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ABSTRACT 

The development for this working model is prompted due to the need for pumping systems that does not use electricity or 

any fossil fuel as its power source and no geographical limitations, especially in underdeveloped remote areas. 

In this paper, the oscillatory motion of a weighted pendulum which conserves momentum, obtained with the 

application of human effort, is converted into rotational motion of two shafts of 2.5 cm diameter and three rear sprockets 

via a 4.5 mm module bevel gear mechanism and gear ratio 6 which rotate the crank disc working on an inversion of double 

slider crank chain, known as Scotch Yoke Mechanism. The scotch yoke mechanism converts its rotary motion obtained 

from the sprockets into reciprocating motion of the two plungers used to suck water in one stroke into the cylinder and to 

deliver the same out from it in the next stroke. Efficiency of the system is found up to 48%- and 2.7-liters discharge per 

minute. The virtual model is created with software.  
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INTRODUCTION 

A pump is device that moves a fluid or sometimes slurries, by mechanical action. Pumps are generally operated by rotary 

and reciprocating mechanism, and they perform mechanical work by fluid movement with consumption of energy. They 

may operate via many energy resources, and also by manual operation other than electricity or wind power. A 

reciprocating pump uses to and fro motion of the plunger to displace the fluid. 

People of ancient Greece and Rome used device like Archimedean screw that was shaped like a giant screw and 

worked by lifting water through inside of a pump for irrigation purpose. Turning of screw was done by hand with usually 

two workers. Piston pumps were also contemporary to the Archimedean screw. Gear pump was invented shortly after the 

sliding vane pump in 1580[1]. A sort of hand-powered water pump that was once common worldwide, also known as 

‘pitcher pump'  was installed commonly over community water wells  before piped water supplies come into 

picture[2].Today’s low-cost hand-operated community pumps are considered as most sustainable and an option for safe 

water supply in rural areas of developing countries. A hand pump explores pollution free deeper groundwater and also 

protects the water source from contamination. Pumps like ‘Afridev’ are designed to be cheap to build and for ease of 

installation with simple parts. But, scarcity of spare parts for these types of pumps has diminished their utility [3].C. A. 

Okoronkwo et al. [4] gave a modification to existing lift pump by designing a hand water pump with a gear train drive and 

quick return mechanism which results in, 15.2 litres per minute discharge at an effort of 102.7N.N.Tulasi Radha et al. [5] 

developed a mechanism which uses pedal power for dual action of generating electricity and water pumping. A dual pump 
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with scotch yoke mechanism, where reciprocating action is done by cam plate; was designed and developed by R. Praveen 

Kumar et al. [6].  Mogaji P. B. [7]developed an improved version of water pump machine powered by pedal action, which 

resulted a discharge of 0.0016 cubic meter per second at   20m head with a driving torque of 29.5 Nm and an estimated 

efficiency of 90%.Yathisha.N et al. [8] also designed scotch yoke mechanism actuated and pedal powered reciprocating 

water pump. Mragank Sharma et al. [9] designed and fabricated a water pumping machine where physical energy was 

utilized and converted to mechanical energy during cycling in gym to lift the water with no electricity. Biswas K. W. [10] 

have examined the pumping water from geologically safe deep tube wells with possible applications of renewable energy 

to overcome limitations in existing technologies of arsenic-contaminated water in the villages in Bangladesh. According to 

J.T. Winpenny [11], both water and energy sectors need to be promoted and work in conjunction for required changes in 

planning philosophy of developing countries. Scotch yoke mechanism may be a replacement for other mechanism to 

improve dynamic behaviour by balancing the input torque to a satisfactory level [12]. Scotch yoke mechanism also finds 

its application in microfluidics like syringe pump with precise flow rate [13]. Again, to improve the discharge of a 

reciprocating pump, two extra pistons may be incorporated in a double acting cylinder [14]. With solar energy and motor 

as alternate source of power, modification can be done in dual reciprocating pump using scotch yoke mechanism [15].  

This paper presents a prototype of a powerless reciprocating pump working on scotch yoke mechanism with little 

human effort. 

METHODOLOGY 

Two sprockets are mounted on Shaft 1A and 1B between the two bevel gears connected by a third gear meshed with them 

perpendicularly. The third acts as tumbler gear that serves the purpose of reversing the direction of motion. The two 

sprockets are chained to two free wheel sprockets sitting on Shaft 2. Between them is mounted a third sprocket. Because of 

the system enabled due to the two freewheel; the shaft rotates in unidirectional motion. The middle sprocket is chained to 

another sprocket mounted on Shaft 3. This shaft receives constant unidirectional rotation because of the movement fed to it 

by the chain that wraps the sprockets on Shaft 2 and Shaft 3. Attached to the ends of the Shaft 3 are two circular crank 

discs. 

