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ELECTRICAL HEAT TREATING APPARATUS 
Howard E. Somes, Detroit, Mich., assignor to 

Budd induction Heating, Inc., Philadelphia, 
Pa., a corporation of Michigan 
Application April 2, 1938, Serial No. 203,277 

Renewed January 18, 1940 
6 Claims, (C. 266-4) 

The present invention relates in general to 
electrical heat treatment of metallic articles and 
more particularly to differential heat treatment 
by electro-magnetic induction of an integral por 
tion of an object for the purpose of hardening . 
such portion, 
The main object of the invention is the pro 

vision of means for hardening by electro-mag 
netic induction, a conical valve seat or similar 
portion formed integrally with an article of metal 
hardenable by heat treatment, for example, the 
cylinder block of an internal combustion engine. 

In attempting the hardening of a conical valve 
seat of an internal combustion engine by electro 
magnetic induction, including a heating step foll 
lowed immediately by quenching, certain difficul 
ties arise due to the peculiar shape and the an 
gular position of the portion operated upon, and 
space limitations, not encountered in similar op 
erations upon objects of more favorable form and 
larger dimensions. - 
Chief among such problems are: the control 

ling of the position and form of the hardened 
Zone with relation to the angularly disposed valve 
seat Surface; the concentration of Sufficient en 
ergy, in the space available, to do the work with 
the rapidity necessary to obtain the results de 
sired; the attainment of rapid and uniform 
quenching within an extremely short time after 
heating; and the attainment of simplicity and 
strength with compactness in the apparatus. 
Another problem is to Overcome difficulties 

arising from the fact that the space available 
below the valve seat for reception of portions of 
the apparatus extending below the valve seat, 
is limited to the relatively small diameter valve 
duct or channel below the seat. 
It is, therefore, an important object of the in 

vention to provide means whereby a hardened 
zone of the desired quality may be produced near 
and including the conical valve seat surface and 
adjacent portions of adjoining Surfaces extend 
ing away from the valve seat surface at an angle 
thereto, and to achieve Such result with a valve 
seat of small diameter for example in the neigh 
borhood of two inches or less and situated over 
a duct of substantially smaller diameter than 
the valve seat. 
A further object is the provision of a unitary 

heating and quenching device energized by high 
frequency current and capable of operation in 
the small space available within the circumfer 
ence of the valve seat and the duct or opening 
of smaller diameter below the valve seat. 
Warious other objects and advantages of the 
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invention will become apparent from a perusal 
of the following specification and the drawings 
accompanying the same. 

In the drawings: 
Figure is a diagrammatic plan view of a 

V-type nulti-cylinder engine block with the top 
portions shown in a horizontal plane. 

Figure 2 is a vertical axial Section through the 
heating element and the valve seat and cylinder 
bore of an engine block. 

Figure 3 is a section on the line 3-3 of Fig 
ure 2. 

Figure 4 is a Section on the ine - of Fig 
tre 3. 

Figure 5 is a section through the tool shaft 
and conducting sleeve taken on the line 5-5 of 
Figure 2. 
Figure 6 is an enlarged fragmentary radial 

section through a hardened valve seat portion 
of an engine block. 

Referring to the drawings in detail, the ob 
ject Operated upon is here shown as the engine 
block 9 of a multi-cylinder internal combustion 
engine having a COEical Valve seat portion 
formed about the upper opening of the valve duct 
or channel 2 adjacent a cylinder bore 3, which 
valve seat portion is to be hardened or provided 
With a hardened Zone near and including the 
valve seat Surface f i. The induction heating 
element or tool is comprised in general of the 
inducing conductor. 4 looped in a single annulus 
provided with a magnetic core element 5 and 
carried at the lower end of the tool frame 6 
Separably Secured to a tool shaft 6' for move 
ment into and out of operative relation with the 
Valve Seat as well as for rotary movement with 
relation to the Valve seat, the lowermost end of 
the tool frame carrying a quenching nozzle 7 
below the inducing conductor and in fluid con 
nection with a fluid conducting channel 8 ex 
tending through the tool frame and continuous 
with the channel 8' in the tool shaft. While no 
Special means for effecting vertical and rota 
tional movement of the tool shaft is shown here 
in, it is understood that any known or other suit 
able means for imparting a vertical and rota 
tional movement to the shaft may be used, for 
example, Such as is shown in my copending ap 
plication Serial No. 164,320, filed September 17, 
1937. 
The inducing conductor 4 is of general rec 

tangular croSS Section arranged in an annular 
loop coaxial with the axis of the tool shaft and 
Set with its rectangular cross sectional contour 

