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Roll Profile Design Considering Spread in Shape Rolling of Angle Bar by FE-analysis
and Response Surface Method
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In this paper, a method for prediction of spread is proposed to design proper roll profile taking into
account spread in shape rolling of angle bar. The effect of the process variables on spread, such
as draught ratio, bending angle and aspect ratio, is analyzed by FE-analysis and response
surface method (RSM). Roll profiles for equal angle bar are designed with the spread predicted
by the regression equation. Effectiveness of the designed roll profiles are verified by FE-analysis
in which the flange length, strain distribution, mean strain and roll torque are compared with those
by Geuze. Finally, the proposed method is applied to the design of roll profile for unequal angle
bar. As a result, the final product can be obtained within the allowable tolerance of +0.5 mm in
length. Therefore, it is found that the prediction of spread can improve the efficiency of design roll
profile in shape rolling of angle bar.
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Upper roll

Inlet billet

Fig. 1 FE-analysis model for RSM (o;°: angle of inlet

billet at corner, a,°: angle of exit billet at corner)

Table 1 Conditions of FE-analysis for shape rolling

Process conditions Value
Material SS400 (ASTM A36)
Temperature of material (C) 1050
Mean diameter of roll (mm) © 300
Bending angle (a.%) 0.5,7.25, 15
Coefficient of friction (1) 0.35
Roll speed (m/s) 1.2
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Table 2 Orthogonal arrays for the FE-analysis

Case | o(°) |h(%)| A |Case| a(®) |h(%)| A

1 15 25 1058 | 9 15 5 |0.16
7751 5 058 10 15 45 1
7.75 | 25 1 11 0.5 45 1
775 | 45 | 0.58 | 12 15 45 | 0.16
7751 25 [ 058 13 | 05 | 45 | 0.16
7751 25 | 016 | 14 | 05 5 1
0.5 5 016 | 15 15 5 1
05 | 25 |0.58
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Table 3 Results of FE-analysis for spread

Spread Spread Spread
Case Case Case
(mm) (mm) (mm)
1 4.24 6 3.80 11 4.63
2 0.76 7 0.40 12 6.34
3 2.65 8 2.42 13 4.00
4 5.61 9 2.35 14 0.58
5 3.17 10 5.37 15 2.08
Table 3 9] Ax& WX 2 Fig. 2 9
39 TdEE Ag 5 Anon, BAAD e,
FRAE, YN w02 Zyige] FFL vH:
Ao® etk E9e pshael A oEa
o RHHY, e FRAEY S
Wt ERQw Fohsht, 39 Sk A
= Oa padte Ao UEy

Main Effects Plot (data means) for Spread
Bending angle (a(°)) Draught ratio (h(%))
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Fig. 2 Main effects on spread by RSM
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Fig. 3 Effect of bending angle and aspect ratio on spread
at various draught ratio using RSM
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Table 4 Estimated regression coefficients for spread

No.| Term (X)) Ist analysis Sth analysis
Ba P Bn P

0 Constant -1.64 0.00 -1.68 0.00
1 B 0.14 0.00 0.24 0.00
2 D 0.15 0.00 0.15 0.00
3 A 1.03 0.17 0.44 0.02
4 B*B 0.01 0.45 - -
5 D*D 0.01 0.87 - -
6 A*A 0.45 0.74 - -
7 B*D 0.01 0.17 - -
8 B*A -0.17 0.01 -0.17 0.01
9 D*A -0.05 0.07 - -

