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Abstract

As the development of continuous casting technology, the request for the surface quality of
slab is higher than ever. Strictly controlling oscillation mark depth is the mostly
approach to solve the surface quality of slab .Improving oscillation frequency and
reducing negative surge time are good technology measurements for improving
casting speed and reducing oscillation mark depth. But improving oscillation frequency
can reduce feeding of powder and accrete the mold friction. So the probability of steel
sticker and leak is accreted. At the same fime , it is restricted by machine and influenced by
precision. It can not be conquered by sinusoidal oscillation. Therefore people use the
no-sinusoidal oscillation for mold. By ameliorating drive section to alter oscillation wave’s
slope, mechanical no-sinusoidal oscillation can realize no-sinusoidal rule in themy
Hydraulic oscillation can on-line adjust stroke and frequency acconding to stee! group.
casting speed. slab section and molten steel condition, so it can acquire the best negative
surge time and the effect of powder. The no-sinusoidal hydraulic oscillation for slab mold
can reduce mark depth and dregs, improve quality of the surface of slab.

The no-sinusoidal oscillation of mold includes mechanism and hydraulic form.. The
mechanical system of no-sinusoidal oscillating equipment has motor. reducer. no-round
gear box. partiality machine . four staff. damping equipment. The mechanical system of
no-sinusoidal oscillating equipment is simple and invested little, but adjusted diffcultily.
precision low. The hydraulic system of no-sinusoidal oscillating equipment for mold
includes servo valve. servo cylinder. position transducer. oscillate wave generator,
computer. electric contro! equipment etc. It is the tﬁpical servo control system of speed and
position following the wave generator’s signal. Because of highness of oscillation
frequency and repeated precision and small distortion of wave following performance, the
difficulty of technology is very high. The price is very higher than mechanism. So the
mechanical system of no-sinusoidal oscillating equipment is fit for square slab casting
machines and slab casting machines’alteration, new slab casting machines and big square
slab casting machines adopt the hydraulic system of no-sinusoidal oscillating equipment.
So using slab machmg alteration to fund experience ,we hold the connection between
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no-sinusoidal oscillation and technics condition in produce. The modification . for
equipments result as below: less leakage ratio 0.1%, less surface trouble 60%. After using
the equipments, if other factors are steadiness, those results are as below: increase the sla*b
speed 0.1-0.2m/min, increase the product ratio and the efficiency, decrease the energy
consumption of minerals, electric power and water, decrease the process energy
consumption 3-——5kg standard coal per ton, decrease the product cost 5—10¥ #, decrease
the work for slab surface and equipment maintenance, make better the environment for
process and maintenance.
Studying the principle and use of hydraulic oscillation, it has the very important meaning
for instructing the slab production according to the steel grade and concrete condition of
‘the steel water to adjust oscillating parameter in reason.On the base of the mechanical -
system of no-sinusoidal osciltating eqmpment , the hydraulic osciilation system are studied
in the text . It will supply technological gist for introducing hydraulic oscillation system for
choosing equipment type of Qian Gang’s slab continuous caster.

Key Words: Coutinuous Caster Mold No-sinusoidal Oscillation
Optimization Aplication
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3.2.14 FFEmAE R A &
(1) FREEEERESY
B 5 GRBRERE VR RS A B T AT 3R E RS bR
WiE:" |
WEMR: SEEER, WEMIELER; 0T RORHES: ikl
RAFENLAE: PREMEE, REKEAHEES.
PeBhHE: 40~200 Y/min
#® & 0~X5mm, 4% 0.5mm
P BEAOE Hahiie
PRAEAT: EHUEY
TREBAMREER: BRFEH R <+02mm; BHETEESH <+0.15mm
()~ HUHAEIE XIS BB A BB A
W 3.10 i, 7R IE 54 Rah A AR R Lo Tl — A e B i oy
VRIEA, LR o 0 S AR IS B R B S TRk Ak, o
I bR ARanL RN T RR WO, R TR R R T R B T P B
5. BIRIEERS IR R R R RS E SR A R R T 4 e e
E— RN R BN, M AR AU BR BN A S A Bt R S — 38 10
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S5 B R 1850 0, AT UM S E ARSI E USSR T S e 163l AR R ok
ST A, s B 3, T 4 9 (B A ) U R S el

et e B ()3 S5 65 30, T HLBREh BEEAT R R4 R JE TE 3D L T (3.9)
ER (3.10) FiniEEIER &),

E 3.9 JEIE % IRSD

|

__.azalrlm
Vi

V7
[ ==+ — '
A, p

Ferres

b fE3H1#

3.0 HLBEFESL & R R 2 A
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F 3T BEBIEIRSRLE

3215 HEE R h# a4

FHRBIRMBREA, WS, FlamkrRsgyak
®, BT DI AT RERDERAETS, EURES BEMENH SR
[69:10), B ety T4k IE SRIRBHAOBTE MR BT HALT AU, SRS R Rk
SR, Ei, HUEMRESTIBT M, BRREE T EL.

