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. HEAT TREATMENT OF STEEL.

 To all whom it may concern: '

Be it known that I, SAMUEL S. Wams,- of

Munhall, Allegheny county, Pennsylvania,

~ have invented
- 5 I .
~ the following is.a full, clear, and exact de-

_ a new and useful Improve-
ment in Heat Treatment of Steel, of which

- seription. L
My invention is designed to provi de an

10

improved method of heat treatment of
steel, whereby a more uniform strength 1S
"~ obtained throughout the piece, and is par-.
.~ ticularly designed for armor or vault plates
or deck plates, though it may bé applied to

- steel generally. I
~ In the ordinary manner of making armor
‘plate, '

the ingot is cast in the usual way,

forged, annealed, then carburized onits face,

" then usually reforged, and then fibered by
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: ing. The heat treatments fOr.;f'suc:h'-‘--plates

30

- and other heat-treated steels are uniform
. over the extent of the plate and take no ac-
count of the variations in chemical compo-
- gition of the various
" caused by segregation of its contained metal-

~ loids during cooling and solidifying of the

“ingot. The carbon is most lable to segre-
_gation, and other elements may be calculated
1 carbon equivalents. This segregation
~ takes place to a greater extent in the top

. portion of the ingot than in the lower por-
~ tion, and where the bottom end or top end
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of the plate is hereinafter mentioned I refer

' to that portion of the plate which comes
" from the bottom portion or from the top

be treated to a uniform heating,

o %értion, of the inigot as the case may be.
- by portion to
great differ-

subjecting the whole plate or

~ ¢nces in tensile strength between the ‘top
" gand bottom of the ingot may be developed;

~ and T have discovered that such differences
45

inated by raising the plate to a temperature

" which varies between the two ends and pret-

 erably

50

roughly in proportion to the segre-
gation. . A

In practice a great improvement is made

in the plate by modifying the last annealing
- process and varying the heat of different

 parts of the plate. “Thus I first preferably

~ raise the .
800 and 900 degrees C., and quench with !

plate to a temperature between

parts’ of the .plate,

- the usual process. The plate 18 thenr some-
times toughened by further. treatment, and
'is then in a condition for final water-harden-

F

1

be largely reduced and possibly elim- |

| uniform in the different parts.

it

water or 'OItlh'eII; cooling liquid to a tempera-
ture below 300 degrees. The plate is then .
{)laced in the furnace, and the heat so regu-
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ated therein that the end of the plate Wh?ﬂh o

is subject to the greater segregation, will be
raised to 8 temperature higher than the
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other end of the plate. The variation in
temperature of one end of the plate from

the other may be accomplished 1n any de-
“sired manner, for example, the temperature
of one end of the furnace in which the plates

temperature may be calculated by many

‘well-known methods to attain a certain de-
sired tensile strength. The average of these
“temperatures is preferably:between 500 and
900 degrees C., and the difference in tem-.
perature between the two ends may be as

high as 150. degrees. The plate 1s then

_ _ 65
are heated, may be raised or lowered above

or below that of the opposite end to a degree |
| necessary to give the desired difference in
temperature 1n the opposite ends of the
‘plate, by a proper manipulation of the air

: _ _ 70
_,and- gas valves used on such furnaces. = This
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cooled as desired. In a test on a plate

twenty feet in length—showing such a seg-
régation in carbon that-the content was .37
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at the top end and .27 at the bottom end,—

was subjected to the varying heat treatment

just described with an annealing tempera-

- ture of about 620 degrees at the top end and
about 520 degrees at the bottom end; and
‘the tensile strength of test pieces taken from

these ends did not differ over one per cent.

 The advantages of my invention will be

appreciated by those skilled in the art. The
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different strength in different parts of the

tially uniform or the variation in strength
oreatly reduced by the variation in the tem-

‘perature imparted to the various parts. My
invention ddes not add to the cost of pro-
| ‘duction, but does add materially to the value
“of the plate by making its strength more

Many variations may-be made
described treatment of the steel without de-
parting from my invention, since = .
~ What I claim 1s:—

'1 .

ent parts thereof, consisting mn h

in the above

‘plate or portion to be treated resulting from
~the uniform heat treatment heretofore given
is ovércome, and the plate made substan-
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1. The method of treating steel containing ' .

metalloids in different ~prop0rtionsé‘l_g' differ- -
éating the



j
f

~that of another

. loids comntainec L
=8, The' method of heat-treating steel hav-
10

| Elate_ and 'i'a’ising one part of the_' P(:)-rtilon to

e-treated to a different temperature from

. portion at the same depth.
- 2. The method of heat-treating steel, con-
sisting in heating the plate or portion to be
parts according to the

proportion of metal-
therein. - S

g different proportions of metalloids in
differént ‘parts

- talning a greater proportion of metalloids

15

20

- ‘to a higher heat than those portions contain-

ing a-lower proportion of metalloids.
4. The method
tempera-

ture, then quenching it, and. then un-uni-

- formly heating the length of the plate to |
temperatures  between 500 and

700 degrees

- centigrade, and then cooling the same.

25

- ture, then

. 9. The method of treating steel, éo,nsi_sting
in heating a plate to a hardening tempera-

quenching it, then heating it to

different temperatures at different portions

of the plagtes, with rélation to the difference
- 1n composttion caused by segregation, .
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~ varying directly to thie . ar- |
. bon contained in the said different portions |-
of said plate. - S _-

6. The method of treating steel, c»{}nsi'stihg*
1n heating a plate to a hardening tempera-
ture, then quénching it, then heating the dif-

ferent portions of the plate to temperatures
proportions of car-

. arts thereof, consisting in heat-
ing the plate and raising those portions con- |

o of treating steel, consiSting,'
~ 1n heating a plate to a hardening

treated and varying the heat of the different ~degrees centigrade,

‘being  subjected to

979,118 .

A The'metlidd of t-reating s_teél;- consisting_ _-.35 |

I dnnealing a plate, in which the various

ccmponent elements have become segregated, .

Ly heating the different portions of the plate

to temperatures between 300 degrees and 700 o
said different portions- 40
‘heat. at temperatures .
varying. directly to the proportion of car-.
bon contained therein, and then cooling the

same.

highly segregated at one end than at the

8. The 'Iileﬂi‘o'd-.{)f treafing"sﬁeel-- 'platé,"-‘_ili
‘which the component -elements are - more

46

‘other, which consists in heating the plate to -

| then cooling the same. .

-

ferent

a hardening temperature; then quenching it,

then heating it

| so-that the more highly seg-
regated en

jecting the mtérmediate: portions to a sub-
stantially uniform variation of heat, and

9. The method of -trea,ting steel coﬁtﬁiﬁing

‘metalloids in different proportions in dif-
1n heating
the plate and raising one portion of its face

to a different temperature from another por-
Itidn of its face. - T

parts “thereof, consisting

- In testimony whereof, I -:ha;ife hereunt0 set

my hand. .~ o
~ SAMUEL 8. WALES.

Witnesses: -~

- D 'T:, "JON:ES', ST

- C. L Wison,

1

portion shall attain"a higher
temperature than the.other end portion, sub- -

50.
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