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Patented June 24, 1930

UNITED STATES

1,768,159

PATENT OFFICE

ALBERT EDWARD SHORTER, OF LONDON,

AND CYRIL LET?['. BOUCHER, OF LITTLE

BOOKHAM, ENGLAND, ASSIGNORS TO THE PATENT GEAR HARDENING COMPANY,

LTD., OF LONDON, ENGLAND, A BRITISH C

ORATION _ :

APPARATUS FOR HARDENING METAL SURFACES

Application filed Deceiz.tb_er. 21, 1927, Serial No. 241,682, and in Great Britain’S»eptémbér 29, 1927, .

This invention relates to the art of harden-

.ing the wearing surfaces of gear teeth, but

certain features of the invention are.of gen-
eral application for hardening a variety of
metal surfaces. : :

More. particularly, this invention relates
to improvements in the process and appara-
tus disclosed in British Patent No. 227,296,
wherein the metal to be hardened is locally
heated to the requisite high temperature by
suitable high-temperature heating means,
such as an oxy-acetylene flame, which is tra-
versed slowly along the surface to be hard-

- ened, the intensely heated surface being then

15

20

© 25

immediately quenched, as by directing. there-
on a jet of cold water. In the aforesaid ap-

paratus, an oxy-acetylene blowpipe and a

nozzle, or nozzles, (herejnafter referred to
as the quenching nozzle) through which the
quenching water is directed onto the heated
surface are adjustably mounted on a recip-
rocable carrier which traverses the blow-
pipe tip and quenching nozzle accurately
over the teeth of a gear wheel under treat-
ment. The carrier is traversed in a path

_parallel to the axis of the gear wheel, back

and forth across the face of said wheel, and
means are provided for automatically re-

* - versing the movement of the carrier so as

30

35

to harden the face of one tooth during the
forward movement and the face of a sue-

ceeding tooth on the return movement. The -
_ arrangement is such that the uppermost face
- of the tooth under treatment lies in, or just -

below, the surface of the cooling liguid in a

.. tank in which the gear wheel to be treated

40

45

.ig rotatably supported. The heating' flame

directed upon the tooth locally disperses the
liquid film over the tooth and heats 2 portion

only of the tooth at a time, the remainder of -

the tooth and part of the gear wheel being
kept cool by the liquid. As the flame is tra”

versed along the tooth the suceessive portions

of the latter are heated to the required -de-
gree and then immediately coole
of cold liquid directed thereon.

"~ For practical purposes, it is moré_‘ desir-
~ .able to apply the heating flame while the

‘50

blowpipe is moving across the face of the

-gear in only one direction, so as to avoid
{ - : .

“ically shuts o

by a jet.

- of this invention employed in sur

the complication of reversin;g the angular -

position of the blowpipe. One of the ob-
Jects of the present invention is therefore to
economize gas during the reverse movement
of the blowpipe in a machine arranged to
apply the heat only during the forward
movement of the blowpipe. This is ac-
complished by mechanism which automat-
both the oxygen and fuel gas
at the end of the forward movement of the
blowpipe. ' /

__Other objects of this inventon are to pro-
vide means' for automatically turning the
gear or other article to be surface hard-
ened to present successive teeth in proper po-
sition to be operated on by the heating and
quenching devices;
more completely cooling the parts of the ar-
ticle subjected to the high-temperature heat

ip as to further minimize liability of distor: "
- tion;

to provide an improved support that

56 .

65

to provide means for .

70

is adjustable to take work of varying shapes, -

and to generally improve such apparatus
and adapt it for use in surface hardening
various types of gears and other articles,

- The above and other objects and the novel
features of this invention wiliabe apparent
from the following description and the ac-
companying drawings in which: ’

Fig. 1 is a view of a machine embodying

this invention, parts beng shown in section .

and part in side elevation;
Fig. 2 is a top plan view of the same;

the same; , _
. Fig. 8 is a view, partly ‘diagrammatic,
illustrating the use of additional cooling jets
to prevent distortion; - , :
Figs. 9 and 10 are detail views of the im-
proved gear support,.the first adjusted to
carry a spur gear and the second to carry
a double ‘spiral or herringbone gear for
treatment ;- L ' S

Figs. 11 and 12 illustrate the support and

associated appliances adjusted to treat bevel
gears; ‘ : o 2
Figs: 13, 14 and 15 illustrate the 3

';inciples'
of ace hard-
ening worm wheels; and )

