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1. Introduction 

 The electrostatic capacitance diaphragm 

vacuum gage has been widely used in the vacuum 

apparatus which embrace the oxidizing gas or 

aggressive gas due to its feature with no relation of 

the kind of exhausting gases [1]. In addition, the 

diaphragmatic vacuum gauge is a broadband vacuum 

guage capable of measuring the pressure of a wide 

interval from atmospheric pressure to high vacuum 

depending on the degree of elasticity of the 

diaphragmatic material, a number of studies have 

been mainly undertaken to improve the mechanical 

properties of the diaphragmatic material [2]. Sensor 

diaphragm material is a thin plate type material with 

the greater elasticity factor and high mechanical 

strength; the typical diaphragmatic material is an 

inconel, which is good for tolerance, thermal and 

internal oxidative properties, and has less character 

change at low temperatures [3]. As such, previous 

studies have mostly suggested an inconel with the 

best properties as a diaphragmatic material, focused 

on the direction of the study to measure global band 

from the low vacuum to high vacuum , and attempted 

to use other materials excepted it, but other materials 

have not been introduced significantly because of the 

degradation of mechanical performance, including 

elastic coefficients, which is mainly concerned due 

to the unreasonable broadband vacuum measurement 

and the non-uniform measurement error[4]. 

Xiaodong Han et al., evaluated the sensitivity of the 

vacuum gauge to the measurement range through the 

operation principle, structure, fabrication and testing 

of a miniaturized capacitance diaphragm vacuum 

system [12, 13]. 

A study has also been published that experimentally 

evaluated the gas-dependent effect of heat release in 
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a capacitance diaphragm vacuum system [14]. 

Thus, although the results of studies concerning the 

structural design and fabrication of vacuum sensors 

have been reported, there are no theoretical examples 

of reasonable structural parameters. 

On the basis of a comprehensive research analysis of 

the preceding vacuum measurement methods and 

vacuum sensors, we have solved theoretical and 

practical problems arising in designing and 

fabricating an electrostatic capacitance diaphragm 

vacuum sensor, a species of capacitance sensors that 

can be used for long periods even in gases with 

strong oxidant properties including moisture. 

2. Theory 

 An electrostatic capacitance diaphragm 

vacuum gauge is a vacuum gauge that measures 

vacuum degree by electrically sensing the electrical 

capacity changes with a fixed electrode placed near 

the metal diaphragm when the metal diaphragm is 

displaced by differential pressure acting on either 

side of the conductive metal diaphragm. In this 

vacuum gauge, when electronically sensing the 

deformation of the diaphragm, better sensitivity and 

accuracy can be obtained than when mechanically 

sensed. The deformation of the thin-plated circular 

diaphragm caused by the pressure difference 

depends on how to support the edge and pull or not 

it in advance [2,3]. Fig. 1 shows the displacement 

pattern of the diaphragm by the pressure difference 

△p which acts perpendicular to the circular 

diaphragm with radius R. 

 

 

 

 

Fig.1. Displacement of the diaphragm by pressure difference 

 

In Fig. a, the edge is tightly fixed by the force 

perpendicular to the plane, and when △p=0, the 

diaphragm does not act any stress and therefore there 

is no deformation. In Fig. b, however, a tensile force 

T is applied per edge unit length facing outward on a 

fixed edge, and the diaphragm will be received a 

radial stress. Fig. 2 shows the principle diagram of 

the electrostatic capacitance diaphragm vacuum 

sensor. 
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As shown in the figure, the body is divided into two 

parts by a metal diaphragm, where the left region of 

the diaphragm is connected to bell jar of the 

exhaustion as a vacuum chamber, and the right 

region is chosen to be one place lower than the 

measurement limit vacuum degree as a reference 

vacuum chamber [4]. 

In vacuum measurement chamber and the reference 

vacuum chamber, two electrode E1 and E2 are 

placed, and they are as far away as the constant 

distance from the metal diaphragm. Thus, metal 

diaphragm and electrodes E1 and E2 form capacitors 

C1 and C2, respectively.  

The capacitor produced by the sensor can be 

approximated by a parallel plate capacitor, so the 

capacitance of the capacitor formed between the 

diaphragm and the electrode can be calculated in the 

following equation [5-8]. 

