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The tribological properties of laser hardened steel 42CrMo4

Właściwości tribologiczne stali 42CrMo4 hartowanej laserowo

The paper presents results of research tribological properties laser hardened steel 42CrMo4. Parameter influencing on the
quality of the hardened surface was laser head speed. The study was conducted on friction tester pin-on-disc type T-11, and
a counter sample disc was silicate. Parameter determining the quality of the surface layer is the intensity of wear. Based on the
results we obtain information about the laser head speed to temper steel 42CrMo4 so as to maintain a high resistance to wear.
Keywords: laser hardened, tribological properties, steel 42CrMo4, abrasive wear
W pracy przedstawiono wyniki badań właściwości tribologicznych stali 42CrMo4 poddanej hartowaniu laserowemu.
Parametrem wpływającym na jakość hartowanej powierzchni była prędkości głowicy lasera. Badania tarciowe przeprowadzono
na testerze typu trzpień-tarcza T-11, a przeciwpróbkę stanowiła tarcza silikatowa. Parametrem wyznaczającym jakość
uzyskanej warstwy była intensywność zużycia. Na podstawie wyników badań uzyskujemy informację, z jaką prędkością
głowicy możemy hartować stal 42CrMo4 tak aby zachować wysoką odporność na zużycie ścierne.

1. Introduction
By using high-energy surface modification methods
of metal materials, new utility properties can be obtained
[8]. One of these methods is laser hardening. It is generally
used in the production of agricultural machinery working
elements, as well as for line elements during production of
building products, like: silica brick, concrete pavement [67]. Laser hardening position allows for precise control of
process parameters. Laser heads are computer controlled.
It allows for precise hardening of selected parts of the
elements. This saves hardening time and eliminates the
need for heating the element. Positions allow for a smooth
change of parameters, e.g. laser beam power, head speed.
The disadvantage of solutions can be formation of the
surface with different properties[9-14]. This may be due to
mismatched distance between hardening tracks. When this
distance is too large, it can be observed the unhardened area
of elements. If the distance between the tracks is too small,
it occurs the annealing areas, which reduces the surface
hardness[15-18].
In order to improve the plastic properties of hardened
surface the laser-hardening process is connected with
micro jet cooling system[1-5]. This causes changes in
the microstructure of the surface layer. Depending on the

cooling gas can get structure of grained martensite. In the
case of different types of steel (e.g. NC6, 20MnCr5) the
intensity of consumption drops a few to several percent
compared to traditional methods of hardening[3].
Alternative methods for the minimizing of wear
intensity may be the cladding methods of high erosionabrasion resistance coating, for example cemented carbides,
ceramics materials[19-21]. Often the process of applying
such coatings is expensive and laborious. In some cases,
the applied coatings are brittle, which eliminates them from
the parts of applications. Laser hardening appears to be
an inexpensive method, which allows high interference in
process control, and obtaining the high-quality surface, e.g.
with high abrasion resistance[1,5].
2. Experimental procedure
The steel 42CrMo4 is selected for research. It is used for
heavily loaded machine elements, which may be exposed to
varying loads[16-17]. It is also used for components exposed
to heavy wear, for example plate molds for the production
of silicate. Made samples had the shape of a cylinder with
a diameter of 6 mm. Their front surface was subjected to laser
hardening (Fig. 1) and then tested for abrasion resistance.
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Hardening parameters for each sample are given in Table 1.
Laser hardening parameters

Fig. 1. The sample surface after laser hardening

The hardening process was performed in the laboratory of
the Institute of Technical Physics of the Academy of Sciences of
Belarus in Minsk with the use of position “Kometa-UNILAM”
(Fig. 2). Used laser module is characterized by continuous
radiation wavelength λ = 10.6 m and maximum power of 1
kW. The head of the unit is controlled by computer. Table
positioning accuracy is 0.1 mm. The lens is made of sodium
chloride and has a focal length of a radius of 200 mm. The
laser beam during the hardening process of the front surface
of sample leaves traces in the form of tracks. The distance
between the trucks is 1 mm (Fig. 3). For the test, 4 parts of
samples were prepared. Each part consisted of 5 samples with
identical hardening parameters. The distance between the
trucks is 1 mm (Fig. 3). For the test, 20 samples were obtained.
The samples were separated into parts. Each part consisted
of 5 samples with the identical parameters of hardening The
difference in the hardening process between parts of samples
related to the change in speed of the laser head.

