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JUSTIFYING THE STRUCTURE OF THE IMPROVED MECHANISM
FOR MANUAL CONTROL OF MOTOR VEHICLES’ PEDALS

Summary. Due to the challenging military situation in Ukraine, the demand for tailored and
flexible pedal control systems for individuals with physical disabilities is especially important.
Standard pedal configurations often fail to meet the specific needs of drivers with limited mobility,
making vehicle operation both difficult and potentially unsafe. The development of specialized
manual control devices, such as hand-operated pedals or adjustable foot controls, is crucial for
ensuring that these drivers can manage their vehicles with accuracy and safety. Such innovations
not only improve accessibility but also foster greater autonomy and inclusion, empowering disabled
drivers to navigate the roads with confidence and ease.

This article aims to review existing prototypes of manual control mechanisms for vehicle
pedals and to develop an improved device that enables simultaneous control of three pedals —
accelerator, brake, and clutch — with one hand. As a result of a patent review of several existing
prototypes of control mechanisms, it was concluded that the vast majority of them provide control
for only two pedals — the accelerator and brake. This means they can only be used in motor vehicles
with automatic transmissions or electric cars. Only a few mechanisms were designed to control
three pedals, but they required using both the driver’s hands, directly affecting driving safety.
Therefore, improving existing designs of the mechanisms for controlling three pedals by transferring
all control functions to one hand of a driver remains relevant.

The research methodology involves the use of classical methods from the theory of
mechanisms and machines to conduct the structural synthesis of an improved multi-link hinge-lever
mechanism and its kinematic analysis, aimed at determining the main parameters of pedals’
movements in a vehicle under various control inputs from the driver’s hand. The results obtained
can be utilized by researchers and engineers to enhance manual control mechanisms for vehicle
pedals and in the practical implementation processes. The prospects for future research on this topic
are in developing an experimental prototype of the control mechanism and its testing and adjustment
for different vehicle modifications to improve running smoothness and driving comfort and safety.

Keywords: motor vehicle control, driving comfort, driving safety, running smoothness,
structural synthesis, kinematic analysis, motion parameters.

1. INTRODUCTION
The manual control of vehicle pedals is a critical component of the automotive operation, serving as the
primary interface between the driver and the vehicle’s acceleration, deceleration, and gear shifting in the case of
manual transmissions. Pedals translate human intent into mechanical action, enabling precise control over speed
and braking — functions essential for safe and efficient driving. Despite significant advancements in automotive
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technology, including the emergence of autonomous vehicles and advanced driver-assistance systems (ADAS),
most vehicles still rely on manual pedal control. Understanding the mechanisms behind this control is
crucial for improving vehicle design, enhancing driver ergonomics, and reducing accidents related to pedal
misuse.

The mechanics of pedal operation involve a complex interplay between mechanical linkages,
electronic systems, and human factors. Traditional mechanical systems have evolved into sophisticated
assemblies incorporating sensors, actuators, and feedback mechanisms. Innovations such as drive-by-wire
throttle control and anti-lock braking systems (ABS) have enhanced vehicle responsiveness and safety but
introduced new challenges related to system complexity and reliability. These technological advancements
necessitate a deeper exploration of how manual input is translated into vehicular action.

Human interaction with vehicle pedals encompasses physiological and cognitive factors, including
muscle memory, reaction time, and ergonomic considerations. Issues such as driver fatigue, improper
seating position, and pedal placement can lead to errors with severe consequences. Pedal misapplication
incidents, although relatively rare, highlight the need for improved design and a better understanding of
human-machine interaction. Studies indicate that ergonomic enhancements and intuitive pedal layouts can
significantly reduce the likelihood of such errors.

Moreover, for individuals with physical disabilities, the need for customized and adaptable pedal
control mechanisms becomes even more critical. Standard pedal designs may not accommodate the unique
physical requirements of disabled drivers, making driving both challenging and unsafe. Developing
specialized manual control systems, such as hand-operated pedals or adjustable foot controls, is essential to
ensure these individuals can operate vehicles with the same level of precision and safety. These
advancements not only enhance accessibility but also promote greater independence and inclusivity for
disabled drivers, enabling them to navigate roads with confidence and security.

2. RESEARCH PURPOSE STATEMENT
This paper aims to examine the manual control mechanisms of vehicle pedals by analyzing the
mechanical systems involved and substantiating the enhanced structure of the multi-link hinge-lever
mechanism for manual control of three pedals (accelerator, brake, and clutch). Additionally, the research
will contain the kinematic analysis of the proposed mechanism, aimed at determining the main parameters
of pedal movement in a vehicle under various control inputs from the driver’s hand. The following
research tasks are accomplished to reach the prescribed goal:

— to carry out a comprehensive analysis of recent patents related to the mechanisms and systems
for manual control of the motor vehicle pedals;

— to carry out the structural synthesis of an improved multi-link hinge-lever mechanism for
manual control of the drum reduces the temperature of the friction three pedals (accelerator,
brake, and clutch);

— to carry out the kinematic analysis of the proposed mechanism and to study the main motion
characteristics of the pedals under various control inputs from the driver’s hand,;

— to draw conclusions about the possibilities of practical implementation of the proposed
mechanism and to outline the prospects of further research on this subject.

