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Development of the automotive industry, electronics, aviation and other modern branches of science and technol-

ogy has led to the need to produce thin (up to 0.01 mm thick) and the thinnest (up to 0.001 mm) high-quality band 

from high-alloy steels, non-ferrous and noble metals, obtained on multi-roll cold rolling mills. One of the main 

requirements for work rolls is a high and uniform hardness of the surface of the barrel after hardening, which should 

increase the wear resistance of the working layer, reduce the degree of its damage and, thereby, ensure the high qual-

ity of the rolled strip. An effective way to improve the quality of rolls with a diameter of up to 20 mm is surface laser 

hardening. In laser hardening of rolling rolls, a technological scheme was used, according to which the roll made  

a screw movement at preset speed relative to a fixed laser beam, which led to formation of a continuous screw track 

(spiral) of the hardened material on the surface of the roll. The minimal rotational frequency, at which uniformity 

of the active layer is observed, has been experimentally established, while laser hardening of samples with double-

sided water jet cooling turned out to be the most effective. The design of a sprayer device for cooling of rolls during 

laser processing is proposed, which provides a uniform active layer along the entire barrel length and significantly 

reduces buckling of rolls. The technology for the manufacture of rolls has been developed, which makes it possible 

to obtain work rolls for multi-roll mills with high operational resistance, and to improve the technical and economic 

indicators of production of precision band. Tests of the rolls made of Kh9VMFSh steel after laser hardening on the 

mill 300 showed reduction in wear by 1.5-2.0 times compared to the standard volume-hardened rolls and reduction 

in roll consumption from 0.22 to 0.11 kg / t.
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Introduction

Constructions of modern machines, aggregates and 

other equipment in different industrial branches use rath-

er often thin and thinnest (with thickness up to 0.01 and 

0.001 mm respectively) precision bands from high-alloy 

steels and non-ferrous metals, which are manufactured in 

multi-roll cold rolling mills [1-5]. At the same time, the 

technical standard documentation includes rather high 

requirements to accuracy of geometrical dimensions and 

surface quality (such important indicators as longitudinal 

and transversal thickness deviation and flatness of bands 

can be mentioned here) [6-8]. Dimensions and material 

of rolled thin sheets have the effect on allowable accuracy 

deviations of finished products. As a rule, thickness devia-

tion of rolled band is accepted less for more thick and less 

wide bands, usually it does not exceed 10 % from nominal 

thickness (sometimes it is not more than 1 %). 

Technical and economical indicators of rolling in 

multi-roll mills depends mainly on reliability and dura-

bility of the main technological tool – work rolls, which 

have the diameter within the range from 10 to 120 mm,  

depending on destination and constructive features of roll-

ing mill. It was established as a result of analysis of operating 

reliability of work rolls in multi-roll mills, that wear of their 

working surface is the main cause of their breakdown; it is 

connected with insufficient contact strength of roll barrels. 

Other defects are connected with bending and rotating de-

formation as well as volumetric strength, they have practi-

cally no effect on workability of work rolls. Thereby high 

and uniform hardness of hardened working surface of a roll 

barrel is considered as the main criterion of work roll qual-

ity in multi-roll mills, because it reduces wear of working 

layer and thus provides manufacture of rolled band with high 

quality of surface and geometrical dimensions. Choosing the 

material for fabrication of rolls for multi-roll mills requires 

taking into account also its technological properties (such as 

machinability by cutting, calcination ability etc. for steels).

Goal setting

Tool steels with high chromium content and some-

times hard alloys are mainly used as materials for rolls in 

multi-roll mills [9]. Steels with low chromium content 
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(such as carbon and low-alloy steels) are characterized by 

low calcination ability and susceptibility to brittle destruc-

tion, and are not practically used due to their low wear re-

sistance. It is recommended to use the steel of Kh9VMFSh 

type with high chromium content for manufacture of rolls for 

multi-roll mills, because such steel is characterized by deep 

calcination ability and possibility of achieving high hardness 

of work rolls surfaces, what provides good workability of these 

rolls under large contact loads [10]. Some constructions of 

multi-roll mills use also high-chromium steels of Kh12M 

and 110Kh12MF grades as material for work rolls. 

