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Abstract: This study aims to improve ergonomic conditionrsbiox-lifting operators in bottled drinking watesrapanies.
Operators handling small packaging sizes (600 ebort significant pain, as revealed by the Nordmd Map
Questionnaire. Addressing this issue is cruciapferenting manual lifting injuries and ensuringker safety in logistic
distribution. A combination of biomechanical anadysanthropometric data, and the Nordic Body Magionnaire
was used to assess operator complaints and evalgagromic hazards. The study utilized Catia saftwia simulate
work facility designs, focusing on the developmeinan adjustable-height hydraulic pallet to optienaperator posture
during lifting tasks. Key metrics included compigesand shear force calculations to evaluate injisks. Operators
reported pain in the shoulders, lower back, butpakd thighs over the past year. Initial evaluetishowed excessive
compressive forces (up to 19,778.2 N) and sheaesofover 500 N), indicating a high risk of injufter ergonomic
interventions, simulations recorded compressivee®rof 3,350 N and shear forces of 185.31 N, detratimg a
significant reduction in risk and safe operationahditions. This study offers a novel, comprehemspproach to
ergonomic optimization in logistics, combining ogter feedback, biomechanical analysis, and teclgizabtools like
Catia for facility design. The findings provide kdyprint for improving worker safety and efficiencymanual lifting
tasks. The study’s outcomes benefit safety engineegonomic specialists, and logistics managé&esimg insights into
improving worker well-being and operational effiody. Future research could explore further tectgiosd
enhancements in facility design and their impacivorker ergonomics.

1 Introduction PT X is a company engaged in bottled drinking water

To maximize income, manufacturing organizationd! several sizes. The company found that liftingkvon
must minimize losses while meeting client requestfie SPS 600 mlbox was done by standing up whengak
effectively. Discrepancies between activites anéf from the conveyor, then the operator made a ingnd
equipment may result in idle time, lowering labofmotion when storing the boxes onto the pallet atiogrto
productivity, product quality, and cost savingsséing the number of piles that were conducted repeatenity
compliance across all locations and activitiesrigial to ~ continuously. As a result of these conditions, eosiat the
increasing manufacturing process efficiency andocuer Company face various problems in the industry sash
satisfaction. This emphasizes the significancexoélent fatigue, discomfort, and back pain due to non-eoguin
ergonomics and well-designed workstations for cesirgg machine or equipment design which causes stretigeto
inconsistencies, increasing productivity, and eingur Musculoskeletal system [4]. Poor work posture reduc
worker safety [1]. productivity by increasing health issues, muscutetial

Workers' postural and manual material handling alments, and physical stress [5,6]. Ergonomiddliffies
critcal components in determining the risk ofare caused by improper work posture, bendinggisind
musculoskeletal injury in the workplace [2]. Ergarios is  lowering an object, twisting, pushing, and pullifig.

a physical feature that deals with employee workingurther examination of the issues at risk of furthed
postures in the workplace. Awkward postures an@Xtensive investigations. To estimate work riskngsi
repetitive movements are primarily performance dect Recommended Weight Limit (RWL) and Lifting Index

and difficulties in the workplace [3]. (L1) for work physiology are used to calculate #eergy
produced so that work limits can be estimated.
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Several studies indicate that obese workers are a The biomechanical method is the application of
contributing factor to musculoskeletal disorders] these Newtonian mechanics to the neuromuscular and sielet
findings also suggest that additional weight in sgbe systems to calculate the amount of force occuinirepch
workers has a significant impact on the musculetkél part of the worker's body as well as the intermatds
structures of the back, increasing the risk ohcting within the body [12]. Implementing biomecleaah
musculoskeletal disorders during load-handling [8]. and anthropometric methodologies in this study eidke

