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Abstract

In this study, the dynamic behaviors on a valve seat subjected to the impact of the valve disc at low velocities were investigated by us-
ing numerical analysis with finite element method. The impact damage of the valve disc against seat was evaluated through a three-
dimensional dynamic explicit calculation. The parameters considered in the simulations were impact velocity, disc obliquity, aspect ratio,
and contact area ratio. The model for impact calculation was implemented in the code ABAQUS, which is based on the constitutive
equation and fracture strain equation of Johnson and Cook, as well as on continuum damage mechanics. The distribution of damage
caused by the impact was computed and discussed. The impact damage of the valve disc was minimized when the disc obliquity was
approximately 40°. The effects of variation of selected design parameters on dynamic behaviors were discussed. The best design parame-

ters were proposed, which served as a guide for future valve design.
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1. Introduction

The steam valve, which is composed of the stop and control
valves, is widely used to adjust steam flow into the steam tur-
bine. In addition to controlling steam flow, the stop valve is
designed with a quick-shutdown capability to protect the
steam turbine from emergency malfunction. However, instant
impact is generated between the valve seat and the valve disc
when the stop valve is shut down quickly (Fig. 2). This condi-
tion seriously damages the components, which significantly
decreases the life span of the steam valve. Accordingly, a nu-
merical investigation on the dynamic behavior of the steam
valve subjected to the instant impact between the valve disc
and the valve seat is highly desirable to improve the structural
design of the steam valve.

Numerous efforts have been made to investigate the impact
damage between the valve disc and the valve seat. In 1987, S.
K. Dawawala [1] reported on the instant impact between the
valve disc and the valve seat during the process of quickly
shutting down the stop valve. The damage caused by the in-
stant impact significantly influenced the life span of the steam

valve. A further study by Robert Swanekamp [2] illustrated
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the most serious impact damage, which reduced the life span
of the valve to three months. Thus, Mazur et al. [3] numeri-
cally studied the solid particle impact of the turbine main stop
valve by using the commercial software ANASYS. They de-
termined that the impact process strongly depends on the im-
pact trajectories and angle of impact. Z. B. Chen [4] analyzed
the transient temperature and stress variations of the valve
casing by using finite element method to predict the fatigue
behaviors of control valves on the intermediate-pressure sec-
tion of steam turbine. In addition, a further study on the tran-
sient temperature and stress distributions on three-dimensional
(3D) configure of control valve of steam turbine was con-
ducted by Peng et al. [5]. As previously discussed, the impact
damage was not considered in the investigation. The instant
impact caused by the quick closing of the turbine stop valve
results in a serious damage on the valve seat, which induces
the failure of the steam valve. Furthermore, high energy im-
pact damage tolerance [6] was proposed to guide the design of
steam valve. Borvik et al. [7] performed experimental and
numerical investigation on the impact of steel plates with
blunt nose projectiles. They used a finite element (FE) model
and predicted the influence of material, temperature, and strain
rate on the impact damage. Additionally, Bonoral [8] and
Chandrakanth [9] proposed functions to illustrate the impact
damage potential. However, the material parameters used in
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these functions needed to be determined by a large number of
experimental data. This setback hindered wide applications in
the engineering field. In addition, some efforts were made to
simplify these functions by studying the parametric sensitivity.
Corbett et al. [10] studied the influence of non-normal impact
into projectile—target configurations. They developed the nu-
merical codes that can predict local deformation, local failure,
and target response reasonably accurately. Furthermore, Gold-
smith and Finnegan [11] performed experiments to study the
influence of material, thickness, initial projectile velocity, and
angle of incidence on the target response. Most of the afore-
mentioned studies focused on experimental samples with sim-
plified geometries to investigate the impact damage. However,
few studies were performed to investigate quantitatively the
damage caused by the instant impact to the real steam valves
during the process of quick shutting down of the stop valve.
Thus, the numerical analysis of the instant impact for the real
steam valve under the condition of the quick closing of the
stop valve is highly desirable to improve the design of the
valve disc and valve seat.

