
May 7, 1946. H. E. SOMEs 2,399,896 
HEAT TREATING APPARATUS 

Filed Feb. 6, 1945 3. Sheets-Sheet l 

LE 
- -- 

- 

2NT 

1, 2 HF 22 4 ios % is al 

s 

88 

2 2 ... 2 2 % % 
%. 2-79 ... 2 2 
% S. a 7-g. 3, % 2, 1 43-2 3-84 3. Sy,3 
(2 2 2 2 % 

Howard A, 5omes 
(8 INVENTOR 

P' 2-4. (272.2% 
ATTORNEY 

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  





2,399,896 May 7, 1946. H. E. SOMES 
HEAT TREATING APPARATUS 

3. Sheets-Sheet 3 Filed Feb. 6, 1945 
29 

)( 24 

, 

Q Ø Ø% 
---- 

S 

Ø----- 

Howard E, 5omes 
INVENTOR 

BY (22 
ATTORNEY 

  

  

  

  
  

  

  

  

  

  

  

  

    

    

  



Patented May 7, 1946 2,399,896 

UNITED STATES PATENT OFFICE 
HEAT-TREATINGAPPARATUS 

Howard E. Somes, Detroit, Mich., assignor to . 
Budd induction eating, inc., Philadelphia, 
Pa., a corporation of Michigan 

'Application February 6, 1945, Serial Na. 576,410 
6 Claims. (CL 219-13) 

This invention relates to heat treating appara 
tus, particularly to apparatus for heating grooved 
or recessed surfaces by electromagnetically in 
duced heating currents. 
In my Patent No. 2,281,331, dated April 28, 1942, 

apparatus is shown for heating the bores of tubu 
lar articles. in such apparatus, an induction 
heating head is arranged to be concentrically 
disposed within the bore of the article to be 
heated. In the case of an article having internal 
circumferential grooves or recesses, such as ball 
bearing grooves, desired to be hardened, it has 
been the practice heretofore to use an induction 
heating head of the general character of that 
shown in my patent aforesaid. In such case, due 
to the variable spacing of the surfaces of the 
grooves from the inducing coil, it has not been 
possible to obtain a hardened zone of uniform 
depth. This non-uniform depth of hardness 
gives rise to undesirable non-uniform stress dis 
tribution. 
The primary object of the present invention is 

to provide an inducing head with a winding or 
coil having for a portion of the peripheral ex 
tent of the coil turns projecting portions of a 
contour similar to the circumferential recesses 
of the article to be heat treated, which head is 
arranged to be coaxially disposed with the arti 
cle transversely shifted to register the projecting 

grooved article; and 
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induction heating head showing the same in Op 
erative heating relation with an internally 

Figure 6 is a transverse section taken approxi 
mately on line 6-6 of Figure 5. 

Referring to the accompanying drawings in 
which like numerals refer to like parts through 
out the several views, and first to Figures 4, 5 
and 6, the induction heating head includes an 
annular support 2 formed with a semi-circular 
recess 3 which receives a magnetic core 4 com 
prised of a plurality of tapered laminations. 
The core 4 is provided with a recess or window 
5, and the helical coil 6 which surrounds the Sup 
port 2 is seated in this pocket, the coil turns 
being insulated from each other and from the 
support 2 as shown. The coil turns are each pro 
vided for approximately one-half the circumfer 
ential extent thereof with a transversely offset 
portion 7, the external cross-sectional contour 
of which is substantially the same as that of 
the grooves 8 of the article to be heat treated. 
The laminated core is held in position by a lower 
arcuate element 9 having a dovetailed connec 
tion. Otherewith and an upper arcuate clamping 
element it having a similar dovetailed connec 
tion 2 thierewith. Disposed above the element 

is a clamping ring 3 having shouldered en 
gagement with the element and the support 

portions of the winding with the grooves and 30 2, the ring 3 being held in ciamping position 
then rapidly rotated relative to the article. 
Another object is to provide improved mech 

anism for effecting the shifting and rotation of 
Eduction heating head of the foregoing char 

aCte. 

