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One of the steps after the electroplating/coating process on the product is the 
drying process. In Micro, Small and Medium Enterprises, the drying process on 
CIV KG 0741 bolts with a diameter of 10 mm and a length of 20 mm requires a 
drying time of 6 hours. Drying simply and naturally has limitations, requiring a 
large drying area depending on the weather, time and temperature, which 
cannot be controlled. A simple automatic dryer is needed using a single-phase 
electric power source and simple and ergonomic maintenance methods to 
obtain a quality product with a measurable drying duration. Design and 
analysis of drying on the dryer. The dryer with dimensions of 680 x 480 x 
967.12 mm3 has a mass of 21.94 kg with a drum capacity of 20 kg. The motor 
propulsion used is 1 HP, 5.08 Nm of torque and capable of rotating at 1500 
rpm with an effort of 39296.66 Joules. The dryer can dry as much as 20 kg of 
bolts in 5 minutes faster than solar energy, with a drying time of 15 minutes to 
1 hour.  
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1. INTRODUCTION 
 

Quality is one of the fundamental and 
essential factors in the production process, which 
connects the voice of business and the customer 
(Schoenfeldt TI, 2008). Quality connects the voice 
of business with the voice of the customer. Those 
are components of product manufacturing and 
services (Manalo RG, Manalo MV, 2010). One 
method used to improve the performance and 
quality of metal products is electroplating or 
electro-deposition (Sungkowo et. al, 2021). 
Electroplating is a process of deposition or 
deposition of protective metal on metal by using an 
electric current in an electrolyte solution to produce 
new properties in the product as expected (Lee et 
al., 2020). After the electroplating process, the 
product is dried. On the scale of Micro, Small and 
Medium Enterprises, the drying process of 
electroplating products still uses sunlight. Drying 
using sunlight has disadvantages, namely relying 
on the weather and not getting a consistent and 
measurable drying time (Muin A, 2017), requiring a 
large area and non-uniform product performance 
(Yuliati et al., 2018).  

Those uncertainties will lead to other 
uncertainty, including in quality achievement, such 
called defective goods. The presence of 
fingerprints left on the coating that has not dried is 
a form of a defective product or minor fault, as 
described in Figure 1.  

 
Figure 1. The Defective Product 

 
Using natural drying, as informed in past 

data, the drying process for CIVKG 0741 bolt 
material with dimensions of length 20 mm and 
diameter 10 mm and 5-10 minutes of electroplating 
process with zinc electronic solution require 6 
hours of drying time. CIVYHB0814 bolt drying with 
a length of 16 mm and a diameter of 8 mm, 
immersion time of 5-10 minutes with the type of 
Zinc solution takes 8 hours. Considering the 
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various process time with uncertain times that will 
lead to a wide range of lower quality, a drying 
machine to make the necessary allocation of 
drying process time with an efficient and effective 
result is needed. In this paper, the drying problem 
and the required solution are formulated and 
worked on. The consideration of this study is to 
carry out the innovation with an economic aspect 
to be able to be used by Micro, Small and Medium 
Enterprises. 
 
 
2.  MATERIALS AND METHODS 
 

Electroplating is the process of the surface 
coating of a product using a different type of 
product material to obtain certain benefits 
according to needs. The intention of this process is 
based on various purposes ranging from 
household to industrial purposes. Therefore, there 
are many materials for electroplating. The 
electroplating process in this study used a coating 
of Tin liquid, Zinc liquid and Silver liquid. 

Tin plating is a coating process using tin 
liquid. The purpose of the coating is to make the 
object look better and to increase the product's 
durability due to the layer making the coated object 
safe against corrosion. For the function, it is very 
efficient to protect objects. 

 
Figure 2. Tin Coating 

 
Figure 2 describes the steps of Tin coating 

in detail. The first small picture is the initial 
uncoated product. The coating process was carried 
out by sinking the products into Tin liquid for 15 
minutes. When the time is up, the coated product 
is rinsed using soap water. In the final step, the 
coated product was sunk again in hot water to 
make it dry faster. 

Zinc plating is a coating process using liquid 
zinc. The purpose of the coating is to make it look 
better and increase the durability of an object 
because it can prevent rust. It serves as an 
electron absorber from the coated metal to prevent 
oxidation. 

