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LOGISTIC SIMULATION




Complexity and dynamism
Modern logistics processes are characterized by their high dynamism and complexity. For instance, in the design process of an optimal transport and conveying system, sequencing and consolidation strategies also need to be taken into account. Therefore, simulation tools and methods are increasingly used in various planning phases of a logistics project.

Application areas for simulation range from feasibility studies very early in the planning process to support during rough and detailed planning as well as in the realization and commissioning phase of the logistics system. Particularly in logistics projects, simulation technology can help to secure performance and decrease commissioning times, because with simulation, the interaction of all essential processes can be evaluated and optimized well ahead of time.

Standard modules increase efficiency

With shortening realization periods of logistics projects, simulation contributes to planning security and with that to the success of a project. The key factor for the effective application of simulation is quick and qualified modeling.

To ensure this, SimPlan consistently uses building block libraries and reference models, which include all conventional logistics elements and strategies used in this field of application. Additional tools support efficient modeling, as well as running and evaluating experiments. Database connections to collect planning, result and online data during the project are of course included, as are informative visualizations using 2D and 3D animation.
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Comparison of cost trend with and without simulation



The consistent and largely tool-independent information management also contributes to the high clarity of the results. Already in a very early project phase, simulation runs show the influence of systems situated up- and downstream, like production, assembly, etc., on the overall system.

Using a modular structure, the simulation model can be quickly adapted to the latest planning state and therefore can play a vital role in the design and development of the logistics system.
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Example of a warehouse visualization in 3D

Simulation is also well suited for e-commerce, where more individual orders containing fewer items need to be processed. Here simulation helps to verify optimal operation.

Aims and benefits
• Evaluation of various transport and conveying options
• Comparison of different storage and retrieval strategies
• Analysis of fault scenarios
• Minimization of throughput times
• Planning security
• Optimization of individual sections of the system
• Effective resource management

Application areas
• Rough and detailed planning
• Testing of WMS / MFC
• Control station / Build–operate–transfer






















PERSONNEL SIMULATION



The initial situation
Today’s optimization methods of the digital factory as well as of simulation aim for the improvement of technical operations within manufacturing and logistical processes in general. However, in most of the processes the manpower still forms the essential factor of success, but it is unusual that it is integrated in the consideration of optimization.


The objective target
The personnel simulation can be used because of different aims, e. g.
• Support on manpower requirements planning,
• Support on personnel allocation,
• Analysis of the effects of changes of working time models (e. g. conversion of 3- to 2-shift operation),
• Long-term consideration of the development of the age structure in order to derive measures for recruiting and further training.
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Diagram of the considered process elements within personnel simulation

On principle the simulation of workforce provides the opportunity to analyze the dynamical interactions between the manufacturing / logistical processes, the working station and the available employees regarding the following standpoints:
• Technical / logistical (e. g. in which way affects the availability of personnel with logistical indicators like capacity, cycle time or adherence to delivery dates?)
• Financial (e. g. which cost savings result from the transition to flexible availabilities of personnel in case of fluctuating demand?)
• Organizational (e. g. is it possible to get a higher efficiency with the help of dynamic personnel  allocation in an order picking system?)

The simulation of workforce provides the opportunity to search for an optimal solution without any risk and with variation of all relevant factors.

The search for this solution can be multidimensional. That means the conditions of the manufacturing processes (e. g. strategies for the control of the order flow) must not be taken for granted, but they can be varied as well as the definition of employees and work places.

Thereby the planning of workforce may have influence on the process planning and contrary, for example.
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Example for an appliance concept in the automotive industry    


Aims and benefits
The benefit in principle is the validation of decisions regarding the personnel requirements and the personnel allocation as well as the determination of the optimal interrelation between manufacturing / logistical processes, workstation and employees. Concrete examples for projects:

• Evaluation of the backlog of workforce after changeover of a 3- to a 2-shift operation.
• Search for an optimal combination of permanent employees and temporary workers because of fluctuating demand.
• Long-term determination of personnel requirement based on predicted volume of orders.


Fields of application
• Planning of personnel requirement
• Personnel allocation



















EMULSION



Difficult commissioning of logistics systems

The commissioning of warehouse management computers and material flow control computers
(WMC/MFC) as well as of programmable logic controllers (PLC) often causes problems due to untested software and the resulting troubleshooting in the real system. Finding and eliminating these software faults can cause extensive delays and time pressure.

Realistic tests before the actual commissioning are only possible to a limited extend or not at all. Operators, logistics planners and general contractors face this problem during almost every project.


