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Abstract: In recent decades, it has become commonplace to automate assembly operations, often linked to production technologies within a 

single flexible production and assembly system. Assembly has a significant impact on global production, both in terms of its share of the total 

production cost of assembled products and in terms of the number of people employed in this area. The challenge for scientific and technical 

intelligence is to rapidly acquire production and assembly know-how to achieve target parameters in the shortest possible time. The use of 

all machinery and equipment forces people to think about how to use energy in the most efficient way, with the least possible loss, either in 

terms of money or in terms of energy. Every year the cost of energy increases, whether due to depletion of supplies or climate changes. 

Compressed air leaks are a serious problem in many industrial and manufacturing environments. These leaks not only increase operating 

costs but can also have a negative impact on the environment and the health of workers. Compressed air is the most expensive medium and 

when all basic costs are included, compressed air is many times more expensive than the equivalent of electricity. Therefore, it is necessary 

to analyse how to prevent high losses in the industry.  
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1. Introduction 

The impact of complex automation is also influencing the 

development of engineering. Today, complex automation is the 

basis of almost every production and assembly system. Industrial 

production is currently at the crossroads of two development stages. 

The stage that was a huge boom is coming to an end as computers 

and also electronic and information systems control industries. 

However, into this automation were also involved humans who 

have had to program logic drivers, robots and the rest. The new 

industrial revolution is referred to as the era of digitalization, in 

which industries are being transformed by intelligent machines, data 

collection processes and artificial intelligence that can make 

autonomous decisions in real-time. 

The impact of such developments in production and assembly 

technology is leading companies around the world to increasingly 

focus on flexible automation. Such a system includes technological 

workstations, which in many cases are fully automated handling 

systems, transport systems, storage systems, control systems and 

other auxiliary equipment. In recent decades, it has become 

commonplace to automate assembly operations, often linked to 

production technologies, within a single flexible production and 

assembly system. The functionality of the entire production and 

assembly system must be designed, tracked and set up for efficient 

production. Component wear or system unreliability can cause 

losses that need to be tracked and then eliminated. If air is used as 

the medium for the work process of the assets within the production 

and assembly systems, this medium must be monitored and 

recorded for potential losses and leaks. 

2. Process of Design and Manufacture of 

Production and Assembly Line 

When designing and manufacturing production and assembly 

lines, it is important to have a clear idea of the process that the 

production and assembly line will go through.  

A process is defined as a logical sequence of activities and steps 

that are designed and implemented to achieve a specific output or 

result. A process in an enterprise has a clearly defined beginning, 

flow and end, with linkages to other processes. It is important to 

analyse the outputs of a process and ensure that the inputs and 

outputs between processes are identical. Each process has a 'process 

card' which provides detailed information on the process name, 

process operator, inputs, outputs, previous processes, following 

processes, resources, etc. Defining the objectives and measurable 

indicators of the process are key to its successful implementation 

and monitoring of results. The resources required to implement the 

processes should be used optimally to achieve maximum process 

efficiency. Process mapping is an important element for a better 

understanding and significant improvement of processes [1, 2].  

2.1 Process Mapping 

Process mapping is a proven analytical and communication tool 

designed to optimize current processes and introduce a new 

process-oriented company structure.  

A process map (Figure 1), also known as a flow diagram, is a 

tool for visualising processes and their individual steps. A process 

map starts by identifying the inputs and outputs of a process. Inputs 

may include raw materials, labour, financial resources, etc., while 

outputs may be finished products, semi-finished products, or other 

output products of the process. Thereafter, the sequence of steps 

required to achieve the process objectives is mapped. These steps 

include the individual workstations and machines that are part of the 

production process. The process map includes information about the 

time requirements that are associated with each step of the process 

and also information about the responsibilities for each step [3, 4, 

5]. 

2.2 Project management of the design and production 

of a production and assembly line 

When designing and setting up a production and assembly line, 

the line goes through a large number of different processes that 

build on each other. Project management is a process aimed at 

managing the acquisition of projects and the development of 

processes and products to ensure efficient industrialisation. 

To incorporate a process, the following information must be 

defined:  

 Previous project management processes - e.g. strategic 

planning, marketing, management of business activities.  

 Inputs - customer documentation, request for quotation, 

customer requirements.  

 Outputs - the product that meets customer requirements, 

optimised project profitability.  

 Subsequent processes - maintenance of the line, 

customer satisfaction assessment, management of 

business activities.  

 Resources - staff, infrastructure, hardware, software [6, 

7]. 

