
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-8, Aug.-2017 
http://iraj.in 

Roll Mold Patterning Technology for Lubrication Function of Cold-Rolled Steel Sheet 
 

110 

ROLL MOLD PATTERNING TECHNOLOGY FOR LUBRICATION 
FUNCTION OF COLD-ROLLED STEEL SHEET 

 
1MANSOO BAE, 2KYUNGHAN KIM, 3JINHO PARK 

 
1,2,3Advanced Production Equipment Research Division, Department of Laser & Electron Beam Application 

E-mail: 1msbae5529@kimm.re.kr, 2khkimm@kimm.re.kr, 3jinho@kimm.re.kr 
 

 
Abstract- Surface texturing technology has been actively developed to improve the strength, friction reduction and 
workability of steel sheet. The surface texturing of the steel sheet is performed by patterning the surface of the cold-rolled 
roll with a specific roughness and transferring the pattern to the steel sheet through rolling. In this paper, describe non-
contact laser patterning technique using nanosecond laser of chrome-plated cold rolling roll, surface roughness analysis and 
lubrication friction analysis through 3D profile of micro pattern. First, laser processing parameters were optimized to obtain 
a specific surface roughness. Secondly, using the commercial numerical analysis program, the shape of the pattern 
performed on parameter simulation including the size, width, and depth. Based on simulation result, developed the 
lubrication friction-reduction pattern. The friction coefficient reduction effect could be expected when the simulation result 
pattern depth was 20㎛ or less.  Finally, surface roughness of steel sheet is one of the key characteristic determining final 
appearances after painting. The functionality pattern was transcribed to the steel sheet through the rolling. The Ra parameters 
predict model was proposed from the transfer surface roughness ratio of steel plate measured. 
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I. INTRODUCTION 
 
The cold-rolled steel sheet has an excellent surface, 
strength and workability, and mass production 
capability. Therefore, it is used as the outer plate of 
automobiles and home appliances [1]. The surface 
condition of the steel sheet used as the outer plate is 
very important since it is painted after molding. 
These cold-rolled steel sheets have been researched 
and developed in terms of high strength and 
workability [2, 3], and have been focusing on 
developing high strength and high strength forming 
products and improving quality in light of the 
automobile industry. Since the automotive exterior 
panel material is required to have a high color quality 
and is subjected to surface treatment or painting after 
molding, the surface condition of the final product is 
closely related to the surface condition of the steel 
plate [4-8]. Surface treatment technologies for high-
performance steel sheets have been developed in 
various ways and are evolving into SBT, EDT, EBT 
and LBT processes. Conventional techniques use 
rolls of appropriate roughness and waviness by 
machining the surface states of cold-rolled and 
tempered rolls in a specific mode (negative or 
positive) using electrical discharge machining. Most 
of the high-strength cold-rolled steel sheets produced 
through such surface treatment technology. In 
addition, studies have been made to improve the 
surface condition of the hot-dip galvanized steel 
sheet, but the results of hot galvanizing, alloying heat 
treatment and temper rolling have not been 
satisfactory. Therefore, surface treatment technology 
for high-performance steel sheet has been developed 
variously and has evolved into SBT, EDT, EBT and 
LBT processes. The laser patterning process for the 
surface treatment has the advantage of being able to 

form a pattern in comparison with the conventional 
SBT (Shot Blast Texturing) and EDT (Electro 
Discharge Texturing) processes, and having excellent 
repeatability of the functional steel sheet. The 
moldability of the steel sheet is closely related to the 
friction coefficient between the steel sheet and the 
press surface during press working. When the 
coefficient of friction between the steel sheet and the 
surface of the press is high, it causes various damages 
including damage to the steel sheet. In order to lower 
the coefficient of friction between the steel plate and 
the press, it is known to be useful for lowering the 
coefficient of friction at high pressure and high speed 
by supplying and storing lubricant to a certain dimple 
pattern shape [9-11]. In the case of a conventional 
steel sheet, the embossed shape produced by chrome 
plating on the surface of the processing roll is 
transferred to the steel sheet to form a fine embossed 
surface [12-18]. By storing the lubricating oil 
between the fine embossed shapes, the coefficient of 
friction with the press is lowered. In the case of 
conventional steel sheets, the embossing phenomenon 
is not uniformly formed, and it is difficult to obtain a 
constant coefficient of friction. In this study, we 
propose a method to predict the surface roughness of 
a steel sheet after rolling from a standardized pattern 
by developing a lubricating friction reduction pattern 
by shaping factors such as pattern shape, size, and 
spacing for high performance steel plate 
development. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Pattern Design and Verification 
Commercial numerical analysis software was used to 
design the friction reducing function of the rolled 
steel sheet and the pattern with the strategic Ra value. 
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One pattern and one pattern interval were set to L = 
420㎛ and Navier-Stokes equation was used. 
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From the above equation, we derive the relation of 
dimensionless friction force (F*F/PA) at various 
pressures. Fig. 1 shows a schematic of a dimple 
pattern. W: pattern size, d: pattern gap, h: pattern 
depth. In order to verify the simulation results, the 
friction coefficient was measured after machining the 
pattern on the steel plate. The dimension of the 
pattern used in the measurement is shown in Table 1. 

