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Abstract The design of a welding workbench for the learning process must consider the risks of
musculoskeletal disorders (WMSDs). This study aims to develop an ergonomic welding workbench design to
reduce the risk of awkward working postures, such as excessive neck flexion and elevated arm positions during
welding. Using a digital human modeling simulation approach with Catia V5 R21 software, the design was
evaluated based on ergonomic parameters, including LBA, OWAS, CA, and RULA. This study fills a gap in
ergonomic literature by providing a quantitative evaluation model tailored to the body postures of Indonesian
students. The results reveal that Alternative Design | has superior specifications, including adjustable table
height, permanent welding component clamps, and a table tilt angle of up to 30 degrees. The workbench
reduces spinal stress and improves working comfort. OWAS analysis indicates reduced musculoskeletal system
risks, while RULA evaluation demonstrates improved comfort levels with adjustable table heights. Practical
applications of these findings include enhancing safety and efficiency in welding learning processes at
educational institutions. The design improves students' productivity and health by providing a more ergonomic
working environment. This research lays the groundwork for further development of adaptive ergonomic
workbench designs tailored to local needs and recommends future studies to explore applying similar

technologies in other fields.
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1. Introduction

Work-related musculoskeletal disorders
(WMSDs) are  the most ~ common
musculoskeletal issues worldwide and a leading
cause of work-related complications and
disabilities [1]. This condition is particularly
relevant in developing countries, including
Indonesia, where the risk of WMSDs frequently
arises in jobs such as welding. Welding work
requires static, defensive, and often forced
postures for extended periods, thereby
increasing the risk of injury [2]. Similar
challenges are observed in welding practice
sessions, where students often encounter non-
ergonomic postures such as forward neck flexion
and elevated arm positions, leading to early
muscle fatigue and the potential for long-term
musculoskeletal injuries [3]. The need for
evaluation and design of ergonomic welding
workbenches is crucial to provide effective and
comfortable solutions for students. Several
studies have proposed various solutions to
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mitigate the risk of WMSDs, such as ergonomic
workplace adjustments and worker training [4].
However, these approaches are less relevant to
the specific needs of Indonesian students, as
most studies rely on anthropometric data from
other countries, which do not accurately
represent the body conditions of local students.
Furthermore, there is limited research using
digital simulations to quantitatively evaluate
WMSD risks [5].

Several ergonomic solutions have been
proposed to reduce the impact of the welding
work environment. Ahmad et al. [6], designed a
welding workbench with fixed legs and manual
clamping components, but it had significant
limitations in flexibility and adaptability to users'
working postures, often resulting in non-ideal
working positions. Francisco et al. [7], analyzed
upper limb stress during automobile assembly
welding work and proposed  periodic
adjustments to the welding workstation. Their
findings demonstrated that changing body
posture and welding torch position could reduce
occupational hazards. Zhang et al. [8], designed
and evaluated six digital human models and
welding torches using Jack software to improve
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welders' standing ergonomics. Recently, many
ergonomic studies on working postures have
adopted a digital human model approach to
assess risks in similar environments for workers
[10, 11, 12].

This study proposes a design approach
utilizing Catia V5 R21 software to simulate
students’ working postures based on the
ergonomic requirements for welding workbench
design. Digital simulations in this study are not
only used to evaluate posture risks but also to
provide design recommendations that enhance
comfort and reduce the risk of musculoskeletal
injuries. The study has several main objectives:
(1) to design an ergonomic welding workbench
concept based on students' actual needs, (2) to
evaluate the concept using the Pugh method, and
(3) to perform simulations to analyze the design's
compatibility with Indonesian students’ body
postures. This approach aims to create a
workbench that can be adjusted for optimal
height and angle, providing improved comfort
and reducing injury risks during welding
practice sessions.

2. Methods

This research was conducted in several
stages to produce an ergonomic welding table
design suitable for students' learning needs. The
updated methodology stages are as follows:

1. This study did not involve direct sampling.
Instead, it utilized the Indonesian
anthropometric database [12], focusing on
data criteria for ages 21-25, parameters
including height, seated elbow height,
standing eye height, and arm span. This data
was used to model the ergonomic
requirements for the welding table design.

2. Designing the concept of the welding table
based on identified needs evaluated from
real-world issues. The concept evaluation
for the welding table design was conducted
using the Pugh method [13].

3. Simulating and modeling the welding table
design concept combined with human body
simulation to evaluate the posture of
Indonesian students using Catia V5 R21
software [14]. [15].