When the pendulum is oscillated by human effort, it gives rotation motion to the shaft. The rear sprocket 

connected with it gives rotational motion to the crank disc through the Scotch yoke mechanism and the plunger gets 

reciprocated. Fig. 1 shows the assembly of the pump set. 
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Figure 1: Assembly of Pump Set. 

 

BEVEL GEAR MECHANISM 

When the pendulum gets oscillated, it gives rotational motion to the shaft connected with it and the bevel gear connected 

with that shaft give rotational motion to the pinion mashed with it, which in turn give rotational motion to another bevel 

gear meshed with it which in turn gives the oscillating motion to the pedal. The Fig. 2 shows the bevel gear mechanism 

with CATIA drafting.   

 
Figure 2: Bevel Gear Mechanism 

For bevel gear, material is Mild steel having yield strength, st = 268MN/m2 and Young’s modulus of elasticity, E= 

200MN/m2.Standardgear ratio is 6, Number of teeth on pinion, Z1 = 10, ratio of width B1 to pitch diameter D1 for pinion = 

0.5 and Pressure angle, a = 14 (
1

2
) degree. So, the calculated module, m=4.5mm and pitch diameter for pinion as well as 

gear are D1=4.5cm and D2=7.2cm as obtained below: 

Calculation of Pitch Diameter of pinion and gear:  

Theoretical Power [16], (in this case, human power) required: 
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Pth = 
ρgAlsNh

60000
kW(1) 

=
1000×9.8×π×4.32×9.5×30×4

60000×1000000
  

=2.704W 

For pinion, N= 48RPM 

 Mt[17] = 
60Pth

2πN
                                                                                                 (2) 

 =
60×2.704×60

2×π×48
 

= 0.538 N-m 

Beam strength[17], 

 Sb =
Mt

Rm
= [1 −𝑏/𝐴𝑜]     

 or,  Sb= 𝑚𝑏𝜎𝑌[1 −𝑏/𝐴𝑜]                                                                             (3) 

For pinion, 

 Rm[17]= (D1-bSinγ1)× 0.5                                                                            (4) 

Here,                                     Sinγ1=sin {tan−1 (
10

16
)} = 0.53                                                    (5) 

 b=0.5D1                                                                              (6) 

 So, Rm= D1× 0.5× {1-(0.5× 0.53)} = D1(0.3675) 

 Ao[17]= D1× 0.5 × √
162

102 + 1 

=0.94D1                                                                                              (7) 

 Y= 0.113 

From equation  

 
0.538

𝐷1×0.3675
= m× 0.113 ×D1× 0.5×

268×106

4
× 0.137[1- 

0.5D1

0.94D1
] 

 Or, 𝐷2 × 𝑚 = 1.3× 10−6 

 Or, m = 2.4mm 

Standard Module,  

m =4.50mm                     

Pitch Diameter,  

D1=10× 4.50 = 45mm 

Pitch Diameter,  
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D2=16 × 4.50 = 72mm 

FREE WHEEL MECHANISM AND ITS INCORPORATION 

Shaft-2 has mounted on it three freewheel sprockets which is a hub that incorporates a ratchet mechanism, that allows 

continuous linear or rotary motion in only one direction while preventing motion in the opposite direction. 

When the teeth are moving in the unrestricted (i.e., forward) direction, the pawl easily slides up and over the 

gently sloped edges of the teeth, with a spring forcing it (often with an audible 'click') into the depression between the teeth 

as it passes the tip of each tooth. When the teeth move in the opposite (backward) direction, however, the pawl will catch 

against the steeply sloped edge of the first tooth it encounters, thereby locking it against the tooth and preventing any 

further motion in that direction. Based on this principle, the two sprockets work together to provide a unidirectional 

rotation to the shaft. The Fig. 3shows the CATIA drafted model of free wheel sprocket. 

