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1

This invention relates generally to the art of
metal heat treatment, and partieularly to a new
apparatus for the tempering of ferrous metal
objects, especially drill bits.

In the manufacture of certain metal articles it
is quite important that they should be properly
tempered, that is, so cooled from a heat-treat-
ing temperature that they will possess the de-
sired properties. For example, steel bits used
with drilling machines for drilling holes in hard
rock should be properly and uniformly tempered.
Frequently a plurality of bits of progressively
decreasing size are used in drilling a single hole,
the largest-drill being used first and the smaller
ones following thereafter in the decreasing order
of their sizes. 'If one of the bitg should be im-
properly tempered, for example, if it should be
softer than the succeeding bits, it will not make
a hole of the desired size for succeeding  bits
and may stick in the hole. Henee, it is important
that each bit of s set of drill -bits should be
properly and uniformly tempered, but it is also
important that all bits whether intended for use
in a certain set or not should be properly and
uniformly tempered. o

So far as I know, it was not possible, .prior to
the present invention, automatically to- temper
steel drill bits properly. and uniformly or to in-
sure that the tempering will be broper and
uniform from bit to hit. By the present. in-
vention I am able not only to temper steel drill
bits and also other meta] objects properly, but
also to insure that all the objects of the same
composition will be ternpered broperly and sub-
stantially uniformly. .

The present invention is bredicated on the dis-

covery that proper and uniform tempering may
be attained by cooling highly heated metal ob-
Jects with a predetermined amount of cooling
liquid maintained at substantially. constant tem-
perature, or by exposing the highly heated ob-
Jects to the cooling effect; of a_substantially uni-
form temperature coolant for a predetermined
length of time, then transferring the thus par-
tially cooled objects, without substantial decrease
in their temperature, to a second cooling liquid
maintained at a lower temperature and allowing
the objects to cool to the temperature of that
liquid. ‘ .

In the drawings accompanying and forming a
part of this specification, ‘

Fig. 1 is a top plan view of one form of ap-
paratus embodying the present apparatus in-
vention and with which the present method in-
vention may be practiced;.
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Fig. 2 is an elevational view taken from the
chute side of the apparatus of Fig. 1; and

Fig. 3 is an elevational view taken from the
left side of Fig. 1.

In the drawings the reservoir { is provided
with a drain pipe 2 controlled by a valve 3 and
an overflow pipe 4. Liquid is maintained in
reservoir | to the level indicated by  line 5.
Liquid may be brought into reserveir | through
pipe 6 which is equipped with a therinostatically
controlled valve 1. In this case the thermostat
8 is of the electrical typeand is connected through
lead 9, panel 10 and lead Ii to an electrical
device 12. The thermostat 8 and the devies 12
may be, respectively, the well-known Mercoid
thermostat control and Mercoil magnetic valve.
When the temperature of the liquid in reservoir
I rises above a predetermined point the thermo-
stat 8 actuates the valve 12 and opens valve 1,
thereby. admitting cold lquid through pipe 6.
Since the discharge end of pipe § is remote from
the thermostat 8, the incoming fluid will continue
to flow for some little time before the thermostat
8 will be actuated by a lowering of the tem -
perature of the liquid in reservoir [ to de-energize
the valve control device and close the valve '1
against further entry of cold liquid.

Adjacent to the thermostat 8 is disposed’ a
pump 13 which communicates with the inferior
of the reservoir 1 and serves to withdraw liquid
therefrom and to force it through pipe 14 and
into the top of a hollow shaft bresently to be
described. The pump 13 is actuated by a
motor i85.

Two upright beams 1§ are disposed on op-
posite sides of reservoir i and are connected
together ‘at their upper ends by a channel 17
and at a point some little distance above the
top of reserveir | by a pair of channels 18. An
upright leg or beam 19 also located outside of
reservoir | is connected at its upper end to one or
moere channels 20 which extend horizontally to-
ward and connect to one of the channels 18.
A plate or platform 21 rests on channels 20 and
is secured to channels 18 and 20 and serves as
a support for a power unit consisting of a motor
23 and a reduction gearing device 23. Panel
10, above mentioned, is secured to channel 11,
to one of the uprights 1§ snd to plate 21.