With the above and other objects in view, 
which will be obvious from the following detailed 
description to those skilled in the art to which 
the invention appertains, the present invention 
consists in certain features of construction and 
combinations of parts to be hereinafter described 
with reference to the accompanying drawings 
and then claimed. 
In the drawings, in which one embodiment of 

the invention is shown for illustration: 
Figure 1 is a front elevation of the heat treat 

ing apparatus, a portion of the same being shown 
in section; 

Figure 2 is a side elevation of the apparatus 
shown in Figure 1: 

Figure 3 is a transverse section taken approxi 
mately on line 3-3 of Figure 1; 

Figure 4 is an enlarged vertical section taken 
approximately on line 4-4 of Figure i; 
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by a nut 4 threaded on the support 2. - 
As shown, the coil 6 is provided with a cool 

ing passage 5. One end 6 of the coil (shown 
in broken outline in Figure 5) is electrically 
connected with the support 2 and receives cool 
ing fluid from a closed annular recess T in the 
support 2. The support 2 is provided with a 
longitudinal passage 8 extending from the recess 
T and opening through the upper end thereof 
and provided with a tubular fitting 9. The 
other end 20 of the coil extends upwardly and 
through a fitting 2 and is electrically connected 
with an arcuate element 22 insulated by a ring 
23 of electrical insulation from the support 2. 
The element 22 is provided with a passage 24 
to receive cooling fluid from the coil and dis 
charge the same through a tubular connector 
25 to a passage 26 leading to the bore 27 of the 
support 2. 
Secured to the upper end of the support 2 is 

a tubular connector 29 which is closed by a plug. 
30 and surrounding the connector 29 but insu 
lated therefrom by an insulating ring 3 is an 
annular internally threaded nut 32. Clamped 

Figure 5 is an enlarged vertical section of the 55 about the nut 32 is a ring 33 having a depend 

  



2 
ing portion 34 which forms an integral support 
for the arcuate element 22. The upper end of 
the connection 29 is externally threaded as shown 
in Figure 4. The connector 29 is provided with 
an aperture 35 through its Wall which registers 
with the passage 26. 
The head is Supported by a vertical arbor 

comprised of an inner tubular conductor 38 and 
a short outer conductor 3 insulated from the 
inner conductor by insulation 38, the connector 
29 being threaded to the inner conductor 36 and 
the nut 32 being threaded to the outer conductor 
3 as shown in Figure 4. The cooling fluid fit 
ting 9 is connected to a conduit 39 which is con 
nected through a fitting 40 to an insulated pas 
sageway 4 leading to the bore 42 of the inner 
conductor 36. 
The axis of the arbor is coincident with the 

axis of projecting portions of the coil. 
As shown in Figures 1, 2 and 3, the machine 

base 43 is provided at one side of its front face 
with a pair of lugs 44. A bracket 45 is hinged 
by a pivot rod 46 to the lugs 44. 
The bracket 45 is provided with upper and 

lower arms 47 and 48, respectively, which carry 
anti-friction bearings 49 and 50, respectively. 
The upper end of the inner conductor 36 is sup 
ported for rotation by the bearing 49. 

High-frequency current is supplied to the coil 
6 of the head by a transformer 5 having a 
Secondary unit 52 and a primary unit 53. The 
Secondary unit 52 is arranged to rotate with the 
arbor and embodies an annular support 54 which 
carries a laminated core 55 the core in turn Sup 
porting the tubular secondary winding 56. This 
Secondary unit is bolted to an anular ring 5 
which is Supported by the bearing 50. Arranged 
within the annular support 54 is an upper con 
ductor element 58 which is provided with fingers 
59 in electrical contact with the inner conductor 
36 and a lower annular conductor element 60 
which is insulated from the support 54 and is 
bolted to the outer conductor 37 as shown in 
Figure 4. One terminal 6 of the winding 56 is 
connected to the conducting element 58, and the 
other terminal 62 of this winding is connected 
to conductor element 60. 
The upper end of conductor 36 projects above 

the upper bracket 4 and has a sealed rotatable 
bearing fit with a surrounding chamber 63. 
Mounted above and supported by the casing 64 
which forms chamber 63 is a second casing 65 
which forms a chamber 66. The casings 64 and 
65 are provided with conduits 67 and 88, respec 
tively. Cooling fluid supplied to the chamber 
63 through conduit 67 flows into the open end 
of the inner conductor 36. 
A portion of this cooling fluid flows through 

passageway 4 and thence through conduit 39 to 
the coil 6, and after cooling the coil flows through 
passages 24, 26 and 35 to the bore 27 of the Sup 
port 2 where it exhausts to the atmosphere. A 
portion also of the cooling fluid leaves the con 
ductor 36 through an insulating conduit 69 ex 
tending through the conducting element 58 and 
connected to the lower conducting element 60 
and enters the secondary winding. After cool 
ing the secondary winding, this branch cooling 
fluid leaves terminal 6 through but is insulated 
from the wall of condiuctor 36 and extends up 
wardly axially within the conductor 36 into the 
charinier SS and is discharged from chamber 66 
through conduit S8. The cons: it to has a rotat 
aia sealed hearing engagement with the Cas 
ing is, " ... 
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The primary unit 53 of the transformer S is 
supported by the bracket 45 above arm 48 by a 
two-part support 7, and includes an annular 
member 72 which carries a laminated core 73, this 
coil, in turn, supporting the primary winding 74 
in concentric relation about the secondary unit 
52. The insulated terminals 75 of the winding 
74 are connected with a suitable source (not 
shown) of alternating current. 
The arbor, including the secondary transformer 

