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7 Claims.

My invention relates to improvements in high
speed cutting tools and particularly to tools of
this character which, although made from steel
having an extremely low alloy content, are far

‘superior to any other high spead tools formed of

steel, of which I am aware, irrespective of the
alloy content therein.

As g result of the making of many test melts
of steel containing the usual elements found in

high speed steels, including chromium, molyb-

denum, tungsten, vanadium and cobalt, in various
proportions, and particularly with varying pro-
portions of tungsten and molybdenum and the
study of the life and efficiency of a large number
of cutting tools made therefrom, I have discovered
that by maintaining the tungsten and molyb-
denum contents within comparatively narrow
ranges, and within very limited proportions with-
in these narrow ranges, it is possible to manufac-
ture cutting tools having extraordinary and quite
unexpected cutting properties.

In my copending application Serial No. 181 997,
filed December 27, 1937, I have also disclosed an
alloy steel having very narrow ranges of tungsten
and molybdenum which, if maintained in the
specified proportions, form a composition from
which high speed cutting tools having a very

low alloy content and an unusually long life may -

be manufactured. .
While the alloy described in the aforesaid co-
pending application is quite superior to. other

- high speed steels of which I am aware, I have
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now discovered that by modifying the tungsten
and molybdenum ranges therein disclosed and
maintaining the total combined content of these
elements within. the very limited range of from
about 7.0% to about 12.0%, by weight, of the
total composition, it is possible consistently to
manufacture a high speed steel which when
measured by the life and efficiency of cutting
tools made therefrom, is several times better
than the well known 18-4-1 high speed steel.

In order graphically to indicate the very un-

usual cutting properties of my steel and to indi-

cate how critically narrow are the ranges and

proportions of the tungsten and molybdenum.

contents within which my present invention lies,
reference may be had to the accompanying draw-
ings in which—

Fig, 11is a graph showing how the average life
of twenty-two different tools, divided into three
groups, depending on the combined content of
molybdenum and tungsten therein, varies with
this combined content;

Fig. 2 is a graph showing how the life of a
number of tools each having a.low and substan-
tially the same content, (2.75% by weight) of
tungsten but with varying quantities of molyb-
denum, varies with the combined tungsten and
molybdenum content at different cutting speeds.

(CL. 29—95)

Fig. 3 is a graph showing how the life of a
number of tools each having a fungsten content
in excess of the molybdenum, varies with the com-
bined tungsten and molybdenum content.

Fig. 4 is a graph showing how the lite of four
different tools containing about 2%, by weight,
‘of cobalt and tested at three different cutting
speeds varies with the combined content of tung-
sten and molybdenum;

Fig. 5 is a graph showing how the cutting life
of three different tools when run at two different
cutting speeds 'varies with additions of cobalt
above about 2%:;

Fig. 6 is a graph showing how the cutting life

of nine different tools, each having its tungsten

content about equal to its molybdenum content
but having varying combined tungsten and
molybdenum contents, varies with the total of
the tungsten and molybdenum in the steel; and

Fig. 7 is a graph similar to Fig. 6 but in which
each tool was run at four different cutting speeds
and the average inches cut for each toolsplotted.

The essential elements of the steel from which
my cutting tool is formed and the percentages,
by weight, within which they are employed are
as follows—

Per cent
C 0.20-.1.20
W -—20-65
MO e 30-170
Cr 20 - 6.0
v . 0.50~ 3.0
Mo+W 7.0 -120

For many years tungsten, chromium and
vanadium have been standard elements in high
speed tools and the cuftting efficiency of tools
nade from the.so-called 18-4-1 steels containing
about 18% of tungsten, 4% of chromium and
1% of vanadium has long been an accepted
standard of efficiency which workers in the tool
steel art have sought to approach with various
steels in which the cheaper element molybdenum
has been substituted in whole or in part, and in
various proportions, for the more expensive fung-
sten. Such tools, while very much cheaper than
the 18-4-1 tools, have only approached the
18-4-1 tools in cutting life and efficiency, and
no tools containing comparatively low quantities
of tungsten and molybdenum but having a cut-
ting life and efficiency-from ftwo to three times
greater than 18-4-1 tools have ever been pro-
posed, so far as I am aware.
sumption in regard to cutting life and efficiency
seems- to have been that these factors are in-
creased in direct proportion to the tungsten and
molybdenum employed, even when these ele-
ments are used in particular proportions as rec-
ommended by various investigators and patentees.