The plate 21 supports a thrust bearing 25
which, -in turn rotatably supports the hollow
shaft 2% above mentioned. This shaft passes
through a pillow block or.bearing 27 on channel
7. A sprocket 28 is keyed to shaft 26 and is
connected to the reduction gearing .device .23 by
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a driving chain 29. Fipe 14, leading from pump

i3,-is connected with the upper end of hollow

shaft 26 by a packing nut.

The hollow shaft 26, at its lower end, is con-
nected to a tank 30 into which liquid may filow
from shaft 26. Tank 30 is provided with 2 plu-
rality of members 31 which may be. called foun-
tains or spray-heads, each comprising a right
angled pipe 32 communicating with the interior
of tank 38, and an enlarged upper end 33 pro-
vided with a sereen on which an chject to be
tempered may be placed. It will be understood
that when pump {3 withdraws liquid from tank
I and forces it through pipe 14 into hollow shaft
26, such liquid will fill the tank and will flow out
through pipes 32 and up through the perforations
in the sereen and against an object on the screen.
Tt ‘will also be understood that when the motor
29 is actuated the chain 29 will rotate shaft 28,
tank 30 and members -31 and that by vary-
ing the speed of rotation of the shaft objects
on those members may be subjected for various
lengths of time to cooling liquid flowing there-
against through said members.

. A magnet 40 is mounted on supports 41 which
are connected to reservoir | by arms 42. This
‘magnet is adjustably positioned relative to metal-
lie articles ‘on the “spray-heads, so that when
energized the magnet may attract to itself and
thereby remove from an adjacent spray-head a
magnetic metal article on the latter. - The mag-
net 40 is alternately energized for a short period
of time and then is ‘de-energized for another
short period of time. The top of tank §8 is pro-
vided with a plurality of pegs 45 positioned radial-
1y ‘inward “of the respective “spray-heads 3!.
Thesé pegs 45 are so disposed as to make con-
tact with the switeh closing member 48 of a

limit switch 41 Which is conhected to a-suitable .

source of électric ‘current and also to the wind-
ings of magnet 40. When one of these pegs 45
closes the contacts of the limit switch 47 the
electtical current energizes magnet 40 and the
magnet in turn attracts to itself a metal object
on the spray-head adjacent-the magnet. ‘When
the peg 45 moves on and permits the contacts
of -the limit switch &1 to separate, the current to
‘magnet 40 is-interrupted and the metal object
which had been attracted to the magnet is al-
‘lowed to.fall. In this:way the magnet is ener-
gized for a short time and then is de-energized
for another short time, and the energization oc-
curs when a spray-head is adjacent to the mag-
‘net.
- ‘An-inclined chute 58:is disposed with its upper
‘end- in- position to -receive metal articles which
fall from the de-energized magnet 49. The lower
end of this -chute &8 is disposed above a sta=
tionary tank 51 so that metal articles dropping
from magnet 40 may slide into that tank. An
open-top - screen-basket &2 is provided in tank
§{ to receive such articles. This tank also con-
tains @ cooling liquid which may be maintained
at above a .predetermined temperature by means

‘of a.heating unit 53 which may be of any suit-

-gble -construction, for example, the well-known
Calrod immersion heating unit.

The general opération of the above described
apparatus will be understoed from the forego~
ing “deseription. . However, when it is to be op-
‘erated to temper steel drill bits for hard Tock
drilling it may be operated substantially as fol-
lows: The motor 15 is ‘energized and pump 13

citéulates coolant from resérvoir 1 through. pipe.