« Figs. 16 and 17 illustrate the principles of

Figs. 8, 4, 5, 6 and 7 are detail views of - .
: . 85
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this invention applied to the surface hard-
- ening of worms. . - ‘
A machine embodying the principles of
this invention.is illustrated in Figs. 1 to 9
5-inclusive, being here employed for surface
- hardening the teeth of a spur gear G which
may be rotatably mounted to be turned step-
“by-step_for presenting successive teeth to a
high-temperature heating device, stich as
a blowpipe B adapted to produce an intense
flame, an oxy-acetylene blowpipe being ad-
vantageous for this purpose. _
The suporting means for the gear to be
treated is disposed in a suitable water tank
T which may be provided with an overflow
“weir 20 adjustable by means of a hand Wheel
91 to vary the water level in the tank, as
_indicated in Figs. 6 and 7. Suitable means
. may be'provided for supplying and distrib-
oo uting water to the several parts of the appa-
. ratus, and as shown a water pipe 22 is
secured to and extends along three sides of
the inside wall of the tank. This pipe is
provided with an inlet 22 and at various
points with plugged outlets 22", any one of
.which may be opened to couple a hose, con-
‘nection thereto. .
. The improved work support constitutes an
important feature of the present machine
since it is designed to be adjusted to rotat-
“ably support various types of gears so that
thelr teeth may be. presented successively to
the heating blowpipe and quenching jet.
As here shown, the improved support con-
sists of a pair of standards rising from a

base 24 which is turnable along suitable.
bearing ‘surfaces concentric with the turn-.

table 25 at the bottom of the tank. The base
24 may be secured in any one of its various

correspondingly tapered groove 25’ of the

turntable 25, as more clearly shown in Fig.:

- 9. The standards are made of two telesco-
pically adjustable sections, upper ends of the
lower sections 23 being provided with central
;sockets 28" to receive the threaded stems of
yokes 26 which are vertically adjustable by
means of the nuts 26’ bearing against the
upper ends of the lower sections. The gear
G or any other type of gear, as will be here-
inafter explained, is rotatably supported by
“the pdir of yokes 26. The upper end of each
yoke carries a rockable trunnion 27’ to.ro-
fatably support an end of the threaded gear-
_carrying shaft 28. At one end the shaft 28
has 2 collar 28’ and a nut 28’/ which are dis-
posed on opposite sides of one of the. trun-
nions 27 to prevent endwise movement of
the shaft 28. A pair of clamp plates 29 are
'adjustable toward éach other by nuts 29’ in
" the shaft 28 to grip a gear between them.
The plates 29 desirably have opposed conical
. faces .29’/ adapted to-fit into the hub open-
65 ing of a gear. These conical faces may thus

60

rotary adjustments by bolts 24" which have-
tapered heads adapted to be tightened in a

1,768,159 .

be accommodated to gears of different sizes

and securely clamp the gear in position. .

Either yoke and its trunnion may be either
raised or lowered, as desired, the trunnions
97 turning in the upper forked ends of the
yokes to maintain the bearings 27" in line
to properly support the rotatable shaft 28

and the gear thereon in any desired angular.

position. This support is therefore univer-
sally applicable for mounting spur gears as
well as beveled gears, herringbone gears, and

~other types of ‘work in proper position to

present their teeth or other parts to the high-
temperature heating means . and its asso-

ciated quenching means.

' The heat blowpipe and its associated pipe

P for delivering a quenching jet of cold
water or other suitable liquid immediately
behind the blowpipe are mounted on a slide
30 that is vertically adjustable as by a han-
dle 30" and an associated screw, along suit-
able ways .on the front end of a slide 31
which is horizontally adjustable by a han-
dle 31’ and associated gear 31’’. The slide
31 is adjustable along suitable ways on a
carriage 32, to move the blowpipe toward
or away from the work. Further adjust-
ment of the blowpipe may be obtained by
pivoting it, as at 302 on a bracket. 301" of
the slide 30, raising or. lowering the free
end by an adjusting screw 303, and secur-

ing it In any adjusted position by a wing nut

304 on the blowpipe which engages a slotted
arm 305 on the bracket 301, The carriage
32 is propelled by a lead screw S along suit-
able ways on a frame 33.parallel to the
tooth or other surface to be treated. It will
thus be seen that the blowpipe and its asso-
ciated quenching jet may be adjusted verti-
cally and horizontally in various directions
to set these devices in proper position to
treat gears' of any diameter or to treat
other surfaces of varying shapes. |

~ The lead screw S is rotatably mounted in
the frame 33 and may be driven at different
speeds by -a motor M which may be con-
nected through a worm gear 33, a friction

gear 34, a shaft 35 and worm gearing 36 to.
.the lead screw S. By manipulating the -

disc 34’ of the friction gearing 84 ‘an in-

finite number of speed changes may be ob-

tained and the lead screw S may be driven

in-either direction. As shown in Fig. 4 and .

