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Abgtract: Companies can achieve effective and efficient ggedf they make continuous improvements to achieve
sustainability. In general, companies are awaxgasfte in the production process, but do not castyreeasurements and
analyzes related to this waste, including unit ol profit analysis. A production system is neetled is able to
minimize the unit costs and maximize profits in twenpany, one of the concepts used is the learepbnthis study
aims to analyze the cost unit and profit generatgoroduction systems that apply lean principla®dBction system
simulation is carried out using the concepts ofiida, Jidouka, and Kanban System. These threeeptsare applied
to a production system simulation that uses mingatars with unit cost and profit comparison oupuith traditional
production systems, pull systems, heijunka, jidoukad Kanban systems. The results show that thiecost of
simulations 1 to 6 is getting lower, while the fra$ increasing. In simulations 1 and 2 no prefiis obtained because
of implementing the traditional system while in siations 3 to 6 there was an increase in profiabee they had applied
lean principles to the production system. Simutatithat have implemented the lean concept haveutotvcosts and
increasing profits, but what distinguishes the wothods applied. Production systems that applyete concept can
help a company achieve sustainability in the ecaadieid.

1 Introduction the concept of downsizing or lean is considere@lolgpof

Competitionin the industrial world is becomingovercoming this. With lean production, sustain&pfiiom
increasingly stringent with the existence of nemoivative ~an economic standpoint will be easily achievedeform
manufacturing technologies so that this makes coiepa ©f unit cost efficiency with maximum profit achiewent.
able to continue to maintain and improve qualityd anBased on sustainable development, there are thitees p
production capacity [1]. that are the focus in achieving sustainability, egrsocial,

Lean Manufacturing is a concept that is able totifie  environmental and economic [3,4]. To achieve
and eliminate waste through continuous improvemerfiustainability in the economic field, good produityi
This method is ideal for optimizing the performarafe Must be applied to the production system [5]. _
production systems and processes because it istable ~Manufacturing companies looking to increase profits
identify, measure, analyze, and provide solutions fCcan make continuous improvements in productivitg an

continuous improvement. Basically lean aims to ielate  quality by reducing additional working time, labor,
or reduce waste [2]. production time, and production costs by streamdni

Waste can affect the company's sustainabilitproduction processes. Some of the tools that carsée to

especially in the economic field of the productaystem. achieve sustainability in the economic field are by
A production system that is not lean will causehhigit ~implementing the Kanban, Kaizen, and 5S system3 [
costs and low profits for the company, making fficiit ~ Toyota Production System (TPS) has long implemeated

to achieve sustainability in the economic sectberfore, lean or lean production system by implementing sdve
concepts in its production system by making coratirau

~ 625~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 10 2023 Issue: 4 Pages: 625-636 I1SSN 1339-5629

Profit comparison analysis in production system simulation based on lean principles to achieve
sustainable manufacturing

Saiful Mangngenre, A. Besse Riyani Indah, Nadzirah Ikasari Syamsul, Andi Nurwahidah, Muhammad Reza D.
Bagus

improvements by finding methods that are able teystems, especially in manufacturing. Thus the amyjis
minimize unit costs and increase profits from thable to achieve its respective sustainability axébonomic
production system side. Some of the methods applied field, especially in the manufacturing sector bylgmg

the Heijunka method, which is leveling productiaitbin  the best production system simulation results in
terms of volume and product mix [7], the Jidokatmoetin  minimizing unit costs and maximizing company pofit
which there is an automation process that turnsuadan after testing the production system simulation d¢vesal
processes into automatic ones, and the Kanban ohethmethods applied to TPS.

