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Abstract:  
 

This study presents the development of a locally manufactured solenoid-coil-based door 

lock system for industrial washing machines, addressing the challenges associated with 

imported mechanisms such as high costs, frequent failures, and supply chain delays. 

The solenoid coil design is optimized using Finite Element Analysis (FEA) to achieve 

sufficient electromagnetic force while maintaining energy efficiency. The system 

operates at 24V DC with a nominal current of 0.65A, consuming 15W of power. 

Extensive testing demonstrated the system's reliability and robustness, including 

mechanical durability over 15,000 locking cycles, resilience under high temperature (up 

to 60°C) and humidity (90% RH) conditions, and resistance to forced entry. The results 

validate the system’s ability to meet the stringent demands of industrial environments 

while providing a cost-effective and reliable alternative. This development highlights 

the potential for scalable applications and contributes to advancing local manufacturing 

capabilities for industrial machinery components. 

 

1. Introduction 
The washing machine is considered an important 

system that has significantly changed the washing 

of clothes. In order to completely mechanize the 

physical work of washing clothes, which requires 

high physical effort, many inventors, starting from 

the 19th century, started their design journeys by 

looking for a way to benefit from water or steam 

power, and reached today's technologies with the 

development of electric motors, and there are 

thousands of patents on washing machine design 

[1], [2]. Today, many intensive studies are still 

being carried out on the relevant systems, 

especially on reducing energy consumption and 

environmental impacts [3]. 

Industrial laundries are establishments that process 

laundry in an industrial way by cleaning it with 

large amounts of water and different chemical 

cleaning products. These chemicals are used not 

only to increase the efficiency of the cleaning cycle, 

but also to reduce water and energy costs and 

increase the life of the machines used. The 

customer base is mostly professional companies, 

and the dirty laundry comes from a variety of 

sources, such as hospital linens, hotel linens, 

restaurant towels and tablecloths, work clothes and 

uniforms, shop towels and textiles from beauty 

salons [4]. The use of industrial laundry washing 

machine in the mentioned facilities demands robust 

and reliable components. Among these, door lock 

systems are critical for ensuring safety and 

operational efficiency. Current systems rely on 

imported mechanisms, which pose challenges such 

as supply chain delays, frequent failures, and higher 

costs. When looking at the evaluation and reporting 

of systemic faults in washing machine systems, it is 

seen that seals and door lock systems are among the 

common fault components observed [5]. 

Modern washing machines use a variety of sensors 

and actuators. Some sensors can measure 

parameters and output analog electrical signals. 

http://dergipark.org.tr/en/pub/ijcesen
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Kader Sever, Ali Bakbak, Can Çivi / IJCESEN 11-2(2025)3668-3673 

 

3669 

 

This allows control of water level and temperature, 

spin speed, cycle program, load balancing, child 

lock systems and noise reduction systems. For 

example, a push-button switch is used as a "door 

closed" sensor, which provides a complete circuit 

when the closed door is pressed [6], [7]. Door lock 

mechanisms used for user safety, ensuring the 

correct operation of the device, preventing water 

leakage, electronic and mechanical drying and child 

safety are currently operated by using solenoid coils 

that convert electrical energy into magnetic energy 

[8], [9]. All these mentioned elements show that the 

importance of door lock mechanisms in washing 

machines and their correct design and reliable 

operation are very important. 

Finite Element Analysis method is widely used in 

literature to make calculations to optimize the 

Solenoid Coil design and provide the required 

magnetic force. FEA is an effective method in 

engineering designs and many scientific studies and 

verification applications are carried out on the 

subject [10], [11]. Advanced engineering 

simulation software based on finite elements can 

now provide detailed and comprehensive analyses 

on solenoid coils. Magnetic forces that can be 

created by solenoid coils, examination of the 

changes in these forces with design optimizations, 

sample usage scenarios and especially 

determination of the durability, reliability and 

efficiency of electric lock systems in solenoid coil 

systems, which are discussed in this study, can be 

successfully carried out in the FEA method [12]. 

This study aims to develop a locally produced 

solenoid-coil-based door lock system tailored to the 

demands of industrial environments. By employing 

Finite Element Analysis (FEA), the electromagnetic 

coil was optimized to provide the required force 

while maintaining durability and efficiency. 

Another aim of the study is to achieve the goals of 

providing cost advantage, easy accessibility and 

high quality with a simple, new and original design. 
 

2. Material and Methods 

 
The developed door lock system is specifically 

tailored for industrial washing machines, which 

demand reliable and robust components due to their 

intensive and repetitive use in environments such as 

laundromats, hotels, and hospitals. The lock system 

is designed to address the common issues 

associated with imported mechanisms, including 

frequent failures, supply chain delays, and high 

costs. The system comprises three primary 

components: the solenoid coil, the mechanical 

locking mechanism, and the control unit. Figure 1 

illustrates the industrial washing machine used as 

the test 

 
Figure 1. Industrial washing machine 

 

platform for this study. The solenoid coil is the core 

of the system, converting electrical energy into 

magnetic force to operate the lock. This force 

ensures that the door remains securely locked 

during operation and reliably unlocks when the 

process is complete. The mechanical locking 

mechanism, designed with precision, translates the 

magnetic force into physical motion, ensuring 

smooth and consistent operation over extended 

periods. 