Logistics activities present unique ergonomiccientific and detailed assessment of occupativemdrds.
challenges that are significantly different froraditional It serves as a solid foundation for building ergoimwork
manufacturing processes. Research indicates thatvironments. The biomechanical and anthropometric
incorporating ergonomic principles into logisticenc technique enables researchers to properly quattiiy
enhance worker well-being and operational efficjelf@r occupational hazards associated with manual liffirg.
instance, the use of double-back support framewbass This offers a firm foundation for ergonomic improvents
shown promise in reducing the risk of musculosleletby verifying that suggested modifications fit theypical
disorders, improving posture, and decreasing pexdei features of the operator.
exertion during manual tasks in logistics environtse Catia software is used to support the design okwor
Additionally, training programs aimed at enhancindacilities by enabling the visualization of ergoriom
logistics personnel’s understanding of efficienagtices solutions before implementation. This allows for
have demonstrated significant improvements in kedggé adjustments and refinements to be made effectively,
and performance, which are crucial for optimiziogistics contributing to the research  with  practical
operations. Furthermore, integrating Lean Six Sigrita  recommendations to improve work conditions and ajoer
ergonomic principles can boost internal logisticsvelfare in distribution logistics.
efficiency, address warehouse management com@sxiti  The study makes a significant contribution to tie¢df
and improve productivity. Overall, a comprehensivefergonomic solution development in distributiogiktics
approach that considers physical, mental, and ldoe#th, through its focused examination of logistical ergaics,
along with effective training and ergonomic desigs, the adoption of sophisticated evaluation methodekg
essential for fostering a productive logistics eomment and the presentation of evidence demonstrating the
while minimizing hazard [9]. beneficial impact on worker well-being.

This research endeavors to fill a critical gap by
spotlighting the significance of ergonomics in kigs 2 Literaturereview
operations, with a particular focus on distributiogistics 21 Ergonomics

environments. It underscores the importance of aiper Ergonomics is a scientific subject that emesrhuman
welfare.—a pivotal element of the work envwonmemy_—b and overall system performance by studying the
addressing the health and safety concerns of s inieractions between humans and other system etsmen
engaged in physical tasks. Through a comprehensiy§e profession applies ideas, principles, data, and
approach that incorporates the Nordic Body Mapyethodologies [13]. Ergonomics is a systematic @aag
Bllomechamcs, and Anthropometry methods, this study evaluating and developing the relationship betwe
aims to enhance the comfort and safety of operatofggiyiduals and the systems they interact withptisnary
ensuring they can perform their duties in an emvitent  gpiective is to optimize the quality of life forefparticular
that supports their overall well-being. ~ group of individuals who engage with the systerking
The Nordic Body Map technique is a subjectivgniy  consideration their  attributes, capabilities,
valuation approach, which means that the effecéserf (equirements, anticipations, tasks performed, amel t
its use is heavily dependent on the settings aedass coliection of factors (technological, environmental
encountered by employees at the time of the relseasc g ganizational, and cultural) that impact them [14]
well as the competence and experience of the oSBTV £rgonomics is a concern in all manual handling jaisi
question [10]. In the domain of logistics, the wdethe  5;omation is one of the primary methods for overiog
Nordic Body Map questionnaire is a relatively récen,cp, jssues. Because automation raises expendessuc
method. It gives researchers a deep insight idéssles jysiallation and maintenance, it is impossibleriplement.
and disadvantages that operators face, allowing e ;ijizing ergonomic assessment instruments to #aicer
more accurately pinpoint issue areas. The useedithidic  the |evel of risk associated with one's work andrkwo
Body Map questionnaire provides a highly effectivgostyre, it is subsequently necessary to deviserkable
methqd for measuring the physmql discomfort anith payegolution to surmount such obstacles [15].
experienced by the operator. This allows reseamch t
identify exactly the location and type of ergonomio 5 \usculoskeletal disorder

problems that need to be fixed. Workers in the spart Work-related musculoskeletal disorders (WMpae
assembly industry have a high rate of musculoskidein o\ 2 1ent occupational illnesses that predominanthact

[11]. AS a result, it i.S. vital to e_nha_nce the vv_ddqm the upper and lower limbs, the lower back, andribek
amenities that are utilized to maintain appropriaoely [16]. Material handling activities that are condaatt

posture. manually and inappropriately can cause losses tk wo
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accidents and result in complaints of musculos&kletmusculoskeletal disorders. Research in biomechanics
disorders. Complaints of musculoskeletal disordarsbe covers a range of applications, from sports peréorce to
complained of with pain ranging from very mild tery clinical contexts, where understanding mechanicedefs
painful in the skeletal muscle. Complaints regagdeint, is crucial for designing medical devices and swgic
ligament, and tendon injury are the result of edgghand techniques [20]. Additionally, biomechanics intdge

repetitive static load application to muscles. principles from engineering and biophysics to aralthe
structural and functional aspects of living orgerss
2.3 Biomechanics which is essential for designing ergonomic toolsl an

