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Abstract: Modelling and analysing production lines are cifor the research community and designers irtedes
increasing production utilisation and reducing so%his paper aims to model and analyse a realiptioth process of a
Jordanian vehicles manufacturing company and imgppeduction line resource utilisation using ARENifulation
software. The methodology used is simulation mauti develop a new production line design. Penfoice measures
are obtained from data given by the company manageand direct observation of the production likesuggested
modified Arena simulation model is developed far gnoduction line processes based on the collelztd Verification
and validation analysis of the proposed model red&®esults show that the proposed model’s perfoeeis better than
the current one in terms of; overall total proceggime, the overall waiting time, the overall warkprocess, and the
overall utilisation.

1 Introduction It is proposed in [4] that, a semantic conceptadibs
Simulation is the imitation of the processes otal+ 0 describe an organised Sensitive Business Prxess

world system in generating an artificial history deaw ~ Within a new Business Process Meta-model for Kndgée
inferences concerning the operating characteristice !dentification (BPM4KI). The proposed model coverdd
real system [1]. Simulation modelling is used toimjse the aspects including the organisational, functiona
the performance of a real-world System with |0wtposiﬂf0rmati0nal, behavioral, knowledge, and intendbn
secure and fast analysis with many different systeRfrspectives. The proposed model is semanticalyand
configurations [2]. Simulation software programe ased Well based on «core» domain ontologies.

to simulate the process, which brings the power of A decision-making model for applying for the
modelling and simulation to business procesénowledge transfer support effectively in manufaoty
improvement. It is considered a powerful tool tdphe €nterprises using the GMDH approach is discussésl,in
demonstrate, predict, and measure system stratéaies The model [5] focused on several knowledge workers

effective, efficient, and optimised performance. characteristics within manufacturing companies tasea
Manufacturing provides one of the most importangurvey from 119 Polish enterprises.
applications of simulation. Especially in studyirmd A processbased knowledge management framework to

analysing the production lines to determine howlwefnalyse knowledge flow employing a tphase analysis:
production facilities are being used. Accordindgrtuci et knowledgeflow analysis and process analysis is proposed
al. [3], simulation of production lines is such awerful in [6]. The results showed that the proposed kndgde
tool in obtaining the performance measures in sidna flow model was useful in recognising the relatiopshi

where analytical techniques are either difficult oPetween the manufacturing processes and knowledge
impossible to use. where the diagram acts as a knowledge mediator gshon
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a worker and the associated successor. Patalds [} a preparing the chassis, grinding the Armor, fittinigges,
presented the ExKnowlT information system that iseleasing the door then fitting all brackets andcsps,
supporting the expert knowledge eliciting for swstal IT  painting process, preparing the floor, and fittisgme
projects. The model consisted of (1) the expert&lectrical and mechanical parts, trimming proceks p
identification for successful information technojog fitting accessories and finally, painting. To acliethe
projects, (2) the expert knowledge eliciting oridired IT  previous research objective, a compression stutlydas
projects, (3) the expert knowledge according tisfiad the current process flows versus the future profiess
information technology projects, (4) the Group Metlior regarding total time, waiting time, several works
Data Handling (GMDH) algorithm, (5) manager selemti process, and resource utilisation. The simulatiodetiing
new knowledge for a new information technology pctj research methodology is proposed and illustratédigare
A model for utilising, managing, and collectingl. The full current process is shown in Figure Beve a
integrated engineering outputs within the life-eyptocess Value Stream Map (VSM) of the existing productiorel
of the product is proposed in [8], where the mamigput is built as an experimental model by placing mosithet
acquisition was designed for assembling outputBomitt represent processes or logic. The VSM shows hogethe
further efforts when time outputs were registergisien modules are connected and joined together to spdf
that with the project schedule. As revision happeitisin  flow of entities within the company’s productiondis [11].
the project period, the revision is transferred the This requires the design and development of a new
corresponding process through the Engineering Ghangroduction line that has improved future producyiaf all
Order process. The results showed that the systdimei aspects of vehicle production.
electric transformer EPC project performing usapili

concurrent-multiple projects, and an accumulatingpots Company
Selection Data Collectio

degree that comprises process accuracy and revision
history was enhanced about the PDM (Product Data

