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(54) APPARATUS FOR LOADING WORKPIECES INTO/OUT OF HEATING FURNACE

(57) An apparatus for loading/unloading workpieces
into/from a furnace includes a furnace heating a work-
piece, and a robot for loading/unloading a workpiece in-
to/from the furnace. The fork includes a parallel arrange-
ment of fork elements, each having a length, disposed
at an end of the manipulator linkage of the robot. The

fork element (30) has a rectangular cross section per-
pendicular to the length. A ceramic heat insulating coat-
ing (40) is applied to the workpiece carrying surface (32)
on which the workpiece on the rectangle is placed. The
thermal expansions in the upper and lower surfaces (32,
34) of the fork element (30) is equalized.
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Description

Technical Field

[0001] The present invention relates to an apparatus
for loading and unloading workpieces into and from a
furnace, and particularly to a fork that is provided at an
end of an manipulator linkage of a robot and that loads
and unloads a workpiece into and from a furnace.

Background Art

[0002] Component parts of an automobile body, such
as pillar parts, are in general made of steel sheets and
formed by press forming. Since the press forming is per-
formed hot, the blank materials for forming the parts
(hereinafter referred to as workpieces) are heated in a
furnace prior to the press forming. The workpiece is load-
ed into and unloaded from the furnace by robotic manip-
ulation. More specifically, the workpiece is loaded into
and unloaded from the furnace by a robot while placed
on the upper surface of a fork (also called tines) attached
to the end of the manipulator linkage of the robot. The
fork comprises a parallel arrangement of fork elements,
each having a length. The fork element is typically tubular
and has a rectangular cross section perpendicular to the
length.
[0003] The furnace is typically a multi-stage furnace
for production efficiency. Workpieces are loaded into and
unloaded from the furnace with a fork controlled by the
robot. The furnace is maintained at a high temperature
(about 900°C) to heat workpieces to a predetermined
temperature. When heated to the predetermined temper-
ature in the furnace, the workpiece is then sent to the
press forming process in the next step to be press formed
into the product shape.

Summary of the Invention

[0004] According to the descriptions above, when a
workpieces is loaded into and out of the furnace, the fork
is also exposed to the high temperature in the furnace
and heated. In particular, when the workpiece heated in
the furnace is unloaded by the fork, the upper surface of
the fork, on which the workpiece is placed, is also influ-
enced by the high temperature of the heated workpiece.
The high temperature influence of the workpiece on the
fork at the time of unloading continues until the workpiece
is delivered to the press forming process in the next step.
More specifically, since the fork comprises a parallel ar-
rangement of fork elements, each fork element is affected
by the high temperature inside the furnace and by the
workpieces, and as a result the entire fork is affected.
[0005] Therefore, in a fork element, the upper surface
(or workpiece carrying surface), on which the workpiece
is placed, is more susceptible to the high temperature
than the opposite, lower surface, resulting in a tempera-
ture difference between the upper and lower surfaces. If

