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Abstract:

Research results of influence of the UIT (Ultrasonic Impact Treatment) on
welded joints, executed on the Strenx 700MC steel, are presented in this
paper. The fatigue tests of those joints were performed by rotating bending
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in the region of the high number of loading cycles (10° to 10’) with
parameters: frequency 35 Hz, cycles asymmetry factor — 1, at the ambient

temperature 20 £ 2 °C. The fatigue safety coefficient was calculated before
the UIT (in the original state) and after the UIT, according to four methods.
An increase was recorded for the latter state: for the Goodman method of
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10.45 %, for the Gerber method of 10.21 %, for the ASME method of 5.96 %

and for the Soderberg method of 7.40%.
1. INTRODUCTION

During the operation under the cyclic loading,
the structural elements are experiencing
degradation of the material's useful properties due
to fatigue. It is recorded that over 90 % of all the
fractures of various components are caused by
fatigue of materials they are made of. Theoretical
and experimental research of the high-cycle
fatigue of construction materials began in the mid-
19" century. The degradation fatigue mechanism,
the initiation of fatigue failure in the area of high-
cycles fatigue, usually occurs on the surface or at a
small depth below the surface [1-9]. Increase in
the fatigue resistance is therefore oriented
primarily to improve the mechanical properties of
the surface layers of construction materials. To
that purpose various surface treatment procedures
like thermal (surface hardening), chemical-thermal
(cementing, nitriding), mechanical (shot peening,
severe shot peening, ultrasonic impact peening)
and others are implemented. Ultrasonic impact
peening is a progressive method in which the
surface layer is subjected to cold plastic

deformation, the introduction of compressive
residual stresses into the surface layers. The
increase in fatigue strength is usually up to 20 % [8,
10 — 15]. Weldable steels with an increased yield
strength (e.g. Strenx 700MC, Hardox 400, Hardox
450 ....) are recommended for use in the transport
engineering, cranes, military industry and so on.
Due to such applications, those steels are
subjected to high demands in terms of durability,
safety and reliability. However, welds are special
places since the weld is apoint of a highly
inhomogeneous  microstructure, aplace of
preferential initiation and growth of fatigue failure
[16 — 18]. Application of the ultrasonic impact
peening in the case of welds can lead to an
increase in fatigue strength, which has a positive
effect on the fatigue safety coefficients.
Considering those facts, it is evident that
determination of the fatigue safety coefficients k,
is important both from theoretical and practical
points of view [19 — 23]. In this paper, the authors
are presenting results on influence of the
ultrasonic impact treatment on the fatigue safety
coefficients k, of welded Strenx 700MC steel.
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2. EXPERIMENTAL PROCEDURE

Experimental works included the qualitative
and quantitative chemical analysis, tensile test,
welding, ultrasonic impact treatment (UIT), fatigue
test, as well as calculations of the fatigue safety

coefficient k, s of the structural steel Strenx 700MC.

Chemical analysis was performed by the spark
emission SPECTROMAXx device. The tensile tests
were carried out on the INSTRON 5985 tensile
testing machine at ambient temperature of T = 20
+ 2 °C, with the loading range interval F =0 —20 kN
and the strain rate of ¢, =107s". The round

cross-section specimens were used, the shape and
dimension of specimens were set according to
requirements of the EN 10002-1 standard (three
specimens were tested). The welding was carried
out by the MAG technique under the CO,
protective atmosphere with the ESAB OK Aristrod
69 filler material (0.08 % C, 0.60 % Si, 1.60 % Mn,
0.25 % Mo, 0.30 % Cr, 1.40 % Ni, 0.07 % V, R. = 730
MPa, R,, = 800 MPa, elongation = 19 %). The 60° V
shape weld, with a single root bead, two filling
beads and one covering bead was performed on a
10 mm thick sheet metal. Consequently test
specimens according to Fig.1 were machined from
the welded sheet metal plates.

.
\

Fig. 1. Visualization of the specimen manufacturing from
the 10 mm thick sheet metal plates

Surface of the specimens was treated by the
UIT equipment with the 85 N pressure force and
double passing the treated area (UIT 2 x 85 N). The
fatigue tests were carried out on the rotating
bending testing device ROTOFLEX, operating at
frequency f = 35 Hz, cycles asymmetry R = -1 and
the ambient temperature of T = 20 £+ 2 °C.
Specimens (20 pieces) for the fatigue testing were
taken from the welded joints, prepared by welding
of 10 mm thick Strenx 700MC sheets. The
investigated region of number of cycles N ranged

from 10° to 10’ cycles of loading. The fatigue safety
coefficient k, was calculated with regard to work
[22], Fig.2, using equations (1) to (4) for the
Goodman, Gerber, ASME and Soderberg methods,
respectively.
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where:
o, is the stress amplitude,

o, is the mean stress,

ol is the fatigue limit,

R, is the ultimate tensile strength and
R, is the yield point.
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Fig. 2. Fatigue safety coefficient in terms of the stress
amplitude, calculated according to four different
methods [22]

Application of the described experimental
works was executed on a screw joint, which is,
during the operation, loaded by a cyclic stress in
superposition with the preload. The material
parameters of the screw are presented in Table 2,
where values of the yield point and ultimate
tensile strength of experimental material are given.
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3. RESULTS AND DISCUSSION

Results of qualitative and quantitative chemical
analysis (chemical composition), tensile test (yield
point, ultimate tensile strength, elongation),
fatigue tests, are shown in Tables 1 and 2. Results
of the fatigue safety coefficients k, calculations are
shown in Table 3 and Fig.3 to 6.