which is a production order card that functionsdatrol

inventory [8]. 2 Literaturereview
Several studies have been conducted to maximifié pray 1 | ean manufacturing
by referring to the lean concept for achieving @mstbility Taiichi Ohno created the TPS. which is the basis of

in the economic field. [2] the concept of leanarious lean production movements. The definitiblean
manufacturing is to maximize profit by reducing veasn manufacturing is that lean is a systematic apprdach
the production floor and making improvements to anjjentify and eliminate waste through continuous and
identified waste. [1] using the concept of leaygtainable improvement and development [11,12].
manufacturing to increase production capacity t Lean is a systematic approach that can identify and
maximize business profits, to identify waste thatos use reqyce the occurrence of waste based on value-added
value stream mapping. [9] researching related tee cagctivities and non-value-added activities, basycaillean
studies in the automotive sector regarding the ygon  qntinuous improvement is carried out to gain deoek

of spare parts, the application of a combination Qf the production system by flowing products (mialey
customized lean and green strategies resultetedetion \\ork in process, output) and information with al pyktem

of around 10.8% of the production costs of repretae [14,15]. Lean is being able to produce productsigh
spare parts so that from reducing production c@stfit  qyantities, have lower overhead costs, and useiptiod

can be maximized. [10] in research conducted ap@lyi resources more efficiently [16]. A company that basn

lean manufacturing to the fur.ni.ture. industry in M&I_ia that a lean production system will provide a gobdrge
and the results show that deficiencies were founkéan 5 its pusiness. will be compelled to try impleniegtthis

implementation due to the challenges faced, nainetye system in its company [14].

form of technical knowledge, training, and finahcia = According to [17] to become lean manufacturing
resources during the initial phqse of lean mpletmgm requires a way of thinking that focuses on making t
[11]conducted a study by applying lean manufacgiiira.  nroduct flow through stages that provide value aiitrany
company to encourage an increase in the companyi§siacles (one piece flow), a pull system origigafrom
financial strength by making continuous improversdot . stomer demands to achieve short processing agerv

the production system. [12] developing a methodptb@t 5 4 culture of continuous improvement diligently.
can be applied by small and medium enterprises (SME

especially SMEs in the manufacturing sector, tiselte of
research provide suggestions for the right lears témr
SMEs in maximizing profits. [13]presents a custasdiz
approach to low cost economic and ecological ogttion
of manufacturing processes, by identifying thetrefeship

between ecological characteristics and Lean pl@Si®  ,ic5 a holistic implementation method to suppoe th

develop an Eco Lean mindset. application of the concept of continuous improvetnen

Based on sevgral previous studies, this re;eartth Weasurement of sustainability performance is always
develop a production system based on lean priripje based on the triple bottom line, which focuses on

adopting the method.a.ppllie_:d by t.he TPS, which '@b environment, economy and social (Figure 1). A camypa
proven capable of minimizing unit costs and maxiniz ;| he said to have a sustainable manufacturirgesy if
proflts by red_ucmg waste on _the_ production _floor Lthe company has been able to achieve a level of
achieve sustainable manufacturing in the econoraid. f sgstainability in these three aspects. However,peties

g 1

PrOdUCt.'On system Improvements can be seen throughinnot separate sustainability improvements in aaphct
production system simulations that are run withesalv . 4/ se these aspects will continue to be reldted.

types of si_mulations that apply the TPS method,erigame encouraging sustainability in the economic and
heijjunka, jidouka, and Kanban systems. In the mdn ¢ \ironmental fields, companies need to implemean |

sys_tl_ehm simulation, frr;;]matutredca_rs ztare L:;e_d' ducti manufacturing systems. To foster sustainabilitytlie
€ purpose of this study 1S 1o oblain a productiog.,nomic and social domains, companies should adopt

system t_hat can mi_nin_]ize L.mi.t costs and_maximimitpr both large-scale manufacturing and an efficienishizs
by adopting lean principles in it and referrindtie method system. From a production standpoint, logisticypla

used in the Toyota Production System. The restitSi® ,qia| role in acquiring materials from suppliées the
study can overcome the problem of waste in prodaocti

