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The present invention provides a testing system of metal
sheet, and the system at least comprises a clipping apparatus,
(73) Assignee: National Chiao Tung University, a hydraulic press apparatus and a measuring apparatus. The
Hsinchu City (TW) clipping apparatus comprises a first mold, a second mold and
a hyperelastic plate. The hydraulic press apparatus connects
] to the clipping apparatus and transfer a hydraulic pressure via
(21)  Appl. No.: 13/860,924 the second mold to the one of the testing sheet set to let it
bulge along an orientation toward the first mold. The measur-
(22) Filed: Apr. 11, 2013 ing apparatus connects with the clipping apparatus and the
hydraulic press apparatus separately to measure a momentary
(30) Foreign Application Priority Data pressure of the hydraulic pressure and the bulge height of the
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one of the testing sheet set. A testing method using the above-
mentioned system is also disclosed in the present invention.
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TESTING SYSTEM AND METHOD OF
METAL SHEET

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a testing system of
metal sheet, particularly to a testing system integrating the
hydraulic bulge test and forming limit experiment equipment
and the testing method.

[0003] 2. Description of the Prior Art

[0004] The metal sheet has already been widely applied to
different fields in industrial manufacturing, such as packag-
ing, automotive making, consumer electronics producing,
etc. The material expense is the main cost for the product
manufacturing process. In order to reduce the production
cost, the most direct method is to reduce the use of material.
However, reducing the use of material will influence the
mechanical strength of the products. Thus, in order to main-
tain the strength of product and reduce the material cost, it
must understand the properties of the material first, and then
find the most appropriate material in accordance with its
applicable range and use state.

[0005] To obtain the mechanical properties of the metal
sheet, the most extensive testing methods are the tensile
experiment and forming limit experiment. However, two
kinds of testing machine and several testing sheets should be
used for the tensile experiment and forming limit experiment
respectively, which will increase the complexity and cost of
testing.

SUMMARY OF THE INVENTION

[0006] Thus, the present invention provides a testing sys-
tem of metal sheet to integrate several tests for the mechanical
property of the metal sheet. The above-mentioned system
comprises a clipping apparatus, a hydraulic press apparatus
and a measuring apparatus. The clipping apparatus comprises
a first mold, a second mold and a hyperelastic plate. The first
mold and the second mold are capable of clipping one of a
testing sheet set, and the hyperelastic plate is detachable
disposed between the one of the testing sheet set and the
second mold. The hydraulic press apparatus connects to the
clipping apparatus and transfer a hydraulic pressure via the
second mold to the one of the testing sheet set to let it bulge
along an orientation toward the first mold. The measuring
apparatus connects with the clipping apparatus and the
hydraulic press apparatus separately to measure a momentary
pressure of the hydraulic pressure and the bulge height of the
one of the testing sheet set.

[0007] In an embodiment of the present invention, the
abovementioned measuring apparatus comprises a first sen-
sor and a second sensor. When the first mold and the second
mold clip the testing sheet, and the hydraulic press apparatus
applies the hydraulic pressure on the testing sheet continu-
ously, the first sensor measures the bulge height of the testing
sheet, and the second sensor measures the momentary pres-
sure of the hydraulic pressure. At this time, the measuring
apparatus calculates a datum in accordance with the bulge
height and the momentary pressure (called the first datum for
easy identification).

[0008] Inanembodiment ofthe present invention, there are
several grids disposed on the testing sheet. When the testing
sheet is broken by continuous application of the hydraulic
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pressure, the change of grid on the testing sheet can be mea-
sured (called the second datum for easy identification).
[0009] Another purpose of the present invention is to pro-
vide a testing method by using the abovementioned system.
This method comprises the following steps: Firstly, using the
first mold and the second mold to clip a testing sheet, then,
disposing the hyperelastic plate between the testing sheet and
the second mold is carried out. The hydraulic press apparatus
provide the hydraulic pressure to bulge the testing sheet.
Then, using the measuring apparatus to measure the bulge
height of the testing sheet and the momentary pressure of the
hydraulic pressure, collecting the bulge height and the
momentary pressure, and calculating the first datum in accor-
dance with the bulge height and the momentary pressure is
carried out. Wherein, the first datum corresponds to a stress-
strain relationship of the metal sheet.

[0010] Inanembodiment of the present invention, the test-
ing method of metal sheet provided by the present invention
further comprises the following steps: Firstly, using the first
mold and the second mold to clip a testing sheet with a
plurality of grids. The hydraulic press apparatus provides the
hydraulic pressure to the testing sheet to bulge it until it is
broken. Then, measure the change amount of these grids on
the testing sheet to obtain a second datum for drawing the
forming limit diagram of the metal sheet.

