil, a sulfur-base material, used as an E.P. lubricant.

Steels.—(See Table I)

Cutting Tools.—

1. Turning.—The turning tools—used in a knee-type tool holder—were
Allegheny-Iudlum No. DBL-2 of 5% Mo, 4% Cr, 2% Va, and 6% W, representing a
standard M-2, high-speed steel material. The standard tool signature was 8°
back rake, 15° side rake, 6° end relief, 6° side relief, 6° end-cutting edge
angle, 0° side-cutting edge angle, and 1/52 inch nose radius. This signature,
which was used on all of the tests that are reported for direct comparisons,
was adopted after some variations of nose radii were tried on the Cl117 mate-

rial.

2. Forming.—The form tools were held in a T7° tangential-type tool holder
in the machine, after preparation by grinding a signature of 18° back rake and
0° side rake. The tool material was Firth Sterling, "Cirecle-C," T-5-B grade
of 18¢% W, 4% Cr, 2% Va, and 8% Co, representing a T-2 type of high-speed steel
with a cobalt additive.

3. Drilling.—The 2-flute, standard screw-machine drills were of moly-
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high-speed steel and finished with an oxide treatment. They were ground to a
135° point angle and 11° relief angle. Drill diameter varied in relation to
the size of the work piece to maintain a proper relationship of cutting speed.

4. Cut-off.—The cut-off tools were of a high-speed-steel type and ground
periodically to maintain sharp cutting edges. No data were kept on this oper-
ation, except for observations of metal pickup on certain materials.

TEST METHOD

Figure 1 is a view of the Brown and Sharpe automatic screw machine
used in-the evaluation of the materials included in this report.’ It was se-
lected for this study after due consideration was given to the ease of setup,
available speed ranges and cycle times, and dimensional stability.

The shape and size of parts are shown in Fig. 2. The diameters of
the part varied in some of the materials because of the original condition of
finished-bar size as produced at the mill. The shape of the part remained
constant for the tests on all materials.

A simple operational layout is shown in Fig. 3 with a listing of the
sequence of machining cuts as follows:

Second drill - 1/2 length of part + cut-off.
Finish cut-off.

1. In feed.

2. Partial cut-off.

3. First drill - 1/2 length of part.
b, Form cut.

5. Knee-turn.

6

7.

The standard test procedure consisted of (1) proper grinding and
setting of all tools, (2) establishing correct conditions of cut, and (3) ma-
chining of parts with collections and inspections of three consecutive pieces
at intervals of 25 throughout the life of all tools. Inspection of tools with
a pocket comparator occurred at intervals of 100 pieces and a final inspection
of all tools in a toolmaker's microscope, to insure greater accuracy, was made
at the termination of the test.

TEST CRITERION

The basic criterion used in defining the performance of various steels
was the surface quality produced by the turning and forming cuts. Additional
observations were made on dimensional variation resulting from tool wear in the
drilling operations. '
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The lengths of tests were defined by visual inspections of the parts
and measurements of surface finish with a micrometrical profilometer. In most
cases the observed failure points on the parts were similar to variations
shown by the measurements taken from the profilometer.

The variations in (1) built-up edge on the cutting tool (particularly in
the case of forming tools), (2) effects of tool-flank wear on the shoulder pro-
‘duced in a turning cut, (3) burnish on the machined surface, and (4) tearing
of the machined surface are not measurable with a profilometer and required
close examination to determine levels of change in results. In several cases,
extended runs of 2000 pieces were required to produce an adequate sample size
for observed changes in conditions of surface quality. In these cases the pro-~
filometer showed satisfactory surface quality on the form-cut surfaces for the
entire test, even though visual inspection indicated an earlier change in the
machined surface.

In most cases the form tools lasted for a larger number of pieces
than either the turning or drilling tools. When observed failure was indicated
on a turning or drilling tool prior to that of the form tool, the former was
immediately replaced with a newly ground cutting edge to reproduce the results
during the extended life of the latter.

TEST RESULTS

Figures 4 through 11, Turning Tests.— Figure 4 shows the results
obtained from single-point turning tests with a knee tool holder on the ma-
terial AISI-C1117 steel. The upper curve represents the average values of mi-
croinches, rms, for each 100th piece, including the measurement of the 25th on
each side. In other words, the value at 400 pieces represents the average of
three readings each, in microinches, rms, on numbers 375, 400, and 425. The
range of readings 1s 80 to 105 microinches with a value of 100 microinches av-
erage at the visual failure point of 950 pieces.

The middle curve shows the ranges of minimum to maximum surface rough -
ness for every 25 pieces, obtalned by recording three readings each on three
consecutive pieces at each interval. In other words, the values shown for
piece number 25 are the maximum and minimum obtained from three readings each
on parts number 24, 25, and 26. The visual failure point, obtained by close
examination of the work pieces, was established at 950 pieces for this material,
even though 2000 pieces were produced in the test to insure sufficient wear on
the cutting tool. It may be noted that the limits of minimum to maximum appear
to be more widely separated in the latter part of the run.

The lower curve represents the averages of two measurements of the
turned diameter by using a supermicrometer on every 25th piece to illustrate
the accuracy of the dimension produced by the turning tool and indicate possi-

L
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ble effects of tool wear. Even though this curve shows only slight variation
in the diameter of the work piece, it does not reveal the character of the
surface roughness obtained by visual inspection and used for the definition
of failure.

Figure 5 shows the results of tests on ClOl8 Pb steel, as turned
with a single-point tool. A total of 2000 pieces were produced in this test
with the form tool-—representing the use of three turning tools—Runs I, II,
and IIT. Runs I and II show completed tests with visual failure defined at
600 and 675 pieces, respectively. Visual failure in these tests corresponded
closely to changes in the range of surface finish as measured by the profilome-
ter.