My investigations quite clearly establish that

The general as- -
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while this. may be true in respect of tools having
a life and cutting efficiency approaching or even
approximating an 18—4-1 tool there are, never-
théless, very narrow ranges of tungsten and mo-
lybdenum within which, if the total percentage
of tungsten and molybdenum is maintained with-
in very narrow limits, the curve of tool life and
cutting efficiency rises to heights far transcend-
ing the life-efficiency curve of the 18-4-1 tools.

In Table 1 below I have set forth a. number of

. steels containlng tungsten and molybdenum in

- various quantities and relative proportions, ac-
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cording , to the analyses thereof set forth in Ta-"
ble 2, and which are divided into three groups
according to the total combined percentage of
the tungsten and molybdenum in the steel, In
the first group are all steels having a combined
percentage of tungsten and molybdenum less
than 9%; in the second group, those steels hav-
Ing a combined percentage of tungsten and mo-

‘lybdenum between 9% and 10%; and in the

third group, those having a. combined percent-
age of 109% or more. At the bottom of Table 1
is the average of the (W4-Mo) % in each group,
and the average of the number of inches cut'by
each tool before failure. All tools were identical
in size and shape, subjected to the same heat
treatment, and tested under identical conditions
at a cutting speed of 85 surface feet per minute
(85 S. F. M.).

2,212,227

ciency of varying quantitles of molybdenum with
a low and substantially constant quantity of
tungsten, a series of steels of the analyses shown
in Table 3 below were melted.

TABLE 3
Car- Sili- |Molyb-| Tung- |- Vana-
Melt No. | pop thome con |denum| sten | dium
N 4,19 .65 6.15 2.70 1.
.82 4,08 67| 6.53| 2.80 1.
.73 4.19 L63] 511| 288 1.
.82 3.88 .63 6.92 2.34 1.
.80 4,17 .66 6.60 2.72 -1
.77 3.72| .75| 832 2.8 1
81 3.68 61} 812] 266 1

In all these steels tungsten was melted at 2.75%
and the molybdenum was varied so as to give a
range of (W+4Mo) % varying from 8% to 11.15%.

Fig. 2 comprises three graphs showing the life-
efficiency curves of tools made from these steels
when tested at 67 S.F.M.,70S.F.M.and 80 S.F.M,,
as compared with an 18-4-1 tool These curves
show that the maximum life-efficiency of the
tools with low tungsten is attained when the
(W+Mo) percentage is between about 8.25% and
9.509% although the general trend of the curves,

especially at the higher speeds, indicates that -

creditable performance superior to 18—4-—1 tools
is attained with a (W-4-Mo) % of from about 7.0%
to slightly over 11%.

TaBLE 1
W4Mo=(7.50% to 9%) W+Mo=(8% to 10%) W+Mo==(10% and greater)
Melt No. - | W+Mo | Inches cut | Melt No. | W-+Mo | Inches cut | Melt No. | W+Mo | Inches cut
T-609 8.48 7,900 T-602 9.54 . 8,450 T-614 10.33 6, 600
T-611 8.48 13, 150 T-607 9.41 - 13, 650 T-627 10. 70 10, 000
T-617 8.54 14,000 - T-616 .79.40 10, 350 T-633 10.04 4, 050
T-846 8.968 12, 400 T-642 9.34 7, T-641 10. 54 5, 600
T-664 8.10 10, 400 9.44 T-847 10.31 8, 100
T-668 7.78 6, 950 9.72 T-648 10.09 9, 200
-l 9.31 T-850 10.09 5, 500
- T~666 10. 23 6, 900
____________________________________ T-669 10.23 4,767
Average.._| 8.39 10,050 .___...._.} 9.45 | -~ 8693 .. ... 10. 28 6, 524