D EERERR A HE

BT I E RS B R RIS, FTL S R S iR,
HONEE RS RS, SRR, m&&ﬁﬁ&%ﬁ%mﬁﬁw&

TS ARt .

2) HIHEREIEI DT

TN ARSI — A, BERK, TSREsSr LSy
1, W LERHESWES 24N, LR SR S B E R,

W T U ERE T BRSNS SERRS, EirREsises
RERNNETRE, BETRIES/VEAE, RASREN BTk, BiER
B, RA SN T RIS AR B SR REA S M E TR,
RO RS, WEEA SRR, EIRIATR&HATHE S
4 |

1. FEMEAER
R T ATHIME 49T, SRR

[K]{5}+C] {é} +M] {"5 }={F(t)} .11

Heh: [K]-—&5 ARI B 5ERE;
[C}-BE B4R,
M]—SREHEE ;

{8} —ArB &,

{é} —H
{3}_Mﬁﬁm§=

{F ()} —BlET T3ROS AY BR
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IR R ETEG AR
e ]

BESFCRRERE, SHMTERRTSWNRAESRROEZMIR D, TUERCEE
RN UAEEHEEHEY, BIF(C0,

Ki{s}+ [M]{"a }={F(t)} (3.12)

MR ET 8 RS - — B A R 5 2 M AR,

L& HI R, BATTRA SAP ZE5 U Super SAP XTHRBIHRIEAT 4T . 7EHL
R CERNELT AT, RITRSERERAEL, EHRENHRISEER
R, MRS RO B S,
2. S

BATEH U4 h ZHEARRD s sTakt, HAkpsohisrmeE 3.1 BR. R
FITHARNAGREN RS WEHE. EHURERTETCEME LM A,
RN, VT2 BIRSNEE R 4 RB MR AR 5, MBS, A
ZETE o AT AR TE LA RN S A4, DRIARR 86 70T A S e
FUSERrZ R B HATAE A

LA EPMRRE RGN LR R A W, SRASEEN R ARTERA.
MEUSE, HaRBS DRERATT,

3. [EFMEMT

FEXRBHA AT E T B Y, T IREA0HR L R e the bl R 558
BAPOE, BERAMKNRSEIRE R, BRSNS Rs s 254,

R, hTETHE, ROTE 311, B 3.12 9958, HeiesE
GRnFRURT, RRIEER TR MEIRENSHRE. 285, FF%kHta,
BAIHE T SRBIVAMIAET 30 IME B, % 3.0 HFH THT 10 i iz,

F 3.1. PLERTHBY B A S i HZ
514 g A i HEmae

1 1.0096 X 107 76.347

2 1.3033 X 10* £1.598

3 1.7766 X 10 10195 X 107
4 1.8821 X 10 1.2694 X 107
5 2.3220X 10* 1.3747X 10
6 2.4062 X 10° 1.7747 X 10
7 2.5624X 107 1.8640 X 107
8 2.5984 X 10° 22223 X 10°
9 2.7544 X 107 24982 X 10°
10 2.7975X10° 25751 X 107

42



338 EEBIEE RS
e et

B EERTLAE N, X FRSWMEIRSINE I ARBEE A RE,
—f% 130cpm) , HUAMIEAHFREHLAKERR. Fit, RITANFERIEEZR
G, SRR Z L.

4. HEGHT

BABEAA PR REE T HE— BT, REBME 3.12 B 3.4, iRl
SFPTNE R, WAMMAFHIERIE (5% x 8D BRI, Hit, SHEWEEE
RS HE, TRSIVBEESE (y FRH)D BRIERK, %F MPERERE
EHFEBER, ZHRIEMERZEEN. MNZMRETUES, HiEs
BEBWANRIE R EHH, ERAPUEIFERRINRE, NEERERG 5%
RBEB LRI,

B 3.12 $RSHHH—BIRE
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314 RS =BriRE

5. &

R L BT 5 R AT LA E:

RAFEZLERBEAT, BARNGHEMLE. MR e L RS 8G B
Ak, HIEERNRISEA RN, (], VMNEETHEREATERAISE &
FASKERR. WRAEERERERS, FEMRINENNSREL.
MRBGHTEY, ARG R SR,
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3T ARSI AL

3.2.1.6 HUEIESZ ISR AR

1) VAR REIH MR AR 24T

SRR DL IO SR B B P Gt 3.15 B

a) DUSEAHRENURIR T 1R B

BTSSR SRS 3.16 Fiom. b4 dr SO A R
FIVIFTHLIIE 3.10 FR)RASBB ARG HIATH U L 4 SR LSRR G 18
b P S T DU A R B3 AT b, 20 T4 A A PR DS AT AL A 6 AT SR (ot
RN M EUE ) 38 S MR R AT BE R 2 IS (L B T LB R LR 2
AR<0. L, MRS S8 5 =¥ B LA B R BE. T Il ATH LA 7E SR 3
SRR AT TEIES), BTUAERT L% SIS AR, A0 IR0 i AR F. Bk,
TEHEAT R ST V7R 46 R SRR | Sl T pok . FIN7ER 2
SRARIB TR R S P I — £ R,

d

«

R S R R S T

wawn

-,
E}i\ oy

i

3.15 {3 E R
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AR T RETRBALEET

iy -
B et I

poi
5_

Bl3.16 WIEEFHFESIEERER

DURBISLBIR ST |

& 3.17 RIGEEHYLIGEAT RS REE.

