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Abstract

This study focuses on the rotary swaging connection of copper-aluminum tubes in air conditioning
systems, employing a combination of theoretical analysis and simulation to investigate the influ-
ence of blank mechanical properties on the strength of rotary swaging connections. Theoretical re-
search indicates that the strength of rotary swaging connections is ensured by plastic deformation
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and the additional welding effect generated by the overlapping sections of the tubes. Variations in
the mechanical properties of the blank significantly affect the connection strength. Simulations of
rotary swaging and tensile tests were conducted on blanks with different hardness levels. The re-
sults demonstrate that, within the material’s capability range, the strength of the rotary swaging
connection increases with the hardness of the blank, showing a positive, nonlinear correlation be-
tween the blank’s mechanical properties and the connection strength. However, when the blank
hardness exceeds the material’s capability range, defects may occur in the rotary swaging connec-
tion, leading to a reduction in connection strength. The findings provide technical and theoretical
support for ensuring and enhancing connection strength in engineering applications utilizing ro-
tary swaging processes for material joining.
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Figure 1. Model diagram of rotary forging connection
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Table 1. Chemical Composition of 6061Al (%, mass fraction)
= 1. 6061 Al LE K5 (%, FREDH)

Cu+Ag Bi Sb Fe Ni Pb Sn S (0] Zn Other

99.90 0.001 0.002 0.005 0.005 0.005 0.002 0.005 0.06 0.005 0.1

Table 2. Chemical Composition of pure copper E-Cu58 (%, mass fraction)

2 2. 4hi%H BE-Cus8 WEM D (%, REHH)

Al Si Fe Cu Mn Mg Cr Zn Ti Other

97.3 0.06 0.35 0.275 0.075 1 0.195 0.025 0.075 0.1

Table 3. Material size parameters
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Figure 2. Relation between rotary forging capacity and blank hardness
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Table 4. Material hardness range
= 4. MRMERSTE
AME (Cu) HE (Al
R AIRAEEE(HB) 80 70
i (= T8 (HB) 120 110
Table 5. Design scheme of blank hardness full factor test
#5 EXBEELRAFHRBRITAR
6061A1 (HB)
E-Cus8 (HB) 80 100 120
70 T % 70/80 J7 % 70/100 J7 % =70/120
90 77 %04 90/80 75 % 1. 90/100 JI %75 90/120
110 77 %6 110/80 77 %)\ 110/100 Ji %I 110/120
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Hrf, kK RER R, WNTRZHESRETS £ EUEIEE—8R 3.3~3.6 (MPa/N/mm?), A SCHIEE e dx
ERR AL ZBEUE k = 3.45, 4iFAREERELEL 0.68, 6061A1 JE5RELEL 0.78. HIL AT PASRAFHIEE R
[FE R T AR ARG EE St sR g, Wik 6 F13E 7,
ANEVRE E R AR E-CuS8 Fl1 6061A1 (1) 52N WA i 2 il 3 F1E 4 Fos .
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Table 6. Different blank hardness values of copper pipes and their corresponding strengths

6. SAENEEILMEEERE XN RE

EITEE(HB) JeE R A% FR (M Pa) 7 A PR (MPa)
80 276 405
100 345 507
120 414 608

Table 7. Different blank hardness values of aluminum tubes and their corresponding strengths

= 7. MENEEILME BB E X R A

EIEE (HB) Jit AR A FR (MPa) 35 P A BR (MPa)
70 241 308
90 310 397
110 380 487
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Figure 3. Stress-strain curves of E-Cu58 under different hardness
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Figure 4. Stress-strain curves of 6061Al under different hardness
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Figure 5. Simulation model of rotary forging connection
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Figure 6. Velocity distribution of rotary forging connected pipe
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Figure 7. Rotary swaging after the stress and strain. (a) Stress; (b) strain
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Figure 8. Stress-strain curve with the hardness of copper-aluminum tube blank
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Figure 9. Stress and defects of downward rotary forging with copper 140 HB and aluminum 130 HB hardness. (a) Stress; (b)
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Figure 11. Variation of tensile load of rotary forging connected pipe
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Figure 12. Variation curve of tensile load under different hardness combinations
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Figure 13. Tensile results of copper 140 HB and aluminum 130 HB hardness under rotary forging
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