The analysis was conducted using Catia

V5 R21 to model digital humans and the welding

table design concept. The criteria included

simulating welding operations, dynamic welding
operations adapting to various student working
postures, and conducting example operation and

action analysis. The scheme is shown in Figure
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Fig. 1 Schematic diagram for digital human
modeling models

The schematic diagram in Figure 1
illustrates the input parameters used, including
the prototype of the welding workbench design
based on the design criteria. The digital human
model serves as a dynamic animation
representation of the welding workbench design,
including its position and design, tested with
various table height parameters. This study
utilizes four analysis modules from Catia V5
R21: Lower Back Analysis (LBA), Ovako
Working Posture Analysis (OWAS), Rapid
Upper Limb Assessment (RULA), and Comfort
Assessment (CA). Catia V5 R21 analyzes body
posture during welding, both qualitatively and
quantitatively, to design a comfortable
workbench and improve working conditions.
Potential biases, such as unrecorded spontaneous
postures and environmental factors like lighting
and temperature, are also acknowledged.

Evaluation of working posture on the
human model is carried out standing by
simulating welding work by analyzing body
forces through real-time observations when
raising the forearm in the work environment.
The evaluation of working posture in this study
was carried out by assessing low back pressure,
especially indicating the strength of the L5 and
L4 lumbar vertebrae [16]. The assessment
parameters were carried out in two stages. First,
compare the welding simulation results with the
National Institute for Occupational Safety and
Health (NIOSH) database to determine whether
each value is within a controllable range, namely
that lower back disorders may occur when lower
back pressure exceeds 3400 N. The higher the
value obtained, the higher the value. the greater
the likelihood and severity of lower back injury
[18, 19]. Second, comfort level assessment is
carried out by indicating the level of danger
caused by certain behaviors and by providing
optimal recommendations when simulating a
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human model using a welding workbench.
comfort assessment based on the Porter database
[19], providing a comfort rating of the
corresponding human posture. The parameters
of the virtual welding work are identified using
the comfort value parameters when using
Formula (1). The best comfort value is 0, the
comfort value is acceptable in the range 0-1, and
more than 1 needs to be increased; the higher the
(2= 5y > MD )
HV-MD
v = i
mp-Lv ,0V > MD
0, other
CV: comfort value conversion;
MD: mode value;
HV: highest value; And,
LV: lowest value

value, the lower the comfort [20].
[MD-0V] @)
Description:
OV: original value;

The evaluation of back and extremity
stretching is performed using the Ovako Work
Posture Analysis System, which quantitatively
analyzes posture feasibility and the risk of
WMSDs [21] [22]. ldentifying worker posture
helps assess the level of risk to reduce fatigue
[14].

3. Results
3.1 Identify Welding Workbench Needs

The need for a welding workbench design
arises due to several issues, namely its inability

to accommodate the operator's posture
requirements, leading to musculoskeletal
disorders. According to

anthropometriindonesia.org [12], human body
posture shows variations in body dimensions,
with data based on percentiles of body posture
for Indonesians aged between 21-25 years. This
data is used as a representative body model for
Indonesian students, as described in Table 1.
Table 1 describes various body
dimensions relevant for designing a welding
workbench that aligns with the welding
operator's posture. For instance, the average
height for males is 169.79 cm, and for females,
itis 153.64 cm, while the seated elbow height for
males is 30.99 cm, and for females, it is 22.96
cm. This data provides a clear overview of the

design requirements for a workbench that can be
adjusted to the user's body posture.

Table 1. Body Size Parameters Of Indonesian
Students Aged 21 — 25 Years

Dime | Gen | Ave | Stan | 5th | 50t | 95t
nsion | der | rage | dard h h
Name valu | Devi

e ation
Body M 169. | 549 | 160 | 169 | 178
height 79 76 | .79 | .82
(cm) F 153. | 6.22 | 143 | 153 | 163

64 41 | 64 | .87
Elbow | M 30,9 | 585 |21. |30. |40.
height 9 37 199 |61
in F 229 | 35 17. | 22. | 28.
sitting 6 21 |97 |72
positi
on
(cm)
Standi | M 158, | 5.7 149 | 158 | 168
ng eye 80 43 | .8 A8
height | F 143, | 4.57 136 | 143 | 151
(cm) 78 27 | .78 | .29
Lengt | M 72,2 | 1853 | 41. | 72. | 102
h of 1 73 |21 |7
arm F 66,1 | 10.83 | 48. | 66. | 84
span 8 36 |18
forwa
rd