VRi4%% ABCD A IEFTRSWIE NP R, Bl RSB S7EEM BC L.

ER VAT RSN N B, HVS%M44: F4: ABF1CD WKE
F%, FH4 AB 1 CD MR TS HIE T 0 0, ¥4 AB 51 CD SiE#5HL
HIKFEHAEI A N BN LA LF B, 84 BSMUBEI 2 GEBFLINEIER) H R,
BRABMCEH O GMEENR, BAAFCEH O AMEED R, A SFHESHK
FAIBHIEE R A Ho

R R IR W e A R AR B ¥ AL — S P B RS PR R BN Y
MIREAR. HELSEBARIN S E, &% E SFESIUKTLBHER N L,
ENEABIRR, Wy HARM. x HETH. X4 E AR TEHERRIE E, A,
¥4t F ABCD £ H-

EIEFHAYA — MR EE ALY, NUERRENERZ AR TE
2

Le® + L% = L,e® + [ %

ABE 3. 17 BB U R R A B E -

(3.13)



FIE SRBIMEINRE

B 3.17 IR RHLITERF R o SR A

/4
Q4 ‘5
L =L =R,-R (3.14)
L, =2R, sin=— (3.15)
L, =2R, sin2=4 (3.16)

Lo=yZ + L% -2L,L, cos(Q, ~ 0,)

=y +124-2L L, sinQ, (3.17)
2 2 g2
fi&arcosL 2 ;i ;, L (3.18)
350
2 LZ _r2
V= arcosl'—"‘;—L—z—i'—1 (3.19)
40
3

Q3=57r+W+V (3.20)

B (3.13) ABULHFA:
LicosQ +L,cosQ, =L, cosQ, a.2D
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R T RFETRMLEET

LycosQ, — L, cos

s Q, =arccos (3.22)
LZ .
W
K= 1au'csinl (3.23)
R

:
Di=y/R% +R? —2R,Rcos(B + K) (3.24)
D=y R% + R* —2R,Rcos(4+K) (3.25)

2 2
U= arcos 2 FE2 2D (3.26)
DL,

de =Q2 —u (3.27)

E, R xoy BRAMIRRTHIAEE:

Xz =L cosQ, + D, cosQ,, (3.28)
Yo =L sinQ +DsinQ, (3.29)
HERHLE L o sUARER:
X4=R, cos =— (3.30
L4
= (3.3D)
Yo 5

HERB B TEAE R TR LIRPIRRAEN, EARNA Q TR, LS
RHIEE LR — S E MR EN:

AR = \/(xl‘l _"70)2 +(m _}’o)z -R (3.32)

Hiant TR B BRI B R BB S RS REIMNIRIE. £ AI0HIE S
A A i T i Rk

# xoy ERARRETEE IR M A ov WBETKTER, IERE
BURRAPR R XOY . B, SFE XOY AFRDL Y SstTN.
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%3 % BRBUIRESDRE
B

Y £y =V g cosMtx , sinM (3.33)
A

M:B:—A+A:B+A (3.34)

2 2

E S7E XOY AR R T Y S AshRAh:

Y, =H+] (3.35)
I\ 8% (A B 16 FIRsh BB FRALF N E SRS

S=Y .Y, . (3.36)
75 B3R b AT B _EIRSNBIR R A E R E A RRIE R

S=Y_,-Y, | (3.37)

ot (3.36) - AR (3.37) I ERIENERR:
8=Y,Y,, (3.38)

SRR B PEME R BRI S BT, MTRSINBIE, BT 458 hime
B ESIRERASEN, Fulurmas (3.38) REQ,.
BRAR (3.33) . (3,29, (3.28) . (3.35) AL (3.38) 15:
*S—H ~1+ L sin(Q, + M)+ D, sin(Q,, + M) =0 (3.39)
KR QIESARMBHRE 3.39) . BTHILENRAREEFELEEQ &

S, TR T B EREEREE TR,
ZONERIRMAERINA 3. 18 FiR, KA af b AFRKIE [, sl B,
e hEERRER.

O MHETTI O, « 0, FRMRME, £ BHEE HMER— SRR EAR
B,
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a=>'m,b = n

l

- Goin) /2=2Q

F(Q,) =y
i
y=0 7
b
=
4
[ n—n¥ £ '?_}
=
b, A t
[ Flm)y<0 %
! ; )
= Q, =n kﬂ(ﬂj Q,
Q,=m

1

3.18 HEIER
(2) PIMEEHHEIE LR AR

4 et RIT I
(™ - adl 10 —tl - ]
parial compensstion of dead losd  Pamial oommpenssisen of deesd losd total exwmp of soosboratios foroey
weak {pas) sprsng riged | sieal apirsl) spering FERCRENDE WDTINE

3.19 BAME « L FikiRE RS
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3% dRBIRRN R
o ——

SAITE o 5 R SR T BN AR RERRSIAR B R
sEe T, ERERYLKEED R A LRGSR B NS, A
TR KRR, Wi 3. 19 Frr.

