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Synopsis :

An abnormal vibration, called "Chattering", often occurred in case of an extremely
heavy cold rolling up to 93-94% total reduction. Practical and theoretical researches into
this phenomenon at DCR mill have led to the following conclusions and to the
establishment of preventive techniques. (1) The fluctuations in strip thickness during
Chattering corresponds to the second mode intrinsic oscillation frequency in the roll
alignment. Therefore, Chattering may occur in case the frequency of fluctuations in the
rolling condition caused by poor lubrication coincides with the said intrinsic frequency.
(2) Chattering arises from degenerated ability of lubricant under aforesaid severe
situation. Particle size distribution, stability of emulsion and oil film strength under
high pressure should be taken into consideration in the selection of rolling lubricants.
(3) The new lubricant with the organo-metallic zinc compounds for EP additive makes it

possible to prevent Chattering.

(c)JFE Steel Corporation, 2003
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Synopsis:

An abnormal vibration, called “Chattering”, often occurred in case of an extremely heavy cold rolling
up to 93-~94% total reduction. Practical and theoretical researches into this phenomenon at DCR mill
have led {o the following conclusions and to the establishment of preventive technigues.

(1) The fuctuations in strip thickness during Chattering corresponds  to the second meode intrinsic
oscillation frequency in the roll alignment. Therelore, Chattering may occur in case the fregquency
of fluctuations in the rolling condition caused by poor lubrication coincides with the said intrinsic
[requoncy.

(2) Chattering arises from degenerated ability of lubricant under aloresaid severe situation. Particle
size distribution, stability of emulsion and oil lilm sirength under high pressure should be taken
into consideration in the selection of rolling lubricants.

(3} The new lubricant with the organo-metallic zine compounds for EP additive makes it possible to

prevent Chattering.
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Photo. 2 Electron microscopic photographs of strip surface

IR AT, DOt h X%, F Ay M
Photo. 2 1+ DCR oy Afilds L Otlina. o WL kN, =—a -1 AT CRGERRE A
F w7V S LR HOE A R RO A B TS C FAEBEML TV L0 B, IOLHCF
H 4., ix DCR 2 2o AWM, ik DCR {1 rE U IR TAE &Y, At T
O AL A Ttz Lo, (i DCR o OFYHPEAI < P T F
O v 2 U IR AR L s Fig. 3155 v % U o 78/ 5o Be g 408 o il
BL, QTHEA T LYy bAECBESH, AL WZ L7z LD THL, THEmEDFy * Uy
BT O G  CAETE U L AT A R IR Lt EOLOTHL, WEEDO T A
BEXhtos D Efbhid broi, s~ + o ZoaoEIF TR T & O, BEREO. 16mm
Ay MM L o = EEEEE O G R Rl WL, BEIE A 0.2lmm 2B 0.12mm

I EHT ORI L T L. (OT S lE R | Rl T, Fore Fik 70mm BEECH



e

n.16

Setting

Thickness

0.12}-

00— 45 o0 8

Distance along strip imm)

120

100

Fig. 3 Typical thickness profile when Chattering
occurred

b, # 200Hz o RN %, Photo. 3 (X
= DB Ol KRR £ (b N i Seii el o1 st
JEREH R OEAMEREILCGALLL L O TH
B ()T, v~ ELEEHM ORISR
DIEAE B B, A4y FiddTou,

S5, (bt S MR X AT i e, AT
o bAECRBENRD, Lichs T, RIESHE

BT £ A F BN L, BTN
h,ﬂe,Lf;o'CL‘% SRR ENS, ¥, BEsEL
Ay Tk aliEA % AR LTl S 3R i
o T heELLRSD

Thick gauge
(0. 21lmm)

BRI o A FIL - 50T 5

ra

[ v &y w2 | WOl 63

100

- Fntry

E 100} thickness

o - 10230

o

= 0

e i

: Fatry

7 thickness

. hic

=00 ® Ll ® 0202

; - Nty

s -
85 :

—-+Rolling direction

Chatteving Normal

Fig. 4 Tensile strength of strip at entry of
DCR mill

2:3 EEMOEBEREF « ¥ U -7 OHIE

Fig. 4135 » 2 Vv 7380 LicB{y R L
Kuve DCR : v EERTO MG ki 2 4
HLA L OTHL, F v 2 Vv IR LR
TrE & A 9Hkg/mm® L L0 D,
v & U v AR Ly ME D b 10kg/mm?® §it
R,