2.2 Sustainable manufacturing

The application of sustainable manufacturing in any
industry, including industry in Indonesia, requireg only
planning a production system based on the thrésepibf
sustainability (economic, social and environmenthal}t
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company's production processes. Simultaneously fo
marketing perspective, logistics is instrumental tive
distribution of goods from the company to consumeécs
increase sustainability in the environmental andiado
fields, companies need to implement green manufagtu peaks in demand so that customer orders aredfillefd
Therefore, it can be concluded that in achieving waithout changing production. In addition, Kanbanais
sustainable manufacturing system, companies mustheduling approach that matches supplies withahctu
implement a lean, mass and green manufacturingreystneeds. Kanban is supported by a nameplate in the do

To increase sustainability in the environmental aodal a card containing information on the parts thatdnieebe
fields, companies need to implement green manufagtu provided in the production unit/facility or by oids
Therefore, it can be concluded that in achieving suppliers. Visual cues such as kanbans can alssdubto
sustainable manufacturing system, companies musintrol overproduction and uneven production rates.
implement a lean, mass and green manufacturingraystJidoka aims to design equipment in a productioriesys

by expecting average production to be in balandh wi
long-term demand forecasts which can also include
variations in short-term demand. At Heijunka, reser
product inventories are carried out to deal witkddan

[19]. capable of automatically detecting production peois
and stopping when these problems occur. Examples of
problems are equipment malfunctions, quality isswes
Environmentally delays in worker response. The visual system ie &bl
Benign Mfg provide information to workers who operate machines
) [22]. In applying the lean concept to TPS to redcests,
Environmental most of the production processes include the iesiof
Green\Mfg Kaizen activities, flow analysis and Kanban syst¢h6s.
Green Mfg 3 Methodology
Leat Tt 3.1 Data collection
9 sustainable Production system research based on TPS was carried
Economic / Mfg Social out in two stages of data collection :
1. The research was carried out with experimental
Lean Mfg Mass : activities in the _Manufacturing System I__ab with
A\ S Mg COnSSZ?;'LVm step 1-6 simulations on the TPS for miniature car
- 9 products of the Pick Up <P/U>, Double Cabin <D-

Cab>, and Multi Purpose Vehicle <MPV> types.

2. Literature research, namely literature studiededla
to the issues, will be discussed in this study sigh
lean manufacturing, sustainable manufacturing, and
the TPS.

Figure 1 Sustainable manufacturing
sourceq18]

2.3 Toyota Production System

The application of the Toyota Production System3)P 3.2  Processing and analysis of data
principle aims to expedite all production areafhwirious Processing the data is done by calculating thecosit
processes, achieve high quality output, reduce evastnd profit generated in each simulation that isiedrout
generated, achieve high quality output, and achiewe starting from step 1 to step 6. The cost comportbatsare

production costs in producing products. Economiteffies
will be achieved by optimal inflows and outflows asl|

calculated to determine the unit cost and profie ar
depreciation costs, labor costs, and productiots@gach

as a minimum area. The financial benefits will bgroduct unit workstation. In this study, a compamat

enormous by applying this TPS principle in the pieibn

analysis of the unit cost and profit generated @ache

line. With a balance between stations in the pridnc simulation based on the TPS was carried out.

process, it will reduce stock in each process. Wildead
to lower production costs. With effective stock3.3

management will be able to prevent the instabilitya 1.

production process. In addition to balancing thecpss
between stations, it will have implications for rieasing
overall production output. The process of balancuagput

between work stations is what will be the focustlog 2.

research [20].
According to Taiichi Ohno [21] the most basic waste

overproduction, because it accounts for most ofother 3.

waste. The TPS aims to achieve stable and leamgtiod

Distribution of work stations

Work Station <WS> #1

Perform the assembly of the lower part of the gar b

combining the chassis, front & rear axle and axle
holder

Work Station <WS> #2

Assembling the bottom of the car by combining the
results of WS #1 and wheel products

Work Station <WS> #3
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Performing the assembly of the top of the car bliow long it takes to produce an output, including-value
combining the results of the WS #2 product and thedded activities and value added or the time iegadn

body according to the model being worked on
4. Work Station <WS> #4

operator to complete 1 cycle of work including to d
manual work and walk. Takt time is not a tool, sta

Conduct quality checks and record defects founcboncept used to design a job and measure the teinpo

from WS #3 products

3.4 TPSsmulation steps and conditions
The TPS simulation (Figure 2) is carried out witty2le
times with a takt time of 90 minutes. Cycle TimeT}Gs

customer demands. Takt Time (TT) is the time abélto
produce an item or service divided by the amount of
products or services demanded by the customeran th
period [23]. Each cycle time is fulfilling 5 demandut of

10 total demands.