Table 1. Chemical composition (in weight %) of tested
structural Strenx 700MC steel

C Si Mn S P
0.11 0.093 0.64 0.017 0.009
Al Nb \ Ti Fe
0.017 0.088 0.19 0.14 balance

Table 2. Mechanical properties of tested structural
Strenx 700MC steel

Yield Ultimate
. . . o o
point, tensile Elongatio % 5
R, strength, n [%] 10 10
[MPa] | R, [MPa] [MPa] | [MPa]
Welded
408 | 372
741 823 11.5 Welded + UIT 2
x 85N
434 | 419
Table 3. Fatigue safety coefficients k,
Fatigue
safety Goodman | Gerber | ASME | Soderberg
coefficient
(ku )105
Welded, 1.50 1.68 1.48 1.42
original
state
(ku )105
Welded + 1.63 1.84 1.56 1.50
UIT
2 x 85N
(ku )107
Welded, 1.46 1.65 1.46 1.39
original
state
(ku )107
Welded + 1.62 1.82 1.55 1.49
uIT
2 x 85N

The chemical composition and mechanical
properties of Strenx 700MC steel (Tables 1, and 2)
fulfil requirements for the EN S700MC steels,
according to the EN-10149-2 standard. Application
of the ultrasonic impact peening led to an increase
in fatigue strength, in the case of the N = 10°
loading cycles by 6.3 %; in the case of the N = 10’
loading cycles by 12.6 % (Table 2).

2L

= N=10° cycles, welded, original state

® N =105 cycles, welded + UIT 2 x 85 N
2 - - -Fatigue safety limit

Goodman Gerberg ASME Soderberg

Fig. 3. Fatigue safety coefficients k, comparison
at N = 10° loading cycles

© Gerber [ +9.20 %]
ASME [ +4.90 %]

—o Goodman [+ 8.92 %]
—*© Soderberg [ + 5.97 %]

0

Goodman Gerber ASME Soderberg

Fig. 4. Fatigue safety coefficients k, percentage increase
at N =10 loading cycles

2.2
N =107 cycles, welded, original state
= N=107 cycles, welded + UIT2x 85 N
2F Fatigue safety limit

08F 1

Goodman Gerber ASME  Soderberg

Fig. 5. Fatigue safety coefficients k, comparison
at N =10 loading cycles
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—¢ Goodman [+ 10.45 %]
< Gerber [+10.21 %)
ASME [+ 5.96 %]

- Soderberg [ + 7.40 %)

[%]

Goodman Gerber ASME Soderberg

Fig. 6. Fatigue safety coefficients k, percentage increase,
at N = 10’ loading cycles

These facts are in accordance with works [8-15],
where the values within 20 % are reported. The
positive result of increased fatigue strength is the
surface layer strengthening by the cold plastic
deformation. Residual stresses are induced in the
surface layers of materials and these stresses can
reach the yield strength values (usually in depth of
0.1 to 0.2 mm). During the plastic deformation, in
the surface layer of materials, appear changes in
the shape and dimensions of grains, which are
among the most important microstructural factors.
Grain boundaries are insurmountable barriers to
movement of dislocations; they are places of
dislocations pileups. In addition, the grain
boundaries are often sources of dislocations, sites
of exclusion of the admixture elements and
secondary phases. The results are increases in the
yield strength, ultimate strength limit and hardness
[7, 8- 16]. The fatigue safety coefficients k,, Table 3,
Fig.3 to 6, were calculated by the four methods
(Goodman, Gerber, ASME and Soderberg). An
increase of the fatigue safety coefficient k, was
recorded due to application of the ultrasonic
impact treatment. In the case of the loading cycles
number N = 10° the fatigue safety coefficient has
increased from 4.90 % to 9.20 %, while in the case
of the loading cycles number N = 10’ the increase
was from 5.96 % to 10.45 %. The percentage
increase in the fatigue safety coefficients k,
represents the fatigue reserve. The percentage
increase of the fatigue safety coefficient was lower
when the ASME and Soderberg methods were
applied. Those methods are checking for
occurrence of any deformation. In their respective
equations, (3) and (4), the value of the yield point

R. is taken into account in the calculations and not
the ultimate tensile strength R,. The Goodman
method is very strict, however, it is one of the
best-known methods that allows for asingle
analytical solution of fatigue tasks. The Gerber
method seems to be the least suitable, since it
allows for approaching the limit state of the fatigue
safety when the fatigue fracture accidents may
occur, [22, 23].

4. CONCLUSIONS

From the performed experimental work and
calculations of the fatigue safety coefficient, the
following conclusions may be drawn:

e Application of the surface strengthening of
the test specimens with welded joint by the
ultrasonic impact treatment increased the
fatigue strength in the region of the high-
cycles fatigue (at N = 10° loading cycles the
increase was 6.3 % and at N = 10’ loading
cycles the increase was 12.6 %).

e The increase in fatigue safety coefficient k,
was within range from 4.90 % to 9.20 % (at N
= 10° loading cycles) and from 5.96 % to
10.45 % (at N = 10’ loading cycles); the
difference appeared depending on the applied
calculation method (Goodman, Gerber, ASME
or Soderberg). The best results were obtained
by the Goodman method.

e The enumerated facts can recommend the
Strenx 700MC steel as a qualified choice for
construction of components, which would
operate in the region of high-cycles loading
conditions.
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