Sample
number
1.
2.

Table 1

42CrMo4

Laser power,
W
600

Speed of the laser
module, mm/s
10

42CrMo4

600

20

3.

42CrMo4

600

30

4.

42CrMo4

600

40

Material

Friction tests were performed on test pin-on-disk type
T-11 (Fig. 4). Tests determined the basic parameters of friction
(friction, friction coefficient, wear rate).

Fig. 4. Schema of the T-11 position for the tribological pin on disc
type test: 1 – digital amplifier Spider 8, 2 – controller BT-11, 3 –
controller BT-03, 4 – sensors, 5 – a set of computer [3]

Silicate shield was counter sample (Fig. 5.). It was made
with a compacted mixture of lime and sand with a particle size
0 ÷ 0.6 mm.
The use of this type of friction pair imitates the intense
dry friction wear, which occurs:
• between conveyors for bulk materials (e.g. the aggregate,
grain cereals),
• in the process of compaction of granular materials (e.g.
production of calcium silicate bricks, paving slabs).
Fig. 2. Test stand of the laser hardening „Kometa-UNILAM” [22]

The unit pressure on the counter sample in each test was
the same and was p = 1.25 MPa. The exposure time was 20 min.
The intensity of wear was calculated according to the
formula:

I=

M 1 − M 2  mg 
 m3  ,
SF

(1,1)

where: M1 i M2 – mass of the sample before and after the
friction test [mg], S – path of the friction [m], F – crosssectional area of the sample [m2].

S = π ⋅ RT ⋅ t ⋅ n [m]
Fig. 3. Paths of the laser beam

(1,2)

where: RT – radius of friction [m], t – test time [min], n –
silicate sample rotation speed.
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Fig. 8. The distance between the measuring points

Fig. 5. Silikate sample.

3. Results and discussion
The microstructure presented in (Fig. 6a) is a result of
hardening process. It shows the track path of the laser beam.

Fig. 9. Hardness of the front sample after laser hardening of 42CrMo4
steel; speed laser head: 10 mm/sec

a)

b)

Fig. 6. The microstructure of the sample: a – laser path, b – the center
of the laser path

Depending on the speed of the head, tracks of hardened
material vary in size The Fig. 7 shows how the shape of the
track is changed depending on the speed of the laser head.
Microstructure with the overlap tracks was obtained in the
whole range of the applied speed. As regards speed of 20
mm / sec, the microstructure is obtained, where clear signs of
tracks (Fig. 7a) are not observed on the surface layer and its
properties are similar to homogeneity. Above this speed, there
are clear signs of tracks (Fig. 7b).
Fig. 10. Hardness of the front sample after laser hardening of
42CrMo4 steel; speed laser head: speed laser head 20 mm/sec

Fig. 7. The microstructure of the hardened steel 40CrMo4 laser at
a speed of: a) 10 mm / sec, b) 40 mm / s; magnification x50

The tested samples were measured for distribution of
microhardness of the surface layer. Measurements were made
in the middle of the hardened track. The measurement was
performed to a depth of 1.8 mm. Measurements were made at
a distance of 0.2 mm (Fig. 8). The results for the steel 42CrMo4
are shown in Fig. 9-12.