Biomechanical risk variables such as articulaworkspaces that alleviate stress on the musculeskel
positions, efforts, repetitive work, static postu@nd System [21].
vibrations have been extensively studied, and ived
understood that the effects of biomechanical risk a2.4 Manual material handling
determined by the duration of exposure, the dumatib Manual Material Handling (MMH) is the leadioguse
recovery, and temperatures [17]. These studiess sho of weariness, waist pain, and spinal cord damaggnd
relationship between risk factors, particularly ithe activity was found to be one of the causes of & legel
combined effects, and the development of upper limtf injury in some manual material handling actesti In
MSDs [18]. While correlations have been drawn betwe light of the risks associated with manual matdraidling,
the intensity of biomechanical risk factors at warld the it is necessary to implement an intervention oragcke
risk of MSD development, Lanfranchi and Duveau fEn ergonomics to mitigate the potential for workerungs
out that certain low physiological demand taskshsas [22].
working in front of a computer and assembling eteut
components, resulted in significant stress and ahen2.5 Nordic body map questionnaire
load [19]. The Nordic Body Map (NBM) is a tool used to pinpoin

Biomechanics, particularly occupational biomechginicareas of muscle or joint discomfort experienced by
studies how workers interact with their physicalvorkers. It categorizes body parts using numbera f to
environment, including equipment and materials, t@7, ranging from the neck to the feet. Six factarykers
enhance safety and efficiency. This sub-discipéipplies were provided with and completed the NBM questidrena
mechanical principles to understand human movearaht [23]. Figure 1 is the questionnaire from the NorBiody
the forces acting on the body, aiming to reduceidieof  Map [24].

Diid vou s22 2 dottor
of tharapist when vou
Body Secti Ifyou hawve aver axporienced problems (pain, discomiot) in this pert of vour body, exparisnced problems
CrRecton plazza rate the lzvel of pein or discomdort you have &1t (Circle the approprizte number) | (pein, discomiot) in
this part of your
by 7
|:| Never
Mack 1 1 3 4 5 3 - g a 10
I:l Tz
|:| Never
Shoulder 1 1 | 4 5 g T g o 1o
I:l Yes
- i |:| Naver
Uppser Back 1 2 3 4 3 3 g o 10
|:| Yes
g - |:| Nawver
Eltow 1 1 | 4 5 3 g o 1o
|:| T
- 5 I:l Newver
Lowsr Back 1 2 3 4 it 5 g o 10
I:l Taz
|:| Maver
Wrist 1 1 3 4 5 5 7 B o 10
I:l Taz
|:| Maver
Kazs 1 1 3 4 3 s 4 2 z %
|:| Tas
|:| ¥e:z
Ankls 1 2 3 4 5 s 7 z 2 %
|:| Te=

