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Flexible factory design and
reconfiguration using digital
simulation models
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In today's rapidly changing industrial landscape, the complexity and
demands of factory design and reconfiguration are greaterthan ever. To cope
with shorter product lifecycles and increased demand for customization,
manufacturers need to maximize the flexibility, reconfigurability and
adaptability of system capacity.
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PART FLOW MODEL

PHYSICAL CONFIGURATION

Fig.1. Part flow simulation model of the configuration of a physical asset.
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Traditional design and reconfigurations
methods, which rely on simplified models
and calculations, often involve many
challenges, including inefficiency, high
costs, and inflexibility.

Digital simulation models are one of the
most powerful tools to overcome these
limitations, enabling companies to design
and test efficient and cost-effective
production  systems  before irreversible
capital investments are made during physical
development. Their importance cannot be
overstated in helping companies to stay
competitive and innovative in a rapidly
changing market.
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Some of the main advantages of digital simulation models include:
® Accurate and robust designs reduce the need for costly trial-
and-error methods and enable rapid adjustments to meet
changing demand.

® Save time by accelerating design and decision-making
processes, resulting in faster time-to-market for new
products.

@ Virtual prototyping — companies can visualize the entire
factory layout, anticipating potential issues early in
the design process and refining them before physical
implementation.

@ Simplified production planning allows for quicker
adjustments and refinements, ensuring that production
schedules are met more efficiently.

® The use of real-time data improves predictive analysis
capabilities, leading to better forecasts and more informed
decisions.

An industrial application of digital simulation:
designing a furniture assembly factory

This section presents an example of a digital simulation model
successfully applied to support factory design. The customer is a
manufacturer of pre-assembled kitchen furniture modules ready for
installation in end-customer kitchens. The production system must
be able to fully assemble each type of furniture specified in an order
before shipping the full set of kitchen cabinets to the end-customer.

These orders are highly customized, with each kitchen design
being uniquely based on the end-customer’s requirements, using a
combination of over 185 pieces of furniture and different colour options.

This scenario posed the challenge of designing a production line
to efficiently handle a high variety of products. System integrator
Tecno Logica was requested by the cabinet manufacturer to design
and install a robotic, cabinet assembly line able to guarantee a
target production rate while efficiently handling the high variety of
products. The design teams were tasked with quickly creating a layout
configuration to meet the requirements and to optimize investment
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and resource efficiency by virtually validating the designs before
proceeding to award the contract and its development.

Factory design requirements
The layout design consists of the following areas and operations (see
Fig.2):
@ Panel storage area
@ Shuttle for transporting material between the panel storage area
and the bays
® Pallets for positioning panels in the bays
@® Robots for removing the panels from the pallets and loading
them onto the carousels
@ Automated carousels to process the panels and assemble them
into cabinets
@ Buffer area for storing finished cabinets waiting for delivery to
the customer

5 - CAROUSEL
CABINET ASSEMBLY

6 - CABINET STORAGE AND
ORDER FILLING AREA
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Fig.2. Diagram of the layout showing the main processes.
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Customer orders consist of a mix of cabinet
types and all types must be completed
before orders can be shipped, otherwise the
finished cabinets must wait in storage until
the missing cabinets are produced, taking up
valuable space in the final buffer area. When
this situation occurs, the production line is
forced to stop for a production change to
make the missing cabinet types.

To reduce downtime from buffer blockages
and frequent production changes, two macro

requirements were defined:
® Group similar orders using an algorithm
so0 that more cabinets can be produced

in the same batch before switching to a

different type.

® |mprove system flexibility by:

-increasing the number of pallets
to allow more types of panels to be
produced simultaneously, reducing
the frequency of downtime to change
cabinet type;

- creating  sufficient buffer capacity
to store enough cabinets without
blocking the production line, while
remaining within the acceptable limit
available to the factory.

The challenge was to provide a digitally
simulated and validated solution with the
optimal configuration of shuttles, pallets,
robots and buffer size before building the
physical system.

Simulation development, study
and optimization

For brevity, we have skipped the order clus-
tering algorithm and will proceed to describe
the digital simulation construction process,
consisting of 1) problem formalization, 2)
simulation implementation, 3) validation,
and 4) optimization. Lastly, selected optimal
solutions are further studied and presented.