55 at an angle so that its lower, Outer annular face 
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may be brought into parallelism with the face 
of the valve seat. The lower outer portion of the 
inducing conductor 4 is also provided with an 
nular projecting portions along its edges forming 
an annular recess having surfaces arranged to 
lie substantially parallel to and in substantially 
equally close proximity to both the valve seat sur 
face and the adjacent surfaces 9 and 2 for 
a substantial distance from the edges of the 
valve seat. Similarly the angular magnetic Core 
element S is formed with an annular recess 2 
facing outwardly and downwardly to receive the 
inducing conductor is and also the valve seat 
surface for an appreciable depth. Thus both the 
inducing conductor and its magnetic core ele 
ment 5 are arranged to partially embrace the 
valve seat portion and to receive the valve seat 
surface for an appreciable depth. The core ele 
ment 5 is built up preferably of a series of ta 
pered radially arranged laninations to form a 
compact mass of radially laminated material, the 
laminations being clamped in position near the 
lower end of the tool frame 6 between the clamp 
ing shoulder 22 and the top portion of the quench 
ing nozzle which latter is fitted over a reduced 
lower extension of the tool frame in clamping 
relation with the laminated core element 5 by 
means of a clamping nut 28 threaded onto the 
thread extension 25 at the lower extremity of the 
too frame. . 
An insulation lining 26 suitably insulates the 

conductor 4 from the core element 5, the con 
ductor 43 having one terminal grounded or con 
nected to frame through a terminal extension 2 
(Fig. 4) which connects with the tool frame 3 
through means of a binding screw 28. The other 
terminal of the conductor loop is connected 
through a terminal extension 29 (Figures 2 and 5) 
to a conducting sleeve extension 36 through a 
binding screw 32, the sleeve extension 36 being 
insulated from the tool frame 6 by means of an 
insulating bushing or sleeve 32. Insulation of the 
terminal extension 29 from the core element 5 
may be effected by means of the air gap 33 as 
shown: Ör by other suitable insulating material 
inserted between the extension 29 and the core 
element. Electrical connection is extended from 
the sleeve extension 30 up along the tool shaft 
6' by means of the conducting sleeve 34 sur 
rounding the tool shaft and insulated therefrom 
by the insulating sleeve 35 and washer 36. Elec 
trical contact is established between the sleeve 
extension 36 and conducting sleeve 34 through a 
separable electrical connection comprising the 
conducting bar 3 Secured to the sleeve extension 
36 as by Welding or brazing, and extending up 
around the insulating Washer 36 into sliding con 
tact with an axially extending groove in the arc 
shaped lug 38 secured to the shoulder 39 on the 
conducting sleeve by a Screw 0. The too shaft 
S is also rendered separable in the vicinity of 

the shoulder 39 by means of the complementary 
threaded Sections 8 and 42 so that the heating 
tool per se may be separated from the too shaft 
and conducting sleeve 34 by simply removing the 
screw 60 permitting relative rotation between the 
tool shaft 6' and the heating element with re 
Sultant separation of the complementary thread 
ed portions , 42. 
With the heating tool or element Constructed as 

above described, high frequency energizing cur 
rent may be supplied to the inducing conductor 

by way of the tool shaft 6 and conducting 
sleeve 34 as current leads Over a path which 
may be traced from the tool shaft. A 6', too frame 
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2,268,527 
6, terminal extension 27 (Figure 4), inducing 

conductor (, terminal extension 29 (Figure 2), 
sleeve extension 38, conducting bar 3 and arc 
shaped contact element 38 to the shoulder ele 
ment 39 and conducting sleeve 34. Thus the 
heating element may be readily supplied with en 
ergizing current from a suitable source of high 
frequency current as indicated diagrammatically 
at 63 through leads connected to the concentric 
shaft and sleeve arrangement (6'-38 in any 
known or other suitable manner as through a 
sliding contact arrangement, such for example as 
that shown in my copending application above 
referred to. 
The quenching nozzle is in the form of an 

annulus fitted around the lower, reduced exten 
sion 36 of the tool frame 3 with a snug fit 
and held thereon in clamping relation against 
the laminations of the core element 5 by the 
clamping nut 24 through the pressure washer 26'. 
It is provided with a series of spray orifices 45 
connected through an annular manifold duct & 
with the radial ducts 36 extending inwardly into 
communication with the central channel 8 in the 
tool frame 6. The quenching nozzle may 
thus be supplied with a suitable quenching fluid 
from a Source not shown, through the channel 8' 
of the tool frame 6. By forming the spray noz 
2le as shown with outwardly directed orifices, it 
may be made much smaller in diameter than the 
diameter of the valve seat to enable it to pro 
ject into the relatively small diameter valve duct 
or channel 2 below the valve seat when the in 
ducing conductor 4 is in operative relation with 
the valve seat. 
To insure proper alignment of the heating tool 