The major objective of this study is to investigate numeri-
cally the instant impact damage in a real steam valve. Thus, a
stop valve of 1000 MW ultra-supercritical power unit, includ-
ing the valve casing, the valve disc, and the valve seat, was
chosen for the study. Therefore, a numerical model of the stop
valve was established by using FEA. A viscoplasticity model
was used to calculate the stress—strain behaviors of the stop
valve, and a model based on the damage evolution law was
adopted to analyze the instant impact damage during the quick
closing of the stop valve. The influence of the instant impact
on the stop valve was investigated in terms of stress, strain,
damage, and geometries.

2. Mathematical model

2.1 Damage evolution theory

In the calculation, the damage approach by Lemaitre [12]
was adopted to investigate the instant impact damage, and the
expression is presented as follows:

OF, (Y, p,D,...)
oY

D= p-(1-D) (1)
where D is the growth rate of damage parameter, p is the ac-
cumulated plastic strain, p is plastic strain rate, and D is the
damage parameter (simplified as “damage”). In addition, Y in
Eq. (1) is the strain energy per volume unit and is defined as

Eq. 2) [13]:
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where Oy is the Von Mises equivalent stress, R, is the triaxi-
ality function, and &eq is the damage effective stress, which
are given as follows:

Oy = (%%‘D%‘D )”2
R, =2(1+v)+3(1-2v)(oy /c;eq)2 3)
Oy =0y /(1-D).

F, in Eq. (1) is a damage potential function, which was
given by Lemaitre [14] to determine the damage behavior
under the impact loadings. In addition, the expression of the
damage potential function was defined as follows:

Y2 (D(y.r _D)a—l/a

ZS(I_D) p2+n/n (4)

F,=

where S is a material constant associated with the damage
energy strength, « is the material damage exponent,n is the
material hardening exponent, and p is the accumulated plastic
strain. Subsequently, the damage evolution law can be ob-
tained by substituting Egs. (2)-(4) into Eq. (1),
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where p,, is the threshold value of accumulated plastic strain,
D, is the initial damage of the material, and D,, is the critical
damage to determine the failure of the stop valve. R,is al-
ways larger than 1 because of the effect of the multiaxial stress.
According to Eq. (5), the stress triaxiality can accelerate the
evolution of the damage parameter D to some extent. In the
Johnson and Cook (1985) fracture strain model [14], the ac-
tual value of the fracture strain was expressed as the products
of variable terms of stress triaxiality, strain rate, and tempera-
ture. The following is a modified version of Johnson—-Cook
(J-C) fracture strain model:

p [Dl +Dyexp ( Dﬁﬂ[l N p]D“ [1 i DST*] (6)

where the stress triaxiality ratio is defined aso”™ =0y, /0, ,
oy, is the hydrostatic stress, D, to D;are material constants,
p is plastic strain rate, 7" is the homologous temperature
defined as 7" =(T—T0)/(Tm -T,), T is the absolute tem-
perature, 7 is the room temperature, and 7,, is the melting
temperature of the material. Isotropic plasticity coupled with
damage under a Von Mises yield criterion leads to the follow-
ing expression for the plastic potential:

F,=f(6)-0,(T)-R(p.T)<0 @)
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Fig. 1. Impact damage vs. displacement to illustrate the critical and
fracture points.

where f'(-) is a convex function to define the equivalent stress,
o, is the yield strength, R is the strain hardening function, and
T is the temperature. Subsequently, the relation between the
equivalent stress and the damage was established by using Eq.
(8) to investigate the influence of the instant impact damage
on the stress behavior ([15-17]).

o, =[1-D] a+8~][1+ r'*]c [1-1"] ®)

where 4, B, C, k, and m are material constants, r is the damage
accumulated plastic strain defined as r=(1-D)p ,
F* =F/7,is a dimensionless strain rate, and 7, is a reference
strain rate. Egs. (1) and (8) involve the assumption that D = 0
for a virgin material and that fracture occurs when D = 1. As
previously mentioned, the critical damage D,, is set to 0.1 in
Table 1, and the physical proof for identification of which is
demonstrated in Fig. 1. The damage significantly increases up
to fracture after critical damage. Thus, in most cases, the criti-
cal damage is regarded as failure point because of the subse-
quent potential danger to fracture.

