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The paper proposes a new method used in relieving residual stress of welding of pressure vessel based on
traditional VSR (vibration stress relief) application on stress relief.
residual-stress, pressure-vessel, high-frequency vibration

vessel. For example, cylindrical pressure vessel is made of
two semicircular cylinders by welding as Fig.1 or Fig.2.
Welding is widely used for manufacture of pressure

Fig.1
Since welding is process using locally given heat,
residual stress is raised near the weld joint. Both tensile and
compressive residual stress will be induced. For vessel which
bears internal pressure, compressive residual stress is helpful
to some extent. However tensile residual stress could degrade
material's strength and cause pressure to lose efficacy. So
welding residual stress must be released.
Traditional reduction methods of residual stress contain
heat treatment, shot peening and in some field vibration stress
relief (VSR) is also used. For pressure vessel, heat treatment
is used most widely and maturely. Little information shows
that VSR has been used to release pressure vessel's stress
(Zhang,2003). In this paper, a certain and concrete object of
study is determined, and a new method for reduction of
residual stress using vibrational load after welding is
proposed. The proposed method is simulated with ANSYS
Program.

In this section two jobs are completed. First, we are
supposed to accomplish theoretical derivation and a
mathematical model for VSR is presented. The second task is
to enable simulation of the process of VSR using the ANSYS
Program, and to derive s residual stress reduction model that

Fig.2
incorporates (Sun,2004.) as many of the variables in the VSR
process as possible.These are expected to provide better
understanding of the mechanism of the VSR process and also
unable the optimization of the parameters of the VSR process.
The mechanical response of the component material
under vibration will depend on the dynamic applied force,
frequencies and damping capability of the system (Wang,
2014). These will determine the magnitude of cyclic
stresses-strains induced in the pressure vessel. Generally the
induced cyclic stresses-strains would be different at different
sections of the material. Within a cycle, the interaction of
cyclic stress and residual stress would result in biased
stress-cyclic loading condition, with the residual stress acting
as mean stress. In the event, when the cyclic stress-strain
response at a locality is elastic, the material would retain its
original mechanical state and no stress relaxation is expected
after removal of the dynamic load. If on the other hand the
cyclic stress-strain response at a locality is elastic-plastic,
mechanical hysteresis behavior may be anticipated. In this
case, the mechanical state of the material after the removal of
dynamic load is expected to be different from that before
applying vibratory loads. This inelastic material response is
expected to be the driving force for the reduction of residual
stresses.
In general, plasticity at low temperatures is due to the
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glide motion of dislocations through an obstacle field. For
materials that exhibit nonlinear/strain hardening behavior, the
flow stress , is shown as (Knofie,2014):
(1)Where 0 is the friction stress,
is a constant of
about 0.5, b is Burgers vector, M is the Taylor factor, G is the
shear modulus and
is the dislocation density. The
frictional stress can be considered as the resistance of the
crystal lattice to the gliding of dislocations in an otherwise
free crystal. Another way to get flow stress of material is
experimental measurement.
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frequencies and excitation force to relieve residual stress of
the vessel.
The size of pressure vessel are shown in Fig. (3). The
load applied to the vessel is sinusoidal displacement load. The
steel of vessel is Q345R which is widely used for manufacture
of pressure vessel. Its thermodynamic parameters and physical
parameters are listed in table. (1)(Xie ,2006).

In this paper, the goal is to relieve welding residual stress
of cylindrical pressure vessel by vibration. To finish the work,
we are supposed to follow three steps below. First, the
simulation of welding residual stress of pressure vessel.
Second, analyzing the modal of pressure vessel to get its
natural frequencies. Third, selecting suitable excitation

Fig.3

Temperature[℃]

20

250

500

750

1000

Thermal conductivity coefficient[W/mm·℃]

0.015

0.0188

0.022

0.026

0.0291

1500

1700

2500

Density[g/cm3]

7.82

7.75

7.61

7.55

7.49

0.0359

0.141

0.142

Specific heat capacity[J/kg·℃]

498

545

578

640

651

7.35

7.3

7.1

Coefficient expansion×10-5[1/℃]

1.10

1.21

1.36

1.47

1.35

669

760

815

Yield stress[MPa]

400

345

300

98

40

1.34

1.32

1.31

Elasticity modulus×1011[MPa]

2.05

1.86

1.5

0.71

0.26

9

2

0.8

Poisson's ratio

0.28

0.29

0.3

0.32

0.37

0.19

0.18

0.12

In the process of simulation, Gaussian heat source model
was adopted[6].

Welding
parameter
Values

Arc voltage
（V）
25

Welding current

(2)Where
and
is biggest heat-flow
density of center region of heating, Q is instantaneous energy
of heat source and R is effective heated radius of arc.
Welding parameters are listed in table. (2).(Yang,2012).

Welding speed

（A）

（mm/s）

180

10

Surface convection applied on the model surface unit
serves as boundary condition when it is loading. And
displacement constraint needs to prevent rigid displacement
from appearing, but not to stop free release and deformation

Temperature

First principal stress

Thermal
efficiency
0.75

（mm）
6

of stress(Dean,2009). After 300 seconds later, the temperature
of welded joint became normal and the distribution of stress is
shown in Fig. (4).

Secondary principal stress
Fig. 4

Efficient heating radius

Third principal stress
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Modal analysis is to get natural frequencies of model.
And when the excitation frequency is close to natural

frequencies, the needed excitation force of vibration is small,
because bigger excitation force would generate additional
stresses and fatigue damage which is contrary to the goal of
stress relief. The results of modal analysis are shown in Fig.5

Frequency=21Hz

Frequency=52Hz

Frequency=106Hz

Frequency=204Hz

Frequency=243Hz

Frequency=282Hz

From these pictures above, we could find that with the
increasing of excitation frequency in certain range the
deformation become more and more small and
well-distributed. In case bigger deformation induces material
damage, so we would use high excitation frequencies and
small excitation force. The estimation of excitation force is
Eq. (3) according to the standard of machinery industry
(JB/T5926-2005).

(3)Where
is amplitude of dynamic stress,
is tensile
strength of material and
is yield strength of material.
Then we would know the range of dynamic stress is 165MPa
to 170MPa.

The model in the paper has infinite degrees of freedom.
So it needs to calculate the biggest dynamic stress inside
material according to analysis of harmonic response in order
to acquire appropriate excitation force. We would select high
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frequencies because the mode of vibration accords with our
request(Gao ,2013).

First principal stress

Secondary principal stress

lowered as a whole after vibration and the stress
distribution tended to be well-distributed. In some place the
stress declined by up to 46 percent. In addition, the Fig. (7)
shows that the vonMises Strain during vibration did not

Third principal stress

change a lot, which was apparently different from the case of
low frequency vibration. It proved that the mechanism of VSR
with high frequency is different from that with low frequency.

Before the vibration

after the vibration
Relief Process
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A new method for reduction of welding residual stress
using multi-point vibration with high frequency is proposed.
The proposed method was simulated for some conditions with
ANSYS Program. The simulation proves that the effect of
VSR on thin-walled vessel by vibration with high frequency is
better than the effect of VSR with low frequency if we could
find appropriate mode of vibration of weldment. Moreover,
the simulation also proves that VSR with high frequency may
be likely to be used to relieve residual stress of pressure
vessels.
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