2T -7 o aVvitXBA MY v TIREIEEKOIGH 1175

[T R T

X

IHGTERUTTETHHERTT

© 1983 1SIJ
Ty —rvvarickbdR MYy IR
o
TR - GIIER - wERES - 0 o™

Studies of Vibration Prevention by the Air Cushion Method for
the Application to Commercial Strip Lines

Yasuo SHIMOKAWA, Hidetake IsHIKAWA, Kango Sakal, and Hajime NITTO

Synopsis :

A basic investigation was presented in the previous report about the vibration prevention of the static
strip by the air cushion method.

In this paper, the theoretical and experimental examinations are carried out to clarify the effect of
running speed on the vibration prevention of the running strip and to know the cause of the phenomena
of resonance caused by the air cushion in the strip which is supported with a pair of long span rolls.
These are important problems when the air cushion method is applied to commercial lines.

The following conclusions are obtained

(1) Prevention of strip vibration by the air cushion method is possible at any line speed.

(2) The cause of the phenomena of resonance are clarified and the undesirable influence on the
prevention of strip vibration can be negligibly small by selecting the setting position of the air nozzles.
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Table 1. Comparison of wave propagation veloci-
ties with strip speed.
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Fig. 3. Influence of vibration prevention on strip
speed.

min PUFChHB &, [ IEHEME BT 5. 150m/min
L BTz, fRiER 0.5~1mm #ins5. WML
WHROEX L, (47 ) —ADRIC L H1DTH
H, COXRBEBEFEOLIDOTHAZLNENL D LR
Fo. LichioC, IREMPIESIR T A v A€ —F 200m
/min ¥ COBEATIE, FA4 VAE— VIR, H
MChHbEELLRD, Ttk -—e- TTRENT VST
RE A 52 7o\ (OHz) b F4:3 % #RENY 0.5 mm
X, AMY .y TOBROBEINFER LM IS,

3. REMIEICNT S0 - AXRHEROEE

3-1 ERART

3-1-1 Ze5EHEER LB EORE

BIRY TRz & 9, ZBREIFEEEL T
AEFATE, BEEHORERE =7/ AV TA L
Yy TEFEHELICBEDA MY, TOREAEREBABEED
—FH L BCIIIRENERCREL e, =7 -2 A
X HIREINES RSB T LA E bR &b o e ER,
B igoie.

B — G FERER 4m T ERERTCIE =7 -/ X
LR @ Ra, EAESEERL 10Hz UkTh
D, —HERRBCTERMLCAERX 6Hz LIFTTHS
DT, TOE XL, MEOMBEIRRERAEL B v, Le
L, SR CISHERY 5m U ETHSDT,
=7 — ) ANEEIHE TS, BEARBEAEBILE
BEERE CIIRE Lie 6 Hz DUF o BEBEEEC 1+ 2 1% v
5. ZOIIERECK L, KBTI EAL, KRB
S B Uied HIEBINIL- O e B & /nDfe. T O
B SHEREBCEE TORE O FiEE, RREHOF
M XD IEBICRECENBINS & Lbayot, BUT

TS

Forced|vibration

y = coswt
_-)\
Air—| Fﬂw

—> <«
Air nozzlﬂj’ ' —_ S
S — <

Air—> P e—

| .

—> || «—

X
-
y

Fig. 4. Diagram of a vibration model with forced
vibration and air-resistance force.

o, BRI HYEALLEROBNHERZRT.

(1) EBHER

Fig. 4 o X5, A+ Yy 7T Ten HEAL,
XBEA MY, 7 OEEEEC A L R RIEI 0N E
BE (ALY TRUORZOWHLTHEEEZ
ShBDT, FORENALY » FAERATHIEA L
), FORETAEECIAT S EEL LR, ZOBER
EHREE Ca E5K), ALYy 7OEEHHERL
D LR LTRDBRA.

0=<x=l;, B XV L<x=l,

o
+TS'BS'Ten—g:yT—BS'Cd‘%f— ......... (5)
li<x=<l,
ros 5%
+ T By Ton 02— By Ca-ig-—K-3-+ (6)

o, (5), (6)DfE%y
»(x, 1) =Y (x) -exp (jor)
LRX(4), (BYrfRATHELRER

— 9] —



1178 #% & W

% 69 4 (1983) 92

_ Bs-Cd
g YTV Eg

w>Y(x) =0
e (7)

HELRhA.