The upper curves show a distinct similarity of results from the av-
erage values of surface roughness obtained on the three tests. The character
of dimension, as shown by the lower curves, changed perceptibly after the
failure of the turning tools defined by surface-roughness ranges on the mid-
dle curves. '

Figure 6 shows the surface-finish averages in the upper curves and
the ranges of surface roughness in the lower curves for ClO45 (standard)
steel. Observed failures at 500 pieces on both runs (I and II) appear to
coincide with the changes in the characteristics of the curves for the surface-
roughness range.

Dimensional variation is omitted from Fig. 6 because these tests
were made at the start of the program, at which time the tools were removed
from the machine for inspection at the end of each 100 pieces. Any variation
shown under this procedure could represent tool-setting error as well as tool
wear.

Figure 7 shows visual failures on the turned surfaces of ClO45 Pb
steel at 425 pieces on each of the two runs. The curves on each of surface-
roughness range and surface-roughness averages are very similar in general
characteristics.

The entire test, to obtain failure of the form tool, covered 1200
pieces and showed a reasonable duplication of results from the turning tools.

The results of turning tests on A4ILO steel (standard) are indicated
on Fig. 8 with visual failure shown at 600 pieces in the lower-left curve.
This failure occurs just ahead of the noticeable change in erratic performance
of the turning tool subsequent to producing reasonablé surface quality. The
dimensional-variation curve is somewhat erratic in this figure as the result
of excessive peripheral wear on the cutting tool between 200 and 400 pieces.
The 0.012-inch flank wear was sufficient to change the diameter of the work
piece by 0.0024 inch prior to the 40Oth piece. The peak of 0.7572 inch at the
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75th piece cannot be satisfactorily explained; however, it was observed that
the outside diameter of this particular piece was 0.0006 inch out-of-round, a
condition that might result from any of several possible variables, but not
prevalent in the majority of the other tests.

Figure 9 shows the results of turning tests on the A4LLO Pb steel.
A total of 600 parts were made in this run, but a visual inspection of the sur-
face revealed a turn failure at 400 pieces. This is indicated on the curve of
surface-roughness range. The curve of average surface roughness, in the upper
left of the graph, shows a comparatively steep rise in roughness values to the
failure point. In conjunction with this observation, it may be noted that the
tool inspections, made at every 100 pieces with a pocket comparator, revealed
a rather rapid wear rate on the turn tool when compared with the results for
the AW1L4O standard steel. For example, a measurement at 400 pieces showed
approximately 0.002-inch flank wear of the tool under the conditions used for
the standard steel. However, the turn tool used in the test of the AL1LO Pb
material had a flank wear of approximately 0.020 inch at the same interval in
the test. The plot of the dimensional variations indicates that this exces~
sive wear apparently had little, if any, effect on the turned diameter.

The results of the tests on the AISI-A8620 steels are shown in Figs.
10 and 11. A visual inspection of the turned surfaces revealed a turn-tool
failure at 450 pieces in the test of the standard A8620 steel, as indicated
in Fig. 10. The visual failure point appears to coincide quite favorably with
the failure point as predicted by the profilometer readings. This is shown by
the rather sharp break upward in the curve of average surface roughness at 400
pieces, and the increase in the surface-roughness range as noted in the lower-
left curve. The effect on the turned diameter seems to be more pronounced in
this test than it was in most of the others. The curve on the right in Fig.
10 shows an erratic behavior. It is difficult to account for the excessive
variation in the diameters of the 25th and the 50th pieces, but two factors
were noted which could account for at least some of the nonuniformity of re-
sults. First, the tool inspections, every 100 pieces, showed a very rapid in-
itial rate of flank wear on the turn tool. For example, of the 0.030~inch
wear which was measured at 400 pieces, 0.025 inch of it or approximately 80%
was noted at the 200-piece inspection. In other words, a 100% increase in the
number of pieces, from 200 to 400, resulted in only a 20% increase in flank
wear. In contrast, the wear at 100 pieces was 0.015 inch, and a 100% increase
in the number of pieces, from 100 to 200, resulted in a 67% increase in flank
wear. Second, the nonuniformity in variation of Brinell hardness values of
thé steel, particularly along the lengths of a few of the cold~-finished bars,
was observed. This variation was first noted when it was observed that chip
formation changed rather drastically for short periods, at various points in
the test. Subsequent hardness readings revealed a spread from 217 to 248 Bri-

nell.

Figure 11 shows the results of the tests on the A8620 Pb steel.
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Visual failure of the tool occurred at 550 pieces. Two turn tools were used
during this test, while the form tool produced 1150 pieces, although only one
turn tool was used to failure. The second toocl showed good reproducibility

of results over the range of 400 pieces. It may be noted that visual failure
occurred Just prior to a rather wide dispersion in measured values of the turn
diameter.

Figures 12 through 19, Forming Tests.—Figures 12 through 19 repre-
sent the results of surface-finish measurements obtained from the straight-
edge, tangential forming tool used on the different materials. The procedure
used in measuring the surface roughness was exactly the same as used in the
turning tests. In each figure the lower curve represents the surface-roughness
range, while the upper curve represents average values as obtained for each
100 pieces. No dimensional measurements were made on the formed diameter.

The results of the forming operation on the Cl11l7 steel are shown
in Fig. 12. Two thousand parts were produced with one form tool in this test,
but the observed failure occurred at 1500 pieces. There does not appear to be
any correlation between the visual failure and the profilometer readings of
the surface roughness in microinches, rms. As a matter of fact, the pattern
of surface-roughness range did not change appreciably over the entire test,
the level of surface-roughness readings being practically the same at the end
of the run as in the beginning. The erratic appearance of the lower curve in
Fig. 12 may be due to an unstable built-up edge condition brought about by the
excessive speed. Flank wear on the form tool was comparatively light, however,
with a maximum of 0.0031 inch at the end of the 2000 pieces.