HUBBES Ak IE 3K R A

B FHURIEIAR E LS REIEoR M T BB R RS A T ™ &, i,
WEAITRAHUAEIRS) IEL R EAR R LI b MR RS rh i RINg &, RBEE)
TheERRE B RHE A EZE B 7.

a) FeBhiti RS A iR B

I TAREFERENA S IR 0, 5 R SR b TP B4Rt (s il 25 (ki
BE, RMEER, BHENEX, RHREESSRENERE T ERNE LRES
MBI, WIS, P e 60 B e 34 iR,

& 3. 20 Fhi RN 2 A R
HEHRE, SRBNTRLAFHAEEN, IHER RS
et T BiEE), XA ESUHAMEIERNE SR A, GIERET:
LRREHE LIS, RN FER, SRS TN RS, BTSRRR
VAR AR, AEANERTLABHATES TEEIIEERATES
FFERBBINIEE, XU AR NIRRT X3, fas
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IR IR Z TS 18050
T

gk FRnE SR, B A RIEAEAL, SRR b TN RIES)
BIFFEA, ES O ARABEIARA fefE S B8R M biEg, XemA R
[, FRELEMREARXENET, A AOUKREM, B AR
Fne . XARESEER AR ESR B RE SR, AKX SRR
PP RIS IR AT .
' b) RTINS R AR
KR PEEIE RS RIS E AR S, RIEEANS « B0 R ERD R
ZmBNER, FFRTIMEEERERER, FEFLREELRSRETNHAS
MR, RFEREMRBHIRBHERES, BERFHEBER, B hMA
MRIE LR IR M
@ FEZERBh EFRTRNTESN, BANRES. REANEANE D
P RERCRTLE B 28 11 T B ARG A /N T 65 R AR e 3R TE SRah B I
ARG R A 2R, EHER R SRS E s (54 R R TiEE).

® HHEBB TR TIHER LiZshR, BAMBES. REAREME IS
SIS HERE 0 5 &R 38 10 LB B I K T I 4% R A% 3 E SR SR s,
PR ES T R 5, W& AR 2.

RIE_ LR FRIT e R EE, SRREAN, FRIE Bk & rIamR
MASHIRAKER, SRR SRR A AT SRS, [N, B
FEWHRTEE T AR RGIRR S, BEBEzRINES T HERE.
B THMN AR RN, URERINS BRI s AT
BEURBORA AN RERRE, SHRBES SRR T REsT
BE T EA.

3217 IRsh St
FHBHRA T EEMIRE ve—rf RSEHIERNERY, TSN

A AR e . R 3. 21 BTm, fEREEEET 1o, Av,NS S, 1
{EZER BRI e LR 2 T TSI 54 T 284,

XFLEE 3.21 (a) 3.21 () WA, h {EECAH N S8 ek A xR R TSR
Ko Bk, TAERGERAE h, AREIER Vo < 2n/nin, 2 hebm, EVETHEMR 3. 21
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W3 8 SRBNRD RS
e —

(a) 3L Ve—f FRPISHEEAL. BRIRATOCFY, s tN=0. | BRBMEN, 37
CERIL AR GRIEAR. A, TLURE tN=0.1 BHSEMAE 4w T
MBELESRIEM tN Bk, HUEN NS VBB R] LU BB T3 AUETE N
25 NS=0. 024 HEHA KL, BUSEMES NS=-0. 2 HEMT A L. BRFE
SRBHANEERENNEELHN. EHOEEH, W Vo< Sn/nin B, Wik
h=10mm, BTFIHRIER 3. 21 (b) FAFRERIAVERESE Vo f FIBISSIER,

R O SRR I (N BAFIERE, 2 B Ve MATIRK.

f{min-1)
.o g3 HUE

Vetmmin) Ve{mimin)
a. (h=6mm,a=40%) b. (h=10mm,x=40%)

Bl 3.21tN, t,,NS, AvS{Ep

148 LIRPFLE TR Ve— f R, (R 40— e
RAERFIL BB ELERERORDSEGAT TR, BT T, HER
W

a) B MR ERRSSH
R3.2 REERSITESE

V, @/min) | Fmin™) |ty (s) | NSO | NSA(mm) | NSR(K) |t (s) | Av(m/min)
0.3 35 0.57 | -29 | 191 | 66.7 | 1.14 0.91
0.4 a7 0.42 | -29 | 191 | 6 | 0.86 1.21
0.5 58 0.35 | 20 | 1ol 68 | 0.68 1. 50
0.6 70 0.29 | -29 | 191 68 | 0.56 1.81
0.7 81 0.25 | -29 | 191 68 | 0.49 2.10
0.8 94 0.22 | -20 | 191 68 | 0.42 2,42