[0011] Theadvantage and spirit of the present invention can
be understood further by the following detail description of
invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0013] FIG. 1 shows the testing system of metal sheet
according to the preferred embodiment of the present inven-
tion;

[0014] FIG. 2 shows the testing system of metal sheet
according to the preferred embodiment of the present inven-
tion;

[0015] FIG. 3 shows the flow diagram for calculation the
first datum of a testing system of metal sheet according to the
preferred embodiment of the present invention;

[0016] FIG. 4 shows the flow diagram for calculation the
second datum of a testing system of metal sheet according to
the preferred embodiment of the present invention;

[0017] FIG. 5 shows the forming limit diagram for the
testing sheet set after the hydraulic pressure is applied in a
testing system of metal sheet according to the preferred
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] Please refer to FIG. 1 and FIG. 2. FIG. 1 and FIG. 2
show the testing system 100 of metal sheet according to the
preferred embodiment of the present invention. The testing
system 100 of metal sheet comprises a clipping apparatus, a
hydraulic press apparatus 2 and a measuring apparatus 3. The
clipping apparatus comprises a first mold 11, a second mold
12 and a hyperelastic plate 13, and the hyperelastic plate 13 is
detachable disposed between the first mold 11 and the second
mold 12.
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[0019]  As shown in FIG. 1, the hydraulic press apparatus 2
possesses a hydraulic power unit 21, and a proportional relief
valve 22. The proportional relief valve 22 connects to the
second mold 12 of the clipping apparatus 1. As shown in FIG.
2, when the experiment is commenced, the hydraulic power
unit 21 is activated. The proportional relief valve 22 transfers
the liquid into the second mold 12 and apply a hydraulic
pressure to one of the testing sheet set 4 to let it bulge along an
orientation toward the first mold 11. When the hydraulic press
apparatus transfers the liquid into the second mold 12, the
hyperelastic plate 13 is bulged by the hydraulic pressure, and
the pressure is evenly transmitted to one of the testing sheet
set 4. Then the bulged hyperelastic plate 13 forces the one of
the testing sheet set 4 to bulge.

[0020] As showninFIG. 1, the testing sheet set 4 comprises
a plurality of testing sheets with different geometry and cor-
responds to the metal sheet to be tested. It means that the
testing sheets with the same property (such as same material
and same thickness) are used for the following test to know
the mechanical property of metal sheet for industrial design.

[0021] The measuring apparatus 3 shown in FIG. 1 con-
nects with the clipping apparatus 1 and the hydraulic press
apparatus 2 separately to measure the momentary pressure of
the hydraulic pressure and the bulge height h of one of the
testing sheet set 4. In a preferred embodiment of the present
invention, the measuring apparatus 3 comprises a first sensor
31, a second sensor 32 and a control and analysis unit 33.
Preferably, the first sensor 31 is a displacement sensor. When
the first mold 11 and the second mold 12 clip one of the testing
sheet set 4, and the hydraulic press apparatus 2 provides the
hydraulic pressure to the testing sheet continuously, the first
sensor 31 measures the bulge height h of the testing sheet. The
second sensor 32 is a pressure sensor, which connects with the
second mold 12 to measure the momentary pressure P of the
hydraulic pressure. Finally, the control and analysis unit 33
collects the bulge height h and the momentary pressure P to
calculate a first datum. The calculation procedure and opera-
tion detail will be described in the following text.

[0022] After the testing system of metal sheet is installed,
another purpose of the present invention is to provide a testing
method for the abovementioned testing system. Firstly, con-
ducting a hydraulic pressure bulge experiment is used to
understand the stress-strain relationship of the metal sheet to
be tested. The measuring apparatus 3 shown in FIG. 1is used
to measure the pressure (P) and the bulge height (h) first. The
use equation (1) and equation (2):

(R+rs Y+ W =2rsh (1
2h

=1 Rp_ [ @
w0 sin"! (R/p)

[0023] Calculate the curvature radius p and the dome thick-
ness t. Place them into equation (3) and equation (4) to obtain
the stress-strain relationship.
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[0024] Please refer to FIG. 3. FIG. 3 shows the flow dia-
gram for calculating the first datum of a testing system of
metal sheet according to a preferred embodiment according
of the present invention. As shown in FIG. 3, the steps of the
abovementioned testing method comprise:

[0025] Firstly, using the first mold 11 and the second mold
12 to clip the testing sheet (S100) is carried out. Then, dis-
posing the hyperelastic plate 13 between the testing sheet and
the second mold 12 (S102), and providing the hydraulic pres-
sure via the hydraulic press apparatus 2 to bulge the testing
sheet (S104). Measuring the bulge height of the testing sheet
and the momentary pressure of the hydraulic pressure is car-
ried out (S106). Collecting the bulge height and the momen-
tary pressure (S108), and calculating the first datum corre-
sponding to the stress-strain relationship of metal sheet
(S110) is carried out.

[0026] Then, the testing system of metal sheet provided by
the present invention may be the single equipment. After the
actual stress-strain relationship of metal sheet is obtained by
the hydraulic pressure bulge experiment, a forming limit
experiment may be conducted further. The testing sheet set
with a plurality of grids is used. After the hydraulic pressure
is applied to the testing sheet until it is broken, measure the
change amount of these grids on the testing sheet to obtain a
second datum (the forming limit diagram).

