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Abstract. With the air leakage test methods, the leakage tests of the products that are required to 
be leakproof are carried out. This leakage test starts with placing the product on a fixture. The 
in-ternal pressure is increased by filling compressed air into the product placed in the Fixture. The 
product is filled with compressed air up to a previously calculated test pressure value. After the 
test pressure value is reached for the desired product, the air filling process is completed, and the 
stabilization period begins. At the end of this period, information about the leakage of the product 
is obtained, depending on whether there is a change in the internal pressure of the product. In order 
to fill the product with compressed air, there must be an air hole on the product. Products without 
this air hole cannot be tested with these methods. With the new method we will develop, it will be 
possible to test the leakage of closed products without atmosphere-air connection.  
Keywords: leakage, air leakage control, leakage test. 

1. Introduction 

Leakage elements are used at many points both in industry and in everyday life. Depending on 
the operating conditions, many standard leakage elements can be selected and used according to 
the appropriate parameters from the catalogs, but leakage elements that need to be produced 
specifically for special non-standard applications are also widely used. The concept of leakage 
can basically be defined as preventing and controlling the passage of fluid through the contact 
area between two media. Whether the working environment is static or dynamic for leakage is 
examined by different analyzes and the appropriate sealing elements are selected [1]. 

Air leakage means that the products that are desired to be impermeable keep the air inside the 
structure with a constant pressure. [2] The life of these products depends on making this 
stabilization. [3]. The most well-known product can be shown the table tennis ball. The material 
of these products can be plastic, iron, brass, etc. pipes, vehicle exhausts, bags, pet bottles, balls, 
hybrid structures. These products are produced with different production methods and the devices 
that perform their air leakage tests are actively used. There are many different leakage methods 
used in the industry. In the literature, three different methods have been found to measure the air 
leakage value. These are fan pressurization, tracer gas and pulse [4]. The fan pressurization 
method is mostly used to examine the sealing conditions of high-rise structures. Fan pressurization 
is the most commonly used method in practice to achieve an air leakage value (ALV) [5]. In its 
simplest form, this method is based on measuring the constant pressure difference (usually 50 Pa) 
created between the indoor and outdoor environment and the air flow rate passing through the fan 
with the help of a fan mounted on a portable-adjustable door [6]. The fan pressurization method 
was first used to determine the leakage of the building shell by using a fan fixed on the window. 
The same technique was then used to detect and repair air loss-leaks in the building shell with the 
help of a fan fixed to the door with the help of a fan fixed to the window. For this reason, this 
method is often known informally as the blower door, or more technically as the fan pressurization 
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method [7], [8].  
Leak tests are carried out on glass windows [9], buildings [10], air ducts [11], bellows [12]. 

The test method to be applied in order to obtain the air leakage value of the volumes with a single 
thermal zone will be mentioned. In some cases, it may also be necessary to calculate the air leakage 
value of volumes with multiple thermal zones. There are also widely used approaches for this.  

The tracer gas method is a method based on measuring the change over time of a special gas 
that is filled homogeneously into the volume to be determined by the air leakage value. Some 
tracer gas leakage test methods include helium mass spectrometry, hydrogen leakage testing and 
refrigerant gas leakage for cooling applications. As a basic logic, in gas leakage tests, gas 
impregnation is made to the parts to be tested for leakage. These gases are then detected by means 
of sensors and leaky products are detected. 

The pulse method is based on measuring the instantaneous (1-2 second) pressure and volume 
change created by the release of previously compressed air using a piston cylinder assembly [5]. 

Table tennis ball is one of the products that must be absolutely leakage. Air leakage of this 
product causes many problems. In particular, aerodynamic factors must be at a good level [2], [3]. 
A damaged and leakage ball cannot achieve this. This is done both mechanically and software. 
[13]–[16]. 