In addition, according to the adiabatic assumption [18], the
plastic work associated with plastic deformation of the con-
figuration during the instant impact between the valve disc
and the valve seat was converted into heat, which was ab-
sorbed by the material. Furthermore, the outside of the valve
casing was set to the adiabatic boundary. When the softening
caused by damage and temperature exceeds the strain and
strain rate hardening during the impact process, the adiabatic
temperature was expected to concentrate on the impact zone
[19]. The adiabatic temperature rise can be expressed as fol-
lows:

__n [
AT = o, J.o O'(p)dp )

where ¢, and 7 are the specific heat and the fraction of plastic
work converted into heat, respectively, and p is the material
density, ¢ is the strain. Given that 9Cr—1Mo steel is widely
used in coal-fired power plant, the experimental data are
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Fig. 2. Outer and internal structure of the turbine valve.

Fig. 3. FE mesh of the valve disc and seat.

available in many literatures, such as Samantaray et al. [20], S.
R. Chen [21], and Lemaitre et al. [22], I. Rohr [23]. The data-
base of mechanical properties is provided by our manufacturer
on specific material. The material parameters for 9Cr—1Mo
steel presented in Table 1 are obtained by using least squares
regression, some of which are similar to the material parame-
ters in the preceding literature.

2.2 FE model

A stop valve of a 1000 MW ultra-supercritical power unit is
shown in Fig. 2, which includes valve casing, valve spindle,
segment ring, valve disc, and valve seat. As an impactor
source, the upper end of the valve spindle was mounted to
hydraulic drive cylinder and spring system, whereas the lower
end was connected to the valve disc. Although the dynamic
behavior was quite complicated for the system, the instant
velocity can be easily detected immediately before the impact.
Therefore, the initial impact velocity was selected as a bound-
ary condition. A comparison of the mass of the spindle and
that of the disc revealed that the former was significantly light,
and it was thus neglected in the calculation. Accordingly, the
simplified FE model of the disc and seat was established, as
illustrated in Fig. 3. The mesh density is also displayed in Fig.
3. The calculation of the instant impact between the valve disc
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Fig. 4. Flowchart of coupled calculation of stresses with damage evolution.

and the valve seat was performed by using commercial FE
package ABAQUS. The J-C equivalent stress was calculated
with user-defined program that can be achieved by modifying
default constitutive equations in ABAQUS. The newly devel-
oped J-C stress equation is different from the default equation
regarding the damage parameter. The damage calculation
method was considered as fully coupled method in our pro-
gram.

The flowchart of the coupled calculation of stresses with
damage evolution is presented in Fig. 4 to clarify further the
FE procedure. The total computational elements for the stop
valve are 178840, and the mesh type is eight-node 3D solid
elements. During the process of the instant impact, the time
step was set to 10™° for the simulation. The sensitivity of the
simulation results to the element density and the time step was
checked by repeating calculations with different number of
cells and time steps. The elements and time step in this work
were determined to yield satisfactory results. In addition, the
stop valve was made of 9Cr—1Mo, and the material parame-
ters for the damage model are listed in Table 1.

3. Results and discussion

In this study, the influence of the instant impact between the
valve disc and the valve seat on the damage of the stop valve
was investigated by changing valve disc obliquity S, contact
area ratio d, aspect ratio H/D, and impact velocity. The de-
tailed information is listed in Table 2. In addition, the filter
circulating around the valve disc maintained the uniform
steam pressure distribution on the valve disc in the circumfer-
ential direction as steam flowed through the valve. Accord-
ingly, the influence of the steam pressure on the valve disc
was neglected in this study.

Table 1. Material parameters for 9Cr—1Mo in the simulations.

