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Abstract 

he cutting of well screens has for a very 

long time been done manually by borehole 

drillers before the advent of well screen 

cutting machine. Doing the cutting of well screen 

manually is time consuming as well as time 

wasting. Therefore, the reason for design and 

construction of the well screen cutting machine is 

to eliminate or reduce the stress that results from 

the manual cutting. Hence in this project a well 

screen cutting machine 

was designed and 

constructed using locally 

available materials and 

production processes. 

The well screen cutting 

machine was tested and 

the objective of the 

design and construction 

was achieved. 

 

INTRODUCTION  

Background  

 well screen is a filtering device that serves as the intake portion 

(that is, allow the flow-in) of wells constructed in unconsolidated or 

semi-consolidated aquifers. The type of screen to be chosen 

depends on the budget, necessary flow volume and aquifer lithology (soil 

and rock characteristics). (Brush, 1978). 

The screen permits water to enter the well from the saturated aquifer, 

prevents sediment from entering the well, and serves structurally to 

support the aquifer material. Well screens serve as a filter for a well, 

catching pieces of debris before they can enter the water supply. 
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Water-well casing is the material that forms the interior structure of the 

well. Commonly made of stainless steel or PVC, the well casing allows water 

to flow into the well and keeps aquifer soil out. Water professionals refer to 

the process of installing the well material as "casing" the well. (ODC, 2012). 

Depending on the results of preliminary investigation, the well screens are 

fabricated using materials that have high corrosion resistant. If the screen 

corrodes, sand and/or gravels will enter the well, which may eventually 

require either replacement of screen or drilling a new well.  

Corrosion of screens can occur from bimetallic corrosion if two different 

metals are used in the fabrication; therefore, bimetallic screen are always 

avoided. Water with high total dissolved solids accelerates this type of 

corrosion because the water is a more effective electrolyte. Corrosion can 

also occur from dissolved gases in the water such as oxygen, carbon dioxide 

and hydrogen sulphide. (ODC, 2012) 

Well plugging by the deposits of incrustation is a common problem. Such 

deposits plug the screen openings and the formation and/or gravel pack 

immediately surrounding the well screen. When incrustation is a problem, 

acid treatments can be used. Therefore, corrosion-resistant material should 

always be used to resist the attack of strong acids introduced into the well 

screen during treatment.  

Corrosion and incrustation can occur simultaneously in some groundwater 

environments. The products of corrosion can relocate themselves on the 

screen and form incrustations that plug the screen openings much like 

waters which are naturally incrusting. Removal of these deposits often 

requires strong acids.  

The choice of the well screen material is sometimes based on strength 

requirements regarding column load and collapse pressure. When a long 

screen supports a considerable weight of pipe, it functions as a slender 

column. The pressure of the formation and materials caving into the well 

pipe can squeeze the screen. Therefore, the well material should be able to 

withstand the pressure. It is impossible to accurately determine or calculate 

earth pressures with depth but generally greater strength is needed at 

greater depths.  



 
 

 

 
 

 68 

MEDITERRANEAN PUBLICATIONS 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – ERT  
VOL. 11 NO.5 JUN-2020 ISSN: 1074-4741 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

Well screens can be constructed of materials which are especially adapted 

to resist the corrosive attack of aggressive waters and acids. Stainless steel 

offers the maximum in corrosion resistance for most fresh groundwater 

environments and it also provides good strength. Galvanized steel is 

suitable for many irrigation wells where the water environment is not 

corrosive. It provides strength comparable to stainless steel. PVC well 

screens are resistant to corrosion and are often used in shallow wells. 

However, only limited open area can be provided in order to maintain 

strength requirements. Therefore, non-metallic well screens are not usually 

suitable for deep irrigation wells (Boman, 2003). 

To keep loose sand and gravels from collapsing into the borehole, it is 

necessary to use well casing and screen. The screen supports the borehole 

walls while allowing water to enter the well; un-slotted casing is placed 

above the screen to keep the rest of the borehole open and serve as housing 

for pumping equipment. Since the well screen is the most important single 

factor affecting the efficiency of a well, it is sometimes called the "heart of 

the well". (Driscoll, 1986). 

