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Abstract — The Dip Coating Machine with Variable
Speed Control presents a cost-effective alternative to
conventional solutions, redefining dip coating with
automation and precision. Utilizing a thoroughly
examined strategy DipMatic changes consolidating
strong mechanics, shrewd hardware, and easy to
understand controls into a procedure that is modest, yet
at the same time creates an excellent covering. The
sturdy aluminum outline and the wooden base
proposition inconvenience free and long life to this
gadget. The gadget utilizes two stepper engines, mixed by
modest TB6600 engine drivers. They control all the
plunging and pivoting activities. The warming,
supported by DS18B20 temperature sensor, which is
straightforward and reasonable, further develops
conditions for covering. A 20x4 LCD front board fills in
as a 0UI, and illuminates’ clients on the inside condition
like the temperature, speed, and goal, in this way,
providing the clients with some degree of control on the
cycle. DipMatic puts extraordinary accentuation on its
reasonableness and simultaneously it doesn't think twice
about exactness. DipMatic pursues an incredible decision
for changed ventures and applications consequently
separating itself.

Index Terms — Dip coating, Precision machinery,
Automation, Stepper motors, Temperature control

I. INTRODUCTION

The dip coating machine with variable Speed Control
is offered as a response to the problems i.e. inaccuracy
of the dip coating process and productivity decrease
with the manual application of dip coating. While
manual dip coating may have been used, it was limited
by its imperfections caused by the human factor
leading to its irregularity in spread, therefore causing
inaccurate results. In addressing the problems, the
organization would like to reform the current scene
dealing with the situation by creating an overall
system that applies exact temperature adjustment,
flexible rotating dish, and the possibility of putting
materials into different solutions.
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In comparison with manual cycle, this roboticized
arrangement has presented a major shift of vision in a
few aspects. It ensures excellent precision and
homogeneity free from human-centered errors.
Moreover, temperature control has been a headache
for panel makers because temperature variation
influences the quality of manual processes.
Additionally, the design of flexible bowl turns allows
for an equal dispensation of coatings and evens out
problems like bumpy encasement and trapped air
bubbles, which are typical for manual processes. One
of the most important features of the Motorized
Dyeing and Printing Machine is the ability of the
machine to work with the dying of different items into
different patterns. This multi-function restriction is
mainly referred to complex covering processes
including different applications or definitions which
usually is difficult to achieve in the manual system
with only a limited number of workers. Regarding its
capacity to decrease the required time for a particular
task, this system has been well received, especially for
tasks that need speed and precision. The significance
of this mission should not be limited to supporting the
exhibition campaigns. By focusing on cost-
effectiveness, it depicts a shift from the priciest
business choices provided. This type of strategy
democratizes the spread of sophisticated coverage
developments, allowing schools, research labs and
hobbyists to get involved in modern coverage for the
cost of low-end machines. In the long run, the
Robotized dip coating Machine with variable Speed
Control is ready to change the approach to plunge
covering, ensuring the customers with the precision,
flexibility, and cost-effectiveness right over their
coverings. The mechanized dip coating machine
automates dip coating, monitors bowl rotation, lets
you dip various material and maintains speed for even
coating results.
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The method of substrate dipping where the enclosure
is dipped into the covering dye contains regulated
parameters concerning dip depth and speed
(movement). The process takes a certain amount of
time schedule up to the moment someone removes the
item. The effectiveness of the coating goes in parallel
with the drying time or the withdrawal speeds. One
layer of substrates is put down followed by a drying
procedure. This process can be repeated multiple times
until the required optical thickness is reached. There is
a lack of this ability with administrators, and the
process employs the human factor completely in
which the quality could be unreliable. The old manual
dip coating motto was based on a high standard of
discipline & precision. As the fundamental errors,
emotional content, and bad leadership concerning
flood rate and the thickness of the waterproof coating
took hold, the quality of the coating was reduced. So,
this situation is emotionless in the least, so you will
just get accustomed by the process again and you will
fight with other complex camouflaging tactics. In fact,
manual coating is. Therefore, people can make
mistakes easily and it requires many human resources
to maintain the quality.

Il. FRAMEWORK DESIGN

A. Circuit design

The intricacies of Arduino Mega, a microcontroller
board which is based on ATmega2560 chip. It has a
remarkable board family with features of 54 digital
input/output pins - 14 of them can be used for pulse
width modulation (PWM) output - 16 general purpose
pins a clock of crystal oscillator of 16 MHz for
accurate timing - a USB interface for programming
and power - a power jack for external power supplies
- an ICSP header for advanced programming - and a
reset button. Arduino Mega can get through a USB
port or an outside power source giving it lots of
applicability. it supports most Arduino shield features
which makes it more functional.

