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Abstract: The thin-walled flat tube with microchannels is an essential component for the construction of the constant tem-
perature system in lithium-ion battery packs for new energy vehicles. The dimensions used in forming this component are
critical factors that influence the deformation of the stamped section. An experimentally verified finite element model has
been developed for the waveform stamping-springback of
3003Al-H14 thin-walled flat tubes with microchannels. This

KRB 2021-11-05 fEEH#: 2022-06-17 model was used to investigate the impact of forming dimen-
EEWB.: HEAKFFEETHE (51601070, 51875263); Lk sions such as section height, tube blank wall thickness, and

B HREL¥ 345 H (BK20181447) relative bending radius scaling factors of the inner and outer
S, B, 5. 1974 4k, BT AR surfaces on the section deformation ratio and average section

BIIEE . AT, 4. 1986 FFA4 . FIBE . Bl kSN, deformat?on ratio. Th'e resefirch findings are as follows: Q)
The section deformation ratio of the holes at the upper edge

Email: xial66109@ 163. com of the cross-section is generally larger, while the deforma-
DOI: 10.7502/j. issn. 1674-3962. 202111005 tion ratio of the remaining holes is relatively small and con-
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sistent in size. The section deformation ratio of the holes on the longitudinal section exhibits a distribution pattern with high

peaks and valleys and low values in the middle section. @ The section deformation ratio of the flat tube increases with the

increase in section height. When the section height exceeds 4 mm, the ribs inside the flat tube significantly bend, leading to

severe collapse of the cross-section. (3 The average section deformation ratio of the flat tube decreases exponentially with in-

creasing wall thickness. When the wall thickness equals 0. 1 mm, all sections exhibit severe distortion, while when the wall

thickness exceeds 0.3 mm, the maximum section distortion ratio decreases to 24. 71%. @ A larger scaling factor of the rela-

tive bending radius of the inner and outer surfaces results in a smaller actual bending degree of these surfaces and a smaller

average section deformation ratio. This study has scientific significance and engineering value for the precise forming of thin-

walled microchannel waveform flat tubes.
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Fig. 1~ The geometric dimensions of the 3003Al-H14 thin-

walled micro-channel flat tube
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Table 1 The geometric dimensions values of the 3003Al-H14 thin-

walled micro-channel flat tube

Forming size Value
Cross section width //mm 59.1
Cross section height A/ mm 2.5
Wall thickness of tube blank #/mm 0.3
Inner width of single hole w/mm 1.8
Number of holes m 28
Total length of longitudinal section L/mm 100
Wave radius of inner curved surface r/mm 6
Wave radius of outer curved surface R/mm 10
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Fig. 2 Fracture state of the tensile specimen of the 3003Al-H14

thin-walled micro-channel flat tube
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Fig. 3 The ture stress-strain curve of the tensile test of the 3003A1-H14

micro-channel flat tube
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Table 2 Material mechanical performance parameters of 3003Al-H14
thin-walled micro-channel flat tube

Material parameters Value
Material 3003A1-H14
Poisson’s ratio 0.28
Density/ (kg/m®) 2730
Elastic modulus/GPa 12.54
Initial yield strength/MPa 34.36
Tensile strength/MPa 141. 03
Elongation/ % 38.74
Material parameters A/MPa 49.930
Material parameters K/MPa 152. 826
Material parameters n 0.472
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Table 3 Comparisons of simulative and experimental conditions
Boundary conditions Simulation Experiment
Coefficient of friction between Mechanical oil
; 0.09 Lo
upper die and tube blank lubrication
Coefficient of friction between i i

Mechanical oil

0.09
lower die and tube blank lubrication
Flat tube Stamping speed/ (mm/s) 9.5~30.5 Fast
Stamping time/s 1 1
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Table 4 The geometric dimensions values of the 3003Al-H14

micro-channel thin-walled flat tube

Forming sizes Base value Value setting
h/mm 2.5 1,2.5,4,7,10
¢/mm 0.3 0.1,0.3,0.5,0.7, 0.9

R=6, r/mm 10 3,6, 10, 12, 24

+/R=10 mm/6 mm, B 1 0.5,1,2,4
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