Welding workbench designs are generally
constructed with fixed legs, making the height
non-adjustable to accommodate the worker's
posture. This fixed design has been identified in
several studies to result in a working posture
where the operator forms an angle of 180
degrees, causing the head, neck, and shoulders to
form an angle of 35 degrees, while the waist and
shoulders form an angle of 25 degrees. This
posture leads to rapid fatigue and stiffness in the
upper extremity muscles [23]. Additionally,
another issue arises as welding workbenches are
not easily adjustable to accommodate the
position of objects being welded, often causing
shifts due to impacts during the welding setup.
These issues in welding workbench design
create discrepancies between the actual
conditions in welding training processes and the
ideal conditions, leading to gaps as illustrated in
Figure 2.
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Ideal conditions

1. The operator’s posture is aligned
with the height of the welding
table.

. The welding table can be easily set

13

The welding table's design
leads to suboptimal working
conditions.

Actual Condition

1. The height of the welding table
cannot be adjusted to the

(]

. Components to be joined often

up to adjust the position of the
object.

3. The operator’s working position
forms an optimal angle, reducing
fatigue and stiffness in the upper
extremity muscles.

shift relative to each other.

3. The operator's working position
forms an unfavorable angle,
causing fatigue and stiffness in
the upper extremity muscles.

i
i
!
I operator's working posture.
1
i
I
I

Fig. 2 Gap Representation Of Problems In Welding Workbench Design

The gap representation of the problem in
Figure 2 explains that the actual situation that
occurs in several problems results in operator
productivity decreasing because the dimensions
of the welding table cannot adjust to the
operator's working posture, resulting in
differences in height, and it becomes slanted,
resulting in imprecise welding results. Apart
from that, the use of a welding workbench in
ideal conditions should be able to adjust the
operator's working posture so as to reduce
WMSDs for the operator while working.

3.2 ldentify Needs for Welding Workbench
Design Concept
Identify the needs for the welding
workbench design concept and evaluate it based
on the problems that occur in actual conditions.
The welding workbench design concept is
carried out using compositions that are described
as technical design requirements so that the
target requirement specifications can be
identified for improving the welding workbench
design. Technical Requirements The welding
workbench design concept is explained in Table
2.

3.3 Preparation of the Welding Workbench
Design Concept

The welding workbench design concept is
developed using a morphological chart.
Identification is performed to discover key
elements in order to expand the search for
solutions from various alternatives. Table 2 is a
morphological chart of the welding workbench
design concept.

The morphological chart from Table 3
shows the design concept obtained based on the
division of internal and external search solutions.

The concepts obtained were three design
concepts divided based on color, namely blue for
design concept I, orange for design concept II,
and black for design concept III.

3.4. Evaluation of Work Station Design

Concepts

Screening three welding workbench
design concepts that have been obtained were
identified using product concept assessment
using the Pugh method [13].Product concept
assessment is carried out by conducting
discussions with users and experts to obtain four
selection criteria based on the Pugh method,
namely performance, features, durability, and
serviceability. Table 4 is the result of a summary
of the conceptual screening of welding
workbench designs.

Table 2. Technical Requirements For Welding
Workbench Design Concepts

No Design Needs Target Specifications
The table is
1 Speed up welding | permanently installed
setup to reduce preparation
time.
Achieve precise | Clamp components to
2 | and optimal | prevent shifting during
welding results welding.
3 Simple operating | Can  be  operated
mechanism manually.
Adjustable tilt for | The table can be tilted
4 o
operator comfort | up to 30°.
5 | Adjustable table | Legs can be adjusted in
legs for operator | height from 50-100
posture cm.
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Tabel 3. Morphological Chart Alternative several opinions so that the highest alternative
Concept value is obtained, namely design concept | with
Functio Flow specifications as parameters: The welding
N n Alternat | alternati | Alternat | workbench can be adjusted directly, welding
0. | Solutio | ivel ves ive 2 component clamps are made permanently, steps
n 1 ]2 can be used manually without set-up tools, the
@| The tilt of the table can be adjusted to the angle of
The workben | in cjination, and the height of the table can be
workben ch can be . . . .
Table ch is adjusted adjusted using a screw system._Flgure 3 is the
1 ‘ ; result of an alternative welding workbench
frame permane directly . .
ntly or with | design concept that has been validated.
fixed other
tools. S ——_ NS ,__--AA-"o
s | S 0
Compo | are Clamps — e ——y————1
2. | nent permane can be | | |
clamps | ntly adjusted. 2
Manual Does_ not T 7
| steps require v
3 Operati without other — | B —
" | on ; tools for
adjustme adjustme =
nt tools
nts.
Table ;';;(':3 ; atlz Z:ele tilt Information:
4 | inclinati 30° Cag be 1. Can be adjusted directly
on angle adjusted. 2. Welding component clamps are
Height is Height is permanentl_y made .
Table adjusted adjusted 3. Thetable tllt_ ang_le can be adju_sted
5. height using a using a 4. The table height is adjusted using a
hydrauli screw screw system
C system system.