 
Figure 3: Free Wheel Sprocket 

For chain, Centre distance between two rear sprocket, a1 = 86.5cm; rear and front sprocket,a2 = 63.8cm and 

theoretical power to be transmitted, Pth= 27.05W.So,on the basis of power to be transmitted; we have selected ‘08B’ chain 

drive. It has Pitch, P =12.70mm, roller diameter, D = 8.5mm, Rated power, Pr= 0.34KW at 50 rpm. So calculated number 

of links are LN1=168 &LN2=132. As follows: 

Calculation of number of Chain Links[17]: 

LN1 = 2×
a1

𝐏
 +

(𝐙𝟏+𝐙𝟐) 

𝟐
+(

Z1−Z2

𝟐𝛑
)𝟐× 

𝐏

𝐚
                              (8) 

=2 ×
𝟖𝟔𝟓

𝟏𝟐.𝟕
 +

(𝟒𝟒+𝟏𝟖)

𝟐
 +(

𝟒𝟒−𝟏𝟖

𝟐𝝅
)𝟐× 

𝟏𝟐.𝟕

𝟖𝟔𝟓
 

=168 

LN2=2×
𝒂𝟏

𝐏
 +

(𝒁𝟏+𝒁𝟐)

𝟐
                                                                                              (9) 

=2 ×
𝟔𝟑𝟖

𝟏𝟐.𝟕
 +

(𝟒𝟒+𝟏𝟖)

𝟐
 

=132 

For sprocket, Pitch of chain, P =12.7mm; Number of teeth on rear sprocket, Z1 = 18,Speed ratio,
𝑛2

𝑛1
 = 2.5; so 

calculated value of Pitch diameter of rear sprocket, D1 = 7.5cm&Pitch diameter of front sprocket, D2=17.8cm obtained as 
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follows: 

Calculation of Sprocket Pitch Diameter[17, 18]:  

  

 D1=
𝒑

𝐬𝐢𝐧
𝟏𝟖𝟎

𝒛𝟏

                                                                                                      (10) 

  =
𝟏𝟐.𝟕

𝐬𝐢𝐧
𝟏𝟖𝟎

𝟏𝟖

= 7.32cm 

Standard diameter, D1= 7.5cm 

 D2=
𝒑

𝐬𝐢𝐧
𝟏𝟖𝟎

𝒛𝟐

                                                                            (11) 

=
𝟏𝟐.𝟕

𝐬𝐢𝐧
𝟏𝟖𝟎

𝟐.𝟓×𝟏𝟖

=17.8cm 

Yield strength for shaft material is 268MN/m2. For a speed of 30 rpm, inside diameter of collar, d =2.5cm; theoretical 

power, Pth = 27.05W; τmax = 0.3 of st=80.4MN/m2. So, predicted value of standard diameter, D= d= 2.5cm.Bearing ISI 

No. 25BC02 deep grove ball bearing is used with an axial load on the bearing, Fa = 190N and no radial load. Dynamic load 

on bearing, p = 374.11 < 10690N obtained from following calculation: 

Calculation of Shaft Diameter: 

 Mt = 
𝟔𝟎𝑷𝒕𝒉

𝟐𝛑𝐍
                                                                                                                  (12) 

    =
𝟔𝟎×𝟐.𝟕𝟎𝟒×𝟔𝟎

𝟐×𝝅×𝟑𝟎
 

=1.305Nm 

𝜏max[18]=
𝟏𝟔𝑴𝒕

𝝅𝑫𝟑 (13) 

268× 106 × 0.30 =
16×1.305

𝜋×𝐷3  

  or D = 0.14cm 

Standard diameter of the shaft, D=2.5cm 

Calculation of dynamic loads on bearing: 

Bearing Selection: 

 Assumption: 

 Axial load on the bearing, Fa = 190N 

 Radial load on the bearing, Fr = 0 

 Selection of Bearing:  

Bearing ISI No. 25BC02 deep grove ball bearing is used 
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 The ‘Table 1’ is for the parameter of the selected bearing: 

Table 1: Bearing Parameters [18]    (Table 16.9, series 62. Page 387) 

ISI No. SKF d(mm) D(mm) B(mm) r(mm) Basic Capacity Maximum permissible speed(rpm) 

      Static Dynamic  

25BC02 6205 25 52 15 1.5 6965 10690 13000 

 

𝑭𝒂

𝒄𝒐
[17]=

𝟏𝟗𝟎

𝟔𝟗𝟔𝟓
= 0.03 (14) 