(2) BREHCIBZBOBRE

(7), (8)NIERBOMEFR KM SHER T h 5 0
b, Thbofiz—ic

Y, (x) =Cpy-e?r*+ Cppre= 25+ Chg-eders
+Cpgre~225(M=1,2,3) coeveerivnneninnnnn (9)

EHbbEINB.

22T A=V AV AT 4B)/2

%=V (4—V/ 42=4B)/2

A=Ts Ty Teyn/(E-I)
O=x=<l F7out L<x)
S O )
(h<x=ly)
(Ko FRHF Criinxi=3x4=12) 12 FHixk © 12
HOBREHELI O RDOIS.
Y (0) =0 oo (10)
(d2Y 1/dx?) xoq=0 crereremceeieronnninan (11)
Yiaci =Yg mg, wroeereereernnnninn (12)
(@Y y/dx) x=1,= (Y 3/dx) g =, =+ssrereveeenenes (13)
(d2Y,/dx?) s 1, = (d2Y,/dx2) y g, -+reereeeee- (14)
(d3Y 1/dx3) s =1, = (d3Y 5/dx3) =, ++eveeeeeees (15)
Yy (lp) =Yg (ly) weveereeereesemnancnsecnceninnnn (16)

(dY 2/dx) x=13= (dY 3/dx) g pyveeneeveoeceeenns (17)

(d2Y 5/dx?) 5 =1, = (d2Y 3/dx2) =g, --eoeeeee-(18)

(d3Y2/dx3)x=12= (d3Y 3/dx3) —p, wevereeeeees (19)

Y (lg) =1-- e e e (20)

(AY3/dx) 4 =1,=0 woovvivenniiiiiinnin e (21)

g x=1s *Ctogﬁﬁ;uz{ﬁb 9(ls, t) =cos wt x5 R

i

Re{p(x,8)} = R {Y (x) -eiet}

=Re{Y (x)} cos wt— I, {Y (x)}sin wt ---(22)

THbbINS.

TZT Re(z) =HFEH z DEEH
Im (o) =HFH 2z DEEE»
3-1-2 ZESKEHHAER
AV, FOREEEICILA L TE < RIERAE Y
KDL, T TIRBHEALLEDI, K LTOEFHERX
Iokpsr et s, EHHEINIRR

02
Ts'ﬁs'ps—a;zy_‘dx

=Tgs Bs-Tepn— ot

? dx— Bg-Cd gy - (23)

- (24)

BRHBRIS.
ZZC p=0Cd/(2-Ts- ps)
C=1'Ten/ps
ZCTHRDME y(x, ) =X(x)-T() EFZ(29)
RCfRAT S &
1 a*T 1 dT 1 dzX
+2p =(02—
T dir T dt X dx?
Eieh, ERIBRSBRTHEDT, RDO2ASRE
5.

coevenenn (25)

1 d2T 1 dT
F—diz_+2”§‘—“{1}%=_a2 R ¢'15))
1 d2Xx
2} It =@ (27)
EROBIRBERDHEE, H DB CORRMCX

THEALY oy 7OEEERRDIE I VDOT, (26) %R
v (26)Rit

aT dT

i ,+2#T+azT 0 crerreriiieiinenl. (28)

LFESh, 28RO
T (t) =e-#-t(C-cos gt+ D-sin gt)
=1/ CEx D2-e~y-sin (gt B) -eeveereeeeens (29)
ZZT ¢g=Var—p B=tan!(C/D)
EFxshn., To@)=vC2+Dze v (Fig. 5 O
EHLT, A b, o OO RELZZRER To(t),
To(tr) EFhuX

~ w/<3’+|)2 -€
I\ Tw
i
L \h
3 ol S o
- to —S—é_—___y___
5
< P / ——> Time
e
s
/

Fig. 5. Free vibrating curve with damping force.

— 92



2Py oY aviREDAMY » THEBMIEEKOLH

S -
Linb, REEMRE Co KK TRDLNS.

Ca:ﬂﬂs%fﬁf‘o),m)}, veeene (31)
3-2 RBAZE

Fig. 6 TR T X5,

-

I

Measuring
Point

Air nozzle
(Top posi

v — RS 16m B 5

tion)

(Middle position)

B _Air nozzle

E
. ©
]
3
«©
é-\ir nozzlem
ﬁé Bottom .y
f P
. &
‘ )

Fig. 6. Schematic illustration of experimental instal-

lation

investigating to the vibration of the strip

which is suported with a pair of long span rolls.

