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Proposal of Control System of Surface Brightness of Rolled Sheet in
Cold Rolling

Akira AzUsHIMA, Kazuye NORO, Yoshiteke 1YANAGI and Hiroki DEcAwA

Synopsis :

The purposes of this study are to examine systematically the effect of tribological factors on surface
qualities of rolled sheet, and to propose a system for estimating and controlling the surface qualities of
rolled sheet before rolling. The rolling experiments were carried out, changing the rolling speed, the
reduction, the viscosity of lubricant and the surface roughnesses of roll and sheet. The surface roughness
and the surface brightness of rolled sheet were measured and the surface photographs were taken. From
these experimental data, when the surface roughnesses of roll and sheet are smooth, the surface brightness
decreases with increasing the rolling speed and the viscosity of lubricant, and conversely the surface rough-
ness increases. On the other hand, when the surface roughnesses of roll and sheet are rough, they have a
great influence upon the surface qualities of rolled sheet. In the former case, the dependence of the rolling
speed, the viscosity and the surface roughnesses of roll and sheet before rolling on the surface brightness

is equal to that on the oil film thickness.
of the oil film thickness.

Consequently, the surface brightness is expressed as a function
In the latter case, the surface brightness is expressed as three functions of

the oil film thickness and the surface roughnesses of roll and sheet before rolling. By using the relations,
a system for estimating and controlling the surface brightness before rolling can be constructed.
Key words : cold sheet rolling ; surface qualities ; surface brightness; surface roughness; surface control

system.
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Fig. 1. Surface roughness curves of material
deformed by tensile test before rolling.
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Fig. 2. Surface roughness curves of roll grinded
by Emery paper before rolling.
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Table 1.

Viscosity of lubricants used.

Viscosity at 20°C

cSt)

No. 1 2.8

No. 2 17.0

No. 3 23.5

No. 4 37.3

No. 5 97.4
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Fig. 3. Relation between surface brightness Gs
(20°) and rolling speed at a rolling reduction of
20% using lubricants of No. 1 to No. 5 when the
surface roughnesses of roll and material were 0.01

and 0.07 umRa.
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Fig. 4. Relation between surface roughness Ra
and rolling speed at a rolling reduction of 20%
using lubricants of No. 1 to No. 5 when the surface

roughnesses of roll and material were 0.01 and
0.07 umRa.
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Photo. 1. Surface photographs of sheets rolled at rolling speeds of 1.2, 6.0, 40 and 121
m/min at a rolling reduction of 20% using lubricants of No. 1, No. 3 and No. 5.



HHREREI BT AMEREFGROMEH S 2 7 £ ORFE 579

sh, KEBRKRICHZORELBMMFBOLRT, FRii  »5Y. No.3 OFEMEMTIH, No.1 & No.5 MM IZ
MIITEREERETH - b hb. £72, No. IFHHOEERREELTVWAI Ed bR, ThHD
5 HEHEV T EIEEEE DT K 2 A I ONTREDENA  FERI S, (ERICH~BREFIRED S RAREIRE
ML, XEEEO 121m/min TEREA D% 0DEH  CTOEBMLILEH L RN T — 5 HUUET & 7-.
ERLAZ ErBlgsh, RARRMEREBIOE Lo

1000 1000 Material Ra 007 No.3 Red.=20%
Material Ra 007m | [Noi Red=20% | Material Ra 007 ymm | [No3 Red=20%|
800 } W 8001
sool W & 600f
g P
~ ) m O 400F
& 400r .//l——l-—-——&._...\-
200}
2001 0.11 gm
SR — e w
1 100
1 5 10 5 100 . .
Rolling  speed  ( m/min) Rolling  speed  (m/min)
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rolling reduction of 20% when the roll surface rolling reduction of 20% when the roll surface
roughness was 0.02 and 0.llumRa using a roughness was 0.02 and 0.11umRe using a
lubricant of No. 1. lubricant of No. 3.



