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Assembly of medium to large electromechanical equipment usually consists of several processes, requiring sometimes varying skills. Most of the equipment and appliances used today include electronics and processing units enclosed in appliance body. The assembly of such equipment often requires a combination of mechanical, electrical and printed circuit board design and assembly. Traditionally, manufacturing and getting each type of the component installation-ready is done separately, by different companies. It is common, for each type of component, being mechanical electronic or PCB being produced offsite and combined by the end manufacturer on site (Manor, 2021).
The final assembly can often be performed manually, once all the manufactured parts are delivered. Sophisticated equipment often includes power distribution, control and processing systems. Majority of electromechanical assemblies include printed circuit boards or use motor control boards to execute equipment functionality. For particularly complicated pieces of equipment, manual assembly is used, where manufactures heavily rely on high skill of technicians. Qualified and multiskilled assemblers perform mechanical assembly, soldering and circuit layout design which allows for most electromechanical assembly manufacturers to reduce productions costs while maintaining quality of the equipment. (Electromechanical Assemblies - A Brief Guide, 2022)
In case of pieces of equipment that are particularly big, fragile, or sensitive fixed position work bench assembly floor layout is used. In this configuration, the piece of equipment that is being assembled is usually placed permanently within the work bench area while technicians, tools and parts are moved to and from the area depending on need and usage. This configuration is popular when the total production volume is low and the quality requirement is high (Guo et al., 2020).  
There are however drawbacks while using fixed workbench approach. While suitable for low volume manufacturing, it can struggle to appropriately scale with ever increasing customer demand and customisation requirements. In addition, the nature of fixed product assembly introduces uneven and unique operating patterns for each work bench. These impediments present a challenge when considering work bench reconfiguration, team wise skill sharing and learning and wait time reduction efforts (Guo et al., 2020).
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In the current commercial landscape, manufacturers have to address several important considerations when thinking to launch a new product or sustain the production of existing models. Time for a product to reach the market is often described as a decisive characteristic: the first few quarters an appliance is on the market can determine the future success of its lifetime. Therefore, ability to meet changing market demands is critical while taking into account the rise in product demand. Continuous and uninterrupted supply of product is often expected from the purchasers. This type of mindset is putting pressure on manufacturing and assembly enterprises. Small volume manufacturers often limit their product refresh cycle, which encourages buying products with newer features. This consequently makes meeting the product demand harder, especially considering the finite supply of production materials. It is therefore reasonable to take into account sustainability and waste reduction requirements to increase production efficiency product quality while meeting the growing demand (Manor, 2021). 
In order to maintain company status on the market, it is common to include smart embedded electronics into appliances. The expanse of utilisation of electronics and inclusion of connecting cross-platform functionalities is therefore driving the demand for wider assortment of components for assembly. Wider range of required components extends the list of supplying companies and often takes the supply chain to a global level. Strive to outsource subcomponent design, production and market fulfilment follows the trend towards globalisation. Inclusion of smart electronic components also brings the de facto rapid innovation requirements that are associated with the area. The field of electronics and software development are one of the fastest developing industry fields, thus manufacturers looking to take advantage are challenged with design and test implications (Manor, 2021).
As the electromechanical appliances become more complex and include wider variety of components, so does the manufacturing and assembly process become more complicated. While moving towards higher production volumes and greater product range, manufacturers face with a challenge of varying operational and implementation characteristics between different components. As an example, printed circuit board (PCB) redesign will be more standardised and may less affect the appliance enclosure design, while the change in mechanical component manufacturer or design will have larger and longer lasting impact on the production. Depending on the component, the assembly and installation are more or less automated, this further increase the levels at which process must be managed (Manor, 2021).
Currently, the development of the product can sometimes take a less organised and synchronised approach. Rapid pace at which enterprises are striving to integrate new technologies and processes is driven by new opportunities in electronics and software development and breakthroughs. Manufacturing methods therefore have trends to move closer to agile types, incentivised by electronic components shortages and multidisciplinary skillsets requirements (Manor, 2021).
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Manufacturers that are involved in end to end equipment manufacturing, have to consider the entire production process as a whole in order to identify avenues for improvement. In context of electromechanical equipment production, that involves PCB assembly, mechanical and electrical component installation and enclosure building. A well designed system for process control and documentation is the good first step to reforming the production process to utilise digital technology and realising improvements (Manor, 2021).
Companies like Siemens offer tools that allow to encompass the production cycle and siloed processes into a single observable process. Such digitized overview of the entire manufacturing process can offer the process management controllers to find ways to optimise and accelerate the process. Digital management tools, allow to integrate digital twins of the process, providing an access to an up to date model. Improved data exchange and representation of process data allows to improve the decisions that are taken during process control and management. Ability to trace the component and material state and undergoing processes, allows to asses production characteristics in short time. Monitoring centres, help to track the manufacturing process, ensuring correct parts and operators with the right skillset are performing the assembly task and if the instructions and manuals are correctly followed. The benefit of such overseeing system is to provide a most up to date production level information to a managerial level, helping to make process decisions and avoiding costly delays and downtimes (Manor, 2021).