3. REVIEW OF RECENT PATENTS

Numerous patents are dedicated to the designs and techniques of manual control of the motor
vehicles’ pedals. The first designs date back to the early 20" century. Let us consider the most recent
patents presented in [1-17]. One of the simplest manual control mechanisms is presented in [1]. A
passenger-side driving instructor brake controller incorporates a telescopic shaft with a first and second
end. A brake lever connector, attached to the first end of the shaft, is designed to secure a brake lever
located within the driver-side front floorboard area of the vehicle. A tubular main body bent near its center
is configured to adjustably accommodate the second end of the telescopic shaft. Locking hardware secures
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the shaft in a fixed position within the main body, allowing the main body to traverse over the vehicle’s
central console and extend into the passenger compartment. In [2], a remote braking system is designed to
enable passengers to apply vehicle brakes. It comprises a roller unit attached to the vehicle’s floorboard. This
roller unit is aligned with the vehicle’s brake pedal. A handle, positioned within the vehicle and accessible to
passengers, is connected to the brake pedal via a cable. When the handle is moved into a braking position, the
cable pulls the brake pedal downward, allowing the passenger to activate the vehicle’s brakes remotely. Patent
[3] outlines a manually operated device designed to activate vehicle acceleration and brake pedals. This device
incorporates a brake bar with a first end equipped to connect to the vehicle’s brake pedal. The second end of the
brake bar is joined to a handlebar, providing transverse support. The braking mechanism proposed in [4]
incorporates a support tube that is pivotally connected near the steering column. A brake tube connects the
control tube to the brake pedal, activating and deactivating the brake pedal.

The innovation presented in [5] introduces the manual mechanism for the pedal control designed for
individuals with physical impairments, specifically catering to those with lower limb disabilities who
manually operate the brakes and accelerator while seated in the driver’s seat. A single-link driving
assistance system designed in [6] for individuals with disabilities incorporates a control bar that forms a
hinged connection with the steering column, creating a rotational center for upward and downward steering
wheel movements. A pedal operation link, consisting of an inner tube attached to the control bar, transmits
downward force to the brake pedal. An outer tube encases the inner tube, moving with it during downward
operations to activate the brake pedal. The invention presented in [7] introduces a driver assistance device
designed for individuals with leg impairments, allowing them to operate the brake and accelerator pedals
using a single hand. This device enables disabled drivers to maintain a desired brake and accelerator pedal
position even when their hand is temporarily removed. The device incorporates a connecting bar attached
to one side of the brake and accelerator pedals, a support shaft mounted on the steering column cover, a
rotating member within the support shaft, an operating bar connected to both sides of the rotating member,
and the other end of the connecting bar, and an operating lever extending laterally from the rotating
member to achieve this. The combined brake and accelerator pedal assembly proposed in [8] enhances
two-pedal vehicle control. The accelerator pedal is mechanically linked to an engine control lever that can
be engaged or disengaged. Pressing the accelerator engages the lever, accelerating the vehicle, while
releasing it disengages the lever, preventing acceleration. A supplementary accelerator pedal disengagement
device, connected to both the brake and accelerator pedals, automatically disengages the engine control
lever when the brake pedal is pressed. This mechanism prevents accidental acceleration when both pedals
are pressed simultaneously.

One of the modern hand-operated systems for controlling the vehicle’s brake and accelerator pedals
is presented in [9, 10]. It utilizes a planetary gear train consisting of a sun gear, a ring gear, and planetary
gears that mesh with both. The planetary gears are attached to a carrier. A carrier flange connected to the
carrier rotates with it. A sun gear flange engages the sun gear, and rotating the sun gear flange turns the sun
gear. A lever is positioned near the sun gear flange. An accelerator actuation assembly, linked to the lever,
connects to the accelerator pedal. A brake actuation assembly, attached to the carrier flange, connects to
the brake pedal. Patent [11] describes a driving assistance device designed for one-handed operation of the
accelerator and brake pedals. This device features a brake control system with an operating lever equipped
with a gripping arm at the top and an acceleration roller at the bottom. The top of the lever is mounted on a
rotatable support plate. A braking roller contacts the operating lever's lower part, which is connected to a
braking link with a support plate attachment and a brake wire. A pressing arm attached to the support plate
has a brake wire connection and a roller to activate the brake arm. The acceleration control system includes
an L-shaped acceleration link that contacts the roller on the operating lever. The link’s midsection is
mounted on the rotatable support plate, and its upper end connects to an acceleration wire. An acceleration
arm, attached to a support shaft, also connects to the wire.

