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Analysis of Unbending Strains of Strands in Multi-Points Unbending

Low Head Continuous Casters for High Temperature Slabs

Kazumi YASUDA, Syuji NAGATA, Yukiyoshi ITo and Hiroyuki KaJioka

Synopsis :

Unbending strains of strands in multi-points unbending profiles of low head continuous casters, which
will serve to direct rolling of high temperature cast slabs, were studied through the newly developed mathe-
matical model and the accurate simulation experiments giving the following results.

(1) Agreement between calculated strains with this mathematical model and experiments is excellent,

while the conventional equation needs to be corrected.

(2) The distribution of unbending strain is decided mainly by the arrangement of rolls rather than by
stress-strain characteristics or rigidity distribution of a strand.

(3) The effects of roll arrangements on the characteristics of strain distribution are as follows.

In a one-point unbending profile, the maximum strain increment is about a half of the value estimated by

the conventional equation.

In a continuous multi-points unbending profile the maximum strain increment agrees with the conventional
equation, while it is about half as large as that of the conventional equation in an intermittent multi-points

unbending profile.

Key words : continuous casting ; unbending ; multi-points unbending ; strain ; beam theory ; continuous beam ;

arrangement of rolls.
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Set-up for measuring the strain distribu-
tion of a beam.
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Table 1. Designed radii of experimental unbend-
ing profiles (mm).

One-point Two-points Three-points Four-points
unbending unbending unbending unbending
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Fig. 2. Example of a multi-points unbending pro-
file (Four unbending points, two-rolls skipped un-
bending).
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Fig. 3. Similar transformation of coordinates of
rolles.
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on strain distribution (elastic model).

OMITBEDEASM L, BEORENEI KRS VS
TH, WEIE—FEOBALIFIZR—-THD. ThiTE—
A v D{E¥EDS Short range DB T 2~3 u— Nty
FULENL ERMOEBEZT TR B0 THS.
4-2 BRMEEE

4:2-1 BHFEFTNVOELUYE

4:1:1 THRRZ2XHIHEETNVE I ) —-TEFTNT
EAOFEMIZIZIT—HTAHDOT, LTOHEMEEN
EOLEIIEHEL O—BOBEGWI/NELR P LENT
WBRZY—TEFNTTS. $-EAIRBENOHRE
CEL fEbh s — VI TORGFEVITETERRT 5.
12 Fig. 6, Fig. 7 T/RT &1, 1 HEIE - #kL
BIE - Wi ZHBIEL BEBIET 0 7 4 VERKICENE
ERBIET VL DEHED - BHIRHTHAH. Th
LTk LELITAVWSh TR (1)ICXS
FEEEERSCLIEAE LW EAHBHLA. Th
BRERA(1)2%, SR OMFLEN T — VALETO AL
IbL, BEEABZIOETOATET S & W) AiRRICE
BSVWTWLEPNERLELRL:DTHS ). NFENLE

BIZXoTH(1)RoZTE (I o —VE ETELT
HETHIEZOMBCTHITE— X ¥ MO AERIIR YT
BAETSH, F2(1)RCIIEBE T — VU EEA
WHEBHF VI LI, BTHRNDERER B L
TRABEMTE— XV OB ZRBRELTET
Wb,

4:2-2 % RUBIESEE)

(1)BEEADERE

FROBITE TN EERIERICE DS RBEROSER
BEEAEBYT. SO TCEHIBLEEAIZT—IVE
TEAE o1 TRESETENGE)RTEHRENS.

i = dit1)—e(i) (i=1, ==+, m) eorereereerese (55)

ZIT, g 1 (i+1) FEu—nTcou— VEHEAE,
(i) i iFBO—VTO(9)XNTHBEENLRHEAT
»%.

ELIOFRTHE 201 & 1, O EBOEADESR
FNODOHEME (241+2)/2 TREL 24y IKRESE
Bz OEAEEDG O —NVEF RO TRRIS RS,

(2)1 HEIE

Fig. 6 5 1 SBIEOBHA I RBN €7 VETRE
REMES B —FT 5. FLBEEAREROEAR
(1)Ee82yn, MEREFEO-VIZEPTIHOTIIEL,
B2 208shsZ dbhnh. EAFTAMNMER
BO— Vi L TR TR 1/2 sy FAFD LRSS
NBHDRE(1)TRNAHEEICX S5, EBRICIAELI
BE AL TV,

(3)EH% HBIE

Fig. 7 22 BB EOu— VEIBEEAOGMA LT,
M, (a)~(d) dERFED»S 3 GARITLEBEDH
A%, Fig. 7(a) T L BEABICEL TR
BHTEF NI X BEIEMEE ERBEZRS —BT 5. kK
A1) 2V TR L BIEWF O ERN & EH
fEIZBRL—HT 55, BEFOADLEOIZB VT,
ERE RO 1/2 18T 5. 4 BHESBIE
TORENL—HED N pERBEOEEIIRD L ) IC
HETES.

