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Abstract: In recent years, new technologies for downhole isolation in oil drilling have 

shown both practical and safe features in underbalanced drilling. The downhole 

isolation method isolates the pressure on the lower and lower wellbore of the valve 

plate by opening and closing the casing valve plate. This method can effectively reduce 

the risk of drilling with the pressure line, and it plays a crucial role in the actual 

underbalanced drilling. Important role. Among them, the mechanical casing valve 

technology solves the downhole isolation technology required for underbalanced 

drilling. Compared with the currently used hydraulic casing valve, the structure is 

simple, the price is low, and it has good application and promotion. prospect. Due to 

the high sealing requirements of the casing valve, this paper starts from the actual 

situation, combines the working principle and structure of the existing casing valve to 

study the sealing performance of the 9-5/8" mechanical casing valve, by adding a seal 

on the valve seat. The rubber ring was used to study the influence of various 

parameters on the stress of the sealing ring. It was found that the angle of the opening 

of the lower lip of the upper lip had a great influence on the sealing pressure. The 

analysis of the contact pressure of the sealing ring showed that the contact pressure 

of the contact surface was the first. After increasing, the trend tends to be stable. 

Finally, the structure of the sealing ring is optimized. The optimized sealing ring stress 

is less than that before optimization. The optimized contact pressure is greater than 

before optimization, and the optimized sealing ring stress value is reduced by 3.67%. 

 

Keywords: Mechanical casing valve; Downhole isolation; Seal ring; Structural 

optimization; Underbalanced. 

 

1. Introduction 

Underbalanced drilling technology has the advantage of protecting oil and gas 
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reservoirs in actual drilling. At present, it has been recognized as an advanced drilling 

technology that can solve problems in traditional overbalanced drilling. At present, 

underbalanced drilling technology has been used as a technology in China, and the 

number of underbalanced drilling is increasing year by year. Underbalanced drilling 

technology is gradually maturing in major oil fields. Therefore, we should strengthen 

the application of underbalanced drilling technology. 

In underbalanced drilling operations, the effect of underbalance is greatly affected by 

the fact that the drilling, electrical and lower production tools in the well are usually 

in an overbalanced state. To this end, domestic and foreign research scholars have 

proposed the "full process underbalanced drilling" method, which can mainly achieve 

non-killing operations. In the process of underbalanced drilling, in order to ensure that 

the drilling fluid does not pollute the reservoir under the well, it is necessary to keep 

the circulation pressure of the drilling fluid always lower than the pore pressure of the 

drilled formation, so as to generate a suitable negative pressure difference, ie It is 

necessary to maintain an underbalanced state from the beginning of drilling the oil 

and gas layer to the end of the completion of the well, that is, to achieve the 

underbalanced drilling of the whole process. 

In the operation of underbalanced drilling, in order to prevent the formation process 

from invading the formation, the formation fluid should be allowed to flow out during 

the drilling process. When the drilling is started, high pressure will be generated in the 

well, and it is necessary to use the forced drilling device or the killing. It can effectively 

prevent the drill pipe from being in a state of weightlessness. In recent years, a new 

method of downhole drilling has been invented at home and abroad—the downhole 

isolation method. The main tool used in the downhole isolation method is the 

downhole casing valve. The casing valve needs to follow the technology during the 

drilling process. The casing is lowered into the well, and the downhole casing valve is 

designed to avoid formation damage caused by well killing and to eliminate the 

dependence on forced tripping operations when drilling down during underbalanced 

drilling operations . 

A new technology called downhole isolation that has emerged in recent years has 

shown both practical and safe features in underbalanced drilling. The downhole 

isolation method isolates the pressure on the lower and lower wellbore of the valve 

plate by opening and closing the casing valve plate. This method can effectively reduce 

the risk of drilling with the pressure line, and it plays a crucial role in the actual 

underbalanced drilling. Important role . In the background of downhole casing valves, 

domestic and foreign scholars have developed a new type of casing valve-mechanical 

casing valve technology, which is a good solution to the downhole isolation technology 

required for underbalanced drilling. The hydraulic casing valve is simple in structure 
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and low in price, and has good application and promotion prospects. Due to the high 

sealing requirements of the casing valve, this paper studies the sealing performance 

of the 9-5/8" mechanical casing valve and optimizes its structure based on the working 

principle and structure of the existing casing valve. 