] "I-'ABLE 2
Analyses of melts shown in Table 1

Car- 8ili- | Molyb-| Tung- | Vana-
Melt No. | ypopn | Chrome | on |denim| ‘sten | dium
.83 3.94 .75 3.64 4,84 1.42
.83 2.52 .61 5.52 2.96 1.34
.81 3.90 .24 4.10 4.44 1.32
.73 3.96 .67 3.20 5.76 1.24
.81 3.65 .61 5. 56 2.654 1.50
.74 3.70 .70 2.96 4.79 1.52
.63 3.70 .80 4.12 5.42 1.64
.78 3.81 .83 5.48 3.93 1.28
.76 3.92 .67 4.72 4.68 1.30
.76 3.96 .18 3.7 5.64 1.32
.78 3.98 .15 3.40 6.04 - 1.32
.79 3.96 .74 4.04 5. 68 1.22
.80 4.00 .78 3.72 5.569 1.20
.76 3.86 .78 6.29 4.04 1.34
.81 4.05 17 5.20 5. 55 1.24
.84 4.07 .25 5.76 4.28 1.28
.67 3.96 A7 4.54 6.00 1.28
.71 3.98 .16 b. 51 4.80 1.27
.60 4.27 .76 5391 4.70 1.22
.70 6.44 .21 | | 5.49 4.60 1.22
.78 3.50 .87 4.36 5. 87 1. 50
.78 3.50 .87 4.36 5.87 1. 50

Fig. 1 is a graph in which the average inches -
cut by each group is plotted as a function of the
average (W-+Mo) % of each group, and indicates
how the average life-efficiency of the tool de-
creases’ as the average (W-+Mo) % increases

-from 8.39% to 10.28%.

In order to determine the eﬁfect on the 11fe effi-

In order to.-determine the effect of increasing
the tungsten content to- points above the mo-
lybderium content, the series of steels shown in
Table 4 below were melted, tools made therefirom

and tested.
TABLE 4
Chrom- | Molyb-| Tung--| Vana- | a1
Tool No. ' | Carbon| “3um™ | Genum | sten | dium | Silicon
.77 3.60 4.72 6.19 1. 50 .04
L7 3.42 3.95 5.99 1.58 .61
.81 3.48 4.19 6.11 1.66 1.15
.80 3.60 4.68 5. 57 1.52 .72
.75 3.89 3.56 5,63 1. 1.56 .74
.83 3.93 4.00 6.15 1. 56 .72
.72 4.00 4,53 5,08 1.46 .82
.84 3.82 4. 40 6.70 1.62 | .72
.82 4.01 3.60 5.15 1.62 1;21
.82 3.46 4. 62 5.39 1. 54 .61
.84 3.40 4.29 5.95 1.58 .61
.82 ~3.44 4,61 5.23 1,48 .24
.80 3.36 5511 5.35 1: 50 .25

The life-efficiency curve of these tools is plotted

‘in Fig. 3, and, for comparative purposes the aver-

age life-efficiency of 18-4-1 tools under the same

" test-conditions is also plotted as a horizontal line.

Here, the maximum of -performance is. clearly
limited to those tools in which the total tungsten

and molybdenum content combined is between.

about 9% and 11% salthough the general trend
of the curve indicates that creditable perform-
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ance superior to the 18-4-1 tools is attained when
the total molybdenum and tungsten combined 1s

between about 8.5% and 11.25%.

