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21 Claims, (CL 219-13) 
This invention relates to heat treating by elec 

tro-magnetic induction and , more particularly 
heat treatment of the internal surfaee of rela 
tively thin metallic sleeves. 
In heat treating the internal surface of sleeve 

like bodies by electro-magnetic induction the in 
side layers are brought to a relatively high tem 

5. 

perature quickly and thereafter quenched to . 
produce the desired surface hardness or other 
characteristics. Where the sleeve is thin the heat 
treatment may extend a substantial distance into 
the sleeve thickness and the portion undergoing 
heat treatment being plastic may not have suff 
cient backing or unheated portion to maintain 
the sleeve in shape. Also in the case of thin 
sleeves particularly if the same should not be of 
magnetic material is of considerable advantage 
to supply a magnetic path of low reluctance out 
side the sleeve which may cooperate with the 
magnetic path of low reluctance associated with 
the heat treating inducing coil thus permitting 

O 

invention will appear more fully hereinafter from 
the following detailed description when taken in 
connection with the accompanying drawings. It 
is expressly understood, however, that the draw 
ings are employed for purposes of illustration 
only and are not designed as a definition of the 
limits of the invention, reference being had for 
this purpose to the appended claims. 

In the drawings wherein similar reference 
characters refer to similar parts throughout the 
several views: 
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Figure 1 is a longitudinal section taken through 
a work sleeve and supporting sleeve and an elec 
tro-magnetic induction heating unit, 

Figure 2 is a section taken on the line 2-2 of 
Figure 1. r - . 

Figure 3 is a longitudinal section through a 
modified form of the invention. 
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rapid heating because of the ability to induce 
exceedingly great currents in the sleeve being 
treated. 
The present invention relates to a supporting 

sleeve adapted for use in connection with sleeves 
which are to be heat treated, the supporting 
sleeve being formed of magnetic material and 
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Figure 4 is a section taken on the line 4- 4 of 
Figure 3. . 

Figure 5 is a longitudinal section through an 
other modification of the invention and, 

Figure 6 is a section taken on the line B-6 of 
Figure. 5. - - 
Referring to Figure 1 there is shown a work 

supporting member and a heat treating heads 

adapted to not only lower the reluctance of the 
magnetic path but in addition is adapted to ren 
der physical support to the sleeve itself to the 
end that its shape may be positively maintained. 
regardless of the degree or depth of heat treat 
ment in the internal surface or the thinness of 
the sleeve. 
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An object of the invention, therefore, is to pro- i 
yide a supporting sleeve adapted to cooperate 
with a work-piece in the form of a sleeve to be 
heat treated by electro-magnetic induction. . . 
Another object of the invention is to provide a 

readily removable from the work sleeve which is 
to be treated. Y 
A further object of the invention is to provid 

an auxiliary sleeve of magnetic flux conducting 
material which may operate in conjunction with 
a work sleeve to be heat treated and assist in 
oncentrating the heat treating currents induced 
in the Work sleeve. . 
Yet another object of the invention is to pro 

vide a method of heat treating thin walled sleeves 
by electro-magnetic induction which method may 
afford a maximum rate of heating as well as ren 
der support to the sleeve during stich treatment. 
The above and other novel features of the 
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sleeve as herein above suggested which will be . 

2 which are relatively movable with respect to 
each other. The work supporting member in this 
case is provided with an annular internally shoul 
dered member 4 bolted to the work support 
member f. The internal annular shoulder 6 
is shown as receiving a sleeve or external jacket 

of magnetic material such as Armco iron which 
sleeve, has an internal bore adapted to fit and . 
support a work cylinder sleeve 20 for heat treat 
ment. The jacket 8 with the work cylinder 
sleeve 2 therein is adapted to be removed from 
the annular shouldered member 4 after each 
operation and a new sleeve 20 inserted and the 
jacket thereafter replaced in ????: shown. The heat treating head is of the electro-mag 

... netic induction type and comprises a central sup 
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porting arbor 22 and carries thereon an annular 
magnetic core 24 of spool shape having end 
fanges 25 and composed of radially tapered lami 
nations 26. Around the magnetic core is an in 
ducing coil 2, which is insulated from the core 
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and which is composed of hollow water-cooled 
conductors, in the present instance two conduc 
tors in parallel being shown 
The magnetic core 24 is held on the arbor by 

clamping the same between the nut 30 and the 
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shoulder formed by the disc 32. The nut se may 
also act as a pilot to center the head with respect 
to the supporting member O. The coil connec 





a shoulder i to and the end plate i 12, the shen 
and end plate being secured together by suit 
able fastening means 4. & 

It will be seen in the modification in Figure 
5 that the upper half of the jacket is carried . 
by the heat treatment tool or head and when 
the head is raised the upper half of the shell is 
separated from the lower half thereby leaving 
the cylinder sleeve is exposed for removal or 
the lower shell exposed for inserting a new 
sleeve. " ?? ?? 

