
ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.4. \ 2025  ISSN: 2616 - 9916 

 

27 

The full Design and Build of Pressure Switch from available cheap 

Materials using Finite Element Analysis of some of its non- metallic Parts 

working synchronously inside the Pressure Switch 

Ahmed H. Al-barban 

Department of Ceramic and Construction Materials, College of Material Engineering  
University of Babylon, Babylon, Iraq 

Mat.ahmed.hamad@uobabylon.edu.iq 

Abstract: -  

Waste PVC parts and waste rubber materials are used to improvise a pressure switch. 

Also, metallic parts are involved in building that pressure switch. The design of pressure switch 

considers the using of cheap waste materials and involves so simple design that any primitive 

technic can build this item. Furthermore, the design of pressure switch puts into considerations 

the hazard associated with rubber’s diaphragm leakage or failure.  The dimensions of switch’s 

parts are selected  based on computation using finite element analysis for the two pieces of 

rubber which are synchronously working. The first rubber piece works as a diaphragm while the 

second, which is strip, works as spring as well as adjustable tensioner to regulate the set value of 

pressure. There are two metallic parts working on transferring the motion from the diaphragm to 

strip. The first metallic part is spindle and the second is the leverage which is connected to the 

electrical contact too.  The two rubber pieces and the two metallic parts are drawn in Catia R17 

software, then they are imported to Ansys Workbench 2022 software where a three dimensional 

modeling is created.  The purpose of this modeling is to find out the relation between the applied 

pressure on the diaphragm and the resulting deformation on the strip which is previously 

stretched to corresponding certain value of pressure. Depending on the results obtained from the 

modeling, a real pressure switch is built with the same dimensions in modeling. Then, that real 

pressure switch is tested using the same input pressure values in the modeling. The practical 

deformation values are compared to the corresponding values obtained from the Ansys 

Workbench 2022 modeling. The comparison shows that the experimental deformations are 

higher at lower pressure values because the mechanical properties of the old real rubber are 

degraded with time while at higher pressure vales the real deformations become less than those 

in the modeling because the friction in real joints increases with high pressure and also, in Ansys 

Workbench 2022 modeling, the friction in joints is neglected. Anyway, there is little difference 

in magnitudes of deformation but generally both practical and modeling results have the same 

behavior and manor besides they follow the same logical path. 
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Introduction: 

Pressure switch is a vital tool used in industrial applications like well pumps, furnace, 

HVAC systems…. Etc[1]. Pressure switch works on principle of closing electrical circuit when 

pressure reaches a specified amount which is previously set [2]. There are many types of 

pressure switch, depending on design and application, like diaphragm, bellows, bourdon-tube, 

and piston” [3]. In this paper, a diaphragm type is dealt with and formed from an old tube’s 

rubber sheet. In the diaphragm type design, the deformation of the diaphragm resulting in fluid’s 

pressure is transferred to open and close the electric contact [4]. Therefore, the diaphragm is in 

contact with other devices to transfer the movement to sensing parts like sensor or electric 

contact item [5]. So this diaphragm should be made from flexible material like rubber and works 

as membrane too to separate two different pressure chambers. The rubber diaphragm has simple 

design and can be used in many applications besides being cheap [6].  

Improvisation of the pressure switch: 

The pressure switch in this paper is super simple and is improvised from cheap available 

materials which are found as waste materials. The parts of the improvised switch are: 

1. Union fitting 

2. Frame 

3. Spindle  

4.  leverage 

5. PVC cap  

1. Union Fitting: 

This part is the heart of the item where the rubber diaphragm is contained. The rubber 

diaphragm is rubber rig cut from an old tire’s tube in circular form with a diameter of 25 mm. 

The union fitting used in this paper is an ironic one with 0.5 inch size and it consists of two main 

subparts besides ring to connect the two main subparts. The diaphragm is placed between the two 

main subparts and the whole assembly (subparts and diaphragm) is connected together by the 

ring. 

 

Figure 1 Real union fitting parts with the diaphragm 
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2. Frame: 

is a combination of two T shape PVC fittings, and three small PVC pipes. Also, there is 

long PCV pipe which extends vertically in frame to contained the spindle as will be shown later. 