All of my steels have the advantage that they
may be hardened from very high temperatures

in the range of 2275° F'. to 2325° F. In fact the -

life-efficiency curves (shown in the drawings) are

" all based on a hardening temperature of 2325° ¥,

with a reheating to 1025° F. ‘The hardness of
these tools is at a maximum when the tungsten
and molybdenum content combined is between
9% and 11%. Although a hardness from 64 to
65 Cone Rockwell is common, tools made from
preferred composition such as T-726 and T-727
show higher hardnesses going into the range of
67 to 68 Cone Rockwell and approaching sintered
carbide tools in their extreme hardness.

Since all of the foregoing steels were manufac-
tured under laboratory conditions where the size
of the ingot and the forging reduction were neces-
sarily small and therefore might not be directly
representative: of heats made on a commercial
scale, two two-ton heats were made of the fol-
lowing analyses. In one, the combined content

-of tungsten and molybdenum was melted for 9%, -
and in the other 11.5%,

Steel 282 | Steel 283
[97: 4 o1+« N 77 .85
Chrome oo 3.97 41
Molybdenum - 3.98 5.84
Silicon.____. .58 . .21
Tungsten.... - 4,83 5.57
Vanadiom. ... 1.55 1,02

A very extensive series of lathe tests of tools
made from each of these steels was carried out at
three different speeds and comparative tests of
18-4-1 tools were also made under the same con-
ditions. The results showed grand. averages of
22,161 inches cut by steel 282; 15,415 inches cut
bty steel 283 and 11,317 inches cut by the 18-4-1
steel.

These same steels were also made up into twist‘

drills of various sizes from 1’ down 'to %’" and
tested with 18-4-1 twist drills as a control. Tak-
ing the performance of the tools made from steel
282 as a hundred, Table 5 below shows the sum-
mary of these tests

v

Tasre 5
.S'ummary of lathe and drzll tests

o Performanee given in percent)

No. Type Stel 282 | Stecl283 | 18-4-1 | Lubricant -
100 78 65 | No.'
100 81 02 | Yes.
100 80 89 Do.

The ‘above tests were conducted under strictly
shop conditions; dry cutting in the lathe test and
fully lubricated in the twist drill tests.: In many

individual -cases the performance of tools made-
from steel 282 exceed the performance of stand-

ard 18-4-1 tools in a ratio of 2 to 1.

The results of the comparative tests of" tools
made from steels 282 and 283 were quite unex-
pected and further tests were run-fo determine

which of these steels had the greater hardness '

when measured in the temperature ranges at

which high speed steels often operate. The re- "

sults which are shown below in Table 6 indicate
that the steel containing the lesser quantity of °

~alloy, namely steel 282 has a greater hardness

“than the steel 283

TABLE 6
Hot Brinell Hardnesses
Steel 282 Steel 283
o F, tem;
P 2320° F. 20° F. 011 2320° F. | 2320° R, oil,
oil -—-556° F. gir oil —550° F. a
565 " 566 512 512
555 532 512 512
512 512 495 512
444 418 387 402

The foregoing results of tests of tools conducted

. under actual commercial conditions and which
.said tools were made from two heats of steel

melted under actual production conditions con-
firm the conclusion reached from a great many
laboratory tests that the ranges of tungsten and
‘molybdenum' and the combined total thereof
within which peak efficiency is attained are quite

15

20

critical, and that when the combined content of -

tungsten and molybdenum is maintained well
within the limits which I have prescribed, the re-
sults are markedly better than when the total of
these elements is close to said limits.

The possibility of increasing the cutting effi-

ciency of the tools with the addition of cobalt in
small quantities was investigated by testing tools
made from four different steels all containing
tungsten and molybdenum with the ranges above

set forth. The analyses of these steels are given

in Table 7 below—

TABLE 7
Tool | Car- Molyb-| Tung- | Vana- | o Co-
No. | bon | Chrome | genam| stenm | dinm | SHHeon | pp3r
™710....| .82 3.42 3.19 5.36 1.58 721 1,97
T-711....| .78 3.39 3.21 4.92 1.70 .73 2.00
T-715___| .821{° 3.46 4.70 5.27 1.52 .66 | 2.08
T-716....] .77 3.52 4.40 6.34 1.54 80 2.14

