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Abstract: The formation of submicrocracks located at a quite substantial distance from the source of distur-
bance, under the action of powerful shock waves has been observed and studied by electron microscopy. The
ultimate parameters of the shock waves (pressure, deformation degree) at which the submicrocrack formation
is eliminated, have been determined theoretically and confirmed ex-perimentally. Effective means for the pre-
vention of the microfaults formation in the process of ex-plosive hardening treatment of metals have been
developed.
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P. II. inuk. YMOBU YTBOPEHHSA CYBMIKPOTPINIMH ITPH1 BUBYXOBOMY 3MIITHEHHI
METAJIIB.

Pesiome: 3a 701MOMOroi0 €JI€KTPOHHOI MIKPOCKOIIT BUBYEHE YTBOPEHHsST CyOMIKPOTPIIINH, PO3TAIOBAHUX
Ha TIeBHill BijicTaHi Bizt jpKepesia i/ i€lo MOTy>KHOI yaapHoi XBuiri. OnTUMaIbHi mapamMeTpu yAapHoi XBUITL
(THCK, CTYTHB ehopMaltii), TpH SKUX 3HUKYEThCS YTBOPEHHS CYOMIKPOTPIIMH, BU3HAYEH] TEOPETHUYHO Ta
HiATBepAKEH] eKciiepuMenTanbHo. Pospobieni eektuBHi 3acobu 3amodiratus MiKpopyiiHyBaHb y IpolLeci
3MilIHEHHS MeTaJliB BUOYXOM.

KiouoBi cioBa: 3MillHEeHHS, yaapHi XBUJIi, CyOMIKpOTpIlHY, cTyIiHb AedopMalil, geToHarisi, BUOyXOBi
PEYOBHHU.

P. II. Iugeik. YCJIOBUSI OBPASOBAHMA CYBMHUKPOTPEIIMH ITPHU B3PbIBHOM YIIPOY-
HEHMWHN METAJIJIOB.

Pesiome: C NMOMOIIBIO IEKTPOHHON MUKPOCKOIMU M3ydeHO oOpa3oBaHue cyOMUKPOTPEIINH, Pac-ToJo-
JKEHHBIX Ha OIPE/EJICHHOM PACCTOSHUM OT MCTOYHUKA T10/] JIEHCTBUEM MOIIHON yaapHo#l Bosi-Hbl. Onrtu-
MaJIbHBIE TTAPAMETPHI YIAPHOU BOJIHBI (JIaBJIEHIE, CTETEHD ethOPMAIIH ), IPH KOTOPBIX CHUKAETCST 00pas3o-
BaHue CyOMUKPOTPEIIIH, OMPEIETEHBI TEOPETHYECKU U MOATBEPIKICHbBI 9KCIIe-PUMEHTAIbHO. PazpaboTanbl
adexTUBHBIE CPEICTBA MPEJOTBPAIIEHNS MUKPOPA3PYIIEHNIi B [TPO-11ecce YIPOUHEHUS METAIIOB B3PbI-
BOM.

Kinouersbie ciioBa: ylpouHeHUe, yaapHble BOJHbI, CyOMUKPOTPELINHbI, CTeNeHb Ae(opMaliii, T1eTOHAIIUS,
B3pbIBYaTbIC BEIECTBA.
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The use of shock waves in the hardening treat-
ment of metallic articles has found extensive use
recently. The substantial achievements in this
field resulted from the implementation of extre-
mal physical parameters. However, along with
the positive influence of the shock waves on the,
properties of metals, adverse effects are obser-
ved in some cases, such as opening of the exist-
ing microdefects, as well as the formation of new
ones. This reduces the durability and operating
stability of the articles hardened by explosion.
In this case the fact of disturbing the continuity
of the material is closely related to the nature of
propagation and interaction of the shock waves.
Hence, the study of the conditions of the initia-
tion of microcracks by the shock waves and the
development of effective means to preclude their
formation are of scientific and practical interest.

