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4 Claims. (Cl. 219—10.43) 

This invention relates to apparatus for the heat treat 
ment of metallic workpieces and, more particularly, to an 
inductor member for such heat treatment. 

It is an object of the present invention to provide an 
improved inductor member. 

It is another object of the invention to provide an im 
proved heat treating member which will produce a more 
uniform heat treatment pattern at a higher e?iciency than 
prior art apparatus. 

It is a further object to provide an improved inductor 
member including an iron core adapted for use with 
either low or high frequency heat treating energy. 

It is an additional object to facilitate the handling of 
workpieces to be heat treated by moving only a por 
tion of the inductor member, which portion is relatively 
light in weight and comparatively simple to move rela 
tive to the workpiece surface to be heat treated. 

It is a different object to provide an inductor member 
which can be made to closer tolerances with less effort 
and cost involved and, accordingly, will produce an im 
provide heat treatment operation. 

In accordance with the invention, an iron core induc 
tor member is provided for the heat treatment of selec 
tive services of workpieces. Such selective services may, 
in particular, be valve seats in automobile engine blocks, 
but may be other suitable types ‘of workpieces. The 
inductor member comprises a single or multiple turn in 
ductor coil which is placed in an annular channel recess 
in a cooperative core member made of magnetically per 
meable material such as powdered iron. The annular 
recess is so constructed that the core may be moved rela 
tive to the inductor coil such that the inductor coil can 
be ?xedly positioned relative to the workpiece surface, 
and the core only need be raised to allow the movement 
of the workpiece surface in a direction perpendicular to 
the axis of‘ the coil and relative to the inductor coil. 
This facilitates the work handling in that no cumbersome 
electrical connections are required since the coil‘need 
not be moved away from the work surface to clear the 
work surface for movement from said heat treatment 
position. , 

These and other objects of the invention are effected 
as will be apparent from the following description taken 
in accordance with the accompanying drawing, which 
forms a part of this application and in which: 

Figure 1 is an illustrative side view of apparatus in 
accordance with the present invention showing suitable 
inductor members for heat treating four valve seats in 
an automobile engine block or like workpiece; 

Fig. 2‘ is a top view of a single turn inductor member 
in accordance with the present invention; _ 

Fig. 3 is a side section view of the apparatus shown in 
Fig. 2; ' l 

_, Fig/41s a top view of an inductor member including 
a multiple turn inductor and core; 7 

Fig. 5 is a side section view of the apparatus shown 
in Fig. 4; 
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Figs. 6 and 7 show a modi?ed multiple turn induc 

tor and core; and 
Fig. 8 shows a still diiferent inductor member and 

core. 

In Fig. 1, there is shown a common power supply 10 
connected to supply suitable frequency energy to a plu 
rality of work stations 12, 14, 16, and 18. At each of 
these latter work stations there is provided an inductor 
member including a core 26 and an inductor coil 22. 
The inductor coil 22 can be seen only in work stations 
12 and 14 in that the core 253 at the work stations 12 
and 14 has been raised to clear the valve seats to be 
heat treated in the engine block workpiece 24. At work 
stations 16 and 18, the cores 20 are in position for the 
heat treatment of valve seats in the engine block work 
piece 24. The workpieces are supported by means of 
a movable work support member 26, which may be in 
the form of an endless conveyor~like workpiece moving 
apparatus. 

In Fig. 3, there is shown a side section view of an 
inductor member suitable for use at any of the work 
stations 12, 14, 16, or 18 in Fig. 1. The inductor coil 
22, shown in Fig. 3, comprises a single turn inductor 
member and is composed of a single turn of preferably 
round copper tubing, said turn having a diameter such 
as to set directly over the valve seat 28 in the engine 
block workpiece 2d. The energy supply leads for the 
inductor coil 22 are arranged substantially parallel rela 
tive to the axis of the inductor coil 22. and project from 
the inductor coil 22 up through the core 26}, such that 
the core 20 may be moved relative to the inductor coil 
22 a su?icient amount to allow the workpiece 24 to 
be moved in a direction substantially perpendicular to 
the axis of the inductor coil 22 to remove the valve 
eat work surface 23 to be heated away from the re 

spective work station or heat treatment position when 
the heat treatment is completed. The supply leads 30 
and 32 for the inductor coil 22 are provided with'a 
minimum spacing therebetween in an eifort to produce 
the non-uniform heating e?ect of the valve seat 28 at 
a position corresponding to the position where the leads 
30 and 32 are connected to the inductor coil 22. The 
powdered iron core 29 is formed to substantially sur 
round the inductor coil 22 on three sides of the individual 
turn, and is open at the fourth side, said opening being 
provided to allow the core 20 to be moved relative to 
the inductor coil 22 in a direction substantially parallel 
to the axis of the inductor coil 22. Since the core 20 
surrounds the inductor coil 22 on substantially three sides 
thereof, it is open at the valve seat. This arrangement 
allows for a rather low reluctance path around the coil 
22 with a resultant increase in efficiency of heating over 
an air cored coil. Because the coil 22 is pulled back 
into the core 2t) somewhat, the flux has a iittle area in 
the core 20 where it may even out before cutting the 
valve seat. This evening out of the fin); due to the core 
20, as well as the rather long heat time required, cause 
this coil to give a very uniform heat pattern over the 
entire seat. A support 34 is provided for the core 29, 
which support 34 is operative to move the core 29 rela~ 
tive to the inductor coil 22. ' 

