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USING THE SIMULATION PROGRAM FOR THE DESIGN
AND OPTIMIZATION OF THE PRODUCTION LINE

Urgency of the research. Increasing productivity while maintaining sufficient production quality is one of the main cri-
teria for maintaining competitiveness. An appropriate way is to automate and robotize the production process. In order for
robotization to succeed, all design steps need to undergo in-depth research.

Target setting. The aim is to design a robotic device (robotic line) capable of increasing the production of components
in a smaller workspace from 91,000 to 160,000 per year for each of the 7 types of components.

Actual scientific researches and issues analysis. The introduction of robotic devices into production systems is devoted
to a large part of the publication. In general, it is possible to state that the robot deployment is specific and depends on the
particular manufacturing process. For this reason, it is necessary to carry out a new analysis of the suitability of the robot
for each manufacturing process, supported by off-line simulation.

Uninvestigated parts of general matters defining. This article focuses on a specific workplace solution that uses one
type of robot delivered by a parent company. The use of a different robot type with more appropriate parameters was not
feasible in financial terms.

The research objective. The aim is to design the most suitable placement of production machines against the position of
the industrial robot. Then analyse all the robot's working moves so that it can be manipulated by one of the 7 types of com-
ponent on the line, with a production increase of 483.000 pieces per year.

The statement of basic materials. Simulating the production workspace in the offline environment allows you to opti-
mize your design before it is actually created on the selected desktop. This reduces the development costs and saves the total
time when the work is completed.

Conclusions. The article describes the problems of design, optimization and simulation of a robot equipped workplace.
For optimizing workplace was precisely defined robot type when, which limited the use of the robot from better parameters.
Using the robot can increase workplace productivity while reducing the work area. With the implementation of the proposal,
the target was achieved to increase workplace output by 483.000 components/year.
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Problem definition. At present, high demands are placed on car manufacturers and their
subcontractors. Higher production, lowering costs, reducing staffing and, in particular, lower-
ing product prices. Due to high demands, they are forced to come up with new technologies
and solutions to make production processes more efficient. Because people's performance can
only be increased to a certain extent, it is necessary to automate production and replace hu-
man activity with robots, thereby greatly reducing costs. The aim of the article is to automate
the production process that will be used to process castings. Castings are components for the
automatic transmission. The designed robotic workstation will handle 7 types of components.
The role of the robot will, in the first step, be to take out half-finished products with input
conveyors. Subsequently, they will be stored in production machines located within the robot
range. After machining the respective surfaces, the robot's job is to remove the finished parts
and store them on the output conveyors. The following steps are described in the simplified
form. Firstly, an optimal layout of machines, devices, and industrial robots is proposed. Once
the placement design has been completed, simulation will proceed. The Fanuc Roboguide
simulation program is used to verify the required robot position, which makes it possible to
clearly determine whether a given machines and equipment layout is required in place. In the
simulation environment, individual work cycles are checked and the solution is judged to be
sufficient for both current and increased production. A solution that suits it is considered to be
a standard, according to which the 3D assembly of the production line is drawn with the rele-
vant drawing documentation. The designed 3D assembly of the production line will consist of
the main base under the robot and its control unit, protective fencing, conveyors and attach-
ment brackets for individual machines and devices [1; 2].

Environment and components description. The environment in which the production
process is located is the section of machining of aluminium alloy castings cast in the found-

ry operation.
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The components that will be the resultant product of this process are one of the compo-
nents of the automatic gearbox, Fig. 1, which is used to transmit a high torque of up to 3500
Nm for heavy goods vehicles.

In total, seven different types of parts are machined. The current production has been set
at 91.000 components per year of each type. Currently, production is planned for
160.000 components per year of each type, so the automated line will be designed to produce
160.000 components.

These are components of Deckel 217, 218, 219, Bremsdeckel 222, Kolben 018, 025, and
Pumpendeckel 005, Fig. 1. The technology for each piece is different. Each piece has a pre-
cise design, on which devices it will be machined and in what order.

Deckel 218

Deckel 217 Deckel 219

:ﬁ

Kolben 018 Kolben 025 (267) Pumpendeckel 005
Fig. 1. Machined components in the manufacturing process

Analysis of working space and used machinery and equipment. The area of work space on
which production facilities are located is approximately 61.6 m2 with dimensions of 8.4 x 7.33
meters. A new auto line will also be placed on this desktop. Thus, the newly designed workplace
must also meet the external dimension condition (max. 8.4 x 7.33 m). The current deployment of
machinery and equipment is shown in Fig. 2.