5, the carriage 32 may be coupled to the lead
screw S by a nut or block 37 which has a
recess at its lower end threaded to fit the
threads of the lead screw S. The nut 37

70

75

80

85

20

95

100

105 °

110-

115

120

may be a projection on the lever 38 which

is pivoted on the carriage at 38" and is nor- -

mally held in an elevated position by a
spring 40 connected to its free end and to the
carriage 32, so that normally the connecting
nut 37 is disengaged from the lead screw
S. In order to set the nut 37 in engagement
with: the lead screw, the free end of the

125

130
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lever is depressed b -pu'sh_ing down a handle

41 on the lever which extends through a
slot in the carriage 32. Suitable means may
be provided to releasably lock the connect-
ing nut 37 in engagement with the lead
‘screw S to feed the carriage. As shown the
lever 38 may be provided with an arm 42
which has a curved slot 42’ of uniform.

“width except at its upper end where it is

formed with-an enlargement 49’', ‘The en-

. largement 42’ is designed to receive the

enlarged end 43", of a.releasing rod 43°
which is slidable in opposite side walls of
the carriage 32, the enlargement 43 being
held in the recess 42" by a spring 43’/ that
bears against a collar 44 on the rod 43 and
‘against the side of the carriage 32. °
The distance that the carriage 32 travels
along the screw S may be limited by an
abutment screw 45 which is carried {y a
bracket 45" adjustable to various positions
along the frame 33 lengthwise of the screw
S. The adjustable abutment screw 45 is
disposed in line with the rod 43 to.be en-
gaged by the collar 44 on the later when the
carriage ‘32 has reached the limit of its
movement in one direction. This engage-
‘ment depresses the rod 43 against the spring

© 43’ and moves the enlargement 43’ out of

30

the recess 42/, whereupon the tension of the
spring 40 acts to lift the lever 88 and dis-
engages the nut 37 from the lead screw S

~ stopping the travel of the carriage 32. It

Lo
e

.40

- ment of the blowpipe B may be manually

will thus be seen that the length of travel
of the blowpipe B and its associated quench-
ing jet along the surface to be treated may
be predetermined and the blowpipe. travel
may be stopped at any desired point by set-
ting the abutment screw 45 as desired.
Moreover the carriage 82 and the move-

stopped at any point in their travel by pull-

* ing.downwardly on a knob K secured to the

50

60

outer end of the control rod 43. After the
.carriage 32 has reached the ‘limit of its
movement in one direction and the nut 37
is disengaged, the carriage may be returned,
to its initial position manually as by a han-
dle J,.or automatically, and again set in
motion to repeat its operation by depressing
the handle 41. A suitable weight D sus-
pended over a pulley D’ and connected by a

‘chain D"’ to the carriage 32 may be em-

ployed to automatically return the carriage.

5 to 1its initial position against the stop 33"

when the mut 37 is released by the control
rod 43. o . i

When the carriage 82 reaches the end of
its movement and the blowpipe has finished
hardening one tooth or a given zone on a

~ surface to be treated; it is desirable to auto-

65

3

matically shut off the oxygen and acetylene
supply which produces the heating flame of
the blowpipe, in order to prevent waste of
.gas while the blowpipe is-being returned to

3

N

its initial position to 'pérform a succeeding.

operation. The oxygen and the acetylene or
other fuel gas may %

and 49, respectively to flexible hose connec-
tions 48" and 49’, respectively, which lead to
the blowpipe B. The supply of acetylene or
gas mixture to a pilot -light B’ is not dis-
turbed.. The supply of oxygen and acetylene

to the pipes 48 and 49 may be derived from-
suitable cylinders of comf)ressed gases, and.

may be controlled by a plug valve V which
operates in a valve casing V’. The outer end
of the stem of the valve V carries a handle H
by means of which the valve may be man-
ually turned to admit to the pipes 48 and 49.
As so adjusted, the valve V may be held in

e supplied by pipes 48 .