 

 

Figure 2. Close-up view of the washing machine door 

and the solenoid-based locking mechanism 

 

Additionally, the control unit integrates seamlessly 

with the washing machine’s electronics to manage 

the power supplied to the coil and ensure safe, 

efficient operation. Sensors incorporated into the 

system provide real-time feedback on the lock’s 

state, enhancing safety and operational accuracy. 

The close-up view in Figure 2 highlights the door 

and locking mechanism, emphasizing the compact 

and efficient design of the system.  

The developed door lock system consists of several 

critical components that work together to ensure 

reliable and efficient operation in industrial 

washing machines. Figure 3 provides an exploded 

view of the system, detailing each component and 

its role in the overall mechanism. 

The primary components include: 

 Handle and Actuator (1, 2): Facilitates 

the manual operation and mechanical 

interaction of the lock. 

 Housing and Support Plates (3, 7, 8): 
Provides structural integrity and alignment 

for the internal components. 
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Figure 3. Exploded view of the solenoid-based door lock 

system 

 

 Solenoid Coil and Magnetic Steel Part (4, 

5): The core functional components, 

converting electrical energy into magnetic 

force to actuate the lock. 

 Control Unit and Sensors (6, 9, 10): 
Ensures precise operation and feedback for 

safe and effective locking. 

This detailed assembly is designed to meet the 

mechanical and operational demands of industrial 

environments, allowing for easy maintenance and 

high reliability during extended use. 

 

2.1 Solenoid Coil Design 

 

The solenoid coil is a critical component in the 

developed door lock system, responsible for 

generating the electromagnetic force necessary to 

operate the locking mechanism. To ensure optimal 

performance, the coil design is developed and 

analyzed using Finite Element Analysis. The FEA 

simulation enabled detailed exploration of 

electromagnetic properties, providing insights into 

the coil’s behavior under operating conditions and 

ensuring that it could reliably generate the required 

magnetic force of 10 Newtons at a nominal voltage 

of 24V DC. The magnetic force requirement of 10 

Newtons is determined based on design 

considerations and the operational needs of 

industrial washing machine door lock systems. The 

FEA model included the following key 

components: 1- Magnetic Steel Moving Part: 

Responsible for interacting with the generated 

magnetic field to perform the locking and 

unlocking motions. 2- Coil Housing: Provides 

structural support and ensures proper alignment of 

the magnetic flux. 3- Solenoid Coil: Converts 

electrical energy into magnetic force to actuate the 

locking mechanism. A high-quality mesh was 

created for the FEA model to achieve accurate 

 

Figure 4. Finite Element Analysis model and mesh. 

 

results, with refined elements around critical 

regions such as the magnetic steel part and the coil. 

Figure 4 depicts the FEA mesh structure, 

highlighting the solenoid coil, magnetic steel 

moving part, and housing components and the 

density of mesh elements. 

The FEA simulation also provided detailed insights 

into the magnetic field behavior within the system. 

Figure 5 shows the magnetic flux lines, illustrating 

the distribution and intensity of the magnetic field 

generated by the solenoid coil. These flux lines 

ensure the efficient transfer of force to the moving 

magnetic steel part, enabling the locking 

mechanism's operation. 

 

 

Figure 5. Magnetic flux lines generated by the solenoid 

coil, illustrating field distribution and its interaction with 

the moving magnetic steel part. 
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3. Results and Discussions 
 

The system's performance was evaluated by 

analyzing the force generated by the solenoid coil 

over time at an input voltage of 24V DC. As shown 

in Figure 6, the force rapidly increases during the 

initial phase of activation, reaching a peak value of 

approximately 11 Newtons before stabilizing. This 

behavior demonstrates the coil's ability to achieve 

the necessary force within milliseconds, ensuring 

quick and reliable operation of the locking 

mechanism. 

 
Figure 6. Force-time graph at 24V DC 

 

The force-time curve indicates the system's 

responsiveness and efficiency. The rapid force 

buildup ensures the lock engages securely during 

operation, while the stabilization phase confirms 

consistent force output under steady-state 

conditions. The observed decline before 

stabilization is attributed to magnetic saturation 

effects, which are inherent to solenoid-based 

systems but have been minimized through careful 

design optimizations. 

3.1 Testing Protocols 

To ensure the reliability and effectiveness of the 

developed solenoid-based door lock system, a 

comprehensive set of tests was conducted. These 

tests focused on evaluating the system’s electrical 

performance, mechanical durability, environmental 

resilience, and safety under real-world conditions. 

The following subsections provide an overview of 

the methodologies and results for each testing 

phase. 