Figure 1Questionnaire Nordic Body Map

2.6 Gapsfromthe previousresearch studies line by employing a comprehensive methodology. This
This investigation aims to enhance the ergonomics gethod entails the identification of operator coanpts,
work facilities for operators in a bottled wateoguction the assessment of work hazards using biomechaamicl
anthropometric methods, and the application of giesi
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through Catia to create more ergonomic work faeditin  limited in scope and lacked a comprehensive, iategr
contrast, a previous study titled "Work Posture lfsia of approach. In contrast, the present research dfferore
Manual Material Handling Using the OWAS Method"holistic and integrated methodology. It includeszdrd
investigated a small-scale maize chip facility. Thevaluations using biomechanical and anthropometric
objective of the investigation was to quantify ijjuisk methods, develops ergonomic interventions taildoetthe
indexes and offer precise suggestions for improvingcility’'s design, and addresses operator compaint
worker safety. The WinOWAS software was employed tthrough the use of advanced software like Catias Th
analyze work posture and evaluate injury risks thame ensures more effective implementation of ergonomic
specific postures and loads, while the Nordic B&bp solutions, significantly enhancing the well-being o
(NBM) questionnaire was employed to identify workemorkers in logistics distribution environments.
complaints. In contrast to the previous researttichwvas Moreover, while previous studies often focused on
more focused on enhancing posture and burden inspecific industries or individual risk factors, tharrent
specific factory environment, the current studyves a research takes a more comprehensive approach by
more comprehensive and integrated solution formeihg combining multiple assessment methods and cuttilyg-e
workplace safety [23]. technology. As a result, this research provides aem
A decision matrix was employed to emphasizeobust, technology-driven solution for improving
ergonomic procedures at a coal mining site in Soudrgonomic work facilities, which not only fills the
Kalimantan, Indonesia, in another study. To asgertamethodological gap left by earlier studies but affers
which workgroups necessitated additional evaluation practical, evidence-based improvements. By addrgssi
light of ergonomic risks identified from physicakttess both the physical and operational aspects of e
and burden, this matrix combined incident datgpoases this study surpasses previous research, providingva
from the Nordic questionnaire, and interviews wittstandard for ergonomic interventions in distribatio
supervisors [25]. Musculoskeletal disorders (MSlsje logistics.
the subject of another study, which concentratedhen
prevalence of MSDs in Indonesia's informal sectod a 3 M ethodology

across industries. The study employed quantitadive, The research follows a systematic design, divicéal i
including the Nordic Body Map (NBM) and Rapid EBtir key stages to address the ergonomic risks asstaie
Body Assessment (REBA), to investigate the preva@f  manual lifting tasks in logistics operations. Thages are
MSD complaints and work posture among textile woske a5 follows:

They identified risk factors, including gender, ag®rk 1. |ntroduction to the Study: Initial observations eer
environment, and poor posture, that could conteittot made regarding operator complaints related tofatig
MSDs. The purpose of this investigation was to dage liing frequency, and the distances involved in
the prevalence and risk factors of MSDs and tos#evi  handling SPS 600 ml boxes. These insights guided th
comprehensive preventive strategies. Compared ¢o th jdentification of ergonomic risks and informed the
previous study, which was more comprehensive and research direction.

focused on the analysis of MSD risk across a wawét 2 |jterature Review: A comprehensive review of
industries, the current study is more focused om th |iterature related to ergonomics, biomechanics, and

_ergonomic issues in bottled water production faegiand anthropometry was conducted. This review provided
integrates the most recent technology to enhance the theoretical foundation necessary for formutatire
ergonomic design [26]. o research problem and informed the design of
In a previous study on seafarers, the incidend¢SiDs ergonomic interventions.

was also investigated by investigating the effedtage, 3. Problem Formulation and Research Objectives: Based
years of service, and smoking behaviors. The Nddity on the initial observations and literature, keyhpems
Map questionnaire and health examination data of were formulated, including risks associated with
fishermen were the primary Instruments utilizedthis manual ||ft|ng tasks. The primary research ObJGBStIV

cross-sectional study, which also employed ste#ibti  \as to design ergonomic interventions to mitighese
analysis methods such as Chi-square. Musculoskeleta risks, focusing on reducing musculoskeletal strain

disorders were not significantly associated withe,ag  through improved work facility design.

according to the results. However, years of servieee. 4. Data Collection: Data was collected from a samp o
Nevertheless, this research procedure was deembd to  gperators using the Nordic Body Map questionnaire t

restricted by its dependence on questionnairegirafian assess their physical discomfort during box lifting
comprehensive medical examinations [27]. tasks. Additionally, their work postures and movatse
Previous research has generally focused on specific were recorded during the transfer of boxes from the
evaluations, such as identifying musculoskeletaksi conveyor to the pa”et. The rationale for Se|ectgqg
based on factors like age and work environment or Operators was based on representativeness and
analyzing work posture in specific factory settingsng practicality, given the constraints of the workgmlac

tools such as the Nordic Body Map and REBA. Wiikse environment.
methods were effective in certain contexts, theyewe
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5. Data Processing: The data were processed by anglyzoperator stands and repeatedly bends while sttrégox.
the questionnaire responses and conductirfggure 2 illustrates lifting and storing the 600 &®S box
biomechanical calculations, including forces sush &rom the conveyor to the pallet.
compressive (Fcompression) and shear (Fshearsforce
Statistical tests were employed to validate thdifigs,
ensuring the reliability of the data. y