The individual machines and equipment are distributed according to machined parts in four
areas. The area 1 operated by one worker is used to work on the four components of Deckel
017, 018, 019 and Kolben 018. The outer periphery of the entire workpiece is machined in this
area. In future designs, due to the number of machined parts in this area, it is necessary to de-
ploy machinery and equipment so that machines from area 1 are as close as possible to the cho-
sen robot and the time the robot needs to move as short as possible.

The composition of the machines and equipment in region 2 is the same as in area 1, there-
fore it is possible to use this area also for machining parts from area 1. This area is intended
mainly for the first part of machining, Kolben 025 (267), Bremsdeckel 222 and Pumpendeckel
005, in which also the outer periphery of the whole piece is machined. In the case of the
Bremsdeckel 222, one more of the inner dimensions is machined.

These machined components are further machined either in the 3 or 4 region. Thus, either
workpieces in areas 2 and 3 or in regions 2 and 4 are machined. A both combinations, one
worker works. A second part of the Bremsdeckel 222 and Pumpendeckel 005 is machining
work in area 3. Each part is machined on a CNC milling machine as required. In area 4 runs
machining in the second part of the component Kolben 025 (267). On the mounting press a
small case is first pressed and then tested in the DHP (device for checking the tightness of the
moulded case) for its tightness. In the event of an error, is component thrown out.
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The workplace is bounded by a walkway designed for employees, storage space and another
manufacturing processes. During a 12-hour change, a 3-fold measurement of the outer dimen-
sions and a 1-fold measurement of the contour by means of the Zeiss coordinate measuring de-
vice of the area 1, 2 and 3 are performed. One measurement of the outer dimensions takes about
10 minutes and the contour measurement is approximately 30 minutes.
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Fig. 2. The current layout of machinery and equipment

Design of robotic cell. The new robotic lines (cell) solutions are designed to produce 160,000
units of each type, that is, a total of 1,120,000 units of all components per year. The design of the
workplace must include one Fanuc M-20i / 25 industrial robot with two DMG Mori CL 1500
CNC lathes, the Fanuc a-D21MiB5 ADV CNC milling machine, the DHP, the Kaeser SXC 8
compressor, four belt conveyors, the Sony XC56 camera system, three Ringler RE 201 suction
outlets, a transfer station, stands for an external power source and packing boxes.

The use of the selected industrial robot Fanuc M-201 / 25 with the R-30iB control unit is due to
his presence in the parent company in Germany. The robot has six degrees of freedom with a maxi-
mum load of 25 kg. The maximum range is 1853 mm and the robot accuracy is +/- 0.02 mm [4].

The CNC machines to be used in the designed production line for machining parts are the
Lathe DMG Mori CL 1500 CNC and CNC Milling Machine Fanuc a-D21MiB5 ADV. Each
of these machines is equipped with an external power supply located on the stand and a
Ringler RE 201 suction device for dust and dirt extraction. The press which serves to press
the small case and the DHP station that inspect the tightness of the component is the device
designed by the parent company Schiile Druckguss in Germany. The Kaeser SXC 8 compres-
sor is required for the DHP station.

Belt conveyors are designed by mk Technology Group according to their own require-
ments. Because the line will be machining two different parts at once, we need four convey-
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ors. The width of the conveyor belt must be chosen so that all types of parts of different di-
mensions can be loaded. Two conveyors will serve to move unworked parts into a line and
two to transfer finished parts from the line. In order to recognize the position of the incoming
parts in the line, an industrial 2D Sony XC56 camera is used.

Design of machinery and equipment placement. The position of the machines and
equipment must meet certain requirements such as the size of the built-up area, the availabil-
ity and effective shifting of the robot to the required positions, common access to conveyors
and access for maintenance. By optimizing the initial four proposals, a proposal has been de-
veloped that satisfies each defined requirement, Fig. 3.

The size of the built-up area is approximately 44.4 m2. Thus, compared to the currently
built area of 61.6 m2, approximately 17 m2 will be saved. The outside dimensions of the pro-
duction line are 8.39 x 7.31 m. The proposed robotic line under this proposal will fit into the
area where the current production process lies. For both CNC lathes, maintenance access is
possible from the required side. The robot control unit is located near the entrance door and
access to the conveyor is on the same side. From the point of view of the movement of the
robot, the positioning of the machines is very good.