14, shaft 28, tank ‘38" and “§pray-heads 31 ‘and
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brings the level of coolant in tank 30 to above
the tops of heads 31 so that the coolant will over-
fiow the heads and return to reservoir 1.. The
motor 22 is energized and tank 30 is rotated.
Then steel drill bits which have been heated to
the proper temperature, which may be about
1440° F. for one particular kind of steel, are
removed from the heating furnace and are placed
one at a time points down on the spray-heads
when they reach the position indicated by the
letter X in Fig. 1 and while tank 30 is rotating.

v As tank 39 rotates, the pressure exerted on the

cooling liquid is so regulated that the liquid bub-

~ples up throtigh the spray-heads and to a pre-

15

20

30

47

50

60

determined distance thereabove which is sufficient
to cover only the drilling points of the bits or
about 7%’ for the average size jack bit. This
liquid is maintained at a temperature under
75° ¥, preferably at about 72° F. The liquid
thus regulated as to pressure and temperature
cools the points from the time they leave point
X .until they reach the position-indicated by the
letter ¥ in Fig. 1. Wheh & bit reaches that po-
sition, a peg 45 several stations behind -that
spray-head ‘will close the circuit through limit
switch 471, thereby energizing magnet-40. -“When
energized this magnet-attracts to itself the drill
bit on the spray-head at station ¥ and when de-
energized drops that drill bit onto chute 50 and
the bit slides into tank 51. R

It will' be-uinderstood that during -the time of
abotit 53 seconids which elapses between the plac-
ing of a- bit on a- spray-head -at station X and
“the - ‘time the drill:bit is removed therefrom-at
station Y, ‘the lquid -coming into -contact with
“the ‘drill bit will have lowered the temperature
of the drill bit-considerably, for example, from
‘about- 1440° . to about 900° F., that the bit will
then be ‘at a temperature within ‘the magnetic
temperature range of ‘the steel, “‘and that the
temperature of the drill bit will not sensibly de-
crease between the time it is removed at station
v and the time it arrives in tank 51. ‘The speed
of rotation of tank 30 should be so adjusted for
pits of different sizes that ‘the ‘bits are ‘cooled
through the just mentioned range "during one
revolution of the tank. Higher or lIower speeds
‘may, of course, be used when smaller of greater
decreases in temperatures are desired.

Drill bits of the type referred to herein are
-composed of steel which can be made quite ‘hard
by heat treatment. While drill bits are: made
from ‘steels of different S. A. E. numbers, the
compositions which are suitable contain between
about-.70% and .90%. of carbon, between about
409 and .60% of mangahese, about .03% maxi-
mum of sulfur and of phosphorous, with the
remainder being iron containing small amounts
of other impirities but without any substantial
aimounts of alloying elements. The cutting-edges
are often formed on these bits when the carbides
‘in the steél are in a.spherodized condition and
the steel is soft and machinable ‘as a -result
thereof. ‘Then the.steel is heated -to such a
temperature as will result in a complete solution
of the carbides which in this case.is about 1440°
. Then the dissolved carbides in.the cutting
edge portions are precipitated as very fine grain
martensite more- or less uniformly throughout
those portions by quenching . the cutting edges
of the bit with resultant hardening of those
portions. 'This quenching step is carried out by
duickly Iowering the temperature of the cutting
edge ‘Portions from aboiib-1440°.F. fo about 900°
'F. in a short space of ‘time as by bubbling water
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at about 72° F, to 75° F, over the cutting surfaces

for about 51 seconds on the average. "The entire
bit is cooled by the extraction of heat from the
body of the bit through the surfaces. in contact
with the water but the cooling rate of the metal
"beyond the cutting edge portions is less rapid
and hence the body paré of the bit is more ductile
and resistant to breakage than the cutting edges.
The thus quickly cooled article is transferred,
preferably magnetically, when at a temperature
of about 900° . into a body of water maintained,
for example, at about 192° F. where it is allowed
to cool for about 10 minutes. If desired, the
bit may be reheated to g drawing temperature
to reduce the brittleness of the cutting edge
portions. :

Since the cooling rate of the drill bits in tank
51 should not be too rapid, the temperature of
the liquid is maintained above a predetermined
minimum temperature by the heating unit 53,