Virtual commissioning of control software

To decrease the cost- and time-intensive commissioning phase of the control software, a virtual link can be set up between the control software and a simulation model of the planned site. SimPlan has developed a technology that facilitates data exchange between the two systems. Thereby the control software is tested under very realistic conditions even before commissioning.

The simulation model shows the interaction of all resources and, in contrast to conventional test software, makes it possible to test the behavior of the control software dynamically during the entire working period, like day/night and week time operation. Possible problem areas can be recognized and fixed early on.
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Reduction of commissioning time for new plants by using emulation already during the software development phase (inventory control processor / material flow processor)


The technical implementation

The communication between the WMC, MFC or PLC and the simulation model is realized via an interface software.

This very flexible software is able to process different kinds of protocol and telegram formats. It can be used to investigate the individual interfaces as well as run complete tests of all control levels.

Since these tests are done independently of the real logistics system, test scenarios can be created within minutes and can be exactly replicated multiple times. The control software can be tested under extreme conditions, for instance by exceeding the capacity of the system.

This way, it is possible to optimize the interaction of the control level and the machine level. Additionally, the technology can be used later on to test planned changes to the site without interrupting operations.
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System configurations and communication for the different test levels




Aims and benefits

• Reduction of commissioning times
 less on-site adjustment time
 lower costs
 high customer satisfaction
• Comparison of different programming variations
• Analysis of fault scenarios: simulation model produces test scenarios („stress tests“)
• Planning security
• Avoidance of difficult & time-intensive software testing on-site: initial test objects of communication (telegram transmission and database, routing instructions)


Fields of application

• Implementation of control software
• WMC/MFC test: Storage place allocation, order sequence planning
• Control software update during operation
• Comparison of programming by different software suppliers


































SIMULATION IN PRODUCTION



Planning and optimization in production

Production processes grow ever more complex and dynamic with the increasing process integration that starts in production itself and reaches all the way to the customer. This leads to new and reoccurring tasks in the planning and optimization of resources and processes. At this juncture, static optimization methods and calculations based on average values start to fail.

The solution is to use dynamic simulation, which is able to depict the complexity and dynamism of production realistically. Simulation brings an unprecedented level of transparency to your production processes, because a simulation model shows cause-and-effect relationships very clearly.

This way, bottlenecks can be analyzed quickly and efficiently, and optimization measures can be derived, which then can be tested in the simulation model completely without risk. This safeguards your investment in machines and resources and is more effective than classical investment budgeting that is only aimed at local optimization.


Dynamic and complexity

The use of simulation in production can range from mapping single for the dimensioning of production resources and buffer sizes to the modeling of entire production plants. This also includes simulating intra logistics systems to determine the optimal size of logistics areas and the ideal means of transportation within the production system.

By analyzing the entire production process, simulation takes both complexity and dynamism into consideration. Dynamism is caused for example by machine malfunctions, variability of cycle times in manual processes or by resource bottlenecks.


Input data for simulation

• Layout, e.g. of the production line
• Product data (parts lists, variants, cycle times)
• Machining times
• Setup times
• Rework and reject rate
• Downtime of machines (availability)
• Shift plans
• Employees (incl. qualifications)
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3D model of a production line

Results of simulation

• Visualization of processes
• Capacity analysis for evaluation of bottlenecks
• Total throughput of plants (incl. malfunctions, reworking rejections, etc.)
• Real total availability of plants
• Goods in buffers and in stock
• Plant utilization (machines, buffers, materials handling, employees)
• Staff requirements for multi-machine-operation
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Model of an interlinked production plant


Aims and benefits

• Improvement and reduction of facility planning times
• Increase of process quality, as bottlenecks are identified already in the planning phase and can be eliminated with suitable measures
• Optimization of plant components under realistic conditions
• Optimization of buffer design to decouple plants and increase throughput and total availability
• Riskless analysis of improvement strategies













































DETAILED PRODUCTION PLANNING


The initial situation

Increasing competitive pressure, shortening delivery times and a growing variety of products demand quick and flexible responses from a modern production.

Especially minimum stock levels, an optimal capacity utilization and short cycle times ensure a company’s competitiveness in a fast-paced market.

PPS systems that are used for capacity and throughput scheduling are only partially able to solve these problems, because they often only employ static calculation methods.

[image: ]

diagram of simulation-based production planning
 
The objective
The objective of simulation-based detailed planning is to optimize preliminary planning while taking dynamic factors into consideration, like current availabilities or disruptions, as well as resources, stock levels, filling level of the system, etc.

In order to achieve this, simulation is a useful addition to existing production planning and control systems. Optimization techniques, like for example heuristics, are used to determine the best solution.