The test on the C1018 Pb steel, the results of which are shown in
Fig. 13, was also carried on through 2000 pieces to assure a valid test for
this material. The lower curve, representing the surface-roughness range, ex-
hibits a slight trend upward, as the average surface roughness rises from a
value of 85 microinches at the beginning of the test to a value of 150 micro-
inches, rms, at the end of the test. Visual inspection of the surface revealed
a form-tool failure at 1650 pieces, although the high and low values of the
surface finish became more widely separated and the curve more erratic after
the 1000th piece was produced. The rate of wear of the form tool was more se-
vere in the case of the C1018 Pb steel than in that of the C1117. On the lat-
ter material the tool wear was fairly uniform along the flank with a maximum
of 0.0031L inch. The C1018 Pb steel, however, caused several localized wear
areas on the tool which extended to a maximum of 0.0072 inch in width. The
average wear was 0.0049 inch, an increase of more than 50% over the results
found in the Cl1l1l7 steel for the same number of pieces, even though the feed
rate was lower in the case of the leaded materisl.

In observing the results of the surface-roughness ranges from the
forming tests on ClO45 standard steel as shown in Fig. 1k, it is noted that
there is a considerable amount of variation in the level of surface finish in
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microinches, rms, as measured by the profilometer, particularly during the
first 600 pieces. Close scrutiny of the formed surface, however, could not
reveal any definite or permanent change in appearance until approximately 1025
pieces. This value represents the number of pieces produced prior to failure
and occurs in a region of rather wide ranges between the high and low readings
of surface finish in microinches, rms, the average reading being 195. This
value is higher than the reading at the visual failure point in the test of
the ClO45 Pb steel, the results of which are shown in Fig. 15. Visual failure
occurred at 850 pieces in this test, but the average profilometer reading of
the 850th piece was only 165 microinches. Actually, it was a little more dif-
ficult to judge the visual failure point on the ClO45 Pb steel than it was in
any of the other tests. There appeared to be a range between 750 and 1000
pieces in which the surface finish was somewhat unstable, and yet not suffi-
ciently changed to classify failure.

The curves of average surface roughness in Figs. 14 and 15 show sim-
ilar trends. In each case the surface-finish values go up more rapidly during
the first few hundred pieces than in the latter part of the test run. Even
the form-tool wear pattern was similar, at least to the point of failure.

Both tools had approximately 0.003-inch flank wear after 400 pieces. This
0.00%3-inch wear remained constant to the end of the run in the test on the
ClO45 standard material. Moreover, on the CLO45 Pb steel, the wear did not
change until just past the visual failure point of 850 pieces, when it began
to increase again, to reach a maximum value of 0.007 inch at the end of 1200
pieces.

The results plotted in Fig. 16 represent the values obtained from
the form-tool tests on the A414LO standard steel. Both curves, representing
surface~finish values, show a rather rapid change of the surface in terms of
microinch values. Many tests were made on this material, as can be noted from
Table IT, but the conditions reported in Fig. 16 proved to be the most repre-
sentative. The form-tool performance appeared to be quite sensitive to opera-
ting conditions, particularly to speed. The visual failure at 775 pieces cor-
responds to a profilometer reading of 155 microinches. The extension of this
test beyond the visual failure produced a greater dispersion of roughness val-

ues.

The results of the form-tool operation on the A41LO Pb steel are
shown in Fig. 17. The average surface-roughness values range from 145 micro-
inches, rms, at the first piece to 165 microinches at the end of 600 pieces.
Visual failure occurred at 500 pieces. There was a difference of from 35-4O
microinches between the high and the low values of surface finish throughout
the entire run, indicating a rather unstable condition that might be attributed

to operating speed.

Figures 18 and 19 represent the results of the tests on the A8620
standard and the A8620 Pb steels, respectively. The form-tool produced an

8




— ENGINEERING RESEARCH INSTITUTE -+ UNIVERSITY OF MICHIGAN —

erratic finish on the standard steel, as compared to the more satisfactory
results on the leaded steel. This is shown by the more stable condition of
roughness measurements on the latter. Visual surface failure of the leaded
steel occurred at 1000 pieces, coincident with the change shown by the pro-
filometer values. The average surface roughness of the leaded steel was 165
microinches at failure. Only 550 pieces of the standard A8620 steel were pro-
duced before failure was reached, and this gave a profilometer reading of ap-
proximately 175 microinches. When the form tools were measured for wear at
the end of each run, it was found that the tool used on the leaded material
was in much better condition than that used on the standard, even though the
latter tool had produced only 60% as many parts. Lower cutiing speeds were
not tried on the A8620 standard steel because the next lower speeds on the
machine represented too great a decrease in this factor.

Figures 20 through 27, Drilling Tests.—The above figures show the
dimensional variations in the holes produced in every 25th piece by each of
two drills—drill No. 1, which cut to a depth of 1/2 inch or 1/2 the length
of the part, and drill No. 2 which cut the remaining 1/2-inch length of hole,
Pplus 1/16 inch for cut-off. The holes were drilled with oxide-coated, high-
speed-steel, standard screw-machine drills, ground to a 135°point angle and
11° relief angle.