53



IR TR e

%, a=0
M . h=5.5mm
. £=117 V,

L EBREE V =0.3 m/min
A V =0, 6~0, Bn/min

b) HHR MR S Rsh S B
REE: a=31%
A #2: h=5, 5im

60v, <0.4
103v,v, 0.4

#3.3 EEZEHT Z S

SiE: £ {

V. m/mind {Fmin™) [ty (s) | NS (%) | NSA(mm) | NSR(%) |+ , (8} | Av(m/min)
0.3 60 0.3 -219 3.88 60 0.7 0.92
0.4 60 0.29 { -140 3. 40 58 0.6 1.02
g5 65 0.26 | -108 311 b6 0.66 1.17
0.6 78 0.21 | -108 311 85 0.56 i.41
0.7 91 0.18 | -108 311 55 0.48 1.61
0.8 104 0.16 | -108 31 55 0. 42 1.88

FER LSBT, FERERRR AR AL AR (R
SEF| T WA RIRFIE ¢, WANBKAREE Av . BESEM FORBLR M.

322 AR

FEROHGETIRNAE, EERRS BRI E B TR ST
FIEHL. SLRVEBIF 2 2001 4F 10 A 19 AEBEFERTAERE | HiEERREY
AEE N IEFZ R, 10 A 21 BEIR 4 THERMLIH. 2001 4E% 2002 £ 5 A
R RN R AR AL TR 3. 4:



#IE SRBIRRSIRS

24

i

AR EZ SRS

I/, 4%

Ik, 5&

0. 14%

WHIEEZRSH

[#, 2%

I#, 2K

0. 10%

234 BRI

HEARHIFEZREINR [ MRS hiRm RS 52
© 3 A 14 HER S0MRMEAPRRTE, RiFEERMR;
@ 5 A 11 A, BEMAERICERRTEBAA RSB LR,

ARERRFER RS R ERERARERE A IAB T LR, R ERR
RoERE B DIUO R JE E s 26 1 A RAUEH F 3Rz i 1 %
SRR, HORELSMTT . BRI T SE AR ELOSIE Ty I — B HE 2 150—200mm
W, BRI S B FE S R 3— B, REHY N TRIE RIRAR
R, RELARRYRSTRRANREHREARETRLARN (MR —ERE)
MRS TIRAEEZRSN R AR BL LR ERD 67%. TR, FA
JFEZ TSR R R R R AEE — e WHER.

AR IR, RGN IR E e B s B RS 5 2344 1)
Kide, REFERDEE, RONGBREIIRRNE. At TR
MEATIERN BB NSRS, AFREREREREARERTT, BHT4

RikER,

55




TR Tk TR 2 it

3.5 W RERBSTHR

AEEMTEE R
F B ¥ W A = (RGHKE m/ R E)
H # w® 5 Ak A
14 7x x
2001 4 JEIETE | 2# x 7
10416 | Q390C |iF 3% |3# 1.0/1 x
H 4t 1.0/1, 2.0/1
2.0/1
1# 0.5/1 i«
5.0/1,10. 0/1
AFIESR 2% x 1.0/1
200242 | Q345C 34 X x
A4H 4# x x
E# |5 1.0-2. 0/6 *
6 1.0/2 fum: 40.0/1
EFEZE |18 x x
200243 [ Q2358 2% x x
A14A8 3% |3# 7 7
44 I x
1# x x
FEEE | oy * X
200243 | 50# 34 x x
H26H 4# x 2.0/1, 3.0/1
EZ |5 x %
6t x X
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035 £RBNMR RS

323 HF¥EE

HBIR AR S RE) S B SRR T 0.04%, 24EHUE B 200 i,
SIS AR IE R G TR AR 2000000/197 X 2X 0.08%=53~170K), F
WEIRERASERNESRERE SRBFRSEE. RESE. 1 Biass.
14 X —ABEES) 130 A, SRS EkRE S T B IR
% 510 7L/, EREGEEEMEEURE, MRS, — kiR
PN 21 5T, GO BRI E RS TR E S T 470 .
324 KRG

L ZHEAREROHSERR. PR, RRSERERENEE. WOBRETE
5, REHERERESHENREE: YRR ER RS B A R IET
R E RN, WEATEMER, hT AR, 150, AFTEH,
BFHE, REETEERINSE, ATER T ERRARRHEr R,

2. HUBSRSDHEE SRR AR TR HIES . A RS IR R,
FHBTHMRIEE LR N KT

3. MMAEERRESHATMEE R THRIEES, EEMTERE. TEREKE
%.

4. ETZBNMAHITRE, AR 2R AR, MEETE
LiERaEs G

5. MBI R REEERRESRM T RN LRAR,
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R Tk R TR 6 e
e ———————————— e R ———

RAE SRBBEREEE

20 142 80 MM, ARERBHARNAMELT M, EHANETE 2
SRR ETARIERIIAR, 1985 FEKMAZRL 5 SRIERILE, LIS
AL 6 SHIEERISESERL LT, SR R SRR R
BT AIRRSIERIEEATR, B i C %0 b ST R i s
e