580 #% & M

% 76 4F

(1990) % 4

3-2 O—-IOXREHSORE

Fig. 5 X" Fig. 6 o — VORI s z&{fbs g7
FEOEEBGRETFEFEEOMFEZ/RT. FEMICIZF
NZFh No.1l & No.3 #fFHL, HETFIHIE20% THo
2. WTFROFEEHICBWTY, u— voREHEOK
EVWHPERBLTUIET LT B

Photo. 2 & U Photo. 3 {21 )I/O)%F#ﬂé X [
B E EOLBEEMBEERYRT. o OEESRMA I,
Photo. 2 #% No. 1 FEZEWI T Photo. 3 #% No. 3 JEHEyHI T
HD, W o— IVOXREMS20.02, 0.11 ymRa
D 2 5, HHEEEEDS 1.2, 6.0, 40 MO 121 m/min @
4 54 ETHRD 20% Th o 72, 0 — VERDTEE,
FE AR FE M O E RS E C X A BB A 4, SRIC
— VT UASid - & ) LlEE S nfwmfﬁff‘fa\#ﬂ)\
A, AL, a— RS2 RGHCE, FEHRE
& H\VIFEEREEE ORI E & b2 — VB oK
oL ied hoTWwK.

1000
Rolt Ra 001 um l ‘ No.l Red=20%

“'m

6001

ol ‘_‘—’_“*\*—0\\

Material Ra 007 um
0.10
018
029
0.54

S 10 50 100
Rolling speed ( m/min)
Fig. 7. Relation between surface brightness and
rolling speed at a rolling reduction of 20% when

changing the surface roughness of material using a
lubricant of No. 1.

Gs (20°)

200t

“TeRdte

1000

Roil RaO_OUJmI No.3 Red=20%
800
- 600
o
N
& 400F
-o- Materal Ra 007um
200 -+ 010
- 0.18
- 029
- 054
O 1 i I L 1
1 5 10 50 100

Rolling speed (m/min)

Fig. 8. Relation between surface brightness and
rolling speed at a rolling reduction of 20% when
changing the surface roughness of material using a
lubricant of No. 3.
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Photo. 4. Surface photographs of sheets rolled at
rolling speeds of 1.2, 6.0, 40 and 121 m/min at a
rolling reduction of 20% when the surface rough-
ness of material was 0.18 and 0.54 umRa using a
lubricant of No. 1.
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Photo. 5. Surface photographs of sheets rolled at

rolling speeds of 1.2, 6.0, 40 and 121 m/min at a
rolling reduction of 20% when the surface rough-
ness of material was 0.18 and 0.54 umRa using a
lubricant of No. 3.
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Gs XIMTHF, MlEmEf* EATHe LT
Gs=Gs(Vr, Vi, b5, 7, R, Y, ny,a,8)
TRTIENTES, 3-1 THSNEBREEY S KE
SR, HHESREE, REoMMC > TETL, HTHE
DEIMZONTh TN ERT LI LATREI NG, o h
HOERD?SH L NI-RRNGR & EBEKOBRE, E
EHOREL —F L LTLA VI HFBER,ISRKD O
7o — U - MR A OB B0 B TS A Ay 12
3 (Vr+Vy)

21'7‘
VR Y

DREBEB L KREIROM KN L EMMICH L Th
L. 2hwz, REGR Gs L ADMBEE A by OB
R EEMICTND S AR S LB TE S,
ZIT, BHROBBEERIIANI LA ) VIR
REHVTERERD T N TOERSETOADHBEE A
h ZETE L2297 ZoBo i ADVREBE A & KA
RoOMFEE Fig. 9 1SR 3. (1)X»#EHE &2 A0
JRIE A O #iFH Tk, REDLIR Gs GATOMEEH A by &
EHEBRCHD, (1)Rb- T,

ha

TERTIELDPMERAILFRLTWA, B, $XTO
AOHBEEA ORIV THETEEL —EITT UL,
FHOGREAOMBIEA &L OBBRIC B T—2o 0 I T
FeFn, (1)Wkb-T

Gs = Gs(h,) seevemresrermmmmmnniniiie, (4)



582 % & M

5 76 £ (1990) B 4 &

1090
| Material Ra 0.07um Roll Ra Red.-20%
0.01 pm g
002 A
007 n
o1 *
wilp e
£ $OTr
3 * n >
- N . Ao
* u A
L]
ALK S . o
Z ¥ 3 Ny Ar o
= p2 ? “a o o
£ - L] -~ o0
= . " A [}
S & L3 2 *
.3 . s 4
103 2 ’ PR
P u A .
107
0 200 400 600 800 1000
Gs (20°)

Rolling speed : 1.2~121 m/min

Viscosity of lubricant : 2.8~97.4 ¢St
Fig. 10. Relationship between oil film thickness
and surface brightness when changing the surface
roughness of roll.

DEHZ—2D AHREAR DB AI TS Z L AT

5.

