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Abstract

Non-value-added (NVA) waiting time in the grid-feeding process of battery manufacturing
is caused by the limited capacity of the existing paster machine input conveyor, resulting
in production flow interruptions and reduced operational efficiency. Although finite ele-
ment analysis (FEA) has been widely applied for structural verification of industrial equip-
ment, limited studies have integrated structural validation with operational performance
evaluation to address production inefficiencies in battery manufacturing. To address this
gap, this study proposes a chain conveyor grid feeder and introduces a cross-platform FEA
approach by combining ANSYS Workbench and SolidWorks Simulation with in-situ indus-
trial validation, thereby providing both numerical verification and practical evidence of
production performance improvement. This study proposes and evaluates a chain con-
veyor grid feeder by integrating cross-platform FEA using ANSYS Workbench and Solid-
Works Simulation with in-situ operational validation. The methodology includes CAD-
based design, linear-static structural analysis under the maximum loading condition using
ASTM A36 material properties, followed by fabrication, production-line implementation,
and before-after performance evaluation. The FEA results indicate maximum von Mises
stresses of 55-57 MPa for the frame subsystem and 60-73 MPa for the conveyor subsys-
tem, both remaining below the ASTM A36 yield strength (250 MPa). The corresponding
maximum deflection ranges from 0.41 to 1.09 mm, with minimum safety factors ranging
from 2.30 to 4.54, confirming adequate structural reliability. Operational validation fur-
ther demonstrates that NVA waiting time was reduced from 124.33 s to 0 s, while operator
requirements decreased from two to one across two production lines. These findings
demonstrate that integrating cross-platform FEA with industrial implementation pro-
vides an effective framework for achieving both structural reliability and measurable im-
provements in production efficiency.
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1. Introduction

Battery manufacturing comprises a series of interconnected processes, including cast-
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ing, pasting, formation, and assembly, in which process reliability and throughput are critical
to overall production performance. In the pasting stage, grids are coated to produce uniform
plates, requiring a continuous and controlled material feeding mechanism (Figure 1(a)). The
pasting line consists of grid feeding, the paster machine, roll pressing, drying, finishing, and
curing, where the grid feeding subsystem (Figure 1(b)) serves as a critical interface for main-
taining process continuity. However, inefficiencies are frequently observed during the grid
filling operation, where operators encounter non-value-added (NVA) activities that disrupt
material flow and reduce system efficiency. Such NVA conditions are widely recognized as a
major source of inefficiency, leading to suboptimal utilization of labor, processing time, and
material resources in manufacturing systems [1].
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Figure 1. (a) Uniform plate, (b) Grid feeding process.

In practice, these inefficiencies become more pronounced at the operational level, par-
ticularly in the grid feeding subsystem. The system operates with two parallel production
lines, each assigned to a grid-feeding operator, as illustrated in Figure 2. Waiting-type NVA
activities occur when operators must delay the next filling cycle until previously loaded grids
are fully processed. This condition is primarily caused by the limited capacity of the existing
input conveyor, which is approximately 550 mm in length and accommodates only about 305
grids at a thickness of 1.8 mm, insufficient to handle a full lot of 550 grids. Consequently, a
mismatch arises between material supply and process demand. Time study results indicate
that the average productive time for grid filling is 30.23 s and 30.82 s for the two lines, while
the corresponding NVA waiting time reaches 62.26 s and 62.07 s per cycle, indicating a sig-
nificant proportion of idle time in the operation.

The presence of non-value-added (NVA) activities adversely affects resource utilization,
as operators remain underutilized while labor costs continue to be incurred. Consistent with
previous studies, waste in production systems reduces process efficiency and contributes to
financial losses [2]. To overcome this issue, a chain-conveyor grid feeder is proposed to in-
crease the grid-filling capacity of the paster machine, enabling a complete production lot to
be accommodated in a single loading cycle. The increased conveyor capacity extends the
available processing interval, thereby reducing NVA waiting time, improving operator utili-
zation, and enabling a single operator to manage two production lines instead of the previous
one-operator-per-line configuration.