WIS LT A R B ARSI, R, s
TR, BRELTEIER, TGS, SOSsNAERRD, R
SR FAEBCMEE, TTMES T B R 8 85 0 6 S ST L5 55 2 (IR
HIMIELE . BHOY, %88 REETRD 25%-30%, Bt SUBZIH GG
BURRRRE, Rl T SUE ST B4 AR,

HAABT R BT R AR R, T 1997 £E71 1998 4543 SRy
MR R AS U, $—it DYNAFLEX AR A MRS & S
HEE, T 1998 4 1999 ERUANT O, REZHG, ERNAE 0 185)
R

ASCEMERET S A RIEIRE LA T MR ORI RN, Tt
EAPINEET R SERUR, KRR R, 1998 FEE B oM
SIFIF Bk 5 4 BTARIERALE, WIERAIE % 21MPa.

BIESRHEE 5~ MR — SRR RS R AT AT T 1092 F550.
1993 FEHWHRAER, BRI ERALRBHENE 30 26, ESEBTSSLE
B RURERHLLBBIN . SO AR AT ARt i 5
SMESUATRE), ER T ASWERDERFIA NI, A R Shs
B, FERRAMIE R SN ERRRAIME, BlRh RN T SR
BRI AR, AR B FNP ML S B4 T
Pk, SURELAAT B 5 INBER SO AL T & R SR B R A
KA. HIHP AT R SHREEE, RAT 108 44401
B Stahiwerke | UBBBFERHL L, BIE. BLEATARE, EEEHE
I 3 SIS L TR R SRR, 5ol AR
FRET-KRE SRR T MRESA, T 20004 12 137,
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e eEEE——————————
ARAA A TR MDA R AR ER R, T 1999
PSRRI 4 SHEESL L, MERNTRNY 4, ARASS
7500h.

WOEIR T UABITE A ERORCR, SRS EARSIL R T 5 T
[l W EFRTRER MR, RRAMTFRED, NSRS mdsin( o

@) . TR AR OHUERSRIRET A4 y=r{1-cos wt- A/4cos wr+ A/4],
SRR E RS

WLIEAREY, WEFTERRDY, NTETRRESRRHRRERS &
PR LRI Y S92 75%. HIRIREITT L ZEdest iR b SRR SR R
TR, MTTIE B SORSI AR PR AAN R, BITIZE 20 1442 90 4
AP FRMBBUET, S BB RS s,

4.1 z-aa'aes,ﬁr #}Ezﬂﬁﬂﬂﬁﬁ

MRS EENE 41 Fir, GREE R R RS R
M R, R, RARMRER. N, MBS, CR %
SRR BB 5 B WA IR . U HRhtsh A B 2 i,
B R T R IR AR RN, WOIRE TR B e
SRR EALE PLC RIRES). R RS E bR R, 20
MRS, BES IR RS, ARRSSERE 5L, R
SRS FRRBRATRR. Hit, BERET SRR RBURE KRR
Wik, RERARGE R,

TEREAIE [E 3 A A SRS PRI, ToR s RO el 5k 4
BRI, ERFNEYUEL PLC SIS A RS R TR A (FIN SR
AT | R SRR KA ) BRI S B e SR
. SIS TERRS) RS TR SR bR, REarE i R
FIBCERAEY. FRARIE. MR AR AR R
BB, REFORS RS ORI, AR TSR e S e
B R, FMERESH RS LB A T AT R L, R
FESAERRBRSIBTY . SRR AU RAF LR T .
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Pl 4.1 W ERdREht M R B il B T

Oscillation Capabilities VAL

2

—Sinusoidal
—MNon-Sinusoidal

%

o

Stroke [ mm ]

A1 509 ™
709%™

Normalized Time

4.2 RPIRU NS RRBERE BT BE (E%RS53EFR)



ghip
b .

42VAL BEREhSEE R

W RAEE A AN AU R TR, FIRTATH 3, 3 C - RUE
JEE, BN HSERAREEATEBHRRSNAL, TLHEREE TR IKT
fr; B PATRRAE T LIPS R B L R IRE S R A E B, M
REL AT .

2 SRR E RIS B B R SRR A R B Eh B A R . B
HInE 4.3 B,

. HORR | Rk Kb

}}Jﬁﬁﬂl . W, ﬂﬁﬁ .< “a(gﬁwﬁ
- - W PID
l6mtad | |aweEE BT : ggﬁ%
THBX | B
vDC 7 fmss S e SR
2 T BE R Meb e e REN R
23l RE Hy —& PLC

Bl 4.3 THRER 904 e
BRGNS R—AN BB TRE, 4R B0EERSSEE— 5,
“ % HMI ERSE, Bl H1 F_EB4IR PLC BV F 8 G BN s R 4
ERRE B LIRS E B A TE. WURIREAR S RN A4, HEAU IR
REEERM L, RN R BT S GAT, RN B R
ZhEL.
— GRBEERDEHIRS
WERS) PLC 22— MEHHST 4 kIR, Mo s a2 By,
® AR TR S ST
o A NIR
® AR
® AEHEMEBT LA
® A Bt (A]

