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Finite Elemental Analyses of Forming Ultra Heavy Gauge Square Tube Using Hot Sizing Mill

Takuya NAGAHAMA, Kazuhito KENMOCHI and Kei SAKATA

Synopsis : Ultra heavy gauge steel square tubes have been required as columns to promote the beautiful design of such as glass-faced buildings and

shopping arcades. There have been some methods of manufacturing square columns, but manufacturing heavy gauge tubes was difficult in ei-

ther method. Then hot forming was suggested as a method of manufacturing heavy gauge tubes by reshaping round cross-sectional mother
pipe into square shape. Sharpness of the corners and flatness of the sides are both essentially required. Rigid plastic finite elemental method
was applied to simulate the deformation of the material during the hot forming, and influence of forming condition on the both requirements

was discussed. 2-roll-type hot sizing mill was applied as the instrument of the hot forming. The simulations were carried out in 4 cases with

difference of total reduction or distribution of reduction at cach stand. The square tube was experimentally formed under one of the above 4

cases.

The calculated result was in a good accordance with the experimental result. The shapes of corners become sharper as growth of the total

reduction. The sides become flatter as the reduction at the final stand is smaller. Large total reduction with small reduction at the final stand is

recommendable to satisfy the both of sharp corners and flat sides.

Key words: steel square tube; seamless steel tube; hot sizing mill; finite elemental method.
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Fig. 1. Schematic drawing of reshaping circular tubes to
square cross-sectional ones using hot sizing mill.

Fig. 2. Roll groove used for forming square cross-section-
al tubes in the sizing mill.
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Table 1. Dimensions of rolls used for the analyses.

Case 1 2 3 4
Outside diameter of ol -
material at inlet /mm 346.1| 309.7( 323.3] 344.4
No.l stand| 375{ 509 509| 509
No.2 stand 523[ 1247 1247| 1247
R; /mm
No.3 stand| 16257 oo ool 7961
No.4 stand| -—| -—| - S
No.l standf 191.8| 193.3| 193.3| 193.3
No.2 stand|| 192.5| 192.2| 192.2| 192.2
R, /mm
No.3 stand|| 193.4| 192.8| 192.8] 192.8
No.4 stand - - — 192.8
No.1 stand| 147.4| 143.4| 143.4| 141.7
No.2 stand|| 140.4] 133.2| 133.2| 131.4
H; /mm
No.3 stand|| 125.0; 125.0( 125.0| 126.4
No.4 stand - - -——| 125.2
No.1 stand 5.9] -5.6] -1.3 6.1
.2 d . . 1.3 .
Arl, /% No.2 stan 1.4 1.3 1.5
No.3 stand 1.5 1.6 1.6 -0.1
No.4 stand - -—= -— 0.2
No.l stand|| 16.0| 10.0| 11.9{ 19.5
Ar /% No.2 stand 4.9 6.1 7.5 7.5
) No.3 stand| 11.6 5.3 6.3 3.9
No.4 stand| -—| -—| -—— 1.0
Total reduction ry, /% 32.5| 21.4| 25.71 31.9
No.1 stand|| 885| 885 885 885
Temperature\\ o crana|  875| 875| 875|875
of material
/oc No.3 stand| 865] 865| 865 865
No.4 stand - - - 855
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Table 2. Forming conditions in the analyses.

o No.1 stand 33
Longitudinal

No.2-4 stand| 24

Circumferential 56

Radial 2

Contact area

Fig. 5. Finite elemental meshes deformed in the No. 1
stand, as a result of the calculation under the condi-
tion of Case 1.
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Fig. 6. Calculated cross-sectional shapes of the square
tube between each stand under the condition of
Case 1.
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Distribution of thickness strain in the circumferen-
tial direction of the square tube calculated under
the condition of Case 1.
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Table 3. Forming conditions in the experiment.

Outside diameter of mother pipe /mm | 360.0
. No.1 stand 358.9
Outside
diameter  |No.2 stand 355.5
of roll grooves |Ng. 3 stand 352.1
/mm
No.4 stand 348.8

Table 4. Components of the material formed in the experi-

ment.
unit: mass %
C Si Mn P S Cu | Ni Al \Y
0.160.25] 1.35}=0.020/=0.005] 0.2 | 0.2 {0.01| 0.0
1050 -
[ 1020°C
1000 - \C""l.ed in
F the air
950 |-
- 930°C
900 | W%n
850 ; 850°C
[ 20mins Hot forming Cooled in
800 |- the air L
E—
T,/—\\f

RT.

Fig. 8. Temperature of the material in the experiment.
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Corner R : 1.50 x wall thickness
S : 0.80 x wall thickness
Side flatness  : 1.2%

Fig. 9. Cross sectional shape of the experimentally formed
square tube.

Calculated
outer surface

Calculated
inner surface

Fig. 10. Comparison of cross sectional shape at corner be-
tween calculated and experimental results.
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Fig. 11. Effect of the total reduction on the S of the square
cross-sectional tubes.
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Fig. 12. Effect of the total reduction on the corner radius
of the square cross-sectional tubes.
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Fig. 13. Effect of the total reduction on the fiatness of the
sides of the square cross-sectional tubes.
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Fig. 14. Distribution of equivalent strain in the outer and
the inner surfaces of the material formed in the
No. 1 stand, as results of the calculations under
the conditions of Case 1 and Case 2.
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