When transferring parts from conveyors to CNC lathe 2 or into CNC lathe 1, the robot
performs a small movement. The location of the suction devices and stands for the external
power source also suits. This proposal is considered final. According to this proposal, the
workplace in the Fanuc Roboguide program is simulated and later the construction design of
the robotic line is proposed.
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Fig. 3. Final design robotic cell
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Workplace simulation in off-line environment. In order to make sure that the layout of
the machines according to the final design also suits the robot's reach, and how long the indi-
vidual process cycles run during operation, the Fanuc Roboguide simulation overwork is
used. Once the workspace has been simulated, it will be able to clearly determine whether the
robot is able to perform the predicted activity and, at the same time, we will be able to calcu-
late the total production that the robot can perform according to the measured time cycles.

The problem area model is used to describe relationships between objects and properties
in the problem area. The automated line model describes the general concept of the problem
area without considering the details that are required for the design and implementation of the
mechatronic system.

According to the following model, the planned production line could be formulated as fol-
lows: Suppose the production line is already ready for machining the exact types of parts.
There are defined types of component, machine tools and industrial robots. The operator
stores the selected parts on conveyors. Using a camera to identify the position of the parts, the
robot grabs the workpiece from the conveyor and, depending on which part of the machining
line, knows which machine to insert it into. The line can handle two different types of parts.
The robot grasps the workpiece from the conveyor for which the machine tools are free. [4].

In the working environment of the Fanuc Roboguide program, individual machines, equip-
ment and, in particular, the industrial robot are placed according to the final design, Fig. 4. The
robot, control unit, machines, conveyors, fencing and boxes are 3D CAD models imported from
the Fanuc library. Those machines and equipment which are from another manufacturer must be
insert separately, respectively. Models that are not freely available must be modelled separately.
These are the DMG Mori CL 1500 CNC lathe, Ringler RE 201 and DHP. Since the robot will
handle parts of different dimensions, it is necessary to design a custom end effector [5].

Fig. 4. 3D model of machines and equipmen

t in Roboguide

Verify cycle times after optimization using simulation. Before using the finished pro-
gram in production, it is necessary to verify that the robot with the program can produce the
number of components we assumed. In order to get the highest productivity on the proposed
production line, we optimized some work cycle and process values for current state, Table. Ver-
ification cycle times is realized in Roboguide simulation. In simulations, we can measure not
only the individual cycle times but also the total working cycle for one or more machined parts.
If the simulation shows that the production line can produce machined parts according to opti-
mized times, the program can be used.
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Table
Optimization of work cycles and processes
Operation (s)
Parts - T O I - - - - - -

Deckel 217 Current 0 0 0 3.8 0 12.2 | 12.2 0 0 0 0 0 0 13 35
Optimization 0 0 0 3.6 0 9 9 0 0 0 0 0 0 13 | 316

Deckel 218 Current 0 0 0 0 0 0 0 10 0 0 0 0 0 13 29
Optimization 0 0 0 0 0 0 0 8 0 0 0 0 0 13 27

Deckel 219 Bl 0 0 0 0 0 0 0 0 0 0 0 0 11 13 30
Optimization 0 0 0 0 0 0 0 0 0 0 0 0 11 13 30

Br-néd;ck-l Current 0 0 0 21 10 0 0 0 0 0 0 0 0 13 50
Optimization 0 0 0 21 10 0 0 0 0 0 0 0 0 13 50

Kol:’z-;;m Current 12.9 0 0 0 0 9 9 0 49 | 34 0 0 0 13 | 49.2
Optimization | 1.9 0 0 0 0 9 9 0 4.9 | 34 0 0 0 13 | 49.2

Kolben 018 Current 0 30.1 20 0 0 0 0 0 0 0 0 12.1 | 11.8 13 | 92.5
Optimization 0 18.2 | 9.4 0 0 0 0 0 0 0 0 10 7.5 13 | 64.1

Pump;’\:eckel Current 0 0 0 24.3 5.2 0 0 0 0 0 10.3 0 0 13 58.8
Optimization 0 0 0 21.3 5 0 0 0 0 0 8.2 0 0 13 53.5

The view of the 3D design of the manufacturing robotic line is shown in Fig. 5.

