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Cold rolling is one of the most important metalworking processes in industries. However, it still has
some problems with dimensional and shape accuracy of products and in productivity. As flow stress of
rolled materials increases, elastic deformation of rolls becomes severe and complicated. It makes the
prediction of the rolling load difficult. Curling of sheet occurs due to the asymmetries in friction, deviating
of pass line from center line, etc. and deteriorates the productivity. However, the mechanism of curling is
still not fully understood. In order to solve these problems, it is essential to know the deformation of the
sheet and the rolls in roll-bite during the rolling process. However, it is difficult to observe the in-situ
deformation phenomenon on a rolling mill. From this point, the interrupted rolling of TFE
(Tetrafluoroethylene) coated sheet followed by profiles measurement is proposed and used in this study.

In Chapter 1, background, objectives, and outline of this research work were explained.

In Chapter 2, lubrication with TFE coating was studied in cold rolling of aluminum sheets. Friction
coefficient on TFE-coated aluminum sheets was found to be around 0.1, which is similar to that under oil
lubrication. It was also found that TFE coating with 30 pum thick is able to follow rolling deformation up to
total reduction rt = 60%. Above the reduction, the exposure of aluminum occurred on the outermost
surface.

In Chapter 3, elastic flattening deformation of rolls was investigated. It was found that the rolls remain
circular shapes at lower reduction and show non-circular deformations in case of the heavy reduction in
thickness. In addition, the transition to the non-circular deformation of rolls appeared at lower reduction
under unlubricated conditions. Contact length LM calculated with considering elastic deformations of the
sheet before and after the roll-bite is close to contact length LP detected from the measured profiles under
different lubrication conditions. It is better to use contact length LM for prediction of rolling load.

In Chapter 4, the curling was investigated in cold asymmetric rolling of aluminum sheets. Under
differential-speed rolling, the sheet curls to the slower roll side at low reduction (7 < 23%) and curls to the
faster roll at the higher reduction (» > 23%). Meanwhile, the contact length LU on the upper (faster) roll
surface is longer than LL on the lower (slower) roll surface at low reduction in thickness. On the other
hand, LU is shorter than LL at the higher reduction. It is found the ratio of contact length LL/LU is
correlated with the curling direction in the differential-speed rolling: the ratio of contact lengths LL/LU is
found to be a good index to control the curling.

In Chapter 5, the curling in differential-friction and hybrid rolling were investigated. The difference in
friction shows a larger effect on curvature than the speed ratio VL/V'U during hybrid rolling. Under hybrid
rolling, curvature gradually decreases as the speed ratio of VL/VU increases. Hybrid rolling is useful to
decrease sheet curvature in differential-speed rolling.

In Chapter 6, the obtained results were summarized and discussed. Applications of this research were
blueprinted.

It is found that experimental technique about interrupted rolling of TFE coated sheet followed by
profiles measurement is effective to reveal the deformation during rolling and to figure out various rolling
characteristics.
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TN A B OMBIEIE 7 1 & 228\ TC, JEIEM O~HERS A MR RIXE i@ Ch 5. T,
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TREER D Lo TS, FTz, EFr—/b L BEEMN R OBEEMRE O AR SRR LT, EEM O ETRY
WEATHHEEN EF L, AEEETORK /A>T D., LALARRD, K ORABEIILT LLHL &
BRoTHELY, KV EERICERTLZ LB LY. 29 LEBNEMRICIE, 72— NNOREIEIEM OB %
AT 2 2 EREHTH DR, B— /L oWEEMITEE TRE L T A 72D EEEEITE L. 2 2 TR
I, EEFIC e — LV OREERE RIS IET D 2 LI Ko TRIGELERF IEOM OBREZRMET HZ & T, m—/3A |k
WNOWIEIEM OISR B 2 A L, ~ 27 0 R 28 BHE & BEAH I TER LT 5.
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2B TIX, 7 v RBR (TFE) THE L7 7 L I =0 AR OMBEERE A A L, B30 12 & g
TS T B REENERTE A2 RELTWS. Thbb, Mgz AW CEERT IO EREITH &,
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LT TED L AR LTS, EBIT, 30 yumED 7 v FBEHNRIL, BE T 3Hr > 60%FE TORIEMEZTIT B
THZENTEDLZ EHHERLTWVD.
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SR ZARDAY, EE T TIEIEMIARIC BT D RGO TR ZFEFIC I L T D, I biT, Eillsh
TR S Leld, B — V3 M RITR OWEIEM DA 2 BB T 5 2 L CEMICTRITE 2 b RHELTWS

HABELESETIIT I =T AROGBRIIERFRELEIC S T 2ELEM O Y #HEL TS, Ha4=TlE, R
JEHEIEAEZ B 5K Y OFFAHMEE TR < 23%) DA 3K v — VU ll~, &ETFTEr > 23%) 0548k md o —r
M~L72D 2 EHMERLTND. 2O, K0 L AR/ il r — Ul O FRIHEARR S O & OMIHBEIMNDR H 5
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