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Abstract

The implementation of a simple and affordable treadle pump has the potential to significantly
improve the lives of millions of low-income families in rural regions of developing countries. This
project focuses on designing a costeffective and efficient treadle pump that can be manufactured
locally in major cities and distributed to remote agricultural areas. The pump operates through a
stepping motion—similar to a StairMaster—which drives pistons to lift water from sources such
as wells or rivers. The design emphasizes minimizing components, focusing on essential parts like
the pump body, cylinders, pistons, and mounting platform. The goal is to develop a low-cost
irrigation solution capable of lifting water from a depth of 8 feet, thereby supporting small-scale
farmers. The project involves the study, design, fabrication, and experimental evaluation of a
practical working model to ensure its feasibility and effectiveness in real-world conditions.
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. Introduction

Access to reliable and affordable irrigation is one of the most critical challenges faced by Farmers
in developing countries. Traditional irrigation methods often Depend on expensive diesel or Electric
pumps, which are not feasible for many due to high operating costs and lack of infrastructure. In
response to this problem, the treadle pump has emerged as an effective, low-cost, and human powered
solution. The treadle pump is operated by foot, using a pedaling motion to draw water from Shallow
sources such as wells, ponds, or streams. It enables farmers to irrigate their land more Efficiently and
at a much lower cost compared to motorized systems. Originally popularized in South Asia and parts
of Africa, this technology has helped thousands of families improve their crop yields, Food security,
and income levels. This report aims to provide a detailed overview of the treadle Pump—its design,
working principle, benefits, and the impact it has had on rural agriculture. It also Discusses
challenges related to its adoption and suggests ways to further promote its use in suitable Regions.

This paper traces the history of the treadle pumps and studies the kinematics of different models that
were developed. Various treadle pumps used in different places around the world have been listed
and classified according to their pumping type and treadling mechanisms. Motion analysis of the
treadle pump improved by Rural Technology Action Group (ALIET) Vijayawada i [1] has been done.
Also, two approaches for the kinematic modelling of the treadle pump are discussed.
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| Figure 1. Original design of the Treadle Pump [2]

2. History of Treadle Pump

Treadle Pump was invented by two development workers, Gunnar Barnes and Dan Jenkins in the
year 1980. Barnes was a Norwegian technologist working with the Rangpur-Dinajpur Rural Service
(RDRS), and Jenkins was an engineer working with the United States Agency for International
Development (USAID). The high water table throughout Bangladesh and the easily available cheap
manual labour made the technology appropriate to that context. The conception of the idea of Treadle
Pump is explained in [3] by Barnes himself. The original design of the Treadle Pump (see Fig. 1)
consisted of two cylinders made of steel sheets. This suction pump was then connected to a tube well
made of bamboo or PVC pipes. It also consisted of a two-plate piston along with a steel piston rod
which was connected to bamboo treadles using a hook and pin joint. The operator could pump out
water by treadling on the bamboo levers. The original design also consisted of a rope and pulley
arrangement connected to the levers so that by pressing one of the levers, the second one is lifted up.

Over time, there have been design changes mostly by the users themselves, or in some cases, by
designers. The two- plate pistons were replaced with the No. 6 piston [4], which were the most
common pistons being used in Hand Pumps. The No. 6 pistons consisted of valves and seals made of
PVC and were called so because of its use in the Number 6 drinking water hand pumps. The rope-
pulley mechanism was replaced by a dheki type treadle pump, where the user could pump water by
shifting their weight sideways [5]. In the dheki treadle pump, the treadles are pivoted on to the main
frame, and the weight balance is done in such a way that the treadles lift themselves up due to the
unbalanced mass on the opposite side. The unbalanced mass meant that the user had to apply
additional force to overcome it. It should be noted how the users have given priority to comfort and
ease of use over efficiency and performance.