 

2. Research Review 

At present, the whole process underbalanced drilling technology has become a widely 

used technology for detecting new oil and gas fields in major oil exploration countries 

around the world . Downhole casing sealers have become the most practical and safe 

core tool and technical means of this technology. The downhole casing valve used is 

a technical means to realize the downhole isolation method under the underbalanced 

operation of the whole process, and can reduce the operational risk brought by the 

down-drilling with pressure, and plays a key role in the whole process underbalanced 

drilling. Important role. 

The whole process of casing valve underbalanced drilling began in the middle and late 

1990s. For this technology, many foreign companies took the lead in researching it. A 

series of downhole control valves such as single hydraulic line control, double hydraulic 

line control, drill string reduction control, and drill collar snap ring control have been 

developed . Weatherford's Downwind Deployment Valve (DDV) is a typical 

representative of hydraulic control control casing valves . The sealing pressure can 

reach 35MPa, including φ177.8 mm and φ244.5 mm. Halliburton has also developed 

the Casening Well-Control Valve for underbalanced drilling , which is represented by 

the Quick Trip Valve (QTV) of Halliburton, USA. Can be used for tubing or for casing, 

QTV sealing pressure can reach 21MPa, lower than DDV . Steve Herbal  analyzed the 

shortcomings of the conventional underbalanced drilling method and other methods 

of underbalanced drilling. The design of a fully open safety valve was installed on the 

casing and placed under the casing with the casing. The "pipe light" position occurs 

and its control is turned off by the ground hydraulic line. Schlumberger has developed 

a downhole isolation valve that is operated with a working string. From the feedback 

on the use of the drilling site, the application performance of the United States 

Weatherford double hydraulic line control valve is significantly better than other 

companies' products, so it is favored by many oil fields . According to statistics, 

Weatherford Corporation of the United States spent nearly seven years of working 

time before and after the development of the DDV casing valve. After the "design-

processing-test-optimization design-test" process, it took 3-4 times. Improvements 

have achieved such a good application effect.  

Downhole casing valve has become the core tool of underbalanced drilling in the whole 
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process. At the same time, most of China's oil and gas fields are in the middle and late 

stages of development. The subsequent blocks are low-pressure and low-permeability 

reservoirs with difficult oil production, which requires more whole process 

underbalance. Drilling to find reservoirs, protect reservoirs, and increase oil and gas 

production. Therefore, the development of downhole casing valve technology has a 

very broad prospect and is an arduous task, which is a common problem faced by 

petroleum workers. At present, the main application in the oil field is the hydraulic 

casing valve technology. Due to the hydraulically driven switch casing valve, the inner 

diameter of the hydraulic auxiliary pipe is 4~6mm. If the casing valve is deeper, the 

ground driving pressure is higher, which may result in The pressure relief of the 

hydraulic auxiliary pipe and the liquid cylinder causes the casing valve to fail. At 

present, the common casing valve depth at home and abroad is between 300 and 600 

m, and the cost of the hydraulic casing valve is very high. The development direction 

has to be transformed into a compact casing valve. For the general use requirements, 

the structure is simplified. Therefore, it is necessary to develop a mechanical casing 

valve, which can solve the problem of shallow depth of entry, and can further meet 

the production requirements and can be used as Quickly start the drilling valve to 

improve the drilling time and reduce the risk of well control during the drilling process. 

Zhang Qiangui, a Chinese oil group Chuanqing Drilling Engineering Co., Ltd., proposed 

the design of a mechanical casing valve. This design effectively solves the problem of 

limited penetration depth of hydraulic casing valves, and does not require a ground 

control system. Under the casing into the well. And the switch tool suitable for 

mechanical casing valve is proposed, which avoids the risk of premature failure due to 

scraping of the drill bit and grinding the internal components of the casing valve during 

drilling. 

In this paper, the important research on hydraulic casing valve and mechanical casing 

valve at home and abroad is carried out to analyze and optimize the valve plate 

parameter structure and sealing performance of 9-5/8" mechanical casing valve. 