C=ε0 εS/d0                            (1) 

Here ε0 and ε are the dielectric constant of vacuum 

and gas, respectively, and S and d0 are the 

fundamental structural parameters of the sensor as 

the surface area of the capacitor electrode, and the 

effective interval between the diaphragm and the 

electrode.The electrode surface area is chosen at a 

size of about 1 cm2 so that the flexible diaphragm can 

be displaced sufficiently when the interval between 

the diaphragm and the electrode is hundreds of μm. 

When a pressure difference is applied to the sensor 

diaphragm, the diaphragm is displaced toward a low 

pressure vacuum measurement chamber, where the 

interval between the diaphragm and the electrode 

changes, and the capacitance value of the capacitance 

is changed and therefore the vacuum can be 

measured.When the vacuum of a reference vacuum 

chamber is provided with a high vacuum of 

approxiately 0, the measured vacuum degree is an 

absolute pressure, so this sensor becomes an absolute 

vacuum sensor. On the other hand, if the initial 

vacuum of the reference vacuum chamber is 

provided with some constant vacuum, the measured 

vacuum is the difference between the measurement 

chamber and the pressure of the reference vacuum 

chamber, so this sensor becomes a differential 

vacuum sensor. 

According to elastic theory, the maximum 

displacement of the diaphragm occurs at the center 

of the diaphragm, and this value is proportional to the 

pressure difference acting on the diaphragm.An 

electrostatic capacitance diaphragm vacuum gauge is 

a vacuum gauge that is very suitable for vacuum 

measurement of vacuum distillation or vacuum 

drying devices that are difficult to use a pyrani 

vacuum gauge or thermo-charged vacuum gauge. 

During vacuum drying, gases with strong oxidative 

properties, including vapor or moisture, are 

exhausted. Therefore, a number of technical 

problems arise in the measurement of vacuum-

Fig. 2. Schematic of capacitance diaphragm vacuum gauge 

 

 

 Fixed electrode 

Reference vacuum chamber 

Diaphragm Vacuum measurement chamber 
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drying devices, which can be measured accurately, 

regardless of the type of gas, using an electrostatic 

capacitance diaphragm vacuum gauge. In the case 

that the diaphragm is exerted by a pull force F per 

edge unit length facing outward to the fixed edgeand 

force is acted with radius, and the displacement x 

decreases with radius r, and in the center (r=R), the 

displacement x0 is the follow[10]. 

 

𝑥0 =
𝑅2

4𝐹
𝛥𝑝                               (2) 

 

In addition, the natural vibration frequency of a pulled diaphragm made of material with a density ρ is as follows. 

𝑓 =
0.7655

2𝑅
√

𝐹

𝜌ℎ
                          (3) 

 

In the expression, h is the thickness of the diaphragm. 

The initial interval X between the diaphragm and the 

electrode should be slightly larger than the maximum 

displacement x0 of the diaphragm. It is because a 

pressure greater than the maximum marginal 

pressure difference that can act on the diaphragm 

may act, causing the diaphragm to be shunted with 

the electrode, resulting in the destruction of the 

sensor. The displacement for excess pressure 

prevention is reduced to 25%, determining the 

interval X between the diaphragm and the electrode. 

3. Analysis of the displacement properties of the 

diaphragm and determining of structure 

properties 

3.1 Bending properties of a thin sheet with a 

constant thickness under symmetry force 

In the designed electrostatic capacitance diaphragm 

vacuum gauge, the edge of the circular diaphragm is 

in a state supported by a certain force and the equally 

distributed force along the concentric circle of the 

circular diaphragm acts perpendicular to the 

diaphragm [11]. 

 

Fig. 3 shows an equally distributed force acting on thin diaphragm. 

 

Fig.3. Uniformly distributed force along a concentric circle acting on a thin diaphragm 

 

The deformation and stress state of the diaphragm is 

symmetrical for the central axis Z of the diaphragm, 

and the middle surface is a elastic surface of the 

diaphragm, forming some rotational surface. Fig. 4 

shows the deformation and stress state of the 

diaphragm by force acting on the thin diaphragm. 
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To interpret the displacement properties of the 

diaphragm, the following assumption was proposed. 

Assumption 1. 

 When the Z-direction displacement ω of any 

point above the middle surface is much smaller 

compared to the thickness h of the plate, the middle 

surface of the plate is only bending, does not pull, 

and the radial displacement of the points on the 

middle plane neglects. 