Simulation Conditions
o Simulation
o Takt time
2 Production
2 Delivery
2 Product

:15min/game
: 1.5min(90sec)
-1 shift'same
:Sunit/cycle

1 unitbox

Cycle |

Demands

Cycle 2

Figure 2 Simulation conditions

Simulation #1 (Figure 3):

AR

WS #2
(Assy Tire)

Ccomooren|
A

G

Supervisor

CPmponent & Product Product
Finish Product WS #1 WS #2
(input from each WS)

EWLIE B STEP #1 : Traditional Manufacturing

(for WS #4) | (for Delivery)

(Final Assy)

~ W )

Finish Finish
Product Product
WS #3 WS #2

1
Buzzer|

Customer
AR |
Y

Warehouse

Figure 3 Traditional manufacturing
Source[24]

In simulation #1 the company implements a prodactiofinished goods stocks and semi-stock stocks andetho
system that is still traditional where it uses aet@use as ready to be sent to customers.

a centralized place for both material stocks ad asl
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Simulation #2 (Figure 4):

WL 2B STEP #2 : Stock Between Process

(eh

WS #1 WS #2 WS#3 | chutter Finish
(Assy Chassis) (Assy Tire) (Final Assy) ws #3->4 |(Finalinspection)] Good

)
@ W

4
Supervisor \: \

Warehouse
(Component)

Y

Customer

0] A‘Q

Figure 4 Stock Between Processes
Source[24]

In simulation # 2 the company implements a producti and warehouse only as a place to store materialstih
systemwho have implemented a store at each wdikrsta use production orders in the form of a schedule.

Simulations#3 and #4 (Figure 5):

Layout 3 STEP #3 : Pull System (use waiting post)
STEP #4 : Heijunka (use heijunka post)

WS #1 WS #2

(Assy Chassis) (Assy Tire)

Supervisor L

Warehouse

(Component) o

Customer

Figure 5 Pull System and Heijunka
Source[24]

In simulation # 3 the production system implementedaiting post function is a tool to obtain informatifrom
by the company is a pull system at each work statio  visualized customer.
this simulation Kanban and waiting post are uséd, t In simulation #4 the production system appliedsith
Kanban function is a card for production orderslavttie  system and heijunka post which are tools with ihe af
equalizing the operator's workload.
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Simulation #5 (Figure 6):

Layout 4 STEP #5 : Built in Quality
DN

6 b o

WS #1
(Assy Chassis) | ws #1>2

G | |

Supervisor _

Warehouse
(Component)

&Y

Figure 6 Built-in Quality
Source[24]

In simulation # 5 the company implements a producti work station operator must check product quality an
system with Built-in Quality (does not receive,ensure the point quality of his work.
manufacture and forward NG goods) in simulatioraéhe

Simulation #6 (Figure 7):

Man Power Required:

1 Supervisor

1 Loglstic Persons (DL}
1 Shipping Ferson (DL}
A mepectsr [inian
(&)1 PPIC Person
1 Customer

DL ; Direct Labour

Total : 8 persons
y e DL : 5 persons

L.

e
N

Supervisor

Warehouse
{Component)

2 i -
Figure 7 Continuous Flow & Standardized Work Kaizen
Source[24]

In simulation # 6 the company implements a producti is calculated to find out the unit cost, profitdamo good
system which implements TPS by flowing each ong pamate in each simulation. Profit and unit costs gatesl in
and reviewing work standardization based on Takt€li each simulation will be analyzed to get the beaugation.

