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Incremental Forming Internally Convex Spiral Bellows

WANG Cheng, YU Yao-hui, CHENG Xuan, WEI Wen-bin, XIONG Hao, GUO Xun-zhong

(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

ABSTRACT: The paper aims to study influences of single reduction and friction coefficient of tool head on forming quality and
limit during incremental forming of spiral corrugated tube, and to optimize parameters of forming process. Through combination
of ABAQUS finite element simulation and experiments, finite element simulation of each forming process parameter was per-
formed. The spiral corrugated tube was incrementally formed on 304 stainless steel tube with an outer diameter of 40 mm and a
wall thickness of 0.8 mm through a forming tool head with a diameter of 8 mm. Different friction coefficients had few influ-
ences on forming limit and had large influences on forming quality. When the single feed rate was 0.1 mm, the thread depth limit
could be increased by 10.5% when the friction coefficient was 0.02. Both simulations and experiments verified the rationality of
process parameters. When the friction coefficient is constant, the smaller the single feed, the smaller the forming force and the
greater the thread depth limit.
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Fig.1 Principle of convex spiral bellows process
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Tab.1 Tube related parameters

EMIME B EER R, AR TR
D/cm t/em (grem ?) GPa
m 0.8 7.93 195 0.247
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Fig.2 Finite element model
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Tab.2 Simulation parameters for different single
feeds of tool head

pem LA

TRKHE TIER o

/(rmin ") (mfnr; y U\J/‘i:ii VR /mm
1 10 6.70 0.10 4.33
2 10 6.70 0.20 4.20
3 10 6.70 0.30 4.19
4 10 6.70 0.40 4.16
5 10 6.70 0.50 4.12

TEHG 1O N IR EL I SO I, AR i Rk
AR XA Rk

B, KA J7 AU I T

PEEQ

(Avg: 75%)
+6.057e+00
+5.554e+00
+5.052¢+00
+4.550e+00
+4.047¢+00
+3.545¢+00
+3.042¢+00
+2.540e+00
+2.037e+00
+1.535¢+00
+1.033¢+00
+5.301e+01
+2.767e+02

PEEQ
(Avg: 75%)

+2.321e-01
+2.128e-01
+1.935¢-01
+1.741e-01
+1.548¢-01
+1.354¢-01
+1.161e-01
+9.673e-01
+7.739e-01
+5.804¢-01
+3.870e-01
+1.936e-01
+1.293¢-01

PEEQ

(Avg: 75%)
+2.554e+00
+2.343e+00
+2.131e+00
+1.920e+00
+1.708e+00
+1.497e+00
+1.285¢+00
+1.074e+00
+8.623e-01
+6.508e-01
- +4.393e-01
+2.277e-01
+1.623e-02

a h=0.1 mm

PEEQ
(Avg: 75%)

+4.454¢-01
+2.343e-02

a25%

c75%

PEEQ
(Avg: 75%)
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PEEQ

(Avg: 75%)
+1.189¢+00
+1.090e+00
+9.909¢-01
+8.920e-01
+7.930e-01
+6.941e-01
+5.951e-01
+4.962¢-01
+3.972e-01
+2.987e-01
+1.993e-01
+1.003e-01
+1.374¢-03

b 50%
PEEQ
(Avg: 75%)
+6.057¢+00
+5.554e+00
+5.052¢+00
+4.550e+00
+4.047¢+00
+3.545e¢+00
+3.042¢+00
+2.540e+00
+2.037e+00
+1.535e+00
+1.033e+00
+5.301e-01
+2.767e-02

d 100%
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Fig.3 Simulation process strain cloud

+5.558e+00
+5.097e+00
+4.636e+00
+4.176e+00
+3.715¢+00
+3.254e+00
+2.793¢+00
+2.332e+00
+1.872¢+00
+1.411e+00
+9.501e-01

+4.893e-01

+2.855e-02

PEEQ
(Avg: 75%)
+5.668¢+00
+5.198e+00
+4.728¢+00
+4.257e+00
+3.787¢+00
+3.317e+00
+2.847¢+00
+2.377e+00
+1.907¢+00
+1.437¢+00
+9.666e-01
+4.965¢-01
+2.641e-02

b 4=0.2 mm ¢ h=0.3 mm

d A=0.4 mm
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+2.775¢+00
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+1.673¢+00
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+1.122¢+00
+8.460e-01
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+2.949¢-01
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Fig.4 Simulated results strain cloud image at different single feed rates
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S, Mises S, Mises
(Avg: 75%) (Avg: 75%)
:322% +8.224e+02
+7.
+69106+02 163000
+6.253¢+02 +62726+02
+5.596e+02 +5.621e+02
+4.940¢+02 +4.971e+02
+4.283¢+02 +4.320+02
+3.6266+02 +31669¢+02
+2.969¢+02 +3.019¢+02
+2.312e+02 +%g?§%
+ +1.
st +1.067e+02
+3.420+01 +4.165¢+01
a 4=0.08
S, Mises
(Avg: 75%)

+8.224e+02

+7.575¢+02

+6.926e+02

+6.277e+02

+5.628e+02
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Tab.3 Simulation parameters with different friction
coefficients

THESKHhm TALR i 452 ORI

g EWOE e s s

/(r-min ")

b 4=0.10

/(mm~s_1) /mm /mm
1 10 6.70 0.10 0.08 431
2 10 6.70 0.10 0.10 4.32
3 10 6.70 0.10 0.12 4.28
4 10 6.70 0.10 0.14 4.29
5 10 6.70 0.10 0.16 4.30
S, Mises
(Avg: 75%)
+8.224e+02
+7.567e+02
i +6911e+02
+6.255e+02
+5.599e+02
+4.942¢+02
+42866+02
+3.6300+02
+2.9746+02
123176402
+1.661e+02
+1.005¢+02
+3.485¢+01

c u=0.12

S, Mises
(Avg: 75%)

+8.224e+02
+7.574e+02
+6.924e+02
+6.274e+02
+5.624e+02
+4.974e+02
+4.324e+02
+3.674e+02
+3.024e+02
+2.374e+02

+1.724e+02
+1.074e+02
+4.241e+01

e 1=0.16
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Fig.5 Simulation results stress cloud diagram with different friction coefficients
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