6. Analysis: The analysis focused on operatord|scdmfo i 7Y
and the biomechanical forces exerted during liftin} = =
tasks. By correlating the Nordic Body Map resulithw L
biomechanical data, potential risks were identjfiecf #%
leading to recommendations for ergonomi(
improvements, including the potential introductioih
lifting aids.

7. Design of Work Facilities: Based on the analysis
ergonomic work facilities were designed using
anthropometric data and technologies such ¢
AutoCAD and Catia. These designs aimed to minimiz
operator discomfort and reduce the physical demands
of manual lifting tasks.

8. Conclusions and Recommendations: The research

culminated in recommendations for the implementatio  \yith these improvements, the research methodokgy i
of ergonomic interventions to improve operator well ;

. . structured as a clear research flow, with datactitn and
being and safety. These recommendations were b %ﬁ]ﬁ

stionnaire distribution included as integratpaf the
on both biomechanical assessments and rgonomigihodology
design principles. '

Figure 2 SPS box lifting and storage process 60fiam
conveyor to pallet

4 Reaultsand discussion

lllustration of SPS 600 ml Box Lifting Process: The Fi 3 ts Nordic Bodv M hi h
current material lifting procedure involves liftinge 600 Igure pr?sen S Mordic body Map graphics, a grap
of the operator's specific concerns about the task.

ml SPS box from the conveyor onto the pallet, wtibee

SCORE 0-10 (PAIN,PAIN, DISCOMFORT) ON
THE PART OF THE BODY FELT BY THE WORKER

10
8
6
4
il I “ |II“| I ‘|
o n
Neck Shoulder Up back Elbow Down  Wrist Bottom Knee  Ankle
back
B Operator 1 W Operator 2 Operator 3
B Operator 4 M Operator 5 Operator 6

Figure 3 Nordic body map graphics

Complaints about the shoulders, lower back, bugtockergonomic aids to facilitate operators and minimiaek
or thighs are felt by the operator when liftingdeaabove risks.
the conveyor and placing them on a pallet thabtsahthe The occupational risk assessment uses the
same height as the operator. This requires theatipetlo  biomechanical method in equations (1) to equatiépfor
perform repeated bending movements. Prolongedyinjuthe calculation of occupational risk assessmentgusie
effects can occur if no immediate repair or addaiovork lower back model static method on the L5/S1 segraent
facilities are implemented. It is necessary to glesi the 600 ml SPS box moving operator. The resulthef

biomechanical calculation of the L5/S1 static madelthe
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1%t stack to the ® pile of the ¥ load to the 60 load.
Figure 4 shows an example of lifting a load of &ks 1
operator 3.

t\"

“f’hﬂ

4l

1

{

Figure 4 Example of load lifting 3 stack 1 operaBor

Based on the existing issues, research was comducteodel at the L5/S1 point of lifting is shown in Tall
on six workers involved in lifting the 600 ml SP8xto  shows the recapitulation of displacement biomedsni
determine the operator's complaints. The recapitalaf calculations, Table 2 and Table 3 show recapitutatf
the calculation of the biomechanics of the lowarkstatic  displacement biomechanics calculations.

Table 1 Recapitulation of lifting biomechanics céddions

Load To- T O Muscle (N) Fc (N) Fs(N) Information
3 1 3 7,166.6 7,934.6 2,61¢ Risk
Table 2 Recapitulation of displacement biomecharédsulations
LoadTo- T O Muscle (N) Fc (N) Fs(N) Information
1 1 2 12,39( 12,694.. 717.¢ Risk
2 1 2 11,46( 11,865.! 670.¢ Risk
3 1 3 18,283.. 18,547.. 76( Risk
4 1 3 19,30( 19,56« 76( Risk
5 1 4 17,976. 18,557. 581 Risk
6 11 9,65( 10,124.! 44z Risk
7 11 8,933.3. 9,342.8. 507 Risk
8 11 10,10( 10,444.! 552.t Risk
9 1 4 17,473.. 17,971.. 664 Risk
10 1 4 18,41( 18,90¢ 664 Risk
11 2 2 10,34( 10,92t 507 Risk
12 2 2 10,50( 11,077.. 522.¢ Risk
13 2 3 15,40( 15,96( 56( Risk
14 2 3 16,616. 17,128 61€ Risk
15 2 3 19,60( 20.19:. 53¢ Risk
16 21 8,716.6 9,243.1 383.t Risk
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Table 3 Recapitulation of displacement biomecharédsulations

