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Hammering Incremental Forming of Sheet Metals Using
CCD Camera and Database

Ken-ichiro MORI, Masaaki OTSU,
Naoyuki FUJIWARA and Kozo OSAKADA

An incremental forming system is developed as flexible forming of sheet metals. In this system,
the sheets are bent into desired shapes by repeating local deformation due to the hammering. The
forming process is divided into roughing and finishing operations. In the roughing operation, the
sheet is hammered in accordance with a sequence stored in a database. On the other hand, the
roughly formed shape is corrected into a desired one by hammering at points of large differences of
shape in the finishing operation. The three-dimensional shape of the sheet during the forming is
calculated from the distortion of grid pattern measured by a CCD camera system by means of the
Fourier transform grid method. Aluminum square sheets are formed by an incremental forming
machine with a set of hemispherical punch and rubber die. The sheet is moved by a rectangular
coordinate robot to change the position for the local bending with the punch. The sheets are

successfully formed into a sphere, frustum of cone, paraboloid and hyperboloid.

Key Words: Plastic Forming, Press Working, Measurement and Control, Image Processing, Shape
Measurement, Incremental Forming, Hammering Forming, CCD Camera, Database,
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Table 1 Parameters in preliminary experiment used
for construction of database

Path sequence
Sphere 15-11, 9, 7,:5,3
Frustum of cone 15-n,, 0, 3—+(n-1)

n=8, 9, 10, 11, 12

Distance between hammering |9
points a /mm

Distance between paths b /mm |2
1, 1.5, 2.0, 2.5, 3.0

Punch displacement u /mm

Start paint

Fig.1 Hammering paths and parameters for axisym-
metrical part
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Fig.2 Normalization of cross-sectional shape of desir-
ed part
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Fig. 3 Distortion of grid pattern projected on deformed
sheet
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Fig.4 Transform of distribution of measured bright-
ness into smooth curve
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Fig.6 Method for calculating three-dimensional shape
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Fig.7 Calculation of three-dimensional shape by
image processing
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Table 2 Conditions for measurement of three-dimen-
sional shape of sheet using CCD camera

Grid pitch /mm 2.0
Black and white ratio of grid |1:1
Number of pixels /pixel 256x256
Number of colors 256

Number of measuring points | 400

Table 3 Conditions used for incremental forming of
aluminum square sheet

Dimension of sheet /mm 80x80x1

Punch displacement /mm

Roughing 1.0, 1.5, 2.0, 2.5, 3.0
Finishing 1.0

Distance between hammering | 3.0

points /mm

Radius of sphere /mm 67

Frustum of cone /mm
(h:height, r,:upper radius,
T, lower radius)

h=12, 14, 1,=12, r,=30

z=-0.0151*
(t120~(z/16)*=—1

Paraboloid 1, z /mm

Hyperboloid r, z /mm

_$25

e

]E

CCD camera

Spring  Holder

Rectangular coordinate robot
X <_J

Fig.8 Incremental forming machine with hemispher-

ical steel punch and rubber die

TEY, HALB2FHTE S, BRIV —ALXHEHKE
Buxy b TEBI»L, MOEEDEE R F THA
te,

Ry T CTHRET 2B TRFERELTCCD 4 A
FTHERTIORRETH 220, Ry bk
THM2EBOSC—EBE S THAERTI.
CCD A A2 DYFERMFE2ER2 I2RT, CCDAAZFT
HES BRI SV F LIV E2a—FELHNT
ZRTERIRDEE SN, Fher L TEEZBo Ry b
BN U CHIED S ERET 5.

42 BEEH HroVrIREEGERIC
R, WHMBIEAEOTVE o ANRTH A, HEE
TREFCFOHALRZRE2TSE S, L ETREET
B—ED/NE WETEREEE L CTHEBRR IS
Tw{, BRAEB I UHTWwWEROIZ i, NigES X

Calculation of parameters for
CCD camera and projector
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Fig.9 Flow chart of hammering forming

(b) Frustum of cone (=12 mm)

Fig. 10 Measured shapes of formed sheet using laser
displacement sensor
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Fig.11 Central cross-sectional shapes for formed frus-
tum of cone obtained by present and local
modification methods (2=14 mm)
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Fig. 12 Central cross-sectional shapes for formed
sphere and frustum of cone
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Fig.13 Central cross-sectional shapes for formed par-
aboloid and hyperboloid
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