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(54) APPARATUS AND METHOD FOR MANUFACTURING A LARGE-CALIBER PRODUCT USING 
HYDROFORMING

(57) The present invention relates to an apparatus
and method for manufacturing using a hydroforming
process. The apparatus includes: upper and lower molds;
first and second axial punches which are disposed on
opposite sides of the steel substance so as to be movable
towards each other and which have front surfaces con-
figured so as to be insertable into each other; first and
second pressurization cylinders which move the first and
second axial punches towards each other and insert
them into each other, thus forming a sealing space de-
fined by the first and second axial punches and a pres-
surization space defined by the steel substance and the
first and second axial punches; and a control unit which,
through an oil-pressure passage formed in at least one
of the first and second axial punches, supplies fluid into
the pressurization space to pressurize the steel sub-
stance, thus forming the large caliber product.
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Description

Technical Field

[0001] The present invention relates, in general, to an
apparatus and method for manufacturing a large-caliber
product using a hydroforming process and, more partic-
ularly, to an apparatus and method for manufacturing a
large-caliber product which can minimize a sealing force
that acts in an axial direction of the large-caliber product
when the product is manufactured.

Background Art

[0002] Generally, large-caliber products such as wheel
rims for vehicles are produced mainly by roll forming proc-
esses. In such a roll forming process, a tube is shaped
by several stepwise roll forming operations such that a
flange is expanded to reach an area at which a wheel
rim makes contact with a tire. Thereafter, the expanded
tube is shaped by an additional two or three roll forming
operations using rolls which are disposed inside and out-
side the tube. Subsequently, a size compensation oper-
ation using an expander is carried out, thus completely
forming a wheel rim for vehicles.
[0003] However, in the case where the roll forming
process is used to manufacture a wheel rim for vehicles,
because a tubular steel substance is processed by sev-
eral stepwise roll forming operations, the productivity is
comparatively low. In addition, a heat treatment process
such as an annealing process must accompany the roll
forming process, since severe local work hardening is
induced during the roll forming process which is carried
out at room temperature.
[0004] In an effort to overcome the above-mentioned
problems of the apparatus using the roll forming process,
methods for manufacturing large-caliber products such
as wheel rims for vehicles using hydroforming processes
are being studied.
[0005] A typical hydroforming process which is used
to manufacture a torsion beam for vehicles includes: an
operation of bending a tubular steel substance in re-
sponse to the shape of a final product; an operation of
forming the bending-processed steel substance through
press work into a shape in which it can be seated into a
hydroforming mold; and a hydroforming operation of sup-
plying fluid onto an inner surface of the steel substance
and pressurizing the inner surface thereof to expand the
diameter of the steel substance, thus completing a final
product.
[0006] In the case of a large-caliber product that is com-
paratively short and has a simple shape, such as a wheel
rim, it can be formed only by the simple hydroforming
process. Therefore, compared to the manufacturing
process using the roll forming process which requires
several steps to be carried out, the apparatus using the
hydroforming process can markedly enhance the pro-
ductivity. Furthermore, fluid applies hydrostatic pressure

to the entirety of the inner surface of the steel substance,
thus making it possible to uniformly shape the steel sub-
stance without causing local work hardening. Therefore,
a separate heat treatment process is not required.
[0007] As such, the method for manufacturing a large-
caliber product using the hydroforming process can pro-
vide several advantages, compared to the method using
the roll forming process. However, there is a problem that
must be solved in order to manufacture a large-caliber
product using the hydroforming manufacturing appara-
tus. The problem is that because sealing force that acts
in the axial direction of a steel substance when the large-
caliber product is formed is very large, it is not easy to
manufacture an axial pressurization cylinder or mold
which can withstand the large sealing force.

Disclosure

Technical Problem

[0008] Accordingly, the present invention has been
made keeping in mind the above problems occurring in
the prior art, and an  object of the present invention is to
provide an apparatus and method for manufacturing a
large-caliber product using a hydroforming process
which is configured such that axial punches which are
disposed at opposite sides of the apparatus so as to be
movable towards each other can be coupled to each oth-
er, whereby sealing force that acts in the axial direction
when the large-caliber product is manufactured can be
minimized.