Fig. 11. Hardness of the front sample after laser hardening of
42CrMo4 steel; speed laser head: 30 mm/sec
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42CrMo4 – 30 mm/sec
42CrMo4 – 40 mm/sec

186,2
192,4

21,13
20,47

0,46
0,48

The obtained values of the friction force and the coefficient
of friction are changed very slightly depending on the speed
of the hardening head. This may be due to the use of a silicate
countersample. Friction crumbling lime and sand grains,
forming a layer of similar tribological properties during each test
4. Conclusion

Fig. 12. Hardness of the front sample after laser hardening of
42CrMo4 steel; speed laser head: 40 mm/sec

Hardening with a speed of 20 mm/sec allows for a surface
layer of high hardness to be obtained. The measurement of
hardness at a depth of 0.6 mm is in the range 1100 ÷ 1400
HV0.1. Increasing the laser head speed above 20 mm /sec
results in a decrease of hardness and inhomogeneous structure
of the hardened layer (Fig. 7b).
The intensity of wear samples was determined in the
tribological tests. The results are shown in Fig. 13

The abrasive wear resistance of the steel 42CrMo4 subject
to laser hardening depends on the speed of the laser head.
Tested range covered the speed of 10, 20, 30 and 40 mm /
sec, and laser power was the same in each test and was 600W.
The obtained results allow concluding that:
• 42CrMo4 steel can be hardened by laser, in order to obtain
a abrasion resistant layer,
• for speeds of up to 20 mm/sec homogeneous and high
hardness structure can be obtained,
• for the speed of above 20 mm/sec, heterogeneously
hardened surface layer can be obtained, and the hardness
falls twice in the middle of the track,
• laser hardened 42CrMo4 steel at a speed of 20 mm/sec is
characterized by high erosive resistance,
• for the speed of hardening of above 20 mm/sec, the wear
resistance is rapidly decreasing.
References
[1]

[2]

[3]
Fig. 13. Summary of the average intensity values and standard
deviation

The obtained values correlate with the distribution of
microhardness. Samples hardened at a speed of 10 mm/sec
are characterized by high resistance to wear. After increasing
the speed to 20 mm /sec, the wear resistance is reduced by
4%. Increasing the speed to above 30 mm/sec is followed by
a rapid erosion wear by approx. 60% and at a speed of 40 mm/
sec, this difference increases to approx. 70%.
During the test, the friction force, which allows for the
determination of the coefficient of friction, was registered. The
values obtained are shown in Table 2.

Summary of test results of friction
Research materials and
speed laser head
42CrMo4 – 10 mm/sec
42CrMo4 – 20 mm/sec

Tabela 2

Iav, mg/m3

Tav, N

µav

119,2
124,2

20,03
19,87

0,46
0,47

[4]

[5]

[6]

[7]

[8]

T. Węgrzyn, J. Piwnik, B. Łazarz, D. Hadryś, Main micro-jet
cooling gases for steel welding, Archives of Metallurgy and
Materials 58, 555-557 (2013).
T. Węgrzyn, J. Piwnik, D. Hadryś, Oxygen in steel WMD after
welding with micro-jet cooling, Archives of Metallurgy and
Materials 58, 1067-1070 (2013).
W. Tarasiuk, B. Szczucka-Lasota, J. Piwnik, W. Majewski,
Tribological Properties of Super Field Weld with Micro-Jet
Process, Advanced Materials Research 1036, 452-457 (2014),
DOI:10.4028/www.scientific.net/AMR.1036.452.
T. Węgrzyn, J. Mirosławski, A. Silva, D. Pinto, M. Miros,
Oxide inclusions in steel welds of car body. V International
Materials Symposium MATERIAIS 2009, Lisbon 2009,
published in official conference CD and in Materials Science
Forum 6, 585-591 (2010).
T. Węgrzyn, J. Piwnik, Low alloy welding with micro-jet
cooling, Archives of Metallurgy and Materials 57, 540-543,
(2012).
С.А. Астапчик, В.С. Голубев, А.Г. Маклаков, Лазерные
технологии: возможности и перспективы обработки
деталей и инструмента, Тяжелое машиностроение 2, 33-37
(2004).
С.А. Астапчик, В.С. Голубев, А.Г. Маклаков, Лазерные
технологии в машиностроении и металлообработке,
Минск, Белорусская наука, 2008.
С.А. Астапчик, В.С. Голубев, А.Г. Маклаков, Лазерные
макротехнологии и оборудование, разработанные в ФТИ
НАН Беларуси, Сборник трудов ХV н.-т. конференции