All these subparts are connected as shown in  Figure 2 below to form the whole frame. 

 

 

 

 

 

 

 

       T shape PVC Fitting               

 

 

 

 

 

  

  PVC Small Pipe 

 

Note: the long pipe has a thread, made by 0.5-inch dice, at the bottom in order to be tighten in 

with union fitting. This thread can be  used for adjustment of pressure set point.  

3. Spindle:  

This part is about 9 mm diameter threaded rod with a length of about 155 mm and it is 

found in bicycle wheel for connecting the wheel to bicycle’s frame. Also, this part can be made 

from 9 mm threaded long bar. The spindle erects vertically inside the long pipe in frame of 

pressure switch. There is small nut threaded to the spindle at the bottom to be in touch with 

diaphragm as will be shown later. A hole of 4 mm is drilled at the top of the spindle to be 

engaged with leverage where the motion of the spindle is transferred to the leverage. There are 

 

Figure 2  Frame of the pressure switch with its parts 
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two extra nuts threaded to the spindle with same outside diameter as inside diameter of the long 

pipe. These two nuts work as a guide to the spindle for moving upward and downward without 

any swaying. Also, those nuts work as obstacles for liquid or water to flow up in case of leaking 

in the diaphragm. The spindle part is shown in  

Figure 3  below  

 

 

                                                                                                         

 

 

 

Figure 3 Spindle part (drawn in Catia R17) 

4. Leverage:  

This part, leverage, is formed from 30 cm length grilled rod (skewer)as shown in Figure 4 

below, the skewer has a diameter of 3 mm and  is formed to improvise the leverage in such a 

way that its circular edge is removed  and two right angle bends are made as shown in Figure 5   

below. the task of the leverage is to transfer the motion from the spindle to the electric contact 

(limit switch). 

 

Figure 4 grilled rod (skewer) 

    

                                                                                       

  

 

 

 

5. PVC cap: 

 It is normal bottle’s cap used, in daily life, to seal the bottle of beverage. But in this 

project, it is used to support the leverage as shown in Figure 6 below. The cap is inserted to the T 

fitting after subjecting a heat because both T fitting and cap have same external diameter. Also, a 

Figure 5  the leverage 
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hole is drilled in the cap to let the leverage be inserted through. The position of that hole is 

selected based on motion maneuver of the leverage inside switch and strength of the cap to loads 

i.e. the position of this hole is not roughly selected but based on results obtained from stress 

analysis associated with preload resulting in inserting the cap into the T fitting, as will be seen 

later in this paper. 

 

 

 

 

 

 

 

 

 

 

Working Principle: 

The fluid, generally water, will apply pressure on diaphragm and the latter will be 

inflated out.  This inflation is proportional to the pressure’s amount and will push the spindle 

upward   moving the leverage upward too. The second bent end of the leverage is connected to 

the electric contact (limit switch) which will close the electric circuit. When the pressure drops 

on the diaphragm, the spindle will move back downward to a certain position, depending on the 

amount of the new pressure, leading the leverage to move downwards and causing the electric 

contact to be opened at the end. 

The explained design above is not practical enough because it does not work with high 

pressure’s values and it works only on specific amount of pressure i.e. it cannot be set to work on 

range values of pressures. Also, when pressure drops, the movement of spindle downward 

depends on gravity, and this gravity might not be enough or might be lower than other 

hampering forces, like friction, causing the electric switch to be stuck closed.  

Therefore, a strip of rubber is added to the design, this strip is connected to leverage on 

one side and to the frame on another side as shown in Figure 7 below.  This rubber strip can be 

stretched down, from its lower side, to certain amount so the tensile in this strip can be set 

accordingly. This pretension in the strip will restrict the motion of the leverage upward therefore, 

higher pressure’s value will be required to move the leverage up.  Based on that, the stretching 

settings will be an indication of pressure settings in the switch. Also, this pretension will 

guarantee the leverage and spindle to move downward as soon as pressure drops.  

 

Figure 6   The cap inserted to T fitting  
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Based on the explanation above, both a diaphragm and a strip will work synchronously 

therefore, a certain simulation is required to optimize the size of the strip and the range of 

stretching.  