2.3 Conceptual Description of the Steps in the Design 

and Construction of the Production and Assembly Line 

At the beginning of each design of a new production and 

assembly line, the customer places an order. All available design 

documentation provided by the customer must be reviewed by the 

project manager. If the project is feasible, the order is confirmed. 

After these initial steps, meetings are convened to discuss and agree 

on the technical specifications of the production and assembly line, 

both internally and externally with the customer. 
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Fig. 1 Flow diagram of processes and steps 

 

The integration of people into the team by the heads of each 

department for a specific project occurs as soon as the order is 

approved by the project manager together with the customer. Once 

the team is formed, an initial meeting is called where the 

requirements and details of the future production and assembly line 

are discussed for the first time within the team. After the meeting, 

various management plans are prepared. At each point and at each 

stage of the project, a management plan and a register of potential 

risks must also be prepared. 

This moves the project into the design phase. The project 

manager is tasked with communicating with the client and then 

relaying information from the client to specific departments. The 

design department is tasked with delivering the brief in all its 

aspects, within the specified time and budget. It also has the task of 

communicating with the client and submitting proposals at specified 

intervals. The basic design phase includes the initial conceptual and 

functional design of the production and assembly line. After 

incorporating any changes requested by the customer, the basic 

design of the project is submitted to the customer for approval. This 

is the design freeze and the detailed design is implemented in the 

next phase. When the detailed design is created, the material budget 

is also checked for compliance. The final stage of the design, after 

customer approval, is the production of drawings and their 

submission to the assembly and production department. 

The purchasing and production phases run in parallel. The 

production department works on parts that do not need to be 

purchased but can be manufactured, thus saving the budget and 

eliminating the lead time that would have been incurred by 

purchasing these parts. In the purchasing phase, materials and parts 

are ordered according to the schedule. The purchasing department is 

responsible for delivering the material according to the project 

schedule. If some items, such as industrial robots, have longer lead 

times, they can be ordered during the design phase. 

Once the items are received from the production and purchasing 

departments, the assembly phase begins. In this phase, all the 

delivered items are assembled into a single unit according to the 

relevant documentation. The assembly phase also includes 

debugging. After debugging and assembly inspection, the 

production and assembly line is ready for export. However, no 

production line can be delivered to the customer without a FAT 

(Factory Acceptance Test). This test is a comprehensive 

functionality check and includes software debugging of the line. 

If the FAT test is successful, there is nothing stopping the 

production and assembly line from transporting it to the customer. 

Transport can be internal or external. For external transport, 

information about the load, such as weight and maximum 

dimensions, is required. Once the production and assembly line has 

been transported to the customer, external assembly takes place. 

External assembly takes place at the customer's site. Once all 

parts have been assembled, the machine is tested for safety on site. 

Documents are then handed over to the customer. 

The final handover of the production and assembly line to the 

customer is followed by a SAT test (Site Acceptance Test). After 

approval, all acceptance documents are signed and the handover 

process is complete. 

At the end of the project, there is one final point, the project 

closure, where the whole design and production process is evaluated 

retrospectively and lessons learned are written down for future 

projects. 

With the definitive closure of the project and the accompanying 

documentation, the production line is ready for management, which 

must comply with the company's warranty conditions. Service and 

warranty repairs are then handled and covered by the service 

department. 

3. Compressed Air as a Working Medium on 

Production and Assembly Lines  

Compressed air is used extensively in all areas of industry, 

commerce and everyday life. The possible applications are varied 

and extensive. Methods of technical use: 

 Compressed air transport in mechanisation and 

automation 

 Clamping with compressed air 

 Compressed air spraying  

 Pneumatic drive systems  

 Compressed air blowing 

 Compressed air testing and inspection  

 Using compressed air for process control 
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The use of compressed air as a medium has its advantages but 

also disadvantages. Proper treatment of compressed air will result in 

the following benefits: 

 Increased durability of consumer equipment. 

 Consistent product quality. 

 Pneumatic piping without condensation and rust. 

 Reduced breakdowns. 

 Reduced service costs. 

 Reduced pressure loss due to leakage and flow resistance. 

 Reduced energy consumption due to reduced pressure loss 

[8, 9]. 

However, if a situation arises where dirt and water from the 

atmospheric air remain in the compressed air, the consequences can 

be unpleasant. This applies to pipework and consumer equipment, 

but manufactured products can also be adversely affected if the 

quality of the compressed air is poor. In some applications, the use 

of compressed air without proper treatment is dangerous and poses 

a health risk. 

