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Abstract: In this paper the design of the oval treadmill machine, based on the diverse users’
conditions and ergonomy, after completion of the study phases and local citizen’s anthropometric
dimensions, design of the machine’s mechanism, tension analysis of the main body and presentation
of construction plans, has been offered. In the first part design is considered based on ergonomy, To
do so, data of human being/s body anthropometric dimensions table has been applied, Based on
ergonomic study the motion mechanism appropriate for the oval treadmill mashing along with overall
size and dimensions of the machine has been considered using a combination of two four – rod
mechanisms. Next, during the component by component design phase of the machine, the oval
machine design and analysis of resultant tensions, has been done based on the effects exerted on the
machine while taking in to consideration the mechanic effect resulting from the users’ movement
while using the machine. To economically optimize the treadmill machine and its possible competitive
production, mechanic analyses of the component by component phase of design were carried out for
three different thicknesses of the machine’s main body and then the optimal thickness was selected
and at the end of the overall mechanism the body dimensions. The components used and the maps
for the construction of the oval treadmill machine have been offered.
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INTRODUCTION

Today engineers and experts of sports engineering matters have turned their attention towards the design
and production of sports machines which would enable individuals to use them continuously based an their
weeds and interests at home or in the workplace. In such conditions, individuals may do exercises in any
where and anytime, bringing about, consequently, an healthy society and an in increase in national exploitation
and production. Among these most useful and profitable machines is the oval treadmill machine among the
features of which are its effects on the muscles of the thighs. Back, arms. Shoulders and stomach and its
usability for men and women and a wide range of ages which thus distinguish the machine from a large
number of other sports machines. The treadmill machine available in public places such as parks, and those
used in homes are congruent with the individuals’ ergonomy of the producing countries and in the paper the
design of the oval treadmill machine is carried out based on the Iranian citizens’ ergonomy and compatible
with the Iranian manager’s request and taking in to account the available, in expensive home – made
technology.

Stages of the Oval Treadmill Machine Design Adopted Are as Follows:
1. ergonomic study., 2. design of the machine mechanism, 3. analysis of the machine links, 4. selection

of optimal sizes of links, 5. offer of construction plan
In the following figure, a view of the oval treadmill machine is shown: 

Design of Oval Treadmill Machine According to the Ergonomy and Anthropometric:
In applied terms, the science of ergonomy is the Knowledge created through the combination of biology,

human physiology, systems and methods, design of jobs, and workplaces based on the individuals’ physical,
and mental abilities, limits and interests, the aim of this science is to improve exploitation with regard to
health, safety and welfare of the workers in the workplace (Sanders, M. S. and  et al. 1999; Taheri, Shahna,
1998). Therefore ergonomy is the science which puts under investigation man and his interaction with products,
produces, equipment, facilities, methods, workplace and life. Sadeqi Naeeni, H. (2000). Since the oval treadmill



Aust. J. Basic & Appl. Sci., 5(9): 167-175, 2011

168

machine will be used in such public places as parks, it should be developed in a way that the sportsman can
use it comfortably while preventing any harm to the sportsman, For this purpose, ergonomy factors have been
applied in designing the machine, the design should be in a way that the least pressure is exerted on the joints
and the spine so that the sportsman is not injured. Consequently in the design the necessary anthropometric
studies were done first.

Fig. 1: design oval treadmill machine

Anthropometric is the science which compares the physical aspects of the body and the dimensional data
in improving the physical conditions and because one cause for the pressures exerted on the organs is a lack
of harmony between the activity place dimensions and the user’s dimensional features, anthropometric data can
be effectively used in designing equipment and products. Economic data considered in this study are offered
as follows in the following table.Hllander, Martin (1996) 

Table 1: Anthropometric aspects considered in the design Sadeqi Naeeni, H. (2000).
Dimensions Men Women

----------------------------------------------------- ----------------------------------------------------------
Low limit middle limit Upper limit Low limit middle limit Upper limit

1 Standing:  Legs height 43/2 45/9 50/9 38/1 41/7 45/2
2 Knuckle height of middle finger 70 76 82 66/5 73 79/5
3 Elbow height 102 109/5 117 92/5 100 107/5
4 Shoulder height 137 146/5 156 124 132 140
5 Height 164/5 174/5 184/5 152 163/5 175
6 Practical access above head sitting 192 206 220 172 186 200
7 Sitting: Practical access forwards 116 124/5 133 107/5 117 126/5
8 Hip. Knee length 56 60 64 52/5 58 63/5
9 Hip  knee length 44/5 49/5 54/5 43/5 49 54/5
10 Knee height 41/5 44/5 49/5 35/5 39/5 43/5
11 Required space of thighs 13/5 15 26/5 12/5 15/5 18/5
12 Elbow height when sitting 19/5 23/5 27/5 16/5 20.5 24/5
13 Eyes height when sitting 75 80 85 68 74 80
14 Height when sitting 86/5 92 97/5 80 86/5 93
15 Basin height 31/5 35 38/5 30/5 37/5 44/5
16 Elbow – elbow width 42/5 46/5 50/5 35/5 40 44/5
17 Others: Cutch width, internal diameter 2/4 4/8 5/6 4 4/3 4/6
18 Distance between the pupils 5/5 6/2 6/8 5/1 5/8 6/5

