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FEATURE : The 50th Anniversary of Titanium Development
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Commercially Pure Titanium Strip Cold Rolling Technology

Masahito Fukudall Haruhiro Ibatal] Shinichi Tarumotod Mamoru Sawada

Higher constrained yield strength and galling susceptibility are typical characteristics of commercial cold
rolled pure titanium strip. Lubricants with high saponification value are effective in reducing the rolling
pressure and to prevent galling. The optimized selection of lubricant and rolling conditions and sophisti-
cated 6-high rolling equipment have enabled cold rolling of commercially pure titanium strip with much
higher production efficiency. The combination of these technologies have also made it possible to produce

wide thin foil, 0.1mm thick and 800mm wide[]
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Fig. 1 Constrained yield stress of commerially pure titanium
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Fig. 2 Frictional condition during cold rolling of C. P. titanium,
stainless steel and mild steel

30 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 49 No. 30 Dec. 19990



001 0DOhooooooboooooog
Photo 1 Roll surface appearance after cold rolling C. P. titanium
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Fig. 3 Effect of work roll diametel DO on frictional condition of
cold rolling C. P. titanium
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Fig. 5 Relation between lubricant properties and frictional
condition during cold rolling C. P. titanium
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Fig. 4 Effect of lubricant properties (o] RN NI
on frictional condition of cold 80
rolling C. P. titanium
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Photo 2 Surface apperance of C. P. titanium after cold rolling
under excellent lubricity
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Photo 3 Relationship between grain size and hydrodynamic pocket
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Table 1 Specifications of reverse cold rolling mill0 RCMO Reduction0 0 0 0 W mm
O | 7.3(0.889-0.824mmt)[11 0410]
uc-1 ucw2 2l Titanium | O [11.0(1.155-1.029mmt)0] 9560
Roll Arrangement Back UpQ ® |11.0(1.460- 1.300mmt)[1 956
O Upper HalfD Back UpDJ Roll 5 Hicarbonl A |£4.7(1.360 - 1.160mmu)[1L 0020]
Roll S 40 Steel A [14.0(0.983 - 0.845mmt)[11 002
Inter-0 Inter0 Supportt x B Rolling Mill : UC-2
mediate Roll mediate Roll e 4 N Ag 0€ 0 € ¢
Work Roll workRoll__ (+§? S 0 o \ \ a7
Strip Strip £ ® O A\ A
Work Roll Diameter ~ mm 440 165 & 4l \ AN
Entry O Delivery Tension I \\
ton force max. 30 or 11 max. 30 or 11 g QY &
Line Speed m/min max. 1 400 max. 450 5 o\
Driving Roll Work Roll Intermediate Roll E 2r \ \
Material [}
Entry Thickness mm 16050 1.0045 ey \
Delivery Thickness mm 01023 01023
Width mm 60001 1 400 6000 1 400
Weight ton max. 50 max. 50 _a | | | | | | |
Lubricant 0 20 40 60 80 100 120 140
Saponification Value mgKOH/g 175.0 . )
Acid Value mgKOH/g 20.0 IMR Bending Pressurel O kgf/cm
Viscosity at 380 ¢St 98.2 0ed O0O0OOUOOOOODOOODOOODOOOO
Densit_y at 600 g/cm? 0.905 Fig. 6 Influence of IMR bending pressure on flatness of C. P.
Emulsion Concn. [ 204 titanium and steel IMR : Intermediate roll
Automatic Gauge Control O Feed Forward AGC
0AGCO O Monitoring Thickness AGC 1
O Monitoring Rolling Load AGC 0
O Tension Monitor AGC Pr | 220 | 380 | 700
O Compensating Acceleration AGC
0 Roll Eccentricity AGC _ e 8 Mark| O @ d
Shape Control O Intermediate Roll Shifting § S Reduction :11.00 (1.155 - 1.028mmt)[]
O Divided Roller Type O Intermediate Roll Bending & o Width ~ :956mm0
Shape MeterlJ 0 Work Roll Bending o 6 g;%lt;::;f: ﬁ igzmmzu
O Zone-coolant Control = " Py : Rolling Force tonJ
S _ 5 A € 1€ o
000000000000°0JsS 2000000000 g0 ar Pus IMR Bending Pressure kgf/cm*
8 al%
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Fig. 7 Influence of Young's Modulus and rolling pressure on
gooboooobooooooooooooooon efficiency of IMR bending pressure
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Table 2 Pass schedule of cold rolling for C. P. titanium of JIS class-1
Roll arrangement : UC-1, 3.3t x 1 038w mm

Pass | Delivery Thickness | Thickness Reduction| Rolling Force Front Tension Back Tension UC-d3 mm WR Bending IMR Bending | Flatness of Strip
No. mm 0 ton kgf/mm? kgf/mm? Upper | Lower kgf/mm? kgf/mm? Steepness [
1 2.928 113 890 6.5 2.5 57 57 125 70 Center Wave 1.0
2 2.502 14.6 850 8.0 7.0 57 57 100 70
3 2.140 14.5 830 11.0 9.0 57 57 110 70 Center Wave 1.3
4 1.835 14.3 880 10.0 9.0 57 57 100 70
5 1.577 14.1 870 115 10.0 57 57 100 70 Center Wave 1.5
6 1.385 13.9 930 11.0 9.0 57 57 100 70
7 1.173 13.6 870 115 10.5 57 57 100 60 Center Wave 1.07
8 1.016 134 890 11.0 9.0 57 57 100 70
9 0.884 13.1 860 10.0 10.0 57 57 100 60 Center Wave 1.8
10 0.771 12.8 890 115 9.5 57 57 100 50
11 0.675 12.4 820 115 11.5 46 66 90 50 Center Wave 1.4
12 0.594 12.0 870 115 9.5 46 66 100 50
13 0.530 10.8 800 115 11.0 46 46 120 40 Center Wave 1.0
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Table 3 Pass schedule of cold rolling for C. P. titanium foil of JIS class-1

Roll arrangement : UC-2, 0.513t x 800w mm

Pass | Delivery Thickness | Thickness Reduction| Rolling Force Front Tension Back Tension WR Bending IMR Bending | Flatness of Strip
No. mm 0 ton kgf/mm? kgf/mm? kgf/mm? kgf/mm? Steepness O
1 0.457 10.9 120 5.0 8.0 50 50 | ...
2 0.384 16.0 145 12.0 14.0 70 60
3 0.323 12.7 161 12.0 14.0 85 75 Edge Wave 1.8
4 0.275 14.9 176 14.0 16.0 85 75
5 0.236 14.2 205 14.0 16.0 85 75 Edge Wave 1.8
6 0.205 13.1 211 14.0 16.0 85 75
7 0.180 12.2 197 14.0 16.0 80 70 Edge Wave 1.5
8 0.159 11.7 228 14.0 16.0 80 70
9 0.143 10.1 221 14.0 16.0 75 65 Edge Wave 1.6
10 0.129 9.8 225 14.0 16.0 75 65
11 0.118 8.5 211 13.0 15.0 75 65 Edge Wave 1.6
12 0.108 8.5 264 13.0 15.0 75 65
13 0.101 6.5 226 13.0 15.0 70 60 Edge Wave 1.2
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Fig. 8 Work roll profile for cold rolling titanium foil with 0.1
mm thickness
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