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Abstract: Automotive vehicles provide opportunities for egyeharvesting from the mechanical motion generdtethg
driving. In this study, we propose a novel designd mechanical motion rectifier (MMR) that can gexte electrical

power from the mechanical motion of the third pedahanual transmission vehicles. Using simulatiod design tools,

we investigate the feasibility of this system amglere the potential benefits and challenges oflémgnting it in
automotive vehicles. Our results show that the gsed MMR system can effectively convert the osaithamotion of

the third pedal into unidirectional motion, whiclincthen be used to generate electrical power. ¥éedg@monstrate that

the design and operating parameters of the MMReBystgnificantly impact its efficiency and perfomea. Our findings
provide insights into the design and optimizatidriViMIR systems for energy harvesting in automotiehicles and
highlight the potential for this technology to célntite to sustainable energy solutions.

1 Introduction the context of automobiles [1-3]. While drivingetthird

The quest for environmentally friendly and costPedal frequently oscillates when pressure is agple
effective energy solutions has fueled considerabRither the brake pedal or the throttle pedal. Btillation
improvements in the field of energy harvesting. fgge is caused by a rod that connects both pedalsteiftefely
harvesting from mechanical motion has gained pojtyla converted into electrical power, this_ movement dadrve
as a possible method of producing electrical pawesn as a supplementary or alternative power source
variety of applications. The mechanical motion eallsy ~automotive systems. The figure 1 shows a schemétie

for

driving gives an opportunity to utilize this eneigpurce in mechanical motion transformation MMR for the third

pedal [4].
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Figure 1 A schematic of the mechanical motion transformation MMR for the third pedal [4]
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demonstrating how we can control and extract pdieen

The MMR achieves the conversion of linear motiorthis strategy.

from racks into rotational motion by interlockingnjon

gears 1 and 2. When the driver vertically predsegedal
module, the rack moves, causing the pinion geaottie
and the shaft to spin. This rotation of the shaftes the
gearbox, which in turn rotates the DC motor, getigga
electric power. To enhance power generation effyyea
gearbox is utilized to increase rotational spesdhe linear
motion of the rack alone cannot achieve high speEuds
generated energy is stored in a battery and carsée to
recharge the vehicle at a later time.

2 Statigtical analysis

To start statistical modeling, it is better to heve
understanding of the various dynamics of the meichhn
motion transformer MMR. This is crucial in investag
the feasibility of energy harvesting from the thpebtal and

2.1 Pedal harvesting energy dynamics

Pedal harvesting energy is a concept that involves

utilizing the mechanical motion of a pedal, suchiras
vehicle or a bicycle, to generate and harvest enémghis
context, the pedal serves as a means to convehamieal
force into usable energy [5-10].

Figure 2 illustrates the system of pedal harvesting

energy, highlighting the pressed force acting anpgédal
(PHE). This force is typically applied by the usshether

through their foot or another means of interaction.

Understanding how this force is transmitted andsieted
within the system is crucial in analyzing the dymzsyof
pedal harvesting energy. It is important to undermdthow
the pedal interacts with the mechanical motiondfamer
(MMR) as it plays a key role in determining thecfoe
exerted on it.

Fo: the pressed fordeom the brake pedal,
Frn: The pressed force from the throttle pedal,

Fo " Fm

F1 & F2: Forces that come from pressing the throttle anllebpedals separately.
Figure 2 The pressed force acting on the pedal (PHE)

The connection between the PHE (Pedal Harvestirigctors such as friction, air resistance, or ofieems of
Energy) system and the MMR (Mechanical Motiormechanical damping.
Transformer) system can be established through the

consideration of spring stiffness and equivaleatteical
damping as shown in figure 3. Spring stiffneggéfers to
the stiffness or resistance offered by a springnaibhés
compressed or stretched. In the context of the BRKE
MMR system, the spring stiffness can be used tdrabn

the interaction between the pedal and the mecHanica

motion transformer. It determines the amount ofcdor

required to compress or stretch the spring, thereby

affecting the torque and power transmission witthia
system. Equivalent electrical damping €&fers to the
damping effect that can be represented by an Elalctr
circuit equivalent to the mechanical system. lused to
model the dissipation of energy within the systam tb