Technical Solution

[0009] In order to accomplish the above object, in an
aspect, the present invention provides an apparatus for
manufacturing a large-caliber product using a hydrofor-
ming process, including: upper and lower molds into
which a tubular steel substance having a large caliber is
seated; a first axial punch and a second axial punch dis-
posed on opposite sides of the steel substance so as to
be movable towards each other, the first and second axial
punches having front surfaces configured so as to be
insertable into each other; a first pressurization cylinder
and a second pressurization cylinder respectively mov-
ing the first axial punch and the second axial punch to-
wards each other and inserting the first and second axial
punches into each other, thus forming a sealing space
defined by the first and second axial punches and a pres-
surization space defined by an inner surface of the steel
substance and the first and second axial punches; and
a hydroforming control unit supplying fluid into the pres-
surization space through an oil-pressure passage formed
in at least one of the first and second axial punches so
as to pressurize the inner surface of the steel substance,
thus forming the large caliber product.
[0010] In another aspect, the present invention pro-
vides a method for manufacturing a large-caliber product
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using a hydroforming process, including: a hydroforming
preparation operation of seating a steel substance having
a large caliber onto a lower mold and moving an upper
mold downwards, thus closing an entirety of the upper
and lower molds; an axial punch setting operation of mov-
ing a first axial punch and a second axial punch towards
each other from opposite sides of the steel substance
and inserting the first and second axial punches into each
other, thus forming a sealing space defined by the first
and second axial punches, and a pressurization space
defined by an inner surface of the steel substance and
the first and second axial punches; and a hydroforming
operation of supplying fluid into the pressurization space
through at least one of the first and second axial punches
and pressurizing the inner surface of the steel substance,
thus forming the large-caliber product.

Advantageous Effects

[0011] In an apparatus and method for manufacturing
a large-caliber product using a hydroforming process ac-
cording to the present invention, it is possible to produce
a final product using only a single process. Thanks to a
reduced number of processes, the production cost can
be reduced, and the productivity of the apparatus can be
markedly enhanced.
[0012] Furthermore, the hydroforming manufacturing
apparatus is advantageous in that a steel substance can
be uniformly shaped by hydrostatic pressure of fluid with-
out local work hardening being caused. Therefore, a sep-
arate heat treatment process is not required.
[0013] Moreover, the hydroforming manufacturing ap-
paratus makes it possible to precisely shape the steel
substance. Thus, the products produced by the present
invention are superior in terms of shape uniformity and
roundness (the center of gravity).

Description of Drawings

[0014]

Fig. 1 is a view showing a conventional apparatus
for manufacturing a large-caliber product using a hy-
droforming process;
Fig. 2 is a view illustrating an apparatus for manu-
facturing a large-caliber product using a hydroform-
ing process, according to the present invention;
Fig. 3 is an enlarged view showing an axial punch
of the  apparatus of Fig. 2;
Fig. 4 is a view illustrating a hydroforming manufac-
turing method, according to the present invention;
and
Fig. 5 is a view showing an example of a large-caliber
product manufactured by the method according to
the present invention.

[0015]  Description of the Reference Numerals in

the Drawings

1: upper mold 2: lower mold
3: steel substance 30: first axial punch
40: second axial punch 50: first pressurization cylin-
der
60: second pressurization cylinder 70: sealing mem-
ber
80: vehicle wheel rim

