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Abstract

Belt drive systems are an effective means for power transmission with light weight, low cost, quietness, and efficiency. The
objective of this study was to accurately measure the tension dynamic situations in the belt drive and the time used during running.
The materials used were of high-quality engineering materials, which ensured accurate tension measurements. They consisted of
a frame, driving pulley, video camera, v-belt, driven pulley, mitror (calibrated), and AC motor. The stability and support for other
components were provided by the frame. Recording of deflections on the belt drive system was done with the use of a video
webcam, while the mirror reflected the tension and deflections in the belt. Motion was transmitted by the AC motor between the
two pulleys. The blower positions were at minimum and midpoints. MATLAB workspace Algorithm was used for the analysis.
The largest displacement values were recorded when the blower was at the minimum position. Values of 10mm, 10mm, 12mm,
11mm, 11mm, and 12mm produced corresponding load tensions of 10N, 10N, 8N, 9N, 9N, and 8N, with the operating time of
5 to 10 minutes, respectively. At mid-point, the displacement values decreased, and the belt tension values increased significantly
within the same time frame. The values obtained at midpoint were 8mm, 10mm, 11mm, 10mm, and 9mm, which produced belt
load tensions of 11N, 9N, 8N, 9N, and 10N. The indication is that the measurements of the belt tension system ensured an
efficient operation of belt-driven systems. Proper tensioning improved performance and also helped extend the lifespan of other

COInpOIlCIltS.
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1| Introduction

It is a well-known fact that the production sector is the prime mover of any nation. Therefore, the
development of any country is born at the manufacturing table. However, there are several challenges that

militate against having an efficient production system. In a typical engineering system, though attainment of
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100% efficiency is impracticable, which owes much to heat, friction, and other forms of losses, it is, however,
our priotity to constantly develop a system that could give a better output [1], [2]. Improvement in the
efficiency of mechanical systems is rather inevitable if quality, affordability, and profit optimization are to be
attained. Mechanical Engineering, among other applications involve transmission of power, which can be
done through various means. The means here is tailored to several factors, which are to be considered before
the choice is made, which are the centre distance between the driver and driven pulley, the financial
implications, the level of efficiency, and the amount of power to be transmitted [3]. However, the important
parameters to be considered when choosing a belt derive is the power to be transmitted, speed of the driver
and the driven shaft, and speed reduction ratio. Furthermore, while gear drives are good for short centre
distances and efficient transmission, belt drives stand out centre distance is required, which nonetheless gains
its popularity due to the effectiveness of the system [4], [5]. Belt drives find application in conveyor belt
systems, car engines, and many other applications. Belts which are: flat belt, V-belt, and synchronous belt.
Belt drives involve the use of two or more pulleys connected with the help of a belt in tension. There are
different types of belts, which are flat, V-belt, and synchronous belt. Belt drives can be classified as open belt
drive, cone pulley drive, stepped cone pulley drive, quarter-turn belt drive, and compound belt drive [6].
However, power transmission is dependent on the velocity of the belt, the tension under which the belt is
applied to the pulley, are of contact between the belt and the small pulley, and the condition under which the
belt is used [7]. Additionally, for the efficiency of the machine to be improved, monitored, and extrapolations
made at every point, it becomes important that certain parameters be known and found at every point along
the production line. However, for this to be feasible, parameters such as tension on the belt must be found
and monitored along the production line in order to enable the efficiency to be found [8]. Furthermore,
tension in a broad sense is a force which acts along the length of the medium which acts along the length
through a rope, when pulled in the opposite direction. Tension is a contact force that is initiated by the driver
pulley with the aim of transmitting the power to the driven pulley [9]. However, in order to have a smooth
transmission process and ensure that the output conforms to the laid-down specification, the belt must be
propetly tensioned. However, the first step in the transmission process is proper belt tensioning. This involves
proper determination of the tension to be induced (carried) in the belt, and proper positioning of the belt to
be able to run without slip or with limited vibration [10]. Also, while tension in a belt can be determined by a
range of methods, none of these methods can account for the minor and sharp changes normally occasioned
during operation in a belt drive system. Also, the present methods can only be used in static situations. To
have a clear picture of the belt drive system, a rotating mechanism must be available, while the revolving belt
drives the pulleys is monitored for possible displacements and deflections during transmission. Hence, the
application of a mirror in detecting these deviations become important [11], as it allows for timely detection
and evaluation of tension, with the help of a mirror. This allows for timely information gathering in order to
ensure appropriate quality control measures when there is non- conformance. Mirrors have key properties
that allow them to be used in reflective, radiation and other countless image capturing application [12], [13].
However, to construct a mechanical device that could measure the tensions in belt drives in dynamic situations
involves measuring the deflection of the belt at mid-span of the belt and transmitting this signal using a camera
placed against a calibrated mirror. Where the signal could be further processed with the help of a MATLAB

