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Abstract. The ship side flap valve underwater works with high pressure. In this paper, the valve
body is analyzed using seamless connection between the finite element analysis software and Pro/E
software. In the analysis, multiple load cases applied to the valve body are as follows: open
condition, closed condition and seal test. The analysis result shows the maximum stress value
occurs when the flap valve is open. Moreover, stress value is approximately 65 percent the range of
the minimum yield strength, but the strength requirement of the valve body is satisfied. Finally, this
paper presents a method for weakening the stress concentration effect by increasing the internal
transitional fillet radius between the two hollow and intersectant cylinders of the valve body.

Introduction

Flapper type drain valve is a critical component for large ships and submerged submarines. It
works in harsh environment and bears very high pressure. If the strength or stiffness of the valve is
not enough, it will result in fluid leakage and other serious accidents. This paper adopts the finite
element numerical analysis method to do mechanical behaviors analysis when the valve is under
different working conditions. The purpose of the analysis is to judge the stress concentration area
and the weak links. Finite element analysis is an effective method for strength analysis and safety
assessment of high building, submarine, spacecraft, and other engineering structures [1,2,3].

Operating Characteristics of Ship Side flap Valve

Ship side flap valve underwater is a mechanical plug valve, which is operated manually. The flap
valve belongs to the high pressure products according to the pressure rating classification of vessels.
The normal operating pressure is about 10MPa.The relative attributes of the valve is shows in Table
1:

Table 1 The relative attributes of the valve

. ultimate o
. ultimate ) . . . characteristic
material : compressive applied situation
tensile strength feature
strength
. sea water, fresh meet GB600-91
ZCuAll18Mn13 5 ; ;
. 645MPa 280MPa water, oils and other technical
Fe3Ni2 . -
media conditions
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In the process of the finite element analysis, it will apply Pro/E software to create
three-dimensional solid model and integrate ANSYS software in Pro/E [4]. The solid45 element is
adopted according to the structural feature and loading type.

The symmetry plane only exists deformation in the direction of X and Y. So it has to choose the
symmetry of the model and to apply load in the X direction.

Finally, add completely restraint at the marked location (Fig. 1 and Fig. 2). referring to the
principle of the valve. Note: It only shows one radius of the constraints at the corner to be R5. Other
constraints at the curvature radii are all the same.

T
T
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Hodel bmliT | Model halfl

Figure 1 Constraint condition of the val;c body Figure 2 Load appl.ied to the open valve
(R=5mm) (R=5mm)

Finite Element Analysis of Typical State of the Valve

Isoparametric element and standard element of Solid 45 can be described as the hexahedral
structure, the displacement function of the elements can be described as Eq. 1:

wEm )= > NEM W (L)

SUERL)=D N(& 1,8 )WV, (E,1,8) (1)
I

w(én,8)=Y N(En,Ew,(E,1m,8)
\ |

Where, Ni&:1:6) s the shape function; c, “"("r'?‘?’g’), v,.(é,r},§)1 wi(6:7,6)

. ~ . - ¥, g .P
displacement component of the node; n is the numbers of the nodes; “(5”7’4‘)“(9,"?39)1

are the

WE7:€) are the displacement of the element.

Fig. 3 shows the Displacement, deformation and stress distribution of the flap valve which is

closed.
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(a) Stress distribution of the valve bddy (b) Disbl_aicement diagram of the valve body
Figure 3 The flap valve is in a closed position (R=5mm)
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Fig. 4 shows the displacement, deformation and stress distribution of the flap valve which is
open.

(a) Stress distribution of the valve body (b) Displacement diagram of the valve body
Figure 4 The flap valve is in an open position (R=5mm)

Fig. 5 shows the displacement, deformation and stress distribution of the flap valve which is
under seal test.
L —— AN

(a) Stress distribution of the valve body (b) Displacement diagram of the valve
body
Figure 5 The flap valve is in a seal test position (R=5mm)

The Relationships Between the Transitional Fillet Radius and the Maximum Stress of the
Open Valve. Table 2 makes a list of the maximum stress of the open valve with the transitional
fillet radius of the two oblique and hollow and intersectant cylinders R, the thickness of the valve
Sg. the relative fillet radius of the inner wall of different valve R0O.R( can be written as:

Ru:Rf{SHA [2)

Tables 2 Relationships between the transitional fillet radius and the maximum stress of the valve
which is open.

flap valve is open | the transitional fillet radius of the valve Ry (mm)

apyplye AP 0 0.5 0.8 1.0
maximum stress (Mpa) 220.886 180.419 170.513 184.939

8 relative change (%) 1 18.32 22.80 1627 |

Summary

|. Compared with Figure 6a and Figure5(a), when the valve is open, it gets the largest stress. The
largest stress is just situated laterally at the top part of the seams (the mark shows in Figure 7a). The
area of stress concentration is small, where the design size of the radius of curvature is only Smm. If
the internal pressure reaches to 10MPa, the maximum stress at the stress concentration areas
reaches 180.419Mpa, but the ultimate compressive strength 95 is only about 280Mpa. So the
large plastic deformation will not appear and the results indicate the design can meet the strength
requirements.
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If the valve is closed, the maximum stress appears at the sealing surface between the valve plate
and the valve body. The maximum stress is about 69.279Mpa. It is only about 38.4 percent of the
maximum stress when the open valve bears 10MPa pressure. It meets the strength requirement.

2. When the valve is under seal test, the deformation value is greater compared with the values
when the valve is closed or open. But the test displacement value is about 10mm and it is less than
0.7 percent of the thickness of the wall. It meets the stiffness requirement.

When the valve is closed, the max displacement appears at the contact segment between the
valve plate and the valve body. The stress value is only 0.0135mm, which is very small compared to
the thickness of the wall, and it is less than 0.2 percent of the thickness of the wall. It satisfies to the
stiffness requirement well.

When the valve is open, the valve works under 10Mpa pressure. The stress of the contact
component between the valve plate and valve body is released, and the stress distribution condition
changes. The analysis shows that the maximum stress appears at the top part of the joint and the
maximum displacement appears at the exit surface because the total bending deformation is
restricted by the boundary. The maximum displacement is about 0.055mm and it is less than 0.6
percent of the thickness of the wall. The stiffness requirement is satisfied.

When the valve is under seal test, the maximum displacement is restricted by the boundary and
the inner pressure is 12.5MPa. The maximum displacement appears at the outlet and the maximum
value is 0.069mm. The value is small amount to the thickness of the wall, and it only reaches to 0.7
percent of thickness of the wall. The stiffness requirement is satisfied.

3. It can improve the stress concentration after changing the transitional radius of the two hollow
and intersectant cylinders.

The analysis result shows that when the valve is open, it bears the large stress. It can improve the
stress concentration formally by increasing the transitional radius R. Table 1 shows that if the
relative transitional radius Ro=0.8, the stress concentration will drop by 22.8 points of percentage.
Therefore, it recommends the best transitional radius is about 0.5-0.8 times the thickness of the
wall. The value is only for information for the valve design.
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