The pump was noticed by several Non-Government and Government organizations which promoted
and popularized the treadle pump further. RDRS initially manufactured treadle pumps in their
workshops. Later, organizations such as the International Development Enterprises (IDE) in
Bangladesh and International Rice Research Institute (IRRI) in the Philippines commercialized and
disseminated the technology in their respective areas and abroad. In Africa, organizations such as
IDE, Kick-start (previously known as ApproTEC), and Enterprise Works have been successful in
manufacturing and disseminating treadle pumps.
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3. Research and Development

Once the Treadle Pumps got popular, various organizations began to test the pump in order to study
its performance. Some of the organizations that were involved in the initial testing of the Treadle
Pump are RDRS, IRRI, Mennonite Central Committee (MCC), Bangladesh University of
Engineering and Technology (BUET), and Bangladesh Rural Development Board (BRDB). The
testing focused on various technical, social, and ergonomic aspects of the treadle pump such as depth
of pumping, water discharge, piston-cylinder diameter, tubewell length, adaptation, operator
characteristics, and power input [5].

The conference article authored by Barnes and published by IRRI in 1986 explains the idea behind
the treadle pump [3]. The author mentions that the design criteria of minimum cost, simplicity, and
sustainable output were fulfilled. He also lists out the limitations in the original design, such as lack
of pressurized output, frequent breakdowns, and lack of longevity. Several improvements were also
tried to overcome these limitations. Alternative materials such as concrete, glass linings, and cast
iron were tried out so as to bring in some improvements. Changes in dimensions of cylinders and
levers were made based on the feedback. In 1989, Kroeker, through laboratory and field testing,
suggested some design changes with respect to piston dimensions and valves to improve the pump
performance in his thesis [5]. The Food and Agriculture Organization of the United Nations had
published a report titled Treadle Pumps for Irrigation in Africa in the year 2000 [6]. The report
comprehensively covers all the treadle pumps used in various parts of Africa since its introduction.
Treadle pumps used in countries like Zambia, Zimbabwe, The Niger, and Kenya are listed, and its
specifications are mentioned. Apart from the technical specifications, the manufacturing practices,
marketing strategies, and the socio-economic impact are also mentioned for each of the regions. The
report also explains how, according to the geographic context, the original design from Bangladesh
was adapted into Africa. It can be seen how agricultural practices of the locality affects the design of
the treadle pump. The suction type treadle pump, which was popular in Bangladesh had to be
modified so as to cater to the needs of farmers of Africa. African farmers mostly use hoses, drippers,
and overhead tanks for irrigation as opposed to canal farming, which is prevalent in Bangladesh. This
resulted in the modification of the delivery end of the pump to accommodate an outlet channel that
can deliver water at a pressure. This model came to be known as pressure pump.

In 2004, Srinivas and Jalajakshi wrote about treadle pump usage in India and had evaluated its
performance based on the usage details [7]. Though the authors did not suggest any design changes,
they have concluded that the performance of the treadle pumps was better than other manual pumps in
terms of discharge. Authors have also claimed that, in terms of efficiency, treadle pumps are better
than diesel pumps. A detailed study on ergonomics of treadle pump was done by Pereira et al. in 2006
[8]. The authors discuss the foot position, body movements, and operators’ comfort. Based on the
study, they have proposed values of foot angles for comfortable operation of the treadle pump.

Using the concept of traversing pareto frontiers, Wood et al. have proposed a modular pump design
in 2012 [9]. The paper took into account the purchasing power of the farmer and the desired rate of
discharge to come up with a modular design of the pump so that the farmer can invest in the
improvement of the pump gradually over time. Use of multi- objective optimization was further
demonstrated by Santaeufemia et al. in 2014, where the authors suggested dimension changes for the
dheki styled treadle pump [10]. The authors formulated the optimization problem with two objectives
of minimizing material usage and maximizing flow rate. The formulation was done with 12 design
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variables and 13 constraints. The authors presented the optimum treadle length and depth of
pumping, among other parameters. They suggested some improvements such as shortening the
treadle length, increasing the pump diameter, and decreasing the hose diameter for optimal operation
of the treadle pump. The optimized model proposed by this work was used for scenario-based
robustness analysis by McComb et al. in 2016 [11]. The authors analysed how the pump performance
varies for a small change in parameters such as well depth, operator mass, step height, and step rate.
Using this, the authors have recommended the use of different treadle pumps for various scenarios. A
concept of treadle pump with rotary operation was tried by Tiwari et al. in 2018, where the treadles
were replaced with rotary pedals which then drove the pistons using chain and sprocket mechanism
[12]. The concept gave a discharge of 2160 I/h using 75 W of power. In 2019, Dutta et al. designed a
solar-powered treadle pump with minor modifications to the existing design [13]. The developed
pump could be run using two solar panels of a maximum power of 125 W for a suction of up to 3m
with a discharge rate of 3000 I/h.