With the valve seat in its movement to and from 
the valve seat, and in its rotary movement with 
relation to the valve seat, a supplemental guide 
fixture 88 is provided which, for the treatment of 
a multi-cylinder engine block as here shown, is 
arranged to fit over the top of one half of the 
V-type block and is provided with a plurality 
of piston-like dowel elements 49 for holding the 

5 guide fixture in place on the engine block in pre 
determined position relative to the cylinder bores 
and valve seats. The guide seat fixture 88 is 
provided with a plurality of guide openings 50 
arranged to align with certain of the valve seats, 
in the present case alternate valve seats to per 
nit the use of heating tools of diameters greater 
than the center-to-center spacing between adja 
cent valve seats. To maintain the conducting 
sleeve extension 30 of the tool insulated from the 
guide fixture during its sliding and rotational 
movement within the guide opening 50, such ex 
tension is provided with an insulating covering 
or bushing 5 which also acts as a bearing sleeve 
between the heating tool and the inner surface 
of the guide opening. To extend the fux gener 
ated in the core element 5 radially outwardly be 
yond the valve seat and to an appreciable depth 
below the valve seat surface, and to shield the 
guide fixture 68 in the vicinity of the guide open 
ing from the flux, a radially laminated lining 
sleeve 52 of appreciable radial depth is inserted 
in the guide element so as to extend downwardly 
between the guide element and the radially outer 
most face of the core element to near the outer 
edge of the valve seat. The magnetic lining 52 
like the core element 5 is built up of a compact 
series of radially tapered laminations arranged as 

75 

indicated in Figure 3 to form a compact mass of 
radially laminated material, the laminations 
being extended radially outwardly at their upper 
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ends to permit their being clamped in position 
within the guide opening between suitable upper 
and lower clamping rings held in position by the 
clamping ring nut 53. 
For the treatment of an eight cylinder V-type 

engine block as here indicated, it is preferable to 
use the heating tools in groups of 4, Spaced so as 
to align with alternate valve seats. The guide 
fixture 48 is, therefore, provided with a group of 
four guide openings 50 arranged to align with 
alternate valve seats, for use as guides for the 
group of four heating tools. For the interne 
diate, alternate valve seats not provided for by 
the guide fixture 50 shown in position at the 
lower half of Fig. 1, a second guide fixture Sin 
ilar to the one shown but formed as a mirrored 
image thereof is provided, having guide openings 
registering with the Said intermediate alternate 
valve seats. The guide fixture as Shown in dot 
ted lines at the top of Figure i is the same as that 
shown at the bottom of Figure i except that it is 
turned around in the plane of the drawings. 

It is to be noted that while the magnetic lining 
element 52 is shown as extending a considerable 
distance upwardly from the inducing conductor 
4 such an extension is not necessary froii ar. 

electrical standpoint but is used as a construc 
tional expedient to provide for the mounting of 
the laminations, in fact it is possible to do away 
with the lining element 52 altogether, replacing 
it by a further radial extension of the core ele 
ment 5 to carry it radially over the outermost 
edge of the valve seat and between the inducing 
conductor and the guide fixture, it being under 
stood that the insulation sleeve or bushing 5 and 
guide opening 5 Would be increased to a dia.in 
eter at least equal to that of the extended core 
element. Inasmuch as the second group of alter 
nate valve seats would run in a different order 
from the first group, that is instead of running 
in the order of exhaust, inlet, etc., as indicated 
by the initials E, I, etc., respectively, at the bot 
tom of Figure 1, would run in the order of inlet, 
exhaust, etc., it would be necessary to provide 
two groups of heating tools arranged in opposite 
order. On the other hand, it will be obvious that 
by suitable relative lateral movement between the 
engine block and the heating tool, a single heat 
ing tool may be used. In either case, the heating 
tool or tools would be Suitably arranged for lat 
eral and rotary movement as well as for the sup 
ply of electrical energy and quenching fluid in a 
manner similar to that shown and described in 
my copending application Serial No. 164,320, 
filed September 17, 1937. 