We view a 16x2 LCD display that is optimal for
demonstrating data sent from Arduino Mega. A switch
analyzes customer feedback, thus ensnaring them in
the process. The 12C N/W is an asynchronous protocol
that enables correspondence with different gadgets.
Light discovery potential comes with UV light sensor,
while DHT 11 sensor brings temperature and humidity
measurement to the scene. To provide the power, we
shall use a 230 AC power source. The hand-off driver
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takes care of any issues that might be in between
Arduino Mega and powerful devices and consider its
control. In the very end, a status sensor acts as Arduino
health guard. It is a convenient diagram to illustrate
these parts as well as their connections. The 16x2 LCD
display along with a switch and a UV light sensor
directly converses with the digital pin outs of the
Arduino Mega. While the 12C N/W and with DHT 11
sensor and hand-off driver use 12C to communicate.
The 230 AC power supply unit connects to the power
source (power jack) which provides power for the
device. The grid doesn’t only show the main
subsections, but it also includes a 5V and 12V supply
for the Arduino Mega. The 5V stock holds up the
families of low-power gadgets, while the 12V stock
simultaneously caters to the necessities of high-power
gadgets. Essentially, the block chart represents
classification based on the Arduino Mega and used
machinery. On the outside, the circuit board highlights
interactions and couples the different parts, thus
making its strong processing understandable.

Lt rlt=]
ALY

samCH | = ]

. -
ETATUS .
- -
BHT 81 ) )
Senan d i

— Powar Sepply
Unit

Figl: Circuit Design of Dip Coating

B. Flow chart

Fig2 reveals a clearly structured downward realized
flowchart. This procedure operationally looks like
applying any kind of chemical coating to a
manufactured thing with the purpose to either protect
it from wearing off or give it some extra color. The
flowchart starts with two distinct inputs: a keyboard
and a simple frequency-tuning knob. These input
devices lead to the conclusion that the process
provides an opportunity for empowerment and
development of personal goal orientations. Operators
would probably type alphabet into the keyboard to
initiate numerical values of choices, whatever those
were coat coating thicknesses, stages times or coat
numbers of applications desired. The rotary knob
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could be used as one of the alternates to the
parameter’s adjustment, allowing for the possibility
that they could be set at a good accuracy level for
variables such as speed or rotation during the coating
process itself. It comes right after the Input stage. This
features the specific evaluation benchmark with which
is matched against set standards. Consequently, the
route is finalized. Then we involve the chore which is
in the conditions of this section, and it may progress to
the square box which has coating process. This box is
the vital part of the full method, where the materials
are applied to the surface of the breaking part. Here the
process might depend on technologies, for instance
dipping, spraying or applying coatings characterizing
the industry.

Another critical decision diamond follows the coating
in the nutritional supplement production flowchart.
Undoubtedly, this diamond is a mechanism that can
control the quality of products. At this juncture, the
process needs an inspection to determine the quality of
the applied coating. Automatic assessment could be
using thickness measurements or using visual
inspection for example. If the covered product passes
the strict quality standards which refer to the last stage,
the flowchart conducts to the final stage output. The
latter will portray a visual representation which will
most likely be an LCD screen. the screen will show the
final stage of the process where this system will show
the result of successfully coating to help in the quality
documentation. In such cases, the flowchart would
show that there exists an emergency step to counter
any quality failures. The chain won't stop, though but
go back to a previous step. For example, probably the
beginning of the coating layer. This basically means
that the product would be involved in a re-coating
procedure where the parameter settings could be
adjusted repeatedly until the product meets the set
quality thresholds.
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Fig2: Flowchart of process

C. stages

The painting represents scientific sketches topped with
text, which features the molecular view of a chemical
reaction with a solid body casting a liquid reaction,
followed by a thin wet layer of the liquid, and
eventually the solvent drying. The second step, called
"immersive dipping"”, involves the vertical insertion of
an opaque rod, likely made of metal or glass, to a
beaker filled with a dyed fluid. A balance-beam is
usually used, and the rod dipped thought a clamp,
which gives more control. This step reveals an early
primary contact between solid and liquid objects, in
the presence of specific chemical reactions. The
second phase, "formation of wet layer," features the
rod being pulled out of the liquid partially. Now a
person can see a colored liquid film on top of the rod,
implying that the liquid has covered the solid body
during its immersion. This stage signifies adsorption
or absorption of the liquid onto the solid's surface,
where the reaction that is crucial might be taking place.
In the third stage, which is called "solvent
evaporation," we can see the beaker without any solid
rod. The colored liquid on the rod is starting to
disappear in some places leaving behind a thin film.
Tiny threads of gas or vapor are seen on the coated
surface implying the evaporation of liquid solvent. At
this point the solvent is likely to have been chemically
modified, evaporated, thus leaving behind a solid
residue on the surface of the rod.