3.1 Air, Air Leaks and Air Monitoring 

Compressed air loss is the consumption of air (leakage) in the 

piping without work being done. These losses can reach 25% of the 

volume losses of the compressor under unfavourable conditions. 

The causes are many: 

 Leaking valves 

 Leaking bolted and flanged joints 

 Leaking welding or brazing joints 

 Damaged hoses and hose connections 

 Defective solenoid valves 

 Stuck float drains 

 Improperly installed dryers, filters and service equipment 

 Loose couplings 

Leaks in the pipework act as nozzles from which compressed 

air escapes at high velocity. These leaks consume compressed air 24 

hours a day. The energy required to compensate for this loss can be 

significant. It does not cause physical injury, but the resulting costs 

can seriously reduce the cost-effectiveness of a pneumatic system.  

In addition to being a source of wasted energy, leaks can 

contribute to other operational losses such as: 

 Loss of productivity: If tools are not getting the right 

amount of air, they will not work efficiently. Employees 

may take longer to complete a task due to a lack of power, 

or they may struggle to get the results they need. 

 Increased downtime: With air compressor leaks comes 

air compressor repair. The more the system is down, the 

less work can be done. Maintenance replaces production 

time.  

 Increased capacity: If more air is needed than the leaky 

system can handle, more capacity must be added to 

compensate for the leak. This addition increases the 

electrical charge and can wear out the system more 

quickly [10]. 

 

3.2 Identifications of Air Leaks in the Industry  

When an air leak is suspected in production and assembly 

systems, the leak identification phase can be initiated. There are a 

number of ways to identify leaks and the choice of the appropriate 

method is influenced by a variety of factors.   

Determining leakage by emptying the vessel - this method of 

measurement is only suitable for compressed air systems where the 

pipe network is less than 10% of the volume of the vessel. 

Otherwise, the inaccuracy of the measurement will be too high. The 

following formula is used to roughly quantify the leakage volume. 

Determining leakage by measuring compressor duty cycle - 

appliances on the network are shut down. Due to a leak in the 

system, compressed air is consumed and the pressure in the network 

drops. This amount of leakage must be replaced by the compressor. 

The total running time of the compressor is measured over a period 

of time. To obtain a meaningful result, the measurement period 

should include at least 5 compressor switching intervals. 

Hissing Air Detection by Sound - Leaking air can be heard 

and felt by touch [11]. 

Soapy water detection - A method using a spray bottle filled 

with mild soapy water. It is a cheap and easy way to find leaks. 

Simply spray the system connections with soapy water [12].  

Ultrasonic method - Specialised equipment and a qualified 

technician should be used to detect compressed air leaks reliably 

and as quickly as possible, especially in noisy environments. 

Ultrasonic leak detection equipment is the best tool for identifying 

leaks. Its regular use can help maintain a consistent and high level 

of compressed air system functionality. Regular leak checks reduce 

wasted energy, unnecessary wear and tear on air compressors and 

help prevent air compressor downtime. The form of ultrasonic 

technology used to detect compressed air leaks is in-air ultrasonics. 

Air ultrasonic is defined as high-frequency sound waves that are 

above the range of normal human hearing. Most ultrasonic 

equipment is capable of receiving or detecting high-frequency 

ultrasonic sound waves in the frequency range of 20 kHz to 100 

kHz. For ultrasonic leak detection, an ultrasonic device with 

frequency tuning capability is recommended and the suggested 

frequency setting is 40 kHz. In compressed air and gas leak 

detection, the source of ultrasound is turbulence. When compressed 

air flows through a pipe, it moves in a laminar flow. This type of 

flow means that all particles flow in the same direction and in 

parallel. If there is a leak in the pipe, the air flow around the leak 

changes to turbulent flow. The air does not flow in the same 

direction. This turbulent air creates noise which is interpreted by 

ultrasonic detectors. The detector works in one of two ways. Either 

it is connected to headphones and produces a sound that gets louder 

when there is a leak, or it has a screen that displays the ultrasonic 

waves. The wave will change significantly as the sound gets louder. 

A representation of turbulent and laminar flow can be seen in 

Figure 2 [13, 14].  

 
Fig. 2 Graph of turbulent and laminar flow representation 

 

Other sources of high-frequency noise include ionisation, 

friction and impact. Ionisation occurs in electrical components 

when the air around an electrical connection becomes a conductor, 

producing a constant 'hum'. A by-product of the ionisation process 

is nitric acid. Therefore, if ionisation is allowed to continue 

unchecked, the nitric acid will corrode and degrade the connections, 

leading to more severe failure conditions. 