The invention presented in [12] introduces a manual operating device for a motor vehicle’s
accelerator and brake pedals, designed to be mounted near the vehicle’s seat attachment point. The device
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features a base part board with a first pivot axis and a control panel mounted on the board’s upper portion
with a second pivot axis. A first lever is fixed to the control panel, while a double lever with a first and
second leg is pivotally mounted on the base part around the first pivot axis. A tie rod connects the first
lever to the first leg of the double lever. The second leg of the double lever is connected to a first actuating
rod that can be linked to the accelerator pedal. Additionally, with a central articulation point, the board
connects to a second actuating rod that can be linked to the brake pedal. The board is perpendicular to the
pivot axes plane, with an angled upper portion, and the tie rod is also angled. The invention proposed in
[13] focuses on driving assistance for individuals with disabilities, specifically a device for manually
controlling a motor vehicle’s accelerator and brake pedals. The oscillating lever’s support structure is
designed to be fixed to the vehicle’s floor, with at least one attachment point near the vehicle’s side.
Ideally, the support structure would have two attachment points near the side, positioned horizontally and
vertically. Additionally, the support structure can be attached to one of the driving seat’s longitudinal
sliding guides. The first lever is a rocker arm connected to the support structure, with an upper part
attached to the accelerator pedal via a strut and a lower part equipped with a roller that makes contact with
the elbow-shaped lower portion of the oscillating lever.

The handheld device in [14] controls a vehicle’s brake and accelerator pedals. It includes a brake
linkage connected to the brake pedal, a gas pedal linked to the throttle linkage, a rotatable handlebar
mounted on a base, a connecting element joining the brake linkage to the handlebar, a connecting element
joining the gas linkage to the base, and a handle on the handlebar. Notably, at least one connecting element
is a lever mechanism comprising two levers articulated on the handlebar and base, respectively. These
levers can be detached and reconnected to pivot the lever, allowing the handheld terminal to transition
from working to resting. The invention [15] introduces a control device for manually driving automobiles.
The device includes a mounting body, a brake push rod, and an accelerator push rod. The mounting body is
placed on the vehicle’s floor, with one end of the brake push rod connected to the body via a first height
adjustment block. A brake clamp attaches the other end of the brake push rod to the brake pedal. Similarly,
the accelerator push rod connects to the mounting body through a second height adjustment block, and an
accelerator clamp attaches the other end to the accelerator pedal. The brake and accelerator push rods are
connected to the mounting body using the height adjustment blocks, allowing for adjustable height. The
push rods have different heights, resulting in varying sensitivity to the brake and accelerator pedals. It
enables drivers to customize control sensitivity to their driving preferences, enhancing driving comfort for
individuals with disabilities.

The invention [16] introduces a manual control device for operating a vehicle’s accelerator and
brake systems. The device includes a manual brake assembly, a button push rod assembly, and a manual
accelerator assembly. The manual brake assembly comprises a brake lever fixing upright plate, a brake
lever fixing frame, brake pedal fixing parts, and a brake push rod component. The button push rod
assembly consists of a button-fixing frame. The manual accelerator assembly includes an accelerator
handle plate, an accelerator barrier, an accelerator push rod component, and an accelerator pedal fixing
part. Additionally, the device may include a seat-fixing assembly. The manual brake assembly can further
include a brake latch and a push rod positioning block. The button push rod assembly may have a button
push rod positioning ring, a button elastic component, and a button push rod check block. The manual
accelerator assembly may also include an accelerator handle head. This manual control device is designed
for ease of use and installation. Modifying an existing vehicle’s accelerator and brake pedals and
integrating them with the device can accommodate the driving needs of individuals with specific
requirements. The device’s simplicity and effectiveness make it suitable for widespread adoption and
application. The invention [17] introduces a vehicle driving device that integrates brake and acceleration
functions into a single bar. A lever, rotating a fixed angle front-to-back around a vehicle-mounted axis,
controls acceleration, neutral, and brake positions. Moving the lever to the acceleration position opens the
engine throttle, accelerating the vehicle. Shifting the lever to the brake position activates the brake by
pressing the brake booster’s booster bar. A hand brake mechanism provides a stopping function. Guides on
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the lever’s left and right sides prevent lateral movement, while a hand brake fixing mechanism maintains
the hand brake in the engaged position. Cruise control functionality allows the lever to remain in the
acceleration position while maintaining a constant speed. This hand-operated lever operates independently
of the existing brake and accelerator pedals, offering drivers the flexibility to choose between hand-
operated or foot-operated driving, enhancing overall driver convenience.

As a result of the review of several existing prototypes of control mechanisms, particularly those
presented in [1-16], it may be concluded that the vast majority of them provide control for only two
pedals — the accelerator and brake. This means they can only be used in motor vehicles with automatic
transmissions or electric cars. Only a few mechanisms were designed to control three pedals, but they
required using both the driver’s hands directly affecting driving safety. Therefore, improving existing
designs of the mechanisms for controlling three pedals by transferring all control functions to one hand of a
driver remains relevant.

