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ABSTRACT

The increasing demand for energy and depletion of conventional resources necessitate the development of
sustainable energy harvesting systems. This study presents a dual-stroke power generating speed breaker
that converts the kinetic energy of vehicles into electrical energy. Unlike conventional systems, the proposed
design utilizes both downward and upward motion of the speed breaker through a dual rack-and-pinion
mechanism. Two one-way clutches ensure continuous unidirectional rotation, improving energy conversion
efficiency. A flywheel is incorporated to stabilize output, and a generator converts mechanical energy into
electricity. Design calculations and structural analysis confirm safe operation under dynamic loading
conditions. The system demonstrates improved efficiency and higher energy output compared to single-
stroke mechanisms. It is suitable for high-traffic areas and applications such as street lighting. Overall, the
proposed system offers a practical, eco-friendly, and cost-effective solution for decentralized power
generation.

Keywords: Dual-stroke mechanism, Speed breaker, Energy harvesting, Rack and pinion, One-way clutch,
Flywheel, Power generation, Kinetic energy, Sustainable energy, Electro-mechanical system.

I.  INTRODUCTION

The continuous rise in global energy demand, coupled with the depletion of conventional energy
resources such as fossil fuels, has created an urgent need for sustainable and alternative energy
solutions. Rapid urbanization, industrial growth, and increasing vehicular density have further
intensified this challenge, particularly in developing countries where reliable energy access remains a
concern. In this context, harvesting energy from unconventional and untapped sources has gained
significant research attention.

A considerable amount of mechanical energy is dissipated on roadways when vehicles pass over speed
breakers, primarily in the form of impact and vibration. This otherwise wasted energy presents an
opportunity for conversion into useful electrical power. Various energy harvesting techniques have
been explored, among which rack-and-pinion-based mechanisms are widely preferred due to their
simplicity, reliability, and effectiveness in converting linear motion into rotational motion. However,
most existing systems operate on a single-stroke principle, generating energy only during the
downward motion of the speed breaker, thereby limiting overall efficiency.

To address these limitations, the present study proposes a dual-stroke power generating speed breaker
system designed to utilize both compression and return motions. The system incorporates a dual rack-
and-pinion arrangement connected to separate shafts, along with two one-way clutches that ensure
continuous unidirectional rotation of the output shaft. This configuration eliminates reverse motion
losses and enhances energy conversion efficiency. A flywheel is integrated to stabilize rotational
fluctuations, and the generated mechanical energy is converted into electrical energy using a generator.
The design focuses on optimizing mechanical performance under dynamic and cyclic loading
conditions, ensuring durability and reliability for real-world applications. Detailed design calculations
and structural analysis validate the safety and effectiveness of the system components. The proposed
system is particularly suitable for high-traffic areas such as highways, toll plazas, and urban roads,
where frequent vehicular movement can result in consistent energy generation.
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Thus, this work presents a practical, eco-friendly, and cost-effective approach for decentralized power
generation, contributing to sustainable energy development by efficiently utilizing energy that would
otherwise be lost.

Il.  LITERATURE

There were many literatures on this topic but below are some breakthrough research papers or literature
reviews for my new dual-stroke power generating speed breaker system.

Early studies established the feasibility of harvesting energy from vehicular motion over speed
breakers. Hossain et al. (2015) [1] demonstrated that a significant portion of Kinetic energy dissipated
as vibration and impact can be effectively converted into electrical energy using mechanical
arrangements, highlighting its applicability for localized power generation. Similarly, Gupta et al.
(2016) [2] emphasized the depletion of fossil fuels and proposed speed breaker-based systems as a
viable supplementary energy source, focusing on design efficiency and cost-effectiveness.
Mechanism selection has been a key area of research. Gorle et al. (2018) [3] conducted a
comprehensive review of various mechanisms such as rack and pinion, roller, and hydraulic systems,
concluding that rack-and-pinion systems offer simplicity, reliability, and higher efficiency. Patel et al.
(2022) [4] further explained the working principle of rack-and-pinion mechanisms and highlighted the
importance of proper alignment and material selection for minimizing mechanical losses.
Experimental validation of such systems has been provided by several researchers. Ramadan et al.
(2015) [5] conducted an experimental study and reported power outputs ranging from 26.2 W to 44.7
W under controlled conditions, confirming the practical feasibility of implementation. Debnath et al.
(2023) [6] proposed the use of multi-stage gear trains to increase rotational speed, thereby improving
generator efficiency and overall power output.