* B: Bending angle, D: Draught ratio, A: Aspect ratio

mEb Aadol 9= 7, 9 WM FES Asta

2 2} FAEHA EHe, Aol HAEA| g 2 2kak

(No. 4, 5, 6)°] AA= P #tel A7) o2 3 W

st AA T BAEHA Hrt olo] uwhE Al W

of A% B2 ol No. 0, 1, 2, 3, 8 Vo] Fagdo=
LhEbSE o m, ofef] wE 3724 (2)0] =EH AT

S =fo + Xy + BoXs + B3 X5 + BeXs 2)

o] 7]4 § = %—»1 7, X, & Table 4 ol A2 7z} &
ojn g, zt o gk 3| AGolTh

4. BEEA A Fa =4

SH dA2ulof Cfst SFHA

1'3% AToAE A FHA A5E
WA ] F o]l gl Gothic = Fig. 4
W dEnte] Y dAE ST FFAA

st

My o fo

4o =
o rlo K

S RK = radius at top corner
A RH = radius at bottom corner
RRU = radius at tip of leg
RH BETAG = angle at top corner

L RRU

Fig. 4 Parametric representation of the final pass for the
equal angle bar
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Fig. 5 Roll shapes designed by RSM (Case A) and
Geuze’s method (Case B)

(f) Pass No. 5

AWl Geuze © F¥3 2(10)°] W} F=
uho] ZRA Aol L2HE L, L, b LE A (1)
Z o]—O:] 71— 3H/\g] jLaﬂ_Q oﬂHﬁ]

@ Adel os] AFelr=

A%
\:}
Ab=c(t,~t,,) (10)

=1, —c(t,~t.,) (11



December 2012 / 1373

Hoch 2 wel ER AN Aolo] weh 7

oA ZWHA Zolo] xpo]r} WA oW, )
2 1914 242369, 41.9 mm 2 YER} Z ;A Lo

7)
o] 2k7F 5.0 mm LAYSIATE FWA] Hole] Aol
2 Q3 AAE T3 THag(23, 27, 27, 24,
| o3 dAE TP gt

28 B vda w4 vewd =19 271 &
T 43S v A Fig 59 el 7h

2 8l AlZo Zo] Zpolrt ASHGITE A -
F& gutg oz 2ol Ao FEd we RS

42 REIRLHME SB HE
&

oA At FEAA wges AAdE
T (Case A)F Geuze & ZH 7 2] s HAAH
T (Case By fF3aAdAS T3l &Al9 &9
A Ael, WiE, P MYE 283 4 BT
disiA] vl FAEEATE 25(1050C)9F & &%
(1200 mm/s) = AAl @Gl ALgHE o= 474

3t aL, PR A 035 ()R =&Y A
g A F WEE wxo A5 2= Fig 6 ol
e AT

o] e met PIFue] % IR
WA gso W Ee] TUlshe AEES 2o
AR s 2ol A 3.0 o] 7H7kE-

Tt} Case B9 ZHA$ nw
" )

e waE 37140 Abgol whe Fw o]
A= ARbE] wEoe] 7h o) FWA Ao
7b AE 7] el whR ) s 2ol A 402 mm 9
SAE THAE dEutE =T F AUTE vk
Case B A= |~ 1 & AYstaz 7+ i~ mir}
3 @ido] LA o] mpxE g 2ol A +3.8 mm
o] Fute] TAEACE 2 oMo FHF W
FE(e,)2 21200 3 AdHAG

n

£, =2 5 A/ D 4 (12)
i=l1 i=l1

Strain Effective Case Al
o /

| Case Al [Case B

52.0

(a) Initial billet

(b) Pass No. 1

I Casc A I Case B
I I
l Overfilling A

|
I
|
|
(c) Pass No. 2

Unfilling Overfilling

(d) Pass No. 3

[Case A [ [Case B] [Case Al I [ Case B

Overfilling Overfilling

UnﬁJIIing
|
(e) Pass No. 4

!
Overlﬁlling

(f) Pass No. 5

Fig. 6 Roll shapes designed and effective strain
distribution of exit billet by RMS (Case A) and
Geuze’s method (Case B)
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Table 5 Mean strain obtained by RMS (Case A) and
Geuze’s method (Case B)

Pass No. Case A Case B
1 0.22 0.29
2 0.61 0.70
3 1.27 1.59
4 1.47 2.11
5 1.94 2.75
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