In all of the modifications, since the cylinder 
sleeve is heated to a temperature suitable for 
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the radial outer side to support the same and ex 
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heat treatment, the heat treating head is im- . 
mediately withdrawn and the cylinder sleeve 
quenched internally in any suitable manner or 
in the manner suggested in my copending ap 
plication hereinabove referred to. It will be ap 
preciated that by employing laminations as 
shown in Figures 3 and 5 eddy currents therein 
are practically prohibited and consequently, all 
heating currents must flow in the cylinder sleeve 
itself. This assists in making the current flow 
within the sleeve more uniform from end to end 
and by reason of the employing of an inducing 
coll longer than the cylinder to be treated to 
gether with the bridgeportions at either end of 
the sleeve. to be heat treated, the uniformity of 

tending around the ends of said sleeve.andra 
dially inward substantially to said cylindrical 
surface, said core and said circuit being substan 
tially circularly continuous. . 

4. A jacket for encasing a thin walled cylin 
drical sleeve for electro-magnetic induction heat 
treatment of the internal layers of the sleeve, 
Comprising a plurality of radially disposed lami 
nations of magnetic flux conducting material, 
arranged to form an enclosing cylinder, a sup 
porting sleeve for said laminations, and the in 
ternal edges of said laminated material forming 
a Wall adapted to closely embrace a sleeve to 
which heat treatment is to be effected. 

5. A workholder comprising in combination a 
jacket and radially arranged laminations of 
magnetic material within the jack forming a 
sleeve of magnetic material, means on the jacket 
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and associated therewith for securing said lami 
nations in place, said laminations having their 
inner edges formed with a recess suitable for 
Snugly engaging a thin walled cylindrical 
member. 

6. Apparatus for heat-treating an elongated. 
object comprising an electro-magnetic induction 
heating element arranged to generate a current 

the induced currents is more certain assured. 
In the modifications of Figures 1 and 5 the 
sleeve is shown as directly supported throughout 
its external surface by the cylinder jacket. This 
may also be true of the sleeve in Figure 3 should 
it seem desirable to have such support present. 
For various outer surface contours of cylinder 
sleeves different adapters may be constructed so 
that there will be provided the necessary flux 
path as well as the necessary support in any par 
ticular case. . . . ... - 
Although Several modifications of the inven 

tion have been disclosed, it is, of course, under 
stocd that the invention is riot limited thereto 
but that the same may be embodied in various 
mechanical forms and arrangements. As many 
changes in construction and design may be made 
without departing from the spirit of the inven 
tion as will be apparent to those skilled in the 
art, reference will be had to the appended claims 
for a definition of the limits of the invention. 
What is claimed is: \ 
1. The method of heat treating by electro 

magnetic induction the internal surface of a thin 
hollow cylindrical member which comprises 
closely embracing said member, in a tubular 
jacket of magnetic material, including said mem 
ber and jacket as a part of a magnetic circuit, 
inducing a heat treating current in said member, 
and removing the jacket from the member there 
after. 

2. The method of electro-magnetic induction 
heat treating the internal surface and adja 
cent layers of a thin metallic sleeve which com. 
prises enclosing, said sleeve in an external con 
plemental flux carrying and supporting jacket, 
inducing heat treating currents in said sleeve 
while passing flux thru said jacket, and subse 
quently removing the sleeve from the jacket. 
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inducing field extending longitudinally of the 
object beyond the ends thereof and means com posed of magnetic material arranged adjacent a 
lateral face of the object to form end extensions 
of Said object extending into the extended por 

- tions of said field. 
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7. Apparatus for heat-treating an elongated 
object by electro-magnetic induction comprising 
low reluctance means arranged to form end ex 
tensions of said object connected by magnetic 
material, an electro-magnetic induction heating 
element of a length greáter than that of the ob 
ject and means for effecting relative movement 
between the object and the heating element to 
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bring the object and the end extensions into the 
magnetic field of the heating element. 