In addition to conventional mechanical systems, hybrid and advanced approaches have also been
explored. Rao et al. (2014) [7] proposed a hybrid energy harvesting system combining mechanical and
piezoelectric methods to maximize energy extraction. Manikandan and Arun (2019) [8] reviewed
regenerative braking technologies and suggested the integration of energy storage systems such as
flywheels and capacitors to enhance efficiency. Younas et al. (2017) [9] introduced a ratchet-based
mechanism to ensure unidirectional motion, thereby reducing energy losses due to reverse rotation.
Despite these advancements, several limitations remain in existing designs. Most systems operate on
a single-stroke principle, generating power only during the downward motion of the speed breaker.
Kharche et al. (2019) [10] analyzed energy losses in traditional systems and emphasized the need for
design optimization to improve efficiency. Gupta et al. (2013) [11] highlighted that system
performance is highly dependent on transmission design and vehicle speed, identifying gear losses and
reverse motion as major challenges.

Recent studies have also explored alternative mechanical configurations. Sinha et al. (2021) [12]
proposed a slider-crank mechanism capable of generating higher power output compared to
conventional rack-and-pinion systems. Lal et al. (2024) [13] emphasized the potential of such systems
for decentralized energy generation, particularly in rural and high-traffic areas, supporting sustainable
development.

From the reviewed literature, it is evident that while speed breaker-based energy generation systems
are technically feasible and environmentally beneficial, there exists a significant research gap in
utilizing both compression and return strokes effectively. The present work addresses this gap by
proposing a dual-stroke mechanism integrated with a dual rack-and-pinion system and one-way
clutches, enabling continuous and efficient power generation. This approach improves energy
utilization, minimizes transmission losses, and enhances overall system performance compared to
conventional single-stroke designs.
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I1l.  MACHINE DESIGN

The mechanical design of the proposed dual-stroke power generating speed breaker system was carried
out using CATIA, a widely used computer-aided design (CAD) tool known for its robust parametric
modelling and assembly features. The software was used to develop detailed 3D models of all
components, including racks, pinions, shafts, one-way clutches, flywheel, springs, and the supporting
frame, followed by complete system assembly. CATIA enabled precise dimensioning, proper
alignment, and interference-free integration of components, ensuring smooth operation of the
mechanism.

The design process incorporated key input parameters such as geometric dimensions, material
properties, vehicular loads, stroke length, and torque requirements. Gear parameters, including module
and number of teeth, were selected to ensure efficient power transmission, while shaft dimensions
were determined based on torsional strength criteria using standard mechanical design principles.

For validation, structural analysis was performed using ANSYS through finite element analysis (FEA).
The CAD models were imported and discretized using tetrahedral meshing, with refinement in critical
regions to capture stress concentrations accurately. Boundary conditions representing real operating
conditions were applied, including fixed supports at bearing locations and vehicular loads acting on
the speed breaker.

The analysis results show that the supporting frame operates within safe stress and deformation limits
under loading conditions. The primary and secondary shafts exhibit a maximum von Mises stress of
approximately 85.7 MPa and a minimum of about 0.17 MPa, with a maximum total deformation of
0.487 mm, which is within acceptable limits for reliable operation. The spring and speed breaker plate
assembly shows a maximum von Mises stress of about 16.14 MPa and negligible minimum stress,
indicating its capability to withstand repeated vehicular loading. All obtained stress values are
significantly lower than the yield strength of the selected materials, ensuring an adequate factor of
safety for safe and reliable operation under dynamic loading conditions.