The labels and the sequential middle part clearly
indicate that the picture description has something to
do with a wet chemical reaction. Wet chemical
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reactions widely differ from each other since they
usually involve one or more solid phases meeting a
liquid phase which can result in the formation of new
products. The colored liquid in the figure may be
solvent with the solution that is permeated by reactants
which react on contact with submerged the rod in the
container. The last step is to heat the rod until a layer
of water forms on the surface and the solvent atoms
evaporate, which demonstrates that a chemical
transformation has occurred. The illustration may be
associated with different chemical processes used for
different scientific areas - plating metals on a surface,
bathing fabrics in dye or growing thin films by
chemical vapor deposition technique.
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Fig3: 3 Stages of Dip Coating
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I1l. GENERIC FRAMEWORK

Fig6 shows a generic framework of a DipMatic
precision machine for dip coating with variable speed
control. This is the above base that is made up of a
rigid metal top strongly bolted to a wooden table that
has been covered by a white tablecloth which does not
do anything to increase efficiency of the machine. A
long cylindrical dip arm extends from the upper part
of the contraption. It is highly probable that this arm,
like many modern telescopes, has the capacity to
expand in length to accommodate smaller or larger
objects meant for coating. Certainly, there would be a
grip system installed at the end of the arm to keep the
object coated in a secure fashion. However, the system
shown in the picture is not equipped with the motor
that will be responsible for providing energy. To
explain the mechanism of speed regulation and the
variable speed control feature of the machine, | will
introduce the drive system, which can be implemented
using a belt or screw thread drive. The drive runs the
length of the dip arm and is responsible for the
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controlled speed change — from rapid descent to slow
ascend. The vat that dips under the assembly with the
required coating material is placed below the
framework. The dip coating process functions on the
controlled process of the object submerging into the
tank and the variable speed control of the dip arm was
developed for managing the immersion and
withdrawal phases for a reliable and consistent
product.

Fig4: 3D generated frame
IV. WORKING PROCESS

The Dip Coating Machine with Variable Speed
Control operates by a complex system that was built
of integration of all mechanical, electronic, and user
interaction components to make this process fully
automated and optimized. The foundation of this
system is a sturdy aluminum frame and wood base that
has been carefully designed to ensure that it will be
stable and provide adequate strength for the daily
operations of the system. This setup uses two stepper
motors, whose operation is highly precise, which are
controlled by TB6600 driver modules, as the basic
mechanical components, distributing the roles
between them according to the dip coating specifics.
The rotation of the dipping bowl is controlled in a
uniform way by one motor to maintain the uniform
distribution of the coating solution, while the other one
is used to adjust the speeds of immersion and
withdrawal of the substrate, which are the critical
factors that influence the thickness and quality of
coating. Alongside the mechanical setup, the
electronic subsystem spearheads the whole process,
which shows cases as the temperature control system
incorporated the chamber as its main component. This
system, which has one DS18B20 temperature sensor,
is operating to preserve the solution at favorable
temperature for the coating process. This temperature
factor is the other important factor controlling the
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outcome of the coating process. The temperature
control system operates by constant monitoring and
regular adjustment to achieve the most coating-
friendly conditions, which improves the process and
makes it more efficient as well as reliable.