In operation with the guide fixture in position 
as shown in the drawings, the tool shaft 6 is 
moved downwardly to slide the heating tool as 
semblage into the guide opening 50 and into the 
position shown in Figure 2 with the inducing 
conductor 4 parallel to and in close proximity to 
the surface of the valve seat , and the quench 
ing nozzle 24 extended down into the valve duct 
2 below the valve seat. Upon assumption of 

this, the operative position of the heating tool, 
energizing current is supplied to the inducing 
conductor 4 from the source 3 through the tool 
shaft 6 and conducting sleeve 8 over a path 
previously traced, the connection with the source 
43 including any known or other suitable Switch 
ing and control System which for example may be 
similar to that shown in my Copending applica 
tion Serial No. 96,346, filed August 7, 1936. En 
ergization of the inducing conductor loop 4, due 
to the peculiar shape and arrangement of the 
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conductor and the core element 5 and their 
position in relation to the valve seat, causes an 
nular heating currents to be induced in a 2-one 
near and including the valve surface and the ad 
jacent portions of the adjoining Surfaces extend 
ing away from the valve surface, thus heating 
that portion of the cylinder block which consti 
tutes the valve seat and adjacent portions. Dur 
ing this heating operation, the heating tool is ro 
tated relative to the Valve seat so as to offset any 
unevenness in the haated Zone due to lack of 
absolute symmetry of the annular loop portion of 
the inducing conductor resulting from the pres 
ence of the terminal connections at one side of 
the loop. 
Upon attainment of the proper hardening tem 

perature, the current Supply to the inducing con 
ductor is discontinued and the heating tool to 
gether with the quenching nozzle 23 is raised to 
bring the nozzle above the level of the valve seat 
to a position where quenching fluid, for example 
Water, flowing from the Spraying jets will be di 
rected against the Wave seat to quench the same, 
the quenching fluid being at this time supplied 
through the channel 8 in the tool shaft. The 
time and duration of application of quenching 
fluid, as Well as the time and duration of appli 
cation of energizing current to the inducing con 
ductor, may be controllied by any known or other 
suitable timed controlling device not shown, and 
which for example may be similar to that shown 
in my Copending application last above referred 
to. At the end of the quenching period the tool 
shaft, S is raised further to carry the heating 

; tool and Spray nozzle upwardly clear of the guide 
fixture, to permit replacement of the guide fix 
ture, removal of the engine block or displace 
ment of the engine block with respect to the tool 
element as required, and according as to whether 
a single heating tool is used for Several Valve 
seats of like diameter, or a group of several heat 
ing tools. 
Where a single heating tool is used for the 

Several valve seats of like diameter, there will, 
of course, be required two such tools because of 
the difference in size between the exhaust, valve 
and the intake valve. 
While, in Figure 6, I have shown the hardened 

Zone as of a particular contour by Way of ex 
ample and for the sake of illustration, it is to be 
understood that such Zone may not assume the 
particular contour shown but may vary there 
from appreciably, without departure from the 
desired result, that of obtaining a hardened 
ZOne near and including the valve seat surface 
and parts adjacent thereto. 
While I have herein shown and described a 

Specific embodiment of my invention for the sake 
of disclosure, it is to be understood that the 
invention is not limited to such specific embodi 
ment but contemplates all such modifications and 
variants thereof as fall fairly within the scope 
of the appended claims. 
The method disclosed herein forms the subject 

matter of a Copending divisional application 
Serial No. 274,959, filed May 22, 1939. 
What I claim is: 
1. Apparatus for heat treating a conical valve 

Seat formed in an opening in an article of mate 
rial hardenable by heat treatment and in which 
the valve seat is Supported on a portion having 
surfaces adjacent the valve seat extending away 
from the valve seat at an angle thereto, which 
apparatus comprises an inducing conductor 
looped in an annulus coaxial with the valve seat 
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and provided with an annular recess having Sur 
faces arranged to be substantially parallel to 
and in substantially equally close proximity to 
both the valve seat surface and the Said adjacent 
surfaces for a substantial distance from the 
edges of the valve seat. 