 

Statement of Problems 

Well screens can either be commercially or locally made. The cost of 

commercially made screens and the time required for delivery to the well 

site usually make them unsuitable for isolated wells whose object is to 

supply only a few thousand liters of water per day to the local inhabitants. 

However, commercially manufactured screens offer advantages in quality. 

They can often be more easily installed and provide more water of better 

quality for a longer time than locally made screens. Locally made screens are 

usually produced from the casing materials that will be used in the normal 

small diameter well sinking operation. 

There are some limitations concerning which material can be used in various 

kinds of ground formations, but an appropriate solution can almost always 

be found. The cost of a locally made screen will simply be the cost of putting 

holes in the section of casing which has already been purchased for 
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installation in the well. Perhaps their biggest disadvantage is the difficulty 

of producing the small opening sizes which may be necessary in fine sands. 

A new method has been developed which would enable the local 

manufacture of continuous slot well screens out of specially made plastic 

pipe. This pipe is extruded to provide lengthwise reinforcing ridges along 

it’s inside surface. A lathe equipped with a high speed grinder on which the 

grinding wheel is replaced by a small circular saw-the desired slot width, is 

used to cut a continuous slot. (Sternberg, 1978). 

The manual method of using hacksaw to screen well casings consumes 

much time and energy; hence, there is a risk of the operator injuring himself 

during operation. There is always a tendency that the distance between cuts 

on the screencannotbe uniform or to specificationas the operator’s hand 

may shake while cutting. The industrial well screen cutting machines such 

as CNC Carbide cold saw, HE & M Band saws, Scotch &Dake cold saws, FMB 

Band saws are equally too expensive for common person to afford. This 

equally contributes to the high cost of drilling and installation of a borehole. 

In place of a lathe, which cannot be afforded by local technicians, a simple 

machine could be produced-powered by an electric motor, to serve the 

same purpose. 

 

Description of the Machine  

The machine is a well screen cutting machine. It was chosen for it is cheap 

and efficient in designing a well screen. The machine is operated 

mechanically via an electric motor as source of power. For the fact that it is 

made from available materials, it is cheap and easy to maintain.  

The machine comprises of the following parts: the cutter, the work piece 

holder and the driving mechanism. The driving mechanism is performed 

using pulley and belt transmitting power from electric motor to the shaft 

holding the cutter or cutting blades. The cutter is linked with a lever which 

controls the cutting rate manually by an operator. The work piece holder 

positions the pvc pipe for accurate operation.  

The machine is provided by two guards one on the blade and the other 

covers the entire machine. The one on the blade serves two functions. The 
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first function is to protect the flying chips produced by cutting operation 

and the other is to control or maintain the maximum depth of cutting by the 

blade. The second guard protects the operator from being in contact with 

flying chips. 

 

Element Design  

Design for Lever 

To avoid buckling of the lever bar, minimum thickness of the bar can be 

obtained from the below equation  

t = 6z/h2 ………. 3.1  

Where; 

z = section modulus of the bar material.  

h = height of the lever (Khurmi and Gupta 2009). 

 

Design for Frame  

The frame will be made in form of a table where the machine is mounted 

upon and is made up of angle iron welded together to support the machine 

components. To avoid failure, the thickness of the angle iron can be 

obtained from the below equation  

t = WCr/[b + (H – a)] …………. 3.2  

Where; 

W = Weight of the component  

𝜎 = Allowable tensile stress for the bar material  

b = Breadth of the bar  

Cr = Service factor  

 

Design for Bolts  

To avoid failure of a bolted joint, due to external force acting on the bolt, 

the core diameter of the thread can be obtained from the equation below  

Dc=√
4𝑃

𝜋𝜎𝑡
 ………… 3.3  

Where; 

P = external force applied 
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σᵗ = Permissible tensile stress for bolt material  

 

Design for Shaft  

The torque to be generated by the shaft can be obtained using the below  

Formula 

 T =
𝑃.𝑐.60

2𝜋𝑁
 ………….. 3.4 

Where; 