workspace connected to the camera.
2| Materials and Methods

The materials employed in these include a calibrated mirror, a blower, a wooden board (base), a personal
computer, a belt drive system, an electric motor, a camera, software packages, etc. The research work designed
and produced a mechanical system for the detection of belt tension using a mirror, where efficiencies of belt
drive systems could be evaluated.
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2| Materials and Methods

The materials employed in these include a calibrated mirror, blower, wooden board (base), personal computer,
belt drive system, electric motor, camera, software packages, etc. The research work designed and produced
a mechanical system for the detection of belt tension using a mirror, where efficiencies of belt drive systems

could be evaluated.
2.1| Principles of Operation of the Machine

The work involves the use of a calibrated mirror in determining the deflection of the belt drive system, after
which the belt tension is calculated from the transmitted signal. A calibrated mirror is attached to the centre
of the belt, where the deflection — the sag- can be read off with the help of the calibration. However, a camera
is beamed against the mirror where a video recording of the sag at mid-span engagement with the mirror is
recorded and fed into the MATLAB workspace, where the video is processed and decomposed into frames
for further analysis. The corresponding values of tensions are evaluated, and a safe region is marked out. With
this, warnings are triggered where efficiencies are found to fall below the safe value. Furthermore, belt
tensions could then be calculated using appropriate equations. Fig. 7 below shows a detailed image conversion

process for the determination of belt tension.

( Belt run by the \]
motor
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movement of belt
relative to calibration
on the mirror

Dala read info
MATLAB
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into frames and
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Fig. 1. Detailed image conversion process in the determination of belt tension.

2.2 | Design Analysis of the Machine

The design involves the deployment of a mirror in establishing tension of the belt system and also in imposing
checks to ensure that the efficiencies of the belt system do not fall below the permissible value in order to
ensure that the quality does not affect the final product produced in a typical industrial setting [14]. More so,
the achievement of imposing checks is made possible by the use of a camera that records the belt sag at mid-
span, thereby allowing extrapolation of this data using MATLAB workspace. The processes involved are as
presented below:

I. Calibration of Mirror: This involves calibration of the plane mirror in order to account for variance in sag
(vertical height) at mid-span during loading. This allows for accurate measurement of deflection.

II. Image capture: Image capture involves the use of a camera to record the movement of the belt at mid-span
with reference to the mirror.

III. Image processing: this involves analysis of the recorded video with MATLAB workspace, where the images
are decomposed into frames and thereafter used in imposing checks to ensure conformance to the laid down
standard.

IV. Data analysis: the decomposed images were further analysed, theteby enabling the efficiencies as well as belt
tension to be computed using appropriate equations.
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V. Feedback system: this involves a programmable instruction issued to the system, which permits an audio/
visual warning when the efficiencies are found to fall below the threshold. Fig.2 shows the experimental
setup of the system.