2. Apparatus for hardening a conical valve 
seat formed in an opening in an article of mate 
rial hardenable by heat treatment, which appa 
ratus comprises an inducing conductor looped 
in an annulus arranged coaxially with the Con 
ical valve seat in close proximity thereto and 
having an annular surface portion adjacent the 
valve seat extending Substantially parallel to the 
valve seat and . annular projecting portions ex 
tending around the edges of the conical valve 
seat to include between them the valve seat and 
a portion of the object to a substantial depth 
from the valve. Seat. 

3. Apparatus for hardening a conical valve 
seat formed in an opening in an article of Inate 
rial hardenable by heat treatment, which appa 
ratus comprises an inducing conductor looped in 
an annulus arranged coaxially with the conical 
valve seat in close proximity thereto and having 
an annular recessed portion arranged to receive 
the valve seat to a substantial depth. 

4. Apparatus for heat treating a conical valve 
seat formed in an opening in an article of mate 
rial hardenable by heat treatment and in which 
the valve seat is Supported on a portion having 
Surfaces adjacent the valve seat extending away 
from the valve seat at an angle thereto, which 
apparatus comprises an inducing conductor 
looped in an annulus coaxial with and in close 
proximity to the valve seat, an annular core ele 
ment of magnetic material extending around the 
conductor and across the edges of the valve seat 
to receive the valve seat to a substantial depth, 
and means for supplying energy to said inducing 
conductor. 

5. Apparatus for hardening an annular pro 
jection, forming an integral part of an object of 
a material hardenable by heat treatment, 
throughout a localized zone near and including 
the surfaces of the annular projection, compris 
ing an annular inducing conductor arranged co 
axially with the annular projection and movable 
axially into and out of proximity to the projec 
tion and having faces extending substantially 
parallel to the faces of said projection forming 
an annular recess in the conductor for partially 
enclosing the annular projection, and means for 
Supplying energizing current to said conductor. 

6. Apparatus for hardening a valve seat 
formed in an opening in an article of material 
hardenable by heat treatment which apparatus 
comprises an annular induction heating element; 
arranged to be moved vertically into and out of 
Operative relation with the valve seat but of too 
great diameter to enter said opening, a spray 
nozzle of less diameter than the diameter of the 
heating element mounted below the heating ele 
ment for movement therewith and of a diameter 
Such that it may enter the opening positioned to 
project into the opening in the article below the 
valve seat while the heating element is in oper 
ative relation with the valve seat and to be 
noved out of the said opening into operative re 
lation with the valve seat upon movement of the 
heating element out of operative relation with 
the valve seat. 

7. Apparatus for hardening a valve seat formed 
in an opening in an article of material hardenable 
by heat treatment which apparatus comprises an 
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annular induction heating element arranged to 
be moved vertically into and out of operative 
relation with the valve seat but of too great 
diameter to enter said opening, a spray nozzle of 
less diameter than the diameter of the heating 
element for movement therewith and of a diam 
eter such that it may enter the opening posi 
tioned to project into the opening in the article 
below the valve seat while the heating element 
is in operative relation with the valve seat and 
to be moved out of the said opening into oper 
ative relation with the valve seat upon movement 
of the heating element out of operative relation 
With the valve seat, said heating element and 
nozzle being mounted to permit rotation thereof 
relative to the valve seat. 

8. Apparatus for heat treating a valve seat in 
the cylinder block of an internal combustion 
engine, comprising a supplemental guide fixture 
having a guide opening therein and arranged to 
be secured to the engine block with the guide 
opening in alignment with the valve seat and 
means for positioning said guide fixture on said 
engine block in a single fixed relation with said 
guide opening in axial alignment with the valve 
Seat, and an induction heating device arranged 
to be moved through said guide opening into and 
out of operative relation with the valve seat. 

9. Apparatus for heat treating a valve seat in 
the cylinder block of an internal combustion en 
gine, comprising a supplemental guide fixture 
having a guide opening therein and arranged to 
be secured to the engine block with the guide 
Opening in alignment with the valve seat, and 
an induction heating device arranged to be moved 
through said guide opening into and out of opera 
tive relation with the valve seat, together with 
a laminated shielding sleeve of magnetic mate 
rial lining the inner wall of the guide opening 
near the end nearest the valve seat. 