Figure 3 The connection between the PHE and the MMR
by Cs, Kb
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By incorporating equivalent electrical damping, thereated, clearly indicating the positions of theguwdar
behavior and response of the system can be analymbd displacement and the axis of rotation as in figure
optimized. The spring stiffness and equivalent teilead
damping are parameters that can be adjusted aimoi zgx Ip1
to achieve desired performance characteristiceerPHE
and MMR system. They play a role in determiningdex — | —
such as the system's response time, stability,ggne! ™ Te=Te e Io lee Te
efficiency, and overall performance [11-14]. Bp: .

Based on Newton's second law of motion, we carewri I W B || I /| W—
the equation of motion for the PHE (Pedal Harvestin ‘ : . : ‘
Energy) system as follows (1), (2):

Mb.x" 4+ Cb.x +kb.x=F; +F, (1) «

Mb.x" 4 Cb.x +kb.x = F, ) 2:

Figure 5 The moment of inertia and torques of MMR
2.2 Dynamics equationsfor rack in MMR
The dynamic’s equation for rack may describe based  Next, the moment of inertia for the MMR must be

Newton second law and according on figure 4 a¥oll considered. The moment of inertia represents tia¢iooal
(3), (4): inertia of the system and is influenced by theritiistion
of masses and their distances from the axis ofiootar he
total moment of inertia for the MMR can be obtairsd
summing the individual moments of inertia for eachss
(7).

I= [r%.dm 7

dm: Differentiation mass for each part,
r: Distance for each part from axis of rotation.

The equation for the given situation can be deriwed
applying Newton's second law for rotational moti®his
F equation relates the net torque acting on the sygtethe
e moment of inertia and the angular acceleration hef t
MMR, so that for pinion allows us to analyze th&atwnal
X L dynamics as follows (8), (9):
Figure 4 The forces acting on rack of MMR

Ipn 0 pn=Tp—T: (8)
M;.a=F 3)
M;.x" = —F, +F; (4) n=1.2 because we have here in this case only imiorp
gear.
Also, the force of pinion gear can give as (5); (6) T: = Te. The prevents rotation torque due to the presehce o

external loads or disturbances acting on the ring.
_2aT, _ T

Fp = =K-2 (5)
. o PR R Ipyn -0 pn=Tp—Tc 9)
T,: torque of pinion gear,
P: pitch of pinion, For the ring (10):
n: efficiency of pinion,
R: the radius of pinion. Io.070=—T, (10)
. Ty
Me.x"+ K =F: (6) 2.4 Dynamicsequations for coupling, gearbox
and generator in MMR
2.3 Dynamics equations for pinion and outer Depending on the moment of inertia and figure 5 we
ring of one-way clutch in MMR can determine each of dynamic equations for (1B); (
In order to determine the equation for the given 1- Coupling
situation involving the MMR (Multi-Mass Rotor), it Ic.8c=Tc (11)
necessary to sketch the torques and inertia assdaiath 2- Gearbox and generator
the system. To begin, a sketch of the MMR should be Ige.0°ge + Ic.0c=Tc— Tg (12)
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B:= 0p=0 , 6ge= nHy (n the ratio of gearbox) we can writeKg: gear ratio and it is equal to n.

(13): N: the number turn of coil inside the generator.
Ige.n.0b + Ic.6b=Tc— Tg A: the area of caoil.
(Ige.n+ Ic)0b=Tc— Tg (13) w: the out speed from gearbox.
Electromagnetic induced torquegJT We can express the voltage in another formula (26):
This torque produced by the interplay of electric
currents and magnetic fields in a spinning eleatric V=nN.0o (26)

machine, such as generator and it gives as (14):
Also, the current can write as (27)-(32):