70

75

-

80

open position by a latch L which has a catch .

to engage a right angle extension 50 rigidly
connected to the valve-plug V, a spring 1"
being provided to hold the latch in this po-
sition. The latch L is pivoted at 51 on the
carriage 32 and has a depending arm 52
arranged tcg

trip pawl 33 which may be adjustably se-

cured to a bar on the frame 83 at any point "

lengthwise of the lead screw S. A torsion
spring 54 surrounds the stem of the valve V
and normally tends to close this valve which
is, during the operation of the blowpipe,
held open by the latch L. However, the trip

53 is so adjusted that it will engage the de-

be engaged by a spring-pressed -

85

90

95

pending arm 52 and disengage the latch L

from the projection 50 at the limit of ‘the-
‘operating movement of the blowpipe, where-

upon the torsion spring 54 rotates the valve
V to shut off both the oxygen and the acety-

“lene. A manually operable lever 55, having
.a button 55" connected to its free end, is con- -

nected by a link 55”” to the latch arm 52 so
that the gas may be manually shut off when-

-ever desired, by depressing the button 55’.

Means may be provided to turn the gear

sufficiently after each tooth-hardening opera-
-tion to bring the next tooth in position to be
-hardened. For this purpose indexing means

or step-by-step mechanism may be employed.
As illustrative of such mechanism, a pawl

60 may be provided at the outer end of a rod:

130

61 which 1s secured by an adjusting screw .

61’ to a block 62 pivoted at 62’ in the forked
upper end of a lever F pivoted at F’ on the

115

rear end of the tank'T. The depending end -

F”" of this lever is provided with a curved
slot 63 whereby a rod 64 carrying a pin 64
may be adjustably secured to the arm F’” at
any point 1n the slot 63 at a variable distance

1209

from the pivoted F’. This connection per- -

mits a variable movement for the

ber -of teeth on the gear wheel that is being
treated. The pawl 60 has inclined faces so
that it may be withdrawn ‘from the space
between any tooth without exerting a return
movement on the gear, and the forward
movement of the pawl 60 is limited by an

awl 60, -
depending upon the diameter of or the num--

130
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adjust-able set screw 60’ mounted in a bracket
on the tank T. The feeding movement of
the pawl 60 is applied by the rod 64 which

- extends lengthwise of the machine and has

5

its free end 64’ disposed in the path of a

 cam 65 mounted on and adjustable length-

10

15

20

25

wise of an operating rod 65" that is fixed to
the carriage 32. Accordingly, with the cam
65 properly adjusted, when the carriage 32
reaches the end of its movement, the cam 65
éngages the end of the rod 64 which actuates
the lever F to push the pawl 60 forwardly to
index or turn the gear sufficiently to set the

succeding tooth in position with its top sur--

face at or just below the water level m the
tank T so that a thin fllm of water will cover
the surface to be hardened. A spring 66
surrounding the rod 64 and bearing against
the collar 66" operates automatically to re-
turn the feed mechanism to its initial p9$i-
tion, withdrawing the pawl 60 and dropping
it in the space between the succeeding teeth
in position for the next forward feed of the
ear. :
£ In applying the intense heat to the sur-

_faces to be hardened the major portion of

30

35

"above the blowpipe.

40

the gear or the surface is immersed in the
water in the tank T, thus reducing the possi-
bility of distortion and localizing the heat.
In order to
eliminate possibility of distorting .the por-

tion of the article above the water level, it .

is desirable to apply coolinig means to the
article above the surface being treated. As
best shown in Figs. 2 and 8, jets of cooling
liquid, such as cold water or water atomized

by compressed gases, are directed by nozzles.

the face of the gear just
The cooling nozzles
are adjustably mounted on brackets 68’ and
69’ and receive water from suitable outlets

68 and 69 across

99, and desirably direct their jets from op-

45

50

1]

60

35

posite sides of the gear through the chan-
nels and along surfaces between the teeth
just above the one being treated. ‘Heat con-
ducted upwardly into the article is thus car-
ried away by these cooling jets and distor-
tion from this source is minimized.

While Figs. 1 to 9 inclusive illustrate the
invention as applied to the strface harden-
ing of spur gear teeth, it will be under-
stood that the machine herein shown is
equally well adapted to.be used for surface
hardening the teeth of other types of gears
and similar articles. For example, Fig. 10
diagrammatically illustrates the machine ar-
ranged to harden the surfaces of one set of
teeth of thé herringbone gear Gh. -Here

one of the yokes 26 is raised and the other.

lowered to set the gear so that the teeth of
one-half of its face will be parallel to the
water level in the tank T. Should any ad-
justment of the water level be necessary
this may be accomplished by raising or
lowering the weir 20. With the gear in

further localize the heat and .

