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The heat treatment of steel, for instance, for
the purpose of surface hardening, is usually car-
Tied out by inductive devices whose loop conduc-
tors are connected to g transformer which sup-
plies the required current of low tension and
high current density. When such inductors are
used for the heating of work pieces that are not
bordered by shoulders or other projections, it is
not necessary to subdivide the inductor because
it can be placed onto the work piece without dif-
ficulty. However, if the work piece to be treated
has shoulders or projecting portions of relative-
Iy large dimensions, the inductor must be sub-
divided in order to permit placing it onto the
work piece portion to be treated. In this case,
the inductor is generally composed of two half
portions which during the treatment of the work
biece are held together by suitable fastening
means,

This, for instance, is the case when treating
crank shafts, cam shafts, crank ping and similar
parts which are to be hardened and whose pins
to be treated are bordered by the hubs, bosses
or cams of the shaft. As far as the heating per~
formance is concerned, the just-mentioneq sub-
divided inductors are well proven in practice.
However, if work pieces or zones of different di-
mensions are te he treated, it is hecessary to
provide inductors of correspondingly different di-
mensions so that a speeial inductor of suitable
shape and size is available for each of the zones
of the work piece to be heated.

In order to treat the various paris of crank
shafts, as many hardening stations must be pro-
vided as the crank shaft has pins of different
dimensions. For instance, if a crank shaft for s
diesel engine has six eceentrically located crank
pins and seven centrie bearing pins and if an
of these pins are to be hardened, as much as five

to seven treating stations are needed because 4

the crank pins have dimensions different from
those of the intermediately loeated bearing pins,
and the various bearing pins may also have re-
spectively different dimensions, After the six
eccentric erank pins have been hardened in the
first station, the first bearing pin is treated in
the second station, the second to fifth bearing
bins in the third station, the third bearing pin
in the fourth station, and the fourth to seventh
bearing pins in the fifth station, ete. The num-
ber of the required treating stations is deter-
mined by the number of the bearing and crank
pins of respectively different dimensions.

Since the treating equipment must be designed
for the most unfavorable case of application, it

10

80

a5

2

@s generally necessary to provide seven treat-
Ing stations. Each of these stationg may be con-
nected through g transformer and a suitable
switch to a common generator, and suitable con-
trol devices may take care that only one of the
:pations is connected with the generator at a
ime.

As apparent from the foregoing, a rather large
and intrieate installation ig necessary for this
kind of heat treatment for the surface hardening
Or erank shaft ping ang similar work pieces. The
exchange of the various inductors is time-con-
suming and complicated go that, with the cus-
tomary Inductors, g considerable disadvantags
must be put up with when using induction heat-
ing and hardening equipment,
~ It is an object of mmy invention to devise an
inductor for application to work pieces of a large
variety of diameters ang widths which greatly

duced. It is also an obieet of the invention to
make an inductive heating device applicable for
work piece zones of different dimensions and
shapes while using for the various Z0nes a single
inductor pase member whose connections to the
current supply circuit need not be changed when
adapting the inductive device to the various zones
or work pieces.

In order to achieve these objects, and in ag-
cordance with my invention, I provide a heating

One of these members, herein-
after called the “bage membher,” has two mutual-
1y insulated parts or rails to be connected to the
respective two poles of the energizing transformer
or other current scurce., The width of this base
member in the axia] direction of the work piece
15 adapted to the smallest width of the work
plece portion to be treated. The second mem-
ber of the inductor, hereinafter called the “cap
member,” ig removably connected with the base
member and hag its width ang diameter adapted
to any other portion of the work piece to be
treated.
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According to another feature of the invention,
5 plurality of differently dimensioned cap mem-
bers are provided adapted to the respectively dif-
ferent work bieces or zones to be treated; and

any cne of these cap members can be selected .

for attachment to a single base member.