4. STRUCTURAL SYNTHESIS AND KINEMATIC ANALYSIS OF THE IMPROVED
MECHANISM FOR MANUAL CONTROL OF THREE PEDALS OF A MOTOR VEHICLE

In the process of creating any mechanism, one of the most important primary tasks is its structural
synthesis [18-20], which involves selecting the structural scheme of the mechanism that has the required
number of degrees of freedom, the number and type of links and kinematic pairs, ensuring the necessary
movements of the links and their mutual arrangement. This synthesis stage is carried out based on a review
of numerous patents related to devices capable of performing the specified functions, i.e., dedicated to
mechanisms for manual control of vehicles’ pedals [1-17].

In our case, it is necessary for the mechanism to have two degrees of freedom: one — for controlling
the accelerator and clutch pedals and the other — for controlling the brake pedal. As for the number of links,
it should be minimized to simplify the mechanism’s design and provide maximum reliability. Among the
kinematic pairs, the major attention should be focused on pairs of classes 3 to 5. Based on the patent
review and a series of draft sketches, our improved version of the mechanism’s structure for the manual
control of three vehicle’s pedals was synthesized, as shown in Fig. 1. The proposed mechanism consists of
eight movable links (B201B4, BsC, B2Az, BsAs, BsAs, O2A2, OsAs, O4A4), i.e., n=8, and five single-
movement kinematic pairs of the fifth class — the slider B; and four cylindrical joints (O1, Oz, O3, O4), i.e.,
P =5, as well as six kinematic pairs of the third class — spherical joints Bz, Bs, Ba, Az, A3, Ay, 1.6, p,=6.
The considered mechanism does not contain any kinematic pairs of the fourth, second, and first class,
therefore, p, = p, = p, =0. Let us determine the number of degrees of freedom of the mechanism using
the following formula [20]:

W=6-n-5-ps-4-p4—-3-p3—-2-pp—p;=6-8-5-5-4.0-3-6-2-0-0=5, 1)

At first glance, it may seem that the proposed mechanism has five degrees of freedom, but in reality,
three of them are due to the use of spherical joints in the connections of links B,Az, BsAs, and BsA4, which
allow these links to rotate around their longitudinal axes. Thus, the angular positions ¢,, @,, and ¢, of the

motor vehicle’s pedals (links O2A2, O3As, O4A4) are uniquely determined by the angle ¢, of the handle C
inclination and the distance |, between the joints O: and Bs.

Considering the controllable parameters ¢, and IOlBs as the generalized coordinates, let us carry out

the kinematic analysis of the synthesized mechanism. Thus, let us deduce the equations of motion of the
corresponding kinematic pairs located at the pushing rod of the studied manual control mechanism,
expressed as functional dependencies on the considered generalized coordinates (see Fig. 1):

— spherical joint By:

XB, =Xo, *los, -Siney, ¥B, = Yo, +loB, ‘OS¢, Zg, =CONSt; (2)
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— spherical joint Bs:

XBg = X0, +lojg, SiNQY, YB3 = Yo, *+loB; +COS @1, Zg, = const, (3)
— spherical joint Ba:
XBAZXOl+IOlB4'Sin(CZ+(Dl), yB4:yO_|_ +|OlB4'COS((Z+(0_|_), ZB4=COHS'[. (4)

The coordinates Zg,, Iy, g, are considered constant, and their values are adopted based on the
developed design of the manual control mechanism.

Fig. 1. Structural scheme of the proposed mechanism
for manual control of three motor vehicle pedals

In order to determine the coordinates of the hinges A, As, As as functions of the considered
generalized coordinates, let us use the method of closed vector loops to derive the following systems of
equations for the kinematic chains of each pedal:

— accelerator pedal:

(e, =g, )2 (Y ~ Ve, )2 +(2n, ~ 28, )2 ~(1ag8, )2 =0; (5)
(X, =, )2 +(Ya ~Yo, )2 +(2 ~ 20, )2 (a0, )2 =0;

—  Dbrake pedal:
(Xag = e )"+ (Vg =Yoo )+ (2 =785 ) ~(Ings ) =0 ©)
(Xag =05 ) +(Yag ~You ) + (25 = 20 )" ~(1is05)" =0

—  clutch pedal:
(%ay = e, )+ (Vay = Ve )+ (a2, ~(Ingey ) =0 )
(XA4 oy )2 +(yA4 ~ Yo, )2 +(ZA4 2o, )2 _(IA404 )2 =0.

