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ABSTRACT: The tire exchange process can be a daunting task for people with limited abilities.
As the physical effort required for the conventional vehicle jack operation can be difficult or
impossible for some people. Hence, manufacturers have developed electrical scissor jacks that can
be controlled remotely. These jacks eliminate the need for exerting any physical effort so that
people with limited abilities can change their own tires. However, commercial electrical jacks are
expensive, not always available in developing countries at reasonable prices. Moreover, they are
controlled using a wired remote-control device and powered by connecting alligator cables to the
vehicles’” battery. This paper presents the procedures needed to convert a manual commercial
scissor jack to a smartphone-controlled one using developing country local market components.
The jack is controlled via Bluetooth connected device and can be powered by the vehicle’s cigarette
lighter receptacles, alligator cables, or AC power outlet. In addition, emergency buttons are
attached to the control unit in case smartphone application suddenly malfunctions during the
lifting process. The prototype was successfully tested and was able to lift a vehicle 25 cm in less
than two minutes. This is a significant improvement over manual jacks, which can take up to
four minutes to lift the same distance. The proposed smartphone-controlled scissor jack is a
valuable tool for people with limited abilities, as it makes the tire exchange process much easier
and faster. The low cost and local availability of the components make it a viable option for
developing countries.
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1.0 INTRODUCTION

The manual tire exchange process can be considered one of the most hazardous
automotive industry maintenance activities. It involves exerting a large physical effort
to lift heavy objects using awkward postures that may have a negative impact on the
human body. These postures can cause several musculoskeletal disorders owing to
repeated or prolonged reaching, kneeling, twisting, bending, squatting, and holding
tixed positions for a long period of time [1- 3]. Urging the designers and manufacturers
to consider the ergonomics of the maintenance tools used, in addition to vehicle
ergonomics [4]. Scissor jacks are one of the most commonly used tools for tire
exchange/repair, either in vehicle service centers or by vehicle owners. Their operation
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depends on the physical effort exerted by the user, which may cause musculoskeletal
disorders [5], [6].

Several researchers have investigated the development of commercial manual scissor
jacks by introducing electric motors to replace manual operation. The necessary power
for the electric motor’s operation can be supplied by connecting alligator cables directly
to the vehicle battery or use external rechargeable batteries. The upward and downward
movements of the jack are controlled using switch buttons to reverse the direction of
motor rotation [1], [7-10]. Furthermore, alligator cables were replaced by a lighter
cigarette receptible. Thus, the necessary power for operation can be supplied directly
from the vehicle’s cabin, eliminating the need to open the hood [3], [11-14]. The urging
demands in considering the ergonomics of the vehicle’s maintenance tools have
encouraged further developments to enhance user energy saving and comfort needs [4].
This was achieved by replacing the switch buttons used to control motor movement
with a wired remote-control device [10], [14 -19]. In addition, wireless communication
technology has been introduced to replace the wired remote-control devices. The
wireless connection was established by connecting the jack’s motor to a smartphone
device via an Arduino system or microcontroller and a Bluetooth module to lift a load
of 4.5 kN. This control technique is characterized by its ease of use and compact size.
This is because it requires only a smartphone user eliminating any need to make
dangerous physical movements to control the movement of the jack. In addition,
wireless communication reduces the number of wires needed to control the jack’s
movement. As, wires will be used only to supply the used motor with the necessary

power, while its motion and speed can be controlled through smart phones [1], [2], [10].

To the author’s knowledge, commercial electrical scissor jacks available in the
developing countries domestic market are controlled using a wired remote-control
device and powered by connecting alligator cables to the vehicles” battery. In addition,
they are expensive and are not available at a reasonable cost in the domestic market.
This paper discusses the procedures for converting a 1-ton manual commercial scissor
jack into a smartphone-controlled one via Bluetooth connected devices and local market
components available in developing countries. The necessary power for operation can
be supplied using any of the available power outlets in the vehicle, including the vehicle
battery through alligator cables, the lighter cigarette receptacle, or the AC power outlets
available in some vehicles. This allows the jack to be operated with or without the need
to open the vehicle's hood. The presented prototype is characterized by its low cost,
feasibility, safe operation, and compact size. The use of smartphones as a controlling
device eliminates the need for physical effort during jack operation and reduces the
number of control wires needed. In addition, it allows the free movement of the user
within the Bluetooth range. The emergency buttons attached to the control unit allow
the completion of the lifting process if any sudden malfunction occurs to the used
smartphone.
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2.0 DESIGN PROCEDURES

This section discusses the procedures of converting a 1-ton commercial scissor jack to a
more user friendly one. This process was done in two phases. The first phase will discuss
the necessary modification to be made on the commercial scissor jack to replace its
manual operation with a remotely controlled DC motor. The second phase will discuss
the control system used to manage the lifting process of the scissor jack during its

operation using smart phone.