In Fig. 2, there is shown a top view of the apparatus 
shown in Fig. 3, with the position of the inductor coil 
22 relative to the core 20 more clearly illustrated, and 
the position of the core support 34 shown such that the 
core may be moved without disturbing the inductor 
coil 22. 

In Fig. 5, there is shown a side section view of a 
multiple turn inductor coil 36 and a surrounding core 
20, with the surrounding core being provided with an 
annular channel or recess 38, wherein the turns of the 
inductor coil 36 may be positioned. When a multiple 
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turn inductor coil 36 is used with the core 20, the lat 
ter core 26 may preferably be formed with an interior 
removable portion so which may be removed to facili 
tate the positioning of the inductor coil 36. The re 
movable core portion 4-0‘ is formed such that the core 
20, including the interior portion 49, may be moved 
relative to the inductor coil 36 by means of a core sup 
port member 34. 

In. Fig. 4 is shown a top view of the apparatus shown 
in Fig. 5, and more clearly illustrates the relative po 
sitions of the core 21‘) and the multiple turn coil 36 
with the energy supply leads 42 and 44 shown. The 
core support member 34 is displaced a short distance 
from the axis of the core member 20 in that the supply 
leads 1%4 for the multiple turn inductor coil 36 are po 
sitioned substantially at the axis of the coil 36. 

Figs. 6 and 7 show a modi?ed multiple turn inductor 
and core, with the core 5i} being movable relative to 
the coil 52. The core 58 has an axial slot or opening 
54 corresponding to the central axial energy supply 
lead 55, which opening 54 allows the core 59 to be 
moved axially relative to the coil 52. ‘ 

Fig. 8 shows a still di?erent coil and core arrange 
ment, with the core 53 not being movable relative to 
the coil 60. 

In the operation of the apparatus shown in Fig. l, 
the workpiece 24 is moved into position with the work 
surfaces to be heat treated corresponding in position to 
the respective work stations 12, 14, 16 and 18. The 
cores 20 are then lowered relative to the inductor coils 
22 either sequentially, altogether or singly as may be 
desired, and the energy from the power supply source 
10 is applied to the work surface to be heat treated 
when the cores 29 are in position relative to the induc 
tor coils 22, as best shown in Fig. 3 and Fig. 5, depend 
ing upon the type of inductor coil which is employed. 
In this respect, the multiple turn coil 36 can be con 
sidered to be the operative equivalent of the single turn 
coil 22, and hereafter the single turn coil 22 will be 
speci?cally described. However, the multiple turn coil 
36 may, in some applications, be preferable for use with 
lower frequency energy. After the desired period of 
heat treatment, the cores 20 are raised relative to the 
inductor coils 22 such that the workpiece. 24 may be 
moved in a direction substantially perpendicular to the 
axis of the coils 22 and the movement of the cores 2%}. 
In this respect, the power supply 10 may be continu 
ously applied, and the energization of the work surface 
determined by the position of the core 20, or the power 
supply may cyclically energize the inductor coils 22, 
by means of suitable switching apparatus (not shown), 
as may be desired. 
The inductor member shown in Fig. 3 may be more 

suitable for use with radio frequency energy, in that less 
current is required and the non-uniform heating effect 
of it at the position where the supply leads 30 and 32 
are connected in the inductor coil 20, is less important; 
Suitable insulation material of which many types are 
known in the art can be provided between the supply 
leads 3d and 32. No special insulation is necessary be 
tween the inductor member 22 and the core 20, in that 
the core 20 is preferably made of powdered iron or 
like material which does not require an insulator at the 
low voltages employed. The position of the inductor 
member within the annular channel or recess of the 
coil 2t) is effective to even out the flux pattern provided 
by the inductor coil 22 to further minimize the effect 
of the supply leads 39 and 32 at the position where 
they are connected to the inductor coil 22. ' 