Fig. 9 726, (4 )N AOWMKREAIIL > TKEL=
SOFMPUHTI B S LT E, AHIEE & h5d 5 FEHE
KEL > TEBNBR DT NEL L 2W&RH(T ), A
I {HBRE T 4 2SR TG IR & EMRBIERICH B FEPH () LT A
CHPEIE A A 0.04 um LUF CREGIRA % 726 A 121
mu, 2ok—Eil 58I TH 5. KAOEHEH(])
ICBWTit, FEZEO—ALOHESD »6REICHBIT A
BRI OZER I3 O — VRENHEME S, AEER B
TR LREETH D, O — b & HRFE OB A
WIREETH Y, 2FBOHF( ) A & BREE
AR L T A RAEWIRER O REO#HB () X FER
HEPBEELINELEZONS.

COZOo0HMOBEROADMRER by 1%, (1)/
(IoEHRIZBWT

- FAH
ho= R mazo + R¥o
' 2

(M)/(MMoEEFIcBWT

U—-Ib_+_R [k
hy = Rao 5 A0 (6)

o=l E MR OREH SETEMTE S,

Kz, a—VOXREMS 2L s¥, ETH20% T

HEHE U 7o BRI C O ADMIEE A & RiOGROBER &

10°
Roll Ra 0.01 ym Meterial  Red=20%
I 0.07 um [ ]
0.10 A
018 v
2 3
* )
-1 o
0 N
£ P .
~ ’. T e
a
2 . B
" a
@ o v
% 102} LI 2\ T3
£ » " vl
\’ " Ple
£ " oes
= * " e
= P W W.
O .3 * a
107 - an "::
. u va
10-4 "
o] 200 400 600 800 1000
Gs (20°)
Rolling speed : 1.2~121 m/min
Viscosity of lubricant : 2.8~97.4¢St
Fig. 11. Relationship between oil film thickness

and surface brightness when changing the surface
roughness of material.

Fig. 10 (2R T. wWFhoo— L XKEHSICBWTH A
OMEE & & RELROBEBRIEE—> ol T L 10,
FHEBRE(4)icb o T

Gs=Gs(h1.Ra5h’b) ................................. (7)
LLTCETIENTESL, 2okE, (IH/(oER
BRSO bhsLIcu— VORI ICHELS
J, O— VOREMEAKRE L R HICO>R T ) O#EH
ML o T A,

JEREARER - o RIAM & 2 2 b s ¥, ETH 20% TH
HE L - EBR A T o ADMBEIE & & RHE RO BEG %
Fig. 11 (Z/R9¥. 2@ Fig. 11 2BV T KFHERER
OERMEM S T &I AMEE A & RHEEGROBFRIE—2
oM cE R, (4)R1Ch > THEEZORE IR
i

Gs = Gs( hi, Rat™)
TEFTIENTEL, Zorx, (IH)/(M)DERD by
B(6 )Xo bnad L) KELRBRFOREMS & &b
WKEL D, (1I)DO#HBEIEL o TWnb,

Z D4, Fig. 9 XU Fig. 10 (S HA~THBE(T) To
RHOBIRIC T T ADVMEE ARG 2 D e 5 T
Wh I ENbhh. JEHERER OFREH S 2T 5 <
SHCHEHFA() TORMMMNA % 725 BT 5 sl
BIEL o TWA, ZORELPICET HHEBUIBY
% Photo. 4 DEREEE* L5 &, JEEERTOHERF FKEH

— 100 —



HHEE L B A REREDGROHIH > 2 7 2 DfRE 583

DOMERIZEEEAS N T » TERLFANVE v ML EE
"Bans, ZOFANVEy PEIEEBERAEBEOERE
720, FOMHERC N T v TENALEEMATE D O
HICBEH L THEL LA 7 o RAREEORE L E 2
SENBEDOTII ZoF ANy POFEFEICK - TH
B TCHORBMERD ADHBEEAMRFEEITKE L
LolzbDbE2LONL. ZOKEIS, ZO&HFENE
KR S R, SRS RO~ A 7 o BHRA
g AR T HRATEIRETH D, ALHEELR A
e B O NIERBEEHEEAER L A L b2 b

INSDRERN(L), (T)RU(8)RDOEHEMLIRE A
CIHARE A& & DRtRAIE, EBSOEERI O T — v KO
FOXRTEM S % Rad " RV Rai™ £ 95 L R0(9)RK

Gs= Gs(hi, Rai~ v Ralitt) coevenvvnininninnnin (9)
TEEDBLIENTESL., ZO(9)REFHVAZ LIZK
N, GEREEIZE T HEZENNADERESREH» SEEZOM
HoXRRXREEENICHEEL I 52 AT L1EIHE
$THLEDDI AT LAREETLIENUWREE LA, £
DIYATFLONEE, UF0LB8HTHAS.