Figure 20 shows the variations in diameter of the holes produced in
the C1117 steel. Several methods of mezsuring the diameters were tried, and
the adopted method proved to be most satisfactory. In the method used, the
drilled diameters were sorted by classes of 0.00l-inch intervals rather than
by direct measurement. The specimens were first placed in a group without re-
gard to proper sequence or position in the particular test run. A telescoping
gage was then used to find the maximum hole diameter to the nearest 0.001 inch.
Once the maximum diameter was established, the telescoping gage setting was
decreased by steps of 0.001 inch, and the instrument was used as a plug gage
between each step to determine which holes were large enough to accept the set
dimension. The acceptable pieces were removed from the rest of the samples
and kept as a separate group. This procedure was repeated until all pieces
were in their respective classes. The specimens were then identified and the
results plotted as in Fig. 20. As an example, it is noted in Fig. 20 that
under the results for drill No. 2, the largest recorded diameter is 0.449 inch.
This value represents the largest gage setting which was accepted by any of
the holes and identifies a class of diameters falling between 0.449 and 0.450
inch. Only one specimen fell into this class. However, when the gage dimen-
sion was reduced to 0.448 inch, seven additional holes permitted entry and
thus made up a class of diameters between 0.448 and 0.449 inch.

This method of recording the results gives acceptable accuracy, 1s
fairly rapid, and permits measurements near the center of the piece where any
"bell-mouth" effect is minimized and where burrs cannot interfere with proper
measurement. Interpretation of these results, however, is, at best, only a

9
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matter of Jjudgment. The visual method of predicting the failure point of the
drills was very unsuccessful, as it was practically Impossible to distinguish
any definite changes in surface appearance within even a wide range of pieces.
Likewise, drill wear could not be used exclusively as a failure criterion be-
cause of the nature of the test procedure. Accurate wear measurements were
taken only at the end of a test run, or whenever a change of drills was made
during the run. Therefore, in view of these facts, the possible drill failure
points are predicted primarily from the results of the diameter variations.
Notes taken during the test runs helped to substantiate some of the predic-
tions.

The drilling tests on the AISI-Cl117 steel showed a possible failure
at 800 pieces in Run I of both drills, as indicated in Fig. 20. It may be no-
ted that the variation in the diameter produced by drill No. 2 was extremely
erratic beyond the predicted failure point. This drill was removed at 1300
pieces, and a tool inspection revealed only 0.0028-inch average wear on the
flanks. However, one corner was found to have extensive damage. This corner
damage was first noted at the 900-piece inspection with the pocket comparator.
The drills in Runs IT and IIT showed corner breakdown even after drilling only
400 and 300 pieces, respectively.

The failure point of drill No. 1 was predicted on the basis of a
general change in slope of the curve, there being an upward trend beyond 800
pleces. However, when the drill was inspected, after being replaced at 1700
pieces, it showed only 0.002Ll-inch flank wear with only minor damage at the
corners.

Figure 21, representing the drilling results on the C1018 Pb mate-
rial shows possible failure between 700 and 900 pieces for drill No. 1, Run I,
and 550 pieces for drill No. 2, Run II. Three drills were used on each drill-
ing operation to complete a total of 2000 pieces, but only the runs indicated
above produced enough holes to give some indication of drill failure. Corner
damage seemed to be the critical factor. Run IT, of drill No. 1, showed little
corner damage to the drill at the end of 700 pieces. However, the drill which
produced 900 pieces in Run I had very severe corner wear. Thus the failure
point for the first drilling operation was assumed to be between 700 and 900
pieces. The possible failure in drill No. 2 occurs at a point where the hole
diameter becomes noticeably unstable. The wear on the drills was considerably
higher in the C1018 Pb steel than it was in the C1117 material—as much as 90%
higher for approximately the same number of parts.

The drilling results on the ClOL5-series steels are shown in Figs.
22 and 23. These results indicate possible failures at TOO pieces for both
drills on the standard steel, and at 40O pieces for both drills on the leaded
steel. Drill-wear data were more complete on this series of tests because all
tools were removed from the machine every 100 pieces and inspected under the
toolmaker's microscope. These data revealed that, initially, wear progressed

10
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very rapidly, and similarly, on both materials. For example, drill No. 1 in
Fig. 22 showed 0.0l0k-inch wear at the end of 1200 pieces, but 0.0062 inch of
this wear occurred during the production of the first 100 parts. In other
words, in the case of the ClOL5 standard steel, approximately 60% of the total
drill wear occurred during 8.5% of the total production. Beyond 100 pieces,
the drill wear on the leaded material proceeded much more rapidly than it did
on the standard steel. When the drills used on the ClO45 Pb steel were in-
spected at the end of 600 pieces, they showed almost as much wear as was found
at the end of 1200 pieces on the drills used in the test of the standard ma-
terial.

Figure 24 shows the results of the drilling tests on the A41LO stand-
ard steel. Only one set of drills was used for each drilling operation through-
out the entire run of 880 pieces in this test, although failure was predicted
at 800 pieces for each of the two drills. These failure points occur just
prior to rather sharp deviations in the drilled diameters. The drills them-
selves, however, did not show any extensive damage or wear which might sub-
stantiate the fact that failure actually had taken place. The cutting edges
were sound and there was practically no rounding of the corners in either
drill.

The drilling tests on the A4ILO Pb steel, the results of which are
shown in Fig. 25, Indicated a failure at 550 pieces for each drill. As in the
case of the standard material, these failures were predicted on the basis of
the breaks in the curves representing a plot of drilled diameter vs number of
pieces. However, inspection of the drills at the end of this run, 600 pieces,
revealed that considerable damage had occurred. The cutting edges on both
drills were badly chipped. In addition, cratering on the faces was far ad-
vanced and extended to the cutting edge in several places, particularly near

the periphery.

Figures 26 and 27 represent the results of the drilling tests on the
ATST-A8620-series steels. No failure points are reported in the test because
the results are rather inconclusive. Judging purely on the basis of slight
variations in level of hole-diameter measurements, or on the basis of a change
in the general slope of the curves, it would appear that the drills failed at
approximately 400 pieces on the standard material and at 500 pieces on the
leaded steel. However, there is no other evidence to substantiate these val-
ues. When the drills were inspected after each run, it was found that one
drill was badly damaged while the other drill was relatively sound. For ex-
ample, of the drills used in the test of the standard steel, drill No. 2 had
very severe damage at the corners, whereas drill No. 1 was undamaged except
for wear on the flank. In the test on the leaded steel, it was drill No. 1
that had extremely severe wear at the corners.