Finishing heat treatment aimed on forming of mar-

tensite with required concentration of carbon and alloy-

ing elements, which provides achieving of preset values of 

hardness, heat resistance and calcination ability, is one of 

the factors for getting the required operating characteris-

tics by work rolls. Additionally it is desirable to save fine 

austenite grains to prevent reducing of volumetric strength 

and toughness of steel during heating. Volumetric quench-

ing, quenching after heating by high frequency currents 

and high-temperature thermomechanical surface treat-

ment are usually used in manufacture of work rolls for 

multi-roll mills as a finishing heat treatment [11-13]. 

Surface laser hardening is considered as one of the most 

efficient methods for improvement of rolls quality with di-

ameter up to 20 mm; it has the following advantages [14-19]. 

1. Provision of high hardness, wear resistance, heat 

resistance and fatigue strength.

2. Possibility of use of laser treatment as a finishing 

operation, because buckling and varying of geometrical 

dimensions of rolls are practically absent, and it allows to 

decrease labour intensity of mechanical processing and to 

increase fabrication accuracy. 

3. High speed of austenitization and self-hardening, 

which provides obtaining of fine-grained martensite. 

4. Possibility of easy adjusting of processing procedures 

in order to obtain the preset parameters of hardened alloy 

and local strengthening of working surfaces.

5. High productivity and possibility of laser processing 

automation.

It is shown in the works [20-25] that use of laser hard-

ening of a roll barrel is rather efficient in manufacture of 

rolling rolls, because it leads to increase of service life of 

rolls and quality improvement of products. It is provided 

via creation of an active working layer with high physical 

and mechanical properties (such as hardness, heat resist-

ance, contact fatigue resistance etc.). 

Up-to-date level of laser equipment development al-

lows to consider laser as a tool for conducting contact-free 

accelerated processing of materials independently to their 

mechanical properties. Laser emission, due to higher in-

tensity of energy flow, provides more high speed of metal 

heating (2·103 - 105 °С/s) than conventional methods of 

surface hardening of rolls (quenching after heating by high 

frequency currents, high-temperature thermomechanical 

surface treatment and quenching by line frequency cur-

rents). Thus, necessity of use of special quenching me-

dium for forming the required microstructure is deleted, 

because efficient heat transfer from the surface (which 

was subjected to radiation) occurs due to interaction with 

internal metal layers; in this case average cooling rates 

during laser strengthening make usually 700-2000 °С/с.

That’s why use of surface laser hardening as a finish-

ing heat treatment during technological process of manu-

facture of work rolls for multi-roll mills increases their 

operating reliability and thus improves technical and eco-

nomical indicators of thin and thinnest band production.

Obtained results

The main parameters the of strengthened layer (such 

as microstructure, hardness, depth of hardened layer, sur-

face microgeometry etc.), which are obtained as a result 

of laser treatment, are determined by characteristics of 

continuous laser radiation (capacity, working period, di-

ameter of laser beam etc.). 

The special laser unit with gaseous СО2-laser having 

radiation capacity up to 5 kWt, was created on the base 

of a screw-cutting lathe and used in these investigations. 

The roll that is subjected to laser hardening, is positioned 

in the rotating mechanism centers, is forced to rotate and 

is moved relatively to a laser beam. Thus, the roll makes 

practically screw motion relatively to a laser beam, while 

the period of laser beam effect can be adjusted within 

rather wide range by varying beam motion speed relatively 

to processing surface, owing to variation of roll rotation 

frequency and support stand travel speed. As a result, 

continuous screw path (spiral) of strengthened material 

with pace ssp is forming on a roll surface; its value can be 

determined voa the formula:

ssp =            mm,
60·V

n

where V – speed of support stand motion of translation, mm/s;

      n – frequency of roll rotation, min-1.

Uniform values of hardness and depth of hardened 

layer along roll barrel length stipulate preference of equal-

ity between spiral pace ssp and laser beam diameter db,  

i.e. ssp = db, because if ssp > db, then a layer of non-

strengthened metal with width (ssp -  db) between the 

paths of strengthened metal, while if ssp < db, overlapping 

of spiral convolutions occurs, which can lead to forming of 

tempering areas with reduced hardness. It is not desirable 

for rolls of multi-roll mills, which operate under high and 

varied loads; additionally, heterogeneity of physical and 

mechanical properties of working surfaces of rolls leads to 

deterioration of quality of rolled bands. 