The parametersz, , z, , Zn , Xo,» Xo,s Xo,+ Yo+ Yo+ Yo+ Zo,+ Zo,+ Zo,s lno, s lao, s lao, depend
on the design peculiarities of a specific model of a motor vehicle and are considered constant.
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Solving the system of equations (5)—(7) with the help of the Wolfram Mathematica software allows

for obtaining the analytical expressions for the coordinates of the joints A, Az, A4
[ 2

+Xo, ~(in )2—2~XBi "Zp g +2:Xg tZp Zp tXg «(zBi )2—Xoi ~(zBi )2+

+2:Xg, " Zp 20, ~2:Xg; *Ip 20, ~ XB, ~(in )2+in '(Zoi )Zi

_(IAiBi )2 Xg, +(|Aioi )2 XB +(XBi )3+(|A1'Bi )2 o _(IAiOi )Z'XOi _(XBi) o~

—Xg; *(Xo, )2 +(%o, )3+(XBi +Xo, ) (Yo, )2_2'(XBi +X0; ) Vg Yoy + Xg; (Vo )2+

(Ing)" +(1n0r) ~2-(1agy )’ LE;BU\ X_Ozi fif)(fﬁz;)

2-(Ing ) ,L(I/’*Oi )+ (% %0 ) #(v8 Yo ) - | }

—2'ZA1. 'ZB. +(ZB. )2+2'ZA1. 'Zo. —(Zoi 2

((XB_ ) (YB—YO,) (B—Zo,))

>(((XBi_XO.) (yBI yo,) ( SO +ZO')2)

I+

_(YBi Yo, )2'

}

A = 2'((XBi 9 )" +(¥8 o) )

~(Iag, )2 (Ve Yo )2 *

+(yBi_in)' 2 2
_Z'yBi 'ZAi 'ZBi +2'YOi 'ZAi 'ZBi +yBi '(ZBi) _in '(ZBi) +

+2'(yBi _yoi)'zAi RS _<yBi _in)'(ZOi )2
+(%o g )

(%o, )Z'VBi +( s, )3+(|A1-Oi )2 (Y8, ~Yo; )+ (%o, )2‘in ~(s )2 Yo, ~

-¥s, " (Yo )2 +(Yo, )3+(><Bi )2 (Va; * Yoy ) 2+ Xp, Xo; *(VB; *+ Yoy ) -

(8)

(IAiBi )4+<|Aioi )4_2‘(IA‘.Oi )2 ‘L'(Z-ZA‘- -1g —Ip )'(ZB. —Zo-)

2-(Iag )2‘[(|Ai0i )2+(XBi —Xo )2+(YBi —Yo, )2) }r

—2'ZA1. 'ZBi +(ZBi )2+2'ZA1' 'Zoi —(Zoi 2
+(<XBi _XOi )2 +(yBi _yoi )2 +(ZBi _ZOi )2)X

x((xBi X, )2 +( ¥ — Yo )2 (225 + 2 120, )2)

~(Ye Yo )2'

(XBi —Xg; )2 Jr()/Bi —Yo, )2 t ]_

i = 2.((xBi—Xoi)2+(YBi_in)z)'(yBi_yoi)
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The inclination angles ¢,, @,, and ¢, of each pedal can be determined as follows

@; =arctg M . 9
Xoi — XAi

As an example, let us perform the analysis of kinematic characteristics of the proposed manual
control mechanism considering the following geometrical parameters: 1, , =806 mm, |,, =750 mm,

lpe, =812mm, I,z =100 mm, I, =117 mm, 1, , =150 mm, |,, =300 mm, I, =200 mm,
a =180°, Xo, = Yo, =20, =2y =15 =1Zg = 0 mm, Xo, =830 mm, Yo, = -100 mm, Z, =185 mm,
X, =820mm, y, =-110mm, z, =300mm, x, =810mm, vy, =-120mm, z, =420 mm,
z, =185mm, z, =300 mm, z, =420 mm. The parameters ¢ and |, are considered controllable

(changeable).

The numerical simulation is carried out using the Wolfram Mathematica software. The obtained
plots allow for analyzing the pedals' kinematic behavior during the driver's control actions. Considering the
pushing-puling movements of the handle in the proposed manual control mechanism, i.e., only the change
in the inclination angle ¢; within the range of —-30°...+30°, let us plot the motion trajectories

(yAz (XAQ), Ya (xA4 )) and the dependencies of the treadle angles (¢,, ¢,) of the accelerator and clutch

pedals (see Fig. 2). In general, the pedals rotate around the hinges connecting them with the motor vehicle
frame. The corresponding arc-type trajectories of the hinges connecting the pedals with the push-pull rods
are shown in Fig. 2, a. The y-axis displacements vary in the range of approximately —236 mm to —161 mm
for the accelerator pedal and from =300 mm to —205 mm for the clutch pedal. The displacements along the
x-axis change within 765-695 mm for the accelerator pedal and within 725-630 mm for the clutch pedal.
The dependencies of the pedals’ treadle angles ¢- and ¢4 on the control handle inclination angle ¢, are
shown in Fig. 2, b. When the control handle is maximally pulled (p1 =-30° =-0.52 rad), the accelerator
pedal is inclined to the horizontal axis at the smallest angle ¢, = 24°. At the same position as the handle,
the clutch pedal forms the largest 64-degree angle with the horizontal axis. On the other hand, when the
control handle is pushed forward at the maximal angle of +30° (0.52 rad), the accelerator pedal makes the
largest angle ¢, = 64° with the horizontal axis, while the clutch pedal is inclined at the slightest angle of
approximately 24°. Therefore, by moving the handle forward and backward, i.e., performing the push-pull
movements, the driver can control the angular position of the accelerator and clutch pedals within the range
of about 40° to manually shift gears and provide other driving functions.