1,768,159

position as indicated in Fig. 10, the blow-
pipe B and its associated quenching jet pipe
P may
at or just below the water level to treat this
tooth in the same’ manner as in the case
of spur gear teeth. Part of the gear above
the tootﬁ being treated may be cooled as
already set_forth, by discharging one or more
jets of cooling fluid through the channels
and along the surfaces between the teeth.

The gear indexing device 60, the automatic

gas shut off mechanism, and other features
of the machine shown in Figs. 1 to 9 are
similarly applicable to the mechanism shown
in Fig. 10. '

be traversed lengthwise of the tooth -

70

80

Figs. 11 and 12 illustrate the rhachine

adjusted so as to be capable of surface
hardening the teeth of bevel gears or simi-
lar articles.
porting base 24 is turned about the vertical
axis of the turntable 25 and secured in such
a position that the teeth of the gear Gb will
be presented to the blowpipe B in a flame

coinciding with the water level. The blow-~

pipe B and its associated quenching. pipe
then traverse the successive teeth of the bev-

eled gear as each is automatically moved .

into operating position. Otherwise the
mechanism and operation for hardening bev-
el gear teeth and similar surfaces as the
same as already described.

Figs. 13, 14 and 15 illustrate a slight modi-
fication in the machine to adapt it for sur-

To accomplish this, the sup- -

90

95

face hardening curved teeth such as those -

of the worm wheel gear Gw. After the
worni wheel has been properly mounted be-
tween the clamp plates 29 of a support in
all respects similar to the one shown n Fig.
9, the teeth at the water level are traversed
by a blowpipe and its associated quenching

100

105

jet to successively harden them and the

wheel is advanced tooth-by-tooth as-already
described. In order to give .the necessary
motion to the blowpipe and quenching
means, a follower wheel 70 is mounted on a
depending lever 71 which has an arm 72 that
supports the blowpipe and the pipe P. As

.indicated tlie blowpipe is secured to the arm.

72 by pivot 78 and a slotted extension 74
which receives a pin 74’ securing the blow-
pipe to the arm in any position to which it
is adjusted by the thumb screw 75. The
blowpipe -supporting lever 71 is carried by
the vertical siide 30 and a spring 76 presses
the arm 71 toward the gear to hold the
roller 70 against the periphery of a guiding
tooth on the gear wheel Gw. Accordingly,

‘when the carriage 32 moves transversely of

the face of the gear, the roller 70 will en-
gage and be guided by the tooth and guide
the blowpipe correspondingly along the face
of the tooth being treated. Otherwise the
mechanism and arrangement for surface
hardening this gear wheel i& the same as that
already described. = . . S

110
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In Figs. 16 and 17 the invention is shown
as applied to the -surface hardening of
worms and similar spiral metal surfaces.
The worm X may be supported by the turn-
table and standards, as already described,
but in the present instance the worm is con-
tinuously rotated to present successive por-

" tions of the tooth face to the blowpipe and

10

15

20

its associated quenching jet. For this pur-
pose one end of the lead screw S may be
extended and provided with a suitable driv-
ing disc 78 to drive an adjustable disc 79
that is splined on a shaft 80 connected to
suitable universal joints 81 and beveled gear-
ing 82 for driving the shaft 83 which is
coupled to the~worm supporting shaft.

While the worm is being rotated, the blow- -

pipe flame and’quenching jet are applied
to the tooth face to harden the latter, and
suitable jets of cooling fluid are discharged
through the channels and along surfaces

‘on opposite sides of the surface and under

25,

30

[
c

treatment to confine the heat and minimize
distortion. The major portion of the worm
is desirably submerged in the water in the
tank T, leaving only a small section of the
worm exposed. ] ‘
It will be obvious that the improved ma-

chine may ‘be niodified so as to treat both

faces of the teeth of a gear in one setting.
For example, a carriage and its associated
mechanism similar to that shown at the left
end of the tank T in Fig. 1 may be provided
at the opposite end of the tank, so that one
face of each tooth will be treated by a blow-

