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This invention relates to apparatus for harden 
ing metal screws. It is adapted particularly for 
the treatment of screws of relatively large diam 
eter, for instance, lead and feed screws for lathes, 
other machine tools and similar apparatus. By 
virtue of the relatively great length of such pieces 
they tend to become distorted and warped when 
heated and quenched according to the usual hard 
ening technique. 
One of the primary objectives of the invention 

has been to provide suitable apparatus for hard 
ening such screws without heating them in their 
entirety, or employing the extensive conventional 
metallurgical apparatus which is requisite in fol 
lowing the usual practice. 
An objective of the invention also has been to 

provide apparatus for hardening selective por 
tions of a screw or thread thereof, leaving other 
portions in their unhardened condition. 

Briefly, the invention is based upon the concept 
of heating to hardening temperature, and then 
quenching, progressive localized portions of the 
thread of the screw, as distinguished from the 
method of heating and then quenching the piece 
in its entirety. The zone of heat and the quench 
ing zone are advanced along the helix of the Screw 
being treated. In this manner the thread or the 
screw is hardened progressively, starting at the 
one end and ending at the other, or ending at 
some intermediate point depending upon how 
much of the piece is to be treated. 

Either the screw may be held stationarily and 
the local heating and quenching zones advanced 
spirally to treat the thread, or better still, the 
screw may be rotated while the heating and 
quenching zones are moved linearly to follow the 
thread. In either case metal approaches the 
treatment area in unhardened condition and 
leaves it in hardened condition; the process may 
be termed one of progressives simultaneity, the . 
heating of an advancing portion being accom 
panied by the quenching of a receding one. 
In the present specification the term "heating 

zone' is intended to designate a Zone or Section 
wherein the metal of the screw, or only the metal 
of the thread, is elevated to hardening tempera 
ture. In the quenching area the heated metal is 
cooled abruptly by a suitable coolant, for instance, 
a stream of water. The quenching area is sepa 
rated from the heating area by one or several 
baffles, in the treatment of screws of relatively 
small diameter, so that the two operations do not 
hinder one another. The use of baffles may be 
omitted in the treatment of screws which are 
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and quenching instrumentalities apart from one 
another. 
A flame, for instance an oxyacetylene flame, is 

best for heating the metal and the zone in which 
the temperature of the metal is elevated may 
range from a sector of only a few degrees, to one 
Or even Several revolutions of the thread. The 
range will depend upon the size of the piece or the 
relative size of the thread upon it, and also upon 
the time required to impart sufficient heat for 
proper hardening. As a typical illustration a 
Zone of approximately 30 is suitable for treat 
ment of a A inch 5 pitch screw. Obviously, if a 
heavy Spiral thread is to be treated a larger quan 
tity of heat will be required for the thread to 
reach hardening temperature, and the zone in 
which the metal is heated may be increased com 
mensurately. 
The range of the quenching zone is relatively 

unimportant so long as the heat is removed Sufi 
ciently rapidly to harden the metal. Those 
skilled in the art readily will understand the 
metallurgical conditions requisite for the harden 
ing of various types of metal. 
By virtue of the fact that treatment is confined 

to but a relatively small portion of the whole 
piece, the metallurgical strains attending the 
hardening process are localized, and distortion, 
warpage and similar defects do not occur. For 
the hardening of lead screws, cross feed screws, 
elevating ScreWS and the like for machine tools, it 
is considered the preferable practice to adjust the 
heating conditions so that the thread only is 
hardened while the metal in the body of the piece 
remains unchanged or substantially so. This 
treatment yields a screw comprised of a hardened 
thread carried upon a soft base, and it is particu 
larly desirable when both Wear resistance and 
resistance to shock are requisite. Screws hard 
ened in their entirety tend to be brittle even 
though tempered. If the body of the screw re 
mains substantially soft and the thread is hard 
ened then the body of the Screw permits shocks to 
be absorbed by it while the hardening thread of 
the Screw resists Wear. 
The resistance to wear which is brought about 

by the hardening operation is particularly desir 
able in cross feed screws for lathes. The ordinary 
cross feed screws in lathes tend to become worn 
in a central portion due to the fact that"the Cross 
slide is moved over this portion much more fre 
quently than over the entire length of the screw. 
If the nut for the screw be fitted to the Worn 
central portion then it is very tight at the ends. 