Various cooling liquids may be used in reservoir
I and stationary tank 5i , as'desired. Water may
be used in reservoir 1 but its temperature should
not be permitted to rise beyond a certain point
for if it becomes too highly heated, due to heat
extracted from the bits, it will not cocl the bits
below their non-magnetic range and hence ‘the
magnet 40 will not attract them to it.. When
the liquid in reservoir | is maintained at a tem-
perature not in excess of about 75° F. and the
speed of rotation of tank 30 and the rate of
liquid flow through the spray-heads are properly
adjusted, tool bits having a temperature of about
1440° F. when placed on the spray-heads will be
cooled to below their hon-magnetic temperature
range before they reach the magnet 40 and hence
will be attracted to the magnet and removed
from the spray-heads. By suitably setting the
thermostat 8 the temperature of the coolant in
reservoir | may be maintained substantially con-
stant, as above mentioned.

The coolant preferred in tank 51 is water and
its temperature is preferably maintained close
to its boiling point by the heating unit in the
bottom of the tank, 192° P, having been found
to be satisfactory.

Each bit cools to about the temperature of the
water in tank 51 within about 10 minutes and
may then be removed for subsequent treatment.

While the foregoing detailed description is
specific to the tempering of drill bits, it will be
understood that apparatus embodying the pres-
ent invention may be used for tempering other
articles, and that by adjusting the speed of
rotation of tank 30 and the temperature of the
coolant in reservoir | and the rate or amount
of coolant flow through spray-head 31, various
metal objects may be cooled throughout various
temperature ranges and to various temperatures,
depending on the characteristics desired in the
objects and obtainable by such variations in the
time, rate and nature of the tempering action.
It will also be understood that by varying the
kind and temperature of the coolant in tank 51,
the rate of cooling of metal articles therein may
be varled with some variation in the properties
of the articles cooled under those conditions.

This application is a continuation-in-part of
my application Serial No. 499,398, filed August
20, 1943, and abandoned on or about May 5, 1948,
Subject matter disclosed but not claimed herein
is being claimed in my co-pending application
Serial No. 252,629, filed October 23, 1951, which
is a division of this application.

Having thus described the present invention
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5o that others skilled in the art may be able to
understand and practice the same, I state that
what I desire to secure by Letters Patent is ‘de-
fined in what is claimed.. ‘ :

What is claimed is:

1. Apparatus for tempering meta] objects com-
prising a rotatable tank having a plurality of
spray-heads adapted to carry heated metal ob-
jects to be tempered, means to deliver cooling
liquid through said spray-heads and against such

"ohjects on the latter, means including a thermo-

stat for maintaining substantially constant the
temperature of the liquid delivered agairist such
objects, and means for removing thus cooled ob-
jeets from said spray-heads, said means:inclid-
ing a magnet in fixed position above and . out-
side of the line of travel of said spray-heads.

2. Apparatus for tempering metal objects com-
prising a reservoir for liquid, a rotatable tank
having a plurality of spray-heads adapted to
carry heated metal objects to be tempered, means
to circulate liquid from the reservoir to ~the
tank and spray-heads and against. such objects

-on the latter, means Including a thermostat con-

trolled liquid inlet for maintaining liquid in the
reservoir below a predetermined temperature,
and means for removing thus cooled objects from
said spray-heads, said means including a magnet
in fixed position above and outside of the line
of travel of said spray heads.

3. Apparatus for tempering metal objects com-
prising a reservoir for liquid, a rotatable tank
having a plurality of spray-heads adapted to
carry heated metal objects to be tempered, means
to circulate liquid from the reservoir to the tank
and spray-heads and against such objects on
the latter; means including a thermostat con-
trolled liquid inlet for maintaining liquid in the
reservoir below a predetermined temperature, s,
stationary tank for cooling liquid, and means for
transferring thus cooled objects from said spray-
heads into liquid in said stationary tank, said
means including a magnet in fixed position above
and outside of the line of travel of said spray-
heads and a chute inclined downwardly .from
below said magnet to above said stationary tank.

