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Effect of Micro-defects on Surface Brightness of Cold Rolled

Kazuhito KENMOCHI, Tkuo YARITA, Hideo ABE, Akihiko FUKUHARA
Tomio KoMATU, Hiroyuki KArTO and Akira KiSHIDA

© 1992 ISLJ
aa
X
ynnaa il /7 E/ %B
- UK FE D B
CERs
Stainless Steel Strip
Synopsis :

To produce cold rolled stainless steel strip efficiently, high speed rolling is attempted in cluster type
rolling mill which has small diamater work rolls, or in tandem cold rolling mill which has large diameter

work rolls.

To attain the high speed rolling, surface brightness of the stainless steel strip must be improved.
In this study, the effect of micro-defects on surface brightness is examined by actual and laboratory-
scale rolling mills, and mechanisms of micro-pits occurring in cold rolling are discussed.

The results obtained are as follows :

(1) The surface brightness is strongly affected by micro surface defects.

decreasing micro-defects.

The brightness improved with

(2)Micro surface defects are sorted to four types such as micro-pits occurred from surface roughness on
the mother sheet, oil-pits formed in cold rolling, grooves formed by intergranular corrosion in pickling, and

scratches due to surface roughness of roll.

Key words : stainless steel; cold rolling; surface brightness; surface roughness; lubrication; rolling oil;
micro-defect ; micro-pit; oil-pit; groove formed by intergranular corrosion; scratch.
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Table 1. Rolling conditions on each cold rolling mill.
Steel SUS430 SUS304

Rolling mill Tandem mill Sendzimir mill Tandem mill . Sendzimir mill

Work roll diameter (mm) 530 50 530 50

Thickness of mother/finished strip (mm) 4.0/1.0 4.0/1.0 3.0/1.0 4.0/1.0

Surface roughness on mother strip (#m) R.:3.2, Rypge, : 27 R,:3.0, Rpgy : 25 R,:3.5, Rpay. : 30 R,:3.3, Rpar 1 27

Number of stand or Number of pass S5stand 8pass Sstand 9pass

Maximum rolling speed (m/min) 300 300 300 300

Rolling oil Mineral oil Mineral oil Mineral oil Mineral oil

Viscosity of oil (mm?/sec at 50°C) 35 15 35 15

Coolant 3% emulsion, 60°C Neat, 50°C 3% emulsion, 60°C Neat, 50°C
TixhwEbH o7 Table 2. Rolling conditions on reversing mill.
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Steel SUS430
Work roll diameter (mm) 290,530
Thickness of mother strip (mm) 3.0
Number of pass 4
Delivery speed at final pass (m/min) 300
Back/Front tension (tonf) 13/13
Total reduction in thickness (%) 60.73,76,80
Surface roughness on mother strip (#m) R,:3.0
Surface roughness of %:ctl ‘1))222 0‘3‘8.72'0.8

work roll (#m) 3rd pass 0.3

4th pass 0.1

Rolling oil Synthetic oil
Viscosity of rolling oil (mm?/sec at 50°C) 8,11,13
Coolant 5% emulsion, 50°C
(___ : Standard conditions)

Table 3. Rolling conditions on laboratory mill.

Rolling mill 2-high mill
Work roll diameter (mm) 200
Steel SUS430
Thickness of mother strip (mm) 3.0

Surface roughness on mother strip (#m)

Ry :3.2, Rygs, : 27
R, :0.03, Rpgs. : 0.3

Surface roughness of work roll (x#m)

Reduction in thickness (%) 20

Rolling oil ( Applied to strip) Synthetic oil

Viscosity of rolling il (mm?/sec at 50°C) 13
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-=— Rolling direction

e

L 300um

(a), (b) : SUS430 (c), (d) : SUS 304

(a), (¢) : Rolled by cold tandem mill

(b), (d) : Rolled by Sendzimir mill
Micrographs on surface of stainless steel
strips after cold rolling.

Photo. 1.

o After finished skinpass rolling
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Fig. 1. Effect of surface area ratio of micro-
defects on surface brightness.
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(2)Mother sheet
(b)At 1st pass, DR = 530 mm, rp= 23%
(¢)At 3rd pass, DR =530 mm, r7=51%
(d)At 5th pass, DR = 530 mm, rr=74%
(e)At 1st pass, DR= 50 mm, r7=15%
(f)At 4th pass, DR= 50 mm, rr= 53%
(8)At 8th pass, DR= 50 mm, rr=75%
DR : Rolling diameter, 77 : Total reduction

Photo. 2. Micrographs on surface of cold rolled
SUS 430 strips at each pass.
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Rolling
direction

(a)Mother sheet

(b)At 2nd pass, DR = 530 mm, r7 = 24%
(¢)At 5th pass, DR = 530 mm, r7= 43%
(d)At 1st pass, DR= 50 mm, r7=24%
(e)At 3rd pass, DR= 50 mm, r7=45%
(f)At 9th pass, DR= 50 mm, r7="75%
DR : Rolling diameter, 7 : Total reduction