NAD O — VAR T 5 (N—1) KECTH—ICEAH
SAL, Mo — e ZoMiloa— VTR NS 2
RETERZhPREO 1/2 CEADPRET S, LI
HOTHRMOEAMGT DK E L gpeq HREFEER
#EL3HE(B6)RDOKERELD.

emea = E/{N—1)+1/2X2l=E /N (N22) - (56)

7272 L N=1 OB& It o XA HE L it o
ADRDDPORET HERIH E/2 LD,

PDEoxehiidsas SEIETra 7 4 VE, 1 SELEY

—107 —



1304

% L # 8 74 fE (1988) £ 7 &

HEEHIZIERZ- LD LBRT 5 ERFHBATESL. T4
bt 1 HBEDOEEIEANBIESARIC 1/2 ¥2o4
By 5hT, 3:3:1(4)& 3-3-2(4 )T LT ELBIE
FBAROT—ND yHEEBIILTHETHL-DERE
HHRI L, BIEWOmIBLUNZ(56)XDEADOKE &
LhBEEZORD.

(4 Mm% MEIE

Fig. 7@ (b), (¢), (d)CRBTEL, Hiffi(2)
BXO(3) LEBRIC, fER(1 ) IEREICES L 2w
BRI ET IV L ERBEIIRS—H LT 5.

Z L CEADORKMERITE LS (F— iR HE%-1)
KR CHERNX (L) DEDOHK 1/2 0fER L 5. T4
bh 1 ERELEBETE, BEEAPBEXBEBICIE
THEIIGBEND D, BEHRIERAOH 1/2 DK

= ) |~ ~Raudtion(l)
= 0.4 f— ___This
A It analysis
- Il
o T | © Measured
g 03 H
(<]
= I
© ll {
fa)
: o i
Q
= |
et 1
g 01 i
— + T l
5 | i
o ] o
ot o
@ O . o : 3
I I Y S T N . N YO SO N N T S T
1 20
Roll No.

Fig. 6. Strain increment distribution of one point
unbending (creep model).

XxEnih,

F2ARILDEDOBEICBVTYH, BEEAIT]
HRELOBELFEMR /2 BECLrSEET, R
ELAEELHEML CHOBEEAIFTBL RV, Lz
T1ARELBEDOH A ZBEXBEATH—2ELS5H
B, 2HEMTLLULEICE S LHBREESAOFRET
EAPCDIZAEET D, TabblFEEFT— L3
O— ¥y FLLEERS & FBESBOTHIHEEL,
ZFNENOBIEEIIRT T 5.

ZORR, NEBEO1mRELE 2N ABEOE
BEERIIIRALARESOBEEFEAL LD, I-HE -
BELLIZIZIR—TH L0, MEIIELWICFLSL ¥
ZTEw., 2HUERTLO NEBETHE, BEICH
LTRECXBEZAL 2N SERBEL D OBRE - #8
HRKEL D,

(5)BEEA» DS FH

Fat LomMEEN (1/r,—1/r—1) % N(N21) Hi2%
LABGLEBETO 74 MIZBWT, RABEEAL
BEABOBRE, WiE(2), (3), (4)ERELT,
Fig. 80X )ik EN D, 2L TC1HBLULHEBIE
DREHKE AT emas &, HERN(L)IADBHL
WIS (57) TERILTE 5.

0.55 E (1 55BIE)
emax= {(1~11) E/N (N E#EFBIE) | ---(57)
055E/N (N slrHEiE)

2720, BGNRBEHEATHAH P OBERAEAR %
kopH L 2RGNDRD ¢, 17 2(d/2—8)/d *FET 5.

o 034 032
i T ---- Epuation (1)
5202 - 520.2 A4 This Analysis
o3 1\ S ':’“ i ° Igeosuged
bt { gt ) o201, L4 urvature

'S: 0.1 j'\}‘ —=0.1 l'/\o"o Change Points
[ h) ] c O i l,' 1
5% 0 o) ‘Vo "503) 0 %00 é ll l)E o
"L:"SS ! lloll,,l M | bg 1 c.’. @ . ®
»a 5 10 1L 2 »a 5 10 15 20

Roll No Roll No

0.3 L) (D

s 2203 (@) Continuous unbending
%20.2 A x %202 N (b) One-skip unbending
S'o H—h 53 HA (c) Two-skip unbending
'EZO 1 ﬁ ff’"q\ ~=01 el (d) Three-skip unbending
@ ‘| 4 “ c O ./ \\ ! l\
oL 0 095° 01 \\! l¥’ o S2 Ooooo» g ‘!i::i ‘Isg 0000
:z ° [ ] (] 4’35 ° ° (]
?e  THTTTI0 15 200 °f TEUI OIS T

Roll No, Roll No.

Fig. 7. Strain increment distributions of two-points unbending (creep model).
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