2.4 EFEHOMBHET» FU -TORER

Fig. 5 (&Gt ik, RIS LU0 v &
Vv V| IR B fe o B T ORI A b
mLt%@C%Aﬁi(w/a/WFWWftM
|ﬁ<_ &. :L yl’—,”’w’i?&ﬁ“":)ﬁq < LC’)‘CL‘{JA 70 }

b=t
10

) Thin gauge
(0, 13mm)

. 3 Electron microscopic photographs of strip surface

pu— 63 —



January 1976

s oo
Ll
. 0.2|-
bt I 1
= b
ES 004
EC 003k, * . e s
E':’. 0.02] % "",#:’ ) *a
T 00l NS
:) ol L I —_—
(QJ
=
@
E L. ! L !
5 ] 2! 48 72

Ralling time (ht

. 5 Influence of lubricant characteristics on
rolling behaviors and Chattering

=
®

Bz o+ 402w — FoE 2 40k H A
LEBICHIT A, X6, BEOS 5 Y F 4
40h A BENMTA. Lioh - T, HiLEER &
a3 ESI (emulsion stability index) t1 40h L
OBBICE T A,

Fho, HRZWEN 0 O VEER S HHER RN, M
WD 4 1 27 » ZHGETHENAGEGH T v x
LRELS, 8h <CHULABILSEE L, 40h H
BUOE LT B, F o & 0w ZEEEEN O
AT TEHBCEEL, ThEE L AL
WL, [DELOHAENEYE L D
40h W b & fo U S B35 2, L IE wo
A7y THECEBITAFZ VY 7D %R
WA o FALERC L D, # oA M e g
VAT ER, FL— T P OBk 5
HARSFERTHALE E2 605, 40h B 5
ERETDF ¢ £ ) v 2 EARRIT I 2T
PDEHETHLS. Photo. 4 (MO F(LILEED

Oh

¥ # 2T

it i b
e BLL T
RIS A S

48h

—
102

Photo. 4 Microscopic photographs of emulsion
particles

R AN Sk o B L AL TR L,
Foizdy, FUbE LTeT L, i, wne
T FEL RO MBI A BB T 4 &
U IREE LT A,

3. FyIN G OREFOTEEH

R X 940, F o & 0w 3G eoiEd ¢
D% LB ST 0, AR O A
Motk &, WHHOER E & X
b I ORIEAHC SRS 2 L, DCR



Vol. 8 No. 1 WA B S N s D Ve 2 0 vy R OB fis

'Cj:art spr;ed 50cm/se

oA

4
TS S
i

-

S—-

Fig. § The rolling behavior when Chattering vccurred

TR L F £ 0w 2k DIEAE L he ) P . fods, EEET S A e A 9

BT AORGONE | THLLh FARE R .:‘:i »*iii?ﬁUﬁ’i{@)kiti}ftlﬁ"ﬁffffff;L‘ﬁ:r&‘)'i“, piATap

e CEOBERL OGS D e PSR L S )
P AT T AT PR C A V. U AR Y T4 CRERVE L o BRSNS A

BT OV S AR — 2 & DL fods, a2 0w OV LA L £ TT T
TR R LT A, Noo 1~2 =% v i), Noo 23 oz
SR AN LA, L R AT Lk

31 EEREDEL m.xj- Cdete. MRS 7 BN 4
Fig. 6 1t DCR i A v i3 5 2 ) v 2790 RN G H S TN a8 [ e e SN S W
Fer U b ¥ ol st T o, NAnIiE s L Ao LT L, Fige Tond ol )
brNo. 1, 2 22 v F oo JVREST 8GRI T T dis Zyo RS AN A B I, el

X 4), No.ol~2 = v 7, No 2-3hjoa ), b b AN 20% 4 W AT AL T b F
No. 3 #x v e XPE i ben )y dnil st L £ HEATAR TR AR )RR A B b il i
oL AL LR HAT A T T D BT ﬁ?ﬁﬁj FL T EAEE AL, LT, e H
vi, JEEERIT: BUR. oxfflie X % d~1Hz & ZREN R O] A R 1 ik )JCU”’*W“J”, bikaki )