X Data
Management) system used previously. Analysis
The purpose of this research study is to apply AREN (Simulate)

software to simulate, evaluate and improve the
performance of a production line as a real casiysitione
Jordanian vehicle manufacturing company. Actuah dst
collected and analysed for each workstation, iroiyd
processing time, the overall waiting time, the allework
in process, and the overall utilisation. Arenasafe is
chosen for this study due to its modelling flextiland
ease of use. It provides building models for mamnarios  Figure 1 Schematic presentation of the researcthoutiogy
and options to document, visualise, and demonstrate
dynamics of a process with animation. It also pedi 2.1 Company selection
system performance based on key metrics such asThe considered vehicles manufacturing company is a
throughput, cycle times, and utilisations. Jordanian company in partnership with other congzarit
Moreover, it identifies process bottlenecks such agas established to develop, manufacture, and market
queue build-ups and overutilisation of resourcésNBiny  special and protected vehicles worldwide for ingional
scientific papers have shown that simulation isfééctive  governmental and non-governmental organisationg Th
tool that helps solve many industry problefi8]. In this company is considered a prime pillar in the local
paper, problem description and methodology argutomotive and industrial cluster. It is a custowuieven
introduced in Section 2. The proposed productio® |li company, where the production strategy followedttsy
model is presented in Section 3. Results and dismusire company is “male to order” while ensuring the best
demonstrated in Section 4. Finally, the conclusiml operational practices and the highest armouringdsials
recommendations are summarised in Section 5. [12]. The vehicles that the company produces aegated
in more than 30 countries all over the world. Thésion
2 Problem description and research s to be a world-class manufacturer of light vescland
methodology their mission is to manufacture and sell high-guali

After investigating and analysing the current pesce Protected and special purpose light vehicles areir th
flow of the production lines for producing the velaj a components for the law enforcement, security, avitien
new production line layout is proposed based omlsition ~ Markets worldwide, fulfilling customers’ requirenten
modelling and choosing the appropriate Iea{11.2]- The fac_|I|ty is located in Jor_dan, and icempasses
manufacturing tools to eliminate the non-added evallfight production lines, a well-equipped off-lineguction
activities. The production processes consist of 1af€a, warehouses, and the administration.
workstations that contain many activities startihy

A

Yes/No
tilization/System
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Figure 2 Value Stream Mapping (VSM) of the curaduction processes for producing the vehicle

2.2 Data gathering and data modules waiting time, thus making the production line more
Actual operational data has been collected byinggit efficient.

the factory several times and observing the pradiudine

to understand the interrelations between activides 3.1 Verification and validation

realise the structural process constraints. Petgoom The verification step consists of verifying thaketh

measures are obtained from data given by the comparomputer program performs properly. In other woisithe

management. The collected data is well planned momputer program the exact translation of the kedge

targeting key data contemplate the simulation modehodel? Usually, with complex systems, it is difficif not

objectives such as total processes time, waitinge,ti impossible, to translate a model successfully withe

resources utilisation, and the number of proces&so good deal with debugging. During the verificatidrape of

A set of modelling assumptions are set accordinthéo the simulation model following steps have been

system constraints related to the process typekfaroe implemented: check that the computer program ddeg w

size, and the entity’s movement sequence between fh is supposed to. Use sound programming techniques

stations. In the current and proposed productioe li Check the output for reasonableness and view aiunsat

simulation, three data modules are used, the edéitg [14].

module, which is the vehicle, the resource datauteonh After the verification stage, validation is so innmt

the simulation system for all workstations. Finalthe to be sure that the model is an accurate reprasentf

station data module defines a set of stations sporeding the real system. Validation is usually performihgough

to a physical or logical location where procesgingurs. the calibration of the model. It consists of arratae

process of comparing the model with the system and

3 Proposed production line model adjusting parameters. Of course, if the validafals, the
According to follow process flowchart within thedata collected and/or the knowledge model can be

production workstations, the ARENA flow model wageconsidered. Validation steps include: Check tifet

constructed as shown in Figure 3. Sub-model wad tese Model accurately reflects the real system. Comeeel

facilitate handling of simulation flow model [13}.sample Output to real system output. Involve system expartd

for workstation No. 1 in the current model and thénodel users throughout development and explicites

proposed model is shown in Figure 4 and Figure @nd verify all model assumptions [15].

respectively. To improve resource utilisation, therent Validation was checked with many replications to

|ay0ut of the Company’s production line has beegnsure the behaviour of distributions that werelu$able

deve|oped. Figure 6 shows the proposed produchm | 1 shows the validation results. In Table 1, the mrison

model. It reduces the total processing time andaesithe between observed total time and total simulatee: tior
five different number of replications, includingnlp-term
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simulation. As a result, the simulation model of/2hicles
was valid and mimic the behaviour of a real system.