Elastic constants & density Yield stress & strain hardening

E (GPa) v p(kg/m®) | A4 (MPa) B (MPa) K
220 0.3 7680 122 225 0.12
Adiabatic heating & temperature softening
G, Ukgk) N 4 (1/K) LK | Tk m
452 0.5 1.1x107° 1803 293 0.541
Damage evolution Strain rate hardening
D., a Din n Doty (Us) c
0.1 0.198 0.202 0.14 1 0.105
Fracture strain constants Initial damage
D; D; D; Dy Ds Dy
0.0705 1.732 -0.54 | —0.015 0 0

Table 2. Design parameters in the simulations.

Predefined parameters N=3m/s,0=0.8, H/D=1
Disc obliquity £ 30 [ 4| 60°

Predefined parameters v=3m/s,f= 40°, HD =1
Contact area ratiod’ 04 | 0.6 | 0.8

Predefined parameters v=3m/s,f= 40°0=0.8

Aspectratio H/D | H/D=126 | HD=1 | HD=072
Predefined parameters B=40°6=08 HD=1
Impact velocity v 1 m/s | 3m/s | 6 m/s
Unit: Pa

+2.965e+08
+2.718e+08
+2.471e+08
+2.224e+08
+1.977e+08
+1.730e+08
+1.483e+08
+1.236e+08
+9.885e+07
+7.413e+07
+4.942e+07
+2.471e+07
+4.833e+02

Fig. 5. Distribution of equivalent stress for different disc obliquity with
v=3m/s.

3.1 Effect of the valve disc obliquity

The effect of the valve disc obliquity on the stop valve was
investigated in terms of £ = 30°, 40°, and 60° under the fixed
impact velocity 3 m/s and the aspect ratio H/D = 1. The calcu-
lated J-C equivalent stress (see Ref. [8]) distributions in the
valve disc and the valve seat at transient time 0.05 ms are
shown in Fig. 5. Fig. 5 illustrates that the maximum o, con-
centrated in the circular area and distributed in the valve seat.
Furthermore, the increasing f led to the decreased contact area
and promoted maximum o, to move toward both ends of the
contact area at f = 60°. In addition, comparing the maxi-
mum o, distribution at the contact area among 8 = 30°, 40°
and 60° indicated that this distribution is the most homogene-
ous for the valve disc obliquity 5 = 40°.

Subsequently, the residual velocity for = 30°, 40°, and 60°



J. Mao et al. / Journal of Mechanical Science and Technology 29 (2) (2015) 507~515 511

Residual velocity (m/s)

—_ N W d e W R = 5
- v f P

T T
0.02 0.03 0.04 0.05
Time (ms)

=
=
e
=
=

Fig. 6. Residual velocity vs. time for different disc obliquity at typical points.
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Fig. 7. Triaxiality factor changes with time for different disc obliquity
at three positions.

during the instant impact process was investigated at two ends
and the middle position of the contact area to demonstrate the
influence of the residual velocity on the stop valve. The results
at A, B, and C positions are shown in Fig. 6. Fig. 6 illustrates
that the residual velocities decreased with increasing impact
time. This finding demonstrated that the instant impact energy
was gradually absorbed by the valve. Furthermore, Fig. 6
shows that the residual velocity at = 60° varied remarkably
corresponding to the results at f = 30° and 40°. This finding
was attributed to the inertia force of the disc that significantly
suppress the rebound effect at f = 30° and 40° during the
downward movement of the valve. Fig. 6 also illustrates that
the maximum fluctuation amplitudes of the residual velocity
at f = 60° were 1.6 m/s (at A position), 1 m/s (at B position),
and 1 m/s (at C position) before 0.02 ms. These conditions led
to the huge strain deformation of the valve to dissipate the
residual kinetic energy. In particular, for the configuration
with the valve disc obliquity f = 60°, the significant damage
was generated at A position.