Assumption 2 

 Before deformation, the points on any 

straight line perpendicular to the middle surface of 

the plate are placed on a straight line perpendicular 

to the middle plane (elastic surface) after 

deformation. 

Assumption 3. 

The normal stress in the plane parallel to the middle 

plane is neglected relative to the stress of the plane 

perpendicular to the middle plane, and no interaction 

exists between the layers of the plate. 

Based on this assumption, we considered the element 

ABST of the diaphragm with radial dimensions dr. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ω y 

Fig.4. Strain and stress state when the force was acted the diaphragm 

Fig.5. Element of the diaphragm 
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By Assumption 1, after deformation points O and C 

also will be at the distance of r, r+dr from the Z-axis, 

as before deformation, and the normal AOB parallel 

to the Z-axis before deformation by Assumption 2 

rotates as much as the angle υ by deformation of the 

element,  while a straight line perpendicular to the 

middle surface. 

The radial line KL at a distance of z from the middle 

surface of the diaphragm displaces to the position of 

K'L' after deformation, and its relative stretching is 

as follows [7]. 

 

𝜀𝑟 =
𝐾′𝐿′−𝐾𝐿

𝐾𝐿
=

𝐿𝐿′−𝐾𝐾′

𝐾𝐿
=

𝑧(𝜐+𝑑𝜐)−𝑧𝜐

𝑑𝑟
=

𝑧𝑑𝜐

𝑑𝑟
            (4) 

The circumferential length change εt of the K point can be easily calculated by comparing the length of the 

circumference with the K point after deformation and deformation. 

𝜀𝑡 =
2𝜋(𝑟+𝑧𝜐)−2𝜋𝑟

2𝜋𝑟
= 𝑧

𝜐

𝑟
                     (5) 

From Hooke's law the relationship between stress and strain is; 

𝜀𝑟 =
1

𝐸
(𝜎𝑟 − 𝜈𝜎𝑡) 

𝜀𝑡 =
1

𝐸
(𝜎𝑡 − 𝜈𝜎𝑟) 

Where E is the elasticity coefficient and ν is the transverse deformation coefficient. 

When the stress is expressed as a strain in the upper expression, it is the follow: 

𝜎𝑟 =
𝐸

1 − 𝜈2
(𝜀𝑟 + 𝜈𝜀𝑡) 

𝜎𝑡 =
𝐸

1 − 𝜈2
(𝜀𝑡 + 𝜈𝜀𝑟) 

Substituting Equation (4), (5) to this expression; 

𝜎𝑟 =
𝐸𝑧

1−𝜈2 (
𝑑𝜐

𝑑𝑟
+ 𝜈

𝜐

𝑟
)

𝜎𝑡 =
𝐸𝑧

1−𝜈2 (
𝜐

𝑟
+ 𝜈

𝑑𝜐

𝑑𝑟
)

}                  (6) 

 

From Eq. (6), it can be seen that the normal stress of 

the middle plane (z=0) is zero, the distribution of the 

stress is proportional to the distance from the middle 

surface, the tensile stress on one side of the middle 

and the compressive stress on the other. 

Prior to considering the balance of the element 

ABSTA1B1S1T1 of the disc, we considered the speed 

force acting on the surfaces of the element. When the 

shearing force in the Z direction by tangential stress 

on the surface ABB1A1 acts, it is called the density 

of the cut force that is the magnitude of the force 

acting on unit length of the arc rdφ and denotes as 

Q[kg/cm]. Thus, the cut force acting on the surface 

ABB1A1 is Qrdφ and the cut force acting on the 

surface STT1S1 is Qrdφ+d(Qrdφ). If the cut force 

acting on the cylindrical surface of a ring element of 

radius r directed to the positive direction of the Z axis 

, then the direction of this force is fixed the direction 

(+).and the action and reaction are always the 

opposite direction, so the cutforce of positive on the 

outer cylinder side of the ring element is oriented 

opposite to the Z axis. 
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The normal stresses acting on each side of the 

element can be reduced to the joint force and bending 

moment in the normal direction. The sum force of the 

normal direction acting on ABST (or A1B1S1T1) and 

the sum force of normal stresses acting on the 

principal surface becomes zero.