[24]. Each simulation uses a different method. Simulatioses
traditional manufacturing, simulation 2 uses stoetween
4 Resultsand discussions process, simulation 3 uses a pull system, simulatioses

cost at each workstation for each simulation. Thal tost 6 Uses continuous flow and standardized work kaizte

following calculation is a description for simulati 1
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(traditional manufacturing), which consists of cdéding for each simulation is the same, namely 10 unitsaof
the total cost based on the cost of good produeti@hno consisting of Pick Up <P/U>, Double Cabin <D-Caand
good production at each workstation. The numberdérs Multi Purpose Vehicle <MPV> types in each simulatio

Simulation #1

1.

Total CostWAS #1

cost =$10

goodproduction = Quantityx Cost = 1 x $10 = $10

No good production = Quantityjk Cost=0x$10=0

total cost =good Product No good Product = $10 + 0 = $10
. Total CostWAS #2

cost =$20

goodproduction = Quantityx Cost = 4 x $20 = $80

No good production = Quantityx Cost =0x $20=0

total cost =good Product+ No good Product = $80 + 0 = $80

Total CostWAS #3

cost =$30

goodproduction = Quantityx Cost = 3 x $30 = $90

No good production = Quantityx Cost=0x $30=0

total cost =good Product+ No good Product = $90 + 0 = $90

Total CostS #1 #2 #3

total cost AWSHL + WS#2 + WS#3 = $10 + $80 + $90 = $180

So, the total cost obtained in WS #1 #2 #3 Simuohati is $ 180.
Total CostWWAS #4

cost = $40

goodproduction = Quantityx Cost = 4 x $40 = $160

No good production = Quantityx Cost = 6 x $40 = $240

total cost =good Product No good Product = $160 + $240 = $400
. Shipping

Number Of Orders =10 Pcs

Cost Delivery (On Time) = $100 x Quantity = $100 x 7 = $700

Cost Delivery (Delayed) = $80 x Quantity = $80 x 0 = $0

Total Deliveryd) =9

Cost Undelivered

/Reject Product = $30 x Quantity = $30 x 3 = $90

Total Income = Cost Delivery - Cost Undelivere®700 - $90 = $610

So, the total income earned on shipping Simulatig$610.

Unit cost = (Fixed Cost + Total Cost WS #1#2 #3 + TotaltG'S #4) / Total Delivery
= ($200 + $180 + $400) / 7 = $111

Profit =Total Income (Fixed Cost + Total Cost WS #1 #2 #3 + Total Gb§ #4 + Labor Cost)
=$610 — ($200 + $180+ $400+ $180) = -$350

Total NG WS#4

QualityNG Rate x100% == x 100% = 60%
10

70tal Order Customer
To calculate the unit cost and profit in each satiah,
Ms. Excel, the following are the calculation restit
simulation 1 shown in Table 1.
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Table 1 Lean Manufacturing Simulation 1 Evaluat&ireet

Lean Manufacturing Simulation Evaluation Sheet Round #1 _
The cost of depreciation is fixed: | $ 200i— A
Labour No. of Labour: $ 15|— F
Cost of Labour $ 180
WS Area Status Quantity (Q) Cost® Total Cost (Q x C)
Good Product Pcs $ 10 $
#1 InFrovess praduct No Good Product Pecs $ 10 $
In Warehouse Good Product Pes $ 10| § 10
_ Sub Total 1 $ 10|— 1
Good Produict Pcs $ 20| $
In Process product
#2 Ne Good Product Pcs $ 20| §
In Warehouse Good Product Pcs $ 20| $ 80
Sub Total 2 $ 8o l-—> 2
Good Product Pcs $ 30| %
#3 nEiReats prdict No Good Product Pes | § 30| §
In Warehouse Good Product Pcs $ 30| % 90
_ Sub Total 3 $ 90 [— 3]
| Total1+2+3 5 180 [— B]
. Good Product Pcs $ 40| $ 160
#4  |Final nspocton No Good Product Pes |§ 40[s 240
Total $ 400 [— C|
Number of Order 10 Pcs
On time Pcs $ 100| $ 700
SHIPPING Delivery Delayed Pcs $ 80| $
Total Delivery (D) Pcs
Undelivered /Reject Product Pcs 3 -30| § (90)
Total Income $ 610 |— E|
Unit Cost (A+B+C)/D $ 11| — G|
Profit E-(A+B+C+F) $ (350)
On time delivery i Pes —> H
Customer Satisfaction Late delivery 0 Pcs — ]
Undelivered 3 Pcs — o)
Total delivery = ((Hi( 1+J))x 100%) | 70%)
[Quality [NGrate | 60% % | (NGA + NGB + NG C + NG Fl)
(Production total in all processes)
The results of the comparison of company profitefr
each simulation can be seen in the table belowéTab
Table 2 Comparison of simulation results
Quality Man
Simulation | WS#1 | WS#2 | WS#3 | WS#4 | Total income | Unit cost | Profit |(No Good | Power
Rate)
1 $1C $8( $9(C $40( $61( $111 -$35( 60% 12
2 $1C $8( $18( $40( $87( $97 -$16¢ 10% 11
3 $1C $2(C $15( $44( $100( $8: $4¢ 20% 9
4 $1C $4(C $15( $24( $100( $64 $22¢ 0% 9
5 $1C $C $24( - $87( $5( $30( 0% 8
6 - $2(C $12( - $100( $34 $54( 0% 7