A characteristic feature of the explosive
influence on metals is the wave-like short-time
pattern of the load propagation which leads to
the localization of stresses, increase in the dislo-
cation density, growth of the strength charac-
teristics. Due to the great diversity in the
physic-mechanical properties, structure, chemi-
cal composition of metals and alloys there is no
general mechanism which could explain the na-
ture of metal hardening under shock waves. Ne-
vertheless, as it is noted in the studies by Kozo-
rezov and Skugorov (1969), Deribas, e.a. (1982),
the degree of metal hardening is determined in
many cases by the shock wave pressure ampli-
tude, while in some cases it is estimated by the
deformation level behind the shock wave front,
by the geometry and duration of the applied
compression pulse. However, in spite of the dif-
ference in approaches, in all cases the hardening
degree is determined by the quantity of crystal lat-
tice distortions caused by the passage of the shack
wave. This results in an increase of the metal
strength parameters with a simultaneous reduc-
tion of the plasticity characteristics.

Since the aim of the metals hardening is to
increase their strength, the processes of harden-
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ing treatment by explosion are carried out under
high pressure of the shock waves. The simulta-
neous change of plasticity and the possibility of
the metal continuity disturbance is very often
not taken into consideration, especially at the
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level of microcracks, which is inadmissible for
the operating conditions.

Fundamental studies of the defect accumu-
lation phenomenon and of the formation of sub-
microcracks under static tension of samples of
armco-iron, nickel and Hadfield steel have been
reported by Oding and Liberov. It has been found
that submicrocracks appear in the microstruc-
ture on reaching a certain critical deformation
which is expressed by a specific elongation value
of the order of 10 %.

The deformation degree (p) as a function of
the actual pressure (P) has been studied under
the action of plane shock wavers in devices
which preclude any shift of the lateral sides of
the: sample and create uniaxial deformation. Ex-
plosive treatment was applied for samples of
110T13JT steel, nickel and steel 20. The degree
of deformation was determined by the change of
the volume in the compressed state (1), and the
pressure value was obtained from the expression
for the case of uniaxial deformation (2)

_4/4 c+(l—1)u {
¢ 3 n c+Au ’ M
P=p,(c+iu)u (2)

where ¢ and A is the local sonic speed and the
material compressibility coefficient respectively,
u — mass velocity, p, — metal density.

The calculated relationship €= f (P) is shown
in the Fig. 1 by dotted curves 2, 4, 6. The conti-
nuous curves 1, 3, 5 in the same Fig. 1 show the
relationship between the specific elongation ()
and the actual pressure value for the samples pre-
liminary hardened by shock waves and which
were subsequently statically tested for uniaxial
tension.

An analysis of the obtained relationships
shows that the paint of intersection of the cur-
ves € and 6 for each metal determines the pres-
sure in the shock wave and the degree of defor-
mation corresponding to that pressure. In such
case the € values which correspond to the pres-
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sure value may be considered as the ultimate pa-
rameters precluding the formation of submicro-
cracks. Thus, in the intersection point of curves
€ and 6 the uniaxial tensile deformation during
elimination of the load in the shock wave is equal
to the deformation value which can be withstand
by the hardened sample without its failure under
the subsequent static deformation. From the
Fig. 1 it further follows that when the pressures
in the shock wave exceed those; in the intersec-
tion points of curves g, the deformations grow
and during load elimination failure occurs. With
the increase of the pressure the difference of € — &
is increased, thus the probability of the growth
in the quantity of sub-microcracks is also increa-
sed. And on the contrary, when the pressures in
the shock wave are lower in the intersection point
of curves g, 8, the deformation in the shock wave
is lower and the; formation of sub-microcracks
is eliminated. From the Fig. 1 it is seen that the
ultimate parameters for the specified materials
are:

—  for 110T13JI steel P=20.0 GPa, £=13.6 %;
—  for nickel P=243GPa, =127 %;
—  for steel 20 P=11.4GPa,e=10.1 %.