In Fig. 4 the total cut in inches by tools made
from each of these steels and at 3 different speeds
is plotted as a function of the combined molyb-
denum and tungsten contents. The life-efficiency
curves of these cobalt-containing tools shown in

28

80 -
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45

Fig. 4 have their peak when the combined per- .

centage of molybdenum and {ungsten is between
about 8% and 11%. In other words, these tools
exhibit the same type of life-efficiency curve as
the other tools without cobalt. If, however, the
combined content of tungsten and molybdenum is
maintained within the above limits, which pro-
vides maximum cutting efficiency, the addition
of higher quantities of cobalt does not improve
- the cuttmg performance as will be apparent from
a consideration of the following tests.

The effect of cobalt additions above about 2%
“on the cutting efficiency of the tools was investi-
gated by making and running tools of each of the
3 analyses given in Table 8 below—

‘TABLE 8
. Cat‘ s Tung Molyb-| Vana- | Co-
Steel No. bon Silicon | Chrome sten, denu’n dium | balt
T-697....1 .74 .99 3.45 4,24 3.83 1.62 [ 2 06
T-698....1 .77 .89 3.29 4.68 3.85 L76 | 3.96
T-699....{ .81 1.06 3.39 4.64 3.72 1.64 | 6.59

’

at 2 different speeds, is plotted as a function of
" the percentage of cobalt in the tool.
efficiency curves show that at the lower cutting
speed the efficiency ifalls rapidiy as the cobalt

L
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In Fig. 5 of the drawings the cutting efficiency,

These life- »
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quantity is increased. At the higher speeds the
efficiency drops as cobalt is added from 2% to 4%
and then appears to rise as the cobalt is added
up to between 6% and 7%. It would appear,

therefore, that cobalt in quantities in excess of
-about 2% not only does not improve the efficiency

but seriously detracts therefrom. This result had
been observed before but was difficult of explana-
tion since it was not known that high speed al-
loys containing a comparatively low percentage
of molybdenum and tungsten had very distinct
maxima of cutting efficiency and that if the per-
centages of molybdenum and tungsten were
raised the cutting efficiency of the tools was
lowered. The foregoing tests indicate that while
cobalt in comparatively low percentages does not
deleteriously affect the cutting efficiency, addi-
tions over about 2% seriously detract from the
best cutting performance.

In order further to demonstrate the extremely
narrow and critical ranges of elements within
which my invention liés, nine different steels
were melfed having a molybdenum content be-

- tween 4% and 6% and a tungsten content be-

tween 4.26% and 6.50%, the tungsten content in
each case being slightly in excess of the molyb-

denum. The analyses of these steels are shown .

in Table 9 below together with the analysis of a
standard 18—4-1 steel used as a control. Tools
made from each of these steels were tested at a
cutting speed of 70 surface feet per minute and
the results are shown in Fig. 6 of the drawmgs
Tools from these steels were also tested at four
different cutting speeds, namely, 80; 76, 70 and
67 surface feet per minute and the average per-
formance of each tool is plotted in Fig. 7.

2,212,227

and 6%, preferably nearer 4% than 6%, with

‘tungsten between 5% and 6%.°

While all the tools in any single group above -

mentioned were subjected to the same test under
precisely identical .conditions so that the results
are strictly comparative, it should.pe pointed out
that the logs used in making the various series of
tests illustrated in the drawings differed in com-
position so that the number of inches’ cut by the
tools, as 'indicated in one figure of the drawings,
cannot fairly be compared with the number of
inches cut, as indicated in another figure. In
commercial practice a high speed tool must cut
all kinds of steels and it is the common experi-

ence among manufacturers of high speed tools to

find that while’'an outstanding record may be
made when their tools are used to cut a certain
grade or kind of steel, a very poor record may be
made when the same tools with the same treat-
ment are used in cuttlng tests on a different
alloy steel.

