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On the Relation between Flatness of Rolled Strip and
Profile of Roll Crown

Tadatsugu YOSHIKI and Eihachiro TANAKA

Synopsis:

The aim of present work is to investigate basically and experimentally the rolling condition under
which the strip of flat shape can be obtained with a multi-high rolling mill having the working roll of
smalles diameter.

By using the rolls with various profile, the roll indentations were impressed on the strip surface by .
means of static screw-down without roll revolution under the various forces. Then, the transverse
distribution of roll indentation width, namely, the variation on width of roll indentation in the direction
of strip width was measured, and a consideration was made on the correlation between these and the
flatness of strip rolled under the same condition as static screwdown. It was shown that the transverse’

- distribution of roll indentation width was equivalent qualitatively to the flatness of rolled strip.

The more appropriate profile of working roll crown for rolling the strip of flat shape with present
mill was accorded closely with the cornered or rounded curvature rather than parabolic one which may
be suitable for two-high mill. '

The relation between flatness of strip and the shape of lst-intermediate backing roll, and the trend
of working roll deflection under static screw-down were also shown.

(Received May 21, 1971)
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Principal items of Sendzimir reversing cold strip mill used in experiments.

Nominal dimensions .
Roll Numbers Hardness in
Diameter Length of roll barre] Rockwell-C
(mm) ( mm)
Working. } 2 635 142-9 61 ~ 63
Ist intermiediate back-up 4 13-48 142+9 | 56 ~ 60
l
2nd intermeédiate back up (drive) ‘ 4 27-38 1429 60 ~ 62
2 nd intermediate back-up (idler) 2 25-78 1270 60 ~ 62
Backing bearing » 8 47-62 254, 3 pieces —_—
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Fig. 1. Schematic figure of the relationship between

the profile of roll indentation and the mag-
nitude of screw-down force when the rolls
were screw-downed statically without revolu-
tion.
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Table 2. Material used in the measurement of transverse distribution of roll indentation width.

Chemical. composition

C=0-0629, Si < 0-001%%, Mn=0"37%

Preperation processes

annealed strip (0-50 mm thick X 120 mm width)
—— cold rolling 609 (0°20 mm thick x 120 width)
—— slitting (0°20 mm thick X 100 mm width)

------ material used

Resistance to deformation

71 kg/mm?
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Fig. 2. Profile of working roll crown used in the present experiment.
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Table 3. Length of central parallel portion and
taper of Ist intermediate backing rolls
used in experiment
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82:6 889 | 952

£ 0-002| 0-002| 0-002; 0-002
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0-0189

(@53 100 mm O 7= FfTHEI XTI e &2 T
W5 7N —gl3EaRoe —VvEEFEE T B
(5 —/2—DIEE BHFN) » LEAEE#XhE A
DEREDETELLTVS. 7, DTREEDOKLD
1T, Fok ZIEEFTEE X 889 mm, F —/9—5hs 0°002
mm/mm Ow —% [88-9F, 00002T v —vj © X5
IR S

H1hEe —LvoEBr OWCERT BT, -
To9—20—375 s bo—vEEHAL, 4EKDE]
thifle — OO 1 G % Table 3 R $ o —iic
BEE»rz, tho3EKoFEldhifjo —L13+XT27F » b
v —EHWI. ZD1IERDF —¥—v — L DOFRELE
BTREOMETH 5.

2.4 O—I~NYF 42T ORRBERIK
BWETEHOY -2 0 —1DONLF 4 L5 DOHFE, 5
LV EM A RS i, Fig. 3. (a)(b) TRTE
AFTa—VEED2 ETETEHS e —VvOTHREL
£4 %N - 4 b —4 —TiljEE Liz. Photo. 1 tXZEHEE
DRIEROTFE THS. Tle —nvd oLzl it
BlL, ZOEHZT, WHDES E0TEHEHELZED
EERITEE L, ZoRlEED 2EFFCTETCMH DS T
BE22EOFA YN - 4 Fr—2 —THIELE. ZO
X572 SRBAER TR — VR F 10 LT DH

Working roll PositionM  E
|

/ - ?/ Dia! indicator
(0) iz =

I / [ =1
_ - P Attachment for
Strip ) . mm o measurement
. [ [ “ >
“ .
(5) - . N = —Paosition before

screw-down

[ e 34J——43

44
3 = 8m +4—3 (JM'J.)

