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Adjustment of Roll Gap for The Dimension Accuracy of Bar in Hot Bar
Rolling Process

Dong Hwan Kim*, Byung Min Kim*, and Youngseog Lee**

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 Coc;:pez;l;z)[m Heat Treatment
Tensile Strength (kg/mn’) 35-55 € 3.20-3.60. Si+ 1 40-2.20
pci Elongation (%) 0.2-0.5 Mn: 0.30-0.60, Ni:1.60-2.30 Stress Relief
Impact Value (kg.m/cm’) 0.2-0.5 Cre 0.30-0.80. Mo-0.20—0.60
Hardness (Hs) 55/60 C R )
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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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Equation of termal softening for Conventional DCI Redl
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Table 2 The conditions of FE-simulation for hot rod
rolling processes

Process Ipass: Jpass:
Conditions round-oval oval round
Rod temperature ( °C) 1100 1100
Roll temperature { °C) 300 300
Rod diameters (mm) 60 -

Roll diameter (mm) 320 320

Roll gap (mm) 3.25 3.25

Roll velocity 34rpm 34rpm
Friction factor {m) 0.7 0.7
Lubricant No No

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

processes
Process Ipass : Jpass
ltems round-oval oval round
Section area (mm’) 2076 1658
Contact area (mm’) 2300 1260
Wide spread (mm) 68.2 42.6
Area reduction (%) 39.2 20.0
Max. slip ratio (%) 4.35 1.77
Average slip ratio (%) 193 1.77
Load (kN) 162 87.5
Contact time (sec) 0.1348 0.112
Min. rod temp.  (°C) 675 673
Max. roll temp.  (C) 440 442
Average effective strain 0.525 0.431
EFFECTIVE STRAIN
0.318
0.353
0.388
0.423
0.458
0.493
0.528
0.598
WS SUETE FSUNE NUEE FEUEE R
[} 10 20 36 40 %0
(mm)
(a) Round-oval pass
30 B
20 EFFECTIVE STRAIN
F 0.283
10 |- 0.313
E F. . 034
- 03714
50 - 0.403
- o 0,433
-10 £ 0.463
u 0.521
20
|- Shape in experiment
oo L b
-40 -30 -20 -10 30 40 SO

0 10 20
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(b) Oval-round pass
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 rod rolling processes

(a) round-oval process

(b) oval-round process

Fig. 7 Profile of relative velocity in contact area in hot rod rolling processes
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Fig. 8 Flowchart for prediction of wear profile
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Table 4 The prediction results for adjustment of roll gap
using neural network

Input data for neural network NN results
- Quput
Input luver layer Output
Rolling process o
g process 1/4section Wear W“”.
v2 depth for
. area depth h
(rm) (o) (mre) adjustment
(mm)
iniial | _34.10 | 5191500 [ 0.000]
1000wn | 33.94 | 3524.2440 | 0418 04152
Training | 200010on_|_33.78 | 528.3363 | 0.704 0.7039
Data 30000n_|_33.60 | 3335922 | 0.961 0.9615
Round 400010n_| 3342 | 5364855 | 1215 12146
w0 5000ion_| 3325 | 539.9810 | 1430 14298
Oval ‘ 10001on_|_33.94_|_319.1500 - 0.1555
P ’.““""_i‘l‘l’" 2000on | 33.78 | 519.1500 ‘ 03359
Y ";“I‘J 3000ton | 33.60 | 5191300 B 03361
adjustment | A000ion_| 33.42 15191500 - 0.7163
S0001on_|_33.25 | _519.1500 - 0.8829
Initial | 2130 | 414.3100 0 0.0007
1000wn_| 2012 | 4182443 | 0.3 03435
Training 2000t0n | 20.98 421.7150 0.533 0.5323
Data 3000ton | 2075 | 4253511 | 0.709 0.7102
Oval 4000ton | 2049 | 4291050 | 0923 0.9260)
o S000ton_| 2030 | 4332213 | 1115 11748
Round dict 1000on | 2112 414.5100 - 0.1573
P ’.""‘"[‘[’” 2000ton_| 20.98 | 4143100 - 0.2776
/"’a"’ 3000on_| 2075 | 4145100 . 04414
| gap 4000t0n_| 2049 | 4145100 - 0.5775
5000tn_| 2030 | _414.5100 - 0.6617
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