sufficiently large to permit of spacing of the flame 55 However, if the screw be hardened then there is 
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little or no Wear over the portion which is used 
most frequently, and consequently the nut is 
movable freely but without play, over the entire 
length of the screw. 
As typical types of metal suitable for treatment 

in the present method, we may mention 35 to 55 
carbon steels, with or without alloys of steels of 
the type of SAE 4145 and SAE 1045. Cast iron 
screws also may be treated by the method. These 
types of metals are mentioned by way of illustra 
tion. There are, of course, many other types and 
kinds of steel and metal which respond satisfac 
torily to the treatment, the chemical compositions 
of which control the physical hardening proper 
ties of the metal. 
For most purposes, the treatment is controlled, 

relative to the piece being hardened, so that a 
scleroscope hardness of 70 to 75 is obtained; the 
hardness of course, may be greater or less de 
pending upon the usage for which the piece is 
intended. Moreover, a tempering operation may 
be employed to alter or modify the hardness of 
the metal. 

In the drawings, 
Figure is a front elevation of the apparatus 

mounted upon the carriage of a lathe and ready 
to be used for the hardening of a Screw. 

Figure 2 is a sectional plan view looking down 
upon the heating and quenching apparatus and 
the baffle from the rear side of the lathe. 

Figure 3 is a perspective view showing the re 
lationship of the baffle to the heating apparatus. 
Figure 4 is a cross sectional elevation of the 

apparatus. 
Figure 5 is a top plan view of the adjustable 

mounting for the torch. 
Figure 6 is a cross sectional view taken on the 

line 6-6 of Figure 1. 
Figure 7 is a cross sectional view taken on the 

line. 2-7 of Figure 1. 
Figure 8 is a sectional view through the baffle 

support taken on the line 8-5 of Figure 4. 
Figure 9 is a perspective sectional view of a 

screw having hardened threads and a soft body. 
Figures 10, 11 and 12 illustrate diagrammati 

cally the various ways in which flame may be 
caused to impinge upon the thread of a screw 
for the hardening operation. 

Figure 10 illustrates the treatment of a V 
thread screw, Figure i the treatment of a 
thread of the Acme type and Figure 12 the treat 
ment of a square thread. 
An apparatus which is suitable for the practice 

of the present invention is disclosed in the ac 
companying drawings. This apparatus is charac 
terized by a baffle plate delineating one portion 
of the thread of a screw from an adjacent por 
tion. On the one side of the baffle a flame is 
played upon the thread. The rate at which the 
thread moyes past the baffle is so adjusted that 
each portion of the thread remains in the Zone 
of theating for a period sufficiently long for it 
to be elevated to a hardening termperature. 
On the other side of the baffle a stream of 

water or other suitable coolant is projected upon 
the heated metal so as to cool it rapidly and 
harden it. The apparatus includes a Suitable 
carriage for supporting the torch or heating ele 
ments. This torch is supported adjustably, so 
that screws of different diameter and pitch can 
be treated. . . . ) 

In the preferred embodiment which is dis 
closed in the drawings the apparatus is arranged 
for disposition upon the carriage of a lathe. The 
screw to be treated is mounted between the 
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2,294,187 
centers of the lathe and is rotated. The carriage 
of the lathe is moved along the bed at a rate 
proportioned to the pitch of the screw and the 
rate of rotation, So that the flame of the torch 
follows the thread. The torch producing the 
flame is so adjusted that the tip of the flame is in 
heating proximity with the thread being treated. 
Several torches, or a plurality of them, may be 
used if a relatively large sector of the screw is to 
be heated. 

Referring to the drawings, the screw piece be 
ing treated is indicated generally at . This 
Screw piece is mounted between a live center 2. 
and a dead center 3 of a la the indicated gener 
ally at 4. A dog 5 is attached to the screw piece 
and drives it in the usual manner from the face 
plate 6 of the lathe. The tailstock of the lathe 
carrying the dead center 3 is indicated at 7, and 
the carriage 8 of the lathe is movable along the 
ways 9 of the lathe bed, through the usual lead 
Screw driven through the headstock of the lathe. 
The dead center is preferably the axially yield 
able type so as to accommodate expansion of the 
Screw during the treating process. The details 
of such structure are well known and need not 
be described here in detail. 
The post 6, at its upper end, carries a vertical 