The machine is completed lastly by the Arduino
control unit that is responsible for the user interface
facilitating the artificial intelligence. The Arduino acts
as the brain of the device and oversees the interaction
of the user with the 20x4 LCD display and the input
buttons, that give the coating process an easy, user-
friendly manner for the control process of coating
process. The parameters supplied by the user (motor
speed and temperature settings) through the interface
will be sent to the Arduino, which in its turn will
interpret these commands into controlling signals for
both the motor and temperature control systems. This
interplay between humans and the machine supports
the operators to exercise the utmost precision over the
coating process with the option to control on the go;
thereby making it possible for the users to introduce
some improvements in real time. In addition, the
Arduino gives its users much more than just
interacting with them but allows extrinsic jobs such as
data processing and algorithmic control. Thanks to its
ability to acquire and analyze data from sensors
including DS18B20 temperature sensor, the Arduino
feels the temperature, speed, and resolution of dipping
process in real time and allows for the users to monitor
those core reasons. These data-driven methodologies
are, in this case, necessary to take the right decisions
and make the needed changes for the purpose of the
uniformity and good quality of them in the process of
coatings. Furthermore, Arduino, which acts as a
minicomputer serves as the architecture of the
algorithm that controls the acceleration, deceleration,
and speed of the motor. This algorithms work is
critical in obtaining homogeneous and precise motion
control during the dip coating process and eliminates
any nontrivial result differences on the same materials.
Besides its primary functions, the Dip Coating
Machine incorporates further mechanisms that extend
the range of its options and tailor-make it to different
needs. Machine possesses a ability to save and
remember the multiple coating profile which in turn,
allows the users to customize the process to match
with different coating solutions and application
requirements. This flexibility enables efficient control
of parameters such as immersion speeds and
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withdrawal speeds, coating thickness, temperature of
solution and overall performance that can results in
drying of an enhanced range of coating for
applications. This modularity and scalability of the
machine architectures allow for future expansions and
customization almost endlessly. Extra sensors,
actuators, and control mechanisms could be
seamlessly integrated into the system to increase its
capabilities. Undeniably, the DipMatic Precision Dip
Coating Machine with Variable Speed Control is the
virtuoso of mechatronic system engineering, with its
bold combination of mechanical, electronic, and user
interaction components to outperform its predecessors
and automate and optimize the dip coating process.
With its strong construction, the accurate pump and
nozzle position, and the dependable mechanism and
the ability to control different coating thickness, the
machine is able to coat the parts in a way which is
precise, consistent and capable to change its
mechanism according to the type of the coating that is
applied. Technology finally gave too us an instrument
that is used to research, education institutions as an
industrial sector; this instrument is the Dip Coating
Machine that show the world the power of technology
to transform the original manufacturing processes and
open many possibilities for people.

V. RESULTS AND DISCUSSION

The report depicts an innovation: dip coating Machine
Mechanization that has a Speed Changing Mode. This
machine has the elements to make it unique in relation
to the manual plunge covering and is most certainly
one of the most mind-blowing choices for some clients
and applications. This machine hence effectively
tackled the issues, that are generally knowledgeable
about manual plunge covering:  shakiness,
unreliability, and human mistakes. Upgraded accuracy
and consistency: Robotization and different variables
including temperature, control, and speed are the
various angles that might impact the covering
thickness and consistency. Adaptability: Machine is
furnished with basically everything needs for
arrangement, material, or plunge process. Usability
and reasonableness: Going for the gold use and
moderateness, the plan amplifies far reaching
pertinence of the intensive plunge covering strategies
for every kind of garment. Additional highlights: The
report likewise expresses that these future
arrangements incorporate information examination,
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remote observing, and energy effectiveness. It is an
important advancement around dip coating
technology. Via the automation of the process and the
utilization of different features the machine would
present numerous benefits contrasts to traditional
methods. The higher precision, regularity, and the
adaptability of such systems have a great potential to
benefit a myriad of industries and tasks. | emphasized
the benefits of accessibility implementation through a
cost-effective and simple way which can increase the
number of people who would use the technology; this
can extend the research in different fields. While this
paper mainly discusses technical capabilities of the
machine, other future researching areas can study how
cost effective the system comparison to present
alternatives and the effect on the specific applications
would be. Another aspect to consider is assessing any
possible environmental impacts of the machine itself
as well as how it will influence its usage. This would
lead to a better grasp on the total issue. Overall, the
Automated.

Fig5: Dip Coater Machine

Fig6: Stepper motor

Fig8: The metal dipper rod

Fig9: Power suppler SMPS
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V1. CONCLUSION

The dip coating system is equipped with automation
and offers very high precision control over the process
and adaptable coatings. the shortcomings of manual
dipping that could lead to rough flow rate at each point
and bad timing of extraction, especially for
disconnected dipping points. The system has
adjustable speed, multi-purpose dipping process and
real-time temperature monitoring that makes it
possible to adjust speed and reduce wastage as it
occurs. Smart energy management and modular design
make sure that The Dipping system is suitable for a
sustainable future, no matter support size and industry
demands. This system has proven itself to be
impressive, servo motor technology, which in turn
grants users’ precise control and continuous
development in the coating technology.
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