. Classification of Treadle Pumps

As discussed in the previous section, we can note that there have been different types of treadle
pumps designed and used. The main principle, however, remains the same. The objective is to
generate reciprocating motion for the piston to traverse and generate suction pressure. Based on the
data collected from the literature discussed in the previous section, Treadle pumps are classified based
on discharge type and treadling mechanism.

Discharge Type
Based on the discharge type, treadle pumps can be further classified as Suction Pump or Pressure Pump.

Suction Pumps

Suction pumps are the original treadle pumps designed in Bangladesh. These pumps lift water
from a source not deeper than 7m to 10m and deliver it at atmospheric pressure through a channel.
The water is then routed to irrigate the farms using small canals.

Pressure Pumps

The needs of African farmers varied from those of the Bangladeshi farmers. Instead of irrigating the
farms using canals, they preferred sprinklers, drips, and hoses [6]. The Bangladeshi treadle pumps were
modified at the delivery end so that the water could be delivered through pipes under pressure that can
then be fed to sprinklers or overhead tanks.

Treadling Mechanisms
Based on the treadle mechanism, four different Treadle Pumps have been identified.

With Rope and Pulley

This is one of the initial designs of the Treadle Pump. As shown in Fig. 1 and Fig. 2, long bamboo
or metal levers are used as treadles. The fulcrum is located at the far end of the lever. This is a class Il
lever, where the output force is in between the input force and the fulcrum. The pistons are attached to
the levers using pins. A central frame is present, to which, a pulley is attached. The levers are
connected to the pulley by ropes. This arrangement maintains the reciprocating motion of the piston
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in such a way that when one lever is pressed, the corresponding piston goes down and the other
piston rises up along with the second lever. Commercial models also include some variations of the
original model such as the use of metal levers and chain-rocker arrangement.

Dheki Type

Dheki type Treadle Pump model (Fig. 3) was one of the initial variations from the original design.
This is a class | lever with a fulcrum in between the load and effort. In this model, the treadles are
pivoted to the main frame and are not coupled with each other. The levers return to the neutral
position because of the weight distribution or counterweights attached to the levers. Bamboo levers
with appropriate weight distribution or metal levers with counterweights are used in commercial
models of this type.

Handle =

Pulley

Rope/Chain

Treadles

Pistons

Figure 2. A Treadle Pump with rope-pulley mechanism

With Rocker Linkage

This is an improvement over the dheki type wherein, instead of counterweights, a rocker linkage
used to achieve reciprocation. A four-bar mechanism is added to couple the two levers. However,
unlike the rocker-chain arrangement, the coupling mechanism is situated below the levers. This is a
class I lever mechanism. With Rocker Pivot

In this type of Treadle Pump, a rocker pivot (Fig. 5) situated below the levers is used to achieve
the reciprocating motion. Class Il levers are used here. The rocker pivot performs the same function as
that of the rocker lever mechanism by using a single rigid pivot instead of the three additional
linkages.

Table 1 lists some of the Treadle Pumps which are being used across the world. The list is not
exhaustive, and only the pumps for which the data is available were included. The source of data has
been mentioned near the name of the Treadle Pump. It can be noted that rope-pulley mechanism can
also mean chain-rocker in some cases.
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Treadles

jure 3. A commercially available Treadle Pump with rocker pivot mechanism Table 1. Treadle

Pumps and their mechanisms

Max.
: Depth 1.
SI.No [Treadle Pump  [Type Mechanism ht Specified
Output
KB Surface
Treadle Pump
[14]
1 Suction Dheki 8m 4000 I/h
Rope - Pulley
SKI Metal
Treadle Pump D 1/h at 5m depth
2 [15] Pressure 8m
Gajera Pressure | Rope - Pulley 8m 4000 to 5000
Treadle Pump I/h
3 [[16]
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KickStart

MoneyMaker

[6,17]

Suction

Rope - Pulley

m

3000 I/h

KickStart Super
MoneyMaker

[6,17]

Pressure

Rope - Pulley

m

3000 I/h

KickStart

MoneyMaker Max

[17, 18]