8. Apparatus for heat-treating the inner sur 
face portion of a hollow cylindrical object com 
prising annular end extension pieces of lami 
nated magnetic material arranged each to form 
an end extension of one end of the object with 
its laminae extending in radial planes parallel 
to the axis of the object, an electro-magnetic 
inducing element having an internal magnetic 
Core element arranged to fit within the hollow 
of the object with the ends of the core element 
extending into close proximity to the said end 
extension pieces, means for 'effecting relative 
motion between said inducing element and said 
object and end pieces to bring them into induc 
tive relation, and a mechanical connection be 
tween said end extension pieces located radially 
outside said object and constituting a centering 
guide for said object. 

9. A flux carrying and supporting jacket for 
Supporting thin sleeves for electro-magnetic in 
duction internal heat treatment, comprising a 
shell, composed of two concentric parts arranged 
end to end and having conical mating faces, 

3. Apparatus for heat treating a thin cylin- - 
drical sleeve internally, comprising an inducing 
coll lying within a cylindrical surface substan 
tlally that of the internal bore of said sleeve, a 
magnetic core for said coil extending thru the 
coil and outwardly to said surface at either end 
thereof, a magnetic circuit for said sleeve ex 
ternal thereto closely embracing said sleeve on 
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radially arranged thin sector sectioned some 
what similar laminations arranged internally of 
each of the two parts and adapted to provide a 
continuous magnetic path from top to bottom. 
and a smooth internal sleeve supporting surface 
within said laminations. 

10. in the method of heat-treating a circum 
ferentially continuous metal sleeve of substan 
tially uniform thickness which is so thin as to be 



4 
in danger of becoming deformed under heat 
when somewhat plastic throughout enough of its 
radial depth for any remaining part of its radial 
depth to be incapable of supporting the heated 
portion against such deformation during heat 
treatment, the improvement which includes elec 
tromagnetically inducing heating currents into 
one face of the sleeve and simultaneously Sup 
porting said sleeve from its surface opposite said 
first-mentioned face by a wall to oppose any 
tendency for the sleeve to be deformed during 
heating, the supporting of said sleeve being from 
a wall surface fitting the sleeve throughout at 
least a substantial part of its axial extent. 

11. In an apparatus for heat-treating a cir 
cumferentially continuous metal sleeve of sub 
stantially uniform thickness by electromagnetic 
induction when it is so thin as to be in danger of 
not holding its shape during heat treatment, 
having an inducing conductor adjacent the 
sieeve, the improvement which includes a Sup 
porting wall of magnetic material contiguous said 
sleeve on its face opposite to said conductor and 
having a fit with said sleeve capable of gripping 
and supporting the same against deformation 
during heating. 

12. In an apparatus for heating a circumfer 

5 

O 
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entially continuous metal sleeve of substantially 
uniform thickness by electromagnetic induction 
when said sleeve is so thin as to be in danger of : 
not holding its shape during treatment, having 
an inducing coil, and a rigid supporting annulus 
of magnetic material on the face of the sleeve 
opposite said coil and radially contiguous said 
sleeve for positioning it, the improvement in said 
annulus which consists in radially laminating 
at least the annulus longitudinally of said sleeve 
and contiguous thereto, whereby to support the 
sleeve through bearing of the laminations edge 
wise thereupon. ? 

13. In an apparatus for heating a circumfers 
entially continuous metal sleeve of substantially 
uniform thickness by electromagnetic induction 
when said sleeve is so thin as to be in danger of 
mot holding its shape during treatment, an in 
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induction when it is so thin as to be ini dangef 
of not holding its shape during heat treatment, 
having an inducing conductor adjacent the 
sleeve, the improvement which includes a Sup 
porting wall of magnetic material contiguous said 
sleeve on its face opposite to said conductor and 
having a fit with said sleeve capable of gripping 
and supporting the same against deformation 
during heating, said wall having a circumfer 
ential recess into which said sleeve is received, 
the axially opposite walls of said recess being 
radially laminated and capable of separation 
axially for removal of the sleeve from said re 
CESS 

16. The method of heat-treating a metal sleeve 
which is to be heated by electromagnetic induc 
tion for substantially its full radial depth which 
comprises electromagnetically inducing a heat 
ing current into the sleeve in a manner to heat 
it substantially throughout enough of its radial 
depth to a plastic condition so that no radially 
outer unheated layers of the sleeve are strong 
enough to oppose its expansion, simultaneously 
circumferentially and uniformly compressing 
said sleeve to render the material thereof more 
compact, and subsequently cooling the sleeve to 
reduce its outside diameter compared to what it 
was before heating. 