61



IRk RE TR

(B RS 05 S 4 S — MK 388 D B RIEE, AN 289 4-20mA
(5 S BB R R iElee . BBt — MRS, BEREESE
FRECAIIR) U9, BITIEE iR RIRE DRSS S B R

PLC #— /My A BRziBe My, AT RiRe. X s
W
WAL Tt
BRI
SHBIFRNK
KRR R
TR

RS HIRR R AN AP URF S ORER. ReRiRess
WREMRRNSY, AW AR TR,

Ba TR LR R AR, MR BT DR
S

R RS BRI, _

(ERIERIOTHAEE, FTLIZEARB IR IR, TR TR,

ATHER,

BAMELATRRE M. SRR, RERERRE B3 . &
S| EEROTN (L/F) . EXRERT, B Rt T LB
AT,

PR,

SRR TR AL RN . NSRBI RSB,
RAERDBL T ATEAN KBEAA BTN, FES33 T, %EL/
FHITHRERE LT |

Lk b

XA EATRRAE . RFERT, RERERHNE, R
HE).

B 5 mE

vV ¥V ¥V V¥ V¥



gk
e

AT, BT, SR, RERSETRHSERRSS LY
WAEH. GHRTFEAIE,  RHBRTTLIFAASE. HBEHATHA
SRR, M TR, AR A TR E .

Spib o e

XMBRT, TUMRSIERZPIEERBE. R SEEE R IT
BT IR, BRI RRAIA IR RSB . X A B
31 3:

=, GBBRUEREE SYSRT AL AT TR A

CORIBRHRSSEOTLATER R, (IR R R AR AR )t

(2) BRENBHERARE, WS

(3) BAKFRBHTIR Y SRS

(@) BRMRsNRE,

(5) B3 RETRIERE, RSN,

(6) BT BRI AT A

(1) BARAAHBEIR, FHEEHNERFEE. BB,

HTU LTS, AR RS RSS2 BRI R IME T
Wik, BMREGAIFSSERERDNRSE, TORECHDESTOEE, R
BASEMER, THER, SE8%, SHETRISH.

63



LRI k& TR g

& W

I 4 R BRI EHAT T AV, SRR R P NG
SRR IRA RS MR T IR, W AW TWUE RS, ARSIUT
ify:

Iy RAHEERRS, ERBEEMET, AL SRR fuR R, W,
WO BAIE, BRI TR BT REMBUER T 150/180, it
KA 3 E R A |

2. RAIEERIRS, ERSRIBIRRAE THAT4REN FENNRIE
B, WEFTAENER, B8 THIRe:

3. RAIEFRES, RN MRS FOR BN R, TiE—5
FREAEE 00 A 1) ' '

4. FRENBHRFERA. ANRIR, RIS ORI R N b SRR AR Y
MR, SRIERE ORI S SRR R TR . 36 T SRR
Bl AT LR,

5. GRS ER RGHAHNRS RAR BB E R SR R BIDBASS., &
Bk P R B R RAR B A RS K — B A RO S B EE NS 7.

6 ZRBIEFLRDE BN, FET £ A, Wb TH EREResEN
WEE, B T R T ARSI, WA T BT AN T R5RsE.



Or o W o

10,

1L
12.
13.
14.

15.

16.
17.

18,
19.

BEIHR

2 % LW

e R, EWE G RA AR 2003, pp23~37.
BhiE. L5 E P SMESL. 2001, 4. pp20~30,

CERL FREEENT LS R E. b S TR, 2002, ppl2~22.

HER. ERERRIFIEZIRMETR. 1998, pp2~33,

BREN, REHE, HHL iﬁﬁﬁﬁ?ﬁﬁﬁiﬁl. 65 Y4 Tk tHARAE, 2003.
pp45~70.

Bhris, AR, HHABRIEESEAR. b 1RE& T KRR, 2002. ppll~18.
FREHE %% Dynaflex Technology. Iron & Steel Review. 2001.5. pp22~
32,

KA. PRREEHI T 4 BBUERFEE. o ARAS T
#t, 2000. pp26-~55.

M. BREN CSP LR IRah 4 AR IR HITER. LR A& AT, 2001 2 2

$1. PpB5~T1.

H preissl, W obermann, N Hubner, Advances And Future Aspects In
Continuous Casting .Steel Times , 2001, pp31~36.

PR EHRERR. JuR: WETWIMARIL, 2003, ppd~33,

. BEIRIEZIRNBR. FER SR, 2002 4558 218 #1. Ppl4~45.
B RERATSORES R, JE R 188 T HARAL, 2003. pp6a~69.
FRE. BLARBREFS G R JRF B RGN LR & AL
1, 2000 Z£5 1 #8. Pp25~~33.

A Eichinger, K Frauenhuber,H Hodl. Advanced Equipment For High
Performance Continuous Casting. Steel World, 1999, 4(1). Pp43~6l.
EITH. BEHMRES T Z, Jbr: METUHRM, 1994, pp23~32.