Fig.§3. Fig. (a) shows the method for measuring the
deflection of working roll.
Fig. (b) shows the deflection of bottom wor —
ing roll under loaded condition.

Photo. 1. Measuring photograph for the displacement
of working roll by static screw-down.
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(a) Parabolic crown (b) Rounded crown (c¢) Cornered crown
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Fig. 4. Relation between the transverse distribution of roll indentation width by the static
screw-down and the profile of roll crown.
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Fig. 5. Schematic figure indicating the influence of roll crown profile on the transverse
distribution of roll indentation width.
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(a) Parabolic crown (b) Rounded crown
Front tention: 14 kg/mm?
Back tension: !1kg/mm?

Photo.’-2. Relation between the flatness of rolled strip and the
transverse distribution of roll indentation width.
These photographs are compared respectively with
the transverse distribution of roll indentation width

in Fig. 6.
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Fig. 6. Transverse distribution of roll indentation width in case
of the same screw-down condition as Photo. 2.
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Fig. 7. Relation between screw-down force and the displacement of working roll at
the position of M and E in Fig. 3.
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Fig. 8. Values of §. in Fig. 3 for various combination
of working roll profiles.
Broken line shows the measured values of
displacement when loaded without strip.
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Fig. 9. Transverse distribution of roll indentation

width when the static screw-down was
carried out by using the flat rolls.
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Fig. 10. Variation on the depth of roll indentation in direction
of strip width (The depth was calculated by supposing
R'/R=1"2 from the width of roll indentation).
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Fig. 11. Comparison between the variation on depth of roll
indentation in direction of strip width and the
profile of roll crown. In figure, the value of C/Cnax
indicates the profile of roll crown, while that of
(dmax—d1) / (@max—4dic) is concerning to the variation

of roll indentation depth.
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A symbol shows the edge rippling, X the center buckling
and O the flat shape. In addition, numbers of symbol show
the intensity of rippling or buckling.

Fig. 12. Effect of shape of 1st intermediate roll on
flatness of rolled strip.
The dimension of material used was 0-055mm
thick X 100 mm width. Applied front tension
was 15 kg /mm? and back tension 20 kg /mm?2.
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Photo. 3. The strip rolled with 76°2 mm Flat, 0-004 Taper roll.
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Table 4. Effect of shape of Ist intermediate roll
on the rolling reduction in one pass and
the rolling pressure by which the strip of
comparative flat shape could be obtained.

Length of Rolling

central parallel] Taper reduction in Rolling
portion (mm/mm)| one pass plEefs)ure
(mm) (%)
0-002 21-5 2-0
762 0-004 43.1 3.4
0-006 45-0* 4-7
0-002 | . 132 1-2
826 0-004 306 1-7
0-006 410 9-7
0-002 9-7 0-73
889 0°004 11-1 1-2
0-006 13-2 1-6
0-002 63 0-73
952 0-004 | 83 1-2
0-006 - 9-4 15

The * symbol shows that edge rippling was not appeared.
Materials were the skin-passed low carbon steel strip having
the dimension of 0'l4mm thick X 100 width,
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Fig. 13. Effect of taper on the transverse distribution of

roll indentation width.
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Fig. 14. Effect of length of central parallel

portion on the transverse distribution
of roll indentation width.
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(a) 762F,00027 roll (b) 889F, OCO06ET roll
screw -down force: 12t It

Tronsverse distribution === Tt—ea=r=e=
of roll indentation —
width
— | =
Supposed shape of / -
strip / g /

(c) 762F, COO6T roll (d) 762F, 0004 T roll
491 201
Transverse distribution = Semetne LTt
of roll indentation [

width pd
P

Supposed shape of ~
strip - ~

Indication of the stretching pattern on strip
= : The excessive waviness

5 * A little waviness

é * Only a very little undulation

Fig. 15. The shape of rolled strip supposed from
the transverse d'stribution of roll indentation
width,