Distance from bottom roll (m) —

Fig.

—
124

-y
(=]

ot

1179

BT, REIE O ERE B RNRE S €,
FTE, hBic=7 — ) AVKREL, chbo—FHiEk
BN LDO=7 — L LW RETHHETAL Y » 7O
EEA I 2 HETE 2ok, BREHARBIIA Y
y 7 OREEPRCEHRC X 5B 52, TORDHE
BRI > AT Tk TRDI.
3.3 RRERBLUEER

3.3.1 ZeKIRHIRE

Fig. 7 wEH RSO REREMELY 7. CLHRAC
DT, DBEENGRREHE T L7 — 7 AN
B3 Ca=0.1~0.15kg-s/m?, =7 — ) AAhH BRI

20 mm | kg /mm?|kg-s/m Cd
®10.21 1.87 0.10
L x10.32 1.68 0.13 ]
r »x| »(40mmAg) 0.43 ;
= o|0.50] 1.2 .12 ~
105 ol ~»(40mmAg) 0.39 1
8_ p (a[0BO] 1.4 0.5 7
9.— ~ . —
- o ]
T 61 -
~ 5_ N
£ 4 .
E
« 3 -
o
o
32t i
=
E
<
1 _
0

Time ( sec ) —

Fig. 7. Damping curve for damped free vibration.

0

(2) Air-cushion is at bottom position,

T3 ) 1FF |\ Ts=05mm |
Ts=05mm 15" ( \ Ten=1.4kg fmm?
Ten=1.44kg/mm7 | . L Pc==65mmAq
Pe=6BmmAa 4 [  “~_ \Cd=0.3kg's/m’|
Cd=03kg's/m* | L - L\ i
N ™
b o) 1 b
L 110 T~ ~ N
a\7l\ B n \ \ / .
/TN 1 L \ A i
o N
SN - SN 4
4
o
- AN YR .
\~ // | i V\ \‘ |
//./ _ o Exp|Cal ! \\ Il
7 W fHz| 0 |—— 4< /
i Jo) 1 (==
TR 3 x [—
B // ’ N 11 A |— é(‘ //' 7]
| | | Lo Wil 1 | 1 0 1 1 1 NI~/ €At 1 1 I
-20-45-10-5 0 5 1015 20 ~20-15-10-5 0 5 10 15 20

(b) Air-cushion is at middle position

Comparison of calculated with experimental value for vibration prevention.

— 93 —



1180 S & W 69 4 (1983) g9

Ca=04Th2r. ZOEOHHEIIALY o FFEHW 25k T T T T T T ',
FZRRIC LT Ui ithic X ), ZRSUEHD A LT ' ey e e L,
T LEL LB, [ A o

3:3-2 HEMBEOBEAN N

HIEC R oD I ZESHRFRIL Ca DA I\ 73R = — T Size of strip |
KO L =7 — A% LRSS, B 3 = S kamms
BB a0 ERIEY Fig. 8 1R, LRI L H M s L i
R —K LT\ 5B Z & avbhote, o

Fig. 9 12250t 71 A b DB A, ZERHRHIE L ot S T e frenuency when ]
AR L SRR BT LT\ 5. SRS ol distance of systemis L
3, BREYR, £ CHAREREE—-FKT A0 T, Fig.
9 i, HBEEET 3Hz 2 6Hz iwounC, X |- I B T I SR B

REUTHRLTGS, HRIETREITIEIE Y OSiostE
EEAHLTEY, HRT I BRI LIEHIIHEI W
Ebhote, ZORES LBEREEESETL, =7
— 7 AAMC L HIRENNIEINIFEMRCTE D Z A BT
oY,

3:3:3 =7~/ XK LBEERDROER
WMEE CEERER L oA Y, 7O BAEHK
i3 Hz:l/ZL-x/Tenyzg ThHz bhn, Fig. 10 WirE
EBEEM L ALY YO TFH#MLD L, ofifBic=7
— 7 ANBAER SRHE, BERBEHRTAC &
ZRLTWS, ZDXH3R=7 -7 ALOMBEIZT—ET
b, MEDLERE &L CEAREBD G4 EE HER
L OZCHEB LTS, COFERIZI =7~/ AAD

T T T T T 1 1T T7 =

//"/I// Ts =05 mml I
- - Ten= 1.45kg/Mmn;
T ;\(/ Pc =65mmAq |

~ [T -
5 I\ A Bt e |
-2- | \\\,\ \\\;
£ NG /
AL N\ e
: SR
g \x\\\ ]
“ \ .
g 1 3Hz } -
8 5p-x- 3Hz N
@ | =+ Damped(Cd=03) 7N
Q [— ndamped B
? =n6 // //f
B <~
| h \l —
X

- / — N

0 | T I A I |/l | S A I

-40-30-20-10 0 10 20 30 40

Fig. 9. Comparison of air-damped system with air-
undamped system at resonance for vibration prevention.