An in-depth understanding of the influence of the instant
impact between the valve disc and the valve seat was obtained
by using stress triaxiality ratio o™ . The results are illustrated in
Fig.7. 6" <0 and " >0 represents the compression stress
and tension stress, respectively. Fig. 7 illustrates that o*at C
positions displayed the alternating stress for the valve disc
obliquity = 60°. The combination of Egs. (5) and (6) sug-
gested that the tension stress was more detrimental than com-
pression stress. The stress triaxiality ratio that fluctuated most
intensively for the obliquity = 60° further demonstrated that
the remarkable damage was generated at A and C positions.
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=
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Fig. 8. Effect of disc obliquity on the contact stress—time history plot at
the position of significant damage.
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Fig. 9. Damage contour for different disc obliquities under initial im-
pact velocity 3 m/s.

Further analysis on the contact stress (Fig. 8) associated
with the instant impact between the valve disc and the valve
seat was performed at A position to demonstrate the influence
of the valve disc obliquity on the instant impact. Fig. 8 illus-
trates that the contact stress at f = 60° maintained the mini-
mum before 0.015 ms. Subsequently, the contact stress at =
60° sharply increased and kept the maximum values after
0.015 ms. Furthermore, the contact stress at f = 60° signifi-
cantly fluctuated, and the maximum amplitude reached 1.65 E
+ 08 Pa. For the configuration with the valve disc obliquity S
= 30°, the fluctuation amplitude of the contact stress main-
tained the stable variation. The minimum contact stress was
exhibited at § = 40°.

Accordingly, Fig. 9 shows the damage distribution at 0.05
ms after the onset of the impact for different disc obliquities.
Both the disc and the seat had impact damage concentrated in
the contact area with maximum damage value above 0.0016,
whereas the contact area of the disc was much less damaged
or remains undamaged compared with that of the seat. No
bulge area was numerically predicted for all kinds of impacted
disc. The disc with the initial obliquity f = 40° showed mini-
mum impact damage in the contact area among the three ge-
ometries. Although all the valve seats showed two moderately
large damaged regions, the damage of the seat under disc
obliquity = 40° was well distributed. A remarkable rest part
remained undamaged for both the disc and the seat.

3.2 Effect of the contact area ratio

The asymmetric disturbance of the impact can be studied
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Fig. 11. Distribution of equivalent stress for different contact area ratio
under v =3 m/s.

with the contact area ratio, J. In this paper, the contact area
ratio was defined by the ratio of the contact area under normal
impact to the contact area under non-normal impact, which is
depicted in Fig. 10. Accordingly, the most severely damaged
sections were chosen for comparison. Overall illustration
ono,, distribution at 6 = 0.4, 0.6, and 0.8 is shown in Fig. 11.
Fig. 11 illustrates that the maximum o, gradually moved to
the top of the contact area with decreasing J. Furthermore, the
decreasing J led to the decreasing contact area. In particular,
the contact area at J = 0.4 was only three-fifth of the contact
area at 0 = 0.8. In addition, the zone of concentrated stress
intensively enlarged because of the decreasing ¢. The maxi-
mum o, reached 301.3 MPa at 6 = 0.4. Further analysis of 6
influencing the contact stress was performed by comparing the
time-dependent contact stresses among the three typical con-
tact area ratios. The J ranges from 0 to 1. The J = 0 occurs in
most severe case of the non-normal impact, and J = 1 indi-
cates normal impact.

According to operational practice, the starting point of the
contact zone usually bears the most severe impact damage
partly because of the quick closing and high leak tightness
requirement in the valve design. In this case, the starting point
of the contact zone was taken as a “representative” position
for analysis. Fig. 12 demonstrates that the contact stresses
arrived at a high level as soon as the disc impacted the seat.
The first peak of the contact stresses ascended within the first
0.01 ms. The contact stresses reduced to a low level with the
time increasing. Meanwhile, these contact stresses fluctuated
slightly to a stable level. Fig. 12 indicates that the more the
contact area ratio d was, the less the contact stress transiently
reached. The contact stress augmented significantly with the 6
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Fig. 12. Effect of contact area ratio on the contact stress—time history
plot at position of significant damage.
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Fig. 13. Damage contour for different contact area ratio under v =3 m/s.

instantly reducing because the disc critically deviated from the
normal impact. Furthermore, Fig. 12 indicates that the highest
value of the contact stress for 6 = 0.4 reached 588 MPa, which
exceeded the yield stress. Although the highest contact stress
occurred for & = 0.4 immediately after the contact, the gap
among the three contact stress for 6 = 0.4, 0.6, 0.8 decreased
gradually with the time increasing. Some of the reasons were
connected to the plastic deformation and heat dissipation,
which referred to the Egs. (8) and (9).