10. Apparatus for heat treating valve seats in 
a multi-cylinder engine block, comprising a guide 
fixture having a plurality of dowel elements ar 
ranged to fit Snugly into certain of the cylinders 
to accurately position the fixture on the cylinder 
block, said guide fixture having a plurality of 
guide openings arranged to align with certain 
of Said valve seats, a plurality of cylindrical tool 
carriers arranged to slide into aid out of said 
guide openings, an induction heating element 
carried by each of said tool carriers for move 
ment into and out of operative relation with the 
valve seat, means for supplying energizing cur 
rent to the heating element through the tool 
carrier, a quenching nozzle carried by the tool 
carrier below the heating element of a diameter 
less than that of the valve seat to enable it to 
move into the valve opening below the valve seat 
upon movement of the heating element into op 
erative relation with the valve seat, and to move 
into operative relation with the valve seat upon 
movement of the heating element out of opera 
tive relation with the valve seat, and means for 
Supplying quenching fluid through the tool car 
rier to the quenching nozzle. 

11. Apparatus for heat treating a valve seat 
formed integrally in an opening in an article 
hardenable by heat treatment which apparatus 
comprises a tool shaft of electrical conducting 
material having a fluid conducting channel ex 
tending axially thereinto, a conducting sleeve 
fixedly mounted on the tool shaft and insulated . 
therefron, an inducing conductor carried near 
the lower end of the shaft, looped in a single 
annulus coaxial with the shaft and insulated 
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from the shaft, except at one terminal, said one 
terminal of the loop being electrically connected 
to the shaft and the other terminal electrically 
connected to the Said conducting sleeve, a mag 
netic core element for the annular loop portion 
of the inducing conductor Surrounding the con 
ductor on three sides and extending beyond the 
conductor in the direction of the valve seat to 
receive the valve depth to an appreciable depth, 
and a Spray nozzle Secured to the lower end of 
the shaft below the inducing conductor and con 
nected with said channel for fluid supply there 
from. 

12. Apparatus for heat treating an annular 
valve seat on a body having an adjacent annular 
shoulder, comprising a guide fixture, having cen 
tering means for engaging said annular shoulder 
and centering the apparatus with respect to Said 
Shoulder and a guide aperture positioned in fixed 
relation to the means for engaging said shoulder 
for axial alignment of the aperture with said an 
nular valve Seat. 

13. Apparatus for heat treating an annular 
valve seat. On a body having a pair of adjacent 
spaced shoulders, comprising a guide fixture, 
inawing means for engaging both of Said shoul 
ders simultaneously and rigidly and in a single 
fixed relation with respect to said annular pro 
jection and a guide aperture positioned in fixed 
relation to Said shoulders for axial alignment of 
the aperture With Said annular valve seat, and an 
induction heating device arranged to be moved 
through said guide aperture into and out of op 
erative relation with the annular valve seat, 

14. Apparatus for hardening an annular pro 
jection forming an integral part of an object of 
a material hardenable by heat treatment, said 
projection being arranged about a recess in the 
object, which apparatus comprises an annular 
induction heating element arranged to be moved 
into and Out of operative relation with the pro 
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jection but of too great diameter to enter said 
receSS, a Spray nozzle mounted upon the heating 
element for movement therewith and of a diam 
eter such that it may enter said recess and adapt 
ed to project into the recess in the object while 
the heating element remains therewithout in op 
erative relation with the annular projection, and 
to be moved out of the recess into operative rela 
tion with the annular projection upon movement 
of the heating element out of operative relation 
with the annular projection. 

15. An apparatus for hardening the surface of 
revolution which is inclined to its axis, an in 
ducing conductor axially movable to a position 
adjacent the surface to be hardened for heating 
the same by electromagnetic induction, a quench 
ing nozzle Secured to and adjacent said conductor 
On the side thereof toward the apex of said sur 
face and of Substantially less diameter than said 
inducing conductor whereby Said nozzle may be 
retained in readiness for use While the surface is 
being heated, said inducing conductor and nozzle 
being movable together generally axially until 
the nozzle is in a position to direct a stream of 
quenching fluid onto said surface, and means 
for supporting said conductor and nozzle sub 
stantially axially with respect to said surface. 

16. An apparatus for use in hardening a valve 
seat in an engine block having a recess adjacent 
said seat and comprising a guide fixture having 
centering means for engaging the Wall of said 
recess to snugly fit therein, said fixture having a 
guide aperture axially aligned with said seat, a 
quenching head movable axially in said aperture 
for cooling said seat after the same has been 
heated to a hardening temperature and means 
for supplying cooling fluid to said quenching 
head, said guide fixture and guide aperture por 
tion axially aligning the quenching head with 
said valve Seat. 

HOWARD E. SOMES. 