 

3. Research on Sealing Performance of Mechanical Casing Valve 

3.1 Working Principle of Mechanical Casing Valve. 

Figure 1 shows the switch sleeve when the drill has just been lowered into the 

downhole casing valve, the double-head shear screw that has been connected has not 

been cut, and the valve plate is still closed. 
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Figure 3-1 Schematic diagram of mechanical casing valve structure 

1 Upper joint 2 Single head shear screw 3 Intermediate joint 4 Connecting sleeve 5 

Positioning card lock 6 Lower joint 7 Switch slip sleeve 8 Switch short joint 9 Double 

head shear screw 10 valve seat 11 Valve plate 

 

 

Figure 3-2 Mechanical casing valve working diagram 

 

Figure 2: The switch sleeve connected to the drill is descending with the drill when it 

is drilled down. When it is down to the valve plate position, the switch sleeve 

overcomes the spring force and the pressure of the lower wellbore to open the valve 

plate. The shearing screw has not been cut. 

Figure 3: The switch sleeve continues to descend with the drilling tool. When the lower 

end surface of the switch sleeve contacts the boss of the lower joint, since the outer 
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diameter of the switch sleeve is larger than the inner diameter of the boss, it cannot 

continue to descend. The plate has been fully opened, the inner passage of the valve 

body is opened, and the switch sleeve provides protection for the valve plate. During 

the drilling process, the casing valve is always open and will be closed when drilling 

again. 

Figure 4, as the drilling tool continues to descend, the sliding sleeve cannot move 

downward with the drilling tool. When the force of the street penguin screw is large 

enough, it will be cut, the drilling tool will continue to descend, and the switch sliding 

sleeve will stay in the valve body and will play a protective role on the valve plate. 

 

3.2 Establishment of Sealing Structure Analysis Model 

The structure of the valve plate is shown in Figures 3-1 and 3-2. The valve core sealing 

method is a composite sealing structure of metal seal and elastic rubber seal. The 

purpose is to ensure sufficient high pressure sealing capacity under the working 

condition of the downhole casing valve. And has a low initial sealing capability. The 

sealing structure of the valve core is mainly composed of a valve plate, a valve seat, 

a sealing rubber and a hinge seat, and a rubber sealing member is solidified on the 

sealing curved surface of the valve plate. In the state where the valve plate is closed, 

the valve plate is seated on the surface of the valve seat under the driving of the 

torsion spring, and the sealing curved surface of the valve plate completely conforms 

with the sealing curved surface on the valve seat, and the sealing effect is shared by 

the sealing curved surface and the rubber sealing member. To better achieve the effect 

of downhole isolation and sealing. 

 

 

Sealed valve body solid structure 
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Figure 3-3 Valve plate structure 

1—hinge seat; 2—rubber seal; 3—valve plate body 

 

3.3 Determination of Material Coefficient 

Since the working core of the mechanical casing valve is the sealing effect between 

the valve plate and the valve seat, in order to better solve this problem, the sealing 

performance of the valve core is studied, in the valve plate and the valve seat. A 

special-shaped sealing ring is added between the sealing ring and the valve plate to 

achieve a better sealing effect. The material of the sealing ring is a super-elastic rubber 

material. The material of the rubber ring under the action of external force is a highly 

nonlinear material, including complex material nonlinearity, geometric nonlinearity and 

state nonlinear characteristics. Assuming that the rubber material is an approximately 

incompressible material model, regardless of the effects of relaxation and creep effects, 

the constitutive model of the rubber material in the finite element analysis of the valve 

plug is analyzed by the Mooney-Rivlin model for mechanical simulation analysis. The 

density function relationship is: 

 )3()3( 201110  ICICW                                                       (1) 

Where W  is the strain potential energy; 1I  and 2I   is the first and second Green 

strain invariant deformation tensors; 10C  and 01C  is the Mooney constant. Let 110 CC  ,

201 CC   then 

)3()3( 2211  ICICW                                                        (2) 

For rubber materials, its elastic modulus 0E  and shear modulus G have the following 

relationship 

)1(2

0




E
G                                                                     (3) 

Since the rubber has incompressibility and the Poisson's ratio 5.0 , then the 
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relationship between GE 30  , G  and 0E  and 1C  and 2C  is 

)(2
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E
G                                                              (4) 
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C

C
CE                                                                 (5) 

According to the experimental data of the IRHD hardness rH  and 0E  of the rubber 

material, it is fitted as 

5432.00198.0lg 0  rHE                                                     (6) 

It is known from the formulas (4) and (5) that )21 CC （  depends on the IRHD 

hardness.In this paper, the material of the sealing ring is selected as nitrile butadiene 

rubber (NBR), the hardness IRHD is 85, and the elastic modulus E=69MPa, Poisson's 

ratioμ=0.499. 