 

𝑁𝐴𝐵𝑆𝑇 = ∫ 𝜎𝑡𝑑𝑟𝑑𝑡

ℎ
2

−
ℎ
2

=
𝐸𝑑𝑟

1 − 𝜈2
(
𝜐

𝑟
+ 𝜈

𝑑𝜐

𝑑𝑟
) ∫ 𝑧𝑑𝑧

ℎ
2

−
ℎ
2

= 0 

𝑁𝐴𝐵𝐵1𝐴1
= ∫ 𝜎𝑟𝑟𝑑𝜑𝑑𝑧

ℎ
2

−
ℎ
2

=
𝐸𝑟𝑑𝜑

1 − 𝜈2
(
𝑑𝜐

𝑑𝑟
+ 𝜈

𝜐

𝑟
) ∫ 𝑧𝑑𝑧

ℎ
2

−
ℎ
2

= 0 

The magnitude of the moment per unit length of the radial and circumferential direction is called the bending 

moment and denotes by Mr, Mt, respectively. The bending moment at the surface ABST and A1B1S1T1 is Mtdr, 

Mrrdφ and the bending moment at the surface ABB1A1 is Mrrdφ+d(Mrrdφ) and the relationship between the 

bending moment and the stress is as follows. 

𝑀𝑟𝑟𝑑𝜑 = ∫ 𝜎𝑟𝑟𝑑𝜑𝑧𝑑𝑧
ℎ

2

−
ℎ

2

, 𝑀𝑡𝑑𝑟 = ∫ 𝜎𝑡𝑑𝑟𝑧𝑑𝑧
ℎ

2

−
ℎ

2

                 (6) 

Hence, introducing𝑀𝑟 = ∫ 𝜎𝑟𝑧𝑑𝑧
ℎ

2

−
ℎ

2

,   𝑀𝑡 = ∫ 𝜎𝑡𝑧𝑑𝑧
ℎ

2

−
ℎ

2

 to eq(5), the result is that 

𝑀𝑟 =
𝐸

1−𝜈2 (
𝑑𝜐

𝑑𝑟
+ 𝜈

𝜐

𝑟
) ∫ 𝑧2𝑑𝑧

ℎ

2

−
ℎ

2

=
𝐸ℎ3

12(1−𝜈2)
(

𝑑𝜐

𝑑𝑟
+ 𝜈

𝜐

𝑟
), 𝑀𝑡 =

𝐸ℎ3

12(1−𝜈2)
(

𝜐

𝑟
+ 𝜈

𝑑𝜐

𝑑𝑟
) 

If 
𝐸ℎ3

12(1−𝜈2)
= 𝐷 is the cyclinder rigidity, bend moment is the same as the following. 

𝑀𝑟 = 𝐷(
𝑑𝜐

𝑑𝑟
+ 𝜈

𝜐

𝑟
), 𝑀𝑡 = 𝐷(

𝜐

𝑟
+ 𝜈

𝑑𝜐

𝑑𝑟
)                     (7) 

At the point where the Z coordinates are positive (+),when the bending moment which the stress acts as a 

tensile stress by a positive orientation is selected, from Equation (7), t relationship holds between the bending 

moment, Mr, Mt  and the rotation angle υ  is the follow. 

𝜐 =
(𝑀𝑡−𝜈𝑀𝑟)𝑟

𝐷(1−𝜈2)𝑑𝑟
=

12𝑟

𝐸ℎ3 (𝑀𝑡 − 𝜈𝑀𝑟)                 (8) 

When the forces acting on the element to the Z-axis is mapped. 

𝑄𝑟𝑑𝜑 − [𝑄𝑟𝑑𝜑 + 𝑑(𝑄𝑟𝑑𝜑)] + 𝑃𝑟 𝑑 𝜑𝑑𝑟 = 0 

So ordering the expression; 

𝑑(𝑄𝑟)

𝑑𝑟
= 𝑃𝑟                                     (9) 

Sum of the moments that all the forces acting on the element ABSTA1B1S1T1 give to the Y axis tangent to the arc 

of the radius r of the middle surface is the follow: 

𝑀𝑟𝑟𝑑𝜑 − [𝑀𝑟𝑟𝑑𝜑 + 𝑑(𝑀𝑟𝑟𝑑𝜑)] + 𝑃𝑟 𝑑 𝜑𝑑𝑟
𝑑𝑟

2
+ 2𝑀𝑡𝑑𝑟s𝑖𝑛

𝑑𝜑

2
− [𝑄𝑟𝑑𝜑 + 𝑑(𝑄𝑟𝑑𝜑)]𝑑𝑟 = 0

 
The following are the results of ordering the expression and neglecting the microvolume of the high order. 
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𝑀𝑡 −
𝑑[𝑀𝑟𝑟]