A particular type of device used in the industry is called the 

SONAPHONE Pocket from Sonotec, shown in Figure 3. 
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Fig. 3 SONAPHONE Pocket from Sonotec 

3.3 Measures to Minimise Compressed Air Losses 

Refurbishment of the compressed air network - if the amount of 

leakage found in the compressed air network is significantly higher, 

refurbishment of the network should be considered. When 

refurbishing the pneumatic system, measures should be taken to 

reduce compressed air losses: 

 Replace leaking valves, leaking hoses and hose 

couplings 

 Weld leaking pipework 

 Improve compressed air treatment 

 Remove harmful contaminants such as water, oil and 

dust from the compressed air 

 Inspect solenoid valves [15] 

A common source of compressed air loss that is not technically 

a leak is improper use. When employees use air for a purpose for 

which it is not intended, such as a blower to clean or cool electrical 

panels or cabinets, they create another source of energy loss. 

Alternative uses must be identified and workers should be allowed 

to use more efficient and appropriate tools for the job. These tools 

may include utility nozzles designed specifically for the task or 

cooling units designed for electrical panels or cabinets. This will 

allow employees to use less energy and can help take some of the 

load off the air compressor system. 

Another measure to reduce compressed air consumption is the 

design of leak detection software. The leak detection software 

includes introduction of leak prevention checks using mobile 

software: 

 A software/database to flag regular leaks 

 A software/database to locate, identify and repair leaks 

 

The FESS portal is such software. The FESS Portal is an online 

tool for documenting and managing energy savings data and its 

benefits are: 

 Immediate access to results - no need to wait for a 

service report, all activities can be documented 

immediately. 

 Worldwide availability of results - an advantage for 

international companies where one report is available to 

all authorized staff. 

 Ideal for recurring services - benchmarking results and 

transparent documentation of savings. 

There are several key elements required for a successful leakage 

elimination software, which are listed below: 

 Compressed air consumption baseline data 

 Assessment of leakage losses 

 Air leak costing 

 Identify leaks 

 Document the leaks 

 Prioritise repair of leaks 

 Document repairs 

 Compare baselines and publish results [16] 

A proper and functioning leak repair program for compressed 

air systems is critical to maintaining the efficiency, reliability, 

stability and cost-effectiveness of any compressed air system. 

System identification and logging of fault/leak information provide 

information on the nature and cause of leaks and the repairs 

required, helping users to establish a systematic and sustainable leak 

management program. 

3.4 Identification of Air Leaks in Relation to the 

Available Pneumatic Control Scheme 

Identification begins with a description of all the pneumatically 

actuated components, their different types, the operating principle 

and examples of the use of these basic automation elements. The 

identification of the main reference objects, which are most often 

identified as the cause of air leakage, is included in the design part 

of the universal air leakage measurement principle. Based on the 

maximum allowable leakage value 𝑄𝐿𝑚𝑎𝑥=10 𝑚𝑙.𝑚𝑖𝑛-1, the 

pressure drop identification and flow measurement methods shall be 

specified.  

The input data is the basis for selecting the appropriate flow 

measurement method using a flow meter. There are a large number 

of flowmeters on the market that operate on different principles. 

One of these, for example, is the thermal mass flowmeter, which is 

the most resistant to unforeseen pressure changes in the measuring 

system. It can provide accurate measurements of leakage air flow 

[17]. 

The pneumatic circuit shown in Figure 4 is a universal 

connection between the logic link compression device and the 

pneumatic circuit, which can be used to test any pneumatic 

component. It is necessary to determine the appropriate locations 

where it would be appropriate to use mechanical regulators or 

regulators with adjustable output pressure. 

4. Conclusion  

Air leakage testing is an essential part of the manufacturing and 

assembly process of pneumatic components by which any 

manufacturer will want to ensure the required quality and proper 

functioning of the product. Identifying air leaks is important for the 

proper functioning of the system and is also essential for saving 

financial costs for the company. Some of the basic measures that 

could be taken are: 

 Reducing inappropriate use of compressed air 

 Reducing the pressure in the compressors, reducing the 

temperature of the intake air 

 Ensure adequate storage capacity 

 Recovering waste heat from the air compressor 

 Reducing leakage 
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Fig. 4 Pneumatic circuit of pressing process 
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