Createl >—{A$ig1 1]——< Station 1 :Ir Workstation 1 Route 1 Sation 8 :ir Workstation 8 Route 8
Station 2 ¥ Workstation 2 Route2 Sation 9 % Workstation 9 Route 9
Station 3 "' Workstation 3 Route 3 Stalt(l)on ;Workstation 10 Route 10
Station 4 ¥ Workstation 4 Route 4 Staltion FWorkstation 11 Route 11
Station .
Station 5 ; Workstation 5 Route 5 12 i\Norkstatlon 12 Route 12
Station 6 ¥ Workstation 6 Route 6 Staltéon ;Workstation 13 Routel3
Station 7 i- Workstation 7 Route 7 Exit System { Dispose 1
Figure 3 Simulation model for vehicle productiomeli
Wws1 Ws1
Mechanical Eledrical ASTIED Eledrical M echanical A TS
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WS1 WS1 WIP process time
Ws1 Ws1
WSL Ws1 WS1 welding
Fabrication Assign 55 Fasrr;;:zsm —t Fas:(l,izsm [ASSQ” 29}_‘ Welding Assign 59 Process
Process WIP Time Process WIP
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P;_cl)rt:]ees ¢ NVA_WS1 Assign 42 WIP Total Time

Figure 4 Workstation No. 1 — the current model
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Figure 5 Workstation No. 1 — the proposed model
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Figure 6 Proposed process flowchart for vehicleduretion line
Table 1 Validation Analysis be implemented in a parallel manner rather thactinent
Total Total simulated time in hours, under series flow to improve the resources utilisation.
observed different number of replicatio
(I—TQ:Jers' R=1] R=2] R=5 R=10 R=2> 41 Total processing time comparison
156 15639 45640 45642 45663 456150 The total accumulated processing time was reduced
from (457.3 hours) to (383.0 hours) in the proposed

4 Resaultsand discussion
Comparing the status (as-is) of the current folbtart
and the current simulation model with (to-be) taftiis

production line layout model. Figure 7 demonstrdtes
processing time is distributed across all worksteti The
WS3 welding process 3, processes in workstatiorad,
workstations 6 have processing total time highantthe

found that some processes within the same workstaéin  crrent model.

=== Recommended Model  e====Current Model

Processing time, hours

WS$8 Mechanical and...
'WS8 Trim Process Time
WS11 Processes Time
Workstation 12 Total Time
WS13 Fabrication and...
WS13 Glaze Process Time
WS13 Mechanical process...

WS4 Fabrication and...
Workstation 9 Total Time

WS4 Welding Process 2 Time

WS2 Fabrication and...

WS1_Mechnical and...
WS2 Welding Process 2 time

WOrlstathZTotaIWne
WS$10 Trim Process Time

WS9 Glaze Process Time
Workstation 10 Total Time
Workstation 11 Total Time

WS12 Paint Process Time
Workstation 13 Total Time

WS3 Welding Process 3...
WSS9 Fabrication Process...

WS1 Fabrication Process...
WS1 Welding Process Time
WS3 Welding Process Time

WSS Fabrication Process...

Workstation 6 Total Time

WS6 Fabrication Process...
WS6 Welding Process Time

WS?7 Paint Process ATime

WS?7 Paint Process BTime

WS10 Glaze and Electrical...

WS$12 Paint Process 2 Time

Workstation 1 Total Time
Workstation 3 Total Time
Workstation 4 Total Time
Workstation 5 Total Time

WSS5 Fabrication Process 3...
Workstation 7 Total Time
Workstation 8 Total Time

Prodcution stsages

Figure 7 Total processing time comparison betwagreat and recommended model
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4.2 Waiting time comparison 8, that 29 out of 47 queue lines have waiting time
The waiting time comparison between the currenhe proposed model lower than the current model. At
model and the proposed model for all queue lines the same time, the remaining queue lines haveaimil

the ABC production line, as can be seen from Figureaiting times in both models.