In the product test with the classical air leakager method, the products have parts that are open 
to the atmosphere and compressed air is supplied from these places, then the air supply is stopped, 
the change value in the compressed air in the product to be tested is checked with the sensor after 
stopping. If this value is more than the critical value, it is decided that the product does not meet 
the desired conditions. It is not possible to test products that do not have an openness to the 
atmosphere, in other words, cannot be filled with air with this classical method. The method we 
will develop will overcome this situation. 

In this article, it is the realization of air leakage tests of products that cannot be tested by the 
classical air leakage method. With this system we have developed, it is possible to test the products 
that cannot be tested for leakage by standard methods in the industry by air leakage method. 

2. Materials and methods 

Leakage tests are the tests that are subjected to after the production of products that do not 
want to be leakage. Air leakage tests include air leakage tests of manufactured products. These 
tests are based on monitoring the pressure change as a result of air inflation of the products to be 
tested. The product planned to be tested is filled with air with a pressure that will not deform the 
product. This filling process continues until the formation of a certain pressure. Then the pressure 
change is monitored for the time considered as the stabilization time. If a certain pressure change 
is not visible in the product, the product is said to be intact. This test can be carried out in the test 
of products that have a hole in which air will be filled. The air is filled through this hole. After the 
filling process is finished, the airway is closed and the air pressure value of the product inside is 
examined. While there is no serious pressure change in robust products, a serious pressure drop is 
detected in faulty products. In this way, the defective and error-free product is extracted. 

Basic scientific approaches are examined as the first stage of system design. Although many 
theories shed light on our work on this subject, 2 basic laws have been discussed. Boyle and 
Mariotte's gas law and the Ideal Gas Equations were used in the development of the study: 

𝑉 = 𝑓ሺ𝑇,𝑃,𝑛ሻ,    𝑑𝑉 = 𝜕𝑉𝜕𝑇 𝑑𝑇 + 𝜕𝑉𝜕𝑃 𝑑𝑃 + 𝜕𝑉𝜕𝑛 𝑑𝑛,    𝑑𝑉𝑉 = 𝑑𝑇𝑇 −  𝑑𝑃𝑃 + 𝑑𝑛𝑛 , න 𝑑𝑉𝑉௏మ௏భ = න 𝑑𝑇𝑇మ்
భ் − න 𝑑𝑃𝑃௉మ௉భ + න 𝑑𝑛𝑛௡మ௡భ ,    ln𝑉ଶ𝑉ଵ = ln𝑇ଶ𝑇ଵ −  ln𝑃ଶ𝑃ଵ + ln𝑛ଶ𝑛ଵ, ln𝑉ଶ𝑉ଵ = ln𝑇ଶ𝑃ଵ𝑛ଶ𝑇ଵ𝑃ଶ𝑛ଵ ,    𝑃ଵ𝑉ଵ𝑛ଵ𝑇ଵ = 𝑃ଶ𝑉ଶ𝑛ଶ𝑇ଶ ,    𝑃𝑉 = 𝑛𝑅𝑇,    𝑅 = 8.3145 𝐽 𝑚𝑜𝑙 𝐾⁄ . (1)
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When the tracer gas methods are examined, vacuum is applied to the volume of the product to 
be tested first to perform a leakage test of products that do not have an openness to the atmosphere. 
This vacuum also affects the product in volume. The scheme of the measurement system we have 
developed is given in Fig. 1. 

 
Fig. 1. Vacuum method pneumatic scheme 

In the method we are developing, hydrogen, helium gas or any other gas is not used as shown 
in Fig. 2. In the operation, 2 areas with identical volume were created in 2 containers. These two 
identical volumes are connected to each other by means of a valve. One of the identical volumes 
is filled with gas at a certain pressure. The ideal gas law is referenced here. 