 
Fig.  1. Roll mold laser pattern Schematic 

 
Table.1: Dimple pattern parameters 

 
 
2.2. Laser Patterning System 
The system was fabricated using a chrome-plated 
cold-rolling roll and a 1064 nm, 20 W fiber delivery 
lasers. The fiber delivery system is excellent in beam 
quality and reliability, and can be processed for a 
long time without degradation of output, and 
resolution of at least 10 ㎛ is possible. Also high-
speed patterning of 1 ~ 2 m/s is possible by applying 
a galvanometer scanner. The fiber delivery laser was 
set to remove the area of 20㎛ width and 10㎛ depth 
per pulse. The roll mold patterning process was 
performed using an average power of 2 W and a pulse 
repetition rate of 200 kHz. The laser pattern process 
technique was configured to remove the roll mold 
material and leave the remaining portion to form a 
positive pattern. 

 
Fig. 2. Scanner - Stage Roll Mold Laser System 

 
Fig. 3 Method for removing roll material using galvanometer 

scanner and forming emboss pattern 
 
2.3. Laser patterning parameter optimization 
Optimization of laser process parameters is required 
for the production of steel plates with specific 
roughness. Patterns that are uniformly processed 
through optimization allow the transfer of patterns 
with excellent reproducibility during cold rolling. In 
addition, since the patterning is performed for all 
areas of the roll, optimized conditions shorten the 
processing time. Optimized parameters are needed 
because the size and depth of the processed pattern 
are closely related to the friction coefficient. In order 
to optimize laser patterning, line width experiments 
were performed under various conditions. The effects 
of repetition rate and speed were confirmed by the 
process parameters of 1030 nm, 5.16 W, and 
processing speeds of 50, 100 and 150 m/s. 
 
2.4. Analysis of friction coefficient and surface 
roughness 
Analysis of the pattern was carried out by transferring 
the pattern of the roll mold to the steel sheet through 
rolling. The coefficient of friction, surface roughness 
of the pattern transferred to the steel sheet were 
measured and compared with the existing reference 
steel sheet. The coefficient of friction was measured 
using a repetitive friction tester under the conditions 
of stroke 15 mm, v = 40 HZ, and normal force = 150 
N. Surface roughness measurements were made with 
Hirox 3D profiler for cut off 0.08. In order to measure 
not only the transferred surface roughness of the steel 
sheet but also the surface roughness of the pattern 
processed on the roll mold, the block was inserted 
into the roll mold. The block roll was made of the 
same material as the existing roll mold by performing 
chrome plating and heat treatment, and the surface 
roughness was measured by separating after 
patterning.  
 
III. RESULTS AND DISCUSSION 
 
3.1. Pattern design factor influencing lubrication 
friction reduction 
The pattern density is defined as follows from Fig. 1. 

γ = 	                                       (2) 
The density of the pattern can be increased or 
decreased by determining the sizes of W and d. Fig. 4 
and Fig. 5 show the results of numerical analysis. 
When the pattern density is 10%, the coefficient of 
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friction increases sharply as the pattern depth 
increases from 30㎛ to 80㎛. From the results shown 
in Fig. 5, the effect of decreasing the friction 
coefficient sharply decreased to 30% of the pattern 
density. At the density higher than that, the 
coefficient of friction reduction effect was less than 
the previous results.  