1. Formalization of the problem and
objectives

This phase prioritizes the challenges, and
collectsand organizes the information (divided
into four areas, see Fig.3) to quantitatively
model and formulate strategies to calculate
the simulation objectives. The following
dataset was collected in discussion with
Tecno Logica and the cabinet manufacturer
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Fig.3. Diagram of material flow and data collected for simulation.

who ordered the production line.
® Data on process flows, resources,
cycle times.
@ Example data on full order types and
the quantities of cabinets.

The expected results of the simulation were
production rate, equipment utilization, and
efficiency KPIs.

2. Implementation of the detailed
simulation engine

A discrete event simulation (DES) model was
developed to mimic key behaviours affecting
product flow. For example, how the shuttle
picks up panels from storage and loads them
onto pallets, how pallets are exchanged in
bays, how robots load panels onto carousels,
etc.

The DES model allows the current layout
performance to be simulated based on
historical production order output and export
performance  statistics, e.g. production
rate, percentage of orders completed, robot
utilization, shuttle, etc.
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Fig.4. Discrete event simulation model created with Simuls.

In addition to the simulation model, an
intelligent order aggregation and production
planning algorithm was developed and used
to sequence production based on intelligent
aggregation of customer orders to improve
production  performance.  Dashboards,
animations and visualizations were integrated
to facilitate understanding of system
behaviour and part flow, and to summarize
and report important KPIs. The DES model
was built using SIMULS (see Fig.4).

3. Testing and validation of
simulation with test cases

This step verifies that the simulation
accurately reflects the behaviour of the
real system. It verifies the rules for order
grouping, scheduling, production, storage,
and shipping to the customer (see Fig.5).

It also checks whether the production
equipment acted in the specified sequences
and whether the subsystems interacted as
expected. An extensive experimental campaign
is conducted using the DES engine with
dummy scenarios to validate the simulation.

Total Cabinets Assembled
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Fig.5. Test procedures applied to the modules of the
simulation model.
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The results and feedback from these
experiments are shared with Tecno Logica
to refine the accuracy of the model and to
consolidate the final version to be used for
optimization and study.

4. Optimization of pallet bays and

buffer configurations of cabinets

After the simulation had been tested and
validated, it was submitted to an optimization
algorithm to find the best bay and cabinet
buffer configurations. Optimization was
performed using historical order logs
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Fig.6. Simulation model submitted to workflow optimization (L), and performance of configurations (R).

and target production rates to investigate
both the optimality and robustness of the
configurations.

Sensitivity analysis, performed by simu-
ating varying conditions around the optimal
configurations, statistically validated the
results. The 3D graphs and heat map in
Fig.6 show the optimization workflow,
configurations, and associated production
performance as a function of the number of
pallets, robots and buffer capacities. Green
configurations met or exceeded target
performance; red and yellow had below-
target performance. Each configuration
had an associated investment cost that was
further assessed by Tecno Logica before it
made its final choice of the best layout. The
entire study was completed in six weeks,

Tecno Logica was founded in 1998 by Mirko Piasentin to meet the need for industrial
automation and robotic solutions. It became a highly qualified partner for major
industrial groups in solving complex engineering problems and developing production
processes for machining, assembly stations, and testing machines. Tecno Logica
is registered in the Italian National Register of Research Laboratories to develop
competitive methods at multiple levels: to reduce production costs, target innovation
in production processes, and to work with products with unique quality characteristics
that may be developed and co-funded by public grants. It is an IS0:9001 certified
enterprise. Since 2024 Tecno Logica has been part of Scm Group, a world leader
in processing a wide variety of materials: wood, plastic, glass, stone, metal and
composites.

allowing Tecno Logica to present the
analysis results in a timely manner to the
cabinet manufacturer who finally approved
the physical development of the system.

Conclusions

® Using digital simulation models during
the design phase reduces investment
risks arising from inaccurate and
rigid designs by planning efficient
adaptation strategies for changes in
product type and production volumes.

® By incorporating simulation models
into optimizationalgorithms, resources
are optimized on configurations that
require less capital investment.

@ Parametric simulation models reduce
design and development time by
identifying and resolving potential
errors during the virtual validation
pProcess.

@ Design phase simulation models can
be adapted into simulation models for
operational management to support
operational efficiency throughout the
production system’s lifecycle.

For more information:

Anteneh Teferi Yemane — EnginSoft
a.yemane@enginsoft.com
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