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To all whom it may concern:
Be 1t known that I, EUGENE CHILDS, a citi-

- zen of the United States residing at Boston

countyof Suffolk,State of M&ssachusetts have

invented an Improvement in Determination

of Hardening Heat for Steel, &e., of which the
tollowing deseription, in connection with the
accompanying drawings, is. a specification,
like letters on the drawings representmﬂ* like
parts.

This invention has for its object the pro-'

duction of a simple, accurate, and rapid proc-
oss for determining the proper hardening heat
for steel or other metal when it 18 deswed to
attain substantially uniformn r esultsin the fin-
ished produect.

Asmyinvention is particularly &dapted for
use in hardening steel, I will explain it fully

insuch connectwn 13]10110'11 1t will more clearly

appear her einafter that the invention is not
restricted thereto.

Manufacturing concerns purchase steel by
analysis, and it frequently happens that while
one lot will run very even the very next lot,
which is supposed to be of the same analqu
may be diiferent, necessitating a dif

dening or tempering process. Directions for
heating usually depend on color, and differ-
ent workmen told to heat to a bright yellow
will often get a difference of several hundred
degrees by following the directions; but bymy
mode of proeedme such variations are prac-
tically eliminated and a uniform product is
obtained.

My invention is based upon the well-known
taet that the colors in a heated por tion of a
plece or bar of metal gradually increase in
brightness or brilliancy from the cool to the
hottest portions,corresponding to the increase
in temperature, and the problem to be solved
is the determination of that particalar tint or
shade which corresponds to the temperature

required for hardening the piece of metal. 1

proceed, therefore, to construct a test color-
scale composed of narrow strips of glass of
different shades of yellow placed side by side,
ranging from dark to very light yellow, in
treating steel, and conforming as nearly as
may be to the grading in the heated metal.
The strips are supported in a suitable frame

as possible.

‘erence
in its treatment when bUbJE‘Gted to the har- |

mitted light, and the heated bar is placed in
front of the scale and moved along until the
colors on bar and scale correspond as nearly
In heating the bar or portion of
metal to be tested it is placed in an ordinary
blacksmith’s fire which is hottest at the cen-

| in a vertical position and illuminated by trans-

55

ter, and obviously that part of the metal at the

center of the fire will be heated to the highest
temperature, and the temperature to which
the heated portion of the metal is subjected
between such maximum aund the minimum
or cold portion outside of the fire will grad-
ually decrease from the maximum, so Lhat the
heated portion of the metal is snb]ected to a
graded heat ranging from minimum to above
maximum temperature requisite to proper ly

60

temper the same, and the problem in hand is

to determine what degree of temperature be-

‘tween those limits is proper for that particu-

lar metal to attain the desired hardness by
subsequent quenching. A mark is made with
chalk or by a nick on the bar, preferably op-
posite the darkest part of the scale, although
any particular shade may be taken as the in-
dex, or, 1f desired, the bar may be marked op-
posite each division of the color-scale and the

cooling medium. The heated portion of the
bar will thus be hardened differently at dif-
ferent points owing to the gradation of tem-
perature of such heated portion, and I pref-
erably break off pieces therefrom, beginning
at the part which was hottest and carefully
noting the appearance of each successive frac-
ture, which shows the condition of the metal
thereat. When thefracture denotes the har-
dening desired for the use to which the steel is

i to be put, I again place the bar opposite the

color-scale in the position it was marked while
heated and note the particular color division

opposite the fracture, which division shows.

the proper color to be attained for hardening.
When a piece of steelis properly hardened and
at the same time possesses the maximum
toughness, the grain upon fracture appears to
the eve to be fine, even, and silky in appear-
ance, and 1is readily recognizable to those

skilled in the art. To properly harden and at-

tain such appearance upon fracture, 1t is nec-

| essary that the heating prior to cooling by
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heated portion of the bar is plunged in the -
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uenchingshallapproach butnot exceed acer- | found, as deseribed, the test-scale is removed
8 [ _

tain eritival point, whieh eritical point is of |

course different in differentsteels. If the erit-
Ical pointis passed in the heating,the appear-
ance of the fracture after quenching and cool-
Ing is coarse, granular, and irregular, and the
same Is true if the eritical point is not ap-
proached within close limits. Steel showing
the coarse granular fracture, while very hard,
will be very brittle and not adapted for many
purposes. It will therefore be manifest that
by examiningthe fracture of a hardened piece
of steel the character of the steel can be very
accurately determined, and it is 4 common
practice in steel-mills to determine the char-
acterof steel from different heats by fracture
as well as by chemical analysis. 1 then re-
move the test-scale and substitute a larger
piece of glass, corresponding to the tint or
color thus found, and it is nsed in subse-
quently heating the balance of that particu-
lar lot of steel. This results in great uni-
formity in the finished produect, and bright
or cloudy days have no effect thereupon, for
the transmitted light by which the test-scale
or the working color is illuminated will not
vary, whereas on a cloudy day there is ordi-
narily a tendency to underheat, with the
opposite tendency to overheat on a bright
sunny day.