_pipe and its associated quenching jet oper-

40

45

50

55
- teeth, comprising a blowpi

ating across one side of the gear, and the

other face of each tooth will be treated by

a similarly . arranged blowpipe and - its

“quenching jét operating across the opposite
q e Thus the teeth of the

face of' the %g::r.' h o
gear may be finished on both faces without
removing it from the machine. With this

double arrangement, only a single indexing'

mechanism is employed, which may be sim-
ilar to that herein disclosed but mounted
on the side instead of the end of the tank.
Numerous other details of the herein-dis-
closed machine may be changed without de-
parting from the principles of the invention

and therefore the invention is not intended.

to be limited to the exact
and described. '

What is claimed is: N

1. A machine for surface hardening gear
_for applying
intense heat to a tooth, means for traversing
said blowpipe relatively to said tooth, means
whereby the tooth is progressively quenched

construction shown

‘immediately after intensely heating it,

 means operative to automatically turn the

. sent a succeeding tooth for treatment, and

|83

gear after a tooth has been treated to pre-
means operative to shut off the gas supply

5

for the heating flame of said blowpipe after

each tooth has been treated.

2. A machine for surface hardening a
wheel having gear teeth; comprising a de- -

vice for applying intense heat to a tooth;
means for progressively quenching each

tooth immediately after intensely heating

it; a water tank in which said wheel is par-
tially submerged with the tooth undergoing
treatment disposed substantially at. the

water level in said tank; and means for ap-

plying cooling medium to said wheel above
the tooth being treated, such cooling medi-
um applying means comprising a jet of cool-

‘ing ffuid flowing lengthwise of an adjoin-

ing tooth above the water level.

3. A machine for surface hardening a
wheel having gear teeth; comprising a de-
vice for applying intense heat to a tooth;

“means’ for progressively quenching each

tooth immediately after intensely heating:
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it; a’ water tank in which said wheel is par- .

tially submerged with the tooth undergoing
treatment disposed  substantially at the
water level in said tank; and means for ap-
plying cooling medium to said wheel above
the tooth being treated; such cooling medi-

um being discharged lemgthwise of channels

between teeth of said gear above.thé water
leyel. = - 4

4. A machine for surface hardening met-
als comprising a-support .for the article to

be treated, such support having vertically

adjustable. standards and horizontally ad-

justable article clamping means carried by

said standards.

‘5. A machine according to claim 4, where-.

in said support also comprises means where-
by said article may
to the horizontal.

. 6. A machine for surface hardening met-

als comprising a support for the article to
be treated, such support being turnable

" about a vertical axis and having means sup-
- porting

said article for rotation about an
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be mounted at an angle - -
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axis disposed at an angle to said vertical .

axis. . :
7. A machine according to claim 4, where-
in said support is turnable about a vertical
axis. L : ]
8. A machine for surface hardening gears
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comprising a water tank, a turntable there- -

“on and adjustable about the vertical axis of
‘'said turntable, a rotatable gear support

in, vertically adjust{%le standards mounted

mounted on said standards, a blowpipe,
mechanism for traversing a blowpipe along
the tooth of a gear on said 'supgort, and
means for discharging quenching fluid onto
ghe -tcaoth.after the same has been intensely

eated. ‘
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9. A machine ‘acc'or'ding to claim 8, in -

combination with means operative to auto-
matically shut off the. gas supply for the
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heating flame of said blowpipe after each

tooth 1s treated.

10. A machine according to claim 8, in
combination .with mechanism automatically
operative to present the gear teeth in succes-

sion to said blowpipe and quenching means.

11. A machine for surface hardening ar-
ticles comprising means for-applying intense
heat to the surface of an article and immedi-
ately quenching such intensely heated sur-
face; means for traversing the aforesaid
means along the surface to be treated ;
means for automatically interrupting the
movement of such aforesaid means; means
operative to automatically interrupt the ap-
plication of heat when ‘said movement is
interrupted and means for automatically re-
turning such aforesaid means to its initial

position while said heat is interrupted.

12. A machine for surface hardening gear:
teeth, comprising a blowpipe for applying

intense heat to a tooth, means for trans- _

versing said blowpipe relatively to said
tooth, means operative to shut off the gas .

5 supply for the heating flame of said blow-

pipe, at a predetermined point in such move-
ment, means whereby the tooth is progres-
sively quenched immediately after heating
it and means operative to automatically turn
the gear after the tooth has been treated

to present a succeeding tooth for treatment.

In testimony whereof we affix our signa-

tures. :
ALBERT EDWARD SHORTER,
CYRIL LETT BCUCHER.