 Then the simulation model verifies the scheduled production sequence. This way, even before production itself starts, machine load and bottlenecks regarding workstations, resources or personnel become visible.

The dispatcher can now plan alternative capacities or make additional production capacities available.

This way, it is possible to make realistic predictions whether a production order can be fulfilled and how much time it would take.


[image: ]
Example of machine scheduling results charts



Aims and benefits
It is possible to optimize for example:
• Order sequences
• Personnel dispatching
• Machine utilization
• Uncovering capacity bottlenecks


Fields of application
• Prognosis tool for production and manufacturing processes
• Links with business information systems (e.g. SAP, shop floor data systems, production control
stations).






















Planning of machine Scheduling

Planning of machine scheduling for single- and multilevel processes

By planning of machine scheduling you can achieve the optimization of the machine capacity via minimization of set-up times and avoiding of idling and delays regarding the machines. In addition to the lot size of the manufactured product and the planned sequence of production, the compliance with order deadlines is essential for the success of the planning of machine scheduling.

psPlan provides the opportunity to define the planned sequence of production (single- or multilevel) easily with an interactive planning table (Gantt diagram) via Drag & Drop.

The temporal effects (setup time, idling,  compliance with order deadlines) are highlighted in colors in the diagram. Hence you get a transparent planning by only a few clicks.

With the help of the optional optimization component, the system generates a proposal for the best machine scheduling automatically by using the meta-heuristic taboo-search. Of course you can adapt this proposal manually if required.
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Schematic diagram of the machine scheduling


The Input Data

The correlating data base contains:
• The machine pool,
• Information about all code numbers (orders),
• The triggered orders (production orders),
• As well as the orders which have to be scheduled (planned orders).


psPlan is able to access on different types of data bases (e.g. MS-Access, Oracle or MySQL). Of course the master data of another data source can be transferred or imported. Furthermore it is possible to create all master data with the input masks of psPlan. In addition psPlan can be coupled with PPS-systems directly.

Because of the direct access to the order data you are able to take corrective action at the planning, e.g. by changing the number of units which have to be produced per order (lot size), in order to avoid possible idling at the machines. Among the graphical view in form of a Gantt diagram statistical characteristics like the effective machine capacity, idling and conversion times, the production quantities as well as the meeting of deadlines can be retrieved. The plan of machine scheduling can be generated in form of a report, in which different output formats are selectable (printout, PDF, HTML or Excel).
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The illustration shows the example of a machine scheduling for the press plant of an automotive supplier: orders which can be finished in time are marked blue; scheduling conflicts are marked red and changeover times are marked yellow.




Aims and benefits

• Increasing of machine capacity through a simple and transparent planning of machine scheduling
• Graphical interactive operation
• Automatically generation of a proposal regarding the machine scheduling based on optimization procedures.
• Considerable temporal relief of the scheduler
• Shorter reaction times in case of rescheduling


Fields of application

• Planning of machine and plant scheduling at single-level and multiple-level assembly processes, e.g. press plants, foundries, chemical fabrication.
SUPPLY CHAIN SIMULATION



Simulation of complex supply chains and logistics networks

Safeguard your supply chain management decisions by means of simulation and capitalize on our knowhow to discover potential for optimization within the field of logistics:

• Identify bottlenecks and potential savings:
For example, analyze various transport options in one simulation model.

• Are there any pending changes to your bills of materials? The model can be used to depict
time-dependent bills of materials and supply relationships.

• Utilize the openness of the simulation tools in order to let our optimization tools carry out an automatic parameter optimization.

• Bottlenecks and excess capacities can be recognized through clear diagrams already during the
experiment. All relevant statistics are automatically set up and a scenario manager supports the experiment design.




Areas of application within the supply chain management

• Long-term structural and process planning
 Layout of location concepts, (storage) capacities, transport relations
 Evaluation of (individual) order policies and planning approaches

• Medium-term planning based on sales forecasts / production program planning
 (Continuous) planning of safety stocks, resources, etc.

• Short-term planning
 Bottleneck analyses (loss of transport relations, machines)
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Our service: Analysis, intelligibility and know-how:

We offer you continuous support with your supply chain management within the scope of carrying out complex simulation studies:

• Joint performance of a process analysis and determination of relevant operating figures
• Support with data acquisition
• Modeling using a simulation tool
• Visualization of crucial process steps
• Determination of an experiment design
• Evaluation of the results and deduction of design proposals
• Parameter optimization
• Presentation and documentation
• Migration of the results into SCM planning and collaboration systems
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