Table 4. Recapitulation Of Welding Workbench
Design Concept Screening

Recapitulation of Design
Concept Alternative
No | Selection Screening
Criteria Design | Design | Design
Conce | Conce | Conce
ptl pt il pt 111
1 Performanc + 0 0
e
2 Features + + +
3 Durability + + +
4 Serviceabili + + )
ty
Amount (+) 4 3 3
Amount (0) 0 1 0
Amount (-) 0 0 1
Final score 4 3 2

Recapitulation of concept filtering for
welding workbench design in Table 3.
Alternative concepts have been identified from

Fig. 3 Results Of Alternative Welding Workbench
Design Concepts That Have Been Validated

3.5. Modeling and Simulation of the Welding
Work Environment

Two sets of simulation modules were used
to test the welding workbench design using Catia
V5 R21 software: first, the operator was
positioned standing while using the welding
workbench design concept; second, the operator
was positioned performing a welding simulation.
The body dimensions of Indonesian students
aged 21-25 years were adjusted according to
Table 1. The height parameters of the welding
workbench design were determined by three
values: 50 cm, 70 cm, and 100 cm, while the tilt
of the welding workbench was maintained at a
parameter of 30 degrees. Figure 4 represents the
virtual environment for the human model
simulation testing with the validated welding
workbench design concept based on the
specified parameters.
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Fig. 4 Virtual Environment Of Human Model
Simulation Testing With A Validated
Welding Workbench Design Concept.

1. Lower Back Analysis

The LBA assessment in Figure 4 with a
human model simulated with the welding
workbench design concept was carried out using
male and female human models with
presentations of 5, 50, and 95. Each percentile
was analyzed according to NIOSH provisions,
where the worker's back load is assessed with a
minimum requirement of 500 N and a maximum
of 3480 N. Figure 5 explains the results of LBA

testing on a human model using the welding
work table design concept, which was tested
based on table heights of 50 cm, 70 cm, and 100
cm with a table tilt of 30 degrees.

The LBA test in Figure 5 demonstrates the
welding worktable design concept with various
height parameters. The working forces at
different heights are able to affect the spine of
the simulated human model during welding. As
the height of the worktable increases, the
resulting LBA values decrease. The worker's
position is considered safer and more
comfortable when using a welding worktable at
a height of 100 cm. However, a welding
worktable with adjustable height, tailored to the
worker's posture needs, helps reduce the risk of
accidents and enhances welding worker comfort.
2. Ovako Working Posture Analysis

The OWAS evaluation was identified on
the working posture of the human model when
using the welding worktable design based on
table height, which showed a category of class 2.
Adjusting the working posture height when
using the welding workbench can reduce the risk
of musculoskeletal damage.

3. Comfort Assessment (CA)

The Comfort Assessment (CA) of the
human model's working posture was conducted
to determine the simulation parameters in virtual
welding tasks. The CA was identified based on
the comfort values calculated using Formula (1).
The assessment results are presented in Figure 6.

Lowear Back Analysis (LBA)
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Fig 5. LBA Test Results On A Human Model Using The Welding Workbench Design Concept
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Fig. 6 Results Of Comfort Assessments Carried Out On Human Models For Various Table Heights (50 Cm,
70 Cm, And 100 Cm)

Based on the analysis, most body parts
showed stability across different table heights
(50 cm, 70 cm, and 100 cm), with only a few
specific areas, such as the thigh, leg, and
forearm, exhibiting minor changes. The right
arm and right forearm remained stable, with a
slight increase in the L95 value at a table height
of 100 cm. The right hand and right foot showed
no changes, maintaining constant values for all
parameters (L5, L50, and L95) across all heights.
However, the right thigh and right leg displayed
a pattern of change in the L5 value, with a slight
increase at a table height of 100 cm, while L50
and L95 remained steady. This discomfort
response remained within the tolerance limits as
the values stayed below the threshold of 1.
Overall, the welding table height still supports
operator comfort, despite some potential

discomfort in certain body parts that may require
further attention for ergonomic improvement.
4. Rapid Upper Limb Assessment (RULA)