2.1 Mechanical design

The proposed modifications were made on a commercial scissor jack with a load
carrying capacity of 1 ton. The manual operation of the jack was replaced by a remotely
controlled DC motor. This was done by connecting the power screw to the DC motor
using coupling box as shown in Figure 1A. To enhance the stability of the jack and the
attached motor during the lifting process, the whole mechanism was placed on a 20x80
mm Aluminum extrusion base plate. The base plate was formed to have V-slots to
ensure the smooth movement of the motor during the lifting process. To minimize the
vibrations of the motor during the vertical movement of the jack, a slider mechanism is
used, and the motor housing is connected to the base using one connecting link as
depicted in Figure 1A and B. The slider guide ways of the sliding mechanism are
attached to the motor housing and one end of the jack while the sliding roller is attached
to the other end of the jack as shown in Figure 1B. So that the horizontal alignment of
the motor can be maintained, and the vibration generated during the vertical movement
can be suppressed. The vertical upward and downward distance traveled by the jack is
controlled by the sliding action to position limit switches as shown in Figures 1A. The
necessary power for operation is supplied by connecting the plug shown in Figure 1
directly to either AC power outlet available in the vehicle or vehicle’s battery using
alligator cables or cigarette lighter receptacle.

The used motor is one of the main parameters that governs the successful operation of
the lifting process. It must provide output torque higher than that needed to lift the
vehicle. The torque (T) required to be provided for the lifting process was calculated
using Eq.1[20] then validated using Solidworks motion analysis.

T =P.dm.tan(¢p + @) + u.dc. P Eq.1
Where:
P : maximum applied load 10000 N
dm : mean diameter of power screw 11 mm
dc :collar diameter 5 mm
® : friction angle [20] 15°
a«  :helix angle [20] 10°
pn  : Coefficient of friction 0.2
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Plug to be connected to the vehicle battery or
cigarette lighter receptable

Figure 1: A&B shows the different components used in the modified Scissor jack during its

testing

2.2 Solidwork simulation

Solidwork motion analysis case study was conducted to estimate the motor power
needed to complete the lifting process. In addition, validating the magnitude of the
torque estimated using the classical design equation described in section A. The Motion
analysis was run against a load of 1 ton assuming a motor speed of 25 rpm. It was found
that the jack can lift the vehicle up to 25 cm in 40 seconds using a power of 17 watts. It
was found that the magnitude of the maximum torque needed is consistent with that
obtained using the classical design equation in section A. Figures 2,3 & 4 show the
magnitude of needed motor torque and power, and the vertical lifting distance in 40
seconds.

ISSN 2180-1053 e-ISSN 2289-8123 Vol.16 No.1 17



Bluetooth Operated Scissors Jack: The Future of Vehicle Lifting Equipment for Developing
Countries

2.3 Control system

Arduino Nano was used to control the scissor jack movement using a smartphone
Bluetooth connection. The power necessary for the motor operation is supplied by
connecting the DC motor to the vehicle AC power outlet or battery. The connection to
the AC power outlet is made using AC-DC adaptor to convert 220 V AC to 12 VDC. The
connection to the battery is made using alligator cables and cigarette lighter receptacle,

respectively.
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Figure 2: Motor torque vs Time
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Figure 4: Lifting distance vs Time

A step-up DC-DC converter is used to step up the battery's output voltage from
12 V to 24 V to be suitable for the 24 V DC motor. A DC- DC step down
converter is used to convert the 24V supplied from the step-up converter to the
required 5V needed for the Arduino board which controls the whole system as
shown in Figure5. A smartphone android application (Bluetooth Electronics) is
used to control the jack’s movement by transmitting signals to the HC-05
Bluetooth module. The Arduino receives a signal from the HC-05 Bluetooth

18 ISSN 2180-1053 e-ISSN 2289-8123 Vol.16 No.1



Journal of Mechanical Engineering and Technology (JMET)

module to control the jack’s motion. MD10- POT motor driver board is used to
control the motor speed besides allowing its rotation in both directions.