Pressure

Rocker Pivot

m

3600 I/h

TIJER2504061

TIJER — INTERNATIONAL RESEARCH JOURNAL www.tijer.org | a398



TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org
[AG Treadle
Pump [1] Suction )
U Rocker Linkage 8m 3500 I/h
IDE Zambia
(tubewell,
modified; river)
[6] Suction
38 Rope - Pulley 8m 1800 I/h
IDE
Zambia Pressure
ressure pump [6
9 i pump [6] Rope - Pulley 6m 1800 I/h
vingo Treadle
Pump [6] Pressure
10 Rope - Pulley 5.5m 3600 I/h
Suction
and
Pressure
Rope - Pulley
1] Bielengber 6m 5000 I/h
g Pump [6]
ss Concrete Pump
[6] Suction 4
12 Rocker Linkage 6m 4500 I/h

5. Kinematic Analysis

In order to assess the pump’s performance and to suggest design changes, it is essential to study the
kinematics and the dynamic behaviour of a Treadle Pump. A suction type pump works in two strokes -
suction stroke and return stroke (see Fig. 6). During suction stroke, the user presses the lever, which
causes the piston to rise upwards in the cylinder. This generates a suction pressure in the cylinder,
causing the water to flow in from the inlet pipe.

During the return stroke, the piston moves down, causing the piston valve to open and water gets
collected over the piston washer. This water is delivered through the channel during the next suction
stroke. It can be observed that except for rocker-linkage type, all other Treadle Pumps are three link
mechanisms comprising a ground link, a lever, and the piston. In the case of rocker-linkage type, two
three-link mechanisms are coupled by a rocker linkage. If we apply Grubler’s criterion to this
system, the degree of freedom comes out to be zero. This can be compared to shallowwell hand
pumps, where some of the models are made of three links. However, deep-well hand pumps and
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models with longer stroke lengths make use of four links, which is the fourth inversion of the 4-bar
mechanism [19]. In the case of Treadle Pumps, the stroke lengths are considerably shorter (100 to
250 mm).

Suction Stroke ‘

Return Stroke

Piston Valve

(closed) \.\ N Piston Valve

(open)

Inlet Valve
(closed)

Inlet Valve —no__|

(open) TT— ‘T‘,‘:

Figure 6. Working principle

To further understand the motion of the treadle pump, the mechanism was modelled in two ways -
i) with clearance between the piston and the cylinder and ii) considering a revolute joint between the
piston rod and the piston. RuTAG IIT Delhi’s Treadle Pump was considered for this analysis. It has a
lever arm of 205 mm and a stroke of 106 mm.

Pivot Piston

Treadle rod

(a) Zero Position (b) Suction Stroke +15° motion (c) Return Stroke -15° motion

Figure 7. Treadle Pump as a 3-link mechanism with clearance

Figure 7 shows the configuration of the Treadle Pump at three different positions when modelled
as a 3link mechanism. It can be noted that for a rotation of £15° of the lever arm (treadle), the piston
rod is displaced laterally by
6.98 mm. The displacement is possible due to the elasticity of the piston seals and the clearance in the
revolute joint between the treadle and the piston rod.

Treadle P'VOt Piston 1.48°

rod |

|

i

|

Piston ——n, ;
Cyllnder

(a) Zero Position (b) Suction Stroke +15° motion ) Return Stroke -15° motion

Figure 8. Treadle Pump as a 4-link mechanism

An alternative approach is to consider a revolute joint between the piston and the piston rod. Using
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this model, it can be observed that the piston rod tilts for 1.48° about the centre (Fig. 8). This tilt can
also be associated with the clearance in the revolute joint between the treadle and piston rod. As the
stroke length increases, there will be a proportional increase in the values of translation and tilt. For
such cases, it will be necessary to use the fourth inversion of the 4-bar mechanism.

6. Conclusions

Treadle Pumps have been in use for about four decades now. There have been considerable
changes and improvements in their designs based on the user and regional requirements. Research
and Development of Treadle Pumps has mostly pertained to the study of discharge rate, suction limit,
marketing strategies, and technology adoption. Based on the treadling mechanism, Treadle Pumps
have been classified into four different types. For kinematic analysis, two different approaches have
been discussed. Dynamic analysis of the pumps can be done based on the discussed approaches,
which is expected to allow designers and developers to come up with improved Treadle Pumps
having reduced vibration, noise, and cost.
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