the entire fork element is made of a single material, the
thermal expansion differs between the upper and lower
surfaces; the hotter upper surface thermally expands
more than the lower surface. Then, the fork element
droops downward over the length. This phenomenon oc-
curs in all the fork elements in the fork. As a result, the
entire fork droops downward. This means that the distal
end of the fork droops out of the preset position.
[0006] The elevation of the fork when inserted to each
stage in the furnace is typically set on the basis of the
normal shape of the fork. When the fork droops due to
thermal deformation as described above, the fork may
contact the inlet or outlet of the furnace and damage the
furnace and fork when entering the furnace to load or
unload a workpiece.
[0007] In order to solve the problem above, Japanese
Patent Application Publication No. 2014-77567 proposes
a method including flowing cooling water into the work-
piece transfer bars. However, this method requires to
externally supply the cooling water into the workpiece
transfer bars (i.e. fork elements) and handle it. This has
a disadvantage that the configuration becomes inevitably
complicated, so it is desirable to solve the problem by
the structure of the fork elements themselves without ex-
ternal cooperation.
[0008] There is thus a need to prevent or reduce droop-
ing of the fork by substantially equalizing thermal expan-
sion between the workpiece carrying surface and the op-
posite side by the structure of the fork elements them-
selves.
[0009] The present invention in one aspect provides
an apparatus for loading/unloading workpieces into/from
a furnace, comprising a furnace heating a workpiece, and
a robot loading and/or unloading a workpiece into/from
the furnace, the robot comprising a manipulator linkage
and a fork at an end of the manipulator linkage, the fork
having an upper side on which a workpiece is placed
while being loaded into and/or unloaded from the furnace,
and the fork comprising a parallel arrangement of fork
elements, each fork element in the fork having a length.
Each fork element has a rectangular cross section per-
pendicular to the length, and has a workpiece carrying
surface on which a workpiece is placed and an opposite
surface to the workpiece carrying surface, the fork ele-
ment including, in its structure itself, a means for equal-
izing longitudinal thermal expansions in the workpiece
carrying surface and in the opposite surface. This ar-
rangement allows the workpiece to be loaded into and/or
unloaded from the furnace while placed on the upper
surface of the fork.
[0010] In some embodiments, this arrangement equal-
izes the thermal expansions of the workpiece carrying
surface of the fork element and of the opposite surface
when the fork element is affected by the heating in the
furnace or when the workpiece carrying surface is ther-
mally affected by the heated workpiece. This prevents or
reduces downward drooping of the fork element having
a length. As a result, drooping of the entire fork compris-
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ing the fork elements is prevented or reduced so that the
fork will not be damaged by contacting the furnace when
entering the furnace.
[0011] In some embodiments, the arrangement above
also simplifies the structure itself as compared with the
use of external resource such as cooling water as com-
pared with conventional structures (for example, see Jap-
anese Patent Application Publication No. 2014-077567
mentioned above).
[0012] In one embodiment, the means for equalizing
thermal expansions may preferably comprise a heat in-
sulator disposed on the workpiece carrying surface of
each fork element at least over an area where a work-
piece is placed. In this embodiment, the means of equal-
izing thermal expansions is realized as the heat insulator
disposed on the workpiece carrying surface. The heat
insulator reduces the workpiece carrying surface from
being affected by the heating ambient temperature in the
furnace and the high temperature of the heated work-
pieces, and in some embodiments substantially equaliz-
es the temperatures of the workpiece carrying surface
and of the opposite surface. This also equalizes the ther-
mal expansion between the workpiece carrying surface
and the opposite surface, and thereby prevents or reduc-
es the drooping of the fork element and hence the entire
fork.
[0013] In another embodiment, the heat insulator on
the workpiece carrying surface may preferably comprise
a ceramic heat insulating coating. By the use of a ceramic
heat insulating coating as the heat insulator, one can
easily realize the means of equalizing thermal expan-
sions by coating the ceramic heat insulating coating on
the workpiece carrying surface. In some embodiments,
it is possible to accurately equalize thermal expansions
of the workpiece carrying surface and of the opposite
surface.
[0014] In another embodiment, the means for equaliz-
ing thermal expansions may preferably comprise two
separate members forming each fork element, one in-
cluding the workpiece carrying surface and the other the
opposite surface, the separate members having different
thermal expansion coefficients. In this embodiment, the
means of equalizing thermal expansions is realized by
differentiating thermal expansion coefficients of the sep-
arate members. This differentiates the thermal expan-
sion coefficients of the member including the workpiece
carrying surface and of the member including the oppo-
site surface. It is therefore possible to substantially equal-
ize longitudinal thermal expansion when the surfaces are
heated to different temperatures by selecting materials
with the thermal expansion coefficient. This substantially
equalizes the thermal expansion between the workpiece
carrying surface and the opposite surface, and thereby
prevents or reduces the drooping of the fork element and
hence the entire fork.
[0015] In still another embodiment, the separate mem-
ber including the opposite surface may preferably have
a larger thermal expansion coefficient than that of the

separate member including the workpiece carrying sur-
face. Typically, the fork element have a higher tempera-
ture on the workpiece carrying surface, on which heated
workpieces are placed, than on the opposite surface. In-
creasing the thermal expansion coefficient of the member
on the opposite surface which has a lower temperature
effectively equalizes the thermal expansion coefficients
of the surfaces.
[0016] In another embodiment, each fork element may
preferably be hollow tubular. Hollow tubular shapes are
used for general purpose, and thus easy to manufacture,
easy to obtain or procure, and inexpensive.