There were several factors which may have contributed to the varia-
tion in results. First, in the case of the standard steel, there was an ex-

11
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cessive variation in Brinell hardness of the material. Second, it may be no-
ted that the drilled holes measured as much as 0.015 inch over the drill di-
ameter. This may have been due to either unequal cutting edges or poor drill
alignment. Either or both of these factors could have contributed to the rea-
sons for the breakdown at the periphery of the drills.

The drill flank wear in the test of the standard material varied
from 0.0057 inch to 0.0067 inch at 700 pieces. The wear measurements on the
drills used in the test of the A8620 Pb steel, however, gave values of only
0.0034 inch to 0.0036 inch at the end of 1150 pieces, at a 20% increase in
speed. The feed rate was practically the same in each case. 1In the tests of
all the other materials, the drills on the leaded material always showed the
greatest wear. It may be noted, however, that the Brinell hardness of the
leaded steel was much lower than the hardness of the standard A8620 material.

Table IT, All Conditions of Test.—This table lists all test condi-
tions—machine speeds, operation cycle times, velocities, feeds, tool signa-
tures—which were tried on each material during the search for satisfactory
performance. The colums headed by an asterisk (*) represent the conditions
which gave the most satisfactory results on each material. These results have
been used in the evaluation of the different steels in this report.

The manipulating factors in each set of conditions were velocity,
feed, and, occasionally tool signature. In many instances only one of the
factors was changed, and in some cases all of the factors were varied in an
attempt to better the surface finish, increase tool life, or both. Comments
on the results of each test are given very briefly in the remarks column of

the table.

Tt may be noted that in the case of the AISI-A4140 standard and
leaded steels, the satisfactory performance, as marked by the asterisk, oc-
curred prior to further test runs which were made under different conditions.
An attempt was always made to get the best possible results, and the results
of the tests on the AL1LO steels did not appear to be entirely satisfactory.
Therefore, conditions were changed and other test runs were made in an effort
to improve exlsting values of surface finish and tool life. No set of condi-
tions was found, however, which gave better performance than those indicated
by the asterisk.

Table TTT, Summary of Recommended Conditions 2£ Operation.—This ta-
ble summarizes the results of the conditions marked with an asterisk in Table
ITI and represents the most satisfactory performance for each material. For
purposes of comparison, the steels have been grouped as follows: C1117 and
C1018 Pbj C1045(std) and CILOL5 Pbjy AW14O(std) and A4K1LO Pbj and A8620(std) and
AB620 Pb. The steels are compared on a basis of production rate, in terms of
pieces per hour of cutting time, and on the basis of estimated tool life, in
terms of number of pieces to failure.

12




UNIVERSITY OF MICHIGAN

ENGINEERING RESEARCH INSTITUTE

-souemaogaad arqezdasoe aaw)

*SUOT3IPUOD 3833 253U} JO S3TNSAX 3Y3 UO PISBQ 1993 JO UOTIENTBAT.