unit 52 and heating head , is rotated within the 
bearings 49 and 50 by a motor 76 through suit 
able gearing 77, the motor 76 being Supported 
by the upper arm 47. 
The unhinged side of bracket 45 is provided 

with a vertical rod 78 and supported within the 
base 43 is a horizontal fluid pressure cylinder 
79 having a piston 80 therein. The piston 80 is 
provided with a piston rod 8 which extends 
through the front wall of the base 43 and is piv 
otally connected to the rod 78. Fluid under pres 
sure admitted to one side or the other of the pis 
ton 80 through conduits 82 causes the piston 
to Swing the bracket 45 to transversely move 
the inducing head and arbor a predetermined 
amount. 
The tubular workpiece 28 selected for illustra 

tion is Supported upon a suitable annular Support 
83 mounted on a reciprocable carriage 84. The 
carriage is Supported by a plurality of depending 
piston rods 85, each of which carries a piston 
86 operatively associated with a cylinder 87. The 
cylinders are fixedly supported by a cross piece 
88 mounted on the front of the base 43 for ver 
tical adjustment. The cylinders 87 are provided 
with conduits 89 for admitting and discharging 
fluid under pressure to and from the cylinders at 
opposite sides of the pistons 86. 
Normally in the inoperative position, the 

bracket 45 is in its outermost position, that is, 
it is Swung Outwardly from the position shown in 
Figure 3, a shoulder 90 on the piston 80 being 
in engagement with the end of the piston 9 to 
predetermine this outermost position. In this 
position, the inducing head is so related to 
the tubular workpiece 28 that upon admission of 
fluid under pressure to the lower sides of the pis 
tons 86, the carriage 84 is elevated. During ele 
vation of the carriage, the workpiece 28 is caused 
to surround the inducing head with the axis 
of the head offset from the axis of the workpiece. 
The elevation of the carriage is such that in its 
uppermost position the transverse projections 
of the coil 6 are in alignment with the circum 
ferential grooves 8 of the workpiece 28. 

After the workpiece is so elevated, fluid is ad 
mitted to cylinder T9 which causes the piston 80 
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current to the transformer. 

to swing the bracket 45 inwardly into the position 
shown in Figure 3. This coincides the axis of the 
projections 7 with the axis of the workpiece. 
The inducing head is then caused, through the 
motor 76, to rotate rapidly about the workpiece 
axis, and the head is energized through the Sup 
ply of high-frequency, high-power alternating 

Due to this coaxial 
positioning of the inducing head and the work 
piece, the projecting portions 7 of the head are 
caused during rotation to rotate within the 
grooves 8. During this rotation, heating currents 
are electromagnetically induced in the surface 
metal of the grooves 8 to a predetermined depth 
by the eccentric portions of the coil 6. By the 
use of the semi-circular core 4 and eccentric coil 
portions 7, and by reason of the greater spacing 
of the balance of the coil from the bottoms of 
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the grooves, the balance of the coil has little, 
if any, heating effect on the workpiece. 

It is by this arrangement that I am enabled 
to heat the grooves inductively to a predeter 
mined depth, this depth being uniform, as de 
sired, throughout the groove contour with the 
result that following a quenching operation, the 
residual stresses in the workpiece will be uni 
formly distributed. 
Inasmuch as the quenching apparatus forms 

no part of the present invention, the same has 
not been shown. 
While I have shown a specific means for ro 

tating the arbor and a specific transformer for 
energizing the inducing head l, the secondary of 
which is rotatable with the head supporting ar 
bor, it is to be understood that various other ro 
tating means, well known in the art, and that 
other well known means for transmitting current 
to the inducing head coil may be employed. 