The multiple turn inductor member, as shown in 
Fig. 5, may be preferable for use with lower frequency 
energy',fsuch as audio frequency'energy which requires 
higher currents, and, accordingly, the supply leads 42 
and 44 are arranged with overlap leads to further mini 
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mize the non-uniform heating effect of their respective 
connections to the inductor coil 36. In the inductor 
member of Fig. 5, one of the supply leads 44 is posi 
tioned axially relative to the inductor member 36, and 
the other lead 42 is substantially parallel to the ?rst 
lead 44, but is connected to the coil at a maximum dis 
tance from the ?rst lead 44.. The annular recess 33 
provided in the core 20 has a depth such that the coil 
36 is positioned within the core with a portion of the 
annular recess not ?lled by the coil 36 to provide a 
short ?ux path distance within the core for any slight 
irregularities of the flux pattern to be evened out and 
minimized before the ?ux enters the valve seat surface 
28 to be heat treated. 
The inductor members shown in Figs. 3 and 5 have 

the unique advantage that with workpieces 24, which 
are particularly bulky and cumbersome, need not be 
raised relative to the inductor coils 22, nor, on the other 
hand, the inductor coils 22 need not be moved relative 
to the workpieces 24 which, in turn, would introduce 
cumbersome electrical problems. The core 20 has a 
comparatively small‘ mass compared to the work mem 
ber 24, and the core 20 is the‘ only member which need 
to- be moved to allow replacing a given workpiece 24 
with a succeeding workpiece. 
The apparatus of Figs. 6 and 7 is operative similar 

to the apparatus shown in Figs. 4 and 5, in that the core 
50 can be moved relative to the coil 52 to allow any 
desired‘ movement of the workpiece perpendicular to 
the axis of the coil 52; 
The apparatus of Fig. 8 is operative such that the 

coil 60 and core 58 are moved as a single unit to al 
low any‘ desired movement of the workpiece perpen 
dicular to the axis of the coil 60. 
While the invention has been shown in particularly 

the preferred embodiments thereof, it will be obvious to 
those skilled‘ in the art that it is not so limited, but is sus 
ceptible of various modi?cations and changes without de 
parting from the spirit and scope thereof. For example, 
the inductor’members of the present invention may be 
used for the hardening or heat treatment of workpieces 
which may require a quench operation after the work 
surface has been heated. The quench medium for this 
purpose maybe applied‘ from within the inductor member 
22 by providing quench ?uid openings in the inductor coil 
adjacent to the heated surface of the workpiece, as well 
known‘ in the art. Or the quench medium can be passed 
through the core support member 34 and the quench me 
dium applied to the heated surface of the workpiece before 
the core 20 is lifted, after the core is lifted or during the 
movement of’ the core. In addition, the core, with or 
without the coil, may be rotated or moved during-the heat 
treatment relative to the heat treated work surface to 
further‘minmize any non-uniform unheating effects there 
of. 

It is a- further modi?cation of the present invention that 
the core of particularly the’ multiple turn coil for use 
with lower frequency energy need not be moved relative 
to the coil, but instead, the coil and core together can be 
moved relative to the workpiece or the workpiece moved 
relative to the coil and core. ' 

I‘ claim as my invention: 7 
1. In heat treating apparatus for heat treating a surface 

of a metallic workpiece, the combination of a magnetical 
ly permeable core and an inductor having an axis, said 
core having an end portion positioned adjacent to said 
surface of the workpiece, said end portion having an annu 
lar channeled section for containing said inductor therein, 
a support member for said workpiece having a planar 
surface, with said workpiece being movable in a direction 
substantially perpendicular to said axis and along said 
planar surface, said core member being movable along 
said axis relative to said inductor and said surface of the 
workpiece. 

2. In heat treating apparatus for heat treating a sur 
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face of a metallic workpiece, the combination of a mag 
netically permeable core, an inductor having an axis, 
said core having an end portion positioned adjacent to 
said surface of the workpiece to be heat treated, said end 
portion being provided with an annular recessed channel 
section, with the inductor being positioned entirely within 
said channel section, a support member for said work 
piece having a planar surface, with said workpieces being 
movable upon said planar surface, and support means for 
said core for moving said core member along said axis 
relative to said coil and said workpiece. 

3. In combination, a magnetically permeable core mem 
ber having a generally annular recessed channel in one 
face thereof and passages through the core member lead 
ing from said channel, said passages being substantially 
parallel to the central axis of said channel, a generally 
annular inductor positioned within said recessed channel, 
and electrical leads extending from said inductor through 
said passages whereby the core may slide on the leads 
from a position wherein the inductor is located within 
said channel to a position wherein the inductor is outside 
of said channel. 

10 

6 
4. In combination, a magnetically permeable core 

member having a recessed channel in one face thereof 
and passages through the core member leading from said 
channel, an inductor positioned within said recessed chan 
nel, and electrical leads extending from said inductor 
through said passages whereby the core may slide on the 
leads from a position wherein the inductor is positioned 
within said channel to a position wherein the inductor is 
outside of said channel. 
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