TSy Erc e bh L tand, ~x v Pl H ODEEMEA TR L LS L.
& Jrec Lt d, 20~-30Hz + 110Hz Fl o
L DI R SR F AR Ak S R G SR A

Fop X Vv AR LA R &N, AE U E Fig. 8 i~ K. Tong & G. Sachs & F 41t4kn]
Ak oo ey kx <, ol Noo 12 SR D, DCR a4 Noo 2 2z vy
Weir 110Hz & 200Hz g2-cdk o, Noo2-3 VoS A R VB R R o R A ST L AR
Biliz 25Hz oo i g 200Hz o iiapkn HLA g e T e b AR
Benb L, ZoMEEGIZA RO R L 0, A S TR | 2
Fd 4. deds, 200Hz Ok Sy oA Eigher No. 12 TR A T o s ORI R T A S S
& Noo 23 e fizas 180° 7T 4, "/k Ry T4

WAL BUR ook 12/ il No, 2 2% Py JE FEM R 30% 00

3-2 HEEelsEs RERR




66 I 8y 3k # &

January 1976

20
wr\£§ESSSSSESSS§;\
,'»E.
E
i o]
-
=
[=}
3 +
T Tya
[ ]
10
J71-2==3 03 kg/mm*
dez.;=1.85%g/mm*
a L |
# 0 100
Close Open

Lubricant valume {%)

Fig. 7 Influences of lubricant volume on entry
tension (w5} and exit tension (ga.;)

T, SOTRHIE EBEOLH O OB EITo
Tmid, 0BT THEROENOMIE 4 LA EE S
HEhivy 85~-100kg/mm? BETH L, F+ 4 U v
IMBELET D X5 M O A QB2 0. 23mm
BETH L, G, JLEPOETTIRE L ERERC

1.0
- o Heductian 30%
= .
E 18 e Heduction 0%
P
?
£ 06
Tood
N
£ 0z
-

LC0023~0. 026 T Th B &AL EL o %,
i, Fig, 9118/ WE S BHED CEDHBIEL
o) DR A R LIS D THE D, THENA K
FIRBE LAy, B MR A B AT
LREBREROBE L DXL, L Ly
BERENSARE G EEEE N 25 T 28805
Dy X5 L ETEMIENKRE KD, FOk
SE — LA P PTOREENS A, Bk A
BlERD I mbaow, HER, M
[EREF] REPR R B3 5

3-3 BEBHRK

Fig. 3 & Fig. 6 24 :im LT, BARERE
SRR S BERLR S L OO A R EEIR B i e
T L EEER & Bland & Ford o1 A0
LD LA, AHERE A Fig. 10 w54, ¢
B HEEIRHE T IR R0, 023 2R L Ty B,
ZOf Fig. 8 WoR L ILEEFTAER A oo 2o st
R 5 30%/ L (0.23—0.16mm) %47 - 7=
EEORRABEBRERC—#LTVA, 20 &n
B, No. 2 =% v FTm30% ) EHEIL T EERTEER 7
ENEN T TV AT EA G, LA,
T AR OB i Z ORI A sl
RIS L BEERS,

FrA VVIRREL TS E X0 BEER K
VL, B RIREER TR0, 042~0. (MO0 R B b,
D IFARCI20. 015~0. 01908z 5 45, - h
A B RIE SRR TR BT e D s
>0, Photo, 3 125 LA EHHFIERL &5
7o ~H LSS5 2 LAV D, ok, #

Yield stressiky/mm®)
k=974

k=92
hi= 867

k=74
k=921
k=867

Eutry thickness

0 01 002 003 004 005 008 TO07 003 008 01
Coefficient of [riction

Fig. 8 Influences of coefficient of friction on minimum thickness
(calculated by K. Tong & G. Sachs’s theory)