I have shown in the drawings a simple form
of apparatus by which my invention may be
practiced.

Figure 1 is a front elevation thereof, partly
broken out below the test color-scale. Fig. 2
is a transverse sectional view of the appa-
ratus shown in Ifig. 1; and Fig. 3isa view, on
a smaller scale, of a guide or working glass.

A preferably-closed box or chamber A,
shown as mounted on legs A’', is provided in
1ts front wall with an oblong opening a, along

the npperand lower edges of which are placed -

guldes a’ ¢’. The opening may be about six
iches long and about an inch wide, though
other dimensions may bhe adopted if desired.
A series of upright narrow strips of glass ¢
g’ g% &e., about half an ineh wide, are placed
side by side in a light frame b, which slides
in the guides a’ @', so that the opening ¢ is
covered, the glass strips being graded from
the darkest yellow at one end up to a very
light yellow—nearly white—at the other end,

as has been described, and constituting a test,. }

color-scale. Thescaleisilluminated by trans-
mitted light, and I have herein shown a se-
ries of gas-burners D on a feed-pipe D' within
the chamber A, below the opening «, the light
from the burner-flames being directed by a
reflector R, supported on suitable brackets 7
atthe back of thechamber, through the seale.
A screen R Fig. 2, is interposed between
the scale and the direct light-rays from the
burners. |

If desired, the interior of the chamber may
be blackened to prevent cross-reflections.

and a large working or guide glass G/, Fig. 3,
of that color is inserted in the guides ¢, cov-
ering the opening ¢, and the workman uses
1t as his guide in hardening the remainder of
the Jot of metal. It will be manifest that each
lot can be quickly fested, as has been de-
scribed, eitherat the time it has been used or
previously and the result recorded, so that by
numbering the divisions of the test-scale and
correspondingly numbering the guide-glasses
(> any tested lot of steel can be hardened when
convenient.

Other metalscan behardened in accordance
with my invention, it being necessary only to
prepare the proper test color-scale and work-
(ng glasses therefor.

In testing the cooled piece of metal for hard-

| ness it may be accomplished in any desired

manner, as by filing, fracture, or otherwise,
fracture being preferable as giving the clear-
est indication of the condition of the metal;
but my invention 1s not limited to any par-
ticular mode of determining the hardness.

Having fully desceribed my invention, what
I claim, and desire to secure by Letters Pat-
ent, 1s—

1. The process of determining the harden-
ing heat for metal, which consistsin subject-
Ing a portion of the metal to be tested to a
graded heat ranging from minimum to above
maximum temperature requisite to properly
temper the same, comparing such heated por-
tion of the metal with a test color-scale graded
in color to correspond to the gradations in
temperature; indexing the portions thus com-
pared, and cooling; testing such cooled por-
tion for the requisite hardness; determining
from the relative position of the properly-
hardened portion the corresponding color di-
vision ot the test-scale, and adopting such
color for subsequent heating.

2. The process of determining the harden-
ing heat for metal, which consists in subject-
ing a portion of the metal to be tested to a
graded heat ranging from minimum to above
maximum temperature requisite to properly
temper the same, comparing such heated por-
tion of the metal with a transparent test color-
scale graded in ecolor to correspond to the
gradations in temperature; illuminating the
scale by transmitted light; indexing the por-
tion of metal compared with the scale, and
cooling the same; testing the cooled portion
fortherequisite hardness; determining there-
from the corresponding color division of the
test-scale, and adopting suech color for sub-
sequient heating.,

3. The process of determining the harden-
ing heat for metal, which consists in heating
a portion of the metal to be tested to a graded
heat ranging from minimum to above maxi-

| mum temperature requisite to properly tems-

per the metal and comparing such heated por-
tion with a test color-scale divided vertically

After the proper hardening color has been | in color-bands corresponding to the grada-
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tionsin temperature; markmg the portion of
metal thus compmed and cooling the same;
making successive fractures therein from the
- previously hottest portion, and determining
from the relative position of the desired frac-
ture the corresponding color division of the
test-scale, and adopting such color as a guide
for subsequent heating.

Che

In testimony whereof I have signed my
‘name to this specification in the presence of 1o
two subscribing witnesses.

EUGENE CHILDS.

Witnesses:
JOHN C. EDWARDS,
EMmA J. BENNETT.
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