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Abstract; A new pilot mill was developed for the experimental rolling of difficult-to-deform
materials. Hydraulic tension cylinders and clamps were used for direct pulling tension rolling on
short material specimen. In order to realize the differential speed rolling with continuously variable
speed ratio, two main motors were used and the motors’ speeds were adjusted respectively for
upper and lower work rolls. Warm rolling process was implemented through strip resistance
heating. The clamps at the two sides of the mill were used as the positive and negative electrodes,
while low voltage and high current DC power was acted on the strip specimen. These functions
were realized on the new pilot mill for experimental validation. The 3% Si silicon steel was rolled
with direct pulling tension and differential speed rolling mode. With speed ratio of 1. 12, the total
thickness reduction was increased by 28.4% . The AZ31 magnesium alloy was rolled with direct
pulling tension and warm rolling mode, and the thickness was reduced from 4 mm to 0. 633 mm
with good surface quality. This new pilot mill can be used as an effective tool for the difficult-to-
deform material experimental research.

Key words; pilot mill; difficult-to-deform material; direct pulling tension rolling; differential
speed rolling; warm rolling
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Fig. 1 Equipment schematic of direct pulling cold rolling pilot mill
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Fig. 2 Actual roll speed of differential speed rolling
process
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Fig. 3 Diagram of heating for warm rolling and temperature control
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Table 1 Process parameters of the pilot mill
R R RRHL N F L T =) | TAERR SCHEER
L 5K 77 il 3 BRI TR Boj PR iz K iz K
kN kN m-s™' kW kW i mm mm mm mm
4500 50 0.6 1.3:1 2 x 160 180 800 180 ~200 370 530 ~550 350

SR EL AR A B a3k 2 R, 3 HukE
A TE AL IR SRSt AN 4 R, i
EIAT LLE H ARTRVEL I 250 T R S B L s i
UCELHN 7 B oD, T SRR b iR E
DAL T 8N TR 2R 8OR. FEA R AL T
[ 25 L 7 B 2 J i 52 B R 0. 799 mm; TG 545 1
112 W e R SR E DA 0. 572 mm, JEEJE
T 28. 4% .
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Table 2 Differential speed rolling process data of silicon steel
e LinEe JaikJ) mrsk Sy AL R I puiN SEBRiB A eIy
e VT e el BEl BEN Mg LBDDRE R
mm kN kN mes”’ kN mm %
1 0.93 48. 00 45. 00 0.10 1. 000 2163 1. 477 26. 14
#
Ef%iﬂ’?ﬁﬂ 2 0.16 45.00 43.00 0.10 1. 000 2 830 1.032 30. 13
3 -0.11 40. 00 34. 00 0.10 1. 000 2784 0.799 22.62
1 0.93 48. 00 45.00 0.10 1. 060 2 045 1. 405 29.74
#
E‘;ﬂﬁﬁﬂ 2 0.16 45.00 43.00 0.10 0. 943 2 680 0.915 34. 87
Can
3 -0.11 40. 00 34.00 0.10 1. 000 2521 0.679 25. 80
1 0.93 48. 00 45.00 0.10 1. 120 1814 1.289 35.57
#
%ﬂiﬂﬂ%ﬂ 2 0.16 45.00 43.00 0.10 0. 893 2424 0. 786 39.05
3 -0.11 40. 00 34.00 0.10 1. 000 2351 0.572 27.20
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Fig. 4 Rolling force and reduction of each pass tor silicon steel with differential speed rolling
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Table 3 AZ31 warm rolling data

s AR JEik wrakdr RLWIEEE  RELIEE SSbR o SBRlE SR
FLIRI e WoEl el S ®ElE wEl fEh B JA g
mm kN kN me-s ' T kN mm %

1 4.00 3.60 3.60 0.15 300 405 2. 664 33.40
A Bl 2 3.55 3.50 3.50 0.17 300 288 2.147 19. 41
il B B 3 3.20 3.40 3.40 0.19 300 250 1. 800 16. 16
4 3.00 3.30 3.30 0.20 300 203 1. 540 14. 44
1 2.85 3.40 3.40 0.12 250 125 1.221 20.71
2 2.70 3.40 3.40 0.15 250 120 1. 066 12. 69
I BEEEL 3 2.55 3.00 3.00 0.17 250 115 0.939 11.91
BB 4 2. 40 3.00 3.00 0.19 250 153 0. 821 12.57
5 2.25 3.00 3.00 0.20 250 129 0.723 11.94
6 2.10 3.00 3.00 0.20 250 170 0. 633 12.45
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