Photo. 3. Micrographs on surface of cold rolled
SUS 304 strips af each pass.
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Table 2 IZ/R+ & &M< SUS430 @Kz EHEL, E

(a), (b), (¢) : SUS 430
(a), (d) : Surface of mother sheet ‘
(b), (e) : Micro-defect in the shape of black grain
(Micro-pit occurred from surface roughness on mother sheet)

(¢) : Micro-defect of short lenght in width direction

(0il-pit)
(f) : Micro-defect in the shape of mesh

(Groove formed of intergranular corrosion)

Photo. 4. SEM micrographs on surface of mother
sheets and cold rolled sheets.

(d), (e), (f) : SUS 304

~~

£ 3
(7]

@

[~8

1

[«]

e

L

E 2 r
-

[+]

o

=

2

s 1T O
(]

e

]

(]

e

b 1 1
5 0
[75]

290 530

Roll diameter (mm)

Fig. 2. Effect of roll diameter on surface area
ratio of micro-pits.
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Fig. 3. Effect of surface roughness of mother
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Fig. 4. Effect of roll roughness on surface area
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Fig. 5. Effect of total reduction on sufféée area
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Fig. 6. Effect of rolling speed on surface area
ratio of micro-pits.
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Fig. 7. Effect of viscosity of rolling oil on surface
area ratio of micro-pits.
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Fig. 8. Profile of surface roughness at entrance
of roll bite (under lubricating condition).
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Fig. 9. Changes of surface area ratio of
micro-pits in roll bite.
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Fig. 10. Schematic diagram of condition on
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Width direction
< > Roll

Surface roughness
on roll Sheet

Surface roughness
on Mother sheet

Entrance of roll bite

Squeezing rolling oil from micro-pits
through grooves of surface roughness of roll

Enclosure of
rolling oil

Fig. 11. Schematic diagram of effect of grooves formed of surface roughness of roll on
squeezing rolling oil from micro-pit at entrance of roll bite.

COXH, AEREETIADMBEES B LT
BRI EFLLREWIEDNS, T— 5 MIEA
SNAHEEMOE X, MEIC L 5 BMAHROPTE
MThbreE2ZOHNS., Zhit, Fig. 3 & Fig. 6 £
KBz Xy, BH0H S SMEEEO LB L2458
GEEEESBLIITERELIYV ORIV L ICHEL
TW5b,

(3VEEMOFEDE

Fig. 9 139 & ) ICHIEOR A EE O A
B95. ERBECERELAHAREEMLMG L 2SS
LOMEHAZE LB LTS,

ERFOREOEHEIZ, FIZ EEIREECH 7X
107%Pa™! TH 5. EEMEOWAKDIEME L, [F
EMDOMB AL > TH 5~10X 107 Pa™! & D
EEZRL, ZBRICHRTEFLIEMENIIL W, L
2o T, MEBICIEEMASEHA S NS &, MBI Y
FORKRER - TU— N, FPZhBRATRRF A
5.

(4)o— s g

Fig. 4 IZ/RT &) CME ORIz O — U S p 38
T5. COBRE% Fig. 11 12773, KEIX, K& 4 EH
M ERF OOV CEMEEEL BE, T—nnq b
AQEBVTHEFT—VIZhrATNAKELT L
LDTHA.

O— Vi — KA THE S S 720, ZoXREHS
BRETENCHREVWEEL & 5.

O— VS AENT B &, T— N4 PAOICBWT
HME DX ME S SEEMAPER S h 23 2 5.
ZORR, MBICHAShAIHMEZ BRI S50, E
HEBZEDOME S AT LHfEE S NS,

IRIBPERSICEVHE ST A T HmICET
ZHEERNGLATVI = Al 2D 2IRCERICB W
T, TEAOMMAECHEHBHmOEE S h 2 BH$22 L &%
THLERDbDIS.

4-3:3 T— N4 FRERIC BT B MBS A S O F R
BEHLOE

Fig. 9 £ v, BAREFEMIZo—novg P ADOET
THLARCBVTHRI LTV 5.

O— N FAEETIE, ETOETICE D% 5 THT
FALE 3 CRIERE AL <, MEOELEMRI b
LZENHEMT 5L Bbhb. 20ENFMEELOE
NEFLL BB E, MDY SFEEMATE X L CMERHs
BATHPEHEEIND.

Fig. 5 KD ETHROMMIZE b L WMERE R LT
WHZENbhs.

MEBLIZXY, Eoh—AEREEFS LATLI=
T AREB| &R ERB XU AT bR T, MEHS
HEHSEE HTHRPFRESA TS, FEICSH
WTHRIKOBEIRETVLIDEBbNRS.

