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Abstract: As an important part of the Christmas tree, the sealing performance of the flat gate valve is very important, and the 

O-ring seal is the most commonly used seal in the flat gate valve. Therefore, the research on O-rings is particularly important. For 

the flat gate valve with a single gate, its structure has gradually developed from a single seat seal to a double seat seal. This article 

mainly analyzes the sealing principle of the double seat in the ultra-high pressure flat gate valve and the influence of the 

pre-tightening force of the sealing ring on the sealing effect. Using finite element analysis software, a two-dimensional 

axisymmetric model of the double valve seat sealing structure was established to study the non-metallic sealing performance of 

the valve seat. The Mises stress, the maximum contact stress of the sealing surface, and the contact area of the sealing surface of 

the O-ring seal under different compression ratios are analyzed. The results show that when only the sealing performance and 

pre-tightening force requirements are considered, an O-ring with a larger wire diameter should be selected as much as possible. 

When considering the service life of the O-ring seal, the compression rate of the seal ring should not exceed 20%. Therefore, the 

selected seal ring wire diameter is 3.75mm within the recommended seal ring compression rate range. 
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1. Introduction 

The gas tree is one of the important equipment at the gas 

wellhead, and the flat gate valve is the core component of the gas 

tree. Nowadays, the continuous development of the petroleum 

industry puts forward higher requirements for the reliability and 

control of wellhead devices, especially valves. On the one hand, 

from the perspective of the overall wellhead device, the 

improvement of the gate valve mainly focuses on the reduction of 

size and weight, that is, it must be light and flexible; on the other 

hand, from the structural type, it mainly focuses on the 

improvement and development of the gate valve., To promote the 

use of parallel gate valves. For the single gate plate gate valve 

[1-5], its structure has gradually developed from a single seat seal 

to a double seat seal. Double valve seat sealing means that when 

the valve is closed, the front and back of the flat gate valve are 

sealed at the same time. This structure not only improves the 

sealing reliability of the flat gate valve, but also is very 

convenient to use because it is not strictly necessary to 

distinguish the inlet end and the outlet end during installation. 

O-rings are the most common seals in flat gate valves. There are 

a lot of researches on the performance analysis of O-rings. Wang 

Wei, Zhao Shugao [6, 7] established a non-linear finite element 

analysis model of the rubber O-ring contact with the groove, and 

analyzed the contact deformation, contact width and contact 

stress distribution on the sealing interface of the rubber O-ring 

during installation and use. Laws provide a theoretical basis for 

the design and optimization of rubber O-rings. Liu Jian [8] and 

others used finite element simulation software to simulate the 

material properties of O-rings and the compression rate during 

pre-tensioning, and obtained the maximum initial contact of 

O-rings under different materials at different compression rates, 

pressure and contact stress distribution law. 

In addition to the sealing of the valve seat, it is generally 

achieved by O-ring seals. Therefore, how to choose a suitable 

seal ring has become one of the key issues in the manufacture 
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of double-seat flat gate valves. This article mainly analyzes 

the sealing principle of the double seat in the ultra-high 

pressure flat gate valve, and the influence of the pre-tightening 

force of the sealing ring on the sealing effect, to select the 

most suitable O-ring sealing ring, which lays a foundation for 

further research on the double seat sealing solid foundation. 

2. Sealed Structure 

2.1. Metal Sealing Structure 

The double-seat flat gate valve has two identical valve seats, 

which are installed symmetrically on both sides of the gate. 

Each valve seat is further divided into two parts, an inner valve 

seat and an outer valve seat, and the inner valve seat is nested in 

the outer valve seat. Two valve seats and a gate plate together 

constitute the valve seat metal sealing structure of a double-seat 

flat gate valve. Its specific structure is shown in Figure 1. 

The valve seat of this structure has three sealing surfaces at 

the inlet and outlet. The sealing surface between the inner 

valve seat and the gate is completely sealed by metal, while 

the other two sealing surfaces need to rely on non-metallic 

sealing. 

 
Figure 1. Schematic diagram of the seat sealing structure of a double seat flat 

gate valve. 

2.2. Non-metallic Sealing Structure 

The non-metallic seat seal of the double-seat flat gate valve 

is the core of the entire gate valve sealing structure, mainly 

composed of O-ring seals. The double-seat sealing structure in 

Figure 1 has a total of 6 O-rings. For the convenience of 

subsequent description, all O-rings on the seat are numbered, 

from the inlet end to the outlet end respectively as No. 1-6. 