slide member 2. This member is comprised of 
a grooved slide plate portion 3 and a boss & 
bored to receive the post. . A set screw 5 is 
carried by the boss to clamp the slide plate upon 
the post. 
A block 5a is provided to slide within the ways 
3 of the vertical slide plate 2. This block is 

bored and threaded to receive an adjusting screw 
6 which is journalled in a plate A fixed to the 

upper end of the vertical slide plate. The upper 
end of the screw it carries a handle A8, and the 
lower end of the screw is journalled in a boss 9 
provided at the lower extremity of the ways of 
the plate. The portion of the Screw within the 
journal of the boss E9 is grooved and a pin keeper 
2G is carried by the boss in engagement with the 
annular groove of the screw, to keep the screw 
axially stationary. 
A dovetail groove 2 is provided in the cross 

slide block 65a transversely relative to post 6, 
and a cross slide nember 22 is fitted to slide 
within the groove. She inward face of the cross 
slide is grooved as at 23 (see Figures 5 and 6) for 
the reception of a rack 28. A pinion 25 for driv 
ing the rack is carried on a shaft 26 journalled in 
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the cross slide block. 5d. The cross slide block 
is slotted to provide clearance for the pinion and 
the pinion shaft 26 is driven through a handle 
2, for adjusting the cross slide back and forth 
in the block. A plate 23, limits the movement 
of the slide within the groove. 
Cross slide block a carries a compound head 

indicated generally at 29 at the end opposit. 
the stop plate. This head is comprised of an 
annular casing 30 which is integral with the slide 

... itself, and a Worm wheel 3 is housed and jour 
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malled within the casing, upon a shaft 32. The 
casing 3 includes an integral casing portion 33 
in which a worn 36 is mounted for engagement 
With the Worm wheel 3. The worm 36 is carried 
upon a shaft 35 which is journalled in the upper 
and lower faces 36-36 of the casing portion. A 
Washer 3 is pinned to the shaft 35 at the one end 
and an adjustment knob 38 is pinned to the shaft 
at the other end. Rotation of the adjustment 

ob. drives the worm to rotate the worm wheel 
Worm wheel 3 carries a hub 39 extending be 
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yond the casing to carry an arm 40 by which 
the torch, indicated generally at 4, is supported. 
The shaft 32 extends centrally within the hous 

and it threadedly engages a bore in the rear face 
thereof. The shaft 32 is provided with a cap 42 
for keeping the hub in position on the shaft, and 
hub 39 also carries a graduated collar 43 for indi 
cating the extent of rotation of the hub; this 
collar is keyed to the shaft and serves as a cover 
for the casing 39. 
Arm 4D comprises a clamp ring 44 for engage 

ment over the hub 39, and a lock screw 45 is pro 
vided for clamping the ring upon the hub. The 
other end of the arm 40 includes a journal 46 
located transversely of the arm and suited for 
slidably receiving the torch 4. 
Journal 46 is comprised of separable members 

hinged together as at 47, and a clamp screw 48 
is provided for clamping the members together 
to hold the torch rigidly in position within the 
arm. The arm preferably is bent, as shown in 
Figure 1, to extend forwardly of the rotatable 
head 2 of the apparatus. 
Oxygen and acetylene are fed to the torch 

through the hose connections 49 and 50. In 
place of oxygen , and acetylene other suitable 
heating gases may be employed if desirable. 
The tips of the torch extend forwardly of its 

shank and into proximity with the thread to be 
treated. This is shown best in Figure 4. The 
apparatus illustrated in the drawings is set up 
for the flame to impinge upon the periphery of 
the square thread of the screw . In this type of 
set-up the heat travels down through the thread 
to elevate it to hardening temperature. How 
ever, the torch may be adjusted so that the flame 
impinges upon the metal in the groove of the 
thread, so that the heat is applied from the sides. 
The torch also may be adjusted so that the flame 
impinges upon the thread angularly. 
Warious modifications of the arrangement are 

shown in Figures 10, 11 and 12. According to 
Figure 10, the arrow indicates the direction of 
impingement of the flame upon a V thread; here 
the flame is applied at the side of the thread so 
as to avoid burning of the sharp V at the thread 
periphery. In the treatment of an Acme thread 
as shown in Figure 11, the flame either may be 
applied as shown by the solid arrow upon the 
thread periphery, or it may be applied at one 
side or at both sides of the thread as shown by 
the dotted arrows. Whether or not the flame is 
applied to one side or both sides of the thread 
will depend, of course, upon the proportions of 
the thread or the portions of it which are to be 
hardened. Likewise, in the hardening of a square 
thread the flame may be applied directly to the 
periphery Or angularly so as to impinge upon One 
or both sides of the thread. 

