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Calculation of Spread, Elongation, Effective Roll Radius, Roll Force and Torque
When}. Rolling in the Square-Diamond, Square-Oval and Round-Oval Passes

Yoshihiro SATTO, Yoichi TAKAHASHI, and Kenzo KATO

Synopsis:

By mpeans of laboratory hot rolling test of mild steel bars, those chracteristic values of the pass rollings
shown in the title were measured under the wide range of rolling conditions.

Through the treatment of experimental data, it has been found for each pass sequence that 1) the spread
exponent (k) defined to determine spread and elogation of metals may be expressed as a function of shape
factor (US), and 2) mean forward slip (¢$) defined to determine the effective roll radius may be expressed
as a function of elongation (A-1); and 3) non dimensional roll force (Q) and torque arm cocflicient (¢) may
be expressed as functions of mean roll gap ratio (m).

Making use of these empirical expressions, a new calculation mass—model was presented, which enabled
to predict those characteristic values of rolling with very high accuracy for any arbitrary rolling conditions
of those pass sequences.
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Fig. 1. Designations in the passes:
(a) square—diamond, (b) square—oval, (c) round-oval
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Table 1. Experimental conditions.

Pass Seguence

SQUARE - DIAMOND (S-D)
SQUARE - OVAL (S-0)
ROUND - OVAL (R-0)

Roll (mm) 100 ® (JIS-SKD61)
Stock (rm) 13.9%(%=0.3), 14.0% x 450/
Rolling Temp. 6 (C) 945,1044,1143 (x 2) (a)
Rolling Speed Nr (rpm) 50.0
mk= Hi'/ Bk 0.4, 0.6, 0.8 (M
£ = Bi'/ Bk 12§ >(mk+l)/2
A Table 2. Dimensions of roll pass grooves used
N in the experiments.
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Fig. 4. Construction of projected contact area
with allowance for spread in the S-D pass.
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B¢ : width of groove; Hgy=H*—c¢
(see Fig. 1).

Square-Diamond

mk | ok(deg)| Bg (mm)Hk/2 (mm Ro (mm)
0.4} 136.3 | 24.37| 4.89 45,11
0.6 | 119.5 [ 21.71| 6.33 [43.67
0.8 1103.4 | 20.14| 7.95 [42,05

Square-Oval
Be (mm)[Hk/2 (mm)R:(mm)

mk | Xov(mm)

0.4 |14.51 ] 19.71} 3.86 [46.14
0.6 | 10.21 | 17.50 | 4.95 (45.05
0.8 7.96 | 15.49 | 6.11 |43.89

Round-Oval
B (mm)[Hk/2 (mm)Ro (mm)

mk | rov(mm)

0.4 113.72 |{18.79 | 3.72 |46.28
0.6"| 9.29 |16.31 | 4.84 [45.16
0.8 7.64 114.82 1 5,77 {44.23
Table 3. Chemical composition of materials
(JIS-SS41).
Stock C si Mn P S Al
Square | 0.18 0.25 0.45 0.018 0.027 0.008
Round | 0.17 0.23 0.47 0.021 0.027 0.008
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5 LT 2he(x) PREDDT, WIT EEARE D55
Byi/2 B 5L, $iEZEOANES L 2k, MK
BEX% 2y, w— VR h Ri, BEEMEL (0, FLA
IR DT EROEL% i & LT, RDOEDODHE
A ExEE L.

A LR mzmﬁémﬂnmmmmw)
VIR Law= 3 13/ 3 lar e (8)
S u — vt R= é’lRildiSi/é'l Lyisio(9)
S e — VBRI m= é‘lmi/n e (1))

7e72 U lai=V'2R;(hei—h1i)
mi=ldi/(hoi‘|'hli)

2.2 EERR

=W - AROREAR 2 EBRICFHET 5 20, /b
RIFF LRSI X D Febl 0 BT IESEBR 2 T8 D7 Table
1 i JEE4 A, Table 2 AW -FLBSOIIR &~k (3
HIE) %RT. FEhx JIS-SS41 (Table 3) Dk LU
Uk T, BUESURN X 0B k&S XD Table 1 o
SHEZIT. Uke. 727 L ARiciX rs=0.3mm oo~
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Fig. 5. Spread exponent k (Eq. 15) as a function
of shape factor US (Eq. 16).