3. Sealing Principle Analysis 

When the gate is fully open to fully closed, the 

high-pressure gas at the inlet enters the valve cavity from the 

red curve shown in Figure 1 through the through holes of the 

valve plate symmetrically. At this time, the gas is in a 

high-pressure state, which is equivalent to the valve cavity has 

high pressure. Since the pressure before and after No. 1-6 

sealing ring is high pressure, all the seals do not play a sealing 

role at this time. When the gate continues to move downwards, 

immediately before the gate is fully closed, the internal 

pressure distribution of the gate valve is shown in Figure 2 

(the specific pressure value in the Figure will vary according 

to the actual situation), and the inlet pressure is the highest 

(high pressure zone). The valve cavity pressure is the next 

(second high pressure area), and the outlet pressure is the 

lowest (low pressure area). 

 
Figure 2. The internal pressure cloud diagram of the gate valve immediately 

before fully closing. 

The fully closed state of the gate valve is shown in Figure 3. 

At this time, the high-pressure gas will flow into the gap 

between the parts. The small white arrow in the Figure 

represents the flow direction of the high-pressure gas. 

 
Figure 3. Schematic diagram of the cross-section of the seat seal fully closed. 
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When the gate is fully closed, high-pressure gas remains at 

the inlet end, and low pressure at the outlet end. At this time, 

one side of the inner valve seat nested in the outer valve seat is 

close to the gate, and the other side will not closely fit the 

outer valve seat under the elastic force of the No. 2 (or No. 5) 

sealing ring, but A certain size gap is produced, and the size of 

this gap depends on the elasticity of the sealing ring and the 

pressing force of the gate plate to the inner valve seat. Figure 4 

is a partial enlarged view around the No. 2 sealing ring. The 

cross-section of the O-ring after being squeezed gradually 

presents a rectangular profile, and the elastic force of the 

sealing ring forces a gap between the inner and outer valve 

seats. 

 
Figure 4. Partial enlarged view of inner valve seat sealing ring and 

surrounding. 

When there is a pressure difference, the gate will move 

closer to the right under the action of the pressure difference 

and press tightly on the valve seat in the outlet. When the 

surface is sufficiently smooth, a seal can be achieved between 

the gate plate and the valve seat in the outlet under the action 

of the pressure difference, that is, the metal seal between the 

valve seat in the outlet and the gate plate. Under the pressure 

provided by the gate, No. 4 and No. 5 sealing rings can seal the 

air flow path between the valve seat in the outlet and the outer 

valve seat; the air flow path between the outer valve seat and 

the valve body is sealed by No. 6 Ring seal. 

Since the valve cavity will have sub-high pressure at the 

moment of closing, there is also a pressure difference between 

the inlet and the valve cavity. At this time, the No. 1 sealing 

ring will seal the air flow path between the valve body and the 

outer valve seat of the inlet, and the No. 2 sealing ring will seal 

the air flow path between the inner valve seat of the inlet and 

the outer valve seat of the outlet. At the same time, the 

high-pressure gas at the inlet will enter the gap between the 

inner valve seat and the outer valve seat. The high-pressure 

gas in the gap will push the inner valve seat to move, thereby 

tightly pressing the inner valve seat in the inlet to the gate, 

completing the seal between the inner valve seat and the gate 

in the inlet. 

The key to double valve seat sealing is the close fit of 

O-rings and various gaskets with the inner and outer seat. The 

pre-tightening [9] force produced by the O-ring seal makes the 

two inner valve seats close to the gate, and creates a certain 

gap on the contact surface between the outer valve seat of the 

inlet and the inner valve seat of the inlet, so that high-pressure 

gas enters after the gap, the valve seat in the inlet can be 

tightly pressed on the gate. 

In the double valve seat seal, the seal between the inner 

valve seat and the outer valve seat, especially the seal between 

the inner valve seat and the outer valve seat at the inlet end, 

has always been the most problematic place in the entire 

double valve seat seal. 

If the diameter of the sealing ring is slightly smaller, the 

pre-tightening force of the valve seat after installation will be 

insufficient. In the case of insufficient pre-tightening force, the 

inner valve seat and the gate will not fit closely enough, and 

the difficulty of forming an effective seal will increase. If the 

diameter of the sealing ring is slightly larger, it will make it 

difficult for the inner valve seat to be completely installed in 

the outer valve seat, which will result in insufficient space for 

the gate between the two inner valve seats, and make the 

installation of the gate difficult. To some extent, the 

pre-tightening force between the inner valve seat and the gate 

can be increased, but it is very likely to scratch the sealing 

surface of the gate and the inner valve seat during the 

installation process. 