Best Mode

[0016] As described above, if a large-caliber product
such as a wheel rim for vehicles is manufactured by the
conventional hydroforming manufacturing apparatus,
sealing force acting in the axial direction markedly in-
creases, thus making it difficult to operate the apparatus
normally. The reason for this will be explained with ref-
erence to Fig. 1.
[0017] A hydroforming manufacturing apparatus in-
cludes upper and lower molds 1 and 2 into which a steel
substance 3 is seated, first and second axial punches 10
and 20 which are moved from opposite sides of the upper
and lower molds 1 and 2 into the  upper and lower molds
1 and 2 to seal the steel substance 3, and first and second
pressurization cylinders 15 and 25 which respectively
move the first and second axial punches 10 and 20 in
the horizontal direction. The operation method of the hy-
droforming manufacturing apparatus will be described
below.
[0018] First, the steel substance 3 is placed onto the
lower mold 2. The upper mold 1 is moved downwards to
close the entirety of the molds. Thereafter, the first and
second pressurization cylinders 15 and 25 respectively
move the first and second axial punches 10 and 20 to-
wards each other from the opposite sides of the upper
and lower molds 1 and 2, thus sealing opposite sides of
the steel substance 3. As shown in sectional view 1-1’ of
Fig. 1, a diameter do of each of the first and second axial
punches 10 and 20 is the same as a diameter do of the
steel substance 3 so that the opposite sides of the steel
substance 3 can be sealed.
[0019] After the steel substance 3 has been sealed,
fluid is supplied into the steel substance 3 through an oil-
pressure passage 22 which is formed in at least one of
the first and second axial punches 10 and 20, thus pres-
surizing an inner surface of the steel substance 3. Hy-
drostatic pressure of the fluid that is applied to the steel
substance 3 expands the diameter of the steel substance
3. As a result, the steel substance 3 is brought into close
contact with the upper and lower molds 1 and 2 and thus
shaped into a shape of a wheel  rim for vehicles. Here,
when the steel substance 3 is being shaped by hydro-
static pressure of fluid, high pressure is also applied to
the first and second axial punches 10 and 20. Sufficient
sealing force to withstand the high pressure must be ap-
plied to the first and second axial punches 10 and 20 so
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that hydrostatic pressure of the fluid can be continuously
applied to the inner surface of the steel substance 3.
[0020] The sealing force applied to the first and second
axial punches 10 and 20 is increased in proportion to a
cross-sectional area of a portion to which fluid is applied.
In more detail, the sealing force is increased in proportion
to the square of the diameter of the steel substance 3.
The reason for this is due to the fact that if the diameter
of the steel substance 3 is d0, fluid is applied to the en-
tirety of the cross-sectional area (π d0

2) of the first or
second axial punch which has the same diameter as that
of the steel substance 3. Therefore, when a large-caliber
product such as a wheel rim for vehicles is manufactured,
sealing force applied to the first and second axial punches
10 and 20 is exponentially increased as the diameter of
the product is increased.
[0021] However, because the maximum pressure of
the first and second pressurization cylinders 15 and 25
of the hydroforming manufacturing apparatus that has
been commercialized is comparatively low, the appara-
tus must be remodeled to have high-pressure cylinders
which are required to manufacture a  large-caliber prod-
uct. For this, a massive remodeling process is required,
and this process is expensive. In the worst case, a layout
of the apparatus would be changed in such a way that
the molds are not installed, making it impossible to pro-
duce a large-caliber product.
[0022] To solve the above-mentioned problems, the
inventor of the present invention introduces a method in
which the sealing force can be effectively reduced by
changing the shaft of the axial punches rather than re-
modeling the cylinders. Hereinafter, an apparatus and
method for manufacturing a large-caliber product using
a hydroforming process according to the present inven-
tion will be described in detail with reference to the at-
tached drawings.
[0023] As shown in Figs. 2 and 3, a hydroforming man-
ufacturing apparatus according to the present invention
includes: upper and lower molds 1 and 2 into which a
steel substance 3 having a large caliber is seated; a first
axial punch 30 and a second axial punch 40 which are
disposed on opposite sides of the steel substance 3 so
as to be movable towards the steel substance 3 and re-
spectively have front surfaces that are configured so as
to be insertable into each other; a first pressurization cyl-
inder 50 and a second pressurization cylinder 60 which
respectively move the first axial punch 30 and the second
axial punch 40 and inserts the first and second axial
punches 30 and 40 into each other to form a sealing
space A defined by both axial punches and a pressuri-
zation space B defined by an inner surface of the steel
substance and both axial punches; and a hydroforming
control unit (not shown) which supplies fluid into the pres-
surization space through an oil-pressure passage 42
formed in at least one of the first and second axial punch-
es 30 and 40 so as to pressurize the inner surface of the
steel substance 3, thereby forming a large caliber prod-
uct.