For the purpose of localizing the heating ac 
tion to a predetermined portion of the thread 
being treated the torch may be adjusted relative 
to the pipes for applying quenching fluid, so that 
the quenching fluid does not splash upon the 
metal being heated to hinder the heating opera- 65 
tion. Moreover, baffles may be employed to se 
quester the relative operations, and baffles also 
preferably are employed so that the heat which 
is being applied to One thread does not impinge 
upon an adjacent portion of the thread which 70 
already has been hardened, for in this instance 
the heating of the hardened thread would tend . 
to temper it. 

For supporting the baffles a bracket plate 5 

3. 
bracket plate is bored to receive a stud 52 ex 
tending from a baffle support 53 and a set screw 
54 is employed for locking the stud relative to 
the bracket plate. Post 53 is bored longitudi 

5 nally as at 55 to carry a compression spring 5 
and a shaft 57 in cooperation therewith, as shown 
in Figure 8. The post 53 also is slotted as at 5 
and a keeper pin 60 extending from the shaft. 57 
rides within the slot so as to limit the movement 

10 of the shaft under the influence of the spring. 
A locking screw 6 threadedly engages the post 
for locking the shaft in any predetermined posi 
tion relative to the post. When the lock screw 
is released the spring 56 throws the shaft 57 up 

15 Wardly until the keeper pin strikes the end of 
the slot 59. Shaft 57 at its upper end is pro 
vided with a bracket 62 containing an aperture 
for the reception of a baffle support arm 63. The 
3rn is adjustable in the bracket and a lock screw 

20 88 is employed for fastening it in any given 
position. 
The post 53 preferably is mounted upon the 

bracket plate 5? at the side of the screw , op 
posite the side upon which the torch is mounted. 

25 The baffle support arm 63 extends forwardly of 
the post to carry the baffle 65. The lower edge 
of baffle 65 is notched to fit the contour of the 

- thread for localization of the flame relative to 
the thread. 

30 - For treating threads of various types various 
baffles are employed. The configurations of the 
lower edges of these conform to the contours of 
the various types of threads to be treated. Bafile 
66 extends forwardly from baffle 65 and its lower 

35 edge is fashioned to fit partially around the 
thread. This baffle is positioned relative to the 
torch or flame, as shown, in Figure 2, so as to 
prevent the flame heating the portion a of the 
thread from impinging upon the portion b of 

40 the thread which already has been hardened. 
This baffle, in other words, segregates the hard 
ened portion from the unhardened portion and 
prevents the flame impinging upon the unhard 
ened portion from spreading to temper the hard 

45 ened portion. 
When the pitch of the thread is quite steep it 

is desirable to cant the baffles 65 and 66 so that 
the baffle 65 is normal to the thread and the 
baffle 66 parallel to it. This enables the notches 

50 in the lower edge of the thread to fit accurately 
the contour of it. The baffle 66 also may include 
a splash wing 66a. 

. For the purpose of cooling the metal, water is 
led through a hose line 67 to a distributor block 

55 which is mounted upon the carriage of the lathe. 
From this block flexible pipe connections 69, 7 
and 7 lead the quenching fluid to the heated por 
tion of the screw for hardening and to adjoining 
portions for keeping the metal cool. Lead 69 pro 

80 jects a stream of water upon the thread directly 
behind the torch flame for quenching. Lead TD 
is spaced therefrom to play upon an adjacent 
portion of the thread which has already been 
hardened, and the pipe 7 projects a stream of 
quenching fluid upon the hardened portion (b) 
of the thread (Figure 2), so as to keep this por 
tion cool. Fluid from the ducts also is splashed 
upon the baffles for cooling them. 
A trough T2 is mounted upon the carriage be 

neath the screw so as to convey the cooling fluid 
down to the pan of the machine. 
The arrows shown in the drawings illustrate 

the relative rotation and movement of the parts. 
. In a typical hardening operation upon a con 

is mounted transversely upon the carriage. The 75 ventional lead screw with tap water as coolant, 



