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FINE PITCH GROOVING ON THE SURFACES OF ALUMINUM AND COPPER STRIP
— EXPERIMENTAL STUDY ON GROOVED ROLLING FOR PRODUCING ENHANCED
BOILING SURFACES —

Kenji NAKANISHI, Yasuyoshi FUKUI. Katsuo KIZUSHI
Hirohide KAITA" and Shunichi OKAMURA ™"

Abstract . Recently, new processes to produce enhanced boiling surfaces have been de-

veloped.  Those are extrusion, a combination of extrusion and chipping, mechanical rolling,
hydraulic expansion, and sintering of metal powder, all of which involve complex operations and
high production costs. ~ Grooved rolling is introduced as a simple process to form enhanced boil-
ing surfaces.  First, the deformation caused by grooved rolling was analysed by applying a visio-
plasticity method with plasticine model rolling.

rolling technique occur in the form of a continuous indentation by the teeth of the grooved roll to

Characteristic deformations using the grooved

the surface of a plane sheet or strip, deformation is mainly confined to the region between the
teeth of the upper grooved roll and lower flat roll, plastic flow of the work occurs mainly in a lon-
gitudinally and the tips of rib projections formed by grooved rolling are rounded.  Second,
grooved rolling of thin aluminum and copper strips was examined and it was found that 1 mm pitch
grooves can be formed on the strip surfaces successfully.  Finally, three-stand tandem mill, by
which longitudinal grooving, additional 45 degree cross grooving, and flattening and trimming of

the rounded tips of the rib projections could be performed, was introduced as a test system, and

some examples of products were obtained by the system.
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Fig. 1 Some enhanced boiling surfaces, (a)-(d),
and typical tube-side enhancements, (e)-(h).
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Fig. 2 Dimensions in thickness of grooved sheet
material, (a), and distorion of gird pattern
in X-Y plane projection, (b)
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Fig. 3 Schematic sketch of the rolling mill and
rolling experiment with plasticine plate

Fig. 4 Types and dimensions of the grooves
formed on the upper rolls ( Ref. Fig. 3 )
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Fig. 5 Series of the distortion of grid pattern
observed on the cross section of plasticine
plate during the grooved rolling

( Type of grooved roll : A 3 in Fig. 4 ]

Reduction ratio  r=0.513
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Fig. 6 Distortions of lamina patterns of plasticine
plate observed by grooved rolling
[ Type of grooved roll : A 3 in Fig. 4 )
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Fig. 8 Distortions of gird patterns, a), and effec-
tive strain distributions, b) in grooved
rolling of plasticine plates
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Fig. 9 3-stand tandem mill, rolls and measure-

ment instrumentation

Roll axle diameter : 45 mm,

Roll width : 100 mm

Roll gap : Max. 75 mm,

Roll separating force : Max. 5 ton

Stand pitch : 250 mm
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(Aluminum strip : Thickness :

1.2 mm, Width : 49.98 mm )

Examples of grooved rolling of aluminum strip by using three types of grooved rolls ( Roll diameter :
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Fig.12 Dimensions of the rolls installed in the 3-
stand tandem mill ( Ref. Fig. 9 )

Table. 1 Experimental results
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Fig.13 Sequence of the grooved rolling of a metal
strip by operating the 3-stand tandem mill

( Material : Aluminum strip, Thickness : 1.18 mm, Width : 49.98 mm )

Pass schedule lst. Rolling | 2nd. Rolling 3rd. Rolling
Reduction ratio 0.451 0.331 3 different pass schedules were tested.
0.092 Q.13 0232

Groove depth,mm 0::502 0.465 0.359 0.335 0.198
Rolling load 75.63 43.08 6.0 1i2.0 26.01
Rolling torque 554 1. 78 0.2 0.3 L..2
Hardnesses, Hv A: 37 A: 37 A: 37 A: 37 A: 39

B: 36 B: 35 B: 35 By 35 B 35

Cy 37 ¢! s

Formed sheet
surface

Formed sheet
cross section

Initial hardeness of Aluminum strip:

; s |
Hv=31

Rolling load and torque are presented by the values per unit width.

Rolling load: Kg/mm

Rolling torque: Kg mm/mm

Rolling speed [ lst. rolling: 2.32m/min, 2nd. and 3rd. rollings: 2.58 m/min |
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Table. 2 Experimental results
( Material : Copper strip, Thickness : 1.01 mm, Width ! 49.86 mm )
Pass schedule lst. Rolling|2nd. Rolling 3rd. Rolling
Reduction ratio 0.582 0.327 3 different pass schedules were tested.
0.095 0.106 0.193
Groove depth,mm| 0.578 0.407 0.316 0.305 0.222
Rolling load 185.18 176.13 22.06 44.12 70.2
Rolling torque| 12.88 ) 6.72 0.8 12 3.61
Hardnesses, Hy | A: 98 A: 102 : 101 A: 101 A: 103
A B: 99 B: 101 : 101 B: 101 B: 101
E C C: 102 C: 102 102 C: 102 C: 107

Formed sheet
surface

Formed sheet
cross section

Initial hardeness of Copper strip:

Hv=77

Rolling load and torque are presented by the values per unit width.

Rolling load: Kg/mm,

Rolling speed [ 1lst. rolling: 2.32m/min, 2nd.
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observed by the simple tests
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