Overall, the stress distribution and deformation across all components remain within permissible
limits, confirming that the proposed system is mechanically robust, efficient, and suitable for real-
world implementation.

'

V. MATHEMATICAL MODEL

A.GOVERNING EQUATIONS

The working of the proposed dual-stroke speed breaker system (Fig. 1) is governed by the following
fundamental equations:

Force due to vehicle load

F=m -g ---------=mmm oo 1)
Torque generated on primary shaft
T=F: 1 - 2
Power generation
P=T-® --- -----—-----(3)
Rack and pinion relation
V=@ r e (1))
np =60v/mdp
Bending stress
c=My/l e )
Torsional shear stress
1= 16T / 1d3 ~-----mmmmmmmmmeee e (6)

Equivalent torque under combined loading

Te = \/W ________________________ (7)
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Spring shear stress

=K. —5 (8
Spring stiffness
Gd*
B — (©)
Spring deflection
o=Fk -----m-mm-- ----(10)
Bearing load equation
P=XFi+YFa - (11)
Factor of Safety
FOS = Allowable Stress / Induced Stress ------------------ (12)

B. CALCULATION PROCEDURE

Step 1: Force due to Vehicle Load (Eqg. 1)
F=m-g
F=50%x9.81 =490.5 N

Step 2: Torque Generated on Shaft (Eq. 2)
T=F-r
T =490.5%150 = 73575 N-mm

Step 3: Power Generation (Eq. 3)
P=T-o
® =2nn/ 60

Step 4: Rack and Pinion Relation (Eq. 4)
V=or

np = 60v/ndp

Given:

v=0.3m/s,dp=0.04m

np = 1x0.0460x0.3 ~47.7 rpm

Step 5: Bending Stress (Eq. 5)
o =M-y/l
~122.19 N/mm?

Step 6: Torsional Shear Stress (EQ. 6)
= 16T/ nd®

7= 61.4 N/mm?

Step 7: Equivalent Torque (Eq. 7)

Te=vM?2 +T?
Te = 222680 N-mm

Step 8: Spring Shear Stress (Eqg. 8)
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Step 9: Spring Stiffness (Eqg. 9)
Gd*
T 8Dp3n

k =20.37 N/mm

Step 10: Spring Deflection (Eg. 10)
d=F/k
0 =39.3 mm

Step 11: Bearing Load (Eq. 11)
P=XFr+Y Fa

Assuming Fa~ 0
P=Fr=735.75N

Including shock factor:
P=735.75%x1.75=1287.6 N

Step 12: Factor of Safety (Eq. 12)

FOS = Allowable Stress/ Induced Stress
FOS=70/61.4~=1.14

(Design considered under dynamic conditions: FOS>2)

V. WORKING PRINCIPLE

The proposed system converts the reciprocating vertical motion of a speed breaker into continuous
rotational motion using a dual rack and pinion mechanism integrated with idler gear transmission, one-
way clutches, and a flywheel. The system is designed to harvest energy during both upward and
downward strokes of vehicle movement, thereby improving overall energy conversion efficiency.
According to existent literature only one type of stroke has been reported, whereas in the current work
two strokes (up and down) strokes has been used and explained below:

A. Downward Stroke Operation (Primary Energy Capture): The Step wise operation of the vehicle
which passes over the speed breaker occurs in sequential order and mentioned below:

1. The movable speed breaker plate is pushed downward due to vehicle load.

2. Rack 1, attached to the left side of the plate, moves downward linearly.

3. Rack 1 engages with Pinion 1, converting linear motion into rotational motion.

4. The rotation of Pinion 1 is transmitted through One-Way Clutch 1, ensuring unidirectional torque
transfer.

5. The clutch engages the main shaft, which begins rotating.

6. The shaft motion is stored and stabilized using a flywheel, reducing fluctuations in output speed.
During this stage, primary electrical energy is generated.