 

3.4 Establishment of a Three-Dimensional Model 

The three-dimensional solid shape of the sealing rubber is shown in Figure 3-4. It is 

scanned by equal section. Since the sealing rubber ring and the valve seat have the 

same cross section, this paper uses a two-dimensional structure to seal the sealing 

ring and itself. The maximum stress value is optimized. 

 

Figure 3-4Three-dimensional model of the seal 

 

Figure 3-5 Seal cross section parameter size 
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3.5 Numerical Analysis Model Establishment 

Model establishment and material definition: A simplified model of the valve plate, seal 

ring and valve seat is established in the finite element software. The material of the 

valve plate and seat is 45CrNiMoVA, The modulus of elasticity is 206 GPa and the 

Poisson's ratio is 0.3; the friction coefficient of the contact surface of the sealing ring 

and the valve seat is 0.3. In the simulation analysis, the valve plate and the valve seat 

are defined as rigid surfaces, and the rubber ring mesh type is divided into meshes. 

With the CPS4R, a pressure of 5 MPa was applied to the valve plate in three load steps. 

 

 

 

Figure 3-6 Finite element analysis model 

 

In this paper, the rubber ring adopts the special-shaped ring structure of the literature 

for numerical simulation optimization analysis, the sealing ring section is Y-shaped, 

and the overall three-dimensional structure of the rubber ring is shown in Figure 3-4, 

because each sealing section in the sealing structure is sealed in the same way. Take 

a sealing section as shown in Figure 3-5. 

(1). design variable 

The geometric model parameters of the sealing ring are shown in Figure 3-6. The 

dimensional parameters optimized for the sealing ring section are: the horizontal 

distance L  between the opening midpoint and the lip inflection point, the rounding 

diameter d  at the opening, and the lower lip of the upper lip. The angle of the opening 

 , the angle   between the upper edge of the upper lip and the contact surface of 
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the valve plate, that is, the design variables are four parameters L , d ,  ,  . 

(2). optimize the target 

In the sealed environment of the valve core, the contact pressure between the rubber 

ring and the valve plate is mainly concerned with the sealing pressure prey  and its 

own mise y  stress. Therefore, the above values are taken as the response result in 

the optimization analysis. 

Through the CCD test design of the above four variables, a total of 25 sets of test 

points were obtained and brought into the ABAQUS software for nonlinear simulation 

analysis. The results are shown in Table 3-1: 

 

Table 3-1 Variance analysis of multiple regression model for contact stress prey  

Serial number 
L 

/mm 

D 

/mm 

  
/° 


 

/° 

prey
 

/MPa 

y  
/MPa 

1 0.6 1 23 15 8.84 7.268 

2 0.9 1.4 23 15 8.81 6.551 

3 1.2 1.4 30 15 9.51 7.312 

4 1.2 1 23 15 9.08 6.746 

5 0.9 1.4 30 30 8.92 6.465 

6 0.6 1.4 30 15 8.62 7.291 

7 0.9 1.8 23 30 8.56 7.409 

8 0.9 1 23 30 8.80 6.306 

9 0.9 1.4 16 0 8.79 6.195 

10 0.9 1.8 23 0 8.45 6.425 

11 0.9 1.8 16 15 8.69 6.775 

12 0.9 1 16 15 8.75 6.474 

13 0.9 1.4 16 30 8.55 7.428 

14 0.9 1 23 0 8.83 7.41 

15 0.6 1.8 23 15 8.48 6.524 

16 0.6 1.4 23 0 8.46 6.837 

17 0.6 1.4 23 30 8.22 6.338 

18 0.9 1.8 30 15 8.69 6.835 

19 1.2 1.4 23 0 8.92 6.449 

20 1.2 1.4 16 15 8.90 6.419 

21 1.2 1.4 23 30 8.7 6.549 

22 0.6 1.4 16 15 8.40 5.86 

23 1.2 1.8 23 15 8.72 6.652 

24 0.9 1.4 30 0 8.84 7.268 

25 0.9 1 30 15 9.34 6.899 

 

Rubber contact surface maximum contact pressure regression model prey : 

2

2 3 2

2 2

8.81 0.24 0.17 0.15 0.042

0.001 0.096 0.018 0.15

0.035 0.08 0.048 5.667 10

0.089 0.15

prey L d

Ld L L d

d L d

 

  

 

 



     

   

   

 

 

Rubber Maximum Stress y  Regression Model: 
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6.75 0.00075 0.04 0.24 0.007417

0.16 0.13 0.15 0.091 0.52

0.51

y L d

Ld L L d d

  

   



    

    



 

It can be seen from the data in Table 3-2 that since L , d ,  , d , L ,  all 

significant probabilities are less than 0.05, indicating that each optimization variable 

has a greater influence on the contact pressure between the seal ring and the valve 

plate, and the parameter interaction The effect is obvious; the significance probability 

of the whole model is less than 0.05, indicating that the model regression is significant 

and can be used to predict the response of the contact pressure prey  under different 

parameter combinations. 