a b
—150F . . . —— v . , .
42(=X 42) ?
Yaz A2 6ol
T —200¢ Va4(—X 44) g s0f
E )
< 2
..t o |
™ -250¢ 5 40
30 1
-300f : : : ; : £ : : : : ; 8 Y
—760-740-720-700-680-660- 640 -04 =02 0.0 0.2 0.4
—X4; [mm] ¢ [Radians]

Fig. 2. Kinematic characteristics of the accelerator and clutch pedals: a — trajectories of hinges connecting pedals
with push-pull rods; b — dependencies of pedals’ treadle angles on the control handle inclination angle
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The next stage of these investigations deals with modeling the movements of the brake pedal caused
by pressing the control handle downwards or lifting it upwards. In general, the upward and downward
movements of the handle are not restricted when pushing forward or pulling backward. The corresponding
slider can move along the guide connected with the control lever. The springs that hold the handle are
much weaker than those that support the brake pedal (connected between the pedal and the motor vehicle’s
frame). Therefore, during the push-pull movements of the handle, it freely moves upwards and downwards
and does not push or pull the brake pedal.

Let us first consider the maximal upward-downward displacements of the control handle during its
pushing and pulling movements. These dependencies are important for further designing the manual
control mechanism and calculating the corresponding holding springs. Solving the system of equations (6)

concerning the coordinates Xs, s Vg, of the control handle’s slider in the Mathematica software, and taking
into consideration the analytical expressions (3), we obtain:

T I (e L Y

+(Xp, — X0, )-Singy | 2 2 2 2
(X5 000 S0 Y-{ (3, =0, # (x4, 10, # (21~ =l )
Before starting the analysis of the displacements and trajectory of the control handle’s slider, it is

necessary to define the coordinates of the hinge As, which connects the corresponding push-pull rod with
the brake pedal at its free state, i.e., at the minimal inclination angle gamin = 24°:

Xpg = X05 ~ g0, - COS P3min =820 —300-C0s24° =546 mm;

o, = (10)

Yag = Yo, ~1a505 *SIN@3min =-110-300-sin 24° = -232 mm; (11)
zB3 =const=0 mm.

Considering the above-mentioned geometrical parameters of the brake pedal links and adopting the
same minimal and maximal inclination angles of the brake pedal gsmin = 24°, psmax = 64° and the control
lever gimin = =30°, @imax = 30°, let us plot the corresponding graphical dependence of the handle slider
displacement (Fig. 3, @) and its motion trajectory (Fig. 3, b) based on the analytical expressions (3) and

(10). When the control handle is maximally pulled (pimin = -30°), the distance |, takes its minimal value
of approximately 110 mm. If the handle is maximally pushed forward (psmax = 30°), the slider moves along

the corresponding guide at the largest distance of about 420 mm. The horizontal displacement of the slider
varies in the range of -55-210 mm, while its vertical displacement changes from 90 mm to 360 mm.

a b

400 350
E 350 7 300
£ 300 £ 250

250 =
£ 200 g 200
< 150 150

1) o i : ; i 100 Yp3(xps)

04 =02 0.0 0.2 0.4 -200 150 -100 -50 0 50
@1 [Radians] —Xp3 [mm]

Fig. 3. Kinematic characteristics of the brake handle: a — dependency of the handle slider displacement
on its inclination angle; b — trajectory of the brake handle slider

Finally, let us determine the dependency of the brake pedal treadle angle @3 on the position of the
slider loigs and the trajectory of the hinge As connecting the corresponding push-pull rod with the brake
pedal at the handle’s maximally pulled position using the analytical expressions (8) and (9). Considering
the influence of the handle displacement I, along the slider’s guide on the brake pedal treadle angle ¢s
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(see Fig. 4, a), it is observed that the latter varies within the range of 24—-64° due to the changes in the loigs
length from approximately 110 mm to —120 mm. These changes allow for the connecting hinge of the
brake pedal to describe the trajectory shown in Fig. 4(b). The lowest position of the pedal is defined by the

horizontal and vertical coordinates of the hinge A;: X, =690 mm, y,,, =-380 mm, while the highest

position is characterized by the following coordinates: X, q, =546 mm, y, .., =-232 mm.
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Fig. 4. Kinematic characteristics of the brake pedal: a — dependency of the brake pedal treadle
angle on the position of the handle slider; b — trajectory of the brake pedal’s hinge