These and other cobjects and features of the
snvention will be apparent from the following de-
scription in coniunction with the embodiments
exemplified by the drawing, in which

Figure 1 is a schematic side view and Tig. 2
s front view of an inductor according to the in-
vention;

Tig. 2 is a partialiv schematic side view and
Tig. 4 a front view of another inguctor according
to the invention;

Pigs. 5 and § represent schematically a side
view and front view, respectively, of a third in-
ductor according to the invention;

Tigs. 7 and 8 are side and front views, respec-
tively, of another embodiment, and

™es. O and 10 are schematic illustrations of
two respeciive cther medifications of inductors
according to the invention.

wigs. 1 and 2 elucidate schematically the design
and operating principle of inductors according tc
the invention. A portion of a work piece W, icr
instance. a erank pin, is te be treated. The in-
duetor for heating the crank pin is composed of
5 hose member A and a cap member B. The
width of base member A, measured in the axial
direction of the shaft, is sn chrsen that it is not
lareer than the width of the shortest shaft por-
tion or pin 4o be treated. Member A is comnposed
of two ecnductive parts or rails that are rigidly
interconnected hvt insulated from each other as
ig shown at d. The two rails are to be conn cted
to the regpective poles of a transformer or other
source of alternsting current of the suitable fre-
cuency, for instance, radio frequency. The cap
member B is of arcuate shape and has two flange
portions in engagement and electric contact with
the two rails of the base member A to which it
is remavably attached., The inner diameter and
the axial width cf cap member B are in aceord-
ance with those areas of the work vplece portion
to bhe treated that are outside the effective range

of member A. Generally, the base membear A of

the inductor acts on the center area and the cap
member B on the adiacent outer- areas of the
work biece portion. For instance, when the
crank pin to be treated has a diameter of 10 cm.
and a width of absut 10 em., the same inductor
hase member A of ebout B em. width can be 1sed
as Tor 2 pin of only 5 cm. diameter and 5 cm.
width., Onlv the cap member B is different for
crank pins of different dimensicns. In the first-
mentioned case, member B has an coverall axial
width of ahout 16 em. and an inner diameter of
about 10 em., while in the second case member B
of the inductor has a width of about 5 cm. and
an inner diameter of sbout 5 cm: The just-men-
tioned numerical values are approximate because
the nesessary tolerances between the surfaces of
the work piece and the surfaces of the heating
inductor. of course; are to be considered. During
the heating, the work piece W is kepd revolving
ahout the axis of the poriion to be treated in
order to seeure an even distribution of the tem-
perature.

Tt will be recognized that the fiange portions
of cap member B which contact the member A
are interconnecied by the heating condustors C
proper. In the emhodiment of Tigs. 1 and 2, twe
such conductors C extend in parallel relation o
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each other on either side of the range of base
member A. As a rule, the conductors are So dis-
posed and dimensioned as to secure a desired
heat distribution in the treated zone of the work
piece, for instance, so that the temperature in
the surface portion of the treated piece is dis-
tributed in a predetermined manner. To this
end, the heating conductors may have different
shapes and may extend at different or varying
angles relative to the azial direction of the crank
pin, as will be ynderstood from the embodiment
described in a later place with reference to Figs.
5 and 6.

It is generally desirable io keep the gap be-
tween the inductor and the surface of the work
piece as narrow as possible. When using the
same base membper A for work pieces or zones of
different diameters, the gap between base mem-
Ler and work pieces, of course, will differ. In
order to reduce this difierence, the surface area
of the bage member facing the work piece is pref-
erably curved, for instance, in the manner shown
at D in Fig. 1.

Tn the emhbodiment according 0 Tigs. 3 and 4,
the base member Ar of the induector iz composed
of two flat copper rails a1 and a2 which are in-
smiated from each other at & for eonnecticn to
the respective poles of the power transformer or
other current source. The rails ¢ and dz are dig~
posed at an angle of 180° relative to0 sach other,
i, e. their surfaces facing the work piece are
aligned within a conumcn planse.