It can be guessed it will be easier and more simple if the pressure switch is designed in 

such a way that spindle is connected directly to electric contact without the leverage and all its 

associated frame’s parts. But that simple design is dangerous because any water leak from 

diaphragm will reach the electric contact (limit switch) causing big hazards. Therefore, there is a 

need to prolong the path of motion and doing some modifications in this path to prevent any 

droplet of fluid from reaching up to the electric contact. The modifications which prevent the 

droplets from reaching upward are 

1. Drilling several holes in the long pipe of frame to let water flows out, in case of diaphragm 

leaking 

2. Amounting two extra thin nuts on the spindle to restrict the fluid from flowing upward and 

let it (fluid) flow out through the holes previously drilled in the long pipe. 

3. Placing the second T fitting in this position will let droplet of water flow outside and 

preventing flowing upward.  

 

 

 

Figure 7 Strip in Pressure Switch 
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Note:  the right hand side of the leverage is moving upward and downward within groove in pipe 

which works like guide. As will be seen later in practical part of this paper.   

Calculations and Simulations: 

The dimensions of this pressure switch’s parts and its design are not arbitrary improvised 

but are based on optimization and multi simulations. Before dealing with simulation of the 

rubbers parts of the switch, there is a need to make simulation to the cap to see if the region on 

which the hole is drilled is safe and do not form stress concentration. So, it requires modeling 

analysis using Ansys 2022 Workbench software. 

Simulation of the cap: 

 The insertion of the cap into T fitting will generate stresses in the cap. So, drilling any 

hole on the cap might result in forward consequences like tearing or cracking. Therefore, the 

place where drilling is should have minimum stresses and does not cause any stress 

concentration [7]. The dimensions of the cap are measured and the cap is drawn by Catia V5R17 

as shown in Figure 9 below, knowing that the thickness of cap is about 1 mm.  Then it is 

imported to ANSYS Workbench 2022 where three dimensional modeling is created. The 

external cylindrical face is divided to form edge at which a certain boundary condition is applied 

as will be seen later [8].  

 

 

 

 

 

Figure 8  Fluid droplets coming out of device in case of diaphragm leak 
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Figure 9 Cap drawn in Catia V5R17 

Meshing:  

a hexahedron element type is selected for meshing, with 1 mm element size, to get a 

faster solution with acceptable accuracy [7]. The total number of element used in this simulation 

is 9477 with total node number of 36690. Also, several mesh option is included like mapping 

some faces, the mesh is shown in Figure 10 below. 

 

 

 

 

 

Figure 10 Meshing of Cap 

Boundary condition: 

The first boundary condition is a displacement applied at the front face of the cap as 

shown in  

Figure 11 below. This boundary condition makes the face has zero displacement in 

longitudinal direction(Z) while the other directions are set to be free. This boundary condition 

guarantees free planar motion without any motion in longitudinal direction.    
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Figure 11  First boundary condition 

Second boundary condition is applied at the edge where external cylindrical face is 

divided. A remote displacement is applied where a zero displacement in x direction is set to be 

zero while the other displacements in other directions are set to be free including all rotational 

displacement. The second boundary conditions are shown in Figure 12 below 

 

 

 

 

 

 

Then a pressure of 100 Pa is applied to the internal cylindrical face of the cap as shown in 

Figure 13 below. This amount of pressure is arbitrary selected because the purpose of the load is 

not to find stresses amount but to find stress distribution and concentration.  

 

 

 

 

 

 

 

Figure 12 Second boundary condition 

Figure 13 Applying pressure 
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Then, solution is done,  and the results are obtained as shown in Figure 14  below.  

 

 

 

 

 

 

 

 

From the results shown in figure 14 above, the maximum stresses are in the cylindrical 

faces of the cap while the lateral face, where a hole is about to be drilled, has the minimum 

stress. So, any position on the lateral face can be selected to drill a hole.  

Based on the results shown above, the 3mm diameter hole is drilled in the cap as shown 

in Figure 15  below. This diameter is the same as leverage diameter and this position of the hole 

will award the other side of leverage a higher maneuver to move upward and downward inside 

the frame.  