5. 3D-DESIGN AND OPERATIONAL PECULIARITIES
OF THE IMPROVED MECHANISM

Based on the carried-out structural synthesis and kinematic analysis of the improved mechanism for
simultaneous manual control of three pedals of a motor vehicle, the corresponding 3D-design is developed
in the SolidWorks software (see Fig. 5). The proposed mechanism consists of the handle 1, which is fixed
on the sliding rod 16. The latter is hinged by the spherical joint 3 to the push-pull rod 4 of a brake pedal.
The displacement of the sliding rod 16 along the corresponding guide is restricted by springs 2 and 15. In
such a case, the handle 1 can be pushed forward or pulled backward without any impact on the brake pedal.
The rocker arm 14 is installed on the mechanism frame 11 with the help of the special ratchet gear 12,
allowing for fixing the angular position of the handle 1 without the necessity to hold it continuously by
hand. It provides the possibility for the driver to shift gears. The upper section of the rocker arm 14 is
hinged by the spherical joint 13 to the push-pull rod 5 of the accelerator pedal. The lower section of the
rocker arm 14 is hinged by the spherical joint 6 to the push-pull rod 7 of the clutch pedal. The push-pull
rods 4, 5, and 7 are hinged to the corresponding pedals with the help of the spherical joints 8, 9, and 10,
respectively. The mechanism is mounted on the motor vehicle’s body through frame 11.

In order to actuate the accelerator pedal, the driver needs to push the control handle forward. At the
same time, the clutch pedal is slowly becoming released. To shift gears, the driver should pull the control
handle towards himself, engaging the clutch pedal and releasing the accelerator pedal. At this moment, the
gear lever should be adjusted to the desired gear. Then, the driver should gradually press the control lever
forward to engage the accelerator pedal while disengaging the clutch pedal. To decelerate the vehicle
slightly, the driver needs to apply gentle downward pressure on the control handle. The handle should be
pulled towards the driver and pressed downward for a full stop or emergency braking. The clutch and
brake pedals are fully engaged in this process, and the accelerator pedal is released.

Therefore, unlike the previously considered mechanisms intended for manual control of the motor
vehicle’s pedals [1-17], the proposed structure of the improved mechanism (Figs. 1 and 5) allows for
simultaneous control of three pedals: accelerator, brake, and clutch. The corresponding geometrical
parameters of the mechanism’s links may be easily synthesized for different models of motor vehicles by
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using the derived analytical expressions (2)—(11) and by adopting the corresponding restrictions on the
links’ lengths imposed by the vehicles’ designs. The following investigations on the subject of the paper
are to be focused on developing the full-scale experimental prototype of the device for manual control of
the motor vehicle’s pedals and its testing under different working regimes. The obtained results may be
used by researchers and designers of similar devices while enhancing the existent designs of the manual
control mechanisms and creating new structures based on the considered mechanism.

3 2

10 9 8 7 6 5 4 1

*)

12
©- 1

Fig. 5. 3D-design of the improved mechanism for manual control of three motor vehicle pedals

6. CONCLUSIONS

Individuals with physical disabilities face significant challenges when operating standard vehicles
due to their inability to use traditional foot pedals. There is a pressing need for innovative and adaptable
pedal control systems to address this issue. These systems should be designed to accommodate the specific
requirements of disabled drivers, ensuring both safety and ease of use. Developing specialized manual
control devices, such as hand-operated pedals or adjustable foot controls, enables disabled drivers to
navigate the roads independently and confidently.

This research focuses on developing an enhanced manual control mechanism for vehicle pedals. The
goal is to create a device that allows simultaneous control of the accelerator, brake, and clutch using only
one hand. A comprehensive review of existing prototypes reveals a significant limitation: most
mechanisms only provide control for two pedals, limiting their applicability to automatic or electric
vehicles. While a few mechanisms have been designed for three-pedal control, they typically require both
hands, compromising driving safety. This study aims to improve existing designs by developing a
mechanism that enables one-handed control of all three pedals to address these shortcomings.

The research methodology employs established principles from the field of mechanisms and
machines to design a novel multi-link hinge-lever mechanism. Through kinematic analysis, the study
determines the main parameters governing pedal movements in response to various hand inputs. The
findings from this research can be applied by researchers and engineers to further refine manual control
mechanisms for vehicle pedals and facilitate their practical implementation. Future research directions
include the development of an experimental prototype, followed by rigorous testing and adjustment to
ensure compatibility with different vehicle models and optimize driving performance, comfort, and safety.
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OBIPYHTYBAHHS CTPYKTYPHU YIOCKOHAJEHOI'O MEXAHI3MY
PYUYHOI'O KEPYBAHHS NEJAJIAAMHA ABTOMOBLJIA