𝑑𝑟
= 𝑄𝑟                     (10) 

The sum of the mapping component to the Z-axis of all forces acting on the elements of the diaphragm is 

2𝜋𝑟𝑄 − ∫ ∫ 𝑝 𝑟 𝑑 𝜑𝑑𝑟 + 𝑃 = 0
𝑟

0

2𝜋

0
, thus 𝑄 =

𝜋𝑟2𝑝−𝑃

2𝜋𝑟
(𝑘𝑔/𝑐𝑚) and if substrating Eq(7) to Eq(10), the result is 

that  

𝑑2𝜐

𝑑𝑟2 +
1

𝑟

𝑑𝜐

𝑑𝑟
−

𝜐

𝑟2 = −
𝑄

𝐷
 or 

𝑑

𝑑𝑟
[

1

𝑟

𝑑(𝜐𝑟)

𝑑𝑟
] = −

𝑄

𝐷
                    (11) 

integrating 

𝜐 = C1𝑟 +
C2

𝑟
−

1

𝐷𝑟
∫[𝑟 ∫ 𝑄𝑑𝑟] 𝑑𝑟                        (12) 

 

Here C1, C2 are integral constants determined by boundary conditions. If the rigidity of the panel is strong, 

relationship between displacement ω and angle of rotation is that tan( )
d

dr


      .  From this equation, the 

displacement is as the following. 

𝜔 = 𝐶3 − ∫ 𝜐𝑑𝑟                                 (13) 

From Eq(4), (7)  

𝜎𝑡 =
12𝑀𝑡𝑧

ℎ3

𝜎𝑟 =
12𝑀𝑟𝑧

ℎ3

}                                 (14) 

Here, the strongest direct stress is generated at z=±0.5h. 

_ max 2

_ max 2

6

6

r
r

t
t

M

h

M

h






 





 

The integral constant in Equation (12), (13) is determined by the boundary condition. 

At the fixed support boundary υ=0 and from Eq. (7) 

Mt=νMr                                      (15) 

At the free or free support boundary. 

                       Mr=±m                            (16) 

 Here ±m is the moment of the external force acting on the boundary under consideration or the outer 

concentration moment. 

If there is no moment on this boundary, it is the follow; 

Mr=0                              (17) 

3.2 The thickness and displacement calculation of the diaphragm 

 The diaphragmatic vacuum sensor is a kind of vacuum sensor that performs vacuum measurement using 
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the displacement properties of the diaphragm by a pressure difference acting on the diaphragm. 

In this design, electrode type is selected to concentric type and the main structure is showed in Fig.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As you can see in the figure, the sensor consists of a 

reference vacuum chamber consisting of a 

diaphragm and a sensor body, a vacuum chamber and 

an electrode structure, and the electrode structure 

consists of a central electrode and a ring electrode, 

where the electric capacitance value of the variable 

capacitor, by causing between the electrodes and the 

diaphragm, is C1 and C2, respectively.As it was 

intended to develop a vacuum gauge capable of 

measuring the vacuum level of the basal vacuum 

band, the vacuum diagram of the reference vacuum 

chamber should be provided at 100 Pa [4].When the 

pressure difference△p is applied to the diaphragm 

shown in the figure, let us ignore the cylinder part of 

the box and the bending of the flange and determine 

the thickness h of the diaphragm and the maximum 

displacement of the diaphragm to satisfy the strength 

conditions.The tensile tolerance stress is [σ] = 200 

MPa, the ratio of the tensile yield limit and the 

compressive yield limit is 0.8, the elasticity 

coefficient of the material is E=2×105Mpa, and the 

transverse deformation coefficient is μ = 0.25. 

From the structure of the sensor, the diaphragm can 

be seen as a disk which the outer boundary is fixed 

and constant pressure operates. 