Table 4. Coefficients of eq. (17) determined
by experiment.

ao ai az as as
S =-D 0.0078 3.1501 =-20.061 66.427 ~-80.77
s -0 -0.0009 3.6302 -13.092 ~-14.571 114.12
R-0 -0.0022 3.3798 -11.491 8.548 19.82

T BB#O o i2sistrh EKELUND DR ¢ £=a(1.05—0.0005T) iz
X DEHET % 343, T=950~1150°C Tiz p=0.52~0.43 & i 5.
12U a i F UMK OFEECH S 5 B b BORTEMH & fE%D
¢ ZEUREMIRD 2HBLT ¢=0.9 Uiz

k=k(US) = éuan(us)n
FR¥ ax % Table 4 0
2-3-2 Hho — v
1 — VRS 7y (tps) @ & Z BE ORHHGEE o
(mm/sec) %5 %% FHERE X L CHSh e ~ LR

SR

NSNS 1))

BMEbNS. 72721, L=u/n Eo—v ] EECo%
BHEhsEXT, 88 LiEEIhice — b2 —20
MIR» DD 2 L23T&E%. Z Rp 2Pt 5 E4
RtEEE LT, RO X STl ¢ 2 EE L.

—_ Rp

R
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B =V PR O BTN O BRI T D v — VEFEO T
ETHD, 23 REHET S Eyu —vEH (220,R)
TH5.

IR HE D SEHE R A E FE BEBR AT TR E T (0 Amxa)
LHBIASDE (InBr) WKEFEL, ETBOHEM L&D
ML, BASYVE o & Ldic Wb TEcEn
53, FLELLE UT EHERIT MO In 2=In Anax—
Ingp OHTEFT S LHERTE D, ZOFEZRIA
EZTHRRLT, (19) Kooz 2L CFey L

.

el’f

—1 e (19)

a — a Square -Dia
r a-—-o Square -Oval
o ——o Round -0Oval

-
N

o

Mean Forward stip P x 100 (%)

o]

[e2]

7

Vi

N

N
N \I.
N
N

( $541:950.1050.1150°C )
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Elongation (A-1) x 100 (°%)

Fig. 6. Mean forward slip ¢ (Eq. 19) as a
function of elongation A-1.

Table 5. COechiénts of eq. (20) determined ’
by experiment.

bo b1 b2 bs b+
S -D 0.0008 0.419% ~-1.049 1.450 -0.80
S -0 -0.0002 0.3129 -0.498 0.406 =-0.12
R -0 0.0001 0.5571 -2.053 3,784 =-2.45

Tt SEHER S BT X=1n2nex—Clnfp WKET 5 EFTHIL, %
FEFBC 1 In2=1n 2mux—1n Bp=0 (fHU In 2ypex%0) DEs =
0, UIz32T X=0 TR0 Ens C=1.213.
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v ZITIESF R DL iC $-2 OEUFHEEZSE, Thik

‘ D 4 WEHERTHPL L 72

a—;a(l) =n§'0b” (2, l)n (2())

1%¥ b, o{fiEw Table 5 TR
2-3-3 JEIEfE
JEHERTE PR e T HEARE & LT, KR TER
XD EEFERRE (ENEEEE) QERAv.
P
o = Fokrm
7272 L Fa vk (7) Rz X BB EAERE, krm 130
~ VIR C OB O FETARI TH 5. krm & LT
v R BET A BILETE & ABEANDFE
: TSEIE & 35 X OUTAEIRE 0 W HEY T % B BN T B8
R AVic. kem & o6 & 0 OBMRIIEMB XOFE
SAPENC R LTS L oI HIC X hfllE S h, EBRAD

e e (21)

w sk BRTV B, O TIEREY X5 RERCHT
% FEER

| & \m'

i' kfmz,,f.fm.<To_> e e e e (22)
Tz, o5 fm m' VICHEK [4] 2SIV
Flo, & €1

e=In Amax=1n g(p) ereeeenennnn (23)
8'ZZTL'NFRE(I_Il)m’“l‘llmn)/((;()I'Ic)mldmn) -+ (24)

;q i LAY =2 L N, tiw~—ov @ﬁiﬁ (I“Pm)’ Hym,
( Huimny lamn 1% Fig.2 & (1) ROZB#HIC X D%,
‘ SRS SO X 0D, Q % (10) RO Fiyn~

