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Abstract

A numerical analysis method for the skin pass rolling of tin plates with dull work rolls is established
considering the surface asperity and elastic deformation of such work rolls. A rolling experiment
using dull work rolls of comparable diameter to those used in commercial-scale skin pass rolling

mills reveals higher elongation for smaller rolling force and much smaller elongation for larger
rolling force compared with elongation behavior in the case of bright work rolls; such elongation
characteristics also have predicted by the two-dimensional rolling FE analysis. Concerning surface

roughness formation, it is found that the two-dimensional rolling FE analysis overestimates surface
roughness compared with experimental results. To improve surface roughness prediction, a
combination of two-dimensional rolling analysis with three-dimensional die press analysis simulating
a generic piece of the rolled plate and a unit of asperity of the work roll is proposed.
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Rolling conditions

¢ 480 mm x 400 mm width
Roughness: 3.1 - 3.3 umRa (shot dull)
5% emulsion (50 °C), no lubrication
Thickness: 0.2 mm, Width: 150 mm
Tin plate Upper yield stress: 400 MPa

Lower yield stress: 312 MPa

Entry unit tension: 82 MPa

Work roll (WR)

Lubrication

Rolling condition Delivery unit tension: 98 MPa

Rolling speed: 10 m/min
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Elongation of rolled tin plate with dull and bright rolls
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Elongation of rolled tin plate with dull and bright rolls
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Roll surface asperity model
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Magnified finite element mesh at roll-plate interface
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Rolling configuration and equivalent plastic strain rate
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Rolling configuration and equivalent plastic strain rate
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Comparison of calculation with experiment on elongation
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Distribution of equivalent plastic strain rate along the roll-
bite (m=0.2)
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Variation of plastic strain in the rolling direction along the
roll-bite (m=0.2)
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4
Mark | Entry Delivery
O 82MPa 98MPa
3T [a Tieawpa 98MPa
[m] 204MPa 98MPa

Elongation /%
I

o0}

2 4 6
Rolling force /MN*m™!

22 AfllsRAHDRE
Effect of entry tension on elongation

4
Mark |Entry Delivery
O | sawpa | o8MPa
3T la ] sompa | 150MPa
O | 82MPa | 198WPa

Elongation /%
N

Rolling force /MN=m-!

23 HEBRHDEE
Effect of delivery tension on elongation
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24 (HAICHT2) O—IILREDHEE
Transcription of the roll surface asperity (in delivery side)

=3 FEIEEH
Rolling conditions

(0 480mm, ¢ 165mm) x 400 mm width,
Roughness: 3.1 - 3.3 umRa (shot dull)

WR . .

— Asperity height: 10 um
Asperity pitch: 62.5 um
L 5% emulsion (50°C) — m=0.2
Lubrication L

No lubricating — m=0.275
Thickness: 0.2 mm, Width: 150 mm

Plate Upper yield stress: 400 MPa

Lower yield stress: 312 MPa

Entry unit tension: 82 MPa

Rolling conditions Delivery unit tension: 98 MPa

Rolling speed: 10 m/min

10 > ¢165Dry
A $1655%Emulsion

8 O  ¢$480Dry
O 480 5%Emulsion
6 b ——— $165m =0.2 Calc

@ 165m =0.275 Calc
4 b — ¢ 480, =0.2 Calc
@ 480m =0.275 Calc

Elongation /%

3
Rolling force /MN-m™!

®25 AI)LAO—IViCkBEERDEBU=
Elongation of rolled plate with dull rolls
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FT =27V F VT — 70— L SEIZ R 05MN-m™
VU _E oo [ A EE IS C I BV A3 B RO A LA 2
o TWwh, I TENENOEILILED I % HH 572902
T 572020 =N A MEEO T — )L EARDFERRR & AH
MO ARG A E K 27 1R o
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R R o TV ADS, RERIZIERT— oA b AT
L OREFLFICB LSBT ARAEIKE . I
KRNI T O — )V LW & AR 8 IR fik L 72
G, BTTEERSHE U CEBU AT HE I U220 8 E 2
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30

¢ ¢165 Dull Dry Exp
| A $165 Dull 5%Emulsion Exp
25 O  ¢165 Bright 5%Emulsion Exp
® | =" $165 Dullm =0.275 Calc |
> 20 $165Dullm =0.2 Cale ~___.--""
N 165 Brightm =0.2 Calc _..--=""
2 15 ¢ ight =0.2 Calc.
) -
g o
m 10 | O
09°

0 05 1
Rolling force /MN-m~!

15 2

26 ANLO-ILBLVTT1 bO—IUILBEERDEBUR
Elongation of rolled plate with dull and bright rolls
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Max 557" Scale /
x:y=1:29 /
//'
I ¢ 165 mm
[ Bright roll
Min bs'\l y g ‘
A RSN
y
Plate

¢ 165 mm

Dull roll

¢ 480 mm
Dull roll

X 27 [EEEFE2MN-m'BEDP165mmET 1L, ¢165, 480mm FHILIZL B A—IL/INA MEEDFEYEE

HOT AR

Distribution of plastic strain rate around the roll bite with ¢ 165, 480mm dull and ¢ 165mm bright rolls at rolling force 2MN-m""
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Scale x:y=1:5.7

Ah.