According to table. 1 and the statistical data of most users interested in using the oval treadmill machine,
the machine has been designed for those with the following features: 
1. aged: 15-50    2. height: 152-184.5 cm    3. weight: 45-100 kg   4. sex: male. 

Design of Oval Treadmill Machine Mechanism:
Mechanism Type:

The type of mechanism used in this machine is a combination of two four – rod crank – pendulum
mechanisms which according to Glashow's law, the state of being crank- pendulum of this combination was
ensured. The number of freedom degree of the oval treadmill machine should be equal to on so that the most
concentration is provided by the user when using it and no injure or strike is done, due to the increasing
movement degrees, to the joints in difficult exercises. “Being equal to one” of the number of freedom degrees
of the machine was ensured using Grabber's relation and in this case it was guaranteed, too
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The Oval Treadmill Machine Motion Analysis:
The motion type in this machine is such that the individual puts his feet on the foot places provided on

each leg and simultaneously holds the right and left handles with his right and left hand, respectively. At this
time, the legs produce oval – motion caused by the mechanical energy of the individual, leading to the handles
moving to and fro. In fact, a harmonious motion is produced by the legs and handles. In a way that the
backward movement of on leg leads to the forward movement of the handle connected to it and the forward
movement of each leg results in the backward movement of the corresponding handle connected to it.

The Oval Treadmill Machine Components:
The components used in the design of the oval treadmill machine are as follows:
1- main body, 2- handle, 3. leg, 4.foot place,  5. ball bearing,  6. screw,  7. leg – cover  8. spinner, and

9. weld, which consists of three main parts of the machine: namely, Main body, Leg, and Handle. 

Design and Main Components of the Oval Treadmill Machine Based on Anthropometry:
Main Body:

consists of an arch cylindrical component which should have sufficient resistance against the mechanical
load of the sportsman. This body lies in the middle of the machine, the beginning being connected to the leg
and the and to the handle. The body is welded to a bowl – like piece and through which it is screwed to the
ground.

leg:
the machine consists of two moving legs. There is a foot place on each leg so that the sportsman puts his

foot there, there should be some rough surfaces on the foot place to prevent the sportsman sliding when
moving. Each leg produces oval motion during which the knee bends a bit Bending, however, should not be
more than 900 so that not much pressure is exerted on the knee joints. The width distance between the two
legs had better be between 30.5 = 38.5 cm, the average of which is the optimal. The range of movement of
the legs forwards and backwards should be such that the individual’s foot is not open more than desired so
that less pressure is exerted on the knee and basin joints.

handle:
Two handles have been used in this machine which are among the most important parts of the machine.

Their height should be appropriate so that the sportsman con hold the handles easily and the degree between
the individual’s body and hands should be 900. The height should be between 124-156 cm from the ground
and for sure a height of 156 cm is appropriate. Since the handle move forwards ad backwards, their distance
from the body has to be in a way that when the handle moves, backwards to the so – called “death point”,
the handle is not separated from the individual’s hand. This “death point” had better be at a distance between
107.5 -133 cm from the body, which should be 107 cm, the minimum for sure, Because this distance may be
more than that between the body and the machine end and because the handle beginning is connected to the
top of the body. This distance difference can be made up for by fretting an arch in the handle, In order for
the individual to comfortably hold the handle, a plastic cover has been used to cover the two handles to
prevent sweating and pressure on the sportsman’s fingers, the external diameter of the cover should be between
4 – 5.6 cm.

The Treadmill Machine Modeling and Tension Analysis in CATIA:
The phases of ergonomic studies and the anthropometric dimensions of local citizens and mechanical

design of the machine having been completed, now it is time to analyze the machine tension. Modeling was
done is Catia and the tension analysis of the treadmill machine was carried out in the Generative design of
the software. In this analysis, second – rate parabolic were used iron was selected as the material of the
machine because it is inexpensive and is produced nationally and is not difficult to produce as are some metals
such as titanium.