VR mici LT ey bLicE A, Fig.7T 0k 5
CEESRCLICIIEn TEETEL 2 LnbrDolk.
wWFho JEEFR TH Q 1k m=1.2~1.5 TH/h&s
D, ZRUUTFTTRE—=0 238, DECIEmEERe
I35 EEPNS00EENRELND. MBI LB
WEE 100mm O v —oviz k% Table 1 ofkD F
FEIE (R 950~1150°C) e k4% Q-m BAfRY & &
ORI, ABMEED QRECFREELDEH T &
R s. BCA-F — VEET mg OREWILE

2.4

o & — & Square -Diamond
22 - o ---o Square - Oval

fé \< \ o ——o Round - Ovatl

220

= A
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@
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5
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212 N
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04 06 08 10 12 14 1.6
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Fig. 7. Non-dimensional roll force Q (Eq. 21)
as a function of roll gap ratio m (Eq. 10).

1.8 20 22

Table 6. Coefficients of eq. (25) determined
by experiment.

Co C1 C2 C3 C4

S -D | -0.520 2.756 =-2.118 1,761 =0.253
S -0 | -5.222 21.345 =-25.224 13.396 -2.345
R-0 | -0.668 3.160 =-2.595 1.774 =-0.150

THREL-EE, WBHNOETRSAENRELLANE—L
505 TOXSBBELHIEFLLIELL2TW5S.

JEIETREE VI B RE 2 A U C QI B 2 BT & HEH
XD, EREHFE CIIZEAE BE XL LMD
7z
HEESR C L ERMHEESE, ThEzROBOS
HRATEBL, £0 & &0ffk% Table 6 iR 7z,

2:3-4 JFIt bov o
MV st X sEER T, 25 (1) Rick 58K b
Wy Tp REFNFIXEBROTEE bv 7y

G=T,—Tf - rerevenmesnnnescnnnenseninn e (26)
pELh BT JERE b & RET D EARNE & U
T, MR TEHEIND bvy 7 — s {fE g BV

G
¢:m (27)

=721, PWJFRIERIE, liw 13 8) Ric X 5FHK
b ETh 5. (27) ROEELC XD E, EEEN P
ﬁ%ﬁﬁmmﬂﬁm%ﬁﬁéa§L
G=pBus 3 a/n, P=pBus X Lai/n

LB D, EMEFRO WA P b ST, ¢=0.5
Elrb.
t Fd, m O, Fig. ¢+ OHETEEDSD 2ZRLT (1), (10)

e 21z
tt Ty T, ® 1~5% BETHDOI.
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Fig. 8. Torque arm coefficient ¢ (Eq. 27) as a

.
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1.2 14 16 18 20 22
Roll gap ratio m

function of roll gap ratio m.

Table 7. Coeflicients of eq. (28) determined

by experiment.

SPHERED D OFAHEIC X 0, ¢ 2Ry a — ViRt m
wxfL TP ey Lk %, Fig.8 0k 5ic, ¢i3ig
EAEMDBITKGET D T Eibdrot. JFEERFRIC X
DAL, RPC gD 7= D5R L A0 L
FEIEZ 3t AR T LA E—8T 5. FEERE
Bz X5HBEAXT AR BN DT,

FHRESR C LiC@RMEE3]E, Fhikokos
HILTHELLL, 20 & EDiRE% Table 7 7R L.

=g (m)= é‘odnmn—z ........................... (28)

3. B - AESMOERL

2:3 ThDt DORFFMDOEERLHES &, £
WREENC ST 5EEOFES R & ELAICHT L,
R EAREZ—EBELCHET 2305, o3t

do d dz ds as #%x Fig.9 o NicitoCcaid 5.
S~-D | -0.031 0.165 0.525 -0.090 0.025 ,
: . 1 i 7l tc.), © %
s -0 -0.891 3.175 -2.809 1.393 -0.216 (H E%ﬁﬁ’ ?Lih (aK"rK’ Tov etc.) =
R -0 | -0.002 0.017 0.628 =0.088 0.005 DY, w—ovEkmE HY, HEh~tk (B% rs), ZMHE
(1) pass sequence ¥
dimension of pass (5) Fd , ldw, R , m

( O, Tk , Xov,Do ,Hi )

dimension of stock (B:,rs )

C(%) ,6(c) ,Nr (rpm)

(2) Bk =Bk (Hi )
mk=H1*/Bk
9 =Bo/Bk
5 =xs /Bo
S = (De+Hi ) /Bk

/

(3) £(9),9(3) ,h®(3),h (3)
, U(S’):S(?)r Us
k=k (us)

\
(4) | A=g(s)"

k-1 A
§=5.9(5)Z-g(£)?
B=8/9
B1=Bo"8
Bw=Bk " £ (§)

!