Switch buttons and potentiometer are attached to the housing of the control
unit as emergency buttons. So that the control process can be completed if any
sudden damage occurs to the used smart phone. Figures 6 and 7 show a flow
chart for the developed jack control process and the developed interface for the

used smart phone application, respectively.

Step-Up converter

Vehicle battery

R

Step down converter
|

=
-|__;m

h module

Potentiometer

Figure 5. Details of the used control circuit
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Figure 6: A flow chart for Jack control
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3.0 EXPERIMENTAL TESTING

This section describes the experimental procedures conducted to test the developed
prototype after implementing the suggested modifications. The testing process was
conducted in four stages. The first stage was running a manual test using the
conventional jack before implementing the suggested modifications. This test was
needed to estimate the time taken to complete the manual lifting process by a mid-aged
young user. The second stage involves testing the developed jack powered by direct
connection of the plug to the vehicle’s battery using alligator cables. The third stage
involves testing the developed jack powered by connecting the plug to the vehicle’s
cigarette lighter receptacle as shown in Figure 8. The fourth stage involves testing the
developed modified jack powered by connecting the motor plug to the vehicle AC
power outlet. These tests were conducted to investigate whether the jack can be
operated using different modes of operation. Also, estimate whether the different

modes of operation have an effect on the duration of the lifting process.

SMART JACK CONTROL

Figure 7: Developed Smart phone application

‘
Rear cigarette receptable

-'d
-

Figure 8: Modified jack connected to the vehicle battery using cigarette lighter receptible.
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4.0 DISCUSSION OF RESULTS

The first stage of testing covered the manual operation of the jack to estimate the time
needed to lift the vehicle 25 cm. This test was conducted Eight successive times to
measure the effect of human fatigue in case the user can exert a limited effort. It was
found that four minutes were needed at the beginning of the testing cycle to lift the
required distance. Then, kept increasing upon increasing the number of trials due to the

human fatigue.

The second stage of testing investigated the effect of replacing the manual operation
with a smart phone controlled one. The necessary operation power was supplied by
direct connection to the vehicle’s battery using alligator cable. It was found that the same
distance traveled using manual operation was covered in less than two minutes. This
achievement represents a great improvement as the modified jack successfully lifted the
vehicle in a time span less than that needed using manual operation by about 50 %.

Upon repeating the experiment, the estimated time has not changed.

The third stage of testing investigated the effect of changing the means of connection to
the vehicle battery. The necessary operation power was supplied using cigarette lighter
receptible instead of direct connection using alligator cables. Upon testing, the lifting
process was completed at the same time estimated using alligator cables. The fourth
stage of testing investigated the effect of replacing the vehicle’s battery with the vehicle’s
AC power outlet. The same result obtained during the second and third phase of testing
was also achieved. Hence, the needed power can be supplied using all available power
outlets in the vehicle without having a significant effect on the lifting process in terms
of time. Further, the necessary power can be supplied directly from the vehicle’s cabin

without any need to open the hood.

5.0 CONCLUSION

The present paper successfully converted a 1-ton commercial manual scissor jack to an
electrical one controlled by a smartphone application. The proposed modifications
enhanced the lifting process by reducing the lifting time by 50%. The developed jack is
characterized by its safer use compared to manual jacks, as there is no risk of the user
being injured by the jack. It is also more convenient and versatile, as the user does not
have to open the hood of the vehicle to reach the power source and can be powered by
a variety of sources, including the vehicle's cigarette lighter, alligator cables, or the AC

power outlets available in some vehicles.

In addition, the use of only local components enhanced its availability in the domestic
market of developing countries at a reasonable cost. Moreover, the existence of
emergency buttons allows completing the lifting process smoothly in case any sudden
malfunction occurs to the used smartphone. Therefore, the proposed smartphone-
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controlled scissor jack is a valuable tool that can make the tire exchange process easier,

safer, and more convenient for people with limited abilities.
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