*5pesg IamoT 90T UITA PITII T 3§93 JO SUOTIIpuOd Teurdrip 00T u “ w HC00® 62007  Lt000° 0ST 7 66 <o¢ I
*J9939q YONW SIVBJINS PIUING
pue pswiof inq (P3s) GHOTO JO 2 3593 UL SB UOT3TPUOD )
Jweg -syInsax ITBJ 2ABB SpaaJy I93YITT pue poads aamo] N9 " N « 9¢00° 000" 0%000° 08T 9y Ggl oot 2
JagWEYD T2 UITA
*o13eaze K1aa USTUTJ pamiog "ST003 T8 WO xeas prdey 00T werp ,9T/L 2C/T09°9°9°CTg  0°GT ST LL‘O‘GT ¢<HoO®  9%00°  6G000° o2t 8% 66 Go% T a4 SHoTD
"UOT3TPUOD AI0308ISTIES B S293BOTPUI UOT40adSUT TBASTA
qnq 079B1I8 ST33TT ® TII3S 998JIns PWIOZ °ITeF s3asey 00TT u " “ 9¢00° 000"  0%000° ogT 9% sgL ooY 2 x
*u8tyq 003
23q 03 3ufnoyy psadg "OT3BIIS LIoa pue Jood YSTULF PIWIOL J3JWEYD 22 UITA
-safps Surqano paddruc AOUS STTTIQ TO03 UMM} JO teas prdey 002 weTe 9T/L 2E/T09°99°CT’g  0CT'GTL L 0T  <HOO®  9600°  6G000° ozt 8% 66 [~ T (p38) GHOTD
\
,, *30UBWIOF
-xad £1030BJST38S 9ATS 0% P3N0 "¢G° T PISVIIVIP $938I PIdF
Y3IA anq—mmx snotasad 3S9q—¢ 3§93 UT S8 JWES SUOTITpuoy 0002 - 2¢/1°0°99‘9‘CT g " 0£00°  $200°  0H0OO" o2t <) ot ol OTx
6 Ge » u u 9200°  2200°  9£000° <44 <8 SHT otl 6
pUB @ §1833 [Y30Q UF SOBFME JO uotqosdsur TENSTA 03 LI030BF
-ST4BSUN S1INEay - 02 O3 PoSEaioUT STFUR IYBI-9PTS Tooj-uIny ST “ 2¢/10°9‘9‘9‘02 g " 6€00°  €C00T  #S000° 06 <<} [t onL g
-s9091d OO¢ 1® SINTTBJ 950U
Jo sufys pemoys Tooj W3 ‘IsA9MOR "POOB S3TNSAL USTUTJ-908Famg 00X u n “ 600" €€00°  %G00O" 06 <8 oHT ot L
‘unx jo pue 3B adpo 3ury
-qno BuoTe Burddiyo Jo sudrs pamoys sToo3 TTV "UBTY ooy paadg 008 u » “ €€00" 200" S$4000°" <16 <6 09T <18 9
“9T3BIX9 00 -£10308IST3ES ATT0NF 30U TTT3S 90q ‘unx snotasad
Ul wey3 I9333q £31NS3Y "FUTIBIY IJBUTWITD 0% PaIseazour paadg 00ST “ »n u HwE00 " 8200° 9HO00" <ot [«2] GHT oftl <
*93pa Jurland SyY3 JO ISUAOD IYJ UO UWOTFBIL
-u20uoD 38y 93BUTWITS dTsY 03 TOO3 WIOJ SY3} UO PuUnoad I3Jmweyd JopUEUD 2T WATA
.22 U3TA ‘4 1593 up peysadaa ¢ 3893 JO SUOTIIPUOY °8pe Jurjand 00T u u 0“GTCTLAL0‘QT 400" g200°  9H000" 02T (95 [413 o9 A
Jo aouxod daeys 38 BUTTTBJ JO SUSTS pamoys (00} WIOJ °3UIPTA
11738 Bupaes) swos 3nq ‘sousmaograd J9339q 9AB3 Spasg pasnpay 00T a " " 4#€00"  §200° 94000° ost <L Gzt ) <
*uoTITPUOD
Az030Bye11es I0J qBLI8 004 TTI3S ST uawrdads wo Te3aW Jo Buraeaf ser n w u SHOO* gc00" 29000° 06 [} a1 og 2
*£10308FST
-9BS 30U puUB OT3BIID YSTUIJ 998JING 'TOO} WIn3 JO Jeam aalsssoxy 00T wetp ,91/L 2C/T°09°9°9°CT G O°CTCT LLO‘GT  2n00” 900"  g6000° ¢2g <) ot onL 1 aa groTod
IDJWEYR 2T WITA
- somemzogaad £10308JSTyes 9aeS S93B1 PIsF U 2582109p uBrTs 0002 “ w O‘CTCT LAL0O‘QT  6£00° €€00°  %S000" 06 <) GHT onl 9 »
*Ra030vIsTiES ATTOUA 30N “DTIVIID
angq ‘areJ sjnsay "WEO ASU GITA NG ‘4 3S93 UT SB SWBS SUOTJTPUOT 00$ u . w 2M00°  9500° 86000 G'28 <) [ onl <
g/1 £q @31 psag wmy
aswaioap 03 apem mwed Moy -uang j3deoxs stooz TI® WO IIBY S3TNSSE  OOT " " " 2H00° 400" §6000° 4] <) Gt onl 5
“Too3 uwmj
SNTPBI-3S0U ..Nm\._” 13TM pojeadsa aq 03 T 1S93 UL SUOTITPUO) “#OT
003 STOO03 I3Y30 WO SINTBA PIdF Anq ‘a9349q YOMM S3Tnsax Iuruang 00G - Nn\.nao.m.maw.mﬂ.m . 1200° 100" 62000° <ot < ont onL ¢
. *SUOTAIPUOD JWBS IIpUn 3ST
XU JOJ SnIpBI 90U ,2¢ \H 04 punoxdax 1003 uwang ~AI030BFSTIEE
20U 3nq I3339q 99BIINS PIUIN °PIAOIGWT YONmM IDBFINS DPIUIO; Of - " " 1200° 1600 62000° <9t <3 [ o4l 2
‘matqoad STY3 23BUTWITS 0% 3dWa1q® UWe Ul PIATRY SIam SI3BI PID,. .
“Aao3oegsTaEsun £18A S0BIING ‘003 U3 Aq BULIey AATSSIOX 00S ST LIT/L 0T0°0°9°99°CT‘g  0°CT GT L‘LO‘GT 200"  #loo®  §Y000°  SG'em ] 43¢ oul T LTt
'
STIUe JOTT0X 1T Tr33¢  wmy wiog  odfo’s  TIFIQ IR pUB WIog wdx
59091 _ST8ue jupod GCT Toog wang, TOOT, W0 . comrg ‘poadg 983 TeT 38R
SAIERE 1303 Titaq
As1/-uy ‘pasg arahp udy ‘£3700TaA sTputrdg