To put pressure to the machine, The effect of the dynamic forces resulting from the individual’s movement
were considered in coefficient value in the maximum weight of the individual and a force of 200 kg was put
to the machine in the critical conditions of use of the machine. Critical conditions occur when the sportsman
stands on the machine and While not using a chair, exerts the most tension to the machine. Consequently, on
half of the force is transferred to the left foot place and the other half to the right foot place and it was
assumed that each hand exerts force equal to 100 Newton contrary to the other hand and the space ski machine
has been checked from bottom. Fixed on the ground.
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Optimal Selection of the Main Body Thickness: 
To economically optimize the treadmill machine and the production possibility of it, an analysis of the

machine main body was done in terms of three thicknesses of 2, 4, and 5 mm, iron pipes and the optimal
thickness  was  selected. for a thickness of 2 machine, there occur a lot of tensions, for a thickness of 5 mm
there occur also many tensions and the design was over – design in practice, A 3 – machine profile was not
available on the market. The first available profile was 4 mm  thick with regard to which the machine was
analyzed during which reasonable results were obtained. 

Fig. 2: Stress equal to Van Mayses in the main body of oval  treadmill machine

Treadmill Machine Components Construction Plan:
Now the design being complete, the oval treadmill machine components construction plans are as follows:

The treadmill machine main body: a hollow pipe, 4 mm thick. Whose and has an arch, constitutes the machine
body. The body is horizontal whose and has an arch and bending upwards. The body beginning is connected
to the legs while the upper and ending parts are connected to the handles. The body is completely fixed, being
connected to the ground from the bottom. The dimensions. Size and the view of the machine ore presented
in the following figures:

Fig. 3: The oval treadmill machine main body
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Fig. 4: The oval treadmill machine main body construction plan

The treadmill machine handle: are divided in to two parts:” upper and lower handles. The upper part 10f
the handle is held by the sportsman  while being moving and connected to the body from the bottom. The
lower part is connected to the body from the top and to the legs from the bottom. 

Fig. 5: The oval treadmill machine handle

The treadmill machine legs: the machine consists of two legs on which the individual positions him –
herself. The legs are connected to the body at the beginning and to the handles at the end and produce an oval
motion. 

The treadmill machine foot places: there is foot place, oval in form, on each leg, in the bottom of which
are openings used to connect it to the leg. The legs size is designed appropriate to that of the individual’s foot
and a bit larger.

Ball bearing: there are four ball bearings used in this machine. Screws: have been used to connect the
various components such as connecting the body it the ground in this machine. Use of screws allows the
producer to easily the components in need of change for different reasons. If any it also leads to the ease of
the machine transfer and installation.
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Fig. 6: The oval treadmill machine handle construction plan

Fig. 7: Treadmill machine leg

Fig. 8: Treadmill machine legs construction plan.
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Fig. 9: The oval treadmill machine foot places construction plan

Fig. 10: The oval treadmill machine foot places

Fig. 11: Ball bearing

Fig. 12: Connecting screws of the treadmill machine components

The back spinner of the treadmill machine: This piece lies at the beginning part of the body and connects
the body and the legs. There are openings at the two heads of this piece at which yataghan are set. In fact.
The upper opening and the lower one are the connecting locations of the body and the legs, respectively. This
piece revolves around the axis of the spinner from the opening connected to the body when it moves.
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Fig. 13: The oval treadmill machine back spinner construction plan

Fig. 14: The oval treadmill machine spinner

Weld has been used in this machine to connect some of the components such as connecting the handles
to the body. Log – cover to the leg, to the leg and the body as  wells as connecting the body lower part to
the body upper part.

Results:

In this paper. Design of the oval treadmill machine was carried out according to the different users’
condition and ergonomy. To this purpose ergonomic study was done to obtain anthropometric dimensions of
the local citizens. The machine mechanism was designed combining two four – rod mechanisms. Tension
analysis was conducted in three conditions and in return for three thicknesses and the construction plans were
offered.

The design was done with subjects with the following features: 10 age: 15-50 , 2. height: 152-184.5 cm
3. weight: 45-100 kg. Certainty coefficient of the design, was obtained ad 2.5 compared to the “concession”
tension,. Use of iron will be highly useful,. Especially from the economical point of view.

Summery and Schedule for Future Tasks:
It is a necessity to design equipment based on ergonomic studies and anthropometric dimensions to get

the most out put and usefulness, a necessity according to which, in equipment design not only engineering
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Knowledge but also human factors should be taken in to account. In this paper, the oval treadmill machine
design was done based on the different users’ condition and ergonomy, and in this paper, design of chest press
equipment and strengthening machine of the thigh muscles without injury to the knees has been offered
according to the method described.
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