 

 
Fig. 4. Simulation result of pattern depth and friction 

coefficient at pattern density 10% 

 
Fig. 5. Simulation result of pattern density and friction 
coefficient at pattern depth 30㎛, pattern width 420㎛ 

 
3.2. Pattern width/depth change by laser repetition 
process and speed 
In order to confirm the line width variation of the 
pattern due to repetitive processing in the roll mold 
laser processing, the number of processing was 
increased 1 to 50 times at processing speeds of 50, 
100 and 150 m/s. As can be seen from the microscope 
image of Fig. 6 and the result of Fig. 7 line width 
graph, the line width change gradually increases as 

the number of processing is increased. The line width 
increase of 50 mm/s is larger than the other two 
conditions. On the other hand, it can be seen that the 
depth variation shown in Fig. 8 is larger for the 
increase of the processing times. The results for the 
machining speed are similar to those for the line 
width measurement. At 50 m/s, the increase in pattern 
depth shows a sharp increase over the other two 
results. In the high speed processing area of 150 m/s 
and 200 m/s, the depth variation showed similar 
results. As the laser energy injected into the material 
is injected at a low speed of 50 m/s compared to other 
speeds, the line width and depth increase are larger 
than the other two results. The depth of the pattern is 
one of the parameters that must be controlled at the 
time of pattern processing because it is an important 
factor to increase the frictional force. From this result, 
it is possible to process the designed pattern depth 
and pattern size by controlling the number of 
repetitions and processing speed in pattern 
processing. High processing speed is possible by 
increasing the speed. However, the processing speed 
also affects the pattern depth. Therefore, it is 
necessary to optimize the number of repetitions and 
the speed because the pattern depth decreases at high 
speed processing. 

 

 
Fig. 6. Microscope image of pattern width and depth change by 
the processing number of times (a : 1, b :5, c: 10, d :20, e : 30, f : 

40, g : 50 cycles) 
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Fig. 7. Change of pattern width by number of processing 

 
Fig. 8. Depth change by number of processing 

 
3.3. Lubrication friction behavior according to 
pattern size 
The lubrication friction was measured for three kinds 
of samples having different pattern densities as 
mentioned above. The three kinds of samples used in 
the experiment were laser processed on the roll mold 
to form an embossed pattern and the pattern of the 
engraved pattern transferred to the steel sheet through 
rolling was measured. Each sample has a pattern size 
of 40, 60 and 80㎛ and a sample gap of 40㎛. The 
coefficient of friction shows a similar friction 
behavior between the ref sample (non-pattern) and 
the textured sample for an elapsed time of 20 s. As 
the time elapses, the coefficient of friction increases 
gradually for non-textured samples and the 
coefficient of friction for textured samples does not 
increase with time, showing similar behavior to the 
initial behavior. From the results mentioned above, it 
can be seen that the wear of the ref sample increases 
with time, and the wear of the textured sample 
proceeds relatively late due to the increase of the 
lubricity by the dimple pattern. From the results 

shown in Fig. 9, it can be seen that the coefficient of 
friction decreases as the pattern size increases from 
40 to 80㎛. This can be explained by the fact that as 
the pattern size increases, the oil storage amount 
increases and the lubricity further increases. 
 

 
Fig. 9. The variation of friction coefficient of three kinds of test 

specimens with different pattern sizes 
 
CONCLUSIONS 
 
A scanner based laser processing system was 
fabricated for cold rolling roll pattern processing. The 
maximum machining area through the scanner is a 
40x10 mm area, and the entire roll can be patterned 
step by step. A friction reduction pattern was 
designed through simulation and it was verified by 
measuring friction coefficient. The resulting pattern 
parameters are 30 % density, 20㎛ depth, and 80㎛ 
in size. For the optimization of the laser patterning 
process technology, experiments on the processing 
speed and iteration were performed. The depth of the 
pattern increased linearly as the machining speed 
decreased and the machining frequency increased. 
Through the optimization, the depth of the pattern 
processed in the roll mold could be reduced to less 
than 20㎛. In order to verify the effect of reducing 
the friction coefficient of the designed pattern, the 
friction coefficient of the 40, 60, and 80㎛ patterns 
was decreased and the coefficient of friction 
decreased as the pattern size increased. The reduction 
of the friction coefficient by the elongation rate was 
negligible and the effect of lubricating friction 
reduction was larger in the pattern size than the 
pattern depth. The results show that the friction 
reduction function of the designed pattern can be 
verified. The result that the surface roughness 
converges on the surface roughness of the roll mold is 
a result of an increase in the transfer rate due to an 
increase in elongation. The effect of friction reduction 
on the uniform pattern generated by laser patterning 
was derived and the behavior of the surface 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-8, Aug.-2017 
http://iraj.in 

Roll Mold Patterning Technology for Lubrication Function of Cold-Rolled Steel Sheet 
 

114 

roughness and friction coefficient of the pattern was 
confirmed through the change of the elongation of the 
steel sheet. The Ra value of the pattern transferred to 
the steel sheet through the change of the elongation 
rate from the surface roughness value of the roll mold 
can be utilized. 
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