Again, for value of e,  

0.𝟎𝟓𝟔−.𝟎𝟐𝟖

0.𝟐𝟔−𝟎.𝟐𝟐
=

0.𝟎𝟑−𝟎.𝟎𝟐𝟖

𝒆−𝟎.𝟐𝟐
 (15) 

  or e = 0.223 

For the value of thrust factor Y,  

0.𝟐𝟔−𝟎.𝟐𝟐

0.𝟐𝟐𝟑−𝟎.𝟐𝟐
=

𝟏.𝟏𝟕−𝟏.𝟗𝟗

𝒀−𝟏.𝟗𝟗
                                                                             (16) 

or, Y=1.969 

Dynamic load on the selected bearing[17], 

P = 𝑌𝐹𝑎 (17) 

    or, P = 1.969×190 

    or, P=374N < 10690N 

SCOTCH YOKE MECHANISM 

This mechanism is used for converting rotary motion into a reciprocating motion through a slider which is connected with 

crank disc by a pin. The Fig. 4shows the scotch yoke mechanism developed in CATIA. 

 

Figure 4: Scotch Yoke Mechanism 

 

RESULTS, DISCUSSION AND VERIFICATION 

Calculation of Inside Diameter of cylinder: 
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Discharge [16],𝑄 = 𝐴𝑁𝑙𝑠   (18) 

 or
100

1000×3600
=  

𝜋𝐷2×30×D×2

60
 

or, D=3.14cm 

Considering, D= 4.3cm 

Calculated length of Stroke, ls= 2×4.3, or ls=8.6cm 

Considering, ls = 9.5cm    

Calculation of theoretical Discharge: 

Q= 
𝐴𝐿𝑁

60
                                                                                                            (19) 

=
𝜋×4.32×9.5×10−6×𝑁

4×60
 

= 2.3× 10−6 ×N(20) 

Using Equation (20), theoretical discharge can be determined at different RPM. 

 Calculation of Slip[19]: 

Slip =𝑄𝑡ℎ − 𝑄𝑒𝑥𝑝 (21) 

Calculation of mechanical Efficiency: 

η =
P𝑎𝑐𝑡

P𝑡ℎ
× 100 %                                                                                                                                    (22) 

The following observations have been listed in Table 2 during the experiment at four different RPMs. 

Table 2: Results Showing Discharge, power, slip and efficiency against RPM of Disc 

RPM of The 

Crank Disc (N) 

Discharge (Q) in litre/min Power (P) in Watt 

Slip in lit/min Efficiency (η) Theoretical 

(𝑸𝒕𝒉) 

Experimental 

(𝑸𝐞𝐱𝐩 ) 
Theoretical 

(𝑷𝒕𝒉) 

Operating 

(𝑷𝒆𝒙𝒑) 

N1=15 

N2=25 

N3=35 

N4=45 

2 

3.4 

4.8 

5.8 

1 

1.4 

2.3 

2.7 

0.34 

0.56 

0.79 

1.01 

0.16 

0.23 

0.38 

0.44 

1 

2 

2.5 

3.1 

0.47 

0.41 

0.48 

0.44 

 

The results have been analysed graphically in time domain and frequency domain as shown in Fig. 5. 
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Figure 5: Graphical representation of results obtained in Time and Frequency Domain Analysis. 

 

As seen from the graph, with increase in speed, slip factor also increases. Smooth running of the crank disc is 

desirable and may be achieved by maintaining continuous reciprocating motion. The ‘slip’ factor on account of which 

difference between the theoretical and practical discharge value increases, may be reduced by maintaining continuous 

reciprocating motion which in turn depends on manual effort. On the other hand, with sufficient lubrication of the rotating 

surfaces, difference of power required in theoretical and practical values can be diminished. Though discharge is increasing 
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with respect to increasing rpm, operating human power is also increasingly desirable. Around fifteen hundred RPM of the 

crank disc, result is showing satisfactory value. 

The results have been verified by curve fitting tool in MATLAB and distribution of slip, discharge, efficiency (in 

fraction), and power required (in watt) as a function of ordinate and abscissa value in contour plot are shown in Fig. 6.  
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Figure 6: Contour Plot showing Distribution of Slip, Discharge, Efficiency, and Power 
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Materials of components used in the pump set and their specifications are listed in ‘Table 3’ 

Table 3: Materials of components used and their specifications, no. of requirements and cost per unit.[20] 

Sl. 

No

. 