3.1.1 Electrical Performance Testing 

The first phase of testing aimed to validate the 

electrical performance of the solenoid coil. The coil 

is powered with a nominal input voltage of 24V 

DC, and its current draw and resistance are 

measured to verify compliance with design 

specifications. The measured resistance of the coil 

is 32 ohms, with a tolerance of ±1%, consistent 

with the design requirements. During continuous 

operation, the power consumption is recorded as 

15W, demonstrating the system’s efficiency in 

converting electrical energy into magnetic force. 

This phase confirmed that the solenoid coil could 

operate consistently under nominal electrical 

conditions, providing a stable foundation for further 

testing. 

3.1.2 Mechanical Durability Testing 

The system’s ability to withstand repeated use are 

assessed through mechanical durability testing. 

Over 15,000 locking and unlocking cycles are 

performed, simulating the real-world conditions of 

industrial washing machines. The tests are 

conducted with a 10-second interval between each 

cycle to mimic typical usage patterns. The results 

showed that the locking mechanism maintained its 

structural integrity and operational efficiency 

throughout the test, with no signs of wear or 

mechanical failure. The opening and closing times 

are measured as 400 milliseconds and 240 

milliseconds, respectively, indicating the system’s 

responsiveness and suitability for high-demand 

applications. Figure 7 shows the tested locking 

mechanism during the durability test, highlighting 

its compact and robust design. 

 
 

 Figure 7. The tested solenoid-based door locking 

mechanism, showcasing its compact design and robust 

construction during mechanical durability testing. 

 
3.1.3 Environmental Resilience Testing 

Given the demanding environments in which 

industrial washing machines operate, the lock 

system is subjected to environmental testing to 

evaluate its performance under extreme conditions. 

The system is exposed to a maximum temperature 

of 60°C and 90% relative humidity (non-

condensing) for an extended period. Despite these 

challenging conditions, the lock mechanism 

continued to function reliably, demonstrating its 

suitability for use in humid and high-temperature 

industrial settings. Additionally, the system is 

tested under high-vibration conditions to assess the 

stability of its mechanical components. The results 

indicated that the connections and structural 
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elements remained secure, with no loss of 

functionality. 

3.1.4 Safety Testing 

Safety is a critical consideration for any locking 

mechanism, particularly in industrial applications. 

The system is evaluated for its resistance to forced 

entry attempts, as well as its behavior during power 

failures. The mechanical structure of the lock 

successfully prevented unauthorized access during 

simulated forced entry scenarios. Furthermore, the 

system is designed to remain securely locked in the 

event of an electrical short circuit, ensuring user 

safety and preventing accidental openings. These 

safety features make the developed lock system a 

reliable solution for industrial washing machines, 

where both operational efficiency and security are 

paramount.  

The comprehensive testing protocols validated the 

reliability, durability, and safety of the solenoid-

based door lock system. The results indicate that 

the system is capable of withstanding the demands 

of industrial environments while maintaining 

consistent performance over extended periods of 

use. 

3.2 Discussion 

The developed solenoid-based door lock system 

successfully addresses the limitations of imported 

mechanisms by offering a reliable, cost-effective, 

and locally manufactured alternative. The 

comprehensive testing protocols validated its 

suitability for industrial washing machines, 

demonstrating high mechanical durability, 

consistent electrical performance, and resilience 

under challenging environmental conditions. The 

use of Finite Element Analysis in optimizing the 

solenoid coil design was particularly effective, 

ensuring the generation of sufficient magnetic force 

while maintaining energy efficiency. Moreover, the 

system’s safety features, such as resistance to 

forced entry and secure locking during power 

failures, highlight its robust design and operational 

reliability. These results suggest that the developed 

system is not only an improved replacement for 

existing solutions but also a scalable option for 

broader industrial applications. Future studies could 

explore the integration of advanced sensor 

technologies for real-time feedback and the 

adaptation of the design for other heavy-duty 

machinery, further enhancing the system’s 

versatility and market potential. 

 

4. Conclusions 

 

This study successfully developed and validated a 

solenoid-coil-based door lock system designed 

specifically for industrial washing machines. The 

system addresses the limitations of imported 

mechanisms by providing a locally manufactured, 

cost-effective, and reliable alternative. Through the 

use of FEA, the solenoid coil design is optimized to 

achieve sufficient electromagnetic force while 

maintaining energy efficiency. Comprehensive 

testing confirmed the system's robustness, including 

mechanical durability over 15,000 cycles, resilience 

under high temperature and humidity conditions, 

and safety against forced entry and electrical 

failures. 

The results demonstrate that the developed system 

meets the stringent demands of industrial 

environments, offering a secure and efficient 

locking solution. Furthermore, its modular and 

scalable design opens the potential for application 

in other industrial machinery. Future work could 

explore the integration of advanced feedback 

systems, as well as adaptations for different 

operational requirements, to further enhance the 

versatility and marketability of the system. This 

development not only contributes to the local 

manufacturing industry but also paves the way for 

innovative solutions in electromagnetic locking 

mechanisms. 
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