To analyze quantitatively the influence of the instant impact
on the component, the significant damage was chosen for
study, as illustrated in Fig. 13. Fig. 13 illustrates that any de-
viation from normal impact resulted in a shift on damage con-
centration and distribution alteration. Furthermore, Fig. 13
numerically predicts the impact damages mainly concentrated
on the valve seat for the three cases, while the impact velocity
was kept constant at 3 m/s. Fig. 13 indicates that the highly
damaged region enlarged with the J decreasing because of the
impact biased toward severely damaged region. The impact of
the disc under J = 0.4 clearly induced huge accumulated dam-
aged region that concentrated on the starting impact point, and
the most severe damage was above 0.0015. According to the
preceding results, nearly 30% of the damaged area would be
completely broken if the impact was continuously performed
for a thousand times.

3.3 Effect of the aspect ratio

Given that height, H, and diameter, D, are two structurally
related parameters that are usually considered in valve disc
design, the dimensionless aspect ratio combines the effects of
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H and D on the impact and can be defined by the form of H/D.
The effect of the aspect ratio on the contact stress was ana-
lyzed for three valve discs at a position of significant damage,
as shown in Fig. 14. Fig. 14 illustrates that the critical fluctua-
tion occurred at around 0.02 ms, and then the fluctuation on
the contact stresses returned to a relatively stable level for the
three cases. Moreover, the contact stress fluctuated most
sharply for the disc with H/D = 1.26, whereas the contact
stress under H/D = 0.72 had the highest frequency fluctuation.
Fig. 14 also illustrates that the contact stress under H/D = 1
seemed to be more stable than that of the others after 0.02 ms.
In addition, Fig. 14 indicates that the highest value at point D
appeared slightly later than that at point A (shown in Fig. 12)
during the contact stress history. Moreover, the highest contact
stress reached 825 MPa for the disc with H/D = 1.26. The
mean contact stress for three cases was 430 MPa in the range
0f 0.02 ms to 0.05 ms.

Further investigation on the max contact stress was per-
formed to look into the effect of the aspect ratio on the max
contact stress with varying J, as shown in Fig. 15. It demon-
strated that the max contact stress slightly increased with the
increase of the aspect ratio H/D because of the mass alteration
by altering the H/D. In particular, when the ¢ surpassed 0.8,
the aspect ratio did not cause any significant change on the
max contact stress. However, the effect of the aspect ratio
became more notable on max contact stress with reducing .
The aspect ratio was usually related to the mass. Thus, altering
the aspect ratio may lead to a very different distribution on
impact damage. The quantitative analysis of the aspect ratio
effect on impact damage is presented. One section was chosen
for analysis, as shown in Fig. 16. The most severe damage

0.0035

0.0028

——H/D=126 Path

0.0021 1
& : --=- H/D=1.00
E | ceH/D=
5 ooong e LT HDTOT2 L
I | £
B
0.0007 1 S A
0.0000 r T T T ]
0 5 0 15 20 25 30

True distance along path(mm)

Fig. 16. Effect of the aspect ratio on the impact damage along contact
path under v = 3 m/s.
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Fig. 17. Comparison of the computed time histories of the contact
stress under different impact velocities.

occurred at the starting point of the contact zone, and the sec-
ond peak of the impact damage shifted away from the starting
point with the increase of the aspect ratio. Compared with the
impact damage under other values of H/D, the impact damage
under H/D = 1 distributed more reasonably because of its
minimum total damage within the contact path.

