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ABSTRACT

The paper presents review of the results obtained by the
authors on the effect of explosion treatment on impact
toughness of welded joints in various structural metals. It is
shown, that explosion treatment alone and. especially, in
combination with heat treatment can provide an essential in-
crease in impact toughness of welded joints. However, the
application of this method in practice is difficlilt due to the
formation of the so-called ‘'prespalling damages” the
elimination of which is labour-consuming and exvpensive.
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The welded joint zone is, as a rule, an element of welded
structures most susceptible to brittle fracture. Hence, there
arises the question about possible accompanving changes in
impact toughness under various explosion treatments (e.g. in
order to decrease postwelding residual stresses or to repair
the shape defects of welded structures)., as well as about
methods for improvement of impact toughness of welded joints
by explosion treatment (ExT), combined explosion treatment
"ExT + heat treatment” ("explosion heat treatment” , "ExHT")
and preliminary ExT for welding of edees ("explosion-welding
treatment"”, ExWwT).

Changes in impact toughness CZ,, of a welded joint as a
result of conventional ExT are in complex dependence on
pressure in a compression wave induced in metal by explosion
and on other parameters characterizing the treatment and
specimen testing conditions (Petushkov., 1988). Under low
pressures of loading, when the amplitude of tensile stresses
does not exceed much the value of dynamic vield stress of
metal (for structural steels - under pressures up to 200-300
MPa). wusually no essential changes in impact toughness are
observed. This enables to use a number of the ExT technologies
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the weld foot is projecting. Here, the labour consumed for
setting up of the protection and control of the final results
is so high that in practice ExT of welded structures is
usually used without any antispalling protection and only
under sufficiently low pressures, when embrittlement is not
yet a problem. But when the purpose of the explosion treatment
is the increase in impact toughness, then ExHT and ExWT are
used, rather than conventional ExT.  And here, the desirable
effect is achieved mainly due to the fact that impact cold
working promotes complete or partial recrystallization of
metal in subsequent heating during heat treatment (ExHT) or
welding (ExWI). In the process of optimization of the
technology the explosion and heat treatment conditions are
selected so that recrystallization is accompanied by refining
of grains and by increase in toughness of metal, first of all,
in the most critical zone of a welded joint near the fusion
surface.

Consider the efficiency of this technology for particular
problems and materials of different grades.

LOW-ALLOY STEELS.

Table 2 gives the data on the effect of various ExHT
conditions on impact toughness of low-alloy manganese steel

09rac.

Table 2. Effect of ExHT on impact toughness
of low-alloy steel

Impact toughness, J/cm2. after heat
treatment at temperature, °C, for 1 h.

Pressure of preliminary
ExT. GPa

0 900 1000 1100
P_o0 101 75 143 i
F=15 256 360 316 360
P = 10 160 272 340 -

Here, noticeable is the unusually high growth of impact
toughness both in the ExT and ExHT conditions, this being
associated with the peculiarities of the experimental desiegn
Plates of the metal investigated whose thicknesses were much
higher than thicknesses of the superposed explosive charges
(5...10 mm) were subjected to the pressure of the slidine
detonation wave induced by these superposed charges. Specimens
for measuring impact tougness were cut out of the uoper laver
- a3 e 4

directly at the surface subjected to the effect of exnlogion.
whereas accumulation of prespalling damages took place in the
layer, having the thickness of the order of the explosive
charge thickness, adjacent to the back surface of the plate
and removed when preparing the =pecimen.

Thus, the data of Table 2 confirm once more the determinipe
effect of "prespalling damages" on embrittlement in ExT and
the possibility in principle for the drastic increase in

315




impact tousghness in conventional ExT.

#e studied also the effect of low-temperature exnlosion
treatment of welded joints in low-alloy =teels 09r2c  and
;O;CHH produced after preliminary explosion treatment of the
joint edges by the FExWl method. Measured were impact
toug@nesses‘ of specimens with the U shaped notch at -40°C and
sSpecimens with the the V-shaped notch at -10°c, The data
obtained are given in Table 3.

Table 3. Effect of ExWI on Impact Toughness
of Welded Joints in Structural Steels

