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It is well known that treatment of metals and alloys with a laser beam leads to substantial changes
in their structure and in their physicomechanical state. The effect of the changes taking place on the work-
ing capacity of parts and, in particular, on their wear resistance, has been insufficiently studied. The
present article gives the results of an investigation of the effect of laser-beam treatment of steel and cast
iron sampies on their wear resistance in an abrasive—oil medium. Tests were made of Steel 40Kh in
hardened and low-annealed states and after normalizing, as well as of high-strength cast iron VCh 50-1.5,
The heat treatment of the cast iron was: normalizing followed by high-temperature annealing (HB-210);
the cast iron samples were cut from the connecting-rod pins of the shafts of M-21 automobile engines.

The wear* was set up in accordance with a ball race—bearing scheme in AS-8 oil with the addition
of 0.1 wt.% quartz sand [1], in MI-1M friction machines. The bearings, in the form of segments with a
width of 10 mm, were made of BrOTsS 5-5-5 and antifriction alloy SOS6-~61. The ball-race samples had a
diameter of 57.25 mm and a width of 10 mm.

The friction surfaces of the steel and cast iron ball-race samples were treated using a laser gene-
rator [2], containing an active element made of neodymium glass, with a diameter of 15 mm and a length
of 260 mm (Fig, 1). The laser beam was focused on an area of a ball race with a diameter of ~3.5 mm,
using lens 4 with a focal length of 60 mm. The energy of the light pulse of the generator, working under
free conditions, was ~70 J with a pulse duration of ~4 msec, and a frequency of 1.5 pulses per minute.
The density of the energy fed was so selected for the material so that there would be no appreciable ejec-
tions of the metal. By rotating the sample by 3 mm each time, heating of the whole surface of the ball race
was achieved. After the laser treatment, the surface of the ball race had a laminar form, with roughnesses
of 0.2-0.3 mm. To improve the microgeometry of the surface, it was ground, thus removing an upper layer
with a thickness of 0.25-0.35 mm, The purity of the surface, determined in a Model 201 profilographic-
profilometric instrument, corresponded to V7.

The tests showed that, as a result of laser treatment,
in the surface layers of the samples there is a sharp change
in the structure and in the physicomechanical properties of
the metal. At the points of the treatment there appears a
white layer whose thickness, after grinding of the samples,
is 1000 p for Steel 40Kh in a hardened and low-annealed
state, 420y for Steel 40Kh in a normalized state, and 440

*The wear of the ball-race samples was determined using

Fig. 1. Schematic diagram of unit for the method of artificial bases (notched holes), and the wear
laser treatment: 1) active element of the bearing-samples by the weight method [1].

made of neodymium glass; 2,3) mirrors TThe tests of cast iron, paired with an alloy, simulated the
of resonator; 4) lens; 5) ball-race sam- work of the journal—bearing pair of the shafts of automobile

ple; 6) depth of treated layer, engines.

Physicomechanical Institute, Academy of Sciences of the Ukrainian SSR, L'vov. Translated from
Fiziko-Khimicheskaya Mekhanika Materialov, Vol. 8, No. 4, pp. 114-115, July-August, 1972. Original
article submitted November 12, 1971.

© 1971 Consultants Bureau, a division of Plenum Publishing Carp()rutiun, 227 West I7th Street, New York, N, Y. 10011,
No part of this pub[l'calio'n may be reproduced, stored in « retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. |
copy of this drticle is available from the publisher for £15.00.

505



14

8

g
E. "/
o &
3 -
B Soa
©
z

Friction path

Fig. 2.. Dependence of the wear of the friction pairs steel—
bronze and cast iron—antifriction alloy on the friction path:
a) ball race, b) bearing: 1) ball race made of normalized
Steel 40Kh, ground, the bearing of bronze; 2) same, ball race
with white layer; 3) ball race made of hardened and low-
annealed Steel 40Kh, ground, bearing of bronze; 4) same,
ball race with white layer; 5) ball race made of cast iron
(normalized and high annealing), ground, bearing of Alloy
SOS 6-6; 6) same, ball race with white layer. Specific pres-
sure 37.5 kg/ecm®, Rate of sliding 1.27 m/sec.

4 for cast iron VCh 50-1.5. In comparison with the initial structure, the microhardness of the white
layer is greater by approximately three times for steel after normalizing, by more than twice for cast iron,
and by 15% in comparison with martensite hardened steel. With treatment of hardened and low-annealed
steel, beneath the white layer there is observed a zone of lowered microhardness; in the case of normal-
ized steel and cast iron, this zone is not present.

During the treatment of the surface of the samples with a laser beam, there is i)ulsed local heating
of the metal up to very high temperatures, right up to a plasma state [2]. The pulsed action of the temper-
atures and the rapid removal of heat into the depths of the metal promote the formation of the white layer,
In spite of the brief duration of this process, a certain redistribution of the elements (C, Cr; Mn) in the
metal after the laser treatment has been established by microspectral analysis, In the white layer, there
is noted an increased content of carbon and chromium, while, beneath the white layer, there is a very
slight decrease, in comparison with the starting metal,

As tests have shown, laser treatment, bringing about the above changes in the surface layers of parts,
increases the wear resistance of friction pairs in an abrasive medium. The wear of Steel 40Kh in a nor-
malized state, as well as hardened and low-annealed, with a white layer, is lowered in comparison with a
polished layer by ~3 and 2 times, while the wear of a bronze bearing is lowered by 2 and 1.5 times. In the
case of the pair cast iron—antifriction alloy, the wear of cast iron with a white layer is less by 3 times,
and that of an SOS 6-6 bearing by 2 times (Fig. 2).

Thus, treatment of parts using a laser beam, operating under free conditions, can be used to improve
the wear resistance of machine parts. Tt must be emphasized that, with continuous action of the beam, the
uniforimity of the white layer will obviously be high, the physicomechanical state of the metal more favor-
able, and the operating characteristics better.
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