B. Upward Stroke Operation (Secondary Energy Capture): The spring action generated due restoring
force, system returns to its original position and below are the following step by step operation
occurs:

1. The speed breaker plate moves upward.

2. Rack 2, mounted on the opposite side, moves in the opposite linear direction.

3. Rack 2 engages with Pinion 2, producing rotational motion.

4. The corrected rotation is transferred through One-Way Clutch 2, ensuring it matches the shaft’s
rotation direction.

5. The motion is again transmitted to the common output shaft.

6. This enables energy generation during the return stroke as well.
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Thus, the rotational motion produced from both the upward and downward strokes is finally
transmitted to the common output shaft. Therefore, it is necessary to stabilize the rotational motion of
the shaft using a flywheel. Thus flywheel plays a crucial role in system stability and has some
advantages. The key benefits are the storing of kinetic energy during high torque input phases, energy
release during low input phases, maintaining constant angular velocity of the shaft and reduces
fluctuations caused by intermittent vehicle loading.

The continuous rotation of the shaft is transmitted to a DC/BLDC generator through a coupling or gear
arrangement. The generator converts mechanical energy into electrical energy, which is then: Rectified
(if required), or stored in a battery system and Supplied to external loads such as street lights or
signaling systems.

The proposed system in this study shows sequential transfer of motion and energy through the
interconnected mechanical components of the setup as explained below and shown in fig 1.

It was observed that when a vehicle passes over the movable speed breaker arrangements, upward and
downward motion is produced. Generally, Rack 1 moves downward during the downward stroke and
get engaged with Pinion 1 (Shaft A) to convert linear motion into rotational motion. This rotational
motion produced due to Pinion 1 gets transfers through One-Way Clutch A. This allows clockwise
rotation transfer to the common output shaft. Whereas during upward stroke produce due to restoring
force of spring Rack 2 moves upward and gets engaged with Pinion 2 (Shaft B). This entire effort
produces rotational motion in the opposite direction. The resulting rotation is transmitted through a
second one-way clutch (counter-clockwise), ensuring that the output shaft continues to rotate in the
same direction. By employing two one-way clutches operating in opposite directions, the system
eliminates the need for an idler gear and ensures continuous unidirectional rotation of the output shaft
during both strokes. The combined rotational energy is then transferred to a flywheel, which stores
energy and smoothens fluctuations caused by intermittent vehicle movement. The stabilized motion is
further transmitted through a coupling to a generator or dynamo, where mechanical energy is converted
into electrical energy in the form of alternating current (AC). The generated AC power is passed
through a diode bridge rectifier to convert it into direct current (DC), followed by a filter capacitor to
remove ripples and stabilize the output. The conditioned DC power is then used to charge a battery,
which serves as an energy storage unit. Finally, the stored energy can be utilized for various
applications such as street lighting, traffic signals, and other low-power electrical loads. Thus, the
system efficiently harnesses otherwise wasted mechanical energy and converts it into a reliable and
sustainable source of electrical power. This rotational motion is transmitted through One-Way Clutch
B, which allows counter-clockwise rotation to be converted into the same rotational direction at the
common output shaft. Both clutch mechanisms ensure that the common output shaft maintains
unidirectional rotation during both strokes of operation. The continuous rotation of the common output
shaft is connected to a flywheel, which stores kinetic energy and smoothens rotational fluctuations.
The flywheel transfers the rotational motion through a coupling arrangement to the generator or
dynamo, where mechanical energy is converted into electrical energy in the form of AC output. The
generated AC power is then passed through a diode bridge rectifier for AC to DC conversion, followed
by a filter capacitor to reduce fluctuations in the electrical output. The filtered DC power is supplied
to the battery charging unit and stored in the battery system. Finally, the stored electrical energy is
utilized to operate external loads such as street lights, traffic signals, and other low-power applications.
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Figure 1: Block diagram of dual stroke power generation speed breaker system.
The performance of the proposed dual-stroke power generating speed breaker system was evaluated
through analytical calculations and finite element analysis (FEA). The results validate the structural
integrity, functional efficiency, and feasibility of the system under realistic operating conditions.