Effect of the Invention

[0017] In some embodiments, the configuration de-
scribed above substantially equalizes thermal expansion
between the workpiece carrying surface and the opposite
surface by the structure of the fork elements themselves,
thereby preventing or reducing drooping of the fork.

Brief Description of the Drawings

[0018]

Fig. 1 is a process chart of a workpiece according to
an embodiment.
Fig. 2 is a front view of a furnace.
Fig. 3 is a side view of a fork disposed at the end of
the manipulator linkage of a robot for loading/unload-
ing workpieces into/from a furnace.
Fig. 4 is a plan view of the fork shown in Fig. 3.
Fig. 5 is a cross-sectional view of a fork element with
means of equalizing thermal expansions according
to an embodiment.
Fig. 6 is a cross-sectional view of a fork element with
means of equalizing thermal expansions according
to another embodiment.
Fig. 7 is a graphic chart showing a thermal expansion
coefficient of a high-temperature physical property
of a material that is supposed to be applied as upper
and lower members.

Modes for Carrying out the Invention

[0019] Various embodiments of the present invention
will be described below with reference to the drawings.
Fig. 1 shows a processing of workpieces in an embodi-
ment. The workpiece processing includes a step (A) of
shearing a workpiece, a step (B) of loading the workpiece
into the furnace, a step (C) of heating the workpiece in
the furnace, a step (D) of unloading the workpiece from
the furnace, and a step (E) of press forming. The tools
for the processes are shown in a pictorial representation,
and not in the actual scale or with the actual dimensional
relationship. The workpiece can be a part of an automo-
bile body, such as a pillar part. In the first step (A) of
shearing, a sheet material of a predetermined size as the
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workpiece W for a pillar part is cut off from a roll 12 by a
shearing machine 10. The cut workpiece W is loaded into
the furnace 20 in the loading step (B) to the furnace. In
one embodiment, the furnace 20 may be a multi-stage
furnace. A workpiece W may be loaded onto each of the
multiple stages. The number of stages for the furnace 20
may be appropriately determined according to the
number of products to be produced.
[0020] The step (B) of loading into the furnace is per-
formed with a loading robot 14A. A loading fork (also
called tines) 18A is disposed at the end of the manipulator
linkage 16A for loading of the loading robot 14A. The
workpiece W cut off in the shearing step (A) is placed on
the loading fork 18A and carried into the furnace 20. The
workpiece W thus carried on the loading fork 18A into
the furnace is then placed on the shelf on one of the
stages in the furnace, and the loading fork 18A is pulled
out alone. The operations of the loading fork 18A in load-
ing workpieces W are conducted by the controlled ma-
nipulation by the loading robot 14A.
[0021] In the step (C) of heating in furnace, the work-
piece W placed on each stage in the furnace 20 is heated
to a temperature (usually about 900°C) suitable for the
forming process in the subsequent step (E) of press form-
ing. The heated workpiece W is unloaded from the fur-
nace 20 in the unloading step (D).
[0022] The step (D) of unloading from furnace is per-
formed with an unloading robot 14B. The unloading robot
14B may have a similar configuration as the loading robot
14A described above. Therefore, in the following descrip-
tions, the loading robot 14A and unloading robot 14B,
when described collectively, will be given reference sym-
bols with the suffixes "A" and "B" omitted from the end.
The same applies to the symbols for related features. An
unloading fork 18B is disposed at the end of the manip-
ulator linkage 16B of the unloading robot 14B. The work-
pieces W heated in the furnace 20 are unloaded by the
unloading fork 18B. More specifically, the unloading fork
18B is inserted into the furnace 20 through the outlet of
the furnace 20, picks up the heated workpiece W from
the shelf on one of the stages onto the unloading fork
18B, and carries it out of the furnace 20. The operations
of the unloading fork 18B in unloading workpieces W are
conducted by the controlled manipulation by the unload-
ing robot 14B.
[0023] The workpiece W taken out of the furnace 20 in
the step (D) of unloading from furnace is sent to the press
forming step (E) and is formed by a press machine 22.
The press machine 22 usually includes an upper die 24
and a lower die 26 that have forming surfaces for the
shape of the final product. The workpieces W are formed
into a predetermined product shape between the upper
die 24 and lower die 26. In some cases, an optional step
of trimming excess material may be performed after
pressing the workpiece W to obtain the final shape of the
product.
[0024] Fig. 2 shows a detailed configuration of the fur-
nace 20 used in the step (C) of heating in furnace in one

