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Acquisition Strategy of Forming Process of Flat Variable Curvature Pipe Fitting
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ABSTRACT: The work aims to obtain the initial process parameters of flat pipe fittings in bending forming. Based on the
bending forming principle of flat arc pipe fitting, the forming pipe fitting was divided into stable section and transition section.
For the stable section, the mapping relationship between the bending radius of the flat arc pipe fitting and the bending die offset
was analyzed, and the nonlinear equation was obtained by quadratic curve fitting to facilitate the prediction of the forming proc-
ess parameters in the stable section of the pipe fitting; For the transition section, the optimal transition mode was determined by
analyzing the effects of the deflection of the bending die in different modes on the forming of the integral pipe fitting. Combined
with the above analysis, based on the knowledge base of pipe fitting forming process, a method for planning and predicting the
process parameters of flat pipe bending was put forward and was verified through forming simulation. The approximate residual
error of the whole pipe fitting was 0.230 1 mm, the maximum deviation was 0.390 7 mm, the ratio of the approximate residual
error and the maximum deviation to the total length of the pipe was 0.127 4% and 0.216 2% respectively, It is verified that this
method can effectively obtain the forming process parameters of flat variable curvature pipe fittings.
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Fig.1 Schematic diagram of forming geometry
of flat pipe fittings
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Fig.2 Parameter coordinate system composed of characteristic variables
12 PEHEGHHRFIZMARRGE BIRRE
WALHRE
SREERER
SRR B L BEHE ]
3
fic A
REETERL
JUTZ
T XA
2 TEEHWETESMHN j TESE ‘
® e TR]
é S EHE
B
=
il AEE - Bk ]
£ IR E
& CREMFF2 |
4 3 o XA X
AR SR
Ry R, R; 25 AR R e [R]
et B
U U, U

Fig.3 Representation of knowledge about forming
process of flat pipe fittings
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Fig.4 Acquisition of initial process parameters of flat pipe fittings based on first-order equivalent
approximation and second-order optimization
[y V210 23 - -+ >
3 FHETHEREGMEIZMIAMN
R~z F
31 TEEHREERITSH
10 mmx2.5 mm Dx t
— 5
C3D8R 6
R3D4 6 Fig.6 Finite element model of pipe forming
250
32 THEMARERIZSHTN
200 -
g [ EE 0<E<7)
E 150 N\ ko @>2)
2 PPERIRY | JEMARER/ | ARPRSREE/ b e
ﬂé 100 GPa MPa MPa -
68.4 149.2 228.2 0.3
| L/ o | TREEREY
SO | ety | i | R
2.71x10° 11.9 296.76 | 0.1122 10 mm 2.5 mm
0 l l I I I l 17 18 19 20 21 22 23 24 25 26 27 28 mm
0.00 0.02 0.04 0.06 0.08 0.10 0.12
HLSLNAE

5

Fig.5 Strain-stress curve and mechanical properties
of aluminum alloy
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Fig.7 Relationship between bending mode offset and
bending radius
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Fig.8 Types of changes in the transition zone
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Fig.11 Offset angle and offset distance between the
pipe axis and the target pipe axis in F1-F6 loading
mode of transition zone
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Fig.19 Process knowledge of pipe fittings in the plane stability zone
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Fig.20 Process knowledge of pipe fittings in the plane transition zone
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Fig.21 Loading amplitude curve of bending mode
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Fig.22 Approximation results and deviation
distribution of flat pipe fittings
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