A. 
the entire hardening procedure takes place with 
in a localized zone extending approximately a 
few inches along the length of the screw. In an 
ordinary operation, the metal receding from this 
hardening zone is practically at room tempera 
ture. If air hardening metals are employed for 
treatment the quenching fluid may be constituted 
by a stream of air led upon the metal through 
the appropriate ducts. 
A typical screw hardened in accordance with 

the method of the present invention is illus 
trated in Figure 8. In a piece of this type the 
thread portion A is hard and wear resistant. 
The base portion B is soft and unchanged or sub 
stantially unchanged relative to its original con 
dition. The screw, otherwise expressed, is char 
acterized in that it is comprised of a hardened 
thread carried upon an unhardened base or shaft. 
In a screw of the type shown in the drawings the 
relatively soft base is capable of absorbing the 
localized strains incidental to the heating and 
quenching operation and, therefore, the harden 
ing process takes place without distortion or 
warpage of the piece. Lead. Screws of great 
length have been hardened in this manner. 
Moreover, by virtue of the fact that the heating 
of the metal to hardening temperature takes 
place very promptly, and the metal is not sub 
jected to elevated temperature for an extended. 
period, the formation of scale upon the metal is 
negligible. The screws may be used with or 
without further heat treatment and also may be 
ground or lapped if desired, although these sup 
plemental operations are not requisite. 

Having described our invention, we claim: 
1. Apparatus for hardening the thread of a 

screw comprised of baffle means comprised of a 
portion adapted to be disposed substantially lon 
gitudinally of such screw and transversely of 
the threads thereon and a second portion adapt 
ed to reside transversely of the screw and Sub 
stantially parallel to the threads thereon with 
an edge of the said first baffle portion being con 
figurated to fit the thread profile and with a 
part of the said second baffle portion being cut 
away to permit it to fit within a thread groove 
and extend partly around the body of the screw, 
a torch positioned to cause impingement of a 
flame therefrom upon the metal of such screw 
at the one side of the first portion of the baffle, 
cooling fluid means arranged to cool, the metal 
of the screw at the other side of said baffle por 
tion, means for rotating the screw, and means 
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the 'screw body, the said torch being located to 
impinge a jet of flame from it upon a screw 
thread portion adjacent to both baffles, and a 
jet positioned to supply quenching fluid to the 
heated portion of the thread of the screw as it 
passes the longitudinal portion of said baffle, with 
means provided for advancing the baffle and the 
quenching fluid jet along the screw as the thread 
of it is advanced during its rotation. 

3. An apparatus for hardening the thread of 
a screw comprised of a pair of baffles, one ex 
tending in a direction transverse the axis of a 
screw and having an edge configurated to fit 
within a thread groove thereof partly around 
the body of the screw, and the other positioned 
relative to the first to extend Substantially on 
gitudinally of the screw and having an edge con 
figurated to fit the sectional contour of the screw 
threads, a torch positioned to provide a jet of 
flame upon a Screw thread portion located adja 
cent both baffles, means for rotating the screw, 

25 

means for advancing the said baffles, and the 
torch along the screw as the thread of it ad 
vances during rotation and means located at the 
sides of the baffles opposite the torch for provid 
ing a supply of quenching fluid to the portion of 
the screw which is heated by the flame. 

3) 
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for advancing the torch member, quenching 
member, and the baffle linearly relative to the 
screw, as the screw is rotated. 

2. An apparatus for heat treating the thread 
of a screw which apparatus comprises a torch 
for providing a jet of flame adapted to be im 
pringed upon the thread of said screw to be 
hardened, means for rotating the screw to be 
hardened, means for advancing the torch upon 

55 

rotation of the screw for maintaining a prede 
termined relationship between the jet of flame 
and the thread of the screw, substantially L 
shaped baffle means adapted to be arranged upon 
the screw to localize the heat of the flame, the 
said baffle means comprising one portion adapt 
ed to reside longitudinally of the screw and 
which has an edgewise portion configurated to 
fit the thread profile of the screw and another 
portion which is adapted to reside transversely 
of the screw and which is cut away in part to 
permit an edgewise portion thereof to fit within 