 P = design power  

 N = speed in revolution per minute  

 C = factor of safety  

The bending moment of the shaft can also be obtained using the formula 

 M = (T1 + T2 + 2Tc)χ.n …………. 3.4  

Where; 

T1 = Tension on the tight side of the belt  

T2 = Tension on the loose side of the belt  

Tc = Centrifugal tension of the shaft  

χ = Distance of overhang  

n = Number of belts  

Also the equivalent twisting moment of the shaft is obtained by  

Te= √𝑇2 + 𝑀2  …………………… 3.5    

Where; 

 M = bending moment of the shaft  
 T = torque  
The diameter of the shaft can be obtained using the formula: 

D = √
16𝑇𝑒

𝑇𝜏

3
………………….. 3.6  

Where; 
Te = equivalent twisting moment of the shaft  
T = torque and  
𝜏 = shear stress  
 

Design for Bearing  

For the smooth running of the shaft, an appropriate bearing must be 

selected, using the formula below  
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W =x.v.WR +Y. WA (Based on dynamic equivalent load)  

Where; 

W = Dynamic equivalent radial load  

V = Rotation factor 

Y = Axial or thrust load factor  

X = Radial load factor 

WR = Reaction or radial load  

WA = Thrust load  

Also, based on life rating  

 L = ( 
𝑐

𝑤 
)𝑘 x 106 revolution ……………………… 3.8 

Where; 

L = Rating life  

w =Equivalent dynamic load  

c= Basic dynamic load rating  

 k = 3, for ball bearing (Spots, M.E 1988)  

 

Determination of Force Required  

The force required to cut can be obtained from equation: 

 F = SF + FF + SF + μSF  ...……………… 3.10  

Where; 

SF = the shearing force required for cutting. 

μ = the co-efficient of friction between the blade and the PVC pipe  

FF =the frictional force between the blade and the work piece 

                         (Khurmi and Gupta, 2008) 

 

Selection of Electric Motor  

The power transmitted by the shaft at a given speed is obtained by the 

formula: 

P= 
2𝜋𝑁𝜔𝜌𝑔ℎ𝑣

60
 

Where; 

ω = angular velocity 

ρ = density 
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g = acceleration due to gravity 

h = depth of cut 

N = speed in revolution per minute 

v = speed of belt (peripheral) in m/s 

 

Design for Belt Drive 

Belt is used to transmit rotary motion between two shafts which are 

mounted on pulleys and are separated some distance apart. The length of 

the belt can be obtained using the formula: 

L = π(𝑟2 + 𝑟1) + 2𝑥+
(𝑟2+𝑟1)2

𝑥
 

    

Where; 

r1= radius of smaller pulley 

r2 = radius of bigger pulley 

𝑥=center distance of pulleys 

  (Khurmi and Gupta, 2000) 

 

Velocity Ratio 

The velocity ratio (V.R) of the belt is given by the formula below:  

 V.R = 
𝑁2

𝑁1
 = 

𝐷1

𝐷2
 

 

If the belt thickness is taken into consideration  

  V.R =
𝑁2

𝑁1
 = 

𝐷1+𝑡

𝐷2+𝑡
    

Where; 

N1,  N2  = speed of the pulleys 1 and 2 respectively in revolution per minute  

 D1,  D2 = diameter of the pulleys 1 and 2 respectively in millimeter (mm) 

 t = thickness of the belt in millimeters (mm) 

When the thickness of the belt is considered then the velocity ratio  

   
𝑁2

𝑁1
=

𝐷1+1

𝐷2+1
 

Hence, 

The velocity of the belt drive is 
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V1=
𝜋𝐷1

60𝑁
, (m/s)  

And the peripheral velocity of the belt joints that drives pulley  

 V2 =
𝜋𝐷2

60𝑁
, (m/s) 

(Khurmi and Gupta, 2008) 

 

Design Calculation   

The thickness is equal to the diameter of the lever shaft = 11mm  

Length of the lever 370mm  

i. Design for Frame  

Table base; 