The TPS simulation involves several work sectionthe operator and limited by the supervisor. In $ation 1,
consisting of four workstations, a warehouse sact® namely traditional manufacturing involving 12 worke
Production Planning and Inventory Control sectiéach with 4 workstations, in simulation 2 involving 1lovkers
work station has its own workload which is carr@d by  with 4 workstations, in simulations 3 and 4 invalyi9
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workers for 4 workstations, in simulation 5 invalgi 8

Simulation setup 5 (built-in quality) consists of 1

workers for 3 workstations, and in simulation 6 efhi supervisor, 1 PPIC person, 1 shipping person, Batqes,
involved 7 workers for 2 work stations. Based oe thl logistics person, and 1 warehouse person. Irrébjsect,

division of labor for each simulation, it can bessdhat
from simulations 1 to 6 there was a decrease imtinaber
of workers, which was also followed by a reductiorthe

work station 4 as the inspector is omitted. Thisésause
the company implements a production system with-bui
quality (does not receive, manufacture, and forwaod

number of workstations. Except for simulations 8 &y good products) in a way that each work station ersstine
they still use the same number of workers anduality of their respective work. Therefore, ikisown that
workstations, this is because what was done wag onhe unit cost value is $ 50, while the profit valaes 300,
changes to the production flow with the lean cohce@nd the quality (NG Rate) is 0%.
applied in simulation 3, namely the pull system and Simulation 6 setup consists of 1 supervisor, 1 PPIC
simulation 4, namely heijunka person, 1 shipping person, 2 operators, 1 logigkrson,
Based on the results in table 1, a comparison ®f tland 1 warehouse person. In this case, the worlostat
simulation results can be seen. Setup simulation dberator is omitted because in this simulationctivapany
(traditional manufacturing) consistsfrom 1 supeskisl applies a process layout using 2 work stationsdivides
Production Planning Inventory Control (PPIC), Ipgiing the work. As a result, it is known that the unistealue is
person, 4 work station operators, 4 logistics pggsand 1 $ 34, the profit value is $ 540, and the qualitys(hate) is
warehouse person. In this simulation, the compargfs.
implements a traditional production system bec#usses In determining profit, a "profit planning approach"”
a warehouse as a place for stock centralizatiorctwhianalysis is carried out which is based on the icelahip
consists of stock of finished goods, stock of sénished between costs (cost) and income (income), the abwfun
goods which are then sent to customers. The siionlat income can be known based on the amount of den2&id [
results show that the unit cost value is $111ptbét value In the simulations performed, it is known that the
is - $ 350, and the quality (NG Rate) is 60%. production costs calculated to determine profit are
Setup simulation 2 (stock between process) congistidepreciation costs, labor costs, and productiotsdmssed
of 1 supervisor, 1 PPIC person, 1 shipping pergbn, on each workstation per unit product. The cost of
operators, 3 logistics persons, and 1 warehous®peln producing a product per unit is divided into twésg,
this case the logistics person for WS #4 is eliteida namely the cost of good product and no good product
because in this simulation, the company implements Good product means that the product produced if®ffit
production system that has implemented a storeel e sale in the market and meets quality control statgla
work station and the warehouse is only a placetfming while no good product means a product that doeseet
materials. From the simulation results, it is knavat the quality standards and is not fit for sale in the'kea In the
unit cost value is $ 97, the profit value is - $16nd the production system simulation based on the TPS gince
quality (NG rate) is 10%. the number of demands is assumed to be 10 uniteriee
Simulation setup 3 (pull system) consists of Zlypes of cars. The selling price to determine theunt of
supervisor, 1 PPIC person, 1 shipping person, fatpes, income is divided into three, namely the sellingg@of the
1 logistics person, and 1 warehouse person. Ic#ss, the product that is on time, the selling price of theduct that
logistics person for WS 1 and 2 is omitted. Sodhgionly is delayed, and the selling price of undelivergeated
1 logistics person left to deliver materials to lkeagork  products. Total income is obtained based on thygestof
station. This is because the company's productistes1 product selling prices. While the amount of praft
applies a pull system method at each work statiothis obtained based on the difference between the anmaunt