O— )54 b AOTIE, EREMASHAETFENIZE] 254
INTADEE ASER E 5. = o ADiHEE A
HHEMT 5 L MERZBA LI 2 5.

—H, =54 PRETE, MEICHASRER
IR T ORI ERZRISER LT, MAamRE
DEABEMT B L Bbhb. ZOFEHHMERELOE
NEFEL D E, EEMATEEH L CMERIZES L2
T b LiEES DY,

INHDOT—UNA P AOTOEE) & N AMETHOE
By L MER oAt L THE T AR R RT.

BUZAE, BT 7 AT 5 &, ADOMEE A



27 2 b AGERROFKE R B X T EUhRE RO EE 1553

A U CMER A Lic K B A8, #0—FT, M
B SR OIS LTINS o0 i BE v A5 & (Y L -C ISR
R LR T b lEINDS,

L72A T, ThoDRENFHZEBHHFHEELEGD 1
&, Fig. 5 756 Fig. 7 1ZRT X512, MEBOBALICH
XITTHECHEOFEIETEORBICIB L T/
b tBbns,

5. % i

SUS430 & & U SUS304 @ HEHH O R LI IC B X
TN RERBOEELEFNT, RBO—2THHE
WREMERAGER ICFRE T ABB LR L8R, L
To#mzEi.

1) o RE S, BRI AR L 2NV R g
CKECHEIN, KEHSBAT 5 ERIRIGMET 5.

2 ) GRS ORMBRE AT 5 E LMK,
BAERMBORY, T4V 5 b, BHRHOBMRERE
BIXUOO—VHEHFEELLRS Ty FOLHERETH
5. :

3VEARKEME L, o— A q FABITEL (RS
L, 754 b rhIeiRan & A A CTIE & A BB L v,

4 YRR RGN ORE S 7 — 7 a— V%, B S,
T—70— NS BLUORETERIKECEEL, KER
S OHPHCIIEERRE B8 & OTE RO R E O BB/
s,

5)BERE M ABERICTERE T A8, u—)
NA MPADBIBME~NOFEHOHA, BLUT—
WoNA PREBIC B A MIER S O OREHOEEHL & L
THBE RS,

X [ /3

1) WL, SRR, PIERIEK, BEME, MAEX,

HAMEZ, #E B:HEe 7ot x, 4 (1991), p. 492

2) BH OB mE % NN ol KERA: BER,
292 (1977), p. 100

3) AT B, KREGET, FSHH: ML, 18 (1977),
p. 337

4) ANEEH, BRAW, NS £ 37 BEEmIEsHE
HSWIERUE (1986), p. 453

5) &M B, BEFEEE, ZIHAE, S5, Sme:
8% 38 mI¥SME N T E A #E S HIEACE (1987), p. 117

6) /NEEHH, BRI, HWMETE, MNES: gke#, 76
(1990), p. 576

7)) BREPGRE, M-, A BRI, NERER,
=R HE: IBF 6] FEBU M T ESHESHER/LE
(1986), p. 159

8) AWFEH, KERE, B &, RS 5 38 EBEK
& A EEA#ERCE (1987), p. 113

9) NG ER, £THKHR: 5 36 MMM LESHEAHE
ERCE (1985), p. 33

10) KEFRE: 8B LT, 12 (1971), p. 369

11) /NS EH, g5 Big, 24 (1979), p. 94

12) HEBH: 2k 88, 76 (1990), p. 576

13) B %2 kiR (1960), p. 140 [ o F#t]

14) BE& B, W @, &8 15, AT NSRBI,
21 (1989), p. 362

15) JIS-Z8741 (SEWHGIRMEHB:)

16) KB M, ZEFEKREE, SHUBT, S04, B BEHI,
BH %, mhiE—RR: PS4 Ko R b, 35 (1990),
p. 845

17) BUEE O & EE (B AR SME SRS RIT LR
WA (1984), p. 7 [BREMIBE]

18) /NEBH, AFE, ENHAE: BB 52 EEBEINITE
FHEXEHERACE (1977), p.1

19) #lFe—{-, SEEEHE, PISPRK, BEFEE, MIEL,
HAEBZ, BB ML 7avx, 4 (1991), p. 494

20) B LA, A, EBE (AFAEWEEAE) (1990),

p. AS-5 [H#3¥%]
21) e ER, AR (HAR(L¥ESE) (1989), p. 1-28 [ AL ]
22) ANEBEW, WE—T=, FNESE, THEEN: 4 37 b

PN & i iE SRk (1986), p. 451

23) HNEEH, FREE, THEWE, HHEE £ &
¥APE & AT, 30 (1989), p. 1631

24) AE BB, TS & 37 MM T ESHHRARHG
o (1988), p. 131

25) RFE—{-, SEEMEHE, PIERIEL, MBI, BHEHN—,
AME B HBIE 7U k2, 4 (1991), p. 1585




