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My invention relates to a method of treating 
metal articles having openings therein by a heat 
treatment ‘to enable the operator to form the 
opening to the proper dimensions. . 

5 My invention is particularly applicable to the 
treatment of gears and like articles wherein it 
is desirable that thezopening' extending through 
the gear shall be formed with an extremely small 
tolerance as to the dimension of the opening. 
The invention is particularly applicable to the 

treatment of splined gears; In one method of 
forming splined gears the gear is formed from a ‘ 
suitable blank, the teeth being cut thereon and 
the splines being formed thereon with sumcient 

15 metal left to permit the removal thereof as by 
breaching to the proper dimension. This gear 
is heat-treated in the usual manner and then 
subjected to a quenching bath for hardening pur 
poses. ~ 

In the production of gears in'large quantities 
some of the gears fail to pass inspection because 
of the fact that the splined opening formed there 
in is oversized. This may be caused by the re 

’ moval, by the workmen, of too much material 
25 during the ?nishing process. These gears here 

tofore have been rejected with the consequent 
loss of the gear and the consequent loss of the 
time and labor spent in producing the gear. My 
method of treatment provides a means for en 

30 smalling the opening, without aifecting the gear, 
to permit of the obtaining of the correct diam 
eter or con?guration of the opening in the gear, 
thereby preventing the loss of the gear. 
For the purpose of illustrating my invention I 

have shown in the accompanying drawing, dia 
grammatically, one' means of carrying out my 
method. , v ' 

' In the drawing Fig. 1 is a plan view partly in 
, section, diagrammatically illustrating an appa 

40 ratus carrying out my invention; 
Fig. 2 is a side elevation thereof, and 
Fig. 3 is a side elevation of a gear showing a 

plug, of the character used by me, in position. 
In the apparatus illustrated Iprovide a pair 

of clamping jaws 1 and 2, one of which (2) is 
movable relatively to the other and may be moved 
by the manipulation of a suitable cam lever 3. 
These two jaws are electrically connected.to 
gether by the conductor 4. A similar pair of 
jaws 5 and 6 is provided, the jaw 6 being manipu 
lated by a cam lever 7, and'these jaws are elec 
trically connected by the conductor 8. The con 
ductor 4 is connected by a conductor 9 through a 
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suitable control switch 10 with one terminal of , 
a generator 11. The conductor 8 is connected 55 

by the conductor 12 with the other terminal of 
the generator 11. ' 

- The gear 13 to be treated is mounted on a plug 
14 which plug may be splined to coincide with 

g the splines of the gear 13, or even may be an or- 63 
dinary round plug. In any event, the dimensions 
of the plug 14 are such that expansion of the 
walls of the opening of. the gear will be unre 
stricted under the in?uence of the application of 
heat to the gear. The plug, with its gear mount- 65 
ed thereon, is secured in position between the two 

- sets of clamping jaws and upon the application of 
electric current thereto, the resistance set up by 
the plug will cause the plug to heat. In actual 
practice the plug becomes red hot.' The heat ra- 70 
diated from the plug heats the gear 13 locally 
aboutthe opening'in the gear, and‘this heating 
of the gear is continued until the metal in a zone 
approximately bounded by the dotted line 15 
reached about 1400° F., at which temperature the 75 
metal becomes plastic. However, the heat isnot 
maintained suiiiciently long to heatthe entire 
gear, so that the periphery of the gear remains 
relatively cool, not reaching at the outside pe 
riphery much over 500° F. As the result of this 80 
heat treatment, due to-the fact that the gear, has 
a cold hand area, the metal surrounding the open 
ing of the gear expands towards the axis of the 
gear and due to the fact that this metal can ex 
pand only in one direction, the metal of the gear 85 
becomes su?lciently distorted during this expan 
sion to remain su?iciently expanded, even after 
the gear cools, to reduce the size. of the opening. 
As a result the size of the opening in the gear 
is reduced by the expansion of the walls thereof 90 
to such angextent that su'?icient metal is left in 
the walls to permitarebroaching or reservicing 
of the walls of the opening to the proper dimen 
sions. After the opening has been ensmalled the 
distorted portion is again-subjected to a heat 95 
treatment at a lower temperature, to relieve the 
metal of the strains set up due to the distortion 
of the metal. , 

While. I have speci?cally described. my inven 
tion in connection with the treatment of steel 100 
gears, it will be understood that my method is 
capable of application to other articles and to ar 
ticles of other metals. 

' I claim as my invention: 
1. The process of treating a hardened steel 105 

gear having a splined opening therein which con 
sists in mounting said gear on a mandrel, con 
stituting a resistance element of an electric cir 
cult‘ and heating said mandrel by the pas 
sage of an electric current therethrough to such 11o 
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2 
an extent as to heat the metal adjacent the open 

- ing of said gear su?icie'ntly to distort said metal 
and so rapidly as to obtain such distortion before 
sui?cient heat is conducted to the peripheral 

- area of the gear to substantially affect the hard 
ness of the gear and so as to leave a relatively 
cool band of metal around said heated area, the 
diameter of said mandrel being smaller than the 
diameter of the opening by an extent greater than 
the expansion limits of said heated metal. 

2. The process of treating a hardened steel 
gear having an opening therein which consists 
in mounting said gear on a mandrel and heating 

' said mandrel to such an extent as to heat the 
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metal adjacent the opening of the gear sufficient 
ly to render said metal plastic and so rapidly as 
to obtain such plasticity before su?icient heat 
is conducted to the peripheral area of the gear 
to substantially affect the hardness of the teeth 
of the gear so as to leave a relatively cool band 
of metal around said heated area, the diameter 
of said mandrel being smaller than the diameter 
of the opening by an extent greater than the ex— 
pansion limits of said heated metal. ' 

3. The process of treating a hardened steel 
gear having a splined opening therein which 
consists in mounting-said gear on a splined man 

1,968,856 
drel and heating said mandrel to such an extent 
as to heat the metal adjacent the opening of the 
gear su?iciently to render said metal plastic and 
so rapidly as to obtain such plasticity before suf 
?cient heat is conducted to the peripheral area 
of the gear to substantially affect the hardness of 
the teeth so as to leave a relatively cool band of 
material around said heated area, the diameter 
of said mandrel being smaller than the diameter 
of the opening by an extent at least as great as 
the expansion limits of said heated metal. 

4. The process of treating a hardened steel 
gear having an opening therein which consists 
in mounting said gear on a mandrel and heating 
said mandrel to such an extent as to heat the 
mandrel adjacent the opening or the gear sum 
ciently to distort said metal and so rapidly as to 
obtain such distortion before su?lcient heat is 
conducted to the peripheral area of the gear to 
substantially affect the hardness of the teeth and 
so as to leave a relatively cool band of metal 
around said heated area, the diameter of said 
mandrel being smaller than the diameter of the 
opening by an extent at least as great as the ex 
pansion limits of the heated metal. 

ERNEST F. DAVIS. 
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