4. Analysis of Sealing Performance of 

O-ring Seal 

4.1. Parameter Setting 

The sealing performance of the O-ring seal largely depends 

on its material [10]. In this paper, polytetrafluoroethylene with 

many excellent properties is selected as the material of the seal 

ring. If the material and size of the O-ring seal are determined, 

they are directly manufactured for pressure testing, the 

research cycle is too long and the research and development 

cost is too high. If the finite element simulation analysis is 

performed on the sealing ring in advance, time can be saved 

and research and development costs can be reduced. 

The choice of O-ring size is directly related to the sealing 

performance of the O-ring. In this paper, the finite element 

simulation of O-rings with different wire diameters is carried 

out. The wire diameters of the seal rings and their 

corresponding compression ratios [11] are shown in Table 1. 

Table 1. The diameter of the seal ring and its corresponding compression rate. 

Wire diameter (mm) 3.5mm 3.55mm 3.6mm 3.65mm 3.7mm 3.75mm 3.8mm 3.85 

Compression ratio 13.71% 14.93% 16.11% 17.26% 18.38% 19.47% 20.53% 21.56% 

 

According to the O-ring of the outer valve seat, the 

simulation model shown in Figure 5 is established and meshed. 

The sealing performance simulation analysis of the O-ring is a 

large deformation nonlinear analysis. Therefore, when the 

sealing ring is meshed, the selected element type is a hybrid 

element suitable for nonlinear analysis, and the rest of the 

components use reduced integration. The selection of grid 

type control is mainly quadrilateral. 
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Figure 5. Finite element analysis model mesh. 

Regarding the O-ring seal as a superelastic approximately 

incompressible body, its strain energy function is widely 

described by a constitutive model based on Mooney-Rivlin 

[12, 13], and the mathematical form is as follows: 

W=C10�I1-3�+C01�I2-3� 

Among them, C10 and C01 can be calculated from 

experimental data. In this paper, C10 is 1.87Mpa, and C01 is 

0.47Mpa. 

The boundary condition of the O-ring groove is set to be 

fixed, and the interaction between the O-ring seal and the 

O-ring groove is set to surface-to-surface contact. 

4.2. Simulation Result Analysis 

The Mises stress in the ABAQUS software is the von Mises 

stress, also known as the equivalent stress, which reflects the 

stress distribution inside the material, and its expression is: 

σm=���σ1-σ2�
2+�σ2-σ3�

2+�σ3-σ1�
2� 2⁄ �1 2⁄

 
The Mises stress of O-rings with different wire diameters is 

shown in Figure" dumbbell [14]" shape. 
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Figure 6. Mises stress of O-rings with different wire diameters. 

Figure 7 is a graph showing the maximum contact stress [15] 

of the O-ring seal with the sealing surface after installation and 

the change in the diameter of the seal ring. The maximum 

contact stress in the Figure increases as the diameter of the 

seal ring increases. The maximum contact stress increases 

relatively slowly before the diameter of the seal ring reaches 

3.7mm, and then increases rapidly. 

 
Figure 7. The maximum contact stress varies with the diameter of the seal 

ring. 

 
Figure 1. Curve diagram of equivalent contact area of sealing surface and 

diameter of sealing ring. 

Figure 8 is a graph showing the equivalent contact area of 

the sealing surface and the diameter of the sealing ring after 

the O-ring is installed, where the equivalent contact area [16] 

is represented by the sealing surface width of the sealing ring. 

The equivalent contact area of the sealing surface increases as 

the diameter of the sealing ring increases, and it starts to rise 

rapidly after the diameter of the sealing ring reaches 3.65mm. 

It can be seen from the above results that when only the 

sealing performance and pre-tightening force requirements are 

considered, the larger the wire diameter of the O-ring, the 

better. However, considering the service life of the O-ring seal 

[17], the compression rate of the seal ring should not exceed 

20%. Therefore, the selected seal ring wire diameter is 

3.75mm within the recommended seal ring compression ratio. 

5. Conclusion 

This article analyzes the dual seat sealing principle of the 

ultra-high pressure flat gate valve, and discusses the influence 

of the pre-tightening force of the sealing ring on the sealing 

effect. Through the finite element simulation analysis 

software, the Mises stress, the maximum contact stress of the 

sealing surface and the contact area of the sealing surface of 

the O-ring under different compression ratios are analyzed. It 

can be seen from the simulation results that when only the 

sealing performance and pre-tightening force are considered, 

the larger the diameter of the O-ring seal, the better. When the 

service life of the O-ring seal is also considered, the 

compression rate of the seal should be less than 20%. 

Therefore, after combining various factors, the wire diameter 

of the double seat O-ring of the ultra-high pressure flat gate 

valve is 3.75mm.
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