EFEA b b KEL, ZOWSBEBEICIETRS 2 23
HETE, FEFREL XA LTS, Fig. 15d) 1%
76°2F, 0°0C4T v — v CETHM 20t T3+ 2530
T Photo. 3 WIiRL7cHRER—E T4 THBH. Photo.
3 & Fig. 154d) WBIEEMNT—FHLTEY, 7——F
ERORE L IEF I IC b TWw 5. Tithb, BT
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RERDERIES AL | i v — AV DFEIRD Vb AT
PHLT—ETHD T LEFE L, ZhiIRodi
HOIECEBFEICTH B VS EERTRY, EWHT &

(a)

Transverse distri-
bution of roll
indentation width

Behavior of
roll deflection

THb. ROLFFCHE LTI Fig. 15 TRLA-X S
REMEERIESHEDETELEINSE D, F—FET
AT RO FHE v - BIRIT X D F1LL #2818
5. oz X, Fig. 13 5k Fig. 14 o fluema o)
WTEZNEEO» &%, 72k 21E Fig. 14 T 889
F, 00006T v — v CEEFFHELBROBOLNSETH
(I'1t) T, 76°2F, 0:°006T v — lizk\ TliiEue
2 PRI OTEEI/BOET 0°12mm > 7o ) FEuE x4
T 5. ‘
3:24 F—r—o0—-WEFRHLLEED 97—V 0 —
WRF 4w :

HETC X 3ERIBESArbT -7 0 — DX F
1 T RHET D E Fig. 16 OBEXITRT 2FEHEDO N
I I EREZRTNIRE SV, ZOEBRTIE LA
DR —AFEFTRTTS 9 o — L THLENE 31305
HLPB X5 — 7 v —iEiRAL T b Lovigss
T 5. oFie, TRl -2 0 —rD~x2 74
VO ETFRTBDRIETH 20t @ L& QERIEST
BEXTCHDIECTSD. TRIBESHPOEETLHET
o 1 piflo — VDRI 2T — VR F 1
HRIEDHHOEEbS. Fig. 16 a) I FFEHE X256
KT F=—BOREVEFTH D, 7—/9—JAH
G Licif o BT EL Thbb s —8—o — i~
HIASILIE IR L7c IERIES AR L7102 &08 FRETE
Be TOXOSBART 4 oI REEE “BH~RLT 1
ZA = ¥ '

—7, Fig.16 b) RETHEIVKEWVTF —/0—0a —
NMEXTBEDOT, R HERIBESA»OHEETS &,
THIT —2 v — i ERIRES ST ER Sy, &
DEXSIMMBYFE “HREINF 1 2 LREL T 2T
T 5.

PLERERIES v HOWERTH 55, EFi o
LOSRBEND D E D bk ERICTENGD Bid 2-4

{b)

Flat |st intermed-
iate roll

I -
Working roll.
Tapered 1st inter-

mediate roll

- Schematic figures of working roll deflection when the tapered roll was used.

(a) shows the deflection to the side of tapered roll, and (b) the deflection

to the side of strip.
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Screw—down force (1)

P ; the rolling pressure by which the strip of flat shape
could be obtained.

4" : calculated length of contact on the roll barrel after
the occurrence of contact deformation.

w: width of strip.

Fig. 17. Relation between screw-down force and the
displacement of roll at the position of M
and E. This figure shows the tendency of
roll deflection when the tapered roll of 88°9 mm
length of central parallel portion was used.
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wBILTlE, NUvERoiE & EhrE, ERES SN
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Fig. 17, 18 2B %5 % 88:'9F, 0°002T o — %<
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Screw-down force (t)

P; : the rolling pressure by which the strip of flat shape
could be obtained.

b' : calculated length of contact on the roll barrel after
the occurrence of contact deformation.

w: width of strip.

‘Fig. 18. Relation between scirew-down force and the
displacement of roll at the position of M
and E. This figure shows the tendency of
roll deflection when the tapered roll of 76'2mm
length of central parallel portion was used.
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WETHRESEERESH D, 0°002T o —A T b'=w
EOREVEFTHTESS. WFhd b —w OREED
ETﬁTNy?4yﬁ@ﬁ@ﬁ@tofvé:&ﬁb#
5.