LoadTo- T O Muscle (N) Fc (N) Fs(N) I nformation
17 2 1 8,55( 9,031 435.t Risk
18 2 1 10,65( 11,163.! 40: Risk
19 2 6 10,05( 10,563.! 40z Risk
20 2 6 12,933. 13,472. 364 Risk
21 3 2 11,42( 12,090.¢ 405.¢ Risk
22 3 2 14,81( 15,519.¢ 327.¢ Risk
23 3 3 11,683.: 12,363.: 42¢ Risk
24 3 3 11,35( 12,07¢ 33¢ Risk
25 3 3 11,833.: 12,521. 41€ Risk
26 31 7,766.6 8,403.6' 110.t Risk
27 31 8,5616.6' 9,153.6' 110.t Risk
28 31 9,383.3! 10,000. 214k Risk
29 3 6 6,383.3: 7,020.3: 110.t Risk
30 3 6 5,866.6 6,497.1 16¢ Risk
31 4 2 12,916. 13,535.1 282.8: Risk
32 4 2 12,965. 13,699.. 214.0¢ Risk
33 4 6 8,57¢ 9,205.6: 101.9: Risk
34 4 6 5,912.6 6,549.6 0 Risk
35 4 6 6,027 6,651.2( 108.2¢ Risk
36 4 1 9,391.6' 10,022.: 89.1¢ Risk
37 4 1 9,21 9,842.6: 31.8¢ Risk
38 4 1 8,57¢ 9,205.6: 31.8¢ Risk
39 4 6 6,141.3: 6,771.9 76.4¢ Risk
40 4 6 6,37( 7,000.6: 44.5¢ Risk
41 5 2 12,91( 13,65: 257.¢ Risk
42 5 2 12,70( 13,456.1 171.¢ Risk
43 5 6 7,30( 7,943.! 32.t Risk
44 5 6 6,683.3: 7,326.8: 0 Risk
45 5 5 9,683.3: 10,376.: 112 Risk
46 5 1 8,00( 8,643.! 19t Risk
47 5 1 8,15( 8,80( 0 Risk
48 5 6 7,066.6 7,170.6 0 Risk
49 5 6 5.483,3: 6,126.8: 0 Risk
50 5 6 6,55( 7,193.! 0 Risk
51 6 2 10,133.: 10,706.! 496.8t¢ Risk
52 6 2 10,29( 10,855. 512.1¢ Risk
53 6 6 15,09: 15,640.! 548.¢ Risk
54 6 6 16,284.. 16,786.: 603.6¢ Risk
55 6 6 19,20¢ 19,788.. 525.2¢ Risk
56 6 1 8,5642.3: 9,058. 375.8! Risk
57 6 1 8,37¢ 8,850.3! 426.7¢ Risk
58 6 1 10,43 10,940.. 394.9: Risk
59 6 6 12,142.: 12,784. 504.30i Risk
60 6 6 16,143. 16,81¢ 455.5( Risk

Based on the findings, six operators with weightsQy  criterion, with the largest Fcompression being B9ZN,
55, 63, 65, and 68 kg were analyzed. The opertfo6® influenced by the operator's poor body posture wifftérg
loads organized into six heaps on a pallet, withoads of the weight. The smallest Fshear value, 0 N, isnvlsein
the same weight of 15 kg in each pile. The reaflthe the 48" load handled by the6operator in the ' pile.
low back model calculation reveal that the compwess Despite the shear value showing O (not risky) vibek is
force (Fcompression) and shear force (Fshear) tmeet declared risky due to a compressive force of 77706
safety standards. The 60 loads exhibit varied tgsfibne Recommendations for designing work facilities tduee
criterion is not met, the operator's task is regdras work risk during lifting transfers are necessarigufe 5

unsafe.

