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Calculation of Spread and Elongation of Bars in Rolling Pass
Sequences, Square-Oval, Square-Diamond and Round-Oval

Yoshihiro Sarro, Mikio Morica, and Kenzo KaTo

Synopsis:

An experimental investigation of spread and elongation in the pass sequences was made by means of
simulative rolling tests using plasticine as a model material and laboratory hot rolling tests of commertial steel
for a wide range of geometrical conditions. Through analytical and statistical treatment of the data, it was
found that in any pass sequence the spread index & defined in this paper could be expressed as a function

of a newly introduced geometrical criterion US.

A calculation scheme was developed for predicting coefficient of spread f§ and coefficierit of elongation
7 in these pass-rollings by taking advantage of the k-US relations. ’

The accuracy of the proposed method was checked on the all experimental points of plasticine model, and
it was proved that calculated values of § and A agreed with experimental values within +49% in error.
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Fig. 1. Designations in the passes: (a) square-flat,
(b) square-oval, (c) square-diamond,
(d) round-oval,
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Fig. 2. Definition and designation of mean
height of pass, mean height of stock
and mean roll-radius.
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Fig. 3. Spread index & in the square-flat pass
as a function of shape factor §.
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Fig. 4. Spread index & in the round-oval pass
plotted against §, showing rough corre-
lation between k£ and S.
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Fig. 5. Illustration of areas Fy and Fg in the
passes: (a) square-diamond, (b) round-
oval, (¢) square-oval.
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Fig. 6. Spread index £ in the square-oval pass
as a function of US (U-S).
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Fig. 7. Spread index k£ in the square-diamond
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Fig. 8. Spread index £ in the round-oval pass
as a function of US.
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Table 1. Coeffcient of Eq. 13 determined by experiment
[m;=0.4~0.8, §=7.1~16.7, £>(1+2m;)/3]

Pass 2y a, a, a; a,
Square-oval 0.0097 2.3091 —4.7818 5.417 —2.613
Square-diamond 0.0144 2.1868 —5.5212 8.035 —4.532
Round-oval 0.0136 2.7350 —6.3773 8.038 —4.037
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Fig. 9. Comparison between £-US curves of di-
flferent pass rollings.
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Table 2. Statistical evaluation of calculation formulae. M(x)=—,ll-3:’ Xio(x)= \/nl—lg‘ [X;-M(x)]2
-1

(a) Coefficient of spread ()

Calculation by formulae of

Passes Parameters .
Present work YANAGIMOTO®) WusaTowski)

n =40

Square-oval M(4B) 0.007 —0.012 0.056
g (48) 0.028 0.028 0.037
n =39 .

Square-diamord M(48) 0.000 —0.041 —0.006
o (48) 0.019 0.043 0.036
n =38

Round-oval M(48) 0.005 —0.053 —0.025
e (48) 0.022 0.028 0.032

(b) Coefficient of elongation (1)

Calculation by formulae of

Passes Parameters
Present work SMIRNOVE)8)9) WusaTowskIl

n =40

Square-oval M(42) —0.018 —0.049 —0.051
a(42) 0.020 0.076 0.063
n =39

Square-diamond M(42) —0.009 —0.006 —0.009
g (42) 0.011 0.085 0.025
n =38

Round-oval M(42) —0.004 —0.073 0.010
g (42) 0.016 0.035 0.019

T, B & 2 2XNFNOLETIHEL, ERELD%
48 & M EFEHITL, ThTho¥hiE M(4p),
M(42) B XU EHERE o(48), o(42) 2K D Iz
Table 2% DR ZRT.
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o BE f(p), g(p), h(p), M (p), u(p).
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Fig. A-1. Illustration of areas fy, fcy, fco, f5 In
the passes : (a) square-diamond, (b)
square-oval, (c¢) round-oval.
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4. Wusatowskl, iz, SmirNov OFHEAXOEH
i) WusaTowskt @ RY