)

Y

Fig. 2. Experimental setup.
The length of the belt can be calculated using Eq. (7):
I, =[(md/2) + (mtD/2) + (2lcc) + (D — d)?/(4lcc)]. 1)
= m/2(d + D) + 2lcc + (D — d)?/4lcc, )

where D is the diameter of the driven pulley, d is the diameter of the driver pulley, Leds the centre distance
between the two pulleys, and I, is the length of the belt. Velocity of the belt travel is given by Eg. (3):

Vb: T[DND/6O (3)
where: Np is the speed of rotation of the driven pulley and n = 3.142.

Velocity ratio can be found thus: the relationship of rotational speed between the driver and the driven and
their diameters given by Eq. (4):

DNp= dNd. “4)
Dividing both sides by D and thereafter by Nd gives

N,/Nd = d/D. 4
=~ Velocity ratio = Np /Na= d/D, 5)
Angle of contact,© = 180 + 2 ArcSin [ (D/2) — (d/2)]/lcc, (6)
gain, a can be found using, Sina = (R +r1)/lcc (7

However, Eq (7) can be rewritten as:
6 = 180 + 2a. @®
where R is the radius of the driven pulley, r is the radius of the driver pulley, and a is the arc of contact.

However, according to Euler’s model, tensions at the ends of a stretched belt wrapped around a pulley satisfy
the condition:

T1/T2 = ehs, &)
2.3 1log (T1/ T2 ) = puBCosecp. (10)

where L is the coefficient of friction, © is the contact angle, T is the tight side, and T2 is the slack side.

Egq. (9) and Egq. (10) are used in calculating Tension in flat belt and V-belt, respectively. From Eg. (9), work
done and power transmitted by a belt can be calculated using Eq. (77):

Power transmitted = (T1— T2) V. (11)
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Also, it is worthy of note that when belts are set in motion, it generates a centrifugal force, known as
centrifugal tension. At lower belt speeds (less than 10m/s), the centrifugal tension is very small, but at higher
belt speeds (more than 10m/s), its effect is considerable and thus should be taken into account. This adds up
to the tension on the tight and slack side as [15]:

Tit = T1 + T, (12)
T2t= T2 +Tc, (13)
Tc = mv. (14)

where T1t is the total tension in the tight side, T2tis the total tension in the slack side, and Tc is the centrifugal
tension. This transforms the formula for the ratio of tension to:

2.31log (T1t+ Tc)/(Tae— Tc) = pb. (15)

It should be noted that the maximum tension is derived from the tight side of the belt (Ty), without
consideration of centrifugal tension, but when centrifugal tension is considered,

Tmax = Ti+ Tc. (16)

Additionally, when the power transmitted is maximum, 1/3 of the maximum tension is absorbed as centrifugal

tension, hence,

T = 3T A7)

Consider a scenario when a belt is placed on pulleys. This generates a tension called Initial tension, which
increases the tension in the tight side and decreases the tension in the slack side when the belt is set in motion,
thus giving T1 — To and To— T as an increase in tension in the tight side and a decrease in tension in the slack

side from the above could be found as.

To= (T1+Ty)/2. (18)

However, when consideration is made of centrifugal tension:

To= (Ti+T2+ 2T¢). 19)

The values obtained when the sag was at corresponding deflections of 1cm during the run time were given

in equation 20, where the tension corresponding to these deflections at mid-span is the Tb.

T2 =

K
3 (20)

3 | Experimental Set Up

The experimental setup is as shown in Fig. 3. An electric motor and a blower are mounted on a wooden
board. Pulleys with grooves are fixed to the shaft of both the motor and blower. The electric motor is powered
by the power source, which thereafter provides drive to the pulley attached to the shaft of the electric motor.
The power from the electric motor then drives the blower with the help of the V-belt. However, the use of a
blower here is to allow the system to have a typical industrial loading experience, where deductions could be
made thereafter. However, a calibrated mirror is attached to the driven pulley, where the arc of contact of the
belt could easily be read. A camera is also placed against the driven pulley, which records the belt movement—
subsequently processed to have a finite value. The software product involves the use of MATLAB workspace
to analyse the recorded data, with a programmable instruction that enables the feedback system. The tension
of the belt is then computed. The experimental setup of the blower and V-belt pulley system is presented in
Fig. 3.