Vol. 8 Neo. 1

B o R EE BT %

Fo + &0 w2 | BB 67

NEES

1.0
—#—— Reduction 0%
—0— Reduction 30%
— 0.8 . Coefficient
E *M’/ \ of friction
£
« ogl- Jo.t)b
H
2 o Mjom
5
- _.,‘.——0—’—”’_’_’/
= 02 o S 1002
1 | | 1
89 90 95 100 105
Yield stress  (kg/mm®)
Fig. 9 Influences of yield stress on minimum thickness
(calculated by XK. Tong & G. Sachs's theory)
(VAN ooz LA g LA
L2 4.25t 1.85t 1 04.25t 1.85t
2@ 1.25¢ 1.15¢t 2ed.251 1.1t
- D= 31 1.751 1.85¢ 0014 3al.75t 1.85t
= 1w 1.75t 1.15¢ - 4 ®1.750 1.15¢
2 0m o .‘L(]()t 1.50t & n A 3.00t 1.50tisetting)
=l tsetting -2 0012 .6
=z o
b=l ¥ Vo, o, i
E 10z _7’ b | = 5 0010[- 05
Z : 1Mmlmm g
= 2 Higl [ow ]
T 0l R ¢
:3 3 Tow High B 0.068;- 0.4
1| Tow [ow b
o D Ne L= Estd tension, & 0.006}- 103
5.0 No 2 3std tension in Fig. 61 o
— 001 - 5 3 B 4
023 023 nz a4 0.064;- 02
—0.1Z —+ (116 — (.21 <
I3raught  {aun!d g
. ) o S 0002l 01
Fig. 10 Calculated results of coeflicient of friction ~
when Chattering occurred (by D.R. Bland ol ‘ | ‘ p
& H. Ford’s equation) 0.23 0.23 0Z3
—0.12 —.16 —021

FEEA No. 1~2 A% v vils No. 2~3 2 %
v PRI, 18RO ThASH S 2 Ehb,
Fig. 10 @2 & 3D L H5han  EEROH LD OB

BEREATLTVDHL LD,

3-4 R ROHEH

Trinks® iz X5 &, 4+ 2V IZnRETE &
@ﬁ%ﬁ?%ﬁ%ﬂ#t&%b,%hKOMTW
SEAME N bR AR B S 5Tk
MG IR TV A,

Dravght (mm!

Fig. 11 Calculated results of contact angle ¢,
neutral angle ¢y and én/¢ when
Chattering occurred (by D.R. Bland &
H. Ford's equation)

Bland & Ford m»#*5.F, Fig. 6 T i
JEEEAG O TR AN L Ee b i+ 8 ) v 7
R R ¢, W gy B LU dn/d B
L, #0584 Fig, 1154, S+ 520w
by E L FiERA Lh ALk
i, dxfe RHENEERIPRE D, T

- 67 ——



Moy BOEE H

January 1976

— 923—=0.12 mm!
7, 23.69 kg mm)
o, 12,291

S 023020 rmmi
Gy 23.69 kg mm’

ga o, 720 e}

¢.\'

¢-\ > o
-80S
PR

0.02 0.1

Coellicient of friction

Influences of coefficient of friction on contact angle ¢, neutral angle

¢in and gu/¢; (calculated by D.R. Bland & H. Ford’s equation)

68
0.016—
0.014F
I ¢J
= 0.012]-
E
=
e
&~ 0,010 &
»E [
E 7
L+ !
= P
3 !
= 0.008
z ¢
- I
< J
L 1
£ 0.006 ¢
= I
b 1
- !
& ]
= 0.004]- !
3 s 4
______________ A A
]
i
£.002— ;
]
[
] I ] 6&’1' ¥
0.001 0005 001
Fig. 12
frdrts, F= 4 & Vv i s an s b X

A SRR A DR B L, AN &
oM s b s,

Fig. 12 i1 Fig. 11 50 Tpansisid - & 4
AU S BEH Ue 0 No 2085500, BEIHR
ST (o e s LRV S PIN 2 N ol Bl * 8 | G R
~fcb O TH L, BREHSARE LR T
B LECERE T H, ity
AT LT D, e o T, tharfiin g
FURE O b LRI AR - T
A MR EAORDEMIREBETEAD A BT
s g FHbrinn o b a,
7o, FBEIEBERED DA (e & AR B
L, v ssa e BE-+ 25, hardsntogg
Ze BN A S R AEE R B RIEN W & FiTi
0.007THH, JE & Eiir0.005TH A, Wiga
G AL 2 £ 2z, Trinks MR+ 5 )
Sicdrar iAo aa GllH-T AL Ex b
nob,.