MRS WT, FEHREROEIETCELE TN Pr b
KEITRLTWED, TOEIEBEHE—-HLLVvD
v, ERIOE I dille -3 XCc75y be -0 Th
Dfciedd, BT — 0 0 —wRBEEINRCF o SRR
LicwziEzbhsd. L, L TOE]fdio —ic
M—0DF —r—o - EFRAT 5K 61E, OESBEHE
DB EROEETEDE TN E—FT 5D L
TE5.

Doz trs, Blhmifle—tics—r9—n—~%
Rw75a, BERESHr bR L X5k —2 o —
NN F a4 P TPRBIDLEEENTLHERNTE .

3:2.5 70— — D HEbE L FELE LERD
piEhy

3-2.1 THRREX S, Elffo —ricF —s8—n
—NVEER LSS, RIFELEEROBOLRE e —
RE, FABEINREVEESD, FTHEIMNNIX
{Th F——BD Do — g AniiEs Tho
7z. Table 4 5k Fig. 12 b5k 5k, —h
LD o — VIR T, Wihd FEAEHROEB LA E
THENEL, Lo T R2EFTRENXNZ 2T
5% ZhT, DTFRBEVWTIRASEVW ]I S 2FETREE
Z, Lrd, FHEFEROBON S FELH BT 5
7oL, 2R EDT ——o— RS AT
LHECDWTHIR L.

KEWINZETERB/SHEENL, Table 4 X hBES
PREOISET— 1 —BDOREVWe —VERAVWLEDL 1o
DHETHEH, thoFps LT, h~XnF—ri—n
— W 2EY FHAELECHERTS L 3E ISR 5.
LDOZOOFECERETEY, 0~V EEhiiil
HOEROFHE X 1T 5t 5 5 57

Table 3iz/R L7z 95°2F, 0-0189T w —% 1 47
R L7 &, 95°2F, 0°0065T o —u 24 L 952

H

F,Wmm?w—wlﬁ%méb&rﬁ%LQ%Qmo
WCR—ETHCERE LABROTH I P L. %
DBEDFEESLES Table 5 KR L, B5RAEHRD
T H% Photo. 4 a), b) wint. ZDZODEMEER
I BHLETRRIFCTH S, BROTFHEXIIEFLL
MEL, 7——FOKREVa -z L KEFHVAEE
ZVE Photo. 4 a) IW/RT X S WCEEELEE S 4 7.
fttls, 3EKRDF —/—o —VEMEEHED LEEVRIT T
o THTHEVNLE L7 (Photo. 4b) £HEB) . —H, ¥
X5 534X Photo. 4 b) OFMRE WL STH D,
Photo. 4 a) dHVIHRIR7LIRIECT X HIERDUINT 5 Fh
{TDHEE, HBFRNZEMUT V5720, WIEO R
ERDFHE X BBIEX N2 DTH 555, Photo. 4 b) 1

Photo. 4. Effect of the combining of tapered rolls on
the flatness of rolled strip. In photograph,
(a) and (b) correspond to those of table 5
respectively.

Table 5. Rolling condition of strip shown in Photo. 4.

Thickness of strip Aggrliiz T Rolling
Sl);ixnoligl ?}n Shape of 1st intermediate roll (mm) (kg/m m?) pressure
:)cifi?rl;é after front back (t)
(a) Onyl one of 95-2F, 0-0183 T 0-045 0-027 19 35 3-5
. one of 95°2F, 0:006 T . . ) .
(b) combined [two oF 953 F 0-0085 T 0046 0-028 15 20 3.5
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Fig. 19. Effect -of setting position of tapered rolls on
the flatness of rolled strip and on a pass
reduction.
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o= VAR UTHEMEETTR, BROFIE I 2 EZE L
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WD TR ZOREIRbNW T FHX B RFTH O
CNEFFRIETIC X % EEES 253 BHS»IT >
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6) EHEU—NICOWTETFTHEZAVEBICE LT T
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WA TIEERE LB,

7 Fert—o RIS EOFERS 12w
L7k, 7—0—JF8 & 0 /v LovrhkE8 GRIGD ok
) ikt A ERES I, E T A —E ThIUTET

HEX, F—N—BOVLHrALTrIb LT, 1FFE—T
HY, v BRI X 2TELT B DR RO EIREIT

HATH 5.