 

 

The shearing force is 𝑄 =
𝜋𝑟2𝑝

2𝜋𝑟
=

𝑝𝑟

2
, (0≦r≦R), which is assigned to Eq. (11) and 

𝑑

𝑑𝑟
[

1

𝑟

𝑑(𝜐𝑟)

𝑑𝑟
] = −

𝑄

𝐷
= −

𝑝𝑟

2𝐷
. The 

integration of this equation is 𝜐 = 𝐶1𝑟 +
𝐶2

𝑟
−

𝑝𝑟3

16𝐷
and C2=0 because there is no hole in the center of the plate. 

Considering the fixed support boundary condition υ=0 (r=R), since 𝐶1 =
𝑝𝑟

16𝐷
(𝑅2 − 𝑟2), the rotation angle is 

denoted as the following. 

Electrode 

Fig. 6. Structure of the sensor 

Vacuum measurement chamber 

 

Electrode supporter 

reference vacuum chamber 

 

Electrical lead 

 

Central electrode 

 Assistance electrode Sensor diaphragm 
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𝜐 =
𝑝𝑟

16𝐷
(𝑅2 − 𝑟2) 

 

 

 

Fig. 7 shows the stress state at the center of the diaphragm and on the surface of the plate. 

 

 

 

 

 

 

 

 

 

 

Fig. 7.Stress status at the center and end of the diaphragm 

 

The stress at the central point of the surface is found by Equation (14), at point A, σ1=-p, 𝜎2 = 𝜎3 = −
3

8
(1 +

𝜈)
𝑃𝑅2

ℎ2 , and |𝜎1| is much smaller than |𝜎3|, thus σ1≈0. In the same way, the stress at different points is calculated, 

at point B, 𝜎1 = 𝜎2 = −
3

8
(1+𝜈)

pR2

ℎ2 , 𝜎3 = 0, at  point C, 𝜎1 =
3

4

pR2

ℎ2 ,𝜎2 =
3

4
𝜈

pR2

ℎ2 , 𝜎3 = 0, at point D, 𝜎1 = 0, 𝜎2 =

−
3

4
𝜈

pR2

ℎ2 , 𝜎3 = −
3

4

pR2

ℎ2 .  

Hence, the results of calculating the diffraction stress at different points of the diaphragm are as follows: 

𝜎𝑒𝑞(𝐴) = −0.8[−
3

8
(1+𝜈)

pR2

ℎ2
] = 0.384

pR2

ℎ2
 
                    Point A 

𝜎𝑒𝑞(𝐵) =
3

8
(1+𝜈)

pR2

ℎ2
= 0.48

pR2

ℎ2
    

.
               Point B 

𝜎𝑒𝑞(𝐶) =
3

4

pR2

ℎ2
                               Point C                                         

𝜎𝑒𝑞(𝐷) = −0.8[−
3

4

pR2

ℎ2 ] = 0.6
pR2

ℎ2                      Point D 

According to Mor's theory of strength, a plastic deformation begins when the largest value of the reduced 

stress 
𝜎𝑒𝑞 = 𝜎1 − 𝜈𝜎3

 reaches a certain value. 

After all, when the pressure is applied to the sensor, the thickness h is calculated by the strength condition as 
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the C point with the greatest diffraction stress is the most dangerous point. 

3

4

pR2

ℎ2
≤ [𝜎]

 

ℎ2 ≥
0.75⋅𝑝⋅𝑅2

[𝜎]
                               (19) 

Substituting (18) to Eq. (13) achieves the following result: 

𝜔 = 𝐶3 −
𝑝

16𝐷
∫ 𝑟(𝑅2 − 𝑟2) 𝑑𝑟 = 𝐶3 −

𝑝

16𝐷
(
𝑅2𝑟2

2
−

𝑟4

4
)
 

Considering ω=0 in the boundary condition r=R, since 𝐶3 =
𝑝𝑅2

64𝐷
, where 𝜔 =

𝑝

64𝐷
(𝑅2 − 𝑟2)2, the maximum 

displacement of the diaphragm occurs at the center of the plate, so that 

 

𝜔𝑚𝑎𝑥 
=

3

16

1−𝜈2

𝐸

𝑝𝑅4

ℎ2
                            (20) 

The results of calculating the thickness of the diaphragm and the maximum displacement of the diaphragm 

along the diameter of the different diaphragm by Equations (19) and (20) are shown in Table 1. 