6) | $=20N
R =(1+ $)R

(7) &€ =lng (%)

é . _2FKNr Re (Han=Himn)
6 OFom1dmn

kfm =kfm (0, €,€,C%)

(8) Q=0 (m)
P=Kfm'FdQ

(9) =¥ (m)
G=2P1ldw ¥
Tr=G+Tf (P)

)
(10) /l,ﬁ,B1 ,Bm,RE,P,Tr/

Fig. 9. Computer diagram for calculation of spread, elongation, effective roll radius,
roll force and torque in the pass rollings under arbitary rolling conditions,.
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DINORECTHATE S T Lp5bhr 5.

(C% etc.), JEUEIREE 0, v~ VEIEE Ny 2 AT
(2) BK: mg, P, 0’ C %n+§ =72 L BK VX,

£4 viA ¢ Bx=Hftan(ak/2) }
AL Bg=Vdro Hi—HF

(3) KRB (o), g(p), r(p), h(p), u(p),
s(p) & US %3k, (17) Rick kw34

(4) &k zfgioT (I13) kv 2 &kd, HERX
(14) Zfig~T & 2kd b, TOFEREMEDOT B, By
By 31’%

(5) (MH~10) Kicx v Fyy law, R, m ZFIE

(6) (20) Rk gaskw, (19 ek b Rp %
FE

(7) (22)~(24) R XD km ZFHE

(8) (25) Mk Q&sked, (21) N X
H

(9) (28) Kick v ¢ &k,
(1) Kicxv T, 255

(10) 2, B, By, Buy, Rp, P, T, {0y

1. 5F E & B

KEFEBIC X 0, Table 3~6 AT IERHEE % F
WT 22 0EFEREICHIST HER LAMNEIHHEL, £
JIE & Mg U, Fig. 10~14 w2 ofFRERT.

XY, FAEOEELEM: (Table 1) OHEIANT
V%, JEEEH I, mg, & JRIEREO WA »rb BT,

v PRt

(27), (26) BV

B +3%
AbX +1.59%
Rp X +12,
P, T, ik + 109,

Z OFEE X Fig.
ID(1)VITRULIFMNREDANF— 2 bEERAEL L

40

w
8 S

—
(@]

(B-1) x 100 ( Cal. Values) k.

0 10 20 30 40
(B-1) x 100 (Exp.Values) °o

Fig. 10. Gomparison of experimental and calcula—
ted values of B in the pass rollings.
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(A-1) x100  ( Exp. Values) b
Fig. 11. Comparison of experimental and calcula—
ted values of A in the pass rollings.
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Fig. 12. Comparison of experimental and calcula—
ted values of effective roll radius Rp
(Eq. 18) in the pass rollings.
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Fig. 13. Comparison of experimental and calcula—
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64 2 (1978) 52 2

T DRV EHWDLDOTH 5.
> »H & &

R AR i B PRk /e 3 B O LA F7 i o
T, BRI BRI AL SR X D MBI & A% K&
B EIERF i DTl U, TOFERIBRE L. £
DOEBEREZTEWT D L,

(1) RAD Y EMOZIRET HERREECH B8
IR0 % (R) WBHIRERE (US) oBficEBTES.
T OB T A IR T 5.

(2) Hhe —VEEeReE T 5HARREE & LT
LIPS R (¢) 1IMOERE () oBrcERT
&, TOBRBIIEESRICHE VIKFE LR V.

(3) JEREMWMEL by 2T 5EAEE L LT
EFE Uz EIERERE (Q) & bvo 7~ s 478 (¢)
W A U e —ov il (m) OB TH
B 2L, Q(m) WEEFRITKGET 525, ¢(m) 1k
JERES R HE DRFE LR .