 

Figure 3. Zinc Plating 
 

Figure 3 described of Zinc plating process in 
detail. Zinc plating begins with threshing the rust 
attached to the bolt using HCl liquid. While 
needed, the operators may take the brushing 
process. Then the bolt is put into the Zinc liquid for 
45 minutes and stirred. After the time was up, the 
operators lifted the products for rinsing. Next, the 
blue color was given for 10 seconds and ended 
with the rinse process using hot water. 

Silver plating is a coating process using a 
silver liquid which aims to make the object look 
better and prolong its life because this coating can 
make the coated object free from corrosion. The 
primary function of this coating is to prevent rust. 

 

 
 

Figure 4. Silver Plating 
 
The silver plating process is carried out by 

inserting the object into the cleaning liquid. Then it 
is put into a barrel with the silver liquid inside and 
mixed up for 45 minutes. Then the work piece will 
be rinsed with warm water and re dried again, as 
described in Figure 4. 
 To clarify, besides knowing the defective 
product, the operators must also know the 
excellent product. No fingerprints left; still wet 
product or other minor faults are not allowable. In 
this electroplating process, all products should dry 
perfectly without any compromise, as described in 
Figure 5. 
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Figure 5. Good Products 

 
To clarify the design need's objective and 

avoid dispute, Table 1 describes the list of criteria 
that should be fulfilled in this design. The list below 
is used to guide the solution and answer the 
customer's needs. 

 
Table 1. Design Criteria’s 

No Criteria’s Demand/Wish 
1 Work well Demand 
2 Load capacity 20kg Demand 
3 Drum diameter Ø450mm 

and height 500mm 
Demand 

4 Power source 1 phase Wish 
5 Easy to maintenance Demand 
6 Portable Wish 
7 Drying Time 5 minutes Demand 

 
 
3.  RESULTS AND DISCUSSION 
 
3.1  Research Results 

The design and simulation of a dryer using 
Solidworks 2020 software determined measurable 
drying time and product performance as needed. 
Using a drying machine on the MSME scale means 
that the power source used is 1 phase, has a 
capacity of 20 kg and is easy to move. Based on 
mechanical calculations, the motor power used is 
1,672 kW with a motor rotation of 1500 rpm. A 
Single phased line was chosen due to 
consideration of the ease of use, availability, and 
also performance. Figure 6 depicts the model of 
the drying machine in a 3D picture to be chosen as 
a design. To build this study will be broken down 
the 3D view in detail. Figure 7 depicts the design of 
podrum frame, bed and box dryer with a mass of 
20.92 kg and dimensions of 680 x 480 x 967.12 
mm 
 

 
Figure 6. Drying Machine 

 
 The design specifications of the drying 
machine are the bolt dryer drum uses PVC, which 
is light and strong by using a pulley and v belt 
transmission. The belt circumference is 9.581 m/s, 
and belt rotation has 1.04 revolutions/unit length. 
 

 
Figure 7. Design of Podrum Frame, Bed and 

Box Dryer 

 
 

 
Figure 8. Replace Dryer 

 
In the design criteria, the dimension of the 

drum diameter is Ø450mm with a height of 
500mm. Based on the requirements, the design 
created in this study is listed in Table 1. The 
selected material for this dryer is Poly Vinyl 
Chloride (PVC) with a weight of 2.2 Kg. Of 
course, this weight is to comply with design 
criteria. 
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 The electric current flowing in the motor 
drive is 4.75 Ampere, and the blower drive is 0.11 
Ampere, so the total electric current is 4.86 
Ampere. The safety number is 1.25 then the 
current capacity that flows in the MCB is 10 
Ampere. The electric design system shows that 
when turning on the MCB switch, press the feeding 
machine switch with the green indicator on. Then 
the dryer is ready to use. The detail of the wiring 
diagram is depicted in Figure 9. 
 

Figure 9. Drying Machine Wiring System 

 
The yellow light indicator lights up after the MCB 
switch and blower switch are pressed to the on 
position to indicate the drying system is ready for 
use. Further and detail information in wiring 
diagram of machine indicator depicted In Figure 
10. 