simulation, kanban and waiting post are used, thebdn
function is a card for production orders while thaiting
post function is a tool to obtain information fresualized
customers. The simulation results show that thé aost
value is $ 82, the profit value is $ 45, and thaligy (NG
rate) is 20%.

Simulation setup 4 (heijunka) consists of 1 supsmyi
1 PPIC person, 1 shipping person, 4 operatorsgistics
person, and 1 warehouse person. In this simulattan,

income and depreciation costs, production costgiad at
each workstation for each simulation and laborscoshe
total cost of production becomes one of the vagisiib
calculate the unit cost. The unit cost is obtairmsd
calculating the depreciation cost and the totatipetion
cost at each workstation then divided by the tptabuct
successfully delivered to the customer. productiosts
incurred on each workstation for each simulatioth labor
costs. The total cost of production becomes on¢hef

condition of the company implementing a productiowariables to calculate the unit cost. It is obtdirtey

system is the pull system method at each workostatnd
using heijunka posts as a tool to equalize the atpes
workload. . From the simulation results, it is knothat
the unit cost value is $ 64, the profit value B25, and the
quality (NG rate) is 0%.

calculating the depreciation cost and the totatipetion
cost at each workstation then divided by the tptabuct
successfully delivered to the customer. productiosts
incurred on each workstation for each simulatioth labor
costs. The total cost of production becomes on¢hef
variables to calculate the unit cost. It is obtdirey
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calculating the depreciation cost and the totatipetion
cost at each workstation then divided by the tptatiuct
successfully delivered to the customer.

considering the number of products that are on time

delivery, late delivery, and undelivered.
To see how much the level of product quality is

Customer satisfaction is the main goal for busineggoduced, the TPS concept also calculates the {Quate.

actors. Customer (consumer) satisfaction is thigyabf a

The quality rate is determined based on the nurober

product to meet or exceed consumer expectations gmebducts that fall into no good product categoneath
desires [26]. Customer satisfaction determinestiveess workstation. The purpose of calculating the quatitte is

and failure of the company. Therefore, it is vemportant
to know and understand whether the customer isfigati
with the services provided by the company. Calouraof

to determine the level of production effectivenesshe
production system that is run based on the quefitthe
resulting product [27].

customer satisfaction is based on the TPS concept b

COMPARISON OF SIMULATION RESULTS
—4— Unit Cost —— Profit
$700 $540
$600
$500
$400
© $300
= $200 $111 $97
> $100 46— . $34
$0 $82 M
($100) S1 S3 S4 S5 S6
($200) (8350
($300) ! .
Simulation