[0024] Comparing Figs. 1 and 2 to each other, the con-
struction of the hydroforming manufacturing apparatus
according to the present invention is the same as that of
the conventional hydroforming manufacturing apparatus
in terms of the fact that the apparatus includes the upper
and lower molds 1 and 2 into which the steel substance
3 is seated, the first and second axial punches 30 and
40 which are moved from the opposite sides of the upper
and lower molds 1 and 2 towards the steel substance 3
so as to seal the steel substance, and the first and second
pressurization cylinders 50 and 60 which horizontally
move the first and second axial punches 30 and 40.
[0025] However, unlike in the conventional technique,
the hydroforming manufacturing apparatus according to
the present invention is configured such that the first axial
punch 30 and the second axial punch 40 can be moved
towards each other and inserted into the steel substance
3. In other words, as shown  in sectional view 2-2’ of Fig.
3, a diameter d1 of the first axial punch 30 is smaller than
the diameter do of the steel substance 3. A diameter d2
of the second axial punch 40 is also smaller than the
diameter d0 of the steel substance 3. In more detail, the
diameter of each of the first axial punch 30 and the second
axial punch 40 is formed such that a distance between
the axial punch and the steel substance is minimized
without making contact therebetween.
[0026] Furthermore, the hydroforming manufacturing
apparatus according to the present invention is config-
ured such that the first axial punch 30 and the second
axial punch 40 are inserted into each other in the steel
substance 3. For this, a protrusion and a depression are
formed in the front surface of each axial punch such that
the axial punches can correspond to each other. When
the first axial punch 30 and the second axial punch 40
are moved towards each other by the first pressurization
cylinder 50 and the second pressurization cylinder 60
and are coupled to each other, the sealing space A is
defined by both axial punches, and the pressurization
space B is defined by the inner surface of the steel sub-
stance and both axial punches are formed. As such, the
protrusion and the depression of each axial punch can
be formed in any shapes, so long as the sealing space
A and the pressurization space B can be formed when
the axial punches are coupled to each other.
[0027] After the sealing space A and the pressurization
space B have been formed by coupling the first and sec-
ond axial punches 30 and 40 to each other, fluid is sup-
plied, under the control of the hydroforming control unit,
into the pressurization space B through the oil-pressure
passage 42 which is formed in at least one of the first
and second axial punches 30 and 40, thereby pressuriz-
ing the inner surface of the steel substance 3. At this
time, the fluid does not enter the sealing space A. There-
fore, hydrostatic pressure applied by the fluid is limited
to the pressurization space B. As a result, a cross-sec-
tional area of a portion to which the hydrostatic pressure
is applied is markedly reduced. The sealing force applied
to the first axial punch 30 and the second axial punch 40
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can also be markedly reduced.
[0028] As such, the axial punches are coupled to each
other, whereby space into which fluid is drawn is limited.
Thereby, the cross-sectional area of a portion of each
axial punch that makes with fluid can be reduced. As a
result, the sealing force corresponding to the hydrostatic
pressure of fluid can be reduced. The present invention
is based on this technical idea. The inventor of the
present invention introduces the following additional el-
ements to embody the above-stated technical idea.
[0029] Separate sealing members 70 are provided on
portions of the first and second axial punches 30 and 40
which form the  sealing space A. As stated above, the
technical idea of the present invention is that the sealing
space A into which no fluid flows is formed by coupling
the first and second axial punches 30 and 40 to each
other. Therefore, if fluid enters the sealing space A during
the hydroforming process, the effect of reducing the seal-
ing force cannot be obtained. To prevent this, the sealing
members 70 are preferably provided on the portions that
form the sealing space A.
[0030] Given the fact that each axial punch has a cy-
lindrical shape, each sealing member 70 is preferably an
O-ring. Furthermore, any member can be used as the
sealing member 70, so long as it can provide a sealing
effect that can prevent fluid from entering the sealing
space A.
[0031] Preferably, an air hole 32 is formed in at least
one of the first and second axial punches 30 and 40 so
that air can be discharged to the outside from the sealing
space A through the air hole 32. Because the first axial
punch 30 and the second axial punch 40 are continuously
moved towards each other during the hydroforming proc-
ess, if the air hole 32 is not formed, air that has been in
the sealing space A is compressed, thus acting as reac-
tion force which impedes movement of the first and sec-
ond axial punches 30 and 40. Since fluid does not enter
the sealing space A, the air hole 32 may be configured
such that it communicates with the outside of the axial
punch.
[0032] As shown in the lower portion of Fig. 3, the oil-
pressure passage 42 may be formed such that fluid is
supplied through a junction 44 between a body of the
second axial punch 40 and the inner surface of the steel
substance 3. As stated above, the body of the axial punch
and the inner surface of the steel substance are spaced
apart from each other by the minimum distance without
making contact therebetween. Therefore, when fluid is
supplied through the junction between the body of the
second axial punch and the inner surface of the steel
substance 3, the fluid can be drawn into the pressuriza-
tion space B through the space between the second axial
punch and the steel substance. To increase the rate at
which fluid is supplied into the pressurization space B,
as shown in the upper portion of Fig. 3, the oil-pressure
passage 42 may be configured such that it communicates
with the pressurization space B at a portion 46 that di-
rectly meets the pressurization space B.