17. In an apparatus, for heating a sleeve by 
electromagnetic induction when said sleeve is so 
thin as to be in danger of not holding its shape 
during heat treatment, having an inducing coll, 
the improvement which comprises an annulus of 
magnetic material onto which said sleeve may be 
slid with a fit such that said sleeve when ex 
panded by heat to a somewhat plastic condition 
will be supported by said annulus against defor 
mation due to the heat treatment, and a shoulder 
contiguous said annulus against which said 

40 

ducting coil, a rigid supporting annulus of mag 
netic material on the face of the sleeve oppo 
site said coil and radially contiguous said sleeve 
for positioning it, the improvement in said an 
nullus which consists in radially laminating at 
least the annulus longitudinally of said sleeve 
and contiguous thereto, whereby to Support the 
sleeve through bearing of the laminations edge 
wise thereupon, and a rigid ring radially outside 
the laminations and longitudinally coextensive 
therewith, whereby any radially outward thrusts. 
on said laminations edgewise due to internal 
stresses from heating said sleeve are transmitted 
to said ring. 

14. In an apparatus for heating a sleeve when 
the sleeve is to be heated by electromagnetic in 
duction substantially through its radial depth, 
having an inducing coil, and a rigid supporting 
annulus of magnetic material adjacent said coil, 
the improvement in said annulus which includes 
a circumferential recess of a size to receive said 
sleeve adjacent said coil and longitudinally in 
termediate the ends of said annulus, said an 
nullus being transaxially split intermediate its 
ends for removal of said sleeve, the cooperating 
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sleeve is adapted to abut. 
i8. In an apparatus for heating a sleeve by 

electromagnetic inductions having an inducing 
coil, and an annulus of magnetic material in 
cluding a laminated ring radially contiguous said 
sleeve, the improvement which comprises a mem 
ber at One end of Said annulus for axially align 
ing one end of the coil and the adjacent end of 
the annulus, said member and annulus being 
provided with interengaging aligning portions. 

19. In an apparatus for heat, treating a sleeve 
by electromagnetic induction when the sleeve to 
be heated is so thin that it is in danger of defor 
mation by heat treatment, having an inducing 
Coil, and a rigid supporting annulus of magnetic 
material adjacent said coil, the improvement in 
Said annulus which includes a circumferential 
recess of an axial length and radial depth to 
receive Said sleeve Contiguous said annulus and 
adjacent said coil, said annulus being split inter 
mediate the ends of Said recess and sleeve for re 
moval of Said sleeve, at least a portion of said 
split being conical to provide centering surfaces 
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for telescopic engagement of the sleeve portions, 
and each of the split portions of said annulus 
including a riigid ring contiguous radial lamina 
tions therein which are contiguous said sleeve 
and extend around an end portion of the sleeve 

70 
split portions of said annulus being provided with . 
interaligning means. 

15. In an apparatus for heat-treating a cir 
cumferentially continuous metal sleeve of sub 
stantially uniform thickness by electromagnetic 5 

to adjacent the Surface of the coil. 
20. An apparatus for the inductive heating of 

work, which includes an inducing conductor 
adapted to lie adjacent one face of the work, a 
backing of magnetic material which is non 
integral with respect to the work and contiguous 
the face of the work opposite that to which said 
conductor is adjacent, said backing extending 
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throughout at least substantially the full length . . 
of the work being heated, and means associated 
with the backing for positioning the work rela 
tive thereto, whereby R. flux path in addition to 
the work is provided when the depth of the work 
is relatively shallow. 

21. An apparatus for the inductive heating of 
work in the form of a ring, which includes an 

inducing coil adapted to lie adjacent one face 
of the work, and magnetic material contiguous 
the opposite face of the work from said coil and 
extending axially of, and adjacent and beyond 
each end of the work and to a position substan 
tially flush with the work face adjacent which 
the coil lies. 

HOWARD E. SOMES. 