 

 

 

 

 

 

To be sure, the new cap with a hole is safe to be used, a new modeling is done using 

Workbench 2022 with the same load and boundary conditions as with former simulation. The 

mesh is done as shown in Figure 16  with 1 mm element size. The total number of element used 

in this simulation is 6293 with total node’s number of 25511.  

 

 

Figure 14  Stress distribution 

Figure 15  a drilled hole position  
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The solution is done, and the results are obtained as shown in Figure 17  below 

 

 

 

 

 

 

 

 

The results above show there no issue of the selective position. Also, this hole’s position 

makes the leverage move in maximum working space through the frame. This hole will work 

like universal joint for leverage to let the other side of the leverage move freely upward and 

downward.  

Simulation of the Rubber Parts: 

Geometry:  

As was explained earlier in this paper that the diaphragm and strip work synchronously, 

so the strip and the diaphragm should have synchronous simulation too i.e. it can neither be taken 

simulation of diaphragm alone nor strip alone.  Therefore, a three dimensional modeling is built 

for simulation. There is no need to import all parts of the switch for simulation but just the parts 

which are connecting the two rubber pieces i.e. spindle and leverage besides the two rubbers 

(diaphragm and strip) are the only involved parts in the simulation while the frame and union are 

Figure 16 meshing of the cap with hole 

Figure 17  Stress distribution on cap with a hole 



ARTICLE 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No.4. \ 2025  ISSN: 2616 - 9916 

 

38 

neglected.  The geometries of leverage and spindle, used in simulation, are simplified and 

modified to be suitable for applying the boundary conditions.  Figure 18 below shows the 

modified  geometry in Ansys  Workbench 2022. it can be seen that the leverage is modified a lot 

to facilitate applying the boundary condition. Also, the frame and union fitting are neglected.  

 

 

 

 

 

 

 

 

 

Material property: 

In this simulation, the material property is defined for just diaphragm and strip because 

the other (leverage and spindle) are defined as Rigid in the modeling. Generally, rubber is highly 

deformed under small applied load and it retain to its original shape after load’s removal [9]. 

Also, rubber is well known to be a highly nonlinear material i.e. stress- strain diagram does not 

follow linear relation [10]. so, there is a need to use constitutive modeling for analysis this 

relation, like Rivlin model,neo-Hookean model, Mooney- Rivilin model, Yeoh model, Ogden 

model…etc[11].  The rubber material in this modeling is based on Elastomer Sample (Yeoh) 

depending on former results obtained by former study publish in paper [12] which show that the 

old tube’s rubber material’s analysis approaches that of Elastomer Sample (Yeoh). Therefore, the 

tests of the uniaxial, biaxial, and shearing data of this Elastomer need to be fitted and the 

resulting corresponding curves should not cross each other and can approach tests’ points with 

minimum error [9]. So, the best choice for this fitting is by using Yeoh-3rd order material 

modeling based on absolute error for fitting. The strain energy function for the Yeoh-3rd order 

hyperplastic model is [13]: 

     (  ̅   )     (  ̅   )
      (  ̅   )

   
 

  
(   )  

 

  
(   )   

 

  
(   )  

Where: - 

C10, C20, C30  -  material constants 

Figure 18  geometry of pressure switch in Workbench 2022  
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d1, d2, d3  -  incompressibility parameters  

  ̅-  -  the deviatoric first principal invariant 

J     - the Jacobian  

After solving the material modeling with Workbench 2022 software, the values of the 

material constants and incompressibility parameters were computed. Figure 19 below shows the 

resulting fitting curve. 

 

 

 

 

 

 

 

 

 

 

 

Meshing:  

Both diaphragm and strip subject to high deformation and there might be element 

distortion within loading or solution [14]. So, some details are required to be done in mesh 

setting, like the physical performance is changed from mechanical (default) to nonlinear 

mechanical and element order is changed to linear. Also, an adaptive meshing system is activated 

in such a way that the software makes Remeshing within solution to avoid high distortion in 

elements. Remeshing of the model within solution is based on skewness value of 0.6 to detect 

minimum distortion in elements [15]. The element type used in this modeling is tetrahedron, as 

recommended by adaptive meshing option, with element size of  0.0001 m, which is relatively 

small to avoid element’s distortion. The total number of element used in the modeling is 12817. 