 
Fig. 2. Connection diagram between containers 

Container 1: There is pressurized air in this container. 
Container 2: This container contains atmospheric pressure.  
The sealed valve located between container 1 and container 2 allows the air in container 1 to 

be transferred to container 2. 
Under these conditions, a constant pressure is created in container 1. When the valve between 

the two containers is opened, the number of moles is constant, since there is no gas addition to the 
medium. Likewise the temperature can be considered equal for the first and last state. If we express 
this situation with the formula: 𝑃ଵ𝑉ଵ𝑛ଵ𝑇ଵ = 𝑃்𝑉𝑛்𝑇் ,    𝑛ଵ = 𝑛் ,    𝑇ଵ = 𝑇் . (2)

If one of the two identical container is 𝑃ଵ filled with compressed air and the valve in between 
is opened, the final pressure will become: 𝑉ଵ = 𝑉ଶ = 𝑉,     𝑉 = 2𝑉,    𝑃் = 𝑃ଵ2 . (3)

After all, if the test product that has a volume nearly the container volume is put into container 



AIR LEAKAGE TEST SYSTEM FOR PRODUCT WITHOUT ATMOSPHERE AIR CONNECTION.  
İBRAHIM TEMIZ, AHMET FEYZIOĞLU, MEHMET FATIH ÇELEBI, SEZGIN ERSOY 

30 JOURNAL OF MECHATRONICS AND ARTIFICIAL INTELLIGENCE IN ENGINEERING. JUNE 2023, VOLUME 4, ISSUE 1  

2 and the valve in between is open, 𝑃் pressure will be more than 𝑃ଵ 2⁄  and near to 𝑃ଵ. 
If the faulty product that have a hole, put into the container 2 and then the valve in between is 

opened, 𝑃் will be almost 𝑃ଵ. In this way, the air leakage controls of the products will be provided. 

3. Air leakage test system design 

System operation: The pressure of the air coming into the device is reduced between  
500-750 mbar with the regulator. Compressed air follows the main air inlet line to the air leak less 
valve I. If the air leak less valve I, the air fills to the same volume. We have a pressure sensor on 
this airline. We read the pressure value of the same volume. Then the air leak less valve II is 
opened, and compressed air is filled into the test volume. After the test volume is filled with air, a 
pressure reading is performed by waiting for a certain period of time. The decision is made by 
comparing the data obtained from this pressure reading process with the results from previous 
tests. 

If we open the connection between the same volume and the test volume directly, the pressure 
value of the same volume drops to half. When we put a faulty pinp pong ball in the test volume, 
the pressure value drops to about half of the same volume pressure value. Because air fills into the 
ping pong ball. 

If a solid ping pong ball is placed in the test volume, the pressure value read in the same volume 
will not decrease to half the value since air cannot be filled into the ping pong ball. In this way, 
faulty and faultless ping pong balls will be sorted out. 

The design of the system was carried out through Solidworks software. The system main body 
is st37 sheet metal. Sheet metal is styled by metal bending. System view is pre-sented in Fig. 3. 

Programmable logic controller (PLC) is a microcomputer system that processes the 
in-formation it receives from the sensors according to the program given to it and transfers the 
results to the work elements. It has been developed to eliminate the troublesome parts of the 
controls made with relay cards. Over time, its properties have been improved and made available 
in industrial control areas for purposes such as sequential control, motion control (linear and rotary 
motion control), process control (temperature, pressure, humidity, speed), data management (data 
collection, monitoring and reporting about machinery or process). 

 
Fig. 3. Control unit components 
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PLC is a special computer used to control operators such as manufacturing lines or machines 
in factories. It has a microprocessor inside and can be used to program complex systems. The main 
difference from personal computers (PC) is that the signal inputs and outputs are worked and 
processed. Unlike general-use computers, PLCs are ar-ranged to have many inputs and outputs 
and are designed to be more resistant to electrical noises, temperature differences, mechanical 
shocks, and vibrations. Programs suitable for the operation of the system to be inspected are 
installed on PLCs. PLC programs scan the input information rapidly in milliseconds and work in 
a way that responds to the appropriate output information in close to real time. [2]. Automatic 
control systems provide various advantages to enterprises in terms of speed, security, flexibility 
of use, product quality and number of personnel. Today, the most effective system that provides 
these advantages is PLC or PC based control systems. An electronic system that works 
numerically in PLC inspection is provided in industrial environmental conditions. This electronic 
system controls many types of machines or processes thanks to digital or analogue input/output 
modules. 

