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Introduction

One of many definitions of simulation is: "Simulation is the art and science of creating representations of a process or system in order to conduct experiments and assessments". [START_REF] Hopp | Factory Physics[END_REF], [START_REF] Ören | The Many Facets of Simulation through a Collection of about 100 Definitions[END_REF] Simulation methodologies are most often classified by time. [START_REF] Helal | A Hybrid System Dynamics-discrete Event Simulation Approach to Simulating the Manufacturing Enterprise[END_REF], [START_REF] Zeigler | Theory of Modeling and Simulation: integrating discrete event and continuous complex dynamic systems[END_REF] In DESS -Differential Equation System Specification both the states and attributes of the model are being update continuously. In DEVS -Discrete Event System Specification on the other hand, system status is approximated for fixed time periods. Those models may be referred to as time-dependent. System status is recognised using the predetermined time periods, hence attributes and system status may be registered. In case of discrete events, time is registered once system status is changed i.e. at least one attribute of an object changes in the modelled system. Moreover, the DEVS&DESS method combines the two above mentioned methods. Simulation has become a commonly used tool to engineer production systems. [START_REF] Chlebus | The Concept of Intelligent System for Horizontal Transport in a Copper Ore Mine[END_REF], [START_REF] Law | Simulation Modeling and Analysis[END_REF] Modelling by simulation is one of the most important supporting techniques allowing to cut production time of a new product and its market roll-out. Naturally, it is possi-ble to investigate real production systems, however, it is not economically viable. Hence additional steps currently used in production system engineering are building best possible simulation model, its validation and computer simulation, review of obtained results testing whether or not theoretical solutions are in fact effective and if necessary making some adjustments.

Simulation methods

DEVS&DESS Discrete Event & Differential Equation System Specification
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DEVS -Discrete Event System Specification
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Equation System Specification Fig. 1. Classification of simulation methods [START_REF] Zeigler | Theory of Modeling and Simulation: integrating discrete event and continuous complex dynamic systems[END_REF] Combining modelling with simulation in investigating production processes allows among other to:

 streamline processes and eliminate waste of time and resources,  improve efficiency and cut production costs,  analyse and simulate different but critical cases and develop adequate procedures to action,  create excellent environment for training and understanding processes taking place in an organisation. [START_REF] Biniek | Elements of the systems, modelling and simulation theoretics[END_REF], [START_REF] Chlebus | Concept of a Data Exchange Agent System for Automatic Construction of Simulation Models of Manufacturing Processes[END_REF], [START_REF] Ulrich | Product Design and Development[END_REF] Computer simulation is also one of the most important tools for planning production. It allows for addressing market demand in a flexible manner and cut costs of production. [START_REF] Tisza | Recent achievements in computer aided process planning and numerical modelling of sheet metal forming processes[END_REF], [START_REF] Krenczyk | Integration Production Planning and Scheduling Systems for Determination of Transitional Phases in Repetitive Production[END_REF], [START_REF] Westkämper | Fabrikdigitalisierung -Ein angepasster Ansatz für die digitale Fabrikplanungin bestehenden Fabriken und Gebäuden[END_REF] Currently available simulation suites are versatile and userfriendly. The most popular systems are FACTOR/AIM, ProModel, Taylor II, Arena and WITNESS. The most useful features include model building environment using predefined graphical elements, considerably improving the process of building a simulation model. Presented below example projects regarding Technical and Organisational Production Set-up prove it is possible to combine production system simulation techniques with Lean Management tools, here with the Kanban scheduling system. Objective of the project The primary objective of the project was to analyse and streamline material flow for purposes of starting-up electric scooter production line.

Simulation models of investigated production system were based on production plans, drafted prior to starting production. It considered among other adding machinery, increase production capacity, process of production and transport, transport routes, layout, material flow, human resources and means of transport. The main criterion for designing the layout was minimum transporting distance for products and materials.

The project took two stages to complete, which focused on expanding production area, adding machinery and increasing manufacturing capacity. The first stage included modelling current layout of the facilities in order to determine current manufacturing capacity and pin-point bottle necks in production lines. The second stage comprised consecutive model modifications until objective defined for particular production cycle was achieved.

Description of technological process

The main production process if the process of assembly. The scooter, assembled on the main assembly line, is fixed to a carrier platform (Figure 2) which is moved by operators between consecutive workstations.

Fig. 2. Platform for assembling the scooter

The platform for assembling the scooter consists of three independently operating surfaces which are lifted depending on currently assembled element. Material flow along the assembly line was designed to allow preliminary component assembly in side assembly cells (both left and right to the main assembly line) for them later to be directly moved to the point where they would be assembled on the main assembly line. Below schematically represented in the scooter production line (Figure 3). Traffic management workstation is also on the shop floor, which stores all tools necessary for the event of production line failure.