Width = 270mm  

Breadth = 330mm  

ii. Table Riser 

Length of riser = 760mm 

Breadth of riser =330mm 

Width = 270mm 

iii. Design for Shaft  

Shafts are designed to the basis of strengths, rigidity and stiffness. They are 

subjected to twisting moment or torque from torsion equation  
𝑇

𝐽
=

𝜏

𝑟
 

Where; 

T = twisting moment or torque  

        J = polar moment of inertia of cross sectional area about axis of rotation 

r = radius of the shaft =
𝐷

2
 

         τ = torsional shear stress  

The shaft to be used is a solid type  

Where J =
𝜋𝐷4

32
 

 Torsion equation above can be written as  

𝑇

𝜋𝐷4
=

𝜏

32𝐷
2⁄
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T = 
𝜋𝐷3Ʈ

16
 

T = 
π X (0.025)3X 69382

16
 

T = 0.213Nm 

iv. Power Developed By the Shaft P; 

      P = T W  

 = 0.213 x 
2πDN

60
 

           = 0.213 x 2π x 0.025 x 1400/60  

= 0.78069 W=        0.781W 

v. Belt Design Calculation  

The vee belt has the angle between 30o – 40o making a wedging action as it 

transmit power between the vee grooves of the pulleys. Vee belts are made 

of fabric and cords molded and cover with rubber. They are made in 

standard form so as to meet the demand of the users. 

For the belt linking the prime mover and the pin shaft 

L = π(𝑟2 + 𝑟1) + 2𝑥+
(𝑟2+𝑟1)2

𝑥
 

For the belt linking the prime mover and the pin shaft, belt Length, L1 is; 

L1 = 
𝜋

2
 (40 + 40) + 2 x 255+

(40+40)2

255
 

  = 125.664 + 510 + 28.444  

= 664.108mm 

L1 = 664mm. 

For the belt linking the pin shaft and the blade shaft, the length, L2 is; 

L2 = 
𝜋

2
(40 + 35) + 2𝑋145 +

(40+35)2

145
 

 =117.810+290+38.793 

= 446.603mm 

L2 = 447mm. 

vi. Velocity Ratio  

          V.R. =
𝑵𝟐

𝑵𝟏
=

𝑫𝟏

𝑫𝟐
 

N2 =
𝑁1𝐷1

𝐷2
 

=
1400 𝑋 80

70
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N2 = 1600rpm 

Therefore, 

V.R. =
1600

1400
 

      = 1.14285714= 1.143 
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List of Symbols 

t-Thickness of bar 

z – Section modulus of the bar material 

h – Height of the lever 

W – Weight of the component 

σ – Allowable tensile stress for the bar material 

b – Breadth of the bar 

Cr – Service factor 

Dc-Diameter of thread 
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P – External force applied 

𝜎𝑡 – Permissible tensile stress 

T – Torque to be generated by shaft 

M – Bending moment of the shaft 

N – Speed in revolution per minute 

C – Factor of safety 

T1 – Tension on the tight side of the belt 

T2 – Tension on the loose side of the belt 

TC – Centrifugal tension of the shaft 

χ – Distance of overhang 

n – Number of belts 

Te– Equivalent twisting moment of the shaft 

D – Diameter of the shaft 

τ – Shear stress 

V – Rotation factor 

Y – Axial or thrust load factor 

X – Radial load factor 

WR – Radial load 

WA – Thrust load 

w – Equivalent dynamic load 

μ – Coefficient of friction between the blade and the PVC pipe 

ω – Angular velocity 

ρ – Density 

g – Acceleration due to gravity 

h – Depth of cut 

v – Speed of belt in meter per second 

L – Length of belt 

r1 – Radius of smaller pulley  

r2 – Radius of bigger pulley 

x – Center distance between pulleys 

ϕ – Diameter 

D1 – Diameter of smaller pulley 

D2 – Diameter of bigger pulley 
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J – Polar moment of inertia 

PVC – Polyvinylchloride 

 

  