Components Material Specifications Requirements Cost per unit (Rs) 

1 Bearing blocks Mild Steel Inside diameter=25 mm 8 480 

2 Bevel gears Mild Steel Pitch diameter=72 mm 2 150 

3 Pinion Mild Steel Pitch diameter= 45 mm 1 100 

4 Rare sprockets Cast Iron - 4 260 

5 Collar for rare sprocket Cast Iron Inside diameter=25mm 4 60 

6 Front sprocket with pedal Cast Iron Pitch diameter=mm 2 320 

7 Nut and bolt Cast Iron 
Length =70mm, 

Pitch diameter=15mm 
16 30 

8 Metal square plates Mild Steel Length(breadth)=17mm 2 50/plate 

10 Shafts Mild Steel Diameter=25mm 3 360/unit length 

11 Chains Cast Iron Pitch=12.7mm 3 180 

12 Square metal bar Mild Steel Breadth(height)=40mm 12 55/kg 

13 Pendulum Mild Steel Length=2540mm, heigth100mm 1 55/kg 

14 Pedal Steel Length=15mm, Diameter=20mm 1 (Included with 6.) 

15 Cylinder UPVC 
Inside diameter=43mm 

Stroke length=95mm 
2 50/feet 

16 Valves Brass Diameter=10mm 4 600 

17 Tee joints Cast Iron Diameter=10mm 2 50 

18 Pipes Plastic Diameter=10mm 4 40/feet 

19 Scotch Yoke apparatus Mild Steel Length=14.7mm 2 50/kg 

20 Crank discs Mild Steel Diameter=165mm 2 50/kg 

21 Cylinder cap Mild Steel 
Inside diameter=8mm, 

Outside diameter=53mm 
2 (Included with 15) 

22 Small ball bearings Mild Steel Diameter=32mm 2 70 

 

CONCLUSIONS  

Rainfed and dry regions wherein fields need to be irrigated regularly, this prototype will aid in pumping out water from 

dug out canals or other water sources. It can be operated manually with least effort in a swinging motion and does not need 

any alternate source of electricity for its action. So, this project is extremely suitable for such type of environment. It has 

been established from results that, around 15 rpm of crank disc, efficiency is showing constancy (47%). To maintain this 

much of rpm, little physical effort is sufficient to provide oscillating motion to the crank disc. 

ACKNOWLEDGEMENT 

The experiment was conducted at Jorhat Engineering College, Jorhat; 26.757874 Latitude and 94.209824 Longitude. I 

acknowledge to Mechanical Engineering Department and staff members of mechanical engineering laboratory of Jorhat 

Engineering College, who directly or indirectly helped to complete the project. 

REFERENCES 

1. A Brief History of Water Pumps and How They Have Affected the World. Retrieved 

fromhttps://pumpsolutions.com.au/a-brief-history-of-water-pumps-and-how-they-have-affected-the-

world.Retrieved 21st January, 2019. 

https://pumpsolutions.com.au/a-brief-history-of-water-pumps-and-how-they-have-affected-the-world
https://pumpsolutions.com.au/a-brief-history-of-water-pumps-and-how-they-have-affected-the-world


2                                                                                                                                 Debarupam Gogoi & Koushik Rabha 

 
Impact Factor (JCC): 4.7398                                                                                                                 www.bestjournals.in 

2. https://en.wikipedia.org/wiki/Hand_pump.  Retrieved 21st January, 2019. 

3. https://en.wikipedia.org/wiki/Pump. Retrieved 21st January, 2019. 

4. C. A. Okoronkwo, B. O. Ezurike, R. Uche, J. O. Igbokwe and O. N. Oguoma, 2016 “Design of a hand water 

pump using a quick-return crank mechanism “African Journal of Science, Technology, Innovation and 

Development, Vol. 8, No. 3, 292–298, http://dx.doi.org/10.1080/20421338.2016.1163475 

5. N. Tulasi Radha, K. Dorathi, 2017,”Fabrication of Bicycle Driven Water Pumping and Power Generation 

System”, International Journal of Advances in Production and Mechanical Engineering, Vol. 3, Issue-1, 

ISSN: 2394-6202. 

6. R. Praveen Kumar, G. Navaneetha Krishnan, V. Venkadesh and N. Premkumar, “Dual Side Water 

Pumping System using Scotch Yoke Mechanism”, Indian Journal of Science and Technology, Vol8(36), 

DOI: 10.17485/ijst/2015/v8i36/87556, December 2015, ISSN: 0974-5645. 

7. Mogaji P. B., “Development of an Improved Pedal Powered Water Pump”, International Journal of 

Scientific & Engineering Research, Vol. 7, Issue-2, Feb-2016, ISSN 2229-5518. 