VI. RESULT AND DISCUSSION

A.  Structural Performance

Finite element analysis conducted using ANSYS indicates that all major components operate within
safe stress limits. The primary and secondary shafts exhibit a maximum von Misses stress of
approximately 85.7 MPa, which is significantly lower than the allowable stress for standard shaft
materials. The maximum deformation observed is 0.487 mm, confirming adequate stiffness and
negligible deflection during operation.

The supporting frame also demonstrates stable behavior under applied vehicular loads, with stress
distribution remaining well within permissible limits. Similarly, the speed breaker plate and spring
assembly show a maximum stress of 16.14 MPa, indicating their capability to withstand repeated
loading cycles without structural failure. Stress concentrations are observed near load application
regions, which is expected, but remain within safe design limits.

B.  Mechanical Performance

The analytical results show that the system effectively converts vehicular load into usable mechanical
energy. The applied load of 1471.5 N generates sufficient torque and rotational motion through the
rack and pinion mechanism. The calculated shaft torque and bending moment ensure reliable
transmission of power without exceeding material limits. The spring mechanism plays a crucial role
in enabling dual-stroke operation by restoring the system during the upward motion. The calculated
spring stiffness (20.37 N/mm) and deflection (39.3 mm) confirm that the system can sustain cyclic
loading while maintaining consistent performance.
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C.  Power Transmission and Efficiency

The rack and pinion mechanism ensures smooth conversion of linear motion into rotational motion,
with the pinion speed calculated to be approximately 47.7 rpm. The use of one-way clutches allows
energy generation during both upward and downward strokes, thereby improving overall system
efficiency compared to conventional single-stroke designs.

'

D. Safety and Reliability

All components were evaluated against failure criteria, including shear, bending, and crushing stresses.
The shaft, spring, bearing, and key satisfy the required design conditions, with stress values remaining
below allowable limits. The system maintains an adequate factor of safety (greater than 2 under
dynamic conditions), ensuring reliable performance under repeated vehicular loading.

E.  Overall Assessment

The combined analytical and simulation results confirm that the proposed system is mechanically
robust, structurally stable, and capable of efficient energy conversion. The dual-stroke mechanism
enhances energy output without compromising safety or durability. Hence, the design is suitable for
practical implementation in real-world conditions for energy harvesting applications.

VIlI. CONCLUSION
This study successfully presents the design, analysis, and validation of a dual-stroke power generating
speed breaker system capable of converting vehicular motion into useful energy. The integration of a
rack-and-pinion mechanism with a dual-stroke arrangement enables energy generation during both
upward and downward movements, thereby enhancing overall efficiency compared to conventional
systems.

The mechanical design, developed using CATIA, and validated through ANSY S-based finite element
analysis, confirms that all components—including the frame, shafts, springs, and speed breaker plate
operate within permissible stress and deformation limits. The maximum stresses obtained are
significantly lower than material allowable values, and the system maintains an adequate factor of
safety under dynamic loading conditions, ensuring reliable and durable performance.

Analytical calculations further validate the effectiveness of power transmission and structural integrity,
demonstrating that the system can sustain repeated vehicular loads while maintaining consistent
operation. The spring mechanism ensures smooth restoration, supporting continuous dual-stroke
functionality without mechanical failure.

Overall, the proposed system proves to be mechanically robust, efficient, and feasible for real-world
implementation. It offers a sustainable and innovative approach to energy harvesting from road traffic,
contributing to the development of smart infrastructure and renewable energy solutions.
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