Fig. l 2 8L T, EMETERIE—KIT Fo=muBgd
(my : EHBRICE DR EDER) BT B25 Fo*=
mpB2. WUSATOWSKI O Y6 B E X B+ (BoX Hom)
85 (BLXHlm) THhHsH. 2T Hom=F0/B,,=m;{Bo=
mHBK,O, H1m=F1/Bn=mHBl(F1/F0*):mHBKE/g(S)-
e Hom/Him=g(&)p/é THB. RIEASH I,
Bl/Bo=(Hom/H1m)W =B S/p=[g(€)p/$]W o

w
E=p g(E) THW oo, (4-1)
Lird. 2T W REHe - LVEE%R Dy=Dp—Hn
=Bg[6—mpyt/g(§)] LT BHLE, Hyp/Dy=mpgp/o
—mut/g(€)] B XK Bo/Hym=1/my DBI% :

_ Hom\%0( Bo . (4-
JogW = —1.269( Dm) ( H.,m> (4-2)
T, ThizEhkpEOEKTHD. (4-2) Ko W %
4-1) RICRAT DL pLEDFBERERS. ThEMR

FEEIA S D G B=E&/p B X T MURE A=BoHym/
BlHnn:(Hom/Hlm)"W=‘B(I-W)/Wﬁgﬂ\{?b Ehan. o
L, (4-1), (4-2) RZMLE £>1 DRI E=1 &+ L
7.

2) HWixoRY

Fig. 1, 2 o S2AV3%L,

BM1 ___Cl[ Hom /l— Cz Hom Hlmn tan Q>]k

BMo Hunn \ Hlmn
ch Hym
B,=By+C 0% (By—Bg) -+ 4-4
1 M1 3 H: Hymn ( 0 Mo) ( )

thzbNnB. REL tan@ RILBOLHAE, He b
X O Hy GEMIE Bye 3 X T By OWIRTOILEE
x, C, Cp C; BEEFRILC SADNLERTDH
5. E7-fEE kI,

k=pBS+puS—1-- veserens - (4-5)
f,Smxﬁ(ﬂ)f,ﬁmﬂﬂaﬁ,pmﬁﬁwﬁr

bbb, cORETFAF4 o VvETARLERT K, B
P OEMSEEL A S, pRBEEHR (r—rERtE
¥) o bciEEsE LT CaCO, BREHWTEERE
LikfEd s p=0.5 XLk, chigglT p=1.02 &
4% Fig. 3 0 75AF4 >0 FEED T —RP
(4-5) RT XEBTE D 2225, ZOfEE AWT
R L.

3) SmirNov @ K6

SMIRNOV 51k HEEF R T LICMHC HEk 1 0EBR
RPEZTWAHAOTXOXEHALE. RELEHEEZRD
FTAZA—2HLLTWMIZH LTS X TV FIE 0.8
ZRwi

X 3

1) Z. Wusatosskr: Fundamentals of rolling (1969)
p. 84, p. 107 [Pergamon Press]

2) 8. G. Nekrasov: Izvest. VUZ Chern. Met.,
(1961) 12, p. 83

3) ¥4/ Wik:mT, 5 (1964) 40, p. 315

4) M. L. Zarrsev: Stal in English, (1968) 12,
p. 1037

5) M. L. Zartsev and G. V. Anurriev: ibid,
(1969) 8, p. 727

6) V. K. Smirnov, V. A. Smirov and I. Ya.
TarnosskI: ibid, (1970) 3, p. 101

7) V. K. SmirNov, V. I. NIxITiN and . Ya.
TarnNosskr: ibid, (1970) 5, p. 105

8) V. K. Smirnov, [I. Ya. Tarnosskl and V. I
NikiTIN: ibid, (1970) 12, p. 105

9) K. L. Lrrvinov and V. K. Smirnov: ibid,
(1976) 4, p. 102

10) V. I. NikiTin and V. K. Smirnov: Steel in
USSR, 4 (1974) 4, p. 310

11) R. R. ArvoLD and P. W. WurTtTon: Metals
Technology, (1975) 4, p. 143

12) U. Surpro, A. 1zzo and P. DianNa: Arch.
Eisenhuttenw., 46 (1973) 7, p. 435

13) FEEL - FEBK - MEES - AREZS 0
= $ LW, 62 (1976) 14, p. 1833

14) L. G. M. SparLiNG: Proc. Instn. Mech. Engrs,
175 (1967) 11, p. 604

— 45 —



