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Energy and communication cables have an .
important place in construction and energy
sectors. Cables play a rele in delivering the
energy produced to the end-user and in
providing the flow of information while creating |
internet infrastructures. It is also used in circuit |
designs and energy flow of electrical appliances, |
Cables used in different industries must meet |
different standards. Otherwise, cables can cause |
many disasters, especially fire. Therefore, cables |
are not produced to the required standards can |

d b life. Companies operating in the |
cable manufacturing industry want to keep the
production process under constant control so
that the cables produced can meet the required
standards, Due to the effective and stable quality |
product production policy, the companies ignore |
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the scrap generated in the production p Al

In  this project, scrap  amalysis  and |
optimization in production was studied with HES |
Kablo, a leading company in the sector of energy |
and communication cables. A field analysis has |
been made about the scraps that may arise
during the cable production phase and the cost
to the company as well as the reduction of the
scraps  that may arise. Rescheduling for '
manufacturing  was  prepared  using  a |
mathematical model to reduce scrap. |

HES Kablo was established in 1974 in
Hacilar/Kayseri. It produces copper or aluminium
energy cable, fibre optic cable, enamelled coil
wire, and solar cable. HES Kablo can produce in
accordance with many  different
standards. It aims to appeal to every customer by
developing  products  suitable
customer specifications and requests.

PROBLEM DEFINITION

The main aim of the company is customer
satisfaction. Therefore, HES Kablo has adopted
the principle of delivering orders from customers.
in the best quality and in the shortest time
possible. It produces cables in 3 different
conductors  {Copper,
Fiberglass), 4 different isolation raw materials
(PVC, XLPE, HFFR, PET) to meet customers’
demands. In the cable isolation process, the outer
wall of the conductor is covered by using one of 4
different insulation raw materials, HES Kablo can
produce cables in 7 different colours for PV, 8 for
XLPE, & for HFFR, and 12 for PET.

In the current system, since the company
could reprocess copper and aluminium scraps,
work has been done to reduce i

Figure 1. Process Chart for HES-1 Figure 2 Process Chart for HES-2

ROOT COUSE ANALYSIS

Tabsbe 1. Process Based Serap Analysis

materials. In the cable isolation process, the outer
wall of the conductor is covered by using one of 4
different isolation raw materials. The cable
isolation process is carried out in different
machines for each different isolation raw material,
since the production plan is made according to
the customer's order, the company could change
the colour many times in the same machine, Since
the colour inside the machine cannot be
discharged while the colour is being changed,
some mixed colour is formed until a new colour of
suitable quality is formed. Thus, production
cannot be made with mixed colours and the raw
material processed during this period is given as
waste,
In January 2020, the company lost 19 tons of
PVC, 13 tons of HFFR, 8 tons of XLPE, 7 tons of PBT.
The cost of scrap generated for January 2020
alone is approximately 850,000 TL to the
company. On the other hand, customers also
desire cables in different molds. At present, 19
different diameters for energy cables and 14
different diameters for fiber optic cables can be
produced in the factory. To produce cables of
different thicknesses for energy cables, the molds
might be changed. However, mold change is not
necessary for fiber optic cables. Re-installation
and detailed adjustment are required for energy
cable isolation machines. This process is a
preparation process and causes a waiting in
production,
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COLOUR TRANSITION

The isolation process is the coating of a certain amount of
colour pigment and isolation raw material in the desired
Diameter around the conductor wire by kneading in the
extruder at a certain temperature. In this process, the colour
change is inevitable as the wire is coated with different colours
in line with customer orders. For instance, in the production of
fiber optic cable with 12 buffer tubes, buffer tubes in different
colours will be produced in a single machine and at least 11
colour changes will take place as per order. For the next process,
twisting line, to continue production, the specified buffer tube
of 12 different colours could be produced uninterruptedty.
When the colouwr change process is analysed, there is a
transition from the current produced colour to a different
colour, some mixed colour occurs in the extruder. Furthermore,
the coloured raw material which is in the extruder chamber and
the new colour pigment added are mixed. The mixed colour in
the extruder must be discharged wntil a new colour is formed.
The mixed colour formed in this process does not meet the
production standard and is called "scrap” The mixed colour in
the process was measured in different amounts for all colour
transitions, with the analyses made for each insulation raw
material and machine, and the scrap amounts were recorded as
a table to be used in the mathematical model.
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Figure 3. Sampile of Colour Transition (Black —> Blue)

PROPOSED MODEL
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Equation (1) is the objective function of the model. Calculates the amount of
serap raw material that occurs in colour transitions, Constraint (2) calculates the
number of mold changes during colour change. The number of mold changes must
be less than or equal to the given epsilon value, The number of Epsilons was ordered
from the smallest number of pattern changes that could occur in the sample to the
largest. Constraint (3) guarantees that each node can be visited only once, while
Constraint (4) assures that the visited node exits, Constraint (5) is the constraint that
used to prevent sub-tours that may occur. Constraint (6) is X binary (0 or 1)

RESULTS |
Tabsle 2. Current and Propased System Comparisan in Same Number of Mald Changes for PvC |
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Table 3. Cusrent and Proposed System Comgpasison in Same Number of Mold Changes for XLPE
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Tabde 5. Current and Proposed System Comparison for PET
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| CORCLUSION

| By analysing the data on a daily basis and using the current number of mold
changes, the improvement average of the 7-day data was determined as 31.7% for
IP‘VC, 34% for XLPE, 47% for HFFR and 24% for PET. Moreover, a decision support
|systern was designed for production decision makers and the created model was !
lintegrated into the interface presented to the user. In this interface, the decision |
| support system, which predicts how many meld changes and how much scrap for |



