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Abstract. This paper reviews the importance and significance of various
sheet metal technologies in the process of development of part feeding systems.
Reviewed are the most important types of part feeders, the individual operations
that are related to the production of these systems. Main challenges during
the design phase are also indicated as well. Focus is spent on the methods and
technologies related to the individual operations and a practical experiment is
conducted comparing the lead time before and after in-house integration of some
of the technologies.
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1. Introduction

Fiber laser cutting has emerged as a transformative technology in modern
manufacturing, offering precision, efficiency, and versatility across various
industries. Unlike traditional cutting methods, which rely on mechanical force
or thermal energy from CO: lasers, fiber lasers utilize a solid-state laser source
that generates an intense, highly focused light beam. This technology allows for
superior cutting speeds, reduced material waste, and enhanced edge quality thus
making it a preferred choice for applications in aerospace, automotive, electronics,
and sheet metal fabrication.

The growing demand for high-speed, high-accuracy cutting solutions has driven
significant advancements in fiber laser systems, including improvements in beam
quality, energy efficiency, and automation capabilities.

A part feeding system is a mechanical or automated system designed to orient,
position, and deliver parts in a controlled manner for manufacturing or assembly
processes. These systems ensure a continuous and efficient supply of components
to machines, robots, or assembly lines, minimizing downtime and improving
production efficiency (Boothroyd, 2005).
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2. Definition of the problem

Part feeding systems are various types:

e ibratory bowl feeders

e Centrifugal feeders

e Flexible feeders

e Linear feeders

The most widespread type is definitely the vibratory bowl feeders. Their
creation is a process of craftsmanship. Most of the efforts are related to trials
and changes based on the achieved results. Though CAD/CAE systems are
very powerful nowadays, the dynamic simulation of vibratory bowl feeders
behavior with particular parts remains limited to this date. There is a variety of
part geometries including shape and dimensions. A bowl feeder is specifically
designed for particular parts or a family of parts with similar geometries and
dimensions. The system is mostly fixed and changes to it require a lot of efforts
and time and financial resources.

In certain cases flexible feeding systems are preferred in projects where the system
has to handle various parts without change-over or with quick change-over within
several minutes. Such systems require only software changes (e.g reprogramming
of a vision camera) and perhaps changes to the gripping mechanism.

Traditionally part feeding systems remain a strong part of the assembly processes
due to the fact that flexible feeders are much more cost-ineffective when there is no
part variety. In addition to that, they are much slower and require more maintenance
resources.

Bowls mainly made from carbon steel, stainless steel, aluminium and
polymers. There are conical, cylindrical, stepped shapes. Most of the technologies
require joining of metal parts to form the final bowl assembly. TIG welding is
one of the suitable technologies however bowls require parts with complex
shape in order to be built. They are designed in 3D CAD software. Then, 2D
drawings in DWG/DXF are to be prepared and the part files are loaded onto
a fiber laser cutting machines. This is particularly valid for steel bowls. The
parts are cut, then a deburring process takes place. Afterwards, welding in TIG
is mainly used due to its precision. Nowadays, laser welding is also applied
in many cases since it produces great welds and is much easier compared to
TIG welding. Even inexperienced users are able to become proficient at it with
certain practice.

The main challenges during bowl design are:

e Decrease of design time;

e Optimal design of the bowl and its pathways for smooth part movement;

e Avoidance of hard-to-weld elements — combination of thick and thin steel
plates;

e Simulation during design
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3. Methods and technologies

The aforementioned technologies are all important when building bowl feeders.
Each technology plays a key role during the preparation of all bowls. It is crucial
whether all technologies are available in-house or they are provide by means of
external services. This affects directly the lead time of the bowl feeders. It increases
rapidly.

In Fig.1 are shown the most important operations in the flow of production of
bowl feeders. Their significance is shown in absolute value 0-100%.

CAD Design is indicated as 100% since nowadays part geometries are very
complex and the use of CAD systems is totally inevitable. Moreover, if a dynamic
simulation is to be performed despite the aforementioned limitations, this would
only be possible with the presence of a CAD model.

B CAD Design

B Fiber cutting

B Deburringf/Grinding
B Sandblasting

mTIG Welding

m Laser Welding

Impartance of sheet-metal
technologies

Figure 1. Importance of various technologies

Fiber laser cutting is indicated as 60%. On the one hand, this technology is quite
popular and has existed on the market for many years. Though it has evolved, the
process is relatively clear, there is constant quality among different suppliers and
it is reliable. A decisive factor is the existence of the technology at the producing
company for bowl feeders. In this case the productivity is rised several times.