The RULA assessment system in the Catia
V5 R21 software is evaluated based on the
scores obtained, where a higher score indicates a
greater impact of posture on the musculoskeletal
system. If the RULA score exceeds 4,
improvements need to be made to the welding
workbench design as a recommendation for
posture adjustments. The RULA assessment
using a digital human model is conducted to
evaluate the welding workbench design concept,
with improvements that should be made to
minimize discomfort and the risk of work-
related injuries. Figure 7 shows the results of the
RULA assessment evaluation using height
parameters in the welding worktable concept.
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Comparison of RULA Based on Table Height

3.0

50 cm 70 cm

Table Height

100 cm

Fig. 7 RULA Assessment Using the Welding Worktable Design Concept

The RULA assessment using the welding
worktable concept in Figure 7 shows that the use
of a welding table with a height of 50 cm does
not align with the welding work posture
simulation. However, the adjustable height of
the table can accommodate the worker's posture
needs, as seen when the table height is increased.
The RULA results were obtained with a comfort
level that aligns with the recommendations.

4. Discussion
4.1 Ergonomic Considerations of Work Desk
Design

The alternative design for the welding
workbench is evaluated based on anthropometric
data from anthropometriindonesia.org [12], for
the age range of 21-25 years. According to the
Higher Education Statistics [24], most active
students are between 18 and 30, with a dominant
participation rate in the 18-24 age group. The
selection of anthropometric data for the 21-25
age range is considered representative, as it
reflects the body dimensions of most
undergraduate students. This approach ensures
that the workbench design is not only ergonomic
but also optimized to support the comfort and
productivity of students during practical learning
processes. However, issues with the welding
workbench design arise from the fixed legs and
tabletop, which cannot be adjusted and may lead
to  musculoskeletal disorders (WMSDs).
According to Zhang et al. [20], improper work
posture caused by an unsuitable table height is a
major contributor to WMSDs in operators. The
non-ergonomic body posture during welding
causes a 180-degree angle at the head, neck, and

shoulders, and a 25-degree angle at the waist and
shoulders, leading to fatigue and muscle
stiffness. Design concept 1 is chosen because it
can be adjusted to individual posture, helping to
prevent WMSDs.

The adjustable design concept in Figure 3
was selected based on an evaluation using the
Pugh method [13]. Ergonomic considerations
were used as the basis for identifying
opportunities for improvement in the proposed
welding equipment by introducing a tilt
mechanism and adjustable table height.
According to Alam et al. [25], posture
adjustment is crucial as it can reduce muscle
fatigue and enhance long-term productivity. The
height adjustment feature, ranging from 50 to
100 cm, along with the table tilt mechanism in
this design, can prevent the formation of non-
ergonomic body angles, which are often found in
non-adjustable workbench designs. These
adjustments enable more natural working
positions during the welding process and provide
greater comfort for the operator without the need
to change positions to reach different work areas.

4.2 Implikasi Simulasi Operasional

Ergonomi pada Meja Kerja Las

The simulation analysis using Catia V5
R21 software offers a more comprehensive
ergonomic evaluation approach compared to
traditional methods. This approach integrates
virtual simulation with verification based on the
actual posture of the human body during
operation. The simulation is conducted by
creating various welding environment scenarios
that can adaptively align with human body
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postures. The use of digital human models
significantly reduces testing costs, as it
eliminates the need for direct participation from
welding operators. Moreover, digital human-
based simulations are conducted without the
complexities of real-world variables or potential
behavioral disturbances of operators before and
after operations. In this study, the digital human
model was employed as a parameter to analyze
and test alternative welding workbench designs,
ensuring that safety and ergonomic aspects were
met before the product was manufactured.

The ergonomic implications of the
welding workbench design through simulation
based on a digital human model are evaluated by
considering factors such as pressure on the lower
back, work posture, comfort, and the potential
for musculoskeletal risks. This simulation
reflects how the design of the welding
workbench can be optimized to support the
efficiency and safety of the operator. The
simulation test was conducted by comparing
workbench heights of 50 cm, 70 cm, and 100 cm
with an angle setting of 30°. The LBA
assessment in Figure 5 revealed that the height
of the workbench affects the pressure on the
spine. A higher workbench (100 cm) results in
lower pressure compared to a lower workbench
(50 cm or 70 cm). These findings support the
ergonomic theory by NIOSH [26], which sets the
safe load limits for the spine between 500 N and
3480 N.