In practice, staffing reduction is constrained by operator movement between parallel
production lines. The operator requires approximately 20 s to move between lines, resulting
in a total travel time of about 40 s per operating cycle, while the available waiting time before
the next grid-filling operation is only approximately 60 s. Consequently, the limited capacity
of the existing input conveyor cannot provide sufficient processing intervals to support effi-
cient multi-line operation. Increasing the conveyor capacity extends the processing interval,
enabling a single operator to effectively manage both production lines.
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Figure 2. Pasting layout.
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Previous studies on waste reduction in manufacturing have extensively applied lean
manufacturing approaches to improve process efficiency and resource utilization. Tech-
niques such as Value Stream Mapping (VSM), line balancing, and lean logistics have been
widely adopted to identify and eliminate non-value-added (NVA) activities. For example, VSM
reduced non-value-added time from 22.77 min to 13.27 min while improving Process Cycle
Efficiency (PCE) from 66.10% to 75.29% [3]. Similarly, line balancing and lean logistics have
been reported to reduce cycle time and improve resource utilization and warehouse perfor-
mance [4], [5].

Finite element analysis (FEA) has been widely adopted as a reliable tool for evaluating
structural performance and supporting engineering design decisions. Previous studies have
demonstrated that FEA can serve as an effective alternative for product prototyping and
structural testing, enabling accurate prediction of stress distribution, deformation, and me-
chanical behavior without extensive physical experimentation [6]. Furthermore, FEA has
been successfully applied in structural design optimization to ensure that components can
safely withstand applied loads while maintaining efficiency and reliability [7]. For example,
dimensional optimization of a conveyor bracket using ABAQUS reduced the maximum stress
by approximately 37.32 MPa while improving structural reliability [8]. In addition, a con-
veyor support frame analyzed using ANSYS Workbench exhibited a maximum von Mises
stress of 96 MPa and a maximum deformation of 0.537 mm, confirming its structural safety
under operational loads [9]. Furthermore, generative design combined with FEA has also
been shown to substantially reduce conveyor bracket mass while maintaining structural
safety for industrial applications [10].

Previous studies on waste reduction in manufacturing have predominantly focused on
process and organizational improvements, such as line balancing, lean manufacturing, and
logistics optimization, to rebalance workloads and streamline material flow. While these ap-
proaches have proven effective in improving efficiency, they rarely consider the redesign and
implementation of mechanical systems as a primary mechanism for reducing waste at critical
process stages. In contrast, studies on conveyor systems using FEA have mainly focused on
structural feasibility and design optimization, without integration into real production envi-
ronments or alignment with operational performance targets. Consequently, these two re-
search domains—process optimization and mechanical system design—are typically ad-
dressed independently, resulting in limited integration between structural performance and
operational efficiency in manufacturing systems. However, limited studies have integrated
structurally validated conveyor system redesign with lean manufacturing implementation to
simultaneously improve structural reliability and operational performance in battery manu-
facturing. Lean manufacturing methods effectively identify and reduce operational waste but
cannot by themselves verify the structural integrity of redesigned mechanical systems, high-
lighting the need to integrate FEA with lean manufacturing.

The novelty of this study lies in integrating the design, finite element-based structural
verification, and operational validation of a chain-conveyor grid feeder within a lean manu-
facturing framework for battery manufacturing. To address this gap, the proposed chain-con-
veyor grid feeder was designed, structurally verified using cross-platform finite element anal-
ysis (ANSYS Workbench and SolidWorks Simulation), and validated through implementation
on an actual production line. This study contributes a validated engineering framework for
integrating structural design verification with operational performance evaluation and im-
provement, providing a systematic approach for developing mechanically reliable material
handling systems that support lean manufacturing implementation.

The objectives of this study are to evaluate the structural integrity of the proposed
chain-conveyor grid feeder under maximum loading conditions, to ensure reliable operation
without structural failure or excessive deformation, and to assess its effectiveness in reducing
NVA and improving operational efficiency in the grid-feeding process. The analysis is con-
ducted using linear static simulation to evaluate stress distribution, deformation, and safety
factor under worst-case loading conditions. In addition, critical regions are identified to en-
sure that maximum stress and deflection remain within allowable limits.