Investigations have shown that minimal frequency of 

rolls rotation nmin, which provides homogeneity of physi-

cal and mechanical properties of a surface layer along roll 

barrel length, depends on the speed of its translational 

motion and laser beam diameter. Quality of laser harden-

ing was assessed by presence (or absence) of strips and 

uniformity of hardness values for the strengthened layer. 

Tempering areas for overlapping of spiral convolutions are 
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absent during homogenous laser hardening, while hard-

ness gradient in the surface layers along the samples does 

not exceed 2 HRC units. Minimal rotation frequency that 

is necessary for uniformity of the active layer was estab-

lished experimentally. Macro-pictures of the surface and 

dependencies of minimal rotation frequency, which pro-

vide uniformity of surface laser processing of rolls with 

diameter dr = 15 mm after spiral laser hardening with 

specific capacity of laser radiation q = 0.3 kWt/mm2, are 

presented on the Fig. 1 and Fig. 2 as examples. 

Microstructure of the active layer of rolls during laser 

treatment consists of fine acicular martensite (97 %) and 

residual austenite (3 %), what increases operating param-

eters of rolls and improves strip quality. To obtain mar-

tensite structure during laser hardening, metal cooling 

speed should exceed the critical values for this metal.

It was established that laser hardening of small diameter 

rolls at small processing speeds is accompanied by undesirable 

heating of their core, which leads to their overheating. It is con-

nected with the fact that the speed of heat distribution of laser 

radiation in a roll body exceeds the speed of laser spot travel 

along its axis. Thereby it is required to apply forced cooling of 

rolls near the laser processing area to avoid this disadvantage. 

The jet water cooling method has become widespread prac-

tically; it provides high intensity of heat transfer and its rather 

simple adjusting via varying of cooling fluid consumption.

Three cooling routes, where cooling fluid (water) was 

fed in the area of laser heating on the processing surface via 

jet method using special devices (sprayers) are considered.  

1 2 3
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Fig. 2. Dependence between minimal rotation frequency, providing 
uniformity of surface laser processing of rolls with diameter 
dr = 15 mm, and speed of translational movement, with 
specific capacity of laser radiation q = 0.3 kWt/mm2 and 
laser spot diameter ds = 3.5 mm (1), ds = 3.0 mm (2) and 
ds = 2.5 mm (3).

a b

c d

Fig. 1. Surface of the samples with diameter 15 mm made of steel Kh9MVFSh after spiral laser hardening at q = 30 kWt/cm2,  
V = 3 mm/s, db = 2.5 mm and n = 100 (а), 300 (b), 700 (c) and 1500 (d) min-1.
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The first route include water feeding only to the entrance 

of the laser heating area, the second route – only to the exit 

from the laser heating area, the third route was based on si-

multaneous water supply both to the entrance and to the exit 

of the laser heating area. Additionally, the experiments with-

out supply of cooling water were conducted for comparison.

When conducting the experiments, the samples with di-

ameter 15 mm and length 100 mm made of steel Kh9VMFSh 

were used. They were subjected to preliminary heat treat-

ment – oil quenching from the temperature 1080��С until 

achieving hardness 60-61 HRC. The above-mentioned cool-

ing routes were analyzed for the following values of techno-

logical parameters of laser radiation: Р = 3 kWt; laser spot 

diameter ds = 2 mm; roll rotation frequency n =6000 min-1; 

speed of translational motion V = 2 mm/s. Water consump-

tion QW = 0.04 l/s was determined empirically. The experi-

mental results are presented in the Table 1. 

Analysis of the obtained data shows that the cooling 

route 3, providing laser hardening with water supply to the 

entrance and the exit of the laser heating area, was the most 

efficient one. More intensive cooling with double-sided 

water feeding finalizes in the fact that core temperature of 

billets does not vary practically the thereby does not influ-

ence on cooling rate of metal surface layers, which were 

heated up to the temperature of phase transformations. 

To realize double-sided jet water supply (both to the 

entrance and the exit of the laser heating area), the special 

cooling device (sprayer) was developed, its construction is 

presented on the Fig. 3. 