For this reason different logs were used in the
foregoing tests. The tests shown in Fig. 1 were

obtained on a carbon steel log; the tests shown

in Figs. 2 and 3 were obtained on a chrome-nickel
steel log known for its toughness and hard cut-
ting properties; the tests shown in Figs. 4 and 5
were obtained on a carbon steel log; and the
tests showh in Figs. 6 and 7 were obtained on a
high carbon-chrome log containing no nickel.
For comparative purposes, three different tools
made from 18-4-1 steel were run at three differ-

ent speeds on a chrome-nickel steel log such as.

used for the tests plotted in Figs. 2 and 3, and the

 average life of the three tools at each speed is

plotted. These averages are as follows:
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TABLE 9 N
. verage
- 8.F.M. . inches cut
. Average -

Analysis In. cut [in. cut at .

Steel No. at 70 | four dif- 80 - 2,185

- S.F.M.| ferent 70— -e- 7,007

C|Cr|8i|Mo| W |Va|W-Mo S.F.M. 67 12,435

gg ggg . 7232(1)2 2%8 ig gzg 8,976 7,539 The apparent inconsistencies that have -ap-
81[3.43] 934 53 4 90138 0.4 1%(7)3(7S 1gj tts Dpeared when high speed steels containing rela- =9

UB.3 T04T0 AB0LEGL  9.00 8,063 77Hl tively small proportions .of molybdenum and

[sdlg 581 7als. 0| 5ol o 1007 9%8| oo tunesten are tested for cutting efficiency have

3(1) § gg gg g%) ggg}gg H ?g gzgs 7,324  heretofore been explained as being due to the

18003, 34| 70/6.00| 6 50|1 44| 1250 & 009 iﬁggi great difficulties encountered in consistently

7514.20| . 37]..._|18.00|L. 25( .. .___ 47190 - 3,90 manufacturing tools of uniform quality, such,

It will be noted that the peak of the life-effi-
ciency curve is reached when the combined tung-
sten and molybdenum content is between 9% and
10% although all of the tools which had a com-
bined content of tungsten and molybdenum vary-

ing from 8.26% to 12.50% are markedly superior

~ to the 18—4-1 tools.

60
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My investigations indicate that Where the
tungsten content is in excess of the molybdenum
content the highest efficiencies are attained. It
also appears that when the tungsten is'in excess
of molybdenum, the peak efficiency is found in
those tools having a slightly higher combined
content of tungsten and molybdenum than is
the case with tools in which the molybdenum
exceeds the tungsten. In either case, however, it
will be noted that where the combined tungsten
and molybdenum content is less than about 7.0%

or more than about 12.0%, the cutting efficiency

of the tool falls rapidly and is not substantially
better than the standard 18-4-1 tools. I believe,
however, that the very best cutting tools are ob-
tained with a molybdenum content between 4%

for example, as the difficulty in melting steel to
the precise specification desired, giving the tools
exactly the same heat treatment or the difficulty
in grinding tools exactly alike. All of these diffi-
culties are more or less real but no one, so far
as I am aware has discovered that a very high

[A)
<

peak of cutting efficiency existed and could be -

consistently attained by maintaining the molyb-
denum and tungsten and the total combined con-

- tent thereof within the very narrow limits herein

disclosed.

The percentage of the various elements stated
above and in the appended claims is to be under-
stood as meaning percentage by weight.

What I claim is:

60

1. A high speed tool having a low alloy con-.

tent and characterized by its exceptionally long
and efficient cutting life; said tool being formed
of an alloy steel containing a plurality of ele-
ments of which the following, within the ranges
and proportions stated, are the only elements
necessary to -attain said characteristic, carbon
from about 0.20% to about 1.20%, tungsten from
about 2.0% to 6.5%, molybdenum from about
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'3.09% to about 7.0%, chromium from about 2.0%

to about 6.0%, vanadium from about 0.50% to
about 3.0% and the balance iron; the tungsten

and molybdenum combined constituting from

about 7.0% to about 12.0% of the alloy.