 
Fig. 4. Pneumatic scheme of the system 

Although the cost of microprocessors is lower, the reason why PLCs are preferred is; 
minimizes the time to be spent on electronic design. At the same time, they are ready-made 
solutions that can work without being affected by the difficult conditions (magnetic field, large 
temperature differences, dust, etc.) that industrial environments have. 

There are PLCs with enough Input/Output numbers to load all the automation jobs of a factory. 
When necessary, additional input-output modules, RS232, RS485, modem, ethernet 
communication modules can be added to the PLCs developed today in modular structure. With 
such features, the existing structure can be improved. In addition, many models have ready-made 
ON-OFF, PID, Fuzzy etc. controllers for process control as standard. 

  
Fig. 5. Siemens KTP700 basic panel 
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Siemens KTP700 panel used shown in Fig. 5. A simple interface has been created in the system 
to ensure test operations. Depending on the PLC used for the Controller Software, the Siemens 
TiaPortal software was used. Panel Software is made with Siemens TiaPortal software because 
Siemens KTP700 is used. 

4. Experimental 

Two ping-pong balls were used in the system experiment. One of the ping-pong balls was 
pierced with a needle to obtain a faulty ping-pong ball. There is no hole in the other ping-pong 
ball. This ping-pong ball will be expressed as intact. 

  
Fig. 6. Faulty ping-pong ball and intact ping-pong ball 

A plastic, capped, cylindrical volume was used as the test volume in which the ping-pong ball 
will be placed for the test. 

 
Fig. 7. Test equipment development (The device was manufactured by İbrahim Temiz  

in his own company. The pressure vessel was formed by the metal sheet bending method  
and the touch screen was placed on the front of the box) 

5. Results 

The data obtained as a result of the experiment are given in this section. By operating the 
device without the product to be tested in the system, the formation of equal volumes was checked.  

In the experimental application, 10 measurements were made with the device. The value 
received without opening the valve between the same volumes and the values taken after the valve 
opening were proportional. In the experimental operation, data on the intact ball were first 
collected. Experiments on the system were repeated 9 times. Then the data for faulty ball and 
intact ball were obtained by 9 repeated experiments. 

The average of the differences between the initial pressure and final pressure values of the 
balls is given as follows. 

The results obtained were evaluated by non-parametic test. The data obtained show that the 
average of the pressure differences between the reference value and the intact ball was found to 
be significantly different. Reference – Intact ball data based on Mann Whitney U test results. 

The U-value is 0. The critical value of U at 𝑝 ൏ 0.01 is 19. Therefore, the result is significant 
at 𝑝 ൏ 0.01. The z-score is 3.74185. The p-value is 0.00009. The result is significant at 𝑝 ൏ 0.01. 

When the results of the Mann Whitney U test are examined, the relationship between the burst 
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ball values and the reference values: The U-value is 149. The critical value of U at 𝑝 ൏ 0.01 is 92. 
Therefore, the result is not significant at 𝑝 ൏ 0.01. The z-score is 0.89168. The 𝑝-value is 0.37346. 
The result is not significant at 𝑝 ൏ 0.01. 

The results of the statistical analysis show that the data between the bowl and the exploded 
ball are close to each other. Intact ball measurement results differ from these results and show that 
there is a significant value difference. 

 
Fig. 8. The average pressure differences of the balls 

 
Fig. 9. Results of the repeated test 

6. Conclusions 

After the measurements made with the device, the pressure drop is up to two empty volumes 
by placing the faulty ping-pong ball in the volume, while this pressure drop is less when the intact 
product is placed. 

Considering all these situations, the air leakage test of products that do not have an openness 
to the atmosphere has been successfully carried out with the developed device. 
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