Deburring/Grinding is a relatively simple operation and requires some manual
processing machines which are commercially available. The factor value however
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is selected as 100 because this operation takes usually several minutes. In case it
is not available in-house this would mean more time resources will be spent on
transportation than the work itself. Therefore, conditions for processing it in the
company are mandatory.

TIG Welding is also selected as 100 since bowl feeders are devices with
high level of know-how and applies technologies. It is seldom that a company
would outsource these services to another company under the fear of know-how
leaking.

Laser welding is a relatively new technology and is not so widespread for
mass production of bowl feeders. Its importance is evaluated as 40% since bowl
feeders has been built without it in the past. However, this technology may
increase

Sandblasting is one of the most widespread technologies for final finish
treatment of parts. When a bowl is ready, it could be sent to a special company so
the importance factor is evaluated as 40% as well.

4. Productivity evaluation and practical experiments

Productivity in the process of building bowl feeders is mainly dependent
on the availability of the sheet-metal processing technologies. The scope of
research of this paper is limited to the production of the rough bowl and does
not include the time for orientation for the specific part. This is due to the wide
variety of part geometries, shapes and dimensions and such comparison is not
relevant. On the other hand, bowls are generally identical when having identical
dimensions, shape and height. This allows for comparison. The example in Fig.
2 demonstrates the power of having in-house fiber laser cutting and sandblasting
machine as the results of development of identical bowls are compared before
the integration of fiber cutting laser and sandblasting machine and after that
(Chakarski et al., 2000).

TLT = X5 (LT,) (1)

Where: TLT — total lead time.

Equation (1) shows that the total lead time is equal to the sum of the individual
operations’ lead times for each operation. Fiber laser cutting in the results in Table 1
is shown in two stages since it is observed that normally the the process of building
bowls requires two phases of fiber laser cutting as some modifications are required
to the main bowl assembly (Dichev et al., 2014).

The data in Table 1 is presented also graphically in Fig. 2. As it could be
determined from both the table and the diagram, the time required to produce the
bowl is reduced from 185 hours to 52 hours or from approximately 23 days to 6,5
days.

35



Penko Mitev, Kiril Mitev

Table 1. Results before and after integration of technologies in-house

X Required time, [h]
Operation - - - -
Before integration After integration
CAD Design 40 40
Fiber cutting 1 stage 56 1
Deburring/Grinding 1 1
Fiber cutting 2 stages 56 1
Sandblasting 24 1
TIG Welding 8 8
Laser Welding 0 0
TOTAL 185 52
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Figure 3 shows the part nesting process as parts are prepared to be cut for the
purpose of building series of identical linear feeders. The control software of the
fiber laser is Cypcut and it is also used for nesting. Although automatic nesting
software capabilities exist, sometimes it is necessary to perform manual movements

Figure 2. Productivity comparison before and after integration
of new technologies

and adaptations to the position for certain parts.
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Figure 3. Part nesting

After nesting and if the other preconditions are met, the machine is ready to cut the
parts.

Figure 4. Fiber laser cutting

Figure 4 shows the actual process of fiber cutting. In this specific experiment,
the cutting is conducted with stainless steel AISI 304 (1.4301). Practically, each
material requires certain cutting parameters to be selected/optimized for sufficient
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results. Depending on the thickness of the sheet-metal parts, the cutting nozzle is
replaced by the operator.

Figure 5. Ready parts after fiber laser cutting

The parts in Fig. 5 are ready for extraction (sometimes a manual process) and next
takes place the deburring/grinding process to remove the small remainings from the fiber
cutting process.

5. Conclusion

Sheet-metal technologies are important in the production of part feeding systems.
Having in-house machines for performing these operations could rise the productivity up
to 300-400% depending on the specific project needs. Therefore, it is important to further
develop and enhance these technologies to obtain faster lead times, better quality and
increase of feeding productivity.

Further optimization to series cutting is possible due to the presence of two tables on
this fiber cutting machine. While cutting on the one table, the other is free to be loaded
by means of a robot or vacuum-powered sheet transportation tool (Malakov et al., 2023).
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