[0033] As shown in Fig. 3, when fluid is supplied
through the oil-pressure passage 42 into the junction be-
tween the body of the second axial punch 40 and the
inner surface of the steel substance 3, some of the fluid
flows forwards and enters the pressurization space B,
but the rest may flow backwards and leak out of the sec-
ond axial punch 40. To prevent the leakage, as shown
in the enlarged view of Fig. 3, a stepped portion 48 is
preferably provided on the second axial punch 40  to seal
the corresponding side end of the steel substance 3.
[0034] Hereinafter, the method for manufacturing the
large-caliber product using the hydroforming process ac-
cording to the present invention will be described in detail
with reference to Fig. 4.
[0035] First, the steel substance 3 having a large-cal-
iber is seated onto the lower mold 2, and the upper mold
1 is moved downwards to close the entirety of the molds.
Thereafter, the first and second axial punches 30 and 40
which have the front surfaces that can be coupled to each
other are respectively disposed on the opposite sides of
the steel substance 3 [(a) of Fig. 4].
[0036] Subsequently, the first axial punch 30 and the
second axial punch 40 are moved towards the steel sub-
stance 3 from the opposite sides of the steel substance
3 and then inserted into each other. Thereby, the sealing
space A which is defined only by the first and second
axial punches 30 and 40, and the pressurization space
B which is defined by the inner surface of the steel sub-
stance 3 and the first and second axial punches 30 and
40 are formed [(b) of Fig. 4].
[0037] Because the air hole 32 is formed in at least one
of the first and second axial punches 30 and 40, when
the first and second axial punches 30 and 40 move for-
wards, air can be discharged out of the sealing space A
through the air hole 32. The reason for this is due to the
fact that, if air is  compressed in the sealing space A, the
compressed air may impede the operation of the first and
second axial punches 30 any 40.
[0038] Thereafter, fluid is supplied into the pressuriza-
tion space B through at least one of the first and second
axial punches 30 and 40, thus pressurizing the inner sur-
face of the steel substance 3 [(c) of Fig. 4]. Fig. 4 shows
an embodiment in which fluid is supplied into the junction
between the body of the second axial punch 40 and the
inner surface of the steel substance 3 through the oil-
pressure passage 42 and then drawn into the pressuri-
zation space B that is defined in front of the junction.
[0039] In this case, because some of the fluid may flow
backwards and leak out of the second axial punch 40,
the stepped portions 48 are respectively provided on the
first and second axial punches 30 and 40 so that the
opposite side ends of the steel substance 3 can be reli-
ably sealed.
[0040] Meanwhile, the fact that the oil-pressure pas-
sage 42 may be configured such that it directly commu-
nicates with the pressurization space B has been illus-
trated with reference to Fig. 3.
[0041] After the diameter of the steel substance 3 has
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started to be expanded by hydrostatic pressure of fluid,
the first axial punch 30 and the second axial punch 40
gradually move forwards to enable the fluid to compen-
sate for expanded space  and continuously pressurize
the inner surface of the steel substance 3 [(d) of Fig. 4].
As a result, a large-caliber product formed by the hydro-
forming method is ultimately produced.
[0042] Fig. 5 shows the result of analysis on the for-
mation of a wheel rim 80 for vehicles produced by the
manufacturing method according to the present inven-
tion. As described above, thanks to the characteristics
that hydrostatic pressure of fluid is uniformly applied to
the entirety of a steel substance, the present invention
makes it possible to more precisely form the steel sub-
stance compared to that of the typical roll forming proc-
ess. Therefore, the products produced by the present
invention are superior in terms of shape uniformity and
roundness (the center of gravity).
[0043] Although the preferred embodiment of the
present invention has been disclosed for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the inven-
tion as disclosed in the accompanying claims.