embodiment. The furnace 20 may be a multi-stage fur-
nace. On each stage, a shelf 36 for placing a workpiece
W is installed. Heat sources 38 such as electric or other
heaters are installed above and below the shelves 36 so
as to create a high temperature atmosphere in the interior
of the furnace 20 to heat the workpieces W (not shown
in Fig. 2) placed on the shelves 36. In one particular em-
bodiment, the ambient temperature in the furnace may
be about 900°C. The shelves 36, on which workpieces
W are placed, are spaced apart in parallel so that the fork
elements 30 of the fork 18, which will be described later,
can be inserted when loading and unloading.
[0025] Figs. 3 and 4 show the configuration of the fork
18 in one embodiment, with Fig. 3 showing in a side view
and Fig. 4 in a plan view. As better shown in Fig. 4, the
fork 18 comprises a parallel arrangement of fork ele-
ments 30. The fork elements 30 are integrally tied, at the
left ends as seen in Figs. 3 and 4, by a connecting element
28. The tied ends are connected to the end of the ma-
nipulator linkage 16 of the robot 14. As a result, the fork
18 can be controllably operated by the robot.
[0026] Each fork element 30 in the fork 18 has a length
and is supported in a cantilevered manner at one end
and free at the other end. When thermally affected by
the high temperature in the furnace 20, the fork elements
30 can warp downward over the length and droop down-
ward, as shown in the phantom line in Fig. 3. The inven-
tors considered that this occurred for the following rea-
son. Each fork element 30 is typically has a hollow rec-
tangular cross section perpendicular to its length. The
workpiece carrying surface 32 on the upper side of the
rectangle, on which the workpiece W is placed, is ther-
mally influenced by the ambient temperature in the fur-
nace 20 as well as the heated workpiece W and raised
to a higher temperature than the lower surface 34 oppo-
site to the workpiece carrying surface 32. According to
the results of a measurement, there was a temperature
difference of about 30°C. The upper surface of the work-
piece carrying surface 32 might have been thermally ex-
panded more than the lower surface 34, resulting in the
warpage.
[0027] The inventors of the present invention then
found that applying a means of equalizing thermal ex-
pansions of the upper and lower surfaces 32 and 34 could
prevent warpage when the upper and lower sides of the
rectangular shape of the fork element 30 in the fork 18,
that is, the workpiece carrying surface 32 and the oppo-
site, lower surface 34 were thermally influenced in differ-
ent ways. The first measure that has been considered is
to equalize thermal expansions by equalizing the tem-
perature of the upper and lower surfaces 32 and 34 of
the fork element 30. The second is to equalize thermal
expansions of the upper and lower surfaces 32 and 34
when they have different temperatures by using mem-
bers with different thermal expansion coefficients.
[0028] Fig. 5 shows a means of equalizing thermal ex-
pansions in one embodiment. In this embodiment, the
fork element 30 has a hollow rectangular cross section
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perpendicular to the length of the fork element 30, and
the ceramic heat insulating coating 40 is applied to the
upper, workpiece carrying surface 32. In a particular em-
bodiment, the ceramic heat insulating coating 40 can
comprise a heat insulating coating material developed
by NASA. When the workpiece W is placed on the upper,
workpiece carrying surface 32, the upper surface, ther-
mally insulated from the workpiece W by the ceramic
heat insulating coating 40, remains at substantially the
same temperature as the lower surface 34 so that the
thermal expansion is equalized with the lower surface
34. This prevents or reduces the drooping of the fork 18
so that the fork 18 will not contact and damage the furnace
20 and fork 18 when entering the furnace 20. The heat
insulator applied to the workpiece carrying surface 32 is
not limited to the ceramic heat insulating coating, and
can be any suitable heat insulator that can block or re-
duce transmission of heat from the workpiece.
[0029] In another embodiment, the ceramic heat insu-
lating coating 40 may be applied only to an area of the
workpiece carrying surface 32 within which the workpiece
W is to be placed, instead of being applied over the entire
upper, workpiece carrying surface 32 as described
above. Further, in another embodiment, the fork element
30 may be solid instead of being hollow tubular. However,
a solid one is preferable for controlling the influence of
temperature.
[0030] Fig. 6 shows a means of equalizing thermal ex-
pansions in another embodiment. In this embodiment,
the fork element 30 may have a hollow rectangular cross
section as with the embodiment described above. How-
ever, the fork element 30 comprises an upper member
42 forming the upper, workpiece carrying surface 32 and
a lower member 44 forming the lower surface 34 as di-
vided separate members, the members 42 and 44 being
integrally joined together by welding 50. The upper mem-
ber 42 and lower member 44 have different thermal ex-
pansion coefficients. In this embodiment, the lower mem-
ber 44 has a larger thermal expansion coefficient than
the upper member 42. For example, the upper member
42 may be made of SUS310S and the lower member 44
of AH-4 (a product of Nippon Steel & Sumitomo Metal
Corp.).
[0031] Fig. 7 is a graphic chart showing high temper-
ature properties of materials which is expected to be ap-
plied as the above-mentioned dividing members, and
shows the change of their thermal expansion coefficients
with temperature. Four different materials are shown for
comparison: SUS310S, Inconel 600 (registered trade-
mark), Incoloy 800HT (registered trademark), and AH-4.
A combination of materials for the upper member 42 and
lower member 44 shown in Fig. 6 may be suitably select-
ed based on the shown high temperature properties. The
sources of the data used in Fig. 7 are as follows: the data
for SUS310S is based on materials provided by Japan
Stainless Steel Association and Nippon Steel & Sumito-
mo Metal Corp; the data for Inconel 600 (registered trade-
mark) and Incoloy 800HT (registered trademark) are