3.4 Effect of the impact velocity

In this study, the effect of the impact velocity on the impact
was investigated at a typical damaged point D. Point D was
chosen because the behaviors of another point should be de-
termined, and the illustration at point A was already detailed
in the preceding sections. Fig. 17 illustrates that the impact
velocity significantly influenced the contact stress. Fig. 17
also illustrates that the increasing impact velocity led to the
significant increase in the contact stress. The contact stress at
the impact velocity 6 m/s increased significantly correspond-
ing to the results at the impact velocity 3 m/s and 1 m/s before
0.02 ms, and a distinctive peak of the contact stress could not
be determined through 0.05 ms for the impact velocity 1 m/s.
Furthermore, the contact stress did not occur immediately
after the impact because of the corresponding impact position
(point D) away from the starting point (point A). Thus, the
impact damage at point D would be greatly different from that
at point A. In addition, Fig. 17 indicates that the highest peaks
of the contact stresses at the impact velocities 6 m/s and 3 m/s
were 96 MPa and 58 MPa, respectively, at 0.018 ms, and the
contact stress at the impact velocity 1 m/s reached the highest
value of 31.5 MPa at 0.05 ms.

An examination on the max contact stress was conducted to
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Fig. 19. Effect of impact velocity on the impact damage along contact path.

investigate the effect of the impact velocity on the max contact
stress with varying J. This examination indicated that the max
contact stress was sensitive to the impact velocity, and the
max contact stress nonlinearly increased with increasing the
impact velocity. Fig. 18 illustrates that the max contact stress
decreased with increasing d and increased with increasing the
impact velocity under the same . The highest value of max
contact stress surpassed 800 MPa, which was beyond the ini-
tial yield stress of the material. In addition, the impact velocity
6 m/s led to a 20% increase on max contact stress compared
with the results at impact velocity 3 m/s. Furthermore, the
high impact velocity was unsuitable for the low ¢ state in the
valve application. The J = 0.8 seemed a threshold value. Once
the contact area ratio J exceeded the threshold value, the effect
of the impact velocity on the max contact stress would be
significantly enlarged.

However, the impact velocity also influenced the impact
damage. The results are shown in Fig. 19. Fig. 19 indicates
that the impact damage was very sensitive to the impact veloc-
ity. This finding could be further proved by the comparison
between Figs. 16 and 19. Moreover, high impact velocity led
to huge impact damage that was fatal for the application in the
turbine valve. The impact damage at the impact velocity 6 m/s
was more than two times of the result at the impact velocity 3
m/s. The impact damage profile in Fig. 19 resembles the re-
sults in Fig. 16. However, Fig. 19 illustrates that the impact
damage is insignificant for the impact velocity below 1 m/s
except slight damage at the starting region of the contact zone.

4. Conclusions

This study described a coupled computational model of vis-

coplasticity and damage, which can predict dynamic response
and impact damage during impact. Based on this theoretical
approach, the dynamic response and impact damage of the
valve disc against the seat was investigated by using commer-
cial code ABAQUS augmented by a user-defined material
subroutine. The effects of the variation of selected design pa-
rameters on the damage of the valve were analyzed in terms of
contact stress, Von Mises stress, max contact force, triaxiality
factor, and impact damage. Three key points are presented as
follows:

(1) Numerical calculations demonstrated that the initial
valve disc should be obliquity f = 40°. This disc obliquity
avoided stress concentration that could lead to further impact
damage. The high impact damage concentrated on the two
spots, one of which was at the starting point of the contact
zone. In addition, the residual velocity of the position de-
creased rapidly, which further proved that this position suf-
fered significant damage caused by the impact.

(2) Given that the variation of the contact area ratio o re-
markably affected the final impact damage and dynamic re-
sponse, robustness and precision are highly required for the
valve shutdown operation, because any deviation from normal
impact would induce low ¢ that resulted in high contact stress
and impact damage.

(3) The contact stress increased with impact velocity and
the aspect ratio. Furthermore, the impact damage was more
sensitive to the impact velocity than it was to the aspect ratio.
The increase in the contact stress at high impact velocity was
more rapid than that at low impact velocity. The valve disc
with 97.81 kg, H/D = 1, and the impact velocity 1 m/s had the
lowest impact damage and possessed the most stable dynamic
properties among the three cases.
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