(4) 950°~1150°C QiREHETIE, & ¢ Q, ¢

120

100

T

o]
o
T

[}
(@]
T

N
(@]
T

Tr { Calculated Values) kg-m

N
o
T

1

1 I i) 1 L 1

0 20 40 60 80 100 120
Tr ( Experimental Values) kg-m

Fig. 14. Comparison of experimental and calcula-

I RIETTEREIRIE O BT LB NS QT E 5. T
VL C O#PH T I BEBRES 4k X <, sticking fric-
tion RFENICIE DT WHEAD LB b D.

SHIL, ZRLOHEAKREHERNZF VT, S RIL,
W, B, w—oVERRE, FEEEIREE, SEEE L & LER/NME
DF— & LR O~E, #E, JEMEEE, Loy
EEVHEETEHET A2 HEER L. 225 L, KIET
e~ R 5 EMo FEORE —Eic oo
T, OB EREM I ST EE I ST v, F
TeAWIGE CHAR > T IS D IEAE H Rz U, fiiako (1)
~(3) DEERDBESLOPEPSARHTHS. Zhbos
KOWTIHG ST 5 TFETH S, Tk, BIARD
B LTIk B4 < OFFEEDD BSIREINh TV
25, ARG D k-US EBRTT X 5 FESTERDFEE L
B LU TBIE &L — RO S TERLTW S 0B ES OB
THLA TRV, Z0HI2WC bS58 T5T
ETHS.

KD, REORITICE L, LRSS TF HARIAE
BRI D AR B G2 Wit &, () W SU8RFT 3 X
CHREREE (BR) X 0 IR B ol EEH &2 v 7e
Wiz, Eiz, JEREERRCUIBCAZEM oM BE o
NEZiTie. ThbDh A B RSS2 R LET.
82 A-£1 ¥, BA-F—n, I-F ~ S0 FED

ho(%), hi(x), R(x) :

Fig. A-1 2L T EEEH RO ho(x), h(x) 1
bx, mg, rx, R¥, h¥, rs, byn, dhy BE BN 5L
WOERIZTEVSHETED. =KL, by 13 E=b¥/bg
BEZ B TWhIEAERL (2) RICAHYT 5 bui=br f(§)
Wk DEtETS, dhy 13,

Ay =3 (Hyy —Hys) = b 19 (0) — ()]
ThH2T, p=h/bg P OFETE 5. Eic Mf=bgmg,
Tov=[(KF)2+b%1/2kF <& 5.

(A-%4 %)

ted values of roll torque T, in the pass hy(x) =¥ —rgV Tdmg +Vrg—a2 (x<bc)
rollings. hy(x) =hY—myx 7 (x>b¢)
: b | : l
Ro be M1 R: ) b Ro »y bmi
A Is rS N
N N—r T m ahw
X C Ah” * C AhN }-T ‘C ]
Po M t;k ho Ry | Tov M oh* Tov M
c ! | 1
SIS M S
0 x oLl pa*_.]| of X
bk / tt))': ‘7L~bk

Fig. A-1. Vertical projection of contact surface in each pass rolling

(a) square—diamond,

(b) square-oval,

— T4 —

(¢) round-oval
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ho(x) =hE—1/ 2 rs+V 15 —x? (x<bs)
ho(x) =h§—x (bs<x<<bn)
ho(x) =hy (%) + dhy (bars— %) [ (bara—bn)  (*>bn)
Yool roll O
be=rgmg/V 1+mg
bs=rs/V'2
by=(h§—h¥—dhy)/(1—mg)
{A-F—1)
by (x) =hE—roy +1Vr3,—x?
ho (%) =A% (x<<bs)
ko (x) =bs+V'ri— (x—bs)? (bs<x<<h¥)
ho(%) =y (%) + dhy (barr—x) [ (bars—bn)  (x>FF)
el L, bs=ht—rs
- =315
by (%) =Rt —ryy +V 12, —x2
ho (%) =V (R¥)2—x2 (x<bn)
o (%) = hs (3) + A (bars — %) / (bas—b) (x>

. _ |4BCD
kt I./, bN— ——2f"

A=, + k5 —Ht— dhy
B =2, —hi—hf—dhy
C =k h¥+dhy
D =k —k— Ahy
E =rqo—h¥—4dhy
F 7o —fgie R(x) = REHE—hy(x) SR
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