47 Victor et al. | J. Mater. Manuf. Technol. 2(1) (2025) 42-53
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Fig. 3. Experimental setup showing part design.

Fig. 4. Experimental set-up showing the blower and the V-belt pulley system.
4| Discussion

The machine was manufactured using locally available materials and thereafter assembled. The International
Standard Organisation recommendations were also adopted during the design and Quality specification of
the model. The results are presented in Figs. 3 to Fig. 4 below.

L ™\

Fig. 5. Decomposed 1mage;vhen blower was at mid position.

Fig. 7. Decomposed Image when Blower was at Mid position.
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Fig. 9. Decomposed image when at minimum position.
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Fig. 10. Decomposed image when the blower was at the maximum position blower was

==k

[ - J
Fig. 11. A Decomposed image when the blower was at the maximum position.

-_—-
Fig. 12. A Decomposed image when the blower was at the maximum position

\ |

Fig. 13. A Decomposed image when the blower was at the minimum position.
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Fig. 15. A Decomposed Image when the blower was at the maximum position.

Fig. 16. A Decomposéd Image when the blower was at the minimum position.

Table 1. Sag positions with corresponding tension and time at the minimum blower position.

Sag (mm) Tension (N) Time Operated (min)

10 10 5
10 10 6
12 8 7
11 9 8
11 9 9
12 8 10
125
12
115
E 1
& 105
10
95

5 6 7 8 9 10

Time Operated (min)

Fig. 17. Graph showing belt sag against operated time at minimum blower position.
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5 6 7 8 9 10

Time Operated (min)

Fig. 18. Graph showing belt tension against operated time at the minimum blower position.

Table. 2. Sag positions with corresponding tension and time at the midpoint blower position.

Sag (mm) Tension (N) Time Operated (min)

8 11 5
8 11 6
10 9 7
11 8 8
10 9 9
9 10 10

12

) /\
8

Sag(mm)
[=)]

5 6 7 8 9 10
Time Operated {min)

Fig. 19. Graph showing belt sag against operated time when the blower is at mid-span position.

12

10

Tension (N)
[=2]

5 6 7 8 9 10

Time Operated (min)

Fig. 20. Graph showing belt tension against operated time when the blower is at mid-span position.

4.1| Discussion

The results of the research presented above are discussed herein. The system was designed to evaluate belt
tensions in dynamic situations. The system was designed to monitor the belt sags and the corresponding time
during run-time. This was made possible through video recording using a webcam, video decomposition, and
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analysis of the resulting images with the help of a MATLAB workspace. The images generated using
MATLAB workspace are shown in Figs. 5 to 76, respectively. Consequently, the Sag positions were obtained,
with their corresponding time, while the belt tension was thereafter calculated using the derived Egq. (20).
These values are presented in Table 1 and Table 2, respectively. However, the model has an adjustment at the
blower, which allows the blower to be adjusted to multiple positions in order to allow for a better analysis of
the effect of variations in belt tensions on the model. The blow stretched positions chosen were the maximum
position, which is when the belt is at full stretch; the mid position, and the minimum position of the blower.

The results are presented in the tables and figures above.
4.2 | Decomposition of the Video

The videos recorded with the help of the camera were decomposed into frames with the help of the MATLAB
workspace and an algorithm presented in Appendix A. This is a result of the real-time operation of the belt
drive system. These results of the analysis are presented in Figs. 5 to 76, respectively. However, the images
presented in these Figures show the deflections (Sags) for the system when the blower positions were at
minimum and midpoints, enabled by the adjustment provisions at the blower end. From the images in these
Figures, it can be seen that sag positions when the blower was at the minimum adjustment position recorded
large values compared to the values obtained when the blower positions were adjusted to the maximum and
the mid-position. This means that, at maximum position, the belt tension increases, which is due to the
increase in pulley centre distance, thus resulting in smaller values of sag. Furthermore, minimum positions
recorded higher values. This further buttresses the fact that belt sag and the belt tension have an inverse

relationship.

