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Study on key parameters affecting push-spin integrated bending forming of
aluminum alloy thin-walled tubes with a 0. 8D bending radius
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Abstract: To enhance the bending forming limit of 5A02 aluminum alloy thin-walled tubes with small bending radius, the influence of
key parameters in push-spin integrated bending forming for @30 mmx 1. 0 mm tube blanks with a bending radius of 0. 8D was investigated.
Combining Abaqus finite element simulation with process experiments, the influence of tube blank feed rate V,, spin wheel speed V,,
back pressure P and its loading path on forming quality were systematically investigated. The results indicate that reducing the tube blank
feed rate V, can effectively suppress inner wrinkling, when V, decreases from 15 mm + s™' to 3 mm - s™', the inner wall thickening rate
decreases by 5. 1%. Spin wheel speed V, plays a crucial role in improving forming quality, compared to a fixed spinneret configuration,
increasing V, to 1. 5V, reduces inner wall thickening rate by 8. 0% and extends the stick-out length by 107. 8% , however, further increa-
ses of V, shows diminishing returns. The back pressure P requires precise control, the value below 70 MPa may cause non-adherence to
the die and wrinkling, while values above 70 MPa exacerbate wall thickness non-uniformity and inhibit material elongation; based on this,
an optimal process window is determined; under the back pressure P of 70 MPa, combined with the D loading path (where P undergoes

linear change and reaches the maximum value at 3/4 of the tube blank stroke) , high-quality bent tubes without defects can be produced.
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Fig. 1 Schematic diagram of push-spin integrated bending forming
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Fig. 4 Experimental forming equipment and molds
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Fig. 5 Finite element model of push-spin integrated bending forming
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(a) Inner wall thickness  (b) Outer wall thickness

(c) Stick-out length
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Tab.1 Simulation data at different billet feed rates
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3 42.0 9.3 2.26
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(a) Inner wall thickness ~ (b) Outer wall thickness  (c¢) Stick-out length
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The maximum The maximum  Stick-out
Pressure/  Load
Number thinning thickening length/
MPa path
rate/ % rate/ % mm
1 50 B 12.52 43.26 5.41
2 60 B 13.23 37.52 5.74
3 70 B 13.46 40.76 6. 06
4 80 B 14.12 43.58 5.25
5 90 B 14. 32 45.07 2.74
6 70 A 13.52 43.58 4.37
7 70 C 13.45 37.71 6.16
8 70 D 13.43 37.05 6.32
9 70 E 13.45 44. 67 5.12

11 A
Fig. 11 Schematic diagram of loading path

ANF AR P BRI ELA5 A OC R M 2 in
Kl 12a FIE 12b s, BUHY OB S FE Qi & 13 B,
gERH] ) B P M 50 MPa 34 K% 90 MPa,
AR JEE Fp KU 79 23 20 T 8 R, R PN 0 R R e K
R S YN EE N TR T IR oo N[ A S
BOEH THiE PR, SN REARYZ I %
a5, X R SR R R BUE R SR A

. o 46
14.4 - The maximum thinning rate o
= 142 -=-The maximum thickening rate 45%
2 g
g 140 4 5
®138 43 2
£ 136 023
-8 2
= 134 =
= 41 =
g 13.2 40 2
E 13.0 g
E 128 -
Q Q
= 126 38 £
12.4 37
50 60 70 80 90
P/MPa
(@)
P/MPa
40 50 60 70 80 90 100
7.0
—e—Load path
6.5 _apressure
g 60
£5s
550
‘é 4.5
3 4.0
35
3.0
23 A B C D E
Load path
(b)
—*-The maximum thinning rate 45
13.54 o The maximum thickening rate x
S 445
Q
g 13.52 43 §0
on g
£ 13.50 2%
~
El 41 2
= =
E 13.48 40 £
=1
g 13.46 39 2
= 38 g
Q
£ 13.44 37[50
36
13.42 A B c D B
Load path