= Recommended Model  e====Current Model

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

Waiting time. hours

WS1 Electrical..
WS1 Mechanical..
WS2 Fabrication...

WS2 Welding..
WS3 Welding..
WS3 Welding..
WS4 Fabrication..
WS4 Welding..
WSS Fabrication..
WS6 Fabrication...
WS6 Welding..
WS7 Paint Process..
WS7 Paint Process..
WS8 Mechanical..
WS8 Trim..

WS9 Fabrication..
WS9 Mechanical..
WS10 Glaze..

WS10 Trim..

WS11 Glaze..

WS12 Paint Process..

WS13 Electrical..

WS13 Glaze..

WS13 Mechanical..

Production stages (Queue)
Figure 8 Waiting time comparison between currerd ecommended model.

4.3 Comparison of WIP level (WIP) quantity levels in the two models. When the
Although, as shown in Figure 9, there are aiotal average (WIP) level for both models is
oscillating discrepancy between the work in proces®mpared, the findings are identical.

e Recommended Model e Current Model

1.40
1.20
=< 1.00
Z 0.80
By 0.60
> 0.40
0.20
00 e e e e Y
£Ei:333:3::3;iicziigcEceiEct g
€ £ £ 2 2 2 E 2 £ E 2 AA S8 E S o S =8 8E o« g
=T - - 7 - - v N O o e ™= g
o Y 2T 32 2 e g S22 2ga2eHLg
2 L 233 IEEBBEERTEFeEzE 02 2
zZgFFF 3% g8% %3 33 g " =
» S - - ~ ~ -
ez z 2 B 2 2 z z B = z
Prodcution stages
Figure 9 Quantity of WIP comparison between curiamd recommended model
4.4 Resource’s utilisation the highest schedule utilisation (equals 5&&ent)

Figure 10 represents schedule utilisation fdollowed by fabrication worker No. 19 (Fab 19),
resources (workers) in the current model, witlvhich has a value of 45.91 percent. The lowest
schedule utilisation ranging from 9.18 percent techedule utilisation for fabrication worker No.Fab
53.56 percent. Welding worker No. 1 (Weld 1) ha$) with schedules utilisation is equal to 9 cent.
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Figure 10 Utilisation of resource — the current mabd

In the proposed model, the schedule utilisation fdto. 19 (Fab 19), which has a value of 50.59 percent
resources (workers) ranged between 10.12 percéihereas the lowest schedule utilisation for
and 59.02 percent, as shown in Figure 11. Weldirigbrication worker No. 7 (Fab 7) with schedules
worker No. 1 (Weld 1) has the highest utilisatiomtilisation equal to 10.1@ercent.

(equals 59.0percent) followed by fabrication worker

0.600 | B Paint 2
\

0.500 |

oaoon‘ 0 Trim 2

[ & Trim 3

) O Trima4

0.300 = B Weid 1

B wWeld 2

0.200 B Weld 3
0.100 T—

Production Resource

Utilization

Figure 11 Utilisation of resource — the recommendextiel

As shown in Table 2, a comparison of schedukeAccording to the results, the proposed simulatiadeh
utilisation for the proposed model and the currenthas achieved a significant reduction in both tatad
model reveals that overall utilisation for all werk ~ Waiting times. It is also shown that the proposemtiet

improved by 0.94 percent, while welding worker No Moreover, the overall resource utilisation in tlnepzns_ed
model is better than the current model by approtéiya

1 improved by 5.46 percent (Weld 1). 10.21%

* By following the simulation methodology presented i
this paper, general production lines can be andlyse
regardless of size, used technology, variationther
multiplicity of their products, by following thersuulation
methodology presented in this paper, not only bt
also systems production services can be analystdtbin
same manner, implying that the simulation system
presented here can be used in the analysis of all

