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[57] ABSTRACT

This invention relates to an induction heating appara-
tus for the heating of continuously moving tubes of
large diameter and great length. The apparatus is
made up of a cylindrical inductor having a series of
induction spiral turns through which the tubes move.
A shield held stationary with respect to the inductor
and disposed between the induction turns and the
tubes to be heated is provided therefor. This shield is
formed of a plurality of sheet-metal plates which are
electrically and thermally insulated from one another
along the juxtaposed edges thereof. The position of
the inductor is made adjustable with respect to the
tubes and in relation to the local heat losses therefrom
by means of hydraulic jacks. Feeling prongs and tem-
perature sensitive probes are held close to either one
of the inductor end supports to detect any variation in
the heat distribution across- the tubes whereby to ob-
tain a uniform heat distribution there across by vary-
ing the inductor position accordingly.

3 Claims, 2 Drawing Figures
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, 1
INSTALLATION OF HEATING BY INDUCTION

This invention relates to an induction heating appara-
tus for heating continuously moving tubes or pipes of
large diameters and of great length, the apparatus com-
prising a cylindrical inductor through which the tubes
to be heated move. . -

The object of the. present invention is, on the one
hand, to protect the  inductor against rapid wear
casued, for example, by the heat radiated by the heated
tube and, on the other hand, to ensure a uniform tem-
perature throughout the tube section emerging from
the inductor.

The apparatus accordmg to the invention is charac-
terized by the provision of a shield held stationary with
respect to the inductor, between the inductor turns and
the tubes to be heated and by the provision of means
for adjusting the position of the inductor in relation to
the local temperature of the tube.

.- The invention will now be described with reference
toa preferred embodiment thereof illustrated in the ac-
companying drawings in which;

-FIG. 1:is a transverse cross-sectional view of the ap-
paratus according to this invention, and
. FIG. 2 is a longitudinal cross section of an inductor
used in the apparatus of the present invention.

A cylindrical inductor is made up of a series of water-
cooled spiral turns 1, held between an upstream annu-
lar: support 2 and a _downstream annular support 3
linked together by means of rods 4. The terms “up-
stream” and ““downstream  are meant in relation to the
displacement of a tube 5 to be heated and which moves
through the cylindrical inductor from an upstream to a
downstream direction. The supports 2 and 3 are made
of insulating material, for exampleof asbestos plates
and reinforced by cement. On the inside of the spiral
turns 1 of the inductor, there are four juxtaposed sheet-
metal plates 6, 7, 8 and 9, which are pressed against
strips 10, made of insulating material, by means of
clamps 11 and fixed to the supports 2 and 3. The sheet-
metal plates‘are relatively thin so as not to substantially
perturb the inductive field. They form a protective heat
shield for all the spiral turns 1 of ‘the inductor. The
sheet:metal plates 6 to 9 are-also electrically and ther-
mically insulated from the turns 1 by strips 10. They are

likewise insulated from each other owing to an insulat- -

ing spacing provided between them, along their juxta-
posed edges. To avoid buckling of the plates, strips 10
are inserted along such spaces which also serve to pro-
tect the inductor turns from the heat radiated by the
heated tube.

Means for avoiding buckling of the sheet-metal plates
6 to 9 may be provided. For example, the plates may
be crimped-or corrugated, or they may be cooled by a
refrigerating fluid such as air, nitrogen, water and the
like. The refigerating fluid may be scavanged or sprin-
kled on the plates on the side thereof facing the tube
to be heated. In this case, appropriate nozzles such as
12 are provided which pass around the downstream
support 3 to direct the refrigerating fluid on the sur-
faces of the plates 6 to 9 or at least on one of the sur-
faces of the said plates.

Cooling of the plates 6 to 9 may also be performed
by forcing the refrigerating fluid through the areas de-
fined by the strips 10, the turns 1 and the plates 6 to 9,
or at least some of such areas. For this purpose, appro-
priate refrigerating fluid conduits, such as 13, are pro-
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vided in the supports 2 and 3 for connecting these areas
with a feeding and, eventually, an outlet refrigerating
fluid device, not shown.