Steel grade Pressure. GPa Impggt toughness, J/em2

-40 °C -10°C
ograc P=0 22.0 V—M_RI;TG o
P=1.5 50. 4 23.1
10XCHR P=0 65.0 33.4
B B P=1.5 75.6 43. 4
WELDED JOINTS IN PIPELINE.
MeTyuxos u op (1983) conducted investigations of the

efficiency of ExHT on pipe steel joints welded usi the chea
low-alloy welding consumables. The result of nﬁsina thesg
fonsumables may be such that the ductile-brittle tran=zition
-emperature of the joints is higher than the lower limit of
the service temperatures. The required level of mechanical
properties of the X70 steel joints (KCU = 50 J/cm2,
bend angle - 180 degrees) can be achieved by long heat
treatment at high temperatures. PBut here. capacity of the heat
treatmen@ equipment turns out low, while the energy
consumpt ion is high. The possibility for decrease the
temperature_of heat treatment and for shortening its duration
due to preliminary ExT of welded joint was studied in (1988).
The positive result Wwas obtained when the detonating cord
charges were applied along the fusion line on the both side=
of a weld and when the postexplosion heat treatment was uszed
for' 40 min within the temperature range from Acl to Ac3.
Unl15e_the initial metal, the metal subjected to FExT is
sensitive to heat treatment at low temperatures. Some changes
in mechanical properties are observed already at the
temperatures below Act both in the HAZ and, particularly, in
the weld metal. In the Acl to Ac3 range there ocours
recrystallization of metal accompanied by a drop of yield
stress and growth of impact toughnesss, and ExT prevents the
too fast loss of strength after heat treatment in this
temperature rangse. which is peculiar to the initial metal.

HIGH- MANGANESE STEELS.
Steels with high manganese content, the I'13] and 110T12J] grade

steels in particular, are rather zensitive to explosion cold
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working and the products of these steels are often subjected
to ExT to improve their hardness, especially in the cases when
it is necessary to have high imnact and abrasive resistance
(railway switch-points, mining equipment components). However,
impact toughness of these steels drops after ExT from the
initial level KCU = 170 ...175 J/cm2 down to 50...80 J/cm2. We
established that after ExT the impact toushness can be
partially recovered ( up to 80...130 J/cm2) without a loss of
hardness due to holding for 1 h at temperature 200 C with
subsequent air cooling. Supposedly, the physical mechanism of
the phenomenon consists in decrease in second-kind internal
stresses, transformation of the chaotic dislocation structure
into the arranged one and in growth of the phase precipitates;
however. this matter is not completely clear yet.

As to the aspect under consideration. steels I'M31 and 110131
are interesting in that the behaviour of the cast metal is
similar to the behaviour of the weld metal.

TITANIUM ALLOYS.

lleryuncoB u mp. (1991) developed the technology for producing
the fine-grain homogeneous structure across the entire section
of weldments of commercial titanium BT1-0 by the ExHT method.
After explosion loading with pressures 1.5...10 GPa the metal
Wwas subjected to annealing for 1...6 h within the temperature
range from 650 to 900 C. Under the optimum ExHT conditions the
authors succeeded in recrystallization of the metal by making
the HAZ grains fully equal and the weld prains - almost equal
to those of the base metal (0.03...0.04 mm),. except for some
individual coarse nonrecrystallized Frains.

At the same time, for the research purposes, the same
treatments were applied to the RIS alloy welded specimens
which were then used for comprehensive mechanical
measurements, including the measurement of the welded joint
impact toughness . The base metal impact toughness was at the
level of 47...50 J/cm2, whereas the welded joint impact
toughness before and after ExT was 35... 40 J/cm2.  After heat
treatment the impact toughness under some conditions decreased
down to 15...25 J/cm2, but under the optimum ExHT conditions
it was the same 35...40 J/cm2. It is interesting to note, that
under the ExWI conditions was 40. .. 45 J/em2, i.e. it was close
to the base metal impact toughness.

HEAT-HARDENABLE ALUMINIUM ALLOYS.

The possibility was studied for explosion strengthening of
w#elded joints in heat hardenable aluminium allovys 1201 and
1420. The fracture resistance characteristics were determined
under the conditions of off-centre tension, i.e. under the
simultaneous effect of tension and bending. Here, the force
characteristic is the value of nominal fracture stress &, which
is determined by the value of the maximum load. Begides,
specific energy of crack initiation (SECI) and specific energy
of crack propagation (SECP) were calculated by the coordinates
of the experimental load-deformation diagram automatically
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recorded during the tests. The complete information about the
investigations will be published Separately. But some results
of the Measurements for base metals and welded joints are
given in Table 4 (AA - artificial ageing).

Table 4. Effect of Treatment Conditions on
Fracture Energy of Aluminiun'Alloys

Alloy State , MPa SECI SECP
' J/cm2 J/cm2
1201 quenching + AA 345 7.5 3.3

quenching +

+ explosion + AA 402 10. 7 3.8

quenching + welding 302 11. 4 7.0

quenching + explosion +

+ AA + welding 318 10. 2 6.0
1420 quenching + AA 407 5.6 . 5

quenching + explosion + 0

+

-3

AA 456 7.1 3.
The data given prove that the explosion treatments in
pPrinciple can provide both the drastic increase in impact
toughness of various metals and their welded joints and the
improvement of 2 set of mechgnical properties as a whole,
However, the practical seléction of the optimum tecnologies

'S, as a rule, rather a labour—consumire problem The
potentials of the explosion t_:echnologies in tl_]is }ine are much
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