Table 1. Maximum displacement value of the diaphragm according to the diameter and thickness of the 

diaphragm  

 

Diameter of 

diaphragram(D) 

Thickness of 

diaphragram(h) 

Maximum 

displacement(w) 

15 0.14 0.09 

20 0.19 0.11 

25 0.24 0.13 

30 0.29 0.1815 

35 0.338 0.34 

40 0.3871 0.426 

45 0.435 0.461 

50 0.048 0.5 

 

In order to accurately measure the capacitance of the 

capacitance formed between the diaphragm and the 

electrode, the capacitance value should be as great as 

possible and the maximum displacement of the 

diaphragm following the pressure difference on both 

sides of the diaphragm should be as great as possible.  

In order to satisfy these conditions, the diameters of 

the diaphragm must be as large as possible, as shown 

in Table 1, so that the force of pulling the edge of the 

diaphragm must be great.Taking into account the 

tensile force of the structure that fixes the diaphragm 

at 30 mm, the diaphragm is 0.3 mm thick and the 
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maximum displacement of the diaphragm is 0.18 

mm. 

4. ANSYS simulation results 

 Through simulation analysis by ANSYS, the 

results of calculation of maximum displacement 

versus diameter and thickness of the diaphragm in 

the capacitance diaphragm vacuum system 

considered above theoretically are verified. 

 

The simulation was performed in a 3D graphics using ANSYS 19.2, and the results are shown in Fig. 8. 

 

a) 

 

b) 
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c) 

 

d) 

Fig. 8. ANSYS simulation results for maximum displacement of capacitance diaphragm vacuum gauge. 

 

a) diaphragm diameter D-25 mm, thickness h-0.2 mm; b) D-30 mm, h-0.2 mm; c) D-35 mm, h-0.2 mm; d) 

D-40 mm, h-0.2 mm. 

 

The simulation results are compared with the theoretical analysis results in Table 2. 

Table 2 Comparison of theoretical and simulation results 

Diameter of 

diaphragram(D) 

Thickness of 

diaphragram(h) 

Maximum 

displacement(w) 

Theoretical Simulation 

25 0.2 0.15 0.26 

30 0.2 0.26 0.43 

35 0.2 0.73 0.99 

40 0.2 1.35 1.67 

 

As can be seen in Table 2, the maximum 

displacement of the membrane increased with the 

diaphragm diameter when the thickness of the 

membrane was constant, which was the same trend 

in both theoretical and simulation analyses. 

The numerical difference between the theoretical and 

simulation analysis is related to the number of mesh 

elements in the simulation when the finite element 

analysis is performed. 

Although the calculation accuracy can be increased 

by increasing the number of mesh elements, the 

calculation time is increased, and the above results 

can be used to fully verify the trend of maximum 

displacement variation, which can ensure the 

accuracy of the theoretical analysis. 

As the theoretical analysis and simulation results 

show, in order to accurately measure the capacitance 

of the capacitor formed between the membrane and 

the electrode, the capacitance value should be as 

large as possible and the maximum displacement of 
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the membrane with the pressure difference acting on 

both sides of the membrane should be as large as 

possible. 

To satisfy these conditions, the diameters of the 

diaphragms should be as large as possible, as shown 

in Tables 1 and 2, which would result in a large pull-

out force at the edges of the diaphragm. 

Considering the tension of the structure that holds the 

diaphragm, the diaphragm diameter is chosen to be 

30 mm, with the diaphragm thickness being 0.3 mm 

and the maximum displacement of the diaphragm 

being 0.18 mm. 

5. Conclusion 

 In this paper, we analyze the performance of 

the capacitance diaphragm vacuum sensor, 

determine the mathematical model to calculate the 

diaphragm diameter, thickness, and maximum 

displacement of the diaphragm along the 

measurement range, and determine the structural 

parameters of the sensor for basic vacuum 

measurement. To measure the capacitance of the 

capacitor formed between the diaphragm and the 

electrode accurately, the capacitance value should be 

as large as possible and the maximum displacement 

of the diaphragm with the pressure difference acting 

on both sides of the diaphragm should be as large as 

possible. 

Considering the tension of the structure that fixes the 

diaphragm, the diaphragm diameter is chosen to be 

30 mm, and the corresponding thickness and 

maximum displacement of the diaphragm are 

calculated, with a thickness of 0.3 mm and a 

maximum displacement of 0.18 mm. 

Through theoretical calculations and simulations, the 

maximum displacement characteristics with 

diaphragm diameter and thickness were analyzed, 

and the trend was consistent. 
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