shows the facilities before the design, Figure Bwsh

The compressive force in the 6th pile, thé"36ad current work facilities, while Figure 6 shows Hydlia
handled by the '6 operator, is more than the safetyPallet Work Facility Design and Size.
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118

Figure 6 Hydraulic pallet work facility design asize

Determine the needed body proportions initially lehi dimension facilities, the specified body dimensjoasd
developing work facilities. Table 4 displays worktheir applications.

Table 4 Work dimension facilities
Work facilities Work facility . .
No. design dimension Body dimension Reason
1 Hydraulic base 3 x box (2 x bowidth + 1 » To determine the maximum lengthtok
width box length hydraulic pallet hydrauli
Hydraulic base 4 x box (1 x boxlength+ 3 To determine the maximum height of the
Hydraulicpallet lengtt X box width) hydraulic pallet hydrauli
: To determine the maximum height of the
3 Hydrr? u_I|c pallet Standing elbow hydraulic pallet sothe operator can work as
eight )
comfortable & possibl
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Figure 7 shows a work facility design in the forfrao To mitigate these risks, we propose introducing a
hydraulic pallet that has been changed to the chbedy hydraulic pallet that adjusts in height, allowingeoators
dimensions and final facility size. Based on vigalon to store or load items without bending. Simulatiesults
findings in the Catia program, the operator no origends  from this intervention indicate a significant risdduction,
while performing tasks, reducing work risk by adgimew with compressive forces (Fcompression) reduced3s(
work facilities since no shear force is createtbeations N—within safe criteria—and shear forces (Fshear)
L5/S1. Designing new work facilities using hydrauli eliminated at the L5/S1 point. By enabling operattry
pallets that function to raise and lower palletevents maintain an erect posture during storage tasks, the
operators from bending when storing or lifting leash redesigned work environment significantly decreabes
conveyors. risk associated with repetitive bending actions.

The simulation of the work facility design, feangian This study opens avenues for future research aahed
adjustable-height hydraulic pallet, demonstratect tha deeper and broader understanding of logistical
operators could maintain an upright posture dulifigg  ergonomics and manual lifting. Future work couldu®on
tasks. The compressive force (Fc) and shear fdfsg (the deployment and evaluation of ergonomically gieesil
recorded during all box-lifting activities from bdxto 60 work facilities, examining their impact on operateell-
were significantly reduced to 3,350 N and 185.31 Nyeing, productivity, and incidence of work-relategiries.
respectively, which are well within safe ergonotinitits.  The integration of monitoring technologies, sucimagion
This represents a marked improvement from the ezarlisensors or wearable devices, in logistics setpngsents a
measurements, where compressive forces exceegwdmising area for investigation, offering the puial for
19,778.2 N, indicating a high risk of injury. Byla@king real-time monitoring of operator behaviors and keic
operators to maintain proper posture and minimézaling  responses to emerging workplace hazards.
movements, the hydraulic pallet effectively reduces Furtherresearch could develop more precise ergimnom
biomechanical risks, ensuring a safer workinguidelines for the distribution logistics environme
environment. providing businesses with the tools needed to ersafer

The upright standing position of the operator dyrinand more efficient workspaces. An in-depth biomeata
storage, without continuous and repeated bendiramalysis of operators performing manual liftind&asould
movements, minimizes work risks and allows for thenhance our understanding of the physical impddtese
implementation of new facilities. tasks, including posture and joint stress. Invasiig the
effects of environmental factors such as tempesatur
lighting, and noise on operator well-being coulélgia
comprehensive view of the elements that influence
ergonomic conditions in the workplace.

Incorporating psychological aspects of work, inahgd
stress levels and job satisfaction, could furtharidate the
complex interplay between physical and mental healt
occupational settings. Continued research in ieisl is
essential for generating actionable insights imtproving
logistics ergonomics, leading to safer and morelyctive
work environments that benefit both operator wellily
and overall productivity.

Figure 7 Work facilities design
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