 

Table 3-2 Multivariate regression model variance of seal stress 

Source of variance sum of square 
Degree of  

freedom 

Mean square 

 error 
F value P value 

model 3.16 10 0.32 3.1 0.0165 

L  6.75E-06 1 6.75E-06 6.63E-05 0.3436 

d  0.019 1 0.019 0.19 0.6688 

  0.71 1 0.71 6.97 0.0194 
  6.60E-04 1 6.60E-04 6.48E-03 0.537 

Ld  0.11 1 0.11 1.04 0.3257 

L  0.072 1 0.072 0.71 0.3234 

L  0.09 1 0.09 0.88 0.3639 

d  0.033 1 0.033 0.33 0.4365 

d  1.09 1 1.09 10.7 0.0056 

  1.04 1 1.04 10.18 0.0065 
Residual 1.43 14 0.1   

sum 4.58 24    

 

It can be seen from the data in Table 5-3 that since the significant probabilities of  , 

d , and   are less than 0.05, it indicates that these optimization variables have a 

great influence on the mise stress of the seal, and the parameter interaction is obvious; 

The significance probability is less than 0.05, indicating that the regression model is 

significant and can be used to predict the stress y  response under different 

parameter combinations. 

 

4. Sealing Performance Study 

4.1 Seal Ring Stress and Sealing Performance Analysis 

The influence of various variables on the stress of the seal ring 

(1). Single factor response curve analysis 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 4-1. Effect of single factor on seal stress 

 

From the single factor response curve of the seal ring of Figure 4-1, y
  increases with 

the horizontal distance L  between the midpoint of the opening and the inflection 

point of the lip, and the angle   of the opening of the lower lip of the lower lip 
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increases, with the diameter of the fillet at the opening. d , the upper edge of the 

upper lip and the valve plate contact surface angle   decreases, but it can also be 

seen that the stress of the seal ring is less affected by 、、dL , mainly affected by 

 . 

(2). Multi-factor interactive response surface analysis 

 

(a) 

 

(b) 

Figure 4-2 Multi-factor interactive response surface analysis 

 

The horizontal distance 9.0L  between the midpoint of the opening and the inflection 

point of the lip, the diameter 4.1d of the fillet at the opening, the angle  23  of 

the opening of the lower lip of the lower lip, the angle 15  between the upper edge 

of the upper lip and the contact surface of the valve plate, and the above two 

parameters are sequentially taken. Study the effect of the remaining parameters on 

the sealing pressure of the seal. 

It can be seen from 4-2(a) that at 150   , the stress value of the sealing ring 

decreases with the increase of the diameter d of the opening fillet. At 3015   , the 

stress increases with the diameter d of the opening fillet; When 4.11  d , the stress 
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of the seal increases with the increase of  . When 8.14.1  d , the stress increases 

with the increase of  . 

It can be seen from 4-2(b) that at 2216   , the seal stress increases with the 

increase of  . At 3022   , the seal stress decreases with increasing  ; at 

2316  , the seal stress As   increases, the stress of the seal decreases with 

increasing   at 3023  . 

 

4.2 Effect of Various Variables on the Contact Pressure of the Sealing Ring 

The single-factor and multi-factor interaction method is used to study the horizontal 

distance L  of the opening midpoint and the lip inflection point, the rounding diameter 

d  at the opening, the opening angle   of the lower lip of the lower lip of the upper 

lip, and the upper edge of the upper lip and the valve plate contact surface. The 

response of the angle   to the stress of the seal. 

(1). Single factor response curve analysis 

 

(a) 

 

(b) 
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(c) 

 

(d) 

Figure 4-3 The influence of single factor on the contact pressure of the sealing ring 

 

It can be seen from the single factor response curve 4-3(a)(b) of the seal sealing 

contact pressure that the contact pressure y  decreases as d increases; while   

increases, the contact pressure y  increases first. The trend is decreasing, but the 

overall change is not large; from Fig. 4-3(c)(d), the contact pressure y  is increasing 

as   and   increase. 