Figure 20  below shows the meshing of the diaphragm and the strip. 

Figure 19 Curve Fitting based Yeoh 3rd Modeling 
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Diaphragm meshing                                     Strip meshing 

 

Boundary condition: 

1. There is a need to find out the coefficient of friction between the bottom surface of the nut, 

connected to the spindle, and top surface of diaphragm in order to be used in modeling. so, 

to measure this parameter, the nut is placed on piece of rubber as shown in Figure 21  

below. That rubber is the old truck tube’s rubber. Then, the piece of rubber is gradually and 

slowly inclined until the nut is just about to slide down as shown in Figure 22 below. At 

this moment, the tangent of inclined angle represents the coefficient of friction [16]. This 

angle is about 35
0
 for our experiment and the tangent of this angle is about 0.7  

 

 

 

 

 

 

 

 

 

 

Figure 20  Meshing of Diaphragm and Strip 

Figure 21 Experiment  details to compute the coefficient  of Friction 

Figure 22  Angle of inclination 
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2. For the diaphragm, a fixed boundary condition is applied to the circumferential area as 

shown in Figure 23 below, then a pressure of 350 KPa is applied to the bottom surface of 

the diaphragm as shown in  Figure 24  below. This pressure represents the fluid’s or 

water’s pressure, when 1 HP water pump is used, and it is applied gradually within 10 

seconds in the program as shown in Figure 25 below.   Also, in each second, there are other 

10 substeps loading to avoid elements’ distortion and divergence within solution.  Because 

the diaphragm is in contact with spindle, a frictional contact is defined between the upper 

surface of the diaphragm and lower part of the nut which is threaded to the spindle. a 

coefficient of friction is set to be 0.7 based on practical experiment explained previously. 

Figure 26 shows the contact pair between the diaphragm and the spindle.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 Fixed Support on diaphragm  

Figure 24 Pressure applied on diaphragm 
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3. For the spindle part, the spindle in the modeling is set to be rigid because its deformation is 

negligible as a compare to the rubber. Because it stands vertically and moves vertically too, 

translational joint is defined between the spindle and the ground. The ground is like the frame 

in reality. This translation joint will allow the spindle to move upward and downward only as 

shown in Figure 27 below  

 

 

 

 

 

 

 

 

 

 

 

Figure 25  Time vs applied pressure 

Figure 26  Contact Pair 

Figure 27  Translational Joint on Spindle 
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4. For the leverage, as was explained before, this part is modified in Software and is set to be 

rigid because its deformation is so small as a compare to the rubber. A fixed joint is defined 

between the right hand side face of the leverage and upper face of the strip, as shown in 

Figure 28 below,  to represent the position where leverage and strip are connected. Also a 

rotational joint is defined between the inner hole surface of the leverage and the ground as 

shown in Figure 29 below. This joint represents the joint created with the cap in reality.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28  Fixed Joint 

Figure 29  Revolute Joint 
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5. For the strip, a displacement boundary condition is defined at the lower surface of the strip as 

shown in Figure 30 below. This displacement represents the strip’s stretch that it is 

previously set. In this modeling, the displacement is set to be 0.015 m and it is directly 

applied down without any gradual steps because the strip in reality is already stretched before 

the influence of pressure.  

 

 

 

 

 

 

 

 

6. Finally, a general joint is defined between the lower surface of leverage and upper surface of 

the spindle, this joint allows the perpendicular rotation between the two parts and allows 

displacement along the leverage i.e. the spindle can slide along the leverage.  This joint 

represents the joint where the leverage goes through a hole in spindle.  Figure 31 below 

shows the general joint modeling in Workbench 2022 

 

 

 

 

 

 

 

 

 

 

Figure 30 Displacement applied to the strip 

Figure 31 General Joint 
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Solution and Results: - 

The modeling of rubber is already nonlinear and here, two rubber parts are synchronously 

working besides there is frictional contact, which is nonlinear too[17]. So, the solution will be 

highly nonlinear solution and it is very time consuming to reach the convergence. An Intel core 

i7 with 2.77 GHz computer is used for this simulation. Also, some changes are required to be 

done in analysis setting detail, like the auto time stepping is set to be On, initial substeps is set to 

40, minimum substep is 10 and the maximum is set to 1000.    The solution took long time until 

reaching the convergence and the results were obtained at the end. Figure 32 below shows the 

vertical  deformation in the model, the maximum vertical deformation is in the strip with an 

amount of about 0.01 m at the top of strip or at the place where it is in contact with leverage. 