35 EEAICEITDIEHRROBINA

AT, e F ) v e AR o 8]
M 200Hz) 0 & @ EERC L 4 oo i
T4, Fig. 6o siufc g ol tiBo g 4o
B EAE Lasto 4ot Table 1 ¢4 7, folks,

Tahle 1 Frequencies of vibration on DCR mill
rolling (from Fig. 65
Rolling condition Normal Chattering
ltem  Stand ©T€ _ Note | Fre- Note
; _guency ! guency
Eccent- Eccent-
. No. I std 3,75Hz ricity of 3,75Hz ricity of
Rolling B_UR BUR
lead Eccent- Eccent-
No. 2 std 2,85Hz ricity of 2. 85Hz ricity of
B.UR BUR
Vibra-
strip
\ . Vibra-
Tension g, o Vibra- 9511z tion of
25Hz tion of strip
~ 3 std e 200 Hz Chatter-
strip ;
ing

. 68 —



Vol. 8 No. 1

RS OB B35 [+ 20 v 7 RO/ ég

»

the Lateral vibration
of menbranes

Lat One degree
of freedom
fmill} Isatripl

. Mass
w W & Sori
‘ T"'—‘ : Spring constant
= ks ¢ : Coeficient of
ot ; viscous damping
= , Fo T : Tension
i W : Width
s HLj T [ : Distance between
Z mill stands
= &

iel Four degrees
of freedom
trolls)

Fig. 13 Vibration analysis models

i e B Ll ¥ M o T/ O e - & 1 RPN
S AL TR D, o 50w AR ST
DhFe s RO T TR AR

Fig. 13 C & FEIB)HR 0 €74 Lomd, @il
WL A (ko T 1 IERED £ 7, O3
M OMIRED TR P H LT L L&D
W BURR £ 7 v, (e L ROEEEH T4 1
H e g R € 7 0 TH LY TN SRS
MERD,

AEHERE T AT LA e — A ROEHORA
HREc% Fig, MiomT, Chil, e —AF v o
FHTOAFEHNERL T L0T, R
?Ekﬁhﬁ&k@%ﬂhibﬁﬁ%ﬁﬁﬁ%ﬁ
TH, DOTREERET L AT L,

SoC, H2dwe— it BUR L WROk
1T, TWR. & BUR #1&ih, I
@R — LTI TR & 0T iREN T L. BlE
BRSO ERRReOM AL E L2 (DA,
BE#IEFT A 0. 016 ~0. 07 T 190~170Hz 3 fikiM
kA, Fer v FOREEHEIOF IR E—-
FOMRBIEIIETICR L TE D, RE-Sx
— v ador d | F WR ORE AT T 5 D

Tahle 2 Calculated results of natural frequencies
by vibration analysis models {(under
normal rollmg conditions)

System Model | NMNatural frequency
Mili | One degree { 25H
Ist mode  115Hz
Roils T
BUR ! Four ; 2nd mede | }SOHZ
. - I
& WR) | degree 3rd mode 405Hz
‘ 4th mode R30Hz
| Lateral No. 1--2std 29Hz
Strip | vibration
! menbranes No, 2~-3std 23Hz
Dk HE L AL, Fa Uy Sihe o ROk

ﬂ)ﬂ'ﬁffZ{k%— KA AL J'Cd% FHEERL.
Table 2 (T i) L4 &1 4 A HIET B0
TR A T,
4. FEHRBICMTIZEREF v Y
Bhab sk
41 FoFY L SREBBOBE

3240 Lt & s, MEE RGER A RIER S



7o

Mo R gk R W

]anuary 1976

S00-
800
[ ti
o0+ I t
- I !
= g0} § 1
1234
" st nd rd th
Mede
500
—_— A

4th mode

3rd mode

400

300

[ntrinsic vibration frequency

Frequency of thickness dh

/Plequenr\ of tension Jo0

crszTToroorooode V"‘T“TTTTT"‘T‘TY" TTTT Y

AN NANNERIERAR SRR,
Znd mode
— O
100+ st mode
L : : : 1 !
] 0.01 G.02 0.03 0.34 0.05 0.06

Coefficient of [riction

Fig. 14

Relation between coefficient of friction and natural frequencies
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Table 4 Comparison of oil film strength
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E_-_ 574 o 530 407 o
T T s s
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B :; Tallow, phosphate EP additives blended

C : Tallow, ocrganometallic.--*Zn” compounds EP
additive hlended
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