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For the assembly of large, fragile and sophisticated equipment, fixed workstation is a convenient layout solution. However, such layout in basic configuration often lets errors and disruptions to the assembly process to take shape. This type of assembly layout is less convenient for technician swapping during assembly, requires constant local stock update as well as prevents efficient utilisation of tools. Often, the spacing around the product under assembly is not sufficient, which impedes ergonomic and comfortable assembly completion (Guo et al., 2020).  
Enabling Industry 4.0 technology, the aim is to achieve a highly flexible work station, where different variants of products can be assembled efficiently. Systems must support technicians with an up to date manuals and instructions so that the best way of assembly can be communicated. Considering growing product variety and customisation options, locations and integration steps for the required materials and components should be provided. This is the purpose of a connected work station, utilising stock information and sensory inputs to provide the correct sequence of operations (Developing the industrial assembly station for Industry 4.0 environment, 2018). 
For the sophisticated assembly operation, highly skilled workers, having multidiscipline skillsets are used. In order to utilise intelligent fixed workstation design and reduce the limitations of such manufacturing layout, wearable interaction systems are proposed. This allows to obtain a digital representation of dynamic interaction with various objects required for assembly. These wearable systems can be used in the from of a virtual reality headset, smart helmets, belts or other garments with enabled tracking and sensing technologies. This allows to bridge physical and digital worlds and provide valuable feedback about the process, provide right set of instruction for the wearer or collect information to feed back into digital model (Guo et al., 2020).  
A growing implication in the developed countries is the aging population trend. The necessity of increasing the retiring age across countries, results in ageing labour force which presents a growing workforce shortage concern. Aging workforce presents a particularly great challenge since activities often involve repetitive motion. As physical ability of the worker start to decline, this has the potential to result in productivity losses. It has been shown that older workforce, due to decline in physical ability, is more likely to have impeded efficiency, slower reaction time and requires longer resting periods (Simonetto, Arena and Peron, 2022).
Despite increasing limitations in range of motion and speed, it has been recorded that older workforce is less likely to make severe errors due to the greater experience. It has been shown that productivity in some cases have not been lowered compared to younger workforce as a result of increased experience. Based on these observations, it is evident that in order to create a best suited workstation design for a given product range assembly, data considering insight from experienced works force should be collected. Having a method of collecting such data, allows to create work station that more ergonomic and can allow to achieve high productivity for workers with varying dexterity levels (Simonetto, Arena and Peron, 2022).
Utilising mocap system and VR headset, can enable more efficient way of designing the workstation. This allows to prototype and optimise the workstation arrangement, within the digital domain and then rapidly test the layout. This method, has the potential to reduce time and resources for workstation adjustments as well as allows to collect feedback from various workers of various experience and operation styles. This way, different workforce demographic can be considered and necessary adjustment to the workstation design implemented (Simonetto, Arena and Peron, 2022).
[bookmark: _Toc104652359]Application of Cobots
Introducing robotics to assembly station, has the potential to increase quality consistency and repeatability of the processes. Introduction of cobots can be considered as this type of robot manipulators is designed with human collaboration in mind. Cobots are equipped with sensors and are tracking their motion monitoring force resistance on each motor. This makes the robot more aware of its travel velocity and acceleration as well as if the robot structure has encountered any obstacles. Due to these precautions, cobots are more safe to operate within the same workspace as humans, however this comes at the cost of operation and manipulation time. Finding the right configuration for cobot application involves carefully studying the application environment  (Developing the industrial assembly station for Industry 4.0 environment, 2018).
Taking an approach of utilising cobots and facilitating collaboration and interaction with humans, necessitates provisions for training for using robotics manipulators. This can be seen advantageous, since utilisation of robots to perform monotonous and repetitive tasks, would allow to reinvent the workstation and enable human operators to concentrate on more creative tasks, adding increased value (Developing the industrial assembly station for Industry 4.0 environment, 2018). 
To be implemented in a workstation layout, programming of the robot has to be explainable and easily reconfigurable to aid within a flexible environment. However , historically creating programmes and updating robot operation was a time consuming and costly process, requiring expert knowledge from robotics integrator or software developer skillsets. Robot programmes are also commonly are created in proprietary programming languages (FEATURE: Is this the end of the assembly line?, 2021). 
Utilising smart manipulators like Wandelbots’ TracePen, which is equipped with motion and orientation tracking capabilities, its possible to use to create custom robot programme without programming skills. Human operator can perform the needed robot motion using the pen in hand, the software then converts the motion of the pen into scripts for the robot to follow along with waypoints through which to move. Such solutions have can be considered when using cobots, however integration with available cobot system is critical consideration (FEATURE: Is this the end of the assembly line?, 2021).
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