 
Figure 10. Machine Indicator of Drying System 

 
 One of the forms of automatic dryer that can 
be used for dyeing products is a rotary dryer. The 
shape of a cylindrical rotary dryer is a 
cylinder/drum with a movement that rotates the 
product inside to dry evenly. (R. Amyot, J.R et al., 
1994) found the cylindrical drum material used in 
wastewater treatment at a temperature of 1100 C 
is stainless steel, with maximum stress lower than 
steel. A rotary dryer drum made of stainless steel 

has a better temperature (Sundari et al., 2020)  
and stress distribution (Chandra et al., 2021) than 
steel (Hendra et al., 2019). The drying drum for 
bolt products from the electroplating process using 
PVC because the drum can be found on the 
market, is practical, lightweight, and resistant to 
alkalis and corrosion (Pham Le et al., 2021). The 
use of gears using low-alloy cast steel as a power 
source and the rotation of the drying machine is 
exhausted, resulting in cracks in the gears due to 
the stress intensity factor (Saracoglu et al., 2016). 
Hence, the electroplating product drying machine 
uses pulleys for rotation and power transmission. It 
is because easy to install and maintain and has 
high transmission speed. Besides, this is also 
obtained from the percentage increase in drying 
that is directly proportional to the ratio of the motor 
and pulley diameter, the mass flow rate of cooling 
water, and energy efficiency decreases. 
(Muhammad et al., 2021) 
 
3.2  Discussion 
 
 After doing some mechanical calculations 
and designing electrically, the next step is a 
mechanical simulation of the design of the dryer. 
The mechanical simulation of the loading on the 
frame in Figure 11 shows that the frame is given a 
load of engine parts/components and products. 
 

 
Figure 11. Mechanical Simulation on the Frame 

 
 The load on the support is the weight of the 
bed, drum, box, motor, and parts on the frame, and 
the product load is 20 kg. If added together, the 
engine frame supports a total load of 353.16 
Newton’s. After being simulated with the Solid 
Work 2020 software, Figure 11 shows a yield 
strength of 7,100 x 108 Newton. Based on this 
iteration, the frame construction is declared safe. 
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Figure 12. Drum Mechanical Simulation 

 
After the mechanical design is simulated 

with a load of 20 kg, as shown in Figure 12, the 
construction shows a yield strength of 6.204 x 
108Newton. To verify the safety of the design, the 
color coding in the mechanical simulation will 
inform us which part is safe and vice versa. 
 

 
Figure 13. Blower Mechanical Simulation 

 
As air pressure and airflow are the heart of 

the dryer, it is strange thing when this part was 
skipped and not discussed in this chapter. Figure 
13 shows a simulated air pressure flow in a blower. 
Based on the calculation of the electric current 
used by the blower 0.11 Ampere with the blower 
power used 25 Watts. The flow of air pressure 
inside the blower is 90 - 105 Pa. Based on the 
simulation and calculations that have been done, 1 
HP motor power with a torque of 5.08 Nm, and 
1500 rpm motor rotation, the resulting effort is 
39296.66 Joules with a bolt drying capacity of 20 
kg in 5 minutes. 
 The design criteria, customer demands, and 
wishes were grabbed clearly and then used as a 
voice of the customer ought to be fulfilled through 
this design. Observing the electrical wiring system, 
this design confirms taking safe and proper action. 
At the end of the study, some critical simulations, 
such as mechanical and airflow simulations, were 
conducted to verify the previous steps had been 
performed and produced the real right things. 
 
 
4.  CONCLUSION 
 
  Then it will be reviewed to ensure the level 
of originality. The design of the dryer with a 
capacity of 20 kg, dimensions of 680x 480 x 
967.12 mm3 with a mass of 21.93 kg, can be 

driven by a motor of 1 HP, a torque of 5.08 Nm, 
and rotation of 1500 rpm. This drying machine is 
able to make 20 kg of the bolt a quality dry for 5 
minutes. Undoubtedly faster than drying time with 
a natural process that takes about 15-60 minutes. 
This solution is able to answer the problem and 
provide a better and more proper solution. This 
machine has better efficiency ranging from 8-33%. 
For further research, future research can use 
automatic control for drying machines on 
electroplating products as the next step of 
research. 
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