4.3 | Comparative Analysis of Belt Tensions and Belt Sags at Different Blower
Positions

The results of the belt operation analyzed using MATLAB are presented in Tables 1 and 2, which correspond
to the minimum and mid-position positions, respectively.

However, the largest Sag value is recorded in Tuble 1, which is when the blower is in the minimum position.
The lowest value of sag was 10mm, which gave a belt tension of 10N when the belt was in operation for 5
minutes. Other values of sags were: 10mm, 12mm, 11mm, 11mm, and 12mm at tensions of 10N, 8N, 9N,
9N, and 8N, respectively. The operating times for this sag and tension values were 6 minutes, 7 minutes, 8
minutes, 9 minutes, and 10 minutes, respectively. The values from Tuble 7 show two regions where the belt

parameters remained unchanged. This was recorded when the time was 5 to 6 minutes and 8 to 9 minutes.

Table 2 shows the belt parameters when the blower was at mid-position. At mid-position, there was a
remarkable decrease in the values for Sags, while there was an increase in values for belt tension with the
same timeframe under consideration. The first value of sag was 8mm, which corresponds to belt tension
values of 11N when the system was operated for 5 minutes. The succeeding values of sags were 8mm, 10mm,
11mm, 10mm, and 9mm. This corresponds to belt tension values of 11N, 9N, 8N, 9N, and 10N, when the
system operated time was 6, 7, 8, 9, and 10 minutes, respectively. The belt parameters, however, remained
unchanged during its transition from 5 to 6 minutes.

Comparatively, the values presented in Tuble T and Table 2 show a trend: a decrease in sag with an increase in
the centre distance of the pulley, which also leads to an increase in belt tension values.

4.4| Deductions from the Graph

The relationships between belt tension against operated time and belt sag against operated time are shown in
Figs. 17-20, respectively.

However, considering the behavior of the graphs of Belt Sags against Belt Tensions for the three test
positions, the maximum sag values were obtained when the period of operation was 7 minutes and 10 minutes
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in Fig. 7 and Fig. § minutes in Fig. 9, and 7 minutes and 70 minutes in Fjg. 77 which corresponds to the
minimum position, the mid-position and the maximum position, respectively. Also, the behavior of the graph
in Fjg.18depicts the plastic deformation of the polymer. This shows clearly that the belt has exceeded the
maximum permissible tension, which, if it is continuously operated at this condition, will lead to failure. Fig.
17 and Fig. 18 are graphs of Belt Tension against Time for minimum blower position and mid-position blower
positions, respectively.

Belt displacement against tension in pulley drive systems is a critical issue that can lead to inefficiencies and
potential system failures. When a belt becomes displaced from its intended position on a pulley, it can cause
uneven tension distribution, leading to increased wear and tear on the belt and pulleys. This can result in

decreased power transmission efficiency and ultimately, system breakdown.
5| Conclusion

The findings from this study on experimental study and analysis of dynamic belt tension design and
measurement in driver-driven pulley systems have provided valuable insights into the complex dynamics of
belt systems. Through experimentation and analysis, the study has identified key factors that influence belt
tension, such as pulley size, belt material, and operating conditions. One of the key takeaways from this study
is the importance of maintaining proper belt tension in driver-driven pulley systems. It has been shown that
inadequate tension can lead to slippage, reduced efficiency, and premature wear of the belt and pulleys.
Furthermore, the study has also highlighted the need for accurate measurement techniques to monitor belt
tension in real-time. Advances in sensor technology and data analysis can enable manufacturers to develop
sophisticated monitoring systems that can provide valuable feedback on the performance of pulley systems.
This real-time data can help operators make informed decisions to optimize belt tension and prevent costly
downtime.
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