The LBA results are consistent with
previous studies, which show that adjustable
body postures provide significant benefits in
improving comfort and reducing the risk of
injury. Ariyanti et al. [27], recommend that
welding work should be supported by tools such
as benches, supports, and pulleys used at
welding stations, which can help improve poor
working postures. This finding aligns with the
work of Albolino, [28], which emphasizes the
importance of adjusting body posture and using
assistive tools to enhance operator comfort and
safety. The simulation results provide
recommendations that the use of a workbench
with adjustable height and angle features can
optimize work posture and reduce fatigue.

The adjustment of height and tilt in the
welding workbench, based on the OWAS
assessment categorized as Class 2, indicates the
need for modifications in the workbench design
to prevent injury risks. These adjustments can
help optimize the operator's working posture,

reduce joint pressure, and improve work
efficiency. A similar strategy was implemented
by Zhang et al. [20], who emphasized that
posture adjustments not only enhance the
operational welding process but also help
prevent operator fatigue and injuries. EL-
Matury [29], further explained that posture
adjustments in the workplace play a crucial role
in reducing muscle fatigue and the potential for
operator injuries. These studies reinforce the
findings that the use of an adjustable welding
workbench design holds significant potential to
reduce fatigue and injury risks for operators.

According to the CA assessment in Figure
6, most of the operator's body parts remain stable
at different workbench heights (50 cm, 70 cm,
and 100 cm), although there is slight discomfort
in some body parts. However, the changes
remain within the tolerance limits. Additionally,
slight changes were observed in the thigh and
right leg at the 100 cm workbench height. This
study aligns with the findings of Markova et al.
[30], which indicate that the correct workbench
height can enhance operator comfort by
considering body weight distribution and proper
posture placement during operation. These
findings also support ergonomic principles that
emphasize the importance of workbench height
adjustment to improve comfort and optimize the
operator's working posture.

The less ergonomic working posture
based on the RULA assessment in Figure 7
shows that a fixed-height workbench (50 cm)
results in a higher score. In contrast, the
adjustable height feature of the workbench
allows the operator to modify their working
posture, thereby reducing the RULA score and
injury risk. This finding aligns with the research
by Chandra et al.[31], which indicates that
adjustable workstations can reduce the risk of
injury and improve the physical comfort of
workers. These findings provide
recommendations supporting the importance of
adjustable welding workbenches to enhance
ergonomics and reduce health risks for workers.
Kibria et al. [32], also emphasized that the use of
adjustable workstations is crucial to reducing
muscle and joint strain and improving operator
comfort in the long term.

4.3 Design Implications and
Recommendations

This research provides recommendations

that indicate the adjustable design of the welding
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workbench, including height and tilt
adjustments, offers various ergonomic benefits.
Simulations using human digital modeling in a
welding environment with adjustable height and
tilt features significantly reduce the risk of
musculoskeletal injuries, improve operator
comfort, and support work efficiency. These
findings align with  previous research
emphasizing the importance of flexibility in
workstation design to enhance worker safety and
comfort.

The use of Catia V5 R21 software for
simulation in human-machine design is highly
recommended to save costs and improve
research efficiency. This tool allows designers to
evaluate the impact of the design on the
operator’s posture and potential musculoskeletal
injury risks before physical prototypes are
created. Additionally, the design process can be
carried out iteratively, optimizing the design
virtually to achieve more ergonomic, efficient,
and safe solutions for the operator.

As a recommendation, when designing
and manufacturing welding workbenches, it is
suggested to integrate automated adjustment
technology for table height and tilt. This feature
not only increases flexibility and adaptability to
various operator postures but also simplifies the
adjustment of the workbench according to
specific needs, ultimately improving operator
comfort, safety, and productivity in the long
term.

5. Conclusion

This study successfully simulated the concept of an
ergonomically designed welding workbench
using the PUGH method as the foundation for
planning a workbench for students' practical
learning. Evaluations conducted through
digital human modeling, utilizing the LBA,
OWAS, CA, and RULA methods,
demonstrated that the workbench design with
adjustable height and tilt features
significantly reduces the risk of work-related
musculoskeletal disorders (WMSDs) while
enhancing comfort and productivity. Based
on the body dimensions of Indonesian
students, this design is not only contextually
relevant but also makes a significant
contribution to developing ergonomic
standards for vocational education. The
implementation of this innovative design is
expected to improve the quality of welding
practical learning while establishing new
benchmarks for safety and efficiency in
educational environments.
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