Figure 8 Comparison of simulation results

Based on the simulation results 1 to 6, the uritaad 5 Conclusions

profit values are different. Based on figure &hbws that ~ Based on the research results by running 6 sinoulsti
the value for the unit cost startlng from simulatibto 6 is based on TPS obtained unit cost and profit regoftsach
getting smaller. This also happens to the profiteavhich  simulation. Simulation 1 shows the highest unitoehich
shows that from simulations 1 to 6 it is increasgth  js $111 when compared to simulations 2 to 6 whiaheh
reference to the unit cost and profit values geirdrm the  implemented lean principles in their productionteyss.
graphic images, it can be concluded that usingstitee | jkewise, with the profit generated, simulationrbguces
number of orders with different work methods, ilaffect  the |owest profit, which is -$359 when compared to
how much the unit cost and profit values are oketiby  simulations 2 to 6. The profit generated by sinatatl
the company. Simulation 1 which still uses theitragal  shows that the production system that is run irukition

method produces the largest unit cost and the kywest, 1 results in losses for the company with a minusfitr
however, in simulation 5, the workstation was stii@ed,  yalue. From simulations 1 to 6, the unit cost rssate

namely the quality control section. The role of lgya
control is held by each operator at workstation® B.
Likewise with simulation 6 which applies the leamcept

getting lower, as well as the profit earned is éasing.
Simulations using lean concept implemented by TiRSvs
that the continuous improvement steps being cawigd

by applying kaizen in the process. From the unitcoare increasing in simulations 2 to 6 by applying kkan
results for simulations 5 and 6 there was a deeraad an  concept. The results obtained show that the grésdean
increase in profit. steps taken by the company, the smaller the usttwl
Referring to the work method for the car productiolbe and the higher the profit will be. In addition t
system by running simulations 1 and 6, lower ubsts and  calculating unit cost and profits, each simulatialiso
higher profits are produced by adopting the learceptin  calculates the percentage of customer satisfaciiosh
the production system. This can support the achievé  quality rate. If implementing the lean concept et
of sustainability in the economic field by obtaigimork  production system, the company has the potential to
methods that are able to produce low unit costs aR@hieve maximum profits because the unit cosisis aiw.
maximum profits. However, a potential drawback when implementing the
lean concept is the increased workload for manpoagr
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the concept also involves reducing manpower. Thegef [6] KUMAR, S.R., NATHAN, V.N., ASHIQUE, S.M
it is necessary to measure the workload for manpowe RAJKUMAR, V., KARTHICK, P.A.: Productivit
before deciding to implement the lean concept, Wwhic  Enhancement and Cycle Time Reduction in Tc

includes manpower reduction. Production System Through Jishuken Activitg€as:
If the lean concept is applied to the productiostemy, Study,Materials Today: Proceeding¥ol. 37, No. 2
the company's sustainability, especially in thenecoic pp. 964966, 2021

field, can be achieved by obtaining a small unét@nd [7] MAULANA, S., NURHASAN, N.: Rancange
maximum profit. The results of this study can be a Penjadwalan Produksi Brankas Dengan Me
suggestion for business actors, especially in the Heijunka Di PT. Chubb Safes Indonesiarnal AL-
manufacturing sector, to apply the lean concept wit Azhar Indonesia Seri Sains dan TeknolVol. 6, pp
reference to continuous improvement. Sustainable 9-15, 2021. (Original in Indones

improvement steps with the lean concept can bertaidn  [8] SUSANTO, E., BARUS, A.: Analisis Metode Kant
by applying several concepts used in the TPS to its dan Metode Junbiki pada Persediaan Part Muffl
production system, such as Heijunka System, Jidcard PT. XYZ, Jurnal Teknoin\ol. 22, pp. 482498, 201¢
Kanban. Furthermore, the lean concept can also be (Original in Indonesic

implemented in the production system by makingd] DIAZ-ELSAYED, N., JONDRAL, A.
technological improvements and leveraging digitaat GREINACHER, S., DORNFELD, D., LANZA, C
which can streamline the production system. Assessment of lean and green strategies by sim

of manufacturing systems in discrete produc
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