It is to be understood, also, that the principles 
of the present invention are applicable to cylin 
drical articles having external circumferential 
grooves, 
The heating head perse is claimed in my con 

currently filed application Serial No. 576,411, 
It is to be understood, further, that various 

changes may be made in the detailed construction 
and arrangement of the parts described without 
departing from the spirit and substance of the 
invention, the scope of which is defined by the 
appended claims. 
What is claimed is: 
1. In an apparatus for inductively heating the 

surface of a circumferentially grooved cylindrical 
workpiece, an inductor having a transversely 
Projecting portion substantially conforming in 
contour to the contour of the workpiece groove 
to be heated, a support for holding the work 
piece, the workpiece as held by said support and 
said inductor being relatively axially movable to 
surround the One by the other with said project 
ing portion in alignment with the workpiece 
groove, means for effecting said relative move 
ment, means for relatively transversely shifting 
said inductor and the workpiece as held by said 
support, and means for effecting relative rotation 
between said inductor and the workpiece, the de 
gree of relative transverse shifting movement be 
ing such that during relative rotation said pro 
jecting portion is disposed within the workpiece 
grOOWe 

2. In an apparatus for heating the wall of a 
groove of a circumferentially grooved cylindrical 
workpiece, an energizable electromagnetic induc 
tion inductor having a circumferentially extend 
ing projecting portion conforming in cross-sec 
tional contour substantially to the cross-sectional 
contour of the groove of the Workpiece to be 
heated, said inductor and the workpiece being of 
such relative size as to permit the one to be dis 
posed within the other with the projecting induc 
tor portion in alignment with the workpiece 
groove, means for effecting such disposition, 
means for relatively transversely moving said in 
ductor and the workpiece to position the axis of 
said projecting portion in coaxial alignment with 
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3. In an apparatus for heating the wall of a 

groove of an internally circumferentially grooved 
tubular article, an energizable electromagnetic 
induction inductor having a circumferentially 
extending transversely projecting portion, a cur 
rent conducting arbor connected at one end to 
one end of said inductor for Supporting and con 
ducting energizing current to Said inductor, a 
support for supporting the Workpiece to be heat 
ed in axially spaced relation with respect to the 
other end of said inductor with the axis of the 
workpiece offset from the axis of Said inductor, 
the maximum transverse dimension of Said in 
ductor being less than the minimum internal di 
ameter of the workpiece and the radius of Said 
projecting portion being only slightly less than 
the radius of the Workpiece groove, means for 
axially moving the workpiece support toward Said 
inductor to position the workpiece in Surround 
ing relation with respect to said inductor with the 
workpiece groove in alignment With Said pro 
jecting portion, means for transversely moving 
said arbor to coaxially align said inductor pro 
jection and the workpiece, means for rotating 

25 said arbor and inductor about the workpiece axis 

30 

whereby the projecting portion rotates within 
the Workpiece groove, and means for conducting 
electrical current to said arbor during rotation 
thereof. 

4. In an induction heating apparatus, a base, a 
bracket, a hinged connection between One side 
of said bracket and said base, heans between the 
other side of said bracket and said base for 
swinging said bracket between predetermined 

35 limits, an electromagnetic induction heating 
head, a current conducting arbor connected to 
said head, means rotatably supporting said arbor 
on said bracket, means on said bracket for rotat 
ing said arbor, and means for conducting current 

40 to said arbor during rotation thereof. 
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the axis of the Workpiece groove, means for rela 
tively rotating the workpiece and said inductor, 
the degree of relative transverse shifting move 
ment being such that said projecting inductor 
portion is disposed within the workpiece groove 
during said relative rotation, and means for ener 
gizing said inductor during said relative rotation. 

70 

5. In an induction heating apparatus, a base, 
a bracket having a hinged connection at one side 
with said base, a current conducting arbor hav 
ing an induction heating head thereon, means 
rotatably supporting said arbor on said bracket, 
a fluid pressure motor carried by said base, said 
motor having a movable part connected with said 
bracket for moving said bracket about said 
hinged connection between predetermined limits, 
and means for conducting electric current to said 
arbor. 

6. In an induction heating apparatus for heat 
ing the wall of a groove of an internally circum 
ferentially grooved tubular workpiece, an electro 
magnetic induction inducing element having a 
transversely projecting portion corresponding in 
cross-sectional contouresubstantially to the cross 
sectional contour of the groove of the Workpiece 
to be heated, a support for the workpiece, said 
support being movable axially toward said in 
ducing element to position the workpiece around 
said inducing element with the groove thereof 
in alignment with said transversely projecting 
portion, means for transaxially shifting the 
workpiece and said inducing element, and means 
operative in the shifted position of the workpiece 
and said inducing element for effecting relative 
rotation between the workpiece and inducing 
element, the degree of shifting movement being 
such that during said relative rotation said pro 
jecting portion is disposed in induction heating 
relation with the workpiece groove. 

HOWARD E. SOMES, 

  


