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Synopsis :

A mechanics of U-O pipe forming has been investigated theoretically and
experimentally by the U-O model forming test of 150 mm and 20in pipe diameter. The
calculated values of gap of U-formed plate edges are in good agreement with the
experiment. Owing to friction between tools and plate in O-forming, the circumferential
distribution of compressive strain of O-formed plate is not uniform. With the friction
taken into consideration, the calculated values of seam gap of O-formed plate are in fair
agreement with the experiment. The increase in the parameter AE = (pipe dia.xyield
stress)/(Young's modulusxthickness) of bending severity enlarges the O-seam gap.
WhenAE = <0.25 and the residual compressive strain of O-formed plate is 0.3%, the
O-seam gap can be constrained sufficiently small. The roundness of O-formed pipe is
less than 2% in case of the pipe having AE<0.25, under optimum crimping conditions i.e.
radius of crimping tool = 0.35xpipe dia., crimping length = 0.1xplate width, residual
compressive strain = 0.25% and O-forming force = (2xthicknessxpipe lengthxyield

stress).
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Synopsis:

A mechanics of U-O pipe forming has been investigated theoretically and experimentally by the
U-O model forming test of 150 mm and 20in pipe diameter.

The calculated values of gap of U-formed plate edges are in good agreement with the experiment.
Owing to friction between tools and plate in O-forming, the circumferential distribution of compressive
strain of O-formed plate is not uniform. With the friction taken intc consideration, the calculated values
of seam gap of O-dormed plate are in fair agreement with the experiment. The increase in the
parameter Ap={pipe dia. X yield stress)/(Young's modulus x thickness) of bending severity enlarges
the O-seam gap. When irp<0.25 and the residual compressive strain of C-formed plate is 0. 3%, the
C-seam gap can be constrained sufficiently small. The roundness of O-formed pipe is less than 2 %
in case of the pipe having ig<0.25, under optimum crimping conditions i e. radius of crimping tool
=0.35 x pipe dia, crimping length = 0.1 x plate width, residual compressive strain=0.25% and O-{orming

force= (2 x thickness x pipe length x vield stress).
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Fig. 1 Process of U-O forming
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and plate in U-forming
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Table 1 Mechanical properties of plate

|

‘ ¢ 1ovs ! TS El YE
Steel 1| 1.6 | 54.3 | 642 | 25 | 2.2
21 200 | 4.8 | 59.5 28 | 2.0
3| 3.2 | 3|5 | 526 2 | 1.0
4] 2.3 | 606 | 73.0 20 | 0.0
5| 44 | eao (1007 | 20 | 0.0
6| 6.1 | 48.5 | 64.0 2 | 1.6
71 89 | 4.1 | 6.5 36 | 0.4
8| 95 | 52.0 | 58.7 37 | 3.2
9| 9.7 | 542 | 619 36 | 2.7
0. 9.2 | 5.7 | 60.2 38 | 2.8
1| 9.3 | 46.4 |, 60.8 38 | 1.5
12| 9.7 | s0.7 | 50.1 36 | 3.3
13| 133 | 460 | 6.0 | 43 | 27

f : Thickness (mm)
YS : Yield stress (kg/mm?)
TS : Tensile strength (kg/mm?)
El : Elongation (%)
YE : Yield elongation (%)

4-2 EBAE

FEILFTEE 150mme U O =7 A-HiiT
DT, FOEBREEY L LCERE 20m B
OeEMEEPMEL -, kb ir&T#ET 4 Table 21
T A Lo, EF 150mm v Tl

Table 2 Specfications of tools in U-O forming test

PD L 2RyPD | 2yPD a/pp | 2B/PD . 2R/PD | 2R/PD | L (mm)
1s0mm | 200 | 0.9~2.7 | 0~0.23 | 0.5~0.9 | 0.5~1.0 | 0.1~0.9 = 0.3~0.9 | 36~ 63
20in 600 | 0.55~0.87 | 0~0.2 | 0.7 | 0.5~0.6 | 0.3~0.5 | 0.45~0.7 | 230~410

Symbols : See Fig. 1
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t/PD=0.0156 t/PD=0.0188

Photo. 1 Effect of thickness/pipe dia, on the
shape of bending locally in O-forming
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Fig. 16 Effect of plate thickness on the curva-
ture 1/p* of bending locally in O-form-
ing
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Photo. 2 Effect of yield elongation on the
shape of bending locally in O-forming
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Fig. 17 Eifects of yield stress, vield elongation

and thickness on the O-seam gap after
springback in O-forming
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Cs5 Cé
Photo. 3 Effect of crimping conditions on the
shape of bending locally in O-forming

(C5, 6; see Table 3)
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DEHCRONL, SOOI 31070 vy &g
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TELEEY R IFET, Fig. 18 wEHFRTL D
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0-seam gap {mm}

e d——
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Compressive strain e,

Fig. 18 Effect of crimping conditions on the
O-seam gap after springback in O-
forming (Cl~6; see Table 3)
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Table 3 Effect of crimping conditions on the shape of O-formed pipe

2R\ /PD 20 /= PD He Results
C1 0.5 0.09 ; 20 Bad (A type)
c2 0.5 0.14 ; 40 Bad (A type)
C3 0.7 0.12 21 Very good
C4 0.7 0.15 35 Good
Cs 0.7 0.17 48 Good
ce6 { 0 0 0 Bad (B type)
Ri{Tool) = ‘
23 |
: E ! \
h ° A type B ‘t_vpe
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Fig. 19 Relation between O-dforming load,
residual compressive strain {€;) and
roundness of pipe after O-formed
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