When the inductor is disposed horizontally, water
splashes on the lower plates are to be feared and to
avoid any thermal shock, the plate 6 must be cooled.
This partial cooling of the shield, made up of the plates
6 to 9, may produce an uneven distribution of tempera-
ture in'the portion of the tube running out of the down-
stream support 3 of the inductor. To avoid this draw-
back and in order to obtain an even temperature distri-
bution across the tube, the inductor is mounted on a
cradle 14 the position of which is adjustable by means
of hydraulic jacks 185, for vertical motion, and 16 for
horizontal motion. These jacks 15 and 16'are parts of
a servo-control system that include an hydraulic liquid
distributor 17 controlled by a temperature probe mea-
suring system, in relation to the local heat losses in the
tube 5 to be heated. If the heat losses can be deter-
mined once and for all, owing to a strong cooling of the
plate 6, the measuring system may be constituted by
feeler prongs 18 fixed to one of the supports 2 or 3. In
FIG. 2, these prongs 18 are mounted on the upstream
support 2. On the other hand, if the heat losses are lia-
ble to vary during heating, the measuring system may
be constituted by probes 19 sensitive to the local tem-
perature of the surface of tube 5. These probes are se-
cured on the downstream support 3 of the inductor.
These probes then give a direct measure of the local
temperature along the cross-section of tube 5 emerging
from the downstream support 3.

The probes 19 or the prongs 18 send out signals use-
ful in the servo-control S(FIG. 1), toward the liquid dis-
tributors 17.- These ‘signals.are transmitted through
leads 20. If the probes 19 or the prongs-18 are four in
number they are preferably arranged along two perpen-
dicular diameters, one vertical, the other horizontal.
Thus, the probes 19 or the prongs. 18 disposed along
the vertical diameter have a direct influence on the po-
sitioning of jacks- 15 for vertical displacement, and the
probes 19 or prongs 18 along the horizontal diameter
directly influence the positioning of the jacks 16 for
horizontal displacement. The servo-control system is so
designed as to allow the jacks to shift the inductor posi-
tion until the prongs along the same diameter measure
the very same variation from a reference position or
until the probes 19 along the same diameter measure
the very same temperatures. Owing to this servo-
control system, the parts of the tube surface § which
endure a more severe loss of heat are submitted to a
stronger induction coupling and, hence, to a more in-
tense heating. Thus, a perfectly even temperature dis-
tribution is obtained over the full cross-section of the
tube § emerging from the downstream support.3.

The servo control system per se does not constitute
claimed subject matter in this case, and may be con-
structed, for example, in accordance with the. servo
control systems shown in U.S. Pat. Nos. 2,998,966 and
3,647,195. Any conventional temperature responsive
servo control systems which would provide the desired
output function could be used in this invention.

I claim:

1. An induction heating apparatus for the heating of
continuously moving tubes of large diameter and great
length, said apparatus including a cylindrical inductor.
having upstream and downstream support means, and
further including a series of induction spiral turns
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shielded with a shield formed of a plurality of sheet
metal plates, said tubes moving through said inductor,
comprising;:

acradle as a part of the support of the induction heat-
ing apparatus,

a moving mechanism on said cradle on which said in-
ductor is secured and capable to move said induc-
tor in directions perpendicular to its axis,

a servo-control means for said moving mechanism,

a plurality of heat measuring probes sensitive to the
local temperature of the surface of the tube to be
heated, secured near the downstream support of
the inductor, said measuring probes being con-
nected to said servo-control means to operate said
moving mechanism and displace said inductor in
directions perpendicular to its axis and conse-
quently to the axis of the tube to be heated,
whereby said inductor is moved closer to the tube
being heated in the area of said tube cross section
where said probes sense a decreased local tube
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temperature and is moved away from the tube
being heated in the area of said tube cross section
where said probes sense an increased local tube
temperature to thereby achieve a uniform heat dis-
tribution across the tube.

2. The induction heating apparatus recited in claim
1, wherein said mechanism comprises hydraulic jacks
and wherein said servo-control means comprise hy-
draulic fluid feeding and controlling means for feeding
and controlling said jacks.

3. The induction heating apparatus as recited in
claim 1, wherein said heat measuring probes are lo-
cated at diametrically opposed positions wth respect to
the tube being heated, and wherein said servo-control
means operates said moving mechanisms to shift the
position of said inductor until said probes sense equal
local temperatures at diametrical opposite portions of

said tube surface.
* * * * *



