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Effect of the Fabrication Schedules on Recrystallization Texture
in Inner Grooved Copper Tube *

Hirokazu Tamagawa™*, Masaaki Kodaira***, Shinobu Suzuki** and Mamoru Houfuku **

Since 2000, because of the rising price of copper metal, the copper tubing used in air conditioner heat
exchangers are being made thinner, both in terms of their diameters and their wall thicknesses, in order
to reduce the amount of copper used. These reduced thickness tubes make it more difficult to create
hairpin bends in the copper tubing when assembling the heat exchangers. The component rolling process
creates grooves on the insides of the copper tubes used in air conditioner heat exchangers. Rotational
draw-bending is used to create hairpin bends. This method bends the copper tubing by 180° while
drawing it in alignment with the rotation of the bending die. In narrow-diameter copper tubing with thin
walls, this bending can result in wrinkling, flatness, and, in worst case scenarios, leads to the tubing
rupturing. In order to resolve these problems, we investigated methods for increasing the r-value of the
copper tubing through texture control. Changes in the copper tubing outer diameter have a larger effect
than changes in the wall thickness on the r-values of the copper tubing made by drawing or rolling. The
development of Goss orientation, as a result of a high degree of external diameter processing, causes the
r-values to drop. Materials with high r-values can be produced by a performing processing with a limited
amount of external diameter processing. Tubes with high r-values have more even thicknesses and less
flatness in areas which have undergone bending, making it possible to create high quality hairpin bends.
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Fig. 1 Schematic of copper tubes production process.
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Table 1 Reduction ratio of drawing.

Cross section Diameter Thickness

No. reduction, reduction, reduction,

Rc (%) Ro*" (%) Re*? (%)
1 16.5 12.1 4.8
2 194 15.0 48
3 26.9 15.0 14.1
4 28.0 233 5.3
5 324 20.1 153
6 35.3 15.3 24.1
7 36.5 24.0 16.1

*1)Rp = (Dy—D1) /" Dy*x100%
Dy: Outer diameter before drawing
Dy Outer diameter after drawing
*2)Rr = (to—11) /" 16x100%
to: Wall thickness before drawing
t;: Wall thickness after drawing
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Fig. 2 Recrystallization texture of the copper tubes.
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Fig. 3 Change in the orientation density on processing ratio in drawing.
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Fig. 4 Change in the r-value depending on processing ratio in drawing.
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Fig. 5 Relation between r-values and orientation density.
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Fig. 6 Schematic of drawing process using a floating
plug.
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Fig. 7 Relation between r-values and orientation density.
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Fig. 8 Appearance of hairpin bend copper tubes. The
bending pitch was 18 mm.
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