8. Yathisha N, MD Nadeem M, Devaraj M R, Rohith S, Karthik Kumar M, “Design and Fabrication of Pedal 

Powered Household Reciprocating Pump”, International Journal of Innovative Research in Science, 

Engineering and Technology, Vol. 6, Issue: 9, September 2017,ISSN: 2319-8753. 

9. Mragank Sharma, Arpit Saxena, Abhijeet Singh, “Design and Fabrication of Water Lifting Machine Using 

Gym Cycle”, International Journal of Engineering & Science Research, Vol-6, Issue-4, April 2016, 

ISSN 2277-2685, pp.72-81. 

10. Wahidul K. Biswas, “Application of renewable energy to provide safe water from deep tube wells in rural 

Bangladesh”, Energy for Sustainable Development, Volume 15, Issue 1, March 2011, PP 55-60. 

11. J.T. Winpenny, “Powerless and thirsty: The outlook for energy and water in developing countries”, 

Utilities Policy, Vol. 2. Issue 4, pp 290-295, DOI: 10.1016/0957-1787(92)90006-51787(92)90006-5, Oct 1992. 

12. V. Arakelian, J-P. L. Baron, M. Mkrtchyan, “Design of Scotch yoke mechanisms with improved driving 

dynamics”, Proceedings of the Institution of Mechanical Engineers, Part K: Journal of Multi-body Dynamics, 

Vol: 230, Issue: 4, pp 379-386, 2015, DOI: 10.1177/1464419315614431. 

13. M. Pramoth Kumar, K. Akash and M. Venkatesan, “Scotch-Yoke mechanism for a syringe pump – A case study”, 

IOP Conf. Series: Materials Science and Engineering 149 (2016)012221 DOI: 10.1088/1757-899X/149/1/012221. 

14. V. C. S. Gandhi, R. Kumaravelan, S. Ramesh, K.N. Kumar, and S. Chinnaiah, “Design and analysis of 

quad-acting reciprocating pump: A novel approach”, International Journal for Engineering Modelling, Vol. 

27(3-4):125-130. 

15. P. Rajesh, C. Mahesh, M. Prakash, “Modification& Development of Dual Side Water Pumping System 

using Solar Energy with Scotch Yoke Mechanism”, International Journal of Pure and Applied Mathematics, 

Volume 119 No. 12 2018, 15877-5887, ISSN: 1314-3395. 

http://www.bestjournals.in/
https://en.wikipedia.org/wiki/Hand_pump
https://en.wikipedia.org/wiki/Pump
http://dx.doi.org/10.1080/20421338.2016.1163475
https://www.sciencedirect.com/science/article/pii/S0973082610000608#!
https://www.sciencedirect.com/science/journal/09730826
https://www.sciencedirect.com/science/journal/09730826/15/1


Design of a Powerless Pump for Rainfed Region Based on Inversion of a Double Slider Crank Mechanism             17 

 
NAAS Rating: 2.97                                                                                                          Index Copernicus Value (ICV): 5 

16. Dr Bansal, R.K. (2014),‘A Textbook of Fluid Mechanics and Machinery’ Laxmi Publications (P) Ltd. 

17. Bhandari, V. B. (2013) ‘Design of Machine Elements’, McGraw Hill Education (India)Private Limited. 

18. Mahadevan, K. and Reddy, Balaveera, (2013), ‘Design Data Handbook for Mechanical Engineering in SI 

and Metric Units’ CBS Publishers & Distributors Pvt.  Ltd. 

19. Rajput. R.K., ‘A Text Book of Fluid Mechanics and Hydraulic Machines’, (2006), S. Chand. 

20. Debarupam Gogoi, Kaushik Rabha, Nerson Boro, Raj Kumar, Nabachandra Singh, "Design and Fabrication of 

Manually Operated Reciprocating Type Pump Using Scotch Yoke Mechanism for Rural Application”, 




	BEVEL GEAR MECHANISM
	When the pendulum gets oscillated, it gives rotational motion to the shaft connected with it and the bevel gear connected with that shaft give rotational motion to the pinion mashed with it, which in turn give rotational motion to another bevel gear m...
	Figure 2: Bevel Gear Mechanism
	1. Wahidul K. Biswas, “Application of renewable energy to provide safe water from deep tube
	1. wells in rural Bangladesh”, Energy for Sustainable Development, Volume 15, Issue 1, March
	10. 2011, PP 55-60.