S TAEAIIG 00T

ISEL 0 SNOIIIQNOD TIV

11 TIEVE

13




UNIVERSITY OF MICHIGAN —

ENGINEERING RESEARCH INSTITUTE

*TBTI93BW SIU] UO PITI} aI8m

SUGT3TPUCD 28430 OU 08 ‘AI03083ST3ES 3q O3 paBpnl azam syTnsay  OSTT weTP 49/l 2¢/T0°9°99°GT g 0‘CTCT LLO‘GT  ¢HOO®  9¢00°  65000° 493 89 81T g4 T * ad 0298y
*UOT}BIDPTSUOD TBOT308Id XOJ MOTS 003 ST
o8uBa sTyUy Ul poods STQBTTIBAB 3XON T 3523 UT DPITBIAAI uBUl
souexgaedde 908JINS FUSSTSUOD SJIOW SMOUS UOTRO2dSUT TBOSTA
~poads JaMOT 3B STQB4SUN DUE OT98IIS TTI4S USTULF PamMIOT 00L " M " BHOO"  GCOO° Q000" 9T pie 86 [9]4 2 x
-Ra030egsTyESUN LI9A SUOTATPUO) "OTFRIII PUB ITGB3ISUN YSTULF AJWEYD 2T YITM
soBIms pamIog ‘STOO3 WIOF pue umy uo xesm prdex Arswaasxy 002 weTp ,H9/LE 2C/T0°999‘CT g 0‘GT CTLLf0‘GT  <HOO® 900" 65000° 05T G 09 Sot ook s (?1s) 029QY
*Z 2§97 UT UBY} 19339Qq 90BIANS pauMmj Ing 3TARLS SB 30U 0BT
-ins pemaog -z 3993 JO S3TNSSI U0 2A0JdMT 03 PaTay paads JomoT 0% “ M GC00®  0%00°  6+000° 9T 65 201 G 4
“37qe}s °J0W YSTULJ I0BJING °PISBIIdUT
2181 poaj udnoys UsA® ‘9AT408J3Je 8q 03 pasoad peads ur doaq 09 u “ " 900"  T£O0®  0%000° 0GT 29 601 Ly 2 %
‘y81y 003 99 03 DaASTTaq paadg "AJ03OBFSTIBE 30U J3JWEYD 2T UITM
USTUTJ 30BFInS PIWIOJ STO0F WIOJ PUB TN} WO Ieam aafsseoxg  O0€ wetp ,3/T 2¢/T09°9°9‘CTg  0‘GTGTL‘L 0T  #£00*  6200°  L#000° 06t 99 9Tt cog 1 ‘ad ONTHY
g 3893 UL Wey3 USTUTJ
sx00d ATTeIsUSE B pomoys mOT40adSUT TBASTA Jnq ‘ITBF. S4INSSY 000T u w “ 2h00" <00 85000 9T 6% 98 (914 1
*01 3s93 Ul SpsaF udTy
moiy peqTnsal USTULY 9orjans Jood pue Jmam 0031 prded STTUA 0ST u » u H7G00™  HK00"  9L000: 03T 26 26 0o o1
6 3593 U YSTuJInq JO SUBIS PIMOYS I0BIANG *£30908JST3BS
_un sqTnsey QT PUR § S3§93 UT POTI) 59381 PIaF JO samaasxy GLT “ 2¢/T°0°9‘99‘¢cTg . L200°  2200°  §L000° one 2 26 00% 6
“SUOTITPUOD JO 39S I2339q ¥ puly 03 padoq jnq IIJWEYD 2T UITH
arey s3TASeY g 3§93 Jo UOTeTTdng -sSSTUR Syea TRUrSTAO 002 u “ 0‘CT ST LL0gT  9%00° 000"  0S000" ogT 25 26 001 8
*Z2 3891 JO s3jInsad sB UOQW S8 30N °‘S3ayedl JsJuweyd 22 TITA
7003 ZaMOT UsTa AI030BISTIES 30U TTTHS USTULJ soeyms miog 002 u u 0°CT‘CT L LO‘OT  9%00° 000"  0S000° 08T 26 6 ook L
"PITIL JJWEYS T2 UITA
5q 03 paads aamorg 'AI030BISTIES 30U Inq €19338q USTURL OF " 2C/T0°99°9 0T g OfCT ST LAL0‘GT  S£OO®  0500°  §H00O" <9t 8% 201 Sty 9
*2angBUITS TOOL
Jo s3093Js atrqrssod fue 830U 03 TOO3 WIOT WO sa78uB a¥BI
-Tooy TeuiStao A1 o3 pPeproaq “dood TTTYS USTULy wiog 09 w u w GL00"  0£00°  gHOOO*® 91 [+ 20T Sy 4
-y81y ooy aq o3 pareadde paadg "YSTUTJ TOO03-WIOF JOOJ IJWBYD ,ZT UITA
- SUOT4TPUOY oAcadmy dTSY 0% PITIY SSTBUR SYeI-T003 amoT 0% " 2¢/T0°99 90T g 0°CTST LL0‘OT  #£00®  6200°  L00O" 06T 99 91T <0< 7
+ge091d Ggg L1agBurxoad
_de 48 U0y pUE PSUSTUINQ 9DBIINS paWIOY ‘Team Too3 prdey OSH u M N H€00°  6200° 000" 06T 99 91T 0% [4
: ca1BF S3TNS
-3g *OT3BJd 303II00 UFBZUIEW 03 pafusyd STTTIP DU LELL R EY
-3a1 s® pasn IejeWeTp Teq TEUIFLI( PIYBUTWITS wmy ySnoy 088 TP ,2/T N u 9£00° 000"  0S000° 08T 25 26 00t 2 »
*UOTSTPUOD AI0308JSTFBS
-un £aap ‘2T TOO3-UINY PUE TOO3-WIOF UO 309JF2 3AT18I0U
£zoa ® peq SuTuang UYInoJ ISNBOSQ PINULJUOISTP SBA T 353 IJWEYD T UG M
+$7009 SPTALEO YATA Q0 /S OF PeUIny sea Yoo3s Ieq. g/l 0SL weTp ,9T/L 2¢/T0°999°CT g 0fCTAGT L LOGT 900" 000"  0S000" ogt 9% [ 00% 1 (p3s) onTHY
oTFaE JoT1ax 11
seosra  orfue jurod LCCT 100, nang, Loog, mi0g TTIIQ  Uang  Wiog um\omm TIHIQ  Oang pus mwiog wdz,
sxIemoy Tegog TTTag sty paadg  398] TBTa338H
i >w.~\.uﬁ ‘pasg E}5).%) wdy ‘A3100T3A atputrdg

S3MIBUSIS 100F,

(popnTouo)) II FIEVL

1k




— ENGINEERING RESEARCH INSTITUTE - UNIVERSITY OF MICHIGAN —

TABLE IIT

SUMMARY OF RECOMMENDED CONDITIONS OF OPERATION

Material CLlly 015%8 C1045 01gg5 AB1Y0 A”;io A8620 A8§§o

Spindle Speed, rpm 740 740 koo 505 400 h75 375 450

Velocity, fpm

Drills 85 85 46 58 52 62 57 68
Form-Turn 145 145 78.5 99 92 109 98 118
Cycle Time, sec/pc 90 120 180 150 180 150 165 135
Pc/hr 40 30 20 2 20 24 21.8 26.5
Pc/hr Cutting Time
Form Tool Lol 318 212 255 212 255 231 283
Turn Tool 388 291 194 23%3% 194 233 212 259
Drill No. 1 34h 258 172 206 172 206 188 229
Drill No. 2 306 229 153 183 153 183 167 20k
% Std 100 75 100 120 100 120 100 122