5 Conclusions

In this paper, a production line of a Jordanianisleh
manufacturing company was efficiently simulatedngsi
Arena, to improve and develop a new production line
design. Processing time, waiting time, WIP leveid a
utilisation of capacity have all been used as éopmance
indicator. After completing this research, verifyjrand
validating the model and results. Several outcome®
discovered, including the following.
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production lines, whether it is configured in aigler [5] PATALAS-MALISZEWSKA, J., KREBS, I.:

parallel or hybrid structure. ‘Decision model for the use of the application for
knowledge transfer support in manufacturing
Table 2 Schedule Utilization Comparison enterprises’ In: Abramowicz W. (eds) Business
Resource Utilisation (%6) Improvement Information Systems Workshops. BIS 2015. Lecture
NEGTD | Proposed] Current | Amount | Rate (%) Notes in Business Information Processing, vol 228.
(%) Springer, Cham. doi:10.1007/978-3-319-26762-3_5
Elec ] 32.0¢ 29.0i 2.9i 10.2% [6] KIM, S., HWANG, H., SUH, E.: A processased
Elec 30.3¢ 27.5¢ 2.81 10.2( approach to knowledgibow analysis: a case study of a
Elec 13.4¢ 12.2¢ 1.2t 10.2] manufacturing  firm, Knowledge and Process
Fab :_ 82.0¢ 29.0i 2.9i 10.2¢ ManagementVol. 10, No. 4, pp. 260-276, 2003.
EZE L Zg-g; ‘S‘ggg 2‘*-85 ig;; [7] PATALAS-MALISZEWSKA, J., AND KREBS, |.:
Fab ‘2( 3038 27 52 58] 10 2 ‘An information system supporting the Eliciting of
Fab 20.4 36.7; 3 7E 10.27 expert. kn_owledge fqr_ s_uccessful IT projecta:
Fab ¢ 30 3¢ 57 5 28] 10 2( DamaSeuius R., Vasiljevien G. (eds) Information
Fab ! 40.4, 36.7 3 7C 10.27 and S(_)ftvyare .Technologles. ICIST 2018,
Fab ¢ 40.4, 36.7- 3.7t 10.27 Communications in Computer and Information
Fab ' 10.12 9.1¢ 0.9¢ 10.2¢ Science, Vol. 920, Springer, Cham.
Glaze 28.63 26.01 2 6¢€ 10.27 doi:10.1007/978-3-319-99972-2 1
Mech 1 43.8¢ 39.7¢ 4.0¢ 10.2] [8] HAN, J., LEE, S. H., KIM, J. K.: A process igeated
Mech : 42.1¢ 38.2¢ 3.9] 10.2: engineering knowledge acquisition and management
Mech : 13.4¢ 12.2¢ 1.2¢ 10.2] model for project-based manufacturingternational
Paint : 13.4¢ 12.2¢ 1.2t 10.21 Journal of Precision Engineering and Manufacturing
Paint : 33.7¢ 30.6( 3.1 10.2¢ Vol. 18, No. 2, pp. 175-185, 2017.
Paint { 13.4¢ 12.2 1.2¢ 10.27 [9] PAPADOPOULOS D., O'KELLY H.T., VIDALIS M.,
Paint 20.2¢ 18.3¢ 1.8¢ 10.2¢ E. J., SPINELLIS J.Analysis and Design of Discrete
_Fr’fi‘:;‘tl( gggﬁ ;ggf %g? %8%2 Part Production Lines Springer Science, 2009.
Trim 2 30'3; 27'& 2.8] 10'2( doi:10.1097/978'-0-387-89494-2_6 5
Trim 2 26:92 24:45 2‘E 10.21 [10] PEKARCIKQVA, _ M., . TREBUNA, _ P.,.
Trim 4 26 0¢ o4 ¢ oF 10 21 MARKOVIC, J.: .Sllmulatlon as part of industrial
Weld 1 59 0; 53 5¢ T 10 1¢ practice Acta Iog|s§|ca Vol. 2, No. 2, pp. 5-8, 2015.
Weld 2 32.0¢ 29.0; 2.97 10.25 d0|1022306/alv2|236 . .
Weld = 30.3¢ 27 52 281 10.2( [11] SERAJ, Y.A.: A simulation study to increaseeth
Average 30.71 2787 2.8t 10.21 capacity of a rusk production lindnternational
Average | 383 hou | 457.3 -74.2 -16.2% Journal of Mathematics and Computers in
Average | 183.16 2845 | -101.34 | -35.67 Simulation Vol. 2, No. 3, pp. 228-237, 2008.
Average 19.9 21.7 -1.8 -8.2¢ [12] LAW, A.: Simulation Modelling and Analysi4" ed.,
*! Reduction New York, McGraw-Hill, 2007.
(improvement) [13] CHUNG C.A.; Simulation Modelling Handbook: A
Practical ApproachCRC Press, 2019.
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