The upper portion of Figs. 3 snd 4 show the
inductor equippz¢ with & removable eap member
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eter and large axial width, while the lower hall
of the same illustrations shows & cap mamber
for treating o pin of smaller diamever and smaller
width. Each cap member has two heating con-
guctors b1 and bz (Fig. 4) exfending paraliel to
each other between flange poriions fi and fo.
Clamping devices G connect the cap member with
the base member under pressure applied, for in~
stance by means of a clamping eccentric. In
order to secure a prober positicn of the two in-
ductor members relative to each other, the hase
member is equipped with guiding lugs H. During
the treatment, the portions of the work piece to
be treated revolve in the direction of the arrow J.
The work piece portion is centered by mesns of
guiding rollers ¥ of non-magnetic material.

Tt is usually desirakle to cocl the inductor with
waser. To this end, the inductor members are
preferably hollow angd have ducts for the cool-
ing water exbtending along the path appareni’
from the arrows L which indicate the flow di-
rection of the water. As apparent from thess
sirows, the water enters into the rail ¢1 and
fows through the condustors b1 and bz to the
vail gz, If an intensive cocling is required, a
separate fow of watber can be supplied througt
each of the copper rails a1, 02 whence it flows
through conly one-half of part b before it leaves
the inductor. The connections through which
the water flows from the base member to the
cap member of the inductor is tightenad by gas-
rets which ars subjected to the high clamping
pressure between the two inductor members.

The inductor current flows in the direction of
the arrows M. The heat distribution is influ-
ended simply by selecting the width W (Fig. 4)
of the heating conductors bi, bz of the cap mem-
per. A large width of these conductors produces
an’ ingreased heat intensity in the middle area
of the work piece, while a reduced width of the
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heating conductors increases the heat intensity
in the outer sections of the work piece portion
under treatment.

When using the inductor for the purpose of
surface hardening, it ig desirable to provide s
suitable quenching device for quenching the sur-
face after it hag reached the hardening tem-
perature. These quenching devices may be dis-
bosed at the side of inductor base member,
However, these devices may be additionally or
exclusively arranged st the cap member between
the conductors b; and bz. In this case, the cap
member of the inductor is equipped with a sup-
ply line for the duenching water, However, the
water may also be supplied through the base
member and through openings in the contact
surfaces between base member and cap member.,
The loop member is equipped with a handle (not
shown) to facilitate exchanging it after each
treatment.

In the embodiment shown in Pigs. 5 and 6,
the two copper rails az and as of the base mem-
ber Az extend at an angle of 90° relative to each
other. The corner portion, at o, of the angular
design is shaped to reduce the air gap between
work piece W and base member Az. Two of the
guide rollers ¥ in this embodiment are journal-
led on the base member while only one of them
is mounted on the remevable loop member B.
The two inductor members are joined togethar
by means of bolts P which are rigidly securad to
member B and traverse respective bores P in
member A2 of the inductor., in the rear portion
of the inductor, the bolts P are pulled magneti-
cally, miechanically or hydraulieally by suitable
pressure means (not illustrated) in order to se-
cure a satisfactory contact DPressure. The guide
rellers X of the base member are preferably dis-
placeable in the diréction of the arrows Q in or-
der to adjust these rollers for different diame-
ters of the work pieces to be treated. The con-
tact surfaces of the inductor members may be
serrated as shown at R1, Re, in order to improve
the contact between mempers A2 and B.

Instead of two parallel connected heating con-
ductors as described previously, the part B of
the inductor shown in Fig. 6 has only a single
heating conductor which extends between ter-
minal bars f3 and fe. The terminzl bars are
Jjoined with the two respective flanges of cap mem-
ber B. This design permis controlling and
varying the heating zone as desired by a corre-
spending selection of the width and arrange-
ment of the heating conductor.

