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Approximate Analysis of Roll Force in
Round-Oval-Round Pass Rolling Sequence

Dong-Won Jung® and Young-Seog Lee**

ABSTRACT

This paper presents a semi-analytical method for the prediction of roll force in oval-round (or round-oval)
pass rolling sequence most commonly employed in present continuous rod (or bar) mills. Introduced was a
concept of a weak plane strain deformation taking into account of the deformation characteristics of workpiece
(material) in the roll grooves when the equation for the roll force was formulated. Flow stress (deformation
resistance) of the workpiece was characterized by Shidas constitutive equation. Hot rod rolling experiment was
conducted to examine the proposed semi-analytical method. Result reveals that using the weak plane strain
deformation condition was found to be appropriate in solving three-dimensional problems. where it was often
necessary to reduce the cost of computation by simplification. For low plain carbon steel. the roll forces
predicted were in good agreement with those obtained experimentally with the rolling temperature changed (800
~ 1100C).
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F g O guele) 4 Adcoi Ads A

oM E FsEH £9a ¢ U AzsA Rad FENY

Fol 44g 2aht ol w45 FEALel 5

AAPass schedule AN B Bag Pu3el st ko] It 9 £ el &% D ZE Wakol
7t sk (roll force) 3 E03 A4bolch &3] A% W datEH Eea AMedy d8E e Fas

i g £ Uk
T g<A(plate rolling) 3l UMY UdsHY E

CAZARR AN PAFEE, Sd1edTE

Faculty of Mechanical, Energy & Production Engineering, 23 AMRLSE o] Bol YEAAR dF ¥

Res. Insti. Ind. Tech., Cheju Nat'l Univ. ot ZAoA o] solm ol glalEF ESa
" XRATIE ERAY J)EATE s e o= -

Plate, Rod and Welding Group, POSCO Technical Research Adddel 8¢ d7c #@2L8(Finite Element

Laboratories Method)o] o] ¥eix Atk a2y FH2LYS

58



MRS BHOIM QHB1R] SAHAIYY

Aaiztol gol deln MALA AMA Bag 7|
AH, 48 FAzPol EFa7)d B2 pass (stand)
£ 73 e HAZEEGE AUSHE Analytic
model®] 7§go] 27dttn & 4+ Utk

SAH3 Analytic model® 74 HAYEANo] 3
AN Fgsojop gk HE B ofF o
2 go] gt 2#¥AM 2A3td 2d(approximate
model) & Fite ¥go2 AFE ol Aok A
o AF7AA] AR THRLE ARHE 2ARY
2 BY4d 3N ALEHE 95 % Ee3 7Y
£ vgez ZAFolM Yer BAAFLEL =98
of Algs] ftoh AA kg ety Eea Al
2292 Shinokura and Takai” 7} A&o2 A<tat
H 2 o) Fol= A2 g =g digd 2Rst gk
1986139 Shinokura 9 Takai”7} M&o2 A4 ¢
g9 sl £03 AW 2dg HHEU 7R
Al Az THAA AP 4§ ¢}sh¥ parameter
E TJolAth o] parametere UdEH A& A
A2 E v &3 P data o HAEY Pl
o FHch &=2¥ f5eHE FYHY 2xU4%
AEe 28 Aol Shida’'Y 48 Agstd 7R
th o] g & 22 3 LAY FETEY
(Constitutive Equation) & @3t Zolch

2 AFAM = FHd 2D (semi-analytical model)
2 Arsled ot 4ddE A7 4F PHul
(weak plane strain deformation)ol2le 73 olefA
Eusigel. Atd 292 HAAYAFY 2A4E A
A5l gasted £43 =YYtk o] 2do FdH &
2 HAYALE S 53 data regression® A A=
o loh AtE 2de ALy ZApiel od ¢d
iZHE’J guig Aztd oz ZARE Al7|3 &7 3

W (plain strain) &t Al APl HEste
th round £& oval Hel THUAA 349 ¥
S sle AAE GA &7 A% Aok A
2 HHs7l A5k Round-Oval-Round A4
44 sdoh €3 AAGAAE7I ZRE
load cell& ol&std AgL7 AddHE dn 2
EHG00C, 9300C, 1100Cre] ¢EHE FFsAch
stAIR Ee At gzl Torque-meter?t glo1
A EZ3E F edvlol dFdigel A M9 sk

N

[

1

1o

et e Ads] AdMe £49 2= FE7t
¢n Aotz 7Hgstd WA 247t JAE FHE o
€ 279MY &9 B FgAE A7 R W
P W¥E 223 AFAZE WA Lojop ¥t
249 HYAFS Shida'd £4& st Tk
agy AH § 7MY A9 dEPY AF
B, AP E HFE AN dd sledch

2.1, Xy

0@

oo

i

A gddlM ARH e 47 9 AlEs F
2 {384 E A8t Bol AE HYch /e
22 HAPAHH (pass area) € A A5t "H%’— k-4
Aol A ¢dY E4Y 334 AXHEg 8
g71ol Aol weol A ©UAX 5’-—4“’@
(simulation)*] work stationg &3 H(computer) o
AMx HR]AIZ o] B7ldl A ¢dlined] &
& Hag (20 ~ 29 B #AAsH v FA Aol B
o ae 33k 2o HEE &7 HAMeE 8BS 8
29 w2t Badrlol BFAIE(mill test)ol gt
wE ggdo FA7 A 8 FE Utk 53] 27
AP MAE A B H259 3EE HA
b fEaaye] dFAog HYFE 7tk of
?F} AE ddsh] AdMe ARE oo @9
4] (analytic equation) 7i%e] B s},

29 A7 ¥ ojA ¥%¥(Round) EFI(Oval) o
EF(Oval) ¥¥(Round) 2ol QoiM z9d
o) o238 FArdo] MUYk Atd md 2
a3 dutdo] U Ao dig Fg/gdel Qo
Foaay HBos o FHolutks & 5 9tk
oYY A A a9 YA GAE By

ZHlinear interpolation)& ZHZ 3l LoiA
o}, o] o} AMRHE FARS(weighting function) =
a4 4 (analytic equation)®] AAIA] ZAE BEHA|F]
2 A ZRPFE 2R sto] AJErh

Fig. 12 <3484 AH8E ¥ Yehda o

£9 AA-& DCI(Ductile Casting Iron) ¢ &
3375‘% limmel™ & 2 W@dolx 320mmolth,

o
B
s

/l

L e

of |

X

A}

.‘
4
3
9}
A}
(=}
{5,
=N
=
(o]
o
A¥e

59



l<—— W, =80.88 —P

H,=47.5

l \+ ‘/G=:.5
(a)

R=H2 NN e

a
H,=37.5 =Y
(b)

Fig. 1. Oval round pass sequence employed in hot
rod rolling experiment.
(a) Oval pass and
(b) Round pass (unit: mm).
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Fig. 2. Predicted and measured surface profiles when
a specimen with 60mm diameter is rolled
into (a) Oval pass and (b) Round pass. as
described in Fig. 1.
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Fig. 3. Schematic description of equivalent
rectangle approximation to round
oval pass rolling and effective roll
radius,R, and equivalent cross

sectional heights. H, and H,.

Fig. 4. Schematic representation of parallelepiped
deformation of equivalent rectangular

section WixH.. for an oval section (before
pass) and equivalent rectangular section.

WoxHe, for a round section (after pass).
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Fig.

Roll force (Measured/Predicted)

Roll force (Measured/Predicted)

in air when it is removed from the furnace.
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Fig. 8. Comparison of the predicted and measured
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152).
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