(©

P 12 AN IA) S A s i e e A AR 4 SRR it 2k
(a) FEHR-BEEE  (b) HOik, MBU-fdci (o) Mnasuiz-REE
Fig. 12 Variation curves for simulation results under different back
pressure and loading paths
(a) Pressure-wall thickness ~ (b) Pressure, load path-elongation

(¢) Load path-wall thickness



8 IIVE TR AR

W33 %

RS BERETI3E A, A i Be iAok 52 i s vy L % A
Bt Rb i 25 i B sz BH,  AORHME S B 5545 4 b 78 1 95
Wy PN B A A 2 FE A R 1) i B 8l 32 B
T HERR I i BE JEE G I N, H4 Pl 50 MPa B,
HRNASJE DU 2R S G P 50 4 S8 45 20 36 Wi A8
PRSI s B 2 A g, A5 Jey 38 Xl 1 B S 48
JEMG (K 13a) ; fthum K =7 P oy 70 MPa B
KERK, PAEKT 70 MPa B i FAF R sh it — 4
7 B fef 5 L iy S ot A 2R T U/ S BRI 1)
Ml (K 13b), 78 P/NT 70 MPa B i TR 58 A 2
Al g2 A BN AR i ) v e SN (]
13a) , ZEBHET, AR P A 70 MPa,

13 A SOE
(a) WAMIAEEES  (b) fr s BEA 2
Fig. 13 Typical forming defects
(a) Non-adherence to die of inner and outer side

(b) Stick-out length insufficient

AR B AR T PR R4 B 45 SR o6 &R il 4 an 14
12b FE 12¢ i, Z5RFH, mRBH R, K
H SRR A v A R SR S DT R Bl M

Forp RBRAR A BIBAR D, B B AN B A JE A
BTN, S R T R NS AE D B
T E, BRI AR B I SRR M R, i i
AR S el o X TR A it OB R,
FORAE R I Z Wik, WHAe BT R om0 s 22
18, SRR A B 1 S AN R LA IO ) 7% Ak
SRR P M A AR 2 A S B, AT
WIS HE S L, G 5 4B B il LUK I,
R SR B R N B A B AR A BRI, &
R HR R IAGIA W

5 B

I A S 15 A RN B AR LR AT A - — 1A
T BUE SR, AR AR BUE O B, BERESLE
WIS BN E I AHESE V, =3 mm - &7 e HEH
V,=1.5V,, JRAEIEGR P=70 MPa, M##E D #E17
SEg s Hor, g PR RO R R B A T AR
iR A BRER, T SE 5 P M R TR ER A, SER
WA B R o R TOURT P 2 R, O B it i
B (X (2) ) #EfTERE, O5EBT 70 MPa
Z 5, 1SR R K/NR 1,01 MPa,

_ph’
N

Ao, PRt 7 2R e R g 1T 1 S A R
p TGN E ok, BPSCIG s, H A R
R EMR R EAR; W N TN ZE HARE

SERES A 14 FrR, AR AR O RBUR B
g, it R FEAR L P AN EE SR A A 450,
S5 EAAL U 25 R HEA T H, 25 SR 3 A
K15 Fos . R RIS R KA 22 3. 94% , Fe K
HORAHZE 1.7%, 2505 o R i Ly LA SR K
0.18 mm, EVARYL, SCI0AAE SMIRE RSN

(2)

K14 BEIOE S
Fig. 14 Physical image of bent tube
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Tab.3 Comparison of simulation and experimental

tube bending results

The maximum  The maximum

Stick-out
Forming results thickening thinning
length/mm
rate/ % rate/ %
Simulation 37.43 13.43 6.32
Experiment 41.37 14. 50 6. 50

P15 BEHUS S HE X H
(a) A (b) S
Fig. 15 Comparison of simulated and experimental wall thickness

(b) Outer side

(a) Inner side
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