based on materials provided by Nihon Yakin Kogyo, Co.,
Ltd; and the data for AH-4 is based on materials provided
by Nippon Steel & Sumitomo Metal Corp.
[0032] In the means of equalizing thermal expansions
in the embodiment described above with reference to
Fig. 6 equalizes longitudinal thermal expansions in the
upper member 42 and in the lower member 44 because
the upper member 42 has a smaller thermal expansion
coefficient than the lower member 44, when the upper,
workpiece carrying surface 32 has a higher temperature
than the lower surface 34. This prevents or reduces
drooping of the fork 18 so that the fork 18 will not contact
and damage the furnace 20 when entering the furnace
20.
[0033] The means of equalizing thermal expansions in
the embodiments described above with reference to Figs.
5 and 6 require no external cooperation, such as external
supply of cooling water as required in the prior art, re-
sulting in a simple configuration.
[0034] While specific embodiments of the present in-
vention have been described above, the embodiments
of the present invention are not limited to such embodi-
ments, and those skilled in the art can make various
changes, additions and deletions without departing from
the scope of the present invention.

Claims

1. An apparatus for loading/unloading workpieces,
comprising:

a furnace heating a workpiece; and
a robot loading and/or unloading a workpiece
into/from the furnace,
the robot comprising a manipulator linkage and
a fork at an end of the manipulator linkage,
the fork having an upper side on which a work-
piece is placed while being loaded into and/or
unloaded from the furnace, and the fork com-
prising a parallel arrangement of fork elements,
each fork element in the fork having a length and
a rectangular cross section perpendicular to the
length, and
each fork element having a workpiece carrying
surface on which a workpiece is placed and an
opposite surface to the workpiece carrying sur-
face, and the fork element including, in its struc-
ture itself, a means for equalizing longitudinal
thermal expansions in the workpiece carrying
surface and in the opposite surface.

2. The apparatus of claim 1, the means for equalizing
thermal expansions comprising a heat insulator dis-
posed on the workpiece carrying surface of each fork
element at least over an area where a workpiece is
placed.
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3. The apparatus of claim 2, the heat insulator on the
workpiece carrying surface comprising a ceramic
heat insulating coating.

4. The apparatus of claim 1, the means for equalizing
thermal expansions comprising two separate mem-
bers forming each fork element, one including the
workpiece carrying surface and the other the oppo-
site surface, the separate members having different
thermal expansion coefficients.

5. The apparatus of claim 4, the separate member in-
cluding the opposite surface having a larger thermal
expansion coefficient than that of the separate mem-
ber including the workpiece carrying surface.

6. The apparatus of any one of claims 1 to 5, each fork
element being hollow tubular.

9 10 
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