2, A high speed tool having a low alloy con-
tent and characterized by its exceptionally long
and efficient cutting life; said tool being formed
of an alloy steel containing a plurality of ele-
ments of which the following, within the ranges
and proportions stated, are the only elements
necessary to attain said characteristic, carbon
from about 0.20% to about 1.20%, tungsten from
about 2.0% to about 6.5%, molybdenum from
about 3.0% to about 7.0%, chromium from about
2.0% to about 6.0%, vanadium from about 0.50%
to about 3.0% and the balance iron; the tungsten
and molybdenum combined constituting from
about 8.5% to about 10.5% of the alloy.

3. A high speed tool having a low alloy con-
tent and characterized by its exceptionally long
and efficient cutting life; said tool being formed
of an alloy steel containing & plurality of ele-
ments of which the following, within the ranges

"and proportions stated, are the only elements
necessary to attain said characteristic, carbon -

from about 0.20% to about 1.20%, tungsten from

- about 4.5% to about 6.5%, molybdenum from
about 3.0% to about 5.5%, chromium from about

2.09, to about 6.0%, vanadium from about 0.50%

to about 3.0% and the balance iron; the tungsten

being in excess of the molybdenum and the tung-
sten and molybdenum combined constituting
from about 9.0% to about 12.0% of the alloy.

4. A high speed tool having a low alloy con-
tent and characterized by its exceptionally long
and efficient cutting life; said tool being formed
of an alloy steel containing a plurality of ele-
ments of which the following, within the ranges
and proportions stated, are the only elements
necessary to attain said characteristic, carbon
from about 0.20% to about 1.20%, tungsten from
about 2.0% to about 4.5%, molybdenum irom
about 4.0% to about 7.0%, chromium from about
2.09% to about 6.0%, vanadium from about 0.50%

~ to about 3.0% and the balance iron; the molyb-
denum being in excess of the tungsten and the

B

tungsten and molybdenum combined constituting
from about 7.0% to about 10.5% of the alloy.

5. A high speed tool having a comparatively
low alloy content and characterized by its ex-
ceptionally long and efficient cutting life; said
tool being formed of an alloy steel containing a
plurality of ingredients of which the following,
within the ranges and proportions stated, are
the only elements necessary to attain said char-
acteristic, carbon from about 0.60% to about
1.209, chromium from about 2.0% to about 5.0%,
vanadium from about 0.50% to about 3.0%,
tungsten from more than 5.0% to about 6.5%,
molybdenum from about 3.0% to about 6.0%,
and the balance iron; the combined content of
tungsten and molybdenum being from about
8.0% to about 12.0%. _

6. A high speed tool having a low alloy con-
tent and characterized by its exceptionally long
and efficient cutting life; said tool being formed

-of an alloy steel containing a plurality of ele-

ments of which the following, within the ranges
and proportions stated, are the only elements
necessary to attain said characteristic, carbon
from about 0.70% to about 0.90%, tungsten from
more than 5.0% to about 6.0%, molybdenum from
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more than 4.0% to less than 5.0%, chromium '

from about 3.0% to about 4.0%, vanadium be-
tween about 1.0% and 2.0%, and the balance
iron; the tungsten and molybdenum combined
constituting from about 9.0% to about 11.0% of
the alloy. :

7. A high speed tool having a low alloy con-
tent and characterized by its exceptionally long
and efficient cutting life; said tool being. formed
of an alloy steel containing a plurality of ele~
ments of which the following, within the ranges
and proportions stated, are the only elements
necessary to attain said characteristic, carbon
from about 0.20% to about 1.20%, tungsten from
more than 2.8% to 6.5%, molybdenum from about
3.0% to about 7.0%, chromium from about 2.0%
to about 6.0%, vanadium from about 0.50% to
about 3.09% and the balance iron; the tungsten
and molybdenum combined constituting from
about 7.0% to about 12.0% of the alloy.
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