[1]& 2B HAERESF (AOWRE ¢, o— 1
R, u—NEE Vr, MEOAOEE V|, ET%E », &
RN Th, B OERIKI ¥V, EEWOEL -EETO
FEEE 7o, RSEE DOIT MR ER IRIERE o, B, O — L DFE
HEH S Reo ", MEOKEME R™) 07— ki~
5.

(2l R o eEELLL 2 VAHBEXEH
WCTAOMBEEAR by 25ET 5.

[ 3 1FmELIEEN(9)XNEH T
REA L D RELIREHET 5.

[4 JREERSLELGA T EEORERE 4+ >
A4 CEHIL, e LA-REXRE OB R U £0#
B Lo L b, RELCHSHFEFHANICH S22 L)
PEWENSL,

[ 5 JEE RS EHERN L SNANLEE, REBR
wEIIL S B35 2 — 5 —THLEEEE, R, HIE
MR E A ZEL, [2] Ko [3] o#fEic X b K@
FiR% BEE#HPANICANS.

SIT, TOYARAFLIBWTERD KXY A ADHEE

, Bt L ADMW

Hohy DFFEICOVTREFED— A6®i@@”%%¥
iZE R,
EBROGEEEOBIS I BV TEEZOREHROH

EXITIWE, RELAV AT AICHV B ADOTHEE A
OLRABREEET S0 E LT, (9)R%%E
BOBBHEZICELAEI IIIBETRETHAH ). B
1o, BEEEEAIT 0IEt 94 v CEEGIREEF

WTEHHMLVWHERBEOREIHFE LS.

Pk, HLuwiEXE® By TEEZOME OKREEIR
PHE-HHLI AL AT LADREFIT 7205, 5HC
DYATFLADEBBADOBRIZOWVTHRIT2EDLDHD
ThHh.

5. #& B

JEHES OB O REER I TR EEEE, T TE,
JEREHAEEE, u— v -MEoREM S LD T MK
T OB OVTHEN, REGIRE ADHIRE A
DERD S ROEREIBO NI,

(1)MHEEF O —VEREATFEROBS, FHELR
ZEREREE, AT AIC o TRT L, #IiCRIA
HMIEREL ko7

(2)Yo— s WIZEER OB OREM S &, FIiL
BoMEOFRMRICKE 2EEYH 2 1.

(3)ME RO — VERELIZITEROHES, FEZED
FEGREAOWHBEAL 2 FORBERICE > TET
ENTEL, MBHLVIEO— VEEHOM S OEEND
B, RECFIIADMBEEA L o— LORAM S H
HWIREEROMEOREM S O o0t AKTET
ZENTES.

(4)oXKmBRE AVBRE A OBFHENEHVS S

&0, EERIOZEMAD SEEZROMEORE IR *
WE-GHLYBYATF LDRERIT- 7.

AREFZED —BRIE, B AREKMIH S EBERT
fFENTHEBRICEIDIT- 22 L 2 fHELT 5.

KL

X 73

1) HHEE, IIOBE: B AREMESHCE (8 385),
33 (1967), p. 1294

2) KEFEE: B LN, 12 (1971), p. 369

3) Bk, Bl S5 Wtk & T, 13 (1972), p. 609

4) NG EW, KEEZ, 755 H: M LT, 18 1977),
p. 337

5) FedEit e, oA, MARERG, Mk = Wit &L,
19 (1978), p. 972

6) /INIEBME, KFEE_, S8 H: 7L, p. 958

7)) NGB, bR R—: A 61 EEBMN LEASHES
iR LR (1986), p. 151

8) /NE.EHA: % & %, 74 (1988), p. 696

9 ) T. MizuNo and M. OkamoTo: Trans. ASME, Ser. F,
104 (1982), p. 53

10) Be %5, LEEH, FENEL, B ol B S,
28 (1987), p. 41

11) NS B, FPPREL, WHEER, 24 &, THEER: B
&L, 30 (1989), p. 1631

12) /NS EBA: £k & 50, 64 (1978), p. 317

13) /NEEHR, B A, S0 E IR 62 EE MmN ESE
HESHER TE (1987), p. 115

— 101 —