In the embodiment according to Figs. 7 and g,
the base member of the induector is substantially
semi-circular and composed of two arcuate rails
G5 and me. This permits a considerable reduc-
tion of the air gap for all diameters of the work
bleces to be treated. n orcer to secure a suffi-
cient pressure at the electric contact surfaces
and the connecting joints of the water ducts,
the inner surfaces of parts @5 and s may have
a stepped design as indicated at Y, or these sur-
faces may have grooves T engageable by a cor-
responding projection TV of member B,

The cap member B of the inductor is held un-
der pressure against the steps or notches by
means of holts P: and P;. A pulling force in the
direction of the arrows P is applied to these holts
by suitable mechanical hydraulic or pneumatic
eans. It will be understood that the wupper
half of Pigs. 7 and § shows the inductor applied
to a work piece portion of large diameter, while
the lower half of these figures shows the induc-
tor applied to a work piece of small diameter.
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Because of the electric or coolant supply lines,
it is sometimes difficult to accommodate the
guide rollers. T% is, therefore, often desirable to
depart from the substantially symmetrie design
of the inductors according to Figs. 1 through 8§,
while, of course, maintaining a symmetric tri-
angular arrangement of the guide rollers. This
is exemplified by the device shown in Fig. 9. in
this device, two guide rollers K are mounted on
the removahle cap memper B of tha inductor,
while the third roller K is mounted on the hase
member. The two rails g of the base member
are aligned with each other but have different
lengths, ang the roller X is mounted on the
longer one of the two rails. In the embodiment
of Fig. 10, the rails ¢ of the inductor base mem-
ber are of arcuate shape. The appertaining ter-
minal or hus portions M’ for supplying current
are bent, and one of the guide rollers X is dis-
posed at about the centar of one of the arcuate
rails @, while the remaining two rollers X are
mounted on the removable loop member of the
Inductor. 1t ig also possible to have the rails
¢ extend st a right angle to each other and to
Gispose ‘the appertaining one roller K near the
point of the angle. Tt is obvicus that various
other modifications of design ang shape are ap-
blicabls in order to secure s simple and favorable
arrangement of the guide rollers,

The invention is not limited 4o the Mustratad
and specifically described embodiments. For in-
stance, the efficiency can pe improved by arrang-
ing magnetic yokes on the inductors or the
appertaining heating conductors, and the various
features of the invention can pe combined with
one another in a manner different from #he spe-
cific emhodiments here disclosed, The shape of
the inductors may be changed in order to adapt
them to work bieces different from those men-
tioned in the foregoing,

I claim:

1. An induector ‘device for heat treating work
bieces, in varticular crank shafts, comprisiz g an
inductor bass member having two conductive

- rails rigidly joined with each other, each of sziqg

rails being of generally angular shape and hav-
ing twe angle legs of which one extends paralle]
and adjacent to the corresponding leg of the
other rail, insulation disposed hetwesn 32id par-
allel legs for electrically insulzting said rails
from each other, said two other legs of said re.
spective rails being serially arranged with
to each other ang forming together o g1
tially continuous surface facing tha
when the device ig in operative congditi 0, and
said other legs having respsctive end fianges re-
mote from each other, an arenate member hgv-
ing g heating conduetor portion of suhsliantinlly
horseshoe-shaped axial elevation ang having two
ends angularly ang cutwardly proisctine
said conductor portion in a plane na 5
of the horseshoe shape, said ends 1 ‘g in con-
e

tact engagement with said respectiv fizn
when said deviee is in said condition, said an U=
ate member forming in series with said two other
legs of said respective rails a closed locp around
the work-piece axis in said condition, saig loop
having a loop cpening of larger size than the
Cross section of the work plece to be treated and
of an irregular shape compared with a cirgle, and
releasable fastening means connecting said re-
spective ends with said flanges 0 permit ex-
changing the arcuate member,