Thus, the value of the ultimately tolerable:
deformation during the treatment of low-car-
bon steel by shock waves coincide with the data
obtained by Oding and Liberov for armco-iron.
An experimental confirmation of the conditions
for the formation of submicrocracks was ob-
tained on the steel 20 samples. The initial pres-
sure of the shock wave generated in the sample
equaled 42.5 GPa. Propagating into the depth of
the sample, the shock wave became weaker, and
at a distance of 12 and 17 mm from the surface
the pressure value equaled 20.0 and 13.0 GPa
respectively. The submicrocracks were revealed
by electron microscopy, by preparation of carbon
replicas which were scanned strictly section-
wise (1st, 2nd, 3rd section, etc.). The replicas
without shading were studied under the "Tesla"
electron microscope at accelerated 60 kV vol-
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tage'. The studies revealed submicrocracks in
the slip striations at a 1-17 mm distance, as well
as at the grain boundaries. At a distance of more
than 17 mm from the surface of the shock wave:
penetration no submicrocracks were observed.
Thus, the conclusions obtained by calculations
have been confirmed experimentally. The results
of the studies which revealed the submicrocracks
deeply located from the perturbation source and
which showed the conditions of their formation,
were so unexpected that made to look at the
problem of metal hardening treatment by explo-
sion from an absolutely new viewpoint. On the
one hand, the treatment of metals by powerful
shock waves (to the right of the intersection
point of the & and € curves in the Fig. 1) when
the hardening deformation mechanize accompa-
nied by phase transformations is realized to the
full extent, proved to have no prospects due to
the formation of latent defects. On the other
hand, if the possibility of metal hardening treat-
ment by explosion under the action of relatively
moderate: pressures (to the left of the intersec-
tion point of the § and € curves in the Fig. 1) is
considered, and then the effectiveness of such
treatment is extremely low which is expressed
by a weak change in the metal strength parame-
ters. Therefore, the fact of the development and
employment of the conditions for explosive metal

hardening is noteworthy since. It creates high
pressures which result in substantial transfor-
mations in metals without, their failure. It is
possible if such loading conditions are created
which substantially limit the load on the mate-
rial. To this end laminated explosive charges are
employed with high effectiveness, their action Is
characterized by high amplitude of the pressure
in combination with a substantial time of its ap-
plication. For comparison, the table contains
the data which characterize the change in the
range of the properties of the 110T'13J1 steel
treated under the conditions of the "traditional”
explosive hardening treatment and by using a
laminated explosive charge?®.

The treatment has been carried out at prac-
tically the same pressures (to the right of the
intersection point of the g & curves in the
Fig. 1). Attention should be paid to the plastic-
ity indices. In the first case the plasticity char-
acteristics have been reduced by 2.5-3 times as
compared to the initial ones, while in the second
case, at the same pressure, but under other
treatment conditions, their values remained at
the initial level. It should be also noted that the
first treatment variant is indispensably accom-
panied by the formation of submicrocracks,
while after the treatment by a laminated charge
no failures have been observed.

Table. Relationship between the 110T'13JI steel mechanical properties and strengthening conditions

. Og KCV
Strengthening scheme Hardness HB | ppa |0:MPa| 6% | v % J/em?
Non-strengthened 180 705 430 30.0 | 36.0 | 2300
Single-layer explosive
charge P = 33.0 GPa 360 1140 | 970 9.0 20.0 600
Laminated explosivecharge
P=310GPa 412 1180 | 1010 | 22.0 | 28.0 | 1630

! Electron micros-copy was carried out at the Baikov Institute of Metallurgy, Russian Academy of Sciences, under the
supervision of prof. V. S. Ivanova

2 The experiments on explosive processing of steel 110I'13JI was executed in Mechanics Research Institute of Moscow
State University by Lomonosov M. V. (Russia) by the professor Kozorezov K. I.
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