Anomauia. 3sadxcarouu nHa ckiaowy ilicbKogy cumyayiro 8 Ykpaini, nonum Ha iHOUBi0yaibHo
HANAUIMOBAHI MA 2HYYKI Cucmemu Kepy8aHHs Neoarimu asmomodins 01 ocib i3 obmedcenumu
Qizuunumu moxcaiusocmamu € ocooauso senuxum. Cmanoapmui Kongicypayii nedaneii yacmo He
gionosioaiomo cneyughiunum nompebam B00ii6 i3 0OMENCEHO DYXAUGICIIO Hi2, WO YCKIAOHIOE
KepyBaHHs MPAHCHOPMHUM 3ac000M | modce Oymu nebesneunum. Po3pobxu, nos’sizamni 3i cmeo-
PDEHHAM Cneyiani308anHux MeXaHisMie pPYUHO20 Kepy8aHHsA Nnedanamu ado pe2yibO8aHUX HONMCHUX
neoanb, SUPIUATLHI 0151 3a0e3nedenHs: Komgopmuocmi 015 yux 600iie ma be3nexu Kepysanms. Taxi
iHHOB8ayii He MINbKU NIOBUWYIOMb OOCMYNHICMb ABMOMOOIIbHO20 MPAHCNOPMY, alle i CNpusiions
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NiOBUWEHHIO CAMOCMIUHOCMI ma I[HK03il, 3a6e3neuyiouu o0iAM i3 0OMedNceHUMU @I3uYHUMU
MOACIUBOCTHAMYU BNEBHEHOCMI Ma be3neuHOCmi Ni0 4ac KepyBaHHsi agmomoodieM.

Y cmammi 30itlicneHo 02780 HAAGHUX NPOMOMUNIE MEXAHIZMIE OJil PYYHO20 Kepy8aHHs
neoanamMu asmomooina ma po3pooaeHHs YOOCKOHALEH020 NPUCMPOIO i3 MONCIUBICINIO OOHOYACHO20
KepY8aHHsI OOHIEID PYKOI0 00pa3y mpboMa Ne0aiamu — axKcenepamopa, 2aibma ma 3uenjieHHs. Y
pe3yibmami NameHmHO20 0270y HU3KU HAABHUX NPOMOMUNIE MeXaHizmie Kepy8aHHs 3p00.eHO
BUCHOBOK, U0 NEPeBaANCHA OINbWICMb I3 HUX 3a0e3neyyromb KepyeaHHs uue 080Ma Neoaisimu —
akcenepamopa i 2anvM, MmoOMO MONCYMb BGUKOPUCMOBYBAMUCA BUKIIOYHO HA ABMOMODINAX i3
ABMOMAMUYHUMY KOPOOKamu nepedad abo Ha enekmpomoodinax. Jluwe oxpemi mexawismu pos-
PpobeHo O/ KepyBanHs MpboMd Nedarsamu, aie i3 HeoOXIOHICMIO 8UKOPUCMAHHA 000X PYK 800is,
wo besnocepedHbo enausac Ha Oezneky pyxy. Tomy akmyanvHum 3a1UUAEMbCA  YOOCKOHANECHHSA
HAABHUX KOHCMPYKYIL MeXaHizMie KepyBaHHs mpboMa NedalaMu i3 nepegedeHHsAM YCiX Kepyrouux
@yHKYill Ha 00HY PYKY 600i.

Memooonoeis O0ocnioxcenb nepeddA4ae SUKOPUCAHHS KIACUYHUX Memoodie meopii mexa-
HI3MI8 | MAWuM Ol BUKOHAHHA CMPYKMYPHO20 CUHME3Y YOOCKOHANIEH020 0a2amonlaHKo8020 uap-
HIDHO-8AXCIILHO20 MEXAHIZMY MdA 1020 KIHEMAMUYHO20 AHATIZY 3 MemOol0 6CMAHOBIEHHs OCHOBHUX
napamempie pyxy neoaui asmomoOiia 3a pPISHUX Kepyrouux enausie pyku 600is. Ompumanumu
Dpe3VIbmamamt MOXCYyms CKOPUCMAMUCA O0CTIOHUKU U [HoCeHepU 071 NOOANbUL020 YOOCKOHANEHHS.
KOHCMPYKYIti MEXAHI3MI8 PYUHO20 KepYB8AHHA NeOaIAMU a8moMo0inie ma nio uac ix npakmuiHo2o
enposaodcents. Ilepcnexmusu nodarbuiux OO0CHIONHCEHb 3G YIEHD MeMAmUKo NoaA2ams Y
PO3POONEHHI eKCHEPUMEHMANIbHO20 NPOMOMUNY MeXaHi3My KepyeawHs ma 1o2o anpobayii i Ha-
AAWMY8aHHI 018 PI3HUX MOOu@ikayitl asmomodinie 3 memorw ni0sUUenHs NIAGHOCMI X00y, a
maxoic Komgpopmuocmi i 6e3nexu 600IHHS.

Knwowuogi cnoea: xepysanns mpaHcnopmuum 3acooom, Kompopmuicms pyxy, besneka pyxy,
NAAGHICMb X0y, CIMPYKMYPHULL CUHME3, KIHeMAMUYHUL AHATT3, NapamMempu pyxy.