[0027] Please refer to FIG. 4. FIG. 4 shows the flow dia-
gram for calculating the second datum of a testing system of
metal sheet according to a preferred embodiment according
of the present invention. As shown in FIG. 4, the steps of the
abovementioned testing method comprise:

[0028] Firstly, using the first mold 11 and the second mold
12 to clip the testing sheet (5200) is carried out. Then, dis-
posing the hyperelastic plate 13 between the testing sheet and
the second mold 12 (S202). The hydraulic press apparatus 2
provides the hydraulic pressure to a testing sheet set to bulge
it until it is broken (S204). Then, measure the change amount
of these grids on the testing sheet (S206) to obtain a second
datum (S208) for drawing the forming limit diagram of the
metal sheet.

[0029] As the steps shown in FIG. 4, in another embodi-
ment, the hyperelastic plate 13 between the testing sheet and
the second mold can be detached, so that the hydraulic pres-
sure provided by the hydraulic press apparatus 2 can be
applied to the testing sheet directly until it is broken (S204).
The hydraulic press apparatus provides the hydraulic pres-
sure to a testing sheet set to bulge it until it is broken. Then,
measure the change amount of these grids on the testing sheet
to obtain a second datum for drawing the forming limit dia-
gram of the metal sheet.

[0030] FIG. 5 shows the forming limit diagram for the
testing sheet set after the hydraulic pressure is applied in a
testing system of metal sheet according to the preferred
embodiment of the present invention.

[0031] Insummary, the presentinvention provides a testing
system of metal sheet, which uses the hyperelastic plate to
transmit the hydraulic pressure to integrate the hydraulic
pressure bulge experiment and the forming limit experiment
of metal sheet. The system provided by the present invention
successfully creates a single experiment equipment to get the
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stress-strain curve and the forming limit diagram of the metal
sheet, and reducing the complexity and cost of testing effec-
tively.

[0032] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. The testing system of metal sheet for integrating the
testing for a plurality of mechanical properties of metal sheet,
comprising:

a clipping apparatus having a first mold, a second mold and

a hyperelastic plate, wherein the first mold and the sec-
ond mold being capable for clipping one of a testing
sheet set of a metal sheet, and the hyperelastic plate
being detachable disposed between one of the testing
sheet set and the second mold;

a hydraulic press apparatus connecting to the clipping
apparatus and transferring a hydraulic pressure via the
second mold to the one of the testing sheet set to let the
testing sheet set bulge along an orientation toward the
first mold; and

a measuring apparatus connecting with the clipping appa-
ratus and the hydraulic press apparatus separately to
measure amomentary pressure of the hydraulic pressure
and a bulge height of the one of the testing sheet set.

2. The system according to claim 1, wherein an area of the
hyperelastic plate is not less than one of the testing sheet set
evenly transmits the hydraulic pressure to one of the testing
sheet set.

3. The system according to claim 1, wherein the measuring
apparatus comprises a first sensor, a second sensor, when the
first mold and the second mold clip one of the testing sheet set,
and the hydraulic press apparatus provides the hydraulic pres-
sure to the testing sheet continuously, the first sensor mea-
sures the bulge height of the testing sheet, the second sensor
connects with the second mold to measure the momentary
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pressure of the hydraulic pressure, the measuring apparatus
calculates a first datum in accordance with the bulge height
and the momentary pressure,

4. The system according to claim 3, wherein the testing
sheet possesses a plurality of grids, after the hydraulic pres-
sure 1s applied to the testing sheet until it is broken, measure
the change amount of the plurality of grids on the testing sheet
to obtain a second datum.

5. A testing method for the testing system of metal sheet
according to claim 1, comprising:

using a first mold and a second mold to clip a testing sheet;

disposing ahyperelastic plate between the testing sheet and

the second mold, wherein the hydraulic press apparatus
providing a hydraulic pressure to the testing sheet to be
bulged;

measuring a bulge height of the testing sheet and a momen-

tary pressure of the hydraulic pressure;

collecting the bulge height and the momentary pressure;

and

calculating a first datum in accordance with the bulge

height and the momentary pressure, and the first datum
corresponding to a stress-strain relationship of the metal
sheet.

6. The testing method according to claim 5, further com-
prising:

using the first mold and the second mold to clip a testing

sheet;

the hydraulic press apparatus providing a hydraulic pres-

sure to a testing sheet to be bulged until the testing sheet
broken; and

measuring a change amount of a plurality of grids on the

testing sheet to obtain a second datum for drawing a
forming limit diagram of the metal sheet.

7. The testing method according to claim 5, further com-
prising:

detaching a hyperelastic plate;

using a first mold and a second mold to clip a testing sheet;

providing a hydraulic pressure to a testing sheet to be

bulged until the testing sheet is broken; and

measuring a change amount of a plurality grids on the

testing sheet to obtain a second datum for drawing a
forming limit diagram of the metal sheet.
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