1554 . $% & @ 578 £ (1992) H105

© 1992 1S

@y EVIYITINIEBIIARAT YL ARGTE

1IN

JE ZE By O R Bh AT

PFEDH—ER* - Sy
i HEHE*3.

—{=* - GEE AERET?
eSa I o A

Analysis of Vibration for Sendzimir Mill in Cold Rolling of Stainless

Steel Strips

Yuichiro WATANABE, Kazuhito KENMOCHI, Tkuo Y ARITA,
Yasuo 1zuMi and Nobuya SHIBATA

Synopsis :

Both high speed rolling and heavy reduction rollling have been attempted in order to improve rolling effi-

ciency for stainless steel strips.
becoming increasingly strict.

On the other hand, surface quality and gauge accuracy requirements are
Mill vibration has become an important technical problem, since it reduces

rolling efficiency and is detrimental to surface quality and gauge accuracy.
The vibration of cluster-type mills such as the 20-high Sendzimir mill is complicated due to their

multi-roll structure.

In order to clarify the vibration phenomenon in the Sendzimir mill, two simulation

- models were developed to calculate the natural frequencies of Sendzimir mill vibration, and the frequencies
of mill vibration during the cold rolling of stainless steel strip were measured. Two distinct vibration

modes were found to be nealy 700 Hz.

Key words : cold rolling; vibration ; natural frequency ; stainless steel; 20-high Sendzimir mill.
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Table 1 12 ZR22 ® 20 Bg¥ » ¥ 3 7IEEEHRO E 24k
HEoRT.

REEB KB ON N 7% BFL, 6 RKOETE
2o —nro ) HC, M ETS4 KOO — L %
Ekgh3 5. %70, WeEHERRE X 350 m/min, TKRS
i 40 tonf TH 5.

AREEHE Y HWT, ZHMEA 3.6 mm @ SUS3M4 B
KU SUS430 #HMEL, ZNEFNS WAL R4 /82
TE A 1.5mm i B, F72, /8228142 20
m/min # & O 170~240 m/min OEREEE CHEEL, H
HERE O £ AT (2 xBhEE (HTE MK-300) % B4 CHRE)
BoriE L.

Fig. 1 [ZIRBOMEME . B 78 3 TR
O FRIHR I ALE T HIFEREOF 2 R T — L DX T )
Y=, BXUY, Ny Yy roEEHHB L EKE
K, KAF7VI Y —0—LOXRTY 5 r—ATh
B, E2hMuo— o7 )y Y THEERT- ROIE
ST — VoOFEELFNOEEFIBTA/-HTHD, 77
L2y —0—VOXRT Y Y 7O EETHE 2T 72D
JREEM DGR 2 BT A -0 ThH B, KB THlE L
7= KB I ¥ 12 Fast Fourier Transform (FFT)®iZX b
B L. 7, ARV ML ZORE DR
BHrlETAs-DI, Fig 2 RTEBAE Y P2
KIZA LA 7=V % L, PV OEBIOREERE
MBI X hke 7=,

Table 1. Specification of ZR22 type Sendzimir
mill.
Roll size WR 31 54 X1 394 mm
: 1IMR 02X1448 mm
(Diameter Barrel length)  3iMR | $173X 1389 mm (Drive roll)
$173X 1 344 mm (Idle roll)
BUR #300X 172 mmX 6
Rolling velocity 0~ 350 m/min
Tension 2~40 tonf
Housing
Deflllector Deflector
ol \\y ¥, roll
Reel Reel
v; Measuring position
Fig. 1. Measuring positions for vibration in

Sendzimir mill.

Second intermediate roll

Strain gage

Spindle

Spindle

Fig. 2. Measuring positions for torsional vibra-
tion of spindle.
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Fig. 3. Examples of measured vibration. (SUS 304, 5 pass, Rolling speed : 20 m/min)
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Torque of left spindle

100kgm

Torque of right spindle

Fig. 4. Examples of measured torsional vibration.
(SUS 304, 5 pass, Rolling speed : 20 m/min)

Table 2. Measured frequency in low speed rolling. (SUS304, Rolling speed : 20 m/min)

Frequency (Hz) Torsional frequency (Hz)
Pass No. Second Vertical Horizontal Right Left .
intermediate direction direction deflector deflector R}g(li\lt L'efi‘l
roll of housing of housing roll roll spindle spindie
1 35
705 705 705 705 390 431 228
2 710 710 710 — 35 84 246
3 705
155 705 705 165 160 208 284
g 700 700 700 35 30 96 217
35
695 695 695 1695 35 267 220
Table 3. Measured frequency in high speed rolling.
(SUS304, No. 1 pass : 170 m/min, No. 2~No. 5 pass : 240 m/min)
Frequency (Hz) Torsional frequency (Hz)
Pass No. Second Vertical Horizontal Right Left Rieht Left
intermediate direction direction deflector deflector ’lgdl 'edl
roll of housing of housing roll roll spindle spindie
1 275 230 100
810 1340 755 125 395 1006 762
2 235 370
1645 1315 810 615 130 621 798
3 155 35
1525 1270 695 330 155 698 —
4 1450 1535 70
1220 1305 845 185 470 862 1434
5 1190 . 470 295 165
435 1290 800 1540 30 1020 690
2-2 ERER Table 2 3 L O Table 3 £ 0, LEfIFRIZMEET S