8 F— e~ NEFHALALEDY YO0 —R
YT A TR WTHIE LR, BETHTREEX
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1 TEHETTS. TOhEO—EETIITe —biihss
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9) IR ETEREPHAIE, »OFELEREZES
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5E0d, TN BEHEILANZT ——FDo
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HSHIBA L7z, e HIE, 4 EB0E 1 diflo — L
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SRR LE R/R 2 12 L LA BHAI D>V,
ZZTik~<%. Photo. 2 DFEZE T D7 & X DIRE,
JEF 1%+ Hit-Hcozk D FIO

R'/R=1+16(1—r2)P/zE-W. 4k
722U E, r:io—-1dy L sE,
W ¥RiE
4k EFE
P ETH
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XS, BELMBHRD o702 —2— (3L
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HETE%.) CREECHMEINEZEIE LERIE wi, . JF
RIES di &R/,
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FlTd s LEETSH L, v—VREERED o — 4
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R ‘=w12/8dj

CEETE .
wi, di OPEE, R'/R 2% LD TR LI-OH Table
AT, RIBHED S I CTOBRIEHERETH 5.

A. Measured values on the sectional profile of roll indentation and
calculated values of R'/R.

\ Width of roll indentation | Depth of roll indentation
— . Values of R'/R
distance froh w; (mm) (measured value)
the strip edge
screw : (mm) 10 30 50 10 30 50 10 30 50
down force(t) ~——— __
1.25 0-210 | 0-272 | 0-277 | 0-0011 | 0-0021 [ 0-0024 | 1'56 | 1-39 | 1-26
Parabolic 39 0494 | 0°506 | 0-510 | 0-0095 | 0-0101 | 0-0102 | 1-12 | 1-10 | 1-08
crown
55 | 0°665 0-651 0-650 | 0-0156 | 0°0154 | 0°0154 | 1-07 | 1-10 | 1-08
1'5 ' 0-276 | 0-313 0-300 | 0-0024 | 0-0031 | 0:0027 | 1-18 {122 | 1:33
Rounded . . . . . . . . . .
crown 35 0-472 | 0-485 0-465 | 0-0085 | 0-0085 | 0-0083 | 1'09 | 1'10 | 110
5'5 0-715 0-700 { 0'683 | 0°0182 | 0-0180 | 0-0168 | 1'06 | 1'08 | 1-06
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Fig. A. Roll flattening on the arc of contact.

a) I N _ - —I=—Working roll
¥Sfrip
b [ L—Ist intermediate roll
T —— { elastic bed )

Fig. B. a) Roll surface deformation caused to the
roll flattening
b) Roll deflection on the elastic bed.

B (9 mm) OLZADERESL 0mm L5
DERES D% a (drop £) ZFig. 10X v kD THET
5L

Pt Z, (mm) a (mm)
17 0-00202 0-0017
3-9 0-00386 0-0034
6-7 0-00579 0-0062

L7, COEEsSI drop B L EEEW L, 1IE
WL LB L 2T WB T Ebhrb.

Ls L, Fig. 3DHIEETr —WVIEE LD 2 &, M,
EDZTRZBIET D & 0 —VERTDON LT 1 2 7 DA
A S EiEtcE 5 (Fig. 7).

L7252 T, #Esco drop 1% Fig. B OEEEICRT
0 —VERERKLIDHD, BHREDRDX SR~V
F 4 oV OEEBHETES. COPMEDERETIEES
LOBRBTEERTHICOVWTRERTETY, ks
BRI H B DT, KIhTHE drop OEHICD
WTIEEEE Lis D7,

ZOWEC TH N T E oL R E LB EHREFR
BHRRTK FATIZECE-FREEOHK, HRFET
bolFMETR @EE FAESEIEKK) TFEiEO
WEEKRTD.
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