2943

[9]

[10]

[11]

[12]

[13]

[14]

[15]

„Машиностроение и техносфера ХХI века”, Севастополь
1, 73-76 (2008).
R. Burdzik, L. Konieczny, Research on structure, propagation
and exposure to general vibration in passenger car for different
damping parameters, Journal of Vibroengineering 15, 16801688 (2013).
R. Burdzik, Research on the influence of engine rotational
speed to the vibration penetration into the driver via feet multidimensional analysis, Journal of Vibroengineering 15,
2114-2123 (2013).
R. Burdzik, L. Konieczny, T. Figlus, Concept of On-Board
Comfort Vibration Monitoring System for Vehicles, Mikulski,
J ACTIVITIES OF TRANSPORT TELEMATICS Book
Series: Communications in Computer and Information Science
395, 418-425, (2013).
A. Lisiecki, Welding of thermomechanically rolled fine-grain
steel by different types of lasers, Arch. Metall. Mater. 59,
1625-1631 (2014). DOI: 10.2478/amm-2014-0276.
A. Lisiecki, Titanium Matrix Composite Ti/TiN Produced
by Diode Laser Gas Nitriding. Metals. 5, 54-69 (2015),
DOI:10.3390/met5010054.
G. Golański, A. Zieliński, J. Słania, J. Jasak, Mechanical
Properties of VM12 steel after 30 000 hrs of ageing at 600oC
temperature, Archives of Metallurgy and Materials 59, 13571360 (2014).
G. Golański, P. Gawień, J. Słania, Examination of Coil Pipe
Butt Joint Made of 7CrMoVTib10 - 10(T24) Steel After

Received: 20 October 2015.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Service, Archives of Metallurgy and Materials 57, 553-557
(2012).
G. Golański, J. Jasak, J. Słania, Microstructure, properties and
welding of T24 steel - critical review, Kovove Materialy 52,
99-106 (2014).
R. Burdzik, Z. Stanik, J. Warczek, Method of assessing the
impact of material properties on the propagation of vibrations
excited with a single force impulse, Archives of Metallurgy
and Materials 57, 409-416 (2012).
R. Burdzik, Ł. Konieczny, Z. Stanik, P. Folęga, A. Smalcerz,
A. Lisiecki, Analysis of Impact of Chosen Parameters on the
Wear of Camshft, Archives of Metallurgy and Materials 59,
957-963 (2014).
B. Oleksiak, M. Koziol, J. Wieczorek, M. Krupa, P. Folega,
Strength of Briquettes made of Cu Concentrate and CarbonBearing Materials, Metalurgija 54, 95-97 (2015).
B. Oleksiak, G. Siwiec, A. Blacha-Grzechnik, J. Wieczorek,
The Obtained of Concentrates Containing Precious Metals for
Pyrometallurgical Processing, Metalurgija 53, 605-608 (2014).
B. Oleksiak, J. Labaj, J. Wieczorek, A. Blacha-Grzechnik, R.
Burdzik, Surface Tension of Cu-Bi Alloys and Wettability in
a Liquid Alloy - Refractory Material - Gaseous Phase System,
Archives of Metallurgy and Materials 59, 281-285 (2014).
A.I. Gordienko, V.S. Golubev, A.T. Volocko, W. Tarasiuk,
Lazernye tehnologii obrabotki materialov: VII-th International
symposium on mechanics of materials and structures, Wydaw.
Politechniki Białostockiej, Augustów, 82-83, (2013).