—BlL LT SUS304 @ 5 /%A BIEME#EEE 20 m/min (2
BU LIRS OET L HEBBIHERE Fig. 38XV
Fig. 4 127,

Fig. 3 i/ ¥ v 7EREHH B L OKFEH I ORE,
BXU, EF7L 25 —u— LoOEEEHIE L ERET
0, Fig 4 A Y FUV Vs R ZREL 726
BTH5b. '

NG Z 7 OIREEEE F R OH IEAK & <, 700 Hz
WHHERERBA RS PASENRTYE, FTILY ¥ —
O—VORENZ BV THELZLOIRAL TV 2V,

CNSFEED ZAE TOFMEREE 20 m/min B XV
JERERERE 170~240 m/min 12 B HIRBBEREFE T £ 1
Zh Table 2 B & O Table 3 IZ/RT. %5, HREHHE
HMREENATLICROEE IR B L RT.

BBl — VOEEHMICB LIRS, BXU, N
Y Yy VY OFREHRS XOKELFN B HIREEIL,
ZENRAEHIBIIELEERT Z D25,

B2, ThoOFEERE 20 m/min 12381 5IRENE,
BLU, FEFEE 170~240 m/min (BT BN T 7
DKFEF I BT HIRE F A%, 700 Hz T ICBEF IR
ncTtwi,

37, EAF 7V 2 ¥ —u—LoEaid 30, 150, 700,
1500 Hz {4342, A€ Y FV v s OB IEEERE
20 m/min {2 BT 200 Hz f$3E 42, JEREHEREE 170~240
m/min (28T 700 Hz & ICBHE 2 IR BasEh Tw
5.

%, SUS430 FEHERFOIRENIZ B\ T b [k OB 2
Ront:.
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5 me CRTEET—su—LEFICEL L, O—
NWBEUONY Y v 7OBEICETAKFEHAL L PEE
HimoEs RN (1 )UIRT LB &2 5.
miok10= k15c08 151 (20— 23)cos 5
— (30— y8)sin $15t + krgcos Bial (x10— 29)cos b6
— (30— y0)sin 16l + ki7cos $17{ (210~ 211)cos b7
—(y10—y11)sin ¢z}

Moo= k15c08 151 — (10— x5)cos ¢i5
+ (30— y8)sin 5} + kresin il (210~ 20)cos Bi6
+ (30— yo)sin ¢y} + ky7sin 171 (20— %11) cos ¢,7
+(Y1o_y11)3iﬂ b1t

BF m 5 my TRIMOO—NBIINT DY
FOERIIET % ESHEN S FERIKRD 2.

(2)RIRT LI XEEEOKFHMB X EEFH
DENLIREFE OEZEKTERL, (3)RTRTLHIIC2
B & D IRBYOIEE 2, 5 215 5.

x2;= X, sin wi

;= Yl_ SIM WE  Jrorererermoretsemmeniiiiiiiiiiionnes ( 2 )
(i=1~22)

£=—? X, sin wt

5';=—w2Y,-sinwt .................................... (3)
(i=1~22)

IhsD(2) BLU(3)E(1)RIMLALT(4)
NE[H5D.

i[Aij]__an[Iij]}[Xi]=O .............................. (4)

T[] BEMTAITHD, [X] 8L [A4,] &
UTn&Hicis.

[X]1=1X1, Xz, -, Xop, V1, Yo, =, Yoo

Ay1=(kycos? @, + kscos®s)/m;

Ay 2=0 Ay 3=0

A1,4=0 A1,5= - k5c052¢5/m1

Fig. 5. Outline of model for vibration 20-high
cluster type mill.

Ass.4a= (kgosin®Pgo+ ksysin®day + kgpsin®ds,
+ ks3sin®@y3+ kagsin®dss )/ may
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B, 70— VOBERTEORILDENFER
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c= En

T/, EEMOSEM A EE Mp 13(8),TRD 7.
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M= = Bk~ 1=(3//2R")-(4/ 3)
.......................................... ( 8)
SIT, FEME ¢ 3(9)RIRT Hill oXV% H
v, R — V212 (10)5 T/R$ Hichcock O % A
WCEHE L 7.
¢=f(h R))=kf-xvR" (hh—h) *Q,
=kf* x: R'(hl_hz)
“(1.084+1.79ur/R’/hy —1.021)--( 9)
R'=g(h, q) = R"{1—Cq/(hy—hp)f--eerreeeeeeenee: (10)
FLS ki~ ks, ko~ kss TIRT /Ny T v FO— &

NG D TR ONTERIE, XTIV T, SRABIO
N Dy IEOERYEIROL, Ny s Ty Tu—n
FEROEREEIL L TR 7.