Tg = K;.B.Lsina (14)
I1=V/R, (27)
Kiis a constant factor that depends on the spedefiign [ = 2N& (28)
of the machine. X R: « NG
B represents the strength of the magnetic field. Mr.r.07+ —(Upn+Ige.n+ Ic)"+— K. R =t
| represent the current flowing through the machine. (29)
« is the angle between the magnetic field and thesnti [M,.r + K, .+ Ige.n + Ic)]6" + [K.Kt.n.N]e. = F,
t RYP 4 Y RR,
In a simplified design scenario where there isadr ) _ (30)
relationship between the torque and current, wesean M..6 ¥ Ce-GC =Fe (31)
to 90° (indicating that the magnetic field and eatrare 0"=—F——.0 (32)

perpendicular) and assume B to be equal to 1 Geptiag Me Me
a unit magnetic field strength). In this simplifiedse, the

equation for the torque becomes (15): 25 Thestate of disengagement equation

Upon disengagement of a system, the mechanical
linkage between the driving force and the genershaift
is disrupted. Consequently, the generator shafigtsrin
L . . its rotational motion owing to its inertia, althdughis
This simplified design allows for a stralghtforwardmotion experiences a progressive decay as timesesap

relationship between the torque and current, whkee g, 4o angular displacement of the generator eacritbe
torque is directly proportional to the current. Hewer, it's ¢ (33):

important to note that in practical electrical maels, the
relationship between torque and current can be more
complex and dependent on various factors such @s th
machine's design, magnetic field strength, and abipey
conditions.

From each of equations 6,9,13 we can analysis t
equation for harvesting energy as following (163)(2

Tg =Ki.I (15)

O'ge=0ge.e ™ (33)

a = CJ/Mc it is the decay factor, also known as the angular
amping coefficient, controls the rate at which the
Bnerator shaft's rotational motion decreases.

t: this is the amount of time that has passed shesystem

. Ty _ -
Mp.x"+ K2 =F; (16) was disconnected. The decay effect causes the angul
M,.1.0"+ K2 =F, (17) displacement to decrease with time.
R
Ipyn .0pn=Ty—Tc (18) . ,
To= @y @ +Tc (19) Based on equations (1), (32) and (33), it has been

determined that the harvesting of energy can beaed.

B (Ige'”f Ic)8™> + Tg=Tc (20) The power can be calculated either from the angular
Tp=1Ipn .07+ (ge.n+ Ic )? +Tg (21)  yelocity @) or from the linear velocity (x') as follows (34)
T, =(Upn+Ige.n+ Ic)8" + Tg (22)
M,.r.0" + %(Ip,n+1ge.n+ 1c)9"+§.Tg =F, (23) P=Tg.0 = K.1.0" =K,.I.x /R=C..0% (34)
From equation 15 we can write (24): 3 Modeling and experiment of MMR
M,.r.0" + %(Ip, ntlIge.n+ Ic)0 + % K:.1 = F¢ (24) To evaluate the effectiveness of MMR, an initiaidst
was conducted to harvest energy from this techrnolog
The Voltaqe (V) and current (|) for qenerator: Add|t|0na”y, to |dent|fy the factors that influeacthis
The electromotive voltage (EMF) in generator whiclnergy harvest, it is necessary to determine thiahle
connected by gearbox express by (25): factors [15-17]. From the equation (1) we can fotinel
pedal position as (35):
o Lp G Kb
E =V =KgN.B.Aw (25) X' = s Fe— X — 2 (35)
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From the ODE45 and also drawing the Simulink for
two equation we can found as figure 6.

<

-CbiMb
10 - o 1 1
K P
B Position
< -
Kb/Mb
241 >+
NI
5
® Speed

b

-Ceq/Meq
Figure 6 The drawing of Smulink for equation 1& 32

The gain block comes from the indicators in the

schedule (Table 1). Fc=Mb.g (36)
Table 1 Theindicatorsfor PHE Table 2 The value of each brake and throttle pedal in small and
Name Notation Value and big cars
unit Type Small or family ca Big cal
Equivalent mas Meg 207.25 ki Brake peda (23- 45) k¢ (45-68) ke
Pressing mass Mb 50 kg Throttle peda (9-23) k¢ (23-45) Kg