A Wagner, A Ganter, J Watzinger. B4RNEER 4 B IE S E R ET R

F. 1999 P ENERE R E. Pp8T~133.

Wolf, M.M..History Of Continuous Casting, Steelmaking Conference

Proceedings, Iss-Aime, Vol.75, 1992, pp83~137.

65



AR TAL RS TREG-SArif

M

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.
30.
31

Harter, Jr., I., Continuous Casting of steel, Aise Yearly Proceedings,
1956, pp258~262.
Se avage, J., and Pritchard, W.H., “The Problemof The Rupture of Billet

'In The Continuous Casting of Steel” , Journal of The Iron And Steel

Institute, Vol, 178, 1954 (11) , pp269~277.

Yamashita, K. Sakaki, T. Yamamoto, M. Yamiji, Mold Oscillation Drive
System of the Electrohydraulic Servo-cylinder Type, Concast Workshop
on Slab Casting, Kashima, 1987, May 11~13, pp59~61,

M. Nadif, A. Solimine, P. Ominetti, P. Velluet, M. Blandel, M. Roscin,
Influence of Shell Solidification on Generation of Slab Surface Defects,
Use of Hydraulic Mold Oscillation in Sollac Florange, lst European
Conference on Continuous Casting, Florence, Italy, September, 1991,
ppl509~1518.

E. Takeuchi, J.K.brimacombe, Effect of Oscillation Mark. Formation on
the Surface Quality of Continuously Cast Steel slabs, Metallurgical
Trensactions B, Vol.16B, Sept, 85, pp605~625.

E. Takeuchi, J.K.Brimacombe, The Formation of Oscillate —ion Marks in
the Continuous Casting of Steel Slabs, Metallurgical Transactions B,
Vol. 15B, Sept, 84, pp493~529,

S.Itoyama, Effect of Casting conditions on Oscillation Mark Depth,
CAMP-IS1], Vol.5, 1992, ppl, 225~1, 228,

Howe, I.Stewart, Reduction of Reciprocation Marks By High Frequency

‘Vibration of Continuous Casting Mould, Steelmaking Conference

Proceedings, ISS-AIME, 1987, Vol. 70, pp4l7~425

Edward S. Szekeres, Overview of Mold 0sc¢illation in Continuous Casting,
Iron and Steel Engineer, July, 1996, pp29~37.

EXE. HEERNXBOOR, ERVMLIRA, 1995, N6, pp3~6.
RN MR EHEFBANEE, &%, 1996, M3, pp7-10,

THE, R, FRE REERNIURXRBEA, B, 1995, 8, pp21~29.



BT
e

32. WL, FRRERIRAT £44, B8, 1995, 2, pp32~35.

33. BRI 4RSS IR IEEARSIER T, W, 1994, Ne2, pp241~-333.

34, SKHKHE. ROCEMRTA BB RIS SHIEE, W, 199, N2
pp201~233.

35. MEIF, EEER, KA. B IEIE LIRS, $AE, 1996, 7, Vol, 31. pplds~
203.

36. FRE, P R RBELRDSEIIHE, 412, 1992, 9. ppa8~107.

37. BRCF, ASIT. R BRERRSSHRA, W8k, 1994, 6, 12. pp57~203.

38. FEE EHERERHONE, A& 0K, 1992, N6, ppl8~20.

39, KK, KKH. WRFERHEVHR, WIS, 1994, Ne3. pplé5~
254,

40, FRE, FHEE XTEEARDHEHENHE, KSR E HRE, 1991,
NeZ. ppl22~383.

AL FRERRYL. KT A RBBEFR & FOBSIIEIHT, e RE LR, 1984, 3.
pp36~81. _

42. REM. RS RBIZESE, REEHFERE, %%, 1996, 10, ppl2-14.

43. MEMI, MRy B ROR% A RS R E NS R R, EIMR, 1992, 8.
pp256~321,

4. EFE. BEERNJIICREAR, 2EERRATITS R TE, hEEEY
£, 1994, 11. ppl5a~265.

45. SR, PIFMRaIIE SH R E LR R R 54047, 1540, 1996, 1,
ppl9~21.

46. ZWE, KEW, R ERDEEE RERDSHGEE, HURTEYE,
Vol.31, Ne2, 1995, 4, ppB4~8T.

47, FRE, P R BRI ARRSEEENER], Mk, Vol. 30,
N7, 1995, 7, ppl5~I17.

67



ARTA AR TE LA

FEFHTFURR

—.  fEEERR RS
[1) ZmFF . SRS SREEREIN . BATARE B 2005
(11) P184



Bt

|

AR SR REHINR O S TR, Wit R RS
AT RO ORI, BB EEEARTUM, BROIES AR
5B, AR IR RN, FR O IR A SR
I K B R TR S B8 RS i K HSE R,

BR MR A AR LRI SRS, B T R AL
BACH ALK 2T,

T W F
20012 H1H

69



	封面
	文摘
	英文文摘
	独创性声明及关于论文使用授权的说明
	第1章绪论
	第2章结晶器振动装置发展
	第3章结晶器机械振动系统
	第4章结晶器液压振动装置
	结    论
	参考文献
	在学研究成果
	致    谢