3-2 EBEROHLUYEEFHR
FE—-Ihou— VI TOREFZRORAL HIREE 7V
DOEEE % Fig. 6 IR

AfE & AR FEERHVS L, BEHEE—X L

OEEf 6, T A EHHERNGADKIRT EHD
L.

Ilél—Kl(61_02)

12‘92 K1(02 91)+K1(02_‘93)
LOs=Ki(6;— 6,) + K( 65— 6,) + K5(6,— 6s)

+ K, (0;— ;) + Ks(6;— 8;)

1404_K2( 63)+K1(02_08) ".(11)
1505— K3(6s—05) + K3( 65— 65)
Is0s=K,4( 65— 65) + K, ( 65— 6,)
L6:=Ks(6;— 63) + K3(6,— 65)
ISHS—KZ( —8,)+K;(6;—65)
Lby=K,(8y— 05) + Ks( 6y— 6;)
MEnfg 6, % (12)3UTRT & B REHE O EZEB TR
L, Ih% 205352 &Libﬂ&ﬁkTTiv
RENONHENE 0, 215 5.

«9,-—-@,~Slnwt (l_] 9) ............................. (12)
0=—0?0,sin wt (i=1~9) weevrrrrmrmusnnnnnnnn (13)
(12)A B Lr(13)Xx (1)K AT B E, (1)K %
#5.
{[Aij]_wZ[Iij”[Qi]zo ............................... (14)
ST, [I] BERfTRITH Y, (6] BXU[A]
BUTOXHITRENS.

[8,]1=[O;- 6,1
K/ L — K /I, weveeeee 0
—Ki/L; 2Ky/Iyreeeeeeeeens 0
[Aij]= :
0 () ceeereconarones (K4+K5)/19

Spindle
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K4 Is Ka
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Fig. 6. OQutline of model for torsional vibration of
driving shaft.
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%AHIREIE— FTHAHI &b o7,

4. E -3

FEW L 2 IRBV R B K ORITE TV CEME L IREN %
Fig. 9 /R 7.



YT 37 I MBIFA AT v L ARG R R O RE R 1559
y Frequency 761Hz
x mass amplitude ratio
X y
direction jdirection
Housing 0 0.03
/—"_\ BUR (left edge) -0.5 0.11
BUR (left center) -0.06 0.15
O @ BUR (right center) | 0.06 | 0.15
@ BUR (right edge) 0,5 0.11
) ® d@' upper[2IMR (lef() -0.65 | 023
b 2IMR ({center) 0 0.25
2IMR (right) 0.65 0.23
- - 1IMR (left) 0.5 0.48
1IMR (right) 0.5 0.48
WR 0 1
] ] WR 0 1
1IMR (right) 0.5 0.48
@l ’\@ 1IMR (left) 0.5 0.48
@ 2IMR (right) -0.65 0.23
@ @ 2IMR (center) 0 0.25
O lower| 2IMR (left) 0.65 0.23
\g ggR&LL—xﬁ :"’d s YT 1l Fig. 7. An example of roll vibration be-
(right center 0. 5 . . ..
BUR (left center) : o0s T 015 havior and the amplitude ratio in the case
BUR (cft edge) [ 0.5 | 0.1 of 761 Hz in frequency.
Housing 0 -0.03
y | Frequency 696Hz
mass |_amplitude ratio
X x
direction |direction
Housing 0 0
/—_——\ BUR (left edge) 028 | -0.06
/_———\ BUR (left center) -0.21 0.61
[BUR (right center) | 021 | o.61
@ @ BUR (right edge) -0.28 0.06
upper [2IMR (left) 0.56 | 0.66
. 2IMR (center) 0 1
2IMR (right) -0.56 0.66
L ® | 1IMR (left) 0.66 | 0.76
[ 1IMR (right) .0.66 0.76
WR 0 0.11
u ® ] WR 0 -0.11
1IMR (right) 0.66 | -0.76
1IMR_(left) 0.66 | -0.76
Q 2IMR (right) 0.56 | -0.66
2IMR (center) 0 -1
@ @ @ lower RIMR_(left) 0.56 | -0.66
i ~N. 3 - . .
\——\__—_// —-—3—‘—558§ d ;‘:‘C‘inzr) 928 1 Boe Fig. 8. An example of roll vibration be-
[BUR (left center) | -0.21 | -0.61 havior and the amplitude ratio in the case
BUR (left _edge) 0.28 0.06 of 696 Hz in f
Housing 0 0 n irequency.

Tsus3o4 + SUS430

Second High speed
intermediate
roll Low speed
Vertical High speed
direction
of housing |Low speed
Horizontal High speed

., | direction

g of housing |Low speed

% Right High speed

g deflector
roll Low speed
Left High speed
deflector B
roll Low speed
Torsional  |High speed
vibration
of spindle |Low speed

.E Natural frequency of mil]

&

Z [Natural torsional R .

& |trequency of driving axis Fig. 9. Comparison between measured

0 200 400 600 800 1000 1200
Frequency(Hz)

and calculated vibration frequency.
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