I
0 20 40 60 80
Static pressure (mmAq)—>

Fig. 10. Shift of the natural frequency due to air-
cushion.

3 T T T T T
14*3 h=15 mm .
& Ten=1.68kg/mm?
T Size of strip
~ 8k \ =0.32 % 500mm
£ --O--6H
£ 7_« .._*__.g z
M ——
° —x-—3
26 —_—2
3 —a—1
g 5+ Air pad is ]
» at bottom
.§ 4+ position
]
= 3k .
?
()

-t N

%
e

0 5 65 %

Static pressure (mmAq)—
Fig. 11. Relation between static pressure and os-
cillatory amplitude.

TEHNRALLY » THEETZEELH DD THD,
=7 = ANDFTEC LY, BT ORES (BLUEE
W) M7 — ) AVONMBIRHB Lici:dE #H X h
%. BFEA 60mmAq L Ric/e % e UEE S &
5.

4. T7—/ XNERET&EGCHETIER

4.1 JREHIMEICHTIHREORE
Fig. 11 R X 5K, #E 45~65 mmAq CTIRIEL
t1lmm PITFCPIEBRATRETH Y, FRBR BRI

— 94



2T —F oY aVvIiCE DALMY » TIRBMEEFOGH 1181

TR R RE T3 5. #EX 65mmAq L)
LTy, BEAREIRDLDDOAY » PIE v OHFK
X ABMENMOENT, IRMROETFTOET, =H
Ty —Biolk, BEORERLOMBERXELD
DT, BEIX 45~65mmAq V@ L Ex b b,

T T T l T
n h=15mm |
12 I:i Ten= 1.0 ~1.87 kg/mm?

T T 9 Pc= 65mm Aqg
~ ¥%Pe= 0 mmAq
£ 8—-&\ Air pad is at bottom .
E ><\\ position
o a6 e |
0 -
° \ —0—4
200\ =2 ]
- V\ —D—
€5l \\| —=—1 7
H \ /
h /
=4t // ]
B VA
53 * /d ) /0
(o]

21 \ -

¥ //,47//
1+ =g .
0

I
P 0.21 0.32 05 08
Strip thicness (mm) —

Fig. 12. Relation between strip thickness and os-
cillatory amplitude.

T ] T
* h= 15mm .
Ten = 1.16 kg/mm?

12

T
o AN
.\ Size of strip
8l \ =0.32 X 500mm
Pc=65mmAqg
\Measuring at

= \ bottom position i
| % Po=0mmAq ~J-8H=
o\
5 \\\ }\ :Ci_
\ \ / \ ——1
43\ / -

0

Oscillatory amplitude ( mm)—>

%  Bottom Middie Top

Position of air—cushion nozzle

Fig. 13. Relation between position of air-cushion
and oscillatory amplitude.

4-2 REHINE SIREDEIR

Fig. 12 7T X 51, WENKCRRE, REIE
BHEIET L, #E 65mmAq LITCHRIE £1mm T
Wz bz toTEsHBEE, KE 0.2lmm T 6Hz L)
F, HE 0.8mmTix 2Hz LLFCThHS. LLl, S
bz b, B Rk o, EHREOA b
Y o TIRBHEOKR T, REBAEEOERSIHE
A E U PEREEMACBT LT T, KRARMK
DIEELEEFE 65 mmAq CTHRENMPIE AT RE 7 EEFIC A DT
AV
4.3 FEHIMEET7—/ XL MBEORER

Fig. 13 it ko, TEARLIRG R4 K Z
¢, W BB K E V., hBRIEEE — FOEIC/ DT
WA D ETHRIERESNELR TS, oz &k, iR
LA DEE T IRNEOWALA =T — 7 AVZE
S (FEBAFSREKTHHTR) L&, BEx— e
BLC=7 — ) AAERETHIELNERTHH I &%
ARLTW5.
4.4 REHINLE SR~/ XIVEEERE A2 OBER