Claims

1. An apparatus for manufacturing a large-caliber prod-
uct using a hydroforming process, comprising:

upper and lower molds into which a tubular steel
substance having a large caliber is seated;
a first axial punch and a second axial punch dis-
posed on opposite sides of the steel substance
so as to be movable towards each other, the first
and second axial punches having front surfaces
configured so as to be insertable into each other;
a first pressurization cylinder and a second pres-
surization cylinder respectively moving the first
axial punch and the second axial punch towards
each other and inserting the first and second
axial punches into each other, thus forming a
sealing space defined by the first and second
axial punches and a pressurization space de-
fined by an inner surface of the steel substance
and the first and second axial punches; and
a hydroforming control unit supplying fluid into
the pressurization space through an oil-pres-
sure passage formed in at least one of the first
and second axial punches so as to pressurize
the inner surface of the steel substance, thus
forming the large caliber product.

2. The apparatus for manufacturing a large-caliber
product using a hydroforming process according to
claim 1, wherein sealing members are respectively
provided on portions of the first and second axial

punches that form the sealing space.

3. The apparatus for manufacturing a large-caliber
product using a hydroforming process according to
claim 1, wherein an air hole is formed in at least one
of the first and second axial punches so that air can
be discharged out of the sealing space through the
air hole.

4. The apparatus for manufacturing a large-caliber
product using a hydroforming process according to
claim 1, wherein the oil-pressure passage directly
communicates with the pressurization space.

5. The apparatus for manufacturing a large-caliber
product using a hydroforming process according to
claim 1, wherein stepped portions are respectively
provided on the first and second axial punches to
seal opposite side ends of the steel substance.

6. A method for manufacturing a large-caliber product
using a hydroforming process, comprising:

a hydroforming preparation operation of seating
a steel substance having a large caliber onto a
lower mold and moving an upper mold down-
wards, thus closing an entirety of the upper and
lower molds;
an axial punch setting operation of moving a first
axial punch and a second axial punch towards
each other from opposite sides of the steel sub-
stance and inserting the first and second axial
punches into each other, thus forming a sealing
space defined by the first and second axial
punches, and a pressurization space defined by
an inner surface of the steel substance and the
first and second axial punches; and
a hydroforming operation of supplying fluid into
the pressurization space through at least one of
the first and second axial punches and pressu-
rizing the inner surface of the steel substance,
thus forming the large-caliber product.

7. The method for manufacturing a large-caliber prod-
uct using a hydroforming process according to claim
6, wherein the axial punch setting operation com-
prises discharging air out of the sealing space by
moving the first and second axial punches towards
each other.

8. The method for manufacturing a large-caliber prod-
uct using a hydroforming process according to claim
6, wherein the hydroforming operation comprises
sealing opposite side ends of  the steel substance
using the first axial punch and the second axial
punch.
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