Estimated Tool Life
Number of Pieces

Form Tool 1500 1650 1025 850 775 500 550 1000
% Std 100 110 100 83 100 6k.5 100 182
Turn Tool 950 600 500 k25 600 kOO 450 550
% Std 100 63 100 85 100 66.7 100 122
"Drill No. 1 800 900 700 koo 800 550 *¥% *%
% Std 100 112 100 57 100 69 *% *%
*Drill No. 2 800 550 700 k40O 800 550 *% *%
% Std 100 69 100 57 100 69 *% *%

*The number of pieces defining drill failure was determined arbitrarily from
data showing values of hole diameter vs number of pieces—-Figs. 20 through 27.

*%
Drill failure could not be definitely established in the A8620 steels.
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The term "Pieces per Hour of Cutting Time" is a function of the
spindle speed in rpm, feed in inches per revolution, and the length of cut in
inches. It represents the number of pieces which could be cut in one hour if
a tool were cutting continuously for that time. For any given operation—turn,
drill, form—if cam lengths and cam throws are taken into account, the formula
for pieces per hour of cutting time reduces to a constant divided by the cycle
time in seconds per piece. The number of pleces to failure was defined by
visual inspection of the turned and formed surfaces, and by changes in drilled
hole diameters.

It may be noted that a comparison was made on the performance of
each tool—form tool, turn tool, and drills-—and that the standard material
was always used as a base for the comparison. In other words, the performance
on the leaded steel is always expressed as a percentage of the results on the
standard material. For example, on the basis of production rate, the form
tool on the C1117 material, used as the standard, was cutting at a rate of 42k
pieces per cutting hour. The form tool on the C1018 Pb steel had a production
rate of 318 pieces per cutting hour, or 75% of the standard. [This value of
75% could likewise be derived by taking a ratio of the actual number of pieces
of the leaded material produced per hour (3%0) to the actual number of'pieces
of standard material produced per hour (40). An inverse ratio of the cycle
times would also give the same result.] Visual inspection revealed that fail-
ure took place at 1500 pieces of the standard material and at 1650 pieces—
110% of standard-—of the leaded steel. Thus, satisfactory performaence on the
leaded steel could be achieved with a production rate of only T5% of standard
although this production rate produced llO% as many parts before failure oc-
curred. A single figure which might relate production rate and number of
pieces to failure could be derived by obtaining the product of the above val-
ues. When this is done, the value of 82.5% of standard could represent a gen-
eral rating for the forming operation on the C1018 Pb material. The other op-
erations and the other mafterials may be compared in the same manner.

1t should be emphasized that the values reported in Table III are
based on actual values and do not take any other factors into account—Tfactors
such as Brinell hardness numbers of the steels. Table I shows, for example,
that the C1045 Pb steel had an average Brinell hardness approximately 30 points
higher than the standard material. The hardness results for the A8620 steels
show that the leaded steel, in this case, was approximately 30 points lower in
hardness value than the standard material. The variation in hardness could be
great enough to affect the results of these comparisons.
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CONCLUSIONS

Using the results of the recommended conditions of operation and as-
suming that the standard steel is rated at 100%, the following conclusions may
be drawn for each group of materials:

Cl018 Pb vs Cl117

1. On the basis of production rate for best performance, the leaded
material is rated at 75% of the standard steel.

2. In terms of tool life, or number of pieces to failure, the leaded

steel is rated at:
~ a. L0% of standard in the forming operation
b. 63% of standard in the turning operation
c. 90% (average) of standard in the drilling operation.

3. Form-tool and turn-tool wear were greater on the leaded material,
the wear rate being much more rapid in the later stages of the test run.

4. The Brinell hardness ranges of the leaded and the standard steels
were 153-163 and 156-166, respectively.

Clo45 Pb vs ClO45 (std)

1. In terms of production rate for best performance, the leaded
steel rates at 120% of the standard material.

2. On the basis of tool life, the leaded steel is rated at:
a. 85% of standard in the forming operation
b. 85% of standard in the turning operation
c. 5T7% of standard in the drilling operation.

3. The wear on the form and turn tools was more severe on the leaded
steel.

4. The Brinell hardness ranges were 248-255 and 217-223 for the
leaded and the standard steels, respectively.

AL140 Pb vs A41LO (std)

1. The leaded steel performed at a production rate of 120% of stand-
ard.

17




2.

3.

b,

— ENGINEERING RESEARCH INSTITUTE -+ UNIVERSITY OF MICHIGAN

The number of pieces to failure was:

a.
b.
c.

64.5% of standard in the forming operation
66.7% of standard in the turning operation
69% of standard in the drilling operation.

Wear was much more severe on the tools used in the test of the

leaded material.

The Brinell hardness numbers
were 217-229 and 202-217, respectively.

A8620 Pb vs A8620 (std)

1.

2.

3.

L.

Satisfactory conditions were
a production rate of 122% of standard.

of the leaded and standard steels

achieved on the leaded steel with

At the above production rate the number of pieces produced be-

fore failure was:

Q.
b.

182% of standard in the forming operation
1229 of standard in the turning operation.

No conclusions could be reached on drill performance.

The rate of tool wear on the leaded steel was much less severe

than the rate of wear on the standard material.

The Brinell hardness ranged from 197-207 on the leaded material

and from 217-248 on the standard steel.
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