2. An induector device for heat treating work
pieces, in particular crank shafts, comprising an
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inductor base member having two serially adja-
cent conductive rails rigidly joined with each
other and electrically insulated from each other
for. connection to a. current source, said rails
having respective flange portions extending away
from each other, & plurality of arcuate members
each having a conductor portion of substantially
horseshoe-shaped axial clevation and two end
portions, said conductor portions of said respec-
tive arcuate members having different dimen-
sions including different arcuate widths so that
said two end portions of different respective
greuate members are differently spaced from
each other, said two flange portions of said re-
spective rails having respective seating surfaces
each having a plurality of mutually adjacent seat
areas engageable with the end portions of arcu-
ate members of respectively different widths,
whereby said different arcuate members are se-
iectively joinable with said base member and to
form together with sald base member an induc-
tive loop around the work-piece axis, said locp
having a loop opening of larger size than the
work-piece cross section to be treated and of a
shape departing from a circle. :

3. An inductor device for heat treating work
pieces, in particular crank shafts, comprising an
inductor ‘bagse member having two serially adja~
cent conductive rails rigidly joined with each
cother and clectrically insulated from each other
for connection to & current source, an arcuate
member exchangeably secured to said base mem-
per and having two flange portions and two sub-
stantially horseshoe-shaped heating conductors,
said ecnductors oeing mutually spaced and ex-
tending parallel to each other hetween said two
flange portions, said flange portions keing in
face-to-face engagement with said respective
rails and said arcuate member forming together
with said rails a loop around the work-piece axis
when the device is in operation.

4. Tn o device according to claim 1, said two
rails having respective current supply buses inte-
gral with said two parallel legs respectively, and
said two other legs having different respective
lengths so that sald two supply buses lie out of
center relation to said surface.

5. An inductor device for the heat treating of
crankshafts and similar axially elongated work
pieces, comprising an inductor base structure
having two metal rails with respective electric
terminal means fov connection to . a curreni
source, said rails being snsulatingly and rigidly
joined with each other and extending in opposite
directions away from their junction, said rails
having respsctive jongitudinal surfaces extend-
ing in said respective directions and forming
each a continuation of the other, an arcuate con-
ductor member removably mounted on said base
and electrically interconneciing said rails, said
member having transversely to said surfaces a
larger width than said base structure and com-~
prising a middle portion of partly sami-circular
shape adapted to straddle the work piece and two
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end flanges ‘integral with said middle portion,
said flanges being seated on said respective sur-
faces on both sides respectively of said junection,
said member forming together with the portion
of said base structure between said two flanges a
closed -inductive loop within an elevation piane
jongitudinal of said rails and perpendicular to
said surfaces so as to be capable of peripherally
surrounding the work piece relative to a radial
plane thereof, and said loop having an inner
opening larger than the largest work-pisce cross
section to be treated and of a shape departing
from a circle.

6. Tn a device according to claim 5, said rails
having curved shape and forming together a sulb-
stantially concave surface at the side of the
work piece to be treated, and said arcuate mem-
per being curved away from said suriace.

7. In a device according to claim 5, said rails
having arcuate shape and forming together a
substantially concave surface at the side of the
work piece to he treated, said rail portions hav-
ing stepped grooves disposed at said surface, and
said arcuate member belng engageable with said
grooves of said respective rail portions.

2. In a device according to claim 5, said middle
portion of said arcuate member consisting es-
sentially of a single conducter having in a di-
rection transverse to said surfaces a thickness
smaller than the width of said member, said
conductor extending from one transversal side
of one of said end flanges to the opposite side
of said other end flange.

9. An inductor device according to claim 2,
comprising roller means engageable with the
work piece to guide it for revolution during heat-
ing, part of said roller means being mounted on
said base member, and pari of said roller means
being mounted on each of said arcuate members.

10. In a device according to claim 5, said two
rail surfaces extending at an obtuse angle to
each other, and said arcuate member being
curved away from the point of said angle.
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