This deformation is the same the displacement of leverage touching the electrical contact item 

(limit switch).  Figure 33 below shows the relation between the applied pressure on diaphragm 

and the resulting deformation in strip.  Also, Figure 34 below shows that maximum von messes 

stress is in diaphragm with an amount of  3.4 MPa. The values of maximum deformation and 

stress occurs when the strip was previously stretched downward to 0.015 m displacement.  Those 

values of deformation and stress might change if  the strip’s stretch value changes.  

 

Figure 32 the Deformation’s Results  
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Practical Work: 

Depending on the results obtained from the modeling in Workbench above, the selective 

size of the PVC pipes of frame will be enough for 10 mm motion of leverage. Therefore, the 

dimension of the strip above will be dependent in practical work. The strip is cut from the same 

old tube in which the diaphragm is cut. Then, the strip is superglued to the leverage from the top 

and to the small bolt-nut at the bottom as shown in Figure 35 below. The bolt-nut will be used as 

adjustment for stretch of strip.  

 

Figure 34   Stress’  Results 

Figure 33  Applied Pressure vs deformation in strip 
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The frame is made from an old T shape pvc fitting after cleaning it using drilling bit to 

remove the remnant of the old pipe previously inserted. Then, frame is assembled from T shape 

fittings and  PVC pipes, which are old too, as shown in Figure 36 below.  It can be noted there is 

groove on the second T fitting to let the second bent of the leverage slide through.  

 

 

 

 

 

 

 

 

 

Then, the union fitting with a diaphragm, the real spindle shown in Figure 37A  Real 

spindle below, and the leverage are assembled all together to form the whole pressure switch as 

shown in Figure 37B below  

 

 

 

 

 

Figure 35 Leverage with Strip 

Figure 36 the whole frame 
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Note: 

 In real spindle shown above, the two extra nuts have two task: to guiding the spindle 

inside the long pipe and to hamper water from flowing upward. Therefore, the two nuts are a 

little grinded to be fitted and to move freely inside the long pipe.  Also, it can be seen there are 

holes in long pipe to let leaked water to getting out.  

The test of the improvised switch: 

To test the switch, it should be connected according to the diagram shown in Figure 38 

below where water’ pressure can be regulated by the tap. When zero pressure is required, the tap 

should be fully opened. But, when a certain value pressure is required, the tap should be 

gradually and slowly moved back toward the close position until the required pressure is read in 

the gauge mounted in the same pipe line feeding the pressure switch. Then, the displacement of 

leverage, which is the second bent of leverage, is measured by using Vernier caliper  

 

 

 

 

 

Figure 37A  Real spindle Figure 37B  Real improvised Pressure Switch 

Figure 37 the real improvised switch with real  spindle  
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                                                                  Gauge 

 

 

 

 

 

 

Results of the test: 

According to the way of test above, eight pressure values is selected to measure their 

corresponding displacement values. The test is repeated for three time and the displacement data 

was obtained in each time. Then, an average of the displacement is computed.  The data obtained 

from the test is shown in Table 1 below  

Table 1  pressure values and their corresponding average displacements 

 

 

 

 

 

 

Gauge pressure KPa  Average Displacement  mm 

0 0 

50 0 

100 2.3 

150 3.4 

200 5.5 

250 6.6 

300 7.5 

350 8.6 

Figure 38 diagram to test the improvised pressure switch  

Figure 39 real test experiment for pressure switch 

Nylon shield 

to prevent 

water splash 

from reaching 

to the electric 

pump 

Tap 

Pressure 
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The chart shown in Figure 40 below shows the relation between the pressure and the 

displacement according to Table 1  above. 