4. Apparatus for tempering metal objects com-
prising a reservoir for liquid, a rotatable tank
having a plurality of spray-heads adapted to
carry heated metal objects to be tempered, means
to circulate liquid from the reservoir to the
tank and spray-heads and against such objects
on the latter, means including a thermostat. con-
trolled cold liquid inlet for maintaining liquid
in the reservoir below a bredetermined tempera-
ture, a stationary tank for liquid, means to main-
tain substantially constant the temperature of
liquid therein, and means including a magnet
for transferring thus cooled objects from said
spray heads into liquid in said stationary tank.

5. Apparatus for tempering metal objects com-
prising a rotatable tank containing cooling liquid
and having a plurality of members adapted to
carry heated ferrous metal objects to be tem-
bered, means to deliver liquid from said tank
against such objects on said members to cool
them to below the upper limit of their magnetic
temperature range, and means for transferring
the thus cooled objects from said members, said
means including a magnet in fixed position above
and outside of the line of travel of said mem-
bers and means to energize and de-energize said
magnet when one of said members is moving
therepast.

6. Apparatus for tempering meta] objects com~
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7 .
prising a rotatable tank containing cooling liquid
‘and ‘having .a plurality -of members-adapted to
-carry ‘heated. ferrous ‘metal -objects to . be. tem-
pered, means to deliver liquid: from-said tank
against said objects on -said- members to “cool
them .to below the upper:limit-of their magnetic
‘temperature range,. ‘temperature -control means
to maintain substantially constant the:tempera-
_ture of the liquid delivered -ggainst sdaidob-
- jeets, ‘means for transferring -the thus cooled
-objects from said members, -said means includ-
ing ‘a magnet in-fixed position -above and -out-
side -of ‘the line: of travel of: said- members-and
means to energize and -de-energize said magnet

when one. of said: members is -moved--therepast.

7. Apparatus for tempering metal-objects com-
prising a -reservoir for. liquid, a-rotatable tank
within :said’ reservoir :and having -a -plurality
-of spray-heads adapted to calry ‘heated ~metal

objects. to be tempered, - means-: to -rotate - said: ¢

tank, means to circulate: liquid-from the Teservoir
through the tank: and" spray-heads:and -against
such objects-on-the latter, means including a
thermostat controlled-cold liquid -iniet for: main-
taining liquid in-the reservoir below a ‘predeter-
mined temperature; a liquid containing -station-
ary tank, means to maintain substantially eon-
stant the temperature - of liquid therein, and
means for transferring cooled cbjects- from said
spray-heads to said stationary tank, said means
including: a magnet ‘adjacent ' to :the ~path of

o

-travel:of objects -on:said spray-heads, a }mif
-switeh .connected to the
-of -electrical current; -abutments connected. to
said -revolying tank . toclose said .switeh, and

magnet and to a source

a-chute ‘positioned to-receive the metal objects

-released from the magnet when it is de-energized
‘and to-conduct them into said -stationary tank.

~ ROBERT J. LINNEY.

BEFERENCES CITED.
“The following references are: of reccrd in'the

_Ale of this patent:

UNITED STATES PATENTS

Number . Name . -Date
401,206 Paul e Apr. 9, 1869
696,033 Funken oo --ooo-- Mar. 25, 1902

1,055,220 Pindstofte —---- ... Mar. 4,:1913

1,432,578 Thomas ebal. - Oct. 17; 1922

1,592,662 Gilman o—<eceem—e= July 13; 1926

1,738,050 -  Hansen _--.---- i Dec.-3, 1929

1,927,051 Sherman ——-—- __. Sept. 19, 1933

-2:019,480 Campbell .o Nov. 5, 1935

.2,035,890 Jacobsmeyer —_-.._. Mar. 31, 1936

2,041,649 Styri e e May 19; 1936

2,086,114 Bedford o-—-ieomm—— July 6,:1937

2,143,026 Nordauist —e—Zcomex Jan.: 10, 1939

2,249,219 Nairn-et al. —ccemee- July 15, 1941

2,352,709 HAASE oo JUWY 4 1944

2,384,898 Dietert ——cow-= ___- Sept. 18,1945

2,456,984 - Mueller i :_"Dec. 21,1048