: a thread groove of the screw, and partly around 75 that the torch and quenching jet follow the con 
. . if 

65 

70 

4. Apparatus for hardening the thread of a 
screw comprising, a baffle member which includes 
a portion adapted to be disposed substantially 
longitudinally of a screw and transversely of the 
threads thereon, and a second portion adapted to 
reside transversely of the screw and substan 
tially parallel to the threads thereon with an 
edge of the said first baffle portion being configu 
rated to fit the thread profile and with a part 
of the second baffle portion being cut away to 
permit the second baffle portion to fit. within a 
thread groove and partly around the body of the 
Screw, a torch positioned to cause impingement 
of a flame therefrom upon the metal of the 
screw to one side of the first portion of the baffle, 
cooling fluid means arranged to cool the metal 
of the Screw at the other side of said baffle por 
tion and at the side of said second baffle portion 
opposite the torch, means for rotating the screw, 
and means for advancing the torch member, 
cooling fluid means, and baffle member linearly 
relative to the Screw as the screw is rotated. 

5. An apparatus for heat treating the thread 
of a screw, said apparatus comprising means for 
supporting said screw for rotation, a torch adapt 
ed to provide a jet of flame, a quenching jet 
adapted to deliver a quenching medium, a car 
riage supporting said torch and quenching jet in 
tandem, means for feeding said carriage and ro 
tating said screw in synchronized relation so that 
the torch and quenching jet follow the convolu 
-tions of the thread, said torch positioned sym 
metrically relative to the thread width so as to 
heat any cross section of any convolution of the 
thread over its entire effective surface at the 
same time, said torch and quenching jet imping 
ing upon the screw at isolated zones and means 
for cooling the hardened thread convolution ad 
jacent the thread convolution being heat treated. 

6. An apparatus for heat treating the thread 
of a screw, said apparatus comprising means for 
Supporting said screw for rotation, a torch adapt 
ed to provide a jet of flame, a quenching jet 
adapted to deliver a quenching medium, a car 
riage supporting said torch and quenching jet in 
tandem, means for feeding said carriage and 
totating said screw in synchronized relation so 
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volutions of the thread, said torch positioned 
symmetrically relative to the thread width so as 
to heat any cross section of the thread convolu 
tion. Over its entire effective surface at the same 
time, and a baffle lying adjacent the torch be 
tween the thread convolution being heated and 
the thread convolution previously hardened so as 
to isolate the mentioned thread convolutions. 

7. An apparatus for heat treating the thread 
of a screw, said apparatus comprising means for 
Supporting said screw for rotation, a torch adapt 
ed to provide a jet of flame, a quenching jet 
adapted to deliver a quenching medium, a car 
riage Supporting said torch and quenching jet 
in tandem, means for feeding said carriage and 
rotating said screw in synchronized relation so 
that the torch and quenching jet follow the con 

10 
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volutions of the thread, said torch positioned 
Symmetrically relative to the thread width so as 
to heat any cross section of the thread convolu 
tion Over its entire effective surface at the same 
time, and a baffle having a portion interposed 
between the torch and the quenching jet so as to 
isolate the heating and quenching zones, and an 
Cther portion lying laterally adjacent the torch 
between the thread convolution being heated and 
the thread convolution previously hardened so as 
to isolate the mentioned thread convolutions. 
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8. An apparatus for heat treating the thread 

of a screw, said apparatus comprising spindles for 
supporting and rotating the screw, a carriage, a 
torch adapted to provide a jet of flame, said 
torch Supported upon said carriage and having 
its jet disposed symmetrically relative to the 
width of the thread so as to be directed upon the 
entire effective surface of any Cross section of 
the thread of the screw to be hardened, means 
for feeding the carriage and rotating the screw 
for maintaining a predetermined relationship be 
tween the jet of flame and the thread of the 
Screw so that the jet follows the screw thread, 
a water supply jet Supported by the carriage and 
positioned to supply a quenching medium to the 
heated portion of the thread of the screw, and a 
baffle carried by the carriage disposed relative 
to the screw and interposed between the jet' of 
flame and the jet of quenching medium for lo 
calizing the heat of the flame and causing pro 
gressive convolutions of the thread to be heat 
treated without affecting the Convolutions of the 
thread which have been heat treated. 

ALFRED KULLMAN. 
THOMAS A WALA. 