Development and implementation of production system model

ProModel software was used to build the simulation model. Its functionalities enable to effectively simulate production processes by using predefined objects representing workstations, processed goods and production resources [START_REF] Harrell | Simulation Using ProModel[END_REF]. For purposes of discussed project, the graphics library was built with particular attention to details to assure good quality visualisations, whereas the shop floor layout was imported from AutoCad (Figure 4). Advantages of that solution are among other that the scale of investigated workstation layout is retained, thus allowing later, in simulation software, to factor in real distance travelled by production resources during transport along transport routes. For instance, modelling cell 10L included the following activities:

 Worker no 1preliminary assembly and encoder fitting, pressing bushing onto swingarm and transmission gear disassembly,  Worker no 2fitting transmission gear onto the swingarm, screwing the breather on, pouring oil and fixing wheel to the swingarm. That worker also transports the swingarm to the main line and fits it to the frame on the platform,  Worker no 3pressing small bushings into rear rim, fitting tyres and wheel balancing on the balancing machine.

Stage I -as-is state

When building simulation models, it is critical to provide correct data about the modelled production process, e.g. about times of technological operations. Here, time taken by each worker to complete operations at individual stations was measured. Time per each operation was measured three times to calculate an average. Total time of all activities was 354.1 min. Below chart (Figure 6) presents time to completion for operations at individual production cells which were then factored into simulation model. 

Stage II -verification of proposed solutions

Impact of modifications and improvements was tested during consecutive simulations of the production system model in order to determine their effect and achieve the objective of 12 minute cycle time. Types of proposed improvements and their performance is presented in Table 1. The final model factors in all 12 proposed organisational improvements. It was then subject to testing in order to verify viability of proposed changes. The final outcome was that time to completion of technological operations at each individual workstation was lower than assumed cycle time. Chart in figure 7 presents time to completion per operation at individual workstations. Notice, times of consecutive operations at each workstation were lower than the initial target time of 12 minutesthe cross-over point is marked by red line. Some workstations take several minutes, hence one worker can attend to several workstations. For comparing the two simulation models, a function calculating median proved useful. Median for worker utilisation before changes was 24%, whereas after optimisation increase up to 66%approx. threefold. The number of workers in the factory grew from 30 to 42.

Summary

The project objective was to analyse and streamline material flow for purposes of scooter production line. The main criterion was to achieve a 12 minute cycle time.

Reaching target time was possible by making changes to the machinery, increase manufacturing capacity, transport routes and increasing human resources. The graphics received particular attention. Image quality and resemblance with real objects were prioritised. All workstations, processed goods and lengths of transport routes were modelled to be identical in terms of dimensions and shapes with real objects. The underlying idea was to represent technological process comparable to the real system, thus enabling to obtain detailed information about material flow.

The project was completed in two stages. The first stage included building the as-is state model in order to pin-point bottlenecks and validate obtained results. At the second stage proposed solutions were verified by assessing their efficiency.

An additional outcome of the projectapart from achieving target cycle timewas achieving more balanced worker utilisation. Figure 11 presents worker utilisation before and after modifying the production line. Simulation models and data they generated proved very useful for production system engineering. Initial workstation and resources layout allowed for production of 44 scooters per week, producing cycle time of 48 minutes. After reconfiguration, that time was shortened down to 12 minutes, and the number of scooters rolling off production line jumped to 140 units per week, thus increasing utilisation of resources owned by the company.
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Table 1 .

 1 Types of proposed improvements and their effect

				Outcome	
	No.	Improvement	Cycle Time [min]	No of scooters [units/week]	No of workers
	1	Two workers were added to the 10R cell, where the frame is assembled	44	48	31
		Two workers were added for assembly			
	2	of ICM (Input Control Module) and	43	48	33
		wheel fitting at the main line			
		Bottlenecks at brake fitting station			
	3	were eliminated by adding two more	27	71	35
		workers			
	4	One worker was added to the 30L sta-tion	27	71	36
	5	Two workers were added to the 30R stations and one to the 30M station	26	71	38
	6	Workers were added to the 30R30 station, where the battery is fitted	25	71	41
	7	15M station was added to the main line. Activities at the 20M station were	17	106	41
		partially relocated to the 15M station			
	8	Technological operations completed at 50M station were redistributed	15	114	41
	9	One worker was added to the 10R sta-tion where Motor Controller is fitted.	15	114	42
	10	5M stations were added to decrease utilisation of the 10M station.	15	114	42
		25M station was added to decrease			
	11	utilisation of the 20M and 30M work-	15	114	42
		station			
		45M station was added to the main line			
	12	to decrease utilisation of the 40M sta-	11.4	140	
		tion.