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Adjustment Of Roll Gap For The Dimension Accuracy Of Bar In Hot Bar Rolling Process
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ABSTRACT

The objective of this study is to adjust the roll gap for the dimension accuracy of bar in hot bar rolling process

considering roll wear. In this study hot bar rolling processes for round and oval passes have been investigated. In order to

predict the roll wear, the wear model is reformulated as an incremental form and then wear depth of roll is calculated at each

deformation step on contact area using the results of finite element analysis, such as relative sliding velocity and normal

pressure at contact area. Archard’s wear model was applied to predict the roll wear. To know the effects of thermal softening

of DCI (Ductile Cast Iron) roll material according to operating conditions, high temperature micro hardness test is executed

and a new wear model has been proposed by considering the thermal softening of DCI roll expressed in terms of the main

tempering curve. The new technique developed in this study for adjusting roll gap can give more systematically and

economically feasible means to improve the dimension accuracy of bar with full usefulness and generality.
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Table 1 The properties of the DCI roll materials

Roll Material Mechanical Properties cﬂjﬁiﬂns Heat Treatment
Tensi:[’; ;v’z';earfgz %/mm") 03%55 C: 3.20-3.60, Si: 1.40-2.20
bci Impact Value (kg.m/cm’) 0: 2-0: 5 g,{: 00_'3300__00"9600' A];Zf) gz__z ';g Stress Relief
Hardness (Hs) 55/60 T T o ’
ot 2o alHel T3 A3 o] A F Ao} o disk 7“3 5-(Two/Three Pin-on-disk Type), 712 Z o]
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Fig. 2 Process of thermal softening experiment

Fig. 3 Inside view of high temperature micro hardness

tester
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Fig. 4 Master tempering curve of DCI roll
A71A, T8 2FeIn 1 & Aztoltk DCI £ -
B8 21 (Main Tempermg Curve)& Fig4 °ll LHJ(LH
gk F oalwE 2 2yl Azte] wE
sebvie) 3 B E(Hv)skel wAE dEbd Zloln,

DCI #ell thako] 4(3)3h zrol 2abshairt.
H=(4-B)/(1+exp((M-C)/D)+B  (3)

o171 4, B, C 18l D = ¥¥Y i
A gelvl, DCI &ol ik W Ay e 7
FE A:28729, B:-1125.74, C:22.0, D:1.81 o[t}

%Xé«‘i DCI &9 whd A= 8.096x10° o] QAo

1 &9 ddst @48 w98, 43 & vhdey
iﬁii%“)ﬂ Yol &Eop Mz uhE npE

& &gt

3. A Aoixe d¥EY

E ATela e AA diddF el s g
329 & vidald Z2aded FENS BFE)
ske], AAA WA round-oval F FHA HX,
oval-round AT e o g otd Mg o3}
Atk wA, atdsN e doly H5S gl 4% &
dEAe KL E FYIFAH

A, SMI10C o i FFIEHAL SL2TRB,

; Ene g4 51 slda‘“ o

2 2AAH L

60mm,

Z7IAASEE 1100°C 2831 §9 2INLEE
300°C 2 7 etga, 249 &9 vt em)s o
RLE R )

;gi?}‘?‘i’ﬁﬁﬂﬂ]’ﬂ HeHI Qe
0.7 2 7Hdsted, AN A< round-oval ¥ E 7
FHA gl oval-round A9 AP & FHst
odt;}[ﬂ ;r?. 7.1/5] 6_/6] 51_'% 310mm o] i, _l,ﬂ_Ll-
A5 E 34rpm OIL} I3 WL 325mm £ &
For olu trAZAHS AWA A round-oval
T A M = 39.2%0] 2, THA 2, oval-round TA
ol A 3= 20%0] u},

Table 2 o sl e] A=A E
A% Table 3 of FelstRrt A
2 Aol A ¢ F4s v

o

vGepgla, -
A F, *;1632
o} Fig5 o v}eb
ek Ay ZA, Aoz dojzl A OH
oo F AR, FH LA HEFAMY F

of Huf AFeEs W aAle] AWELE round—oval
FA oA zHzh 440°C , 675°C ©| 12, oval-round & %
o) = Z+z} 442°C, 673°C °] et

= of [‘J

A

Table 2 The conditions of FE-simulation for hot bar rolling

processes
Process 1pass: 2puss:
Conditions I ouml-ovul oval-round
Bar temperature (°C) 1100 1100
Roll temperature { C) 300 300
Bar diameters (mm) 60 -
Roll diameter (mm) 320 320
Roll gap (mm) 325 3.25
Roll velocity 3drpm 34rpm
Friction factor (m) 0.7 0.7
Lubricant No No

Table 3 The results of FE-simulation for hot bar rolling

processes
Process Ipass : Zpass
Trems round-oval ovael-round
Section ureq {mm:) 2076 1658
Contact ared (mm’) 2300 1260
Wide spread (mm) 68.2 42.6
Area reduction (%) 39.2 20.0
Mux. slip ratio (%) 4.35 1.77
Average slip ratio (%) 193 1.77
Loud (kN) 162 87.5
Contact time (sec) 01348 0112
Min._bar temp. () 675 673
Max. roll temp._ (C) 440 442
Average effective struin 0.525 0.431
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Fig. 5 The shape of exit from FE-analysis compared with experimental results
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Fig. 6 Profile of relative velocity in contact area in hot bar rolling processes

(a) round-oval process

(c) oval-round process

Fig. 7 Wear profile in hot bar rolling processes
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Table 4 The prediction results for adjustment of roll gap
using neural network

Input data for neural network NN results
Qutput
Input layer Iayz , Output
Rolling process Wear depth
y2 1/4section Wear Sor
(mm) | area (mm} depth adjustment
(mm)
(mm)
initial 34.40 519.1500 0 0.0001
100010n 33.94 524.2440 0.418 0.4182
Training 200010n 33.78 528.3363 0.704 0.7039
Data 3000w0n 33.60 3335922 0.967 0.9613
Round 4000ton 3342 536.4855 1.215 1.2146
to 5000t0n 33.25 339.9810 1.430 14298
Oval L 100010n 33.94 3519.1500 - 0.1555
P ’”"”'ﬁ”’ 2000r0n_ | 33.78_|_ 519.1500 - 0.3359
f”;ﬂ'; 000ign_| 3360 | 319.1500 - 033671
i 400010n 3342 319.1500 - 0.7163
5000ron 3325 519.1500 - 0.8829
Initial 21.30 414.3100 [ 0.0007
1000t0n 2412 4718.2443 0.344 0.3435
Training 2000100 20.98 421.7150 0.533 0.5323
Dara 3000ton 20.75 425.3511 0.709 0.7102
Oval 4000ton 20,49 429.1050 0.925 0.9260
to 300010n 20.30 433.2213 1113 1.1148
Round Prediction 1000t0n 2442 414.3100 - 0.1573
Sfor roll 2000t0n 20.98 414.5100 - 0.2776
gap 3000t0n 20.75 414.5100 - 04414
adj rent 4000t0n 2049 414.5100 - 035775
5000i0n 20.30 414.5100 - 0.6617
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Fig. 10 Adjustment of roll gap for uniform section area

using neural network in round-oval process
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Fig. 11 Adjustment of roll gap for uniform section area
using neural network in oval-round process
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