 

Figure 40  Pressure KPa vs Displacement mm 

Results and Discussions of modeling and experimental results 

The results obtained from the modeling and the practical test are shown in Table 2 below. 

Also, the chart shown in Figure 41  below shows the modeling and practical results together with 

applied pressure.  

Table 2   pressure,  experimental displacement, and modeling displacement 
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Pressure vs Displacement 

Gauge pressure KPa Experimental  Displacement  mm Modeling Displacement mm 

0 0 -8.9373E-12 

50 0 2.4647E-11 

100 2.3 0.27021 

150 3.4 2.1008 

200 5.5 4.3346 

250 6.6 6.774 

300 7.5 8.3852 

350 8.6 10.369 
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Figure 41  relation between pressure and displacement in modeling and in experiment 

From the chart shown in Figure 41 above, there is noticeable difference between  

modeling and experimental results. In modeling with workbench 2022, the displacement has 

negative values at the beginning where very low pressure or zero value pressure is applied. That 

is because there is pretension in strip resulting in stretch, which previously applied in the strip 

and this pretension will move the leverage a little down.  

Both the experimental and modeling or theoretical displacements generally do not 

influence pressure at the beginning because the applied pressure values at the beginning are low 

and cannot overcome the pretension resulting in stretch in strip. Then, by increasing the applied 

pressure, the pretension is overcome by high applied pressure and then, spindle together with 

leverage start to move up.  

It can be seen the experimental displacement firstly or earlier starts to increase than in 

modeled displacement and that is because, in the modeling with Workbench 2022, the material 

property used in modeling is ideal while in experiment, the material is rubber parts formed and 

cut from an old tire’s tube of truck and it is known that the mechanical specifications of this real 

rubber are degraded with time and environmental influences [18].  

Also, for the same reason above, the displacement readings in the experiment are higher 

at pressure values of a range 70-200 KPa. But when the pressure reaches 250 KPa, the 

experimental readings start to be lower and continue to lower more with pressure increments. 

This case because friction among switch’s parts becomes higher as pressure increases and the 

parts (leverage and spindle) become no longer orthogonal which lead to form higher reactions 

and normal forces on frame and between those two parts themselves. These increments in normal 

forces and reactions increase the friction forces. While in modeling in Workbench 2022, the 

friction forces are ignored with frame and between the leverage and spindle. the only considered 

friction force in modeling is between the diaphragm and spindle.  
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In experiments, there is another notice, which cannot be referred in charts or tables, 

which is the displacement cannot instantaneously respond to the change in pressure but it takes 

several seconds i.e. when the pressure increases or decreases, the corresponding change in 

displacement of leverage cannot be noted at once but it takes several seconds to move upward 

and downward. This case is because of friction forces which restrict the motion as well as the 

inertia influence delays the response or motion. The inertia influence is accompanied to all 

internal parts like leverage, spindle, diaphragm and strip.  

About this improvised switch: 

 This improvised item is super simple and super cheap as well. It does not require 

heavy machine, like lathe machine, to be manufactured and its parts are available everywhere. 

This switch is safe and well waterproofed, there are many modifications made on this item to 

prevent the water from reaching upward where the electric contact is. The leak of water resulting 

in any diaphragm failure can be easily seen through the holes previously drilled in long pipe of 

the frame and through the second T shape fitting as was explained before. This switch can work 

with wide ranges of pressure and can be easily set. Also, it does require high professional 

technician or craftsman to build this item. So, this tool is practical for daily life use in all life’s 

conditions especially in disasters like natural disasters, war disaster…etc. The only issue with 

this item is that the rubber parts, especially strip, loose its mechanical specification with time, so 

they need to be replaced. This might not be an issue when new rubber parts are used or 

specifically designed instead of those from an old tube but this will increase the cost and it will 

be against the targets of improvising the item. so, this paper works like a guide for primitive 

technicians and workers in workshops to manufacturing and producing this item 

Any type of electric contact can be mounted on the switch top and attached to the second 

bent of leverage as shown in Figure 42    below, where limit switch is used as an electric contact.  
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Limit Switch 

 

 

Protection box 

 

 

 

 

 

 

 

 

 

Future work: 