This device for double-sided cooling of rolls during laser 

hardening (sprayer) includes copper shell 1 with a hole (exit 

window) 9 for laser beam passing. At the same time, shell 1 

plays also a reflecting function owing to its mirror internal 

surface, which increases laser treatment efficiency due to use 

of additional heating of roll surface by reflected laser radia-

tion. Ring cavities (chambers) 2 and 3 respectively are con-

structed in the shell for supply of cooling water and protective 

gas. Water enters the chamber 2 through the entrance holes 4 

and then it is fed on a roll through the exit channels 6 outside 

the laser treatment area. Gas enters the chamber 3 through 

the entrance hole 5 and then it is fed through the exit channel 

7 in the laser treatment area. Necessity of gas (air or inert gas) 

supply to the laser treatment area is stipulated by protection 

of rolls surface and optical system elements from splashes 

of cooling water and burning products. Supply of cooling 

water and gas also helps in sprayer shell cooling during laser 

hardening. To prevent possibility of targeting reflected laser 

radiation in the laser optical system, axial direction of the 

entrance hole 9 is located under small angle to perpendicular 

of a roll barrel. It also helps to improve safety for the person-

Table 1. /����	$�������	�
���
�	+���
�!���	�
��$��	����	�
�����	�����	�����	�
���� ���	�
�������������� ���$���

Parameter
Cooling route

Route 1 Route 2 Route 3 Route 4
Depth of hardened layer, mm 1.5 1.0 2.0 0.6

Surface hardness, HRC 65-66 64-65 67-68 56-57
Comments. Route 1. Water supply to the entrance of the laser heating area.

Route 2. Water supply to the exit from the laser heating area.
Route 3. Water supply to the entrance and the exit of the laser heating area.
Route 4. Without cooling.
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Fig. 3. Scheme (а) and external view (b) of the device for double-sided rolls cooling during laser hardening: 
1 – shell; 2 – water supply chamber; 3 – gas supply chamber; 4 – entrance hole for water supply; 5 – entrance hole for gas 

supply; 6 – channels for water supply; 7 – channels for gas supply; 8 – roll; 9 – exit window for laser beam

a b
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nel, because exit of reflected laser radiation from the sprayer 

shell is impossible. 

Practical valuability of this work consists of the fact 

that the obtained results were used for development of 

the technology for rolls fabrication, which includes the 

following operations: oil quenching from the temperature 

1080 °С, laser hardening and tempering at the temperature 

560 °С during 1 hour. It helps to achieve high hardness of 

an active layer (68 HRC), low level of residual stresses, 

increased heat resistance (60 HRC at the temperature up 

to 600��С) and high ductility of rolls core. 

Wear resistance of the steel Kh9VMFSh in the condi-

tions of benchmark tests increases after laser hardening by 

1.5-1.6 times in comparison with volume-hardened steel. 

High mechanical properties of the active layer promote 

rising of operating resistance by 2/1-2.5 times. Experience 

of operation of rolls made of steel Kh9VMFSh in the roll-

ing mill 300, after their laser hardening, displayed decrease 

of wear resistance by 1.5-2.0 times in comparison with 

conventional volume-hardened rolls, and reducing of rolls 

consumption from 0.22 to 0.11 kg/t. No metal adhesion 

on the working surfaces of rolls was noted during rolling 

of thin (0.012x200 mm) brass strip. At the same time, the 

number of appearances of strip flatness defects reduced 

due to increased stability of roll shape. The number of 

strip bursting accidents decreased by 1.5-2.0 times, strip 

surface cleanness rises from 7th to 8th roughness grade.

Conclusion

The construction of device for jet cooling of rolls during 

laser processing was suggested; it provides obtaining of the uni-

form active layer along whole roll barrel length and substantial 

decrease of rolls buckling. The technology of rolls fabrication, 

which allows to manufacture work rolls for multi-roll mills with 

high operating resistance and to improve technical and eco-

nomical indicators of precise band production, was developed. 

Pilot-industrial tests of rolls made of steel Kh9VMFSh 

after laser hardening in the rolling mill 300 displayed de-

crease of wear resistance by 1.5-2.0 times in comparison 

with conventional volume-hardened rolls, and reducing of 

rolls consumption from 0.22 to 0.11 kg/t. No metal adhe-

sion on the working surfaces of rolls was noted during roll-

ing of thin (0.012x200 mm) brass strip. The number of strip 

bursting accidents decreased by 1.5-2.0 times, strip surface 

cleanness rises from 7th to 8th roughness grade.
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