28 [EIEFE 2MN - m™ TOELESRISH
Stress in rolling direction at rolling force 2MN-m"!

o & AN o N

“"“m"““lﬂll

e Surface displacement
Moving average

[y
o

Displacementof height /um

=
N

-1.5 -1 -0.5 0 0.5 1

Location /mm(X=0:Roll center)

1.5 2

29 AO—/N1 MEEOEMEFHZEL (¢165mm &)
Geometrical changes around the roll bite (with ¢ 165mm
roll)
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Fel7zo FAREHIANSINIRERE O % V2 A3 22
FRICE 2B TEOE LR ORE RIETILE A
L %728, FRIEEHOHROXE 2 H TR BP9 L
TEML 72 K30 DFHEARTIIE — VNS P AR S
HNZ )20 o CTHEIE T RIS ISR E 5 B2 TE
GRS SARELLoTHEY, ZEROBGIIEET
ISP — 2 %2 B0 — LN A S AL B TRIRI L C
Who F2E31ICH SN S L) ITRIE IS I L 5
G & AR ASR <, Bk ORE 228 OEEE )
HELTWBIENDbID, TNHDREDSEROIETH
K3, T— A MADEETTIAISS), BETTSHZ L

-2 200 o
i o
£ 0 ° ::pleg:‘ii;)f 0 E
< —_—, 200 [
£ 5
5 4 1 4 -400 =
2 . 3
3 6 oll bite 4 -600 =
G entry =
< 8 41 -800 ¢
[T —
] a
£ 10 4 -1000 §
2 77 1200 7
<15 -1 05 0 05 1 15 2
Location /mm(X=0:Roll center)
X 30 EAMESHERESS DOEF

(p165mm 4%, [EIETE 2MN-m™)
Relation between asperity height and stress in rolling
direction (¢ 165mm, rolling force 2MN-m-")
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Location /mm(X=0:Roll center)
31 EIEAMEICH EREFRRSHDREFR

(p165mm 7%, [EIETRE 2MN-m™)
Relation between stress in rolling direction and stress in
thickness direction (¢ 165mm, rolling force 2MN-m)
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3 165 Dry
o 1 @165 5%Emulsion
3 ¢ 165m =0.2 Calc
5 ¢ 165 m =0.275 Calc
[7p] 0 1 1 L L 1
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Rolling force /MN-m™!

32 [EEFEEFREHEEDORAR (¢ 165mm %)

Relation between surface roughness and rolling force (with
¢ 165mm roll)

4
£ O  ¢480 Dry
3 O 480 5%Emulsion
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Rolling force /MN-m~!

33 [RIEFEEREEEDORER (¢480mm %)
Relation between surface roughness and rolling force (with
¢ 480mm roll)
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Surface roughness Ra / U m

<
. DET o p165 Dy
- A ¢ 165 5%Emulsion
N A ———- $165m=0.2 Calc
01 ----- ¢ 165m =0.275 Calc
0 1 2 3 4
Elongation /%

X34 MUREKEHEEDOER (¢165mm &)
Relation between surface roughness and elongation (with
¢ 165mm roll)

[2D Asperity model]
Fixed(Plane strain condition]

Rolling direction

[3D Asperity model]

® 480 Dry

¢ 480 5%Emulsion
¢ 480 m=0.2 Calc
¢ 480 m=0.275 Calo----—

Surface roughnessRa / ' m
N

04 06 08 1
Elongation /%
35 (MUREKEAEDER (¢480mm %)
Relation between surface roughness and elongation (with
¢ 480mm roll)
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36 2D, AD TV ETEDHWREER Ay 2
2D, 3D die and work configuration and finite element mesh
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=4 BEEREME
Conditions of die press simulation

Width 62.5um, Length 62.5um

Thickness 0.Imm (1/2 symmetry)

Upper yield stress: 400 MPa

Lower yield stress: 312 MPa

Entry unit tension: 82 MPa

Height (p-p) 10um (2D), 15um (3D)

Pitch 62.5 um

0.6%, 1.0% reduction

Friction factor m=0.275 (MK-model)
Prescribed stress at boundary =—2 000 - 0 MPa

Work

(rolled material)

Asperity

Pressing conditions
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éé 0(} 1 1
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Elongation /%
X 37 FEIEAEIGH EBURORER

Relation between stress in rolling direction and elongation
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Surface roughness Ra/ (/ m

0

-2000 -1000 -500 0

-1500 0C
Stressinrolling direction &, /MPa

38 HEHEAMISH & REEE DR

(0.6% & £V 1 %BUR)
Relation between surface roughness and stress in rolling
direction (0.6% and 1% elongation)
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Min
-2000MPa

39 REHBEEHAH (0,=-1200MPa)
Distribution of stress in thickness direction (at o, =-1200
MPa)

Max 0.1 /- or more

Min O -
D2D die, o, = -200MPa
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