28.65 (N-s/m)  To assess the effectiveness of MMR, an initial stwds

Equivalent coefficient Ceq
when F =202Q conducted to investigate the energy harvestinghibiies
Pinion stiffnes K 0.5024 (N/m of this technology. Furthermore, in order to deiesrthe
Generator stiffne: Kt 0.18 (N/m factors that impact this energy harvest, specéioes need
PHE stiffnes Kb 1300 (N/m to be identified. As depicted in Figure 7, the sign
indicating the position of the pedal and the angsiseed

PHE coefficien Ch 700 (N-s/m’ . . i
were examined over a period of approximately 60i1sés

Since (Ft) is related through (Mb) between the eraone minut_e). The apalysis rev_ealed_ that_ the.mms'uf the
pedal and the throttle pedal according to equg86j), the pedal e_xh|b|tce:d a Ilnelar rehlatlonshllp with twgeeaﬁmly q
; increasing. Conversely, the angular speed showed a
value of each can be found according to schemddT3b gradual increase until reaching a peak of 17.Sarei
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Figure 7 The position and angular speed plotsto time

We can then perform a simulation according tef angular velocity (in radians) for two speed &23.04
KMH of car speed (Figure 9).

equation (33) between the generator shaft in thdidgere
8 and the pinion gear in the right figure 8 usingseconds

.': 0.0
:E .: .'.
f i . o
: 5 E E & ..'0.
Figure 8 The position and angular speed plots to time for 3.21KMH of car speed
s 3 | : KA.

Figure 9 The position and angular speed plots to timefor 8.04 KMH of car speed
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The process of association and MMR dissociation same trend is followed the second peak observeten
clearly visible in pervious graphs. As the vehiodgins to figure indicated that the system engaged in redtiev
accelerate on the throttle pedal, the PHE descands process. Another thing we notice here is that aspreed
touches the rack and pinion assembly. Therefore, tbf the car increases, the peaks will get closeis fiakes
system uses a pinion gear that drives the geneshitdrat sense because, at high speeds, the person’s &yst &b
the same angular velocity. Once the lower limithefrack the throttle pedal and moves lower and lower. &e, t
is reached, the pinion releases and its angulascitgl closure coming to the summit is a validation oftti#dso
suddenly decreases to zero. After that, the systemoff pressing the brake pedal will be done when theranis
and the generator shaft continues to rotate wighddcay emergency that needs to be pressed and using iie sa
factor @) according to equation 33. procedure as described before. onQ@2 can found the

Since the generated power is directly proportidnal power in figure 10.
the square of the angular velocity of the genetiaft, the

power with angular speed
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0 5 10 15 20
Figure 10 The power with angular speed at 202 Q

The effect of external loads on energy productidh w 11.26 -16.09 km/h. We saw in figure 11 that we hiane
support the simulation. To determine the energydsied of the pressure peaks at PHE and generating pawer f
by this method it is advisable to test the différesistance R=110Q gives about 1145 watts for the first peak and
connected to the generator as it gives us knowletdget about 735 watts for the second peak.
the current. The simulation was conducted at acspée

® R=110
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Figure 11 The generating power with time and different resistance

4 Conclusion technique. The pedal harvester and its geometrg bagn
In this work, alternative energy harvesting hasnbedhoroughly studied, and a method for large scapetrital
investigated and developed using scientific metand harvesting has been proposed. The ability of thealpe
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energy harvester to generate electricity is detegthiby Conference (ACC), Denver, CO, USA, pp. 2262-2267,
simulations field tests A MATLAB model has been 2020.

developed to analyze the simulation results and the http://dx.doi.org/10.23919/ACC45564.2020.9147421
developed pedal energy harvester prototype haatitity [10] WANG, L., TODARIA, P., PANDEY, A,

to approximate 1100 watts of peak current. The gsed
pedal power collector is expected to provide enquaker
for signals, monitoring sensors and It is very im@ot to
recharge the battery of the electric car. This meém
current prototype is a pioneering design of futdesigns
of the same pedal harvester. This research opess area
of research and invites researchers and engineeverk
on it.
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