 It will be to build special electric contact for this switch and to modify the switch 

to less number of moving parts to minimize the inertia and friction forces.  
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Figure 42 pressure switch with electric contact 
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التصطيم والتصظيع الكامل لطفتاح الضغط الكهربائي  من مهاد رخيصة ومتهفرة بهاسطة  التحليل الشرائحي 
 لبعض اجزاءه الغير معدنيو التي تعطل بشكل متزامن داخل مفتاح الضغط 

 احطد حطد يحيى البربن

بابل, العراق، جامعة بابل د،كمية ىشجسو السها ء،قدم الدضصاميك ومهاد البشا  
Mat.ahmed.hamad@uobabylon.edu.iq  

 الخلاصو:

تم استخجام خخده بلاستكيو و مظاطيو   في صشاعة  مفتاح ضغط  بالإضافة الى القظع السعجنيو. ان ترسيم مفتاح 
بحضث أي تقشي مبتجئ يدتظيع صشاعة  ىحه الالة. علاوة الزغط  ىحا راعى استخجام ارخص السهاد  وكحلك راعى البداطو  

عمى ذلك, ترسيم ىحا السفتاح راعى أيزا السخاطخ الشاجسو من فذل الفاصل السظاطي )الجايفخام(. ابعاد قظع وأجداء ىحا 
قظعو السظاطيو الجياز مبشيو عمى حدابات باستخجام التحمضل الذخائحي السحجد لقظعتي السظاط المتان تعسلان بالتدامن. ال

الأولى تعسل  كفاصل مظاطي )دايفخام(  والثانيو التي ىي عباره عن شخيحو تعسل كشابض وكاداة تشظيم الذج اعتسادا عمى قيسة 
معضشة لمزغط. أيزا ىشالك قظعتضن معجنضتضن بسفتاح الزغط  لشقل الحخكة من الفاصل السظاطي) الجايفخام(  الى الذخيحو ) 

لثانيو(. القظعو السعجنيو الأولى ىي الداق السيكانيكيو والثانيو ىي العتمو السخبهطو بالذخيحو السظاطيو القظعو السظاطيو ا
 Catiaوأيزا  مخبهطو بشقاط التلامذ الكيخبائيو. تم رسم القظعتضن السظاطضتضن إضافة الى القظعتضن السعجنضتضن ببخنامج الكاتيا 

R17  همو عمى بخنامج الاندذ  وبعجىا تست تحسضل جسيع القظع السخسAnsys Workbench 2022    حضث تم عسل
نسهذج رياضي  ومحاكاة  لسعخفة العلاقو بضن الزغط السدمط عمى الفاصل السظاطي )الجايفخام( و الاستظالو في الذخيحو 

ا السفتاح بتدميط نفذ السظاطيو.  واعتسادا عمى الشتائج السدتحرمو من السحاكاة تم بشاء مفتاح ضغط حقيقي وتم اختبار ىح
الزغهط  السدمظو بالسحاكاة  لمحرهل عمى استظالات عسمية  ومقارنتيا مع نظضخاتيا  السحدهبو نظخيا بالسحاكاة. حضث تبضن 
ان الاستظالات العسمية  تكهن الأعمى عشج الزغهط الهاطئو لان الخهاص السيكانيكيو لمسظاط الحقيقي القجيم  تقل مع الدمن  

زغهط العاليو , الاستظالات العسميو تكهن اقل بالسقارنة مع نظضخاتيا بالسحاكاة لان الاحتكاك يكهن عالي بالسفاصل بضشسا بال
عشج الزغهط العاليو  خرهصا انو تم اىسال الاحتكاك بالسفاصل اثشاء السحاكاة. عسهما  رغم ىشالك اختلاف قمضل بالشتائج 

 ار واحج العسمية والشظخيو لكشيا مشظقيو وتتبع مد

تدميط  ،احتكاك ،تذهىات ، تقظيع شخائيحي تمقائي اثشاء الحل ،معايخة مشحشي السظاط  ،انفعال ، اجياد   الكلطات الدالة:
 . عسل مفاصل ببخنامج الاندذ ، تقارب السحشي لمهصهل لمحل، ضغط 
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