(2). Multi-factor interactive response surface analysis 
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(b) 

 

(c) 

Figure 4-4 Effect of multi-factor interaction on the contact pressure of the seal 

Figure 4-4 is the horizontal distance 9.0L  from the midpoint of the opening and the 

inflection point of the lip, the diameter 4.1d  of the opening at the opening, the angle 

 23  of the opening of the lower lip of the lower lip, the angle 15 between the 

upper edge of the upper lip and the contact surface of the valve plate, and then taken 

The above two parameters were fixed to study the influence of the remaining 

parameters on the seal sealing pressure. 

It can be seen from the interaction of d-  in 3-4(a) that at 8.15.1  d , the contact 

pressure prey  decreases first with the increase of  , and then increases slowly, and 

the contact pressure prey  increases with the increase of   at 5.11  d , and The 

degree is more obvious; while d  gradually decreases, prey  gradually increases, and 

the increase trend is more obvious at 3024  . 

It can be seen from the interaction of 4-4(b) L- that as prey  and   increase, L  and 

3024   appear extreme points. 

 

4.3 Seal Surface Contact Pressure Distribution Law 

When the pressure of the valve plate is 15 MPa, the influence of each variable on the 

sealing contact pressure is shown in Figure 4-5~4-7. The contact pressure of the 

contact surface increases rapidly and then stabilizes. the trend of. 
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Figure 4-5 Distribution law of contact pressure cloud map when the horizontal 

distance L  between the opening midpoint and the lip inflection point is different 

 

 

 

Figure 4-6 Distribution of contact pressure cloud map when the diameter of the fillet 

at the opening d  is different 
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Figure 4-7 Distribution pattern of contact pressure cloud at different angles   of the 

lower lip of the lower lip of the upper lip 

 

4.4 Seal Ring Structure Parameter Optimization Result Verification 

When designing the sealing ring, the structural parameters of the sealing ring should 

be improved in order to obtain a higher sealing pressure on the premise that the 

sealing ring itself is not damaged. This paper uses the response surface model to 

optimize. The result of the optimization is: 
 

Seal ring L /mm d /mm  / ° 
/ ° stress/MPa 

Contact 

pressure/MPa 

Original structure 1 1.6 30 0 7.43 8.84 

Preferred structure 1.2 1.8 24 20 7.16 9.12 
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Figure 4-8 Seal circle stress distribution cloud map 

 

 

 

Figure -9 Pressure distribution of the sealing ring and the valve plate 

 

It can be seen from Table 4-8 and Figure 4-9 that the optimized sealing ring stress is 

less than that before optimization, the optimized contact pressure is greater than 

before optimization, and the optimized sealing ring stress value is 7.166 MPa, and the 

stress is reduced by 3.67%; -4 and Figure 5-15 show that the contact pressure value 

is 9.123 MPa and the contact pressure is increased by 3.1%, thus verifying the 

reliability and correctness of the optimization results. 

 

5. In Conclusion 

The sealing performance of the casing valve serves as the core function of the entire 

downhole isolation method, and the sealing performance determines the technical 

quality of the casing valve. This paper combines the sealing structure of the existing 

casing valve and the structural parameters of the sealing ring to design and optimize 

the structural parameters of the sealing ring of the 9-5/8” casing valve. 

The ABAQUS is used to model and finite element analysis the sealing structure, with 

the horizontal distance L  of the opening midpoint of the sealing ring from the lip 

inflection point, the rounding diameter d  at the opening, the opening angle   of the 

lower lip of the lower lip of the upper lip, and the upper edge of the upper lip The 

angle   of the contact surface with the valve plate is used as a variable, and the 

stress of the seal ring and the magnitude of the contact pressure are used as response 

values to optimize the response surface. 
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After optimization, the structural parameters of the seal ring are the horizontal 

distance between the midpoint of the opening and the inflection point of the lip is 1.2 

mm, the diameter of the fillet at the opening is 1.8 mm, and the angle of the lower lip 

of the lower lip of the upper lip is 24°, the upper edge of the upper lip and the valve 

The angle of the plate contact surface is 20°. After optimization, the stress value of 

the seal is 7.166 MPa, and the stress is reduced by 3.67%. From Table 5-4 and Figure 

5-15, the contact pressure is 9.123 MPa and the contact pressure is increased by 3.1%. 
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