Fig. 5. View of the designed production line in SolidWorks

Conclusions. The article describes the problems of design, optimization and simulation of a
robot equipped workplace. For optimizing workplace was precisely defined robot type when,
which limited the use of the robot from better parameters. Using the robot can increase work-
place productivity while reducing the work area. With the implementation of the proposal, the
target was achieved to increase workplace output by 483,000 components / year.
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Au Cemiion, Hozegp Kocmxa, ITemep Maxo

BUKOPUCTAHHSA IMITAIIMHOI ITIPOT'PAMM JIJISI TIPOEKTYBAHHSA
1 ONITUMIBALII JITHII BAPOBHUIITBA

Axmyansricms memu 0ocnioxcenns. Iliosuwents npoOyKMUSHOCHI npu 30epexcerti 00Cmamuvoi skocmi npooyKyii € 00-
HUM 3 OCHOBHUX KpUmepiie niompumku KOHKypenmocnpomodichocmi. Lle cmocyemvcsi asmomamusayii 1 pobomusayii upobHu4020
npoyecy. [l moeo wob pobomusayis 6yaa yCRiwHo0, YCi emanu npoeKmy68aHHs NOSUHHI NPOUNU nO2IUONEeHe QOCTIONCEHHSL.

ITocmanoeka npoonemu. Memor € cmeoperHs pobOMU308aHO20 NPUCMPOIO (POOOMU308AHOL NiHIL), 30amH020 30iTbuUmu
8upobHUYmMEo komnornermis 3 91 000 0o 160 000 na pix y merwomy poboHoMy NPOCMOPI OISt KOHCHOZ0 3 7 MUnNié KOMHOHEHMIE.

Ananiz ocmannix 0ocnioxncens i nyonikayii. Benuxa uacmuna nyonikayii npucesauena 6npoeao*CceHHO pobomu308aHux
npUCmpoi8 y UPOOHUYI cucmemu. 3a2anom, MOXCHA 3A3HAYUMU, WO PO3PoOKa poboma € cneyudiuHow U 3anexcums 6i0
KOHKDemHOo20 8upobHuy020 npoyecy. 3 yici nputunu HeoOXiOHO nPpogecmu HOBULL AHANI3 NPUOAMHOCTE POOOMA Ot KOJHCHO-
20 8UPOOHUYO20 NPOYeCy, TPYHMYIOUUCH HA AGIMOHOMHOMY MOOETIOBAHHI.

Buoinenns nedocnioycenux uacmun 3azansnoi npoonemu. Y yiti cmammi 0CHOHA Y8a2a NPUOINACMbCA KOHKPEMHOMY
PIWEHHIO Ha POOOYOMY MICYi, 8 AKOMY BUKOPUCHIOBYEMBCSA OOUH MUN pOOOMA, WO NOCMABNAEMbCSA KOMNAHIEIO-GUPOOHUKOM.
Bukxopucmanns inuozo muny poboma 3 0inviut NiOX0OAUWUMU NAPAMEMPAMU OYII0 HEMONHCTUBE Y PIHAHCOBOMY NIAHI.

ITocmanoska 3ae0anusn. Mema nonseae 6 momy, woob cnpoekmyeamu Haubib nioxoosaue po3miujeHHs . BUPOOHUUUX
MAWUH HABKOLO NONONCEHHS NPOMUCT08020 poboma. TIpoananizysamu éci poboui pyxu poboma, wob 6in Mic MaHinyI06amu
OOHUM [3 7 munie KOMNOHEeHmMi8 Ha NiHii 31 30inblueHHamM upobHuymea Ha 483 000 wmyxk Ha pik.

Buxnao ocnoenozo mamepiany. Mooentosanns pobouoi o6nacmi 8 agmoHOMHOMY pexcumi 0038015€ ONMUMIZYEAU
KOHCMPYKYII0 00 mMo20, K 80HA OyOe cmeopeHa Ha obpanomy pobouomy micyi. Lle smenwye sumpamu Ha po3pooKy 1 eko-
HOMUMb 302ANbHULL YAC BUKOHAHHSA POOOMIL.

Bucnoeku 6i0nogiono 0o cmammi. Y cmammi onucylomscsi npoonemu npoeKnyeaHHs, Onmumizayii ma MooenosaHHs
Ppobouoeo micys, obnadnanozo pobomom. [ onmumizayii pobouoeo micys 6y8 MoyHO USHAUeHUti mun poboma 8 yMoeax
KOJIU ICHYBANIO 0OMENCEHHS HA BUKOPUCMAHHA poboma 3 Kpawjumu napamempamu. Bukopucmarnts poboma mooice nioguuju-
mu nPOOYKMUBHICTbL POOOY020 Micys ma cKopomumu pooody 30Hy. I3 enpoeadsicentam yiei nponosuyii Oyna oocscyma
Mema 36inbuenHs 06ca2y supobruymsa na 483 000 komnonenmie y pix.

Knrouosi cnosa: pooom; mMoOentosanHs, npoepama, Onmumizayis.
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