Fig. 14 @Rt X5, =7 —7 ANDHEEKE L
T B, BRI NEERG. LrL, A XEEOA
FY oy IA=T = AACER LIRS S I T
RETHDHOT, h=15mm BENEETHS EEbh
5.
LLE, dix7-X 5, #IERTe —AZHFREIEY

L I Size I¢:oi' strip|=0.32><é00 -

13 Ten= 1.6 kg/mm?
£ Pc= 65mmAaq
RJ Air pad is at bottom
8- position -
\ --0-6 Hz

Oscillatory amplitude ( mm)—>

Nozzle—strip distance (m)—>

Fig. 14. Relation between i and oscillatory am-

plitude.

— 95 —



1182 g% &

% 60 4 (1983) 9=

= FAVERCHHEARECORBMIE BN TE S
YN Y N s oy o

5. & B

(1) =7—7yva vX2EHINIESEE 200m
/min ¥ COHHET 51 v A ¥~ FBERK BHE
<.
(2) HRBEBIETRDLIRDY, =7 -7 A0
FREMEYZER T, RBNE~OEEEL/NEIW
2B ENTES.

(3) #f7h, BIV e -V LZHEBEIAR VB A T
b, ERERLFAESRI—FT 5.

(4) =7 —7 ANEBEMMEHEDEHEX

@ #EIL 45~65mmAq
@ MNHETHE =77 AVEREL, ¥,
IRE) e — FOEIC IR BB~ DORE BT 2 H52 L.
® ALYy T~ XRIBEEE NI IE IR
KEWH, BB 51 voEELDHEZT S L,
h=15mm »5#H & YT S h 5.
EGY =}

Cq: EREHLHRE [kg-s/m1]
Vs(L.§) : A}V v 7 O#ETHEHE [m/s]
Ve RO EREE

Z DX ETERY 2/ T

L'y [

a5 AL
Tailored Steel

LIESLHIC b F Licds, B E S DOHEFNT,
FROMBERELBHKLT\F Lizd: %, Tailored
Alloy :\v5 BENAHTE L. P AREG
BHZBIT B2 SCBRD e it b 2ic b 5 O TF. fiZes
A&tk E LTk, B<AIbLhTWwET IoR, E
RINDEFHOMECHEDT, BEHLEEN, Th
d— FEEE D DEERN, BBV ERFIAR SO
BUIEEAERER IR T ETH, “hboikhit,
T ZhOBEPREBC Gl [HEREBASL
T| OFEFAD TR TNB LW 5 b TF.

BRBRSRIT D &b &, SIFAEENFEMEREILOTWBE
EELEED2TBVWOTRARVWHAEBVWEST., BEIALD
HRERET, ThicfdbelBtoax{Es
TEREERTT. ol AtkEORENEAL, B
BEALDEATETHETH, FOEFMILH O
WEBWET. ERIER, TEO = - X044 ki
o, MRlofbh2BRELRBICEHLET, £
Al <, D TRE IR 8E Lo EE{T 5> ¥ T
i TuE3.

1) Figsk, AN¥ER, EHEHE, BF o &
4, 69 (1983) 9, p. 1167
DX BB O IR oWT, 5 FEEL

T, Tailored Steel {3\ s TL r 5%, Tailored
Alloy %3 UolebiP T, hAWEEhEETF =2
TYAREIMLLHERERAN, [ EREBMAMNT] ©
BED L WOBREE 2 -WERWET. BEIALE
BLRELA-TFAYHEE, ST ily, v
FFHBMEL, BRACLAELELMEIEFoTYPT 5 &
WHZETT. MAORELMLETLLS. MM
FOBMIIA L ENROTEH, ThrEHEbRIFEL,
HEREL L, BEBLTBRE, +—2ALTRY
vy PAHB X EL B ENRKTEEB WE T &
A, FEREGIE, BHIMEA R LR R
FSR, (EBELORRMAME EfrRbhs LBvE
ER
o2 l, [HER] bsE&led —&— 24— FTik, B
2, B 2XTE¥LhbHhERA. A —P—F*—
E—NRWTLI D). BEIALETHFELAESTUE
T2, B Lic A —H—1X5D Tailored Steel, \»
PR TLE .
(KPR BRER (kR) P BF9erT B 55)

— 96 —