2. Methods

Following an integrated engineering workflow that combines equipment design, finite-
element-analysis (FEA)-based structural verification, fabrication, and experimental valida-
tion [11], this research employed an industrial case-study approach to develop and evaluate
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Figure 3. Chain conveyor grid feeder design.
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Figure 4. (a) Frame subsystem model, (b) Conveyor subsystem model.

a chain-conveyor grid feeder for battery manufacturing. The research methodology com-
prised four sequential stages: (1) design of the chain-conveyor grid feeder, (2) structural ver-
ification using FEA, (3) fabrication and installation on the production line, and (4) before-
and-after performance testing. The study was designed to evaluate the structural reliability
of the proposed machine and its effectiveness in reducing non-value-added (NVA) activities
and operator requirements. A case-study approach was selected because the proposed equip-
ment was evaluated under actual production conditions, allowing both structural and opera-
tional performance to be assessed in its real industrial context.

2.1 Design

The design was developed using SolidWorks Professional 2021 as the 3D CAD (com-
puter aided design) platform to model and verify the fit of all components of the chain-con-
veyor grid feeder. Finite element analyses were subsequently performed using ANSYS Work-
bench 2020. Figure 3 shows the completed design. The same CAD model was used as the basis
for the FEA geometry, which was divided into two models, namely the frame subsystem and
the conveyor subsystem, as shown in Figure 4(a) and Figure 4(b). This partitioning was
adopted to simplify model setup and meshing while reducing simulation time.

The FEA geometry was prepared by suppressing noncritical geometric features, such as
small fillets and chamfers, that have minimal influence on the overall structural response but
may induce excessive local mesh refinement and reduce computational efficiency [12]. The
geometry was exported to ANSYS Workbench and SolidWorks Simulation with a consistent
coordinate-system orientation. Mass values, component centers of mass, and load-
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application coordinates were taken directly from the CAD model properties and used as in-
puts for structural verification.

2.2 Material

All custom components (frame, base plate, chain guides, brackets, and shafts) were man-
ufactured from ASTM A36 in accordance with material standards commonly used in the bat-
tery manufacturing industry. ASTM A36 was modeled as homogeneous, isotropic, and linear-
elastic. In contrast, standard purchased components used their typical grades: linear bush-
ings used AISI 52100, shaft holders and pillow blocks used AISI 1045, and leveling mounts
used ASTM A36. Material properties were applied consistently in ANSYS Workbench and
SolidWorks Simulation, with a Young’s modulus of 200 GPa, Poisson’s ratio of 0.26, and den-
sity of 7,850 kg/m?. The mechanical properties for ASTM A36 steel were taken as an ultimate
tensile strength of 400 MPa and a yield strength of 250 MPa [13], [14].

2.3. Finite element analysis

Finite element analysis was performed to evaluate the structural reliability of the frame
subsystem and the conveyor subsystem under the worst-case operating load. A linear-static
formulation was used because the conveyor speed is low (2.16 m/min), so a static assump-
tion is adequate to represent actual conditions.

The structural analysis is governed by the equilibrium equation of linear elasticity[15]:

Vo+f=0 (1)

where o isthe stress tensor and f represents the body force per unit volume. The mate-
rial behavior follows Hooke’s law for isotropic linear elastic materials[15], [16]:

o= E.¢ (2)

where E is Young's modulus and ¢ is the strain. The equivalent von Mises stress used to
evaluate yielding is expressed as[16]:

Oy = J%[(% +0,)% = (07 + 0,)* — (0; + 03)?] (3)

where a;,0,,05 are the principal stresses. This criterion is used to assess whether the in-
duced stress remains below the material yield strength.

The finite element model was developed through geometry preparation, material as-
signment, contact definition, mesh generation, application of boundary conditions, numerical
solution, and postprocessing of the simulation results. The analysis aimed to determine the
maximum deformation, maximum von Mises stress, and minimum safety factor for each sub-
system under the fully filled worst-case loading condition [17]. Results are presented in fig-
ures highlighting the critical regions of the linear-static simulation and in tables comparing
the results obtained from the two solvers for each subsystem.

2.3.1 Constraint application

During the constraint application stage, fixed supports were assigned as restraints and
loads were applied to the model geometry. Fixed supports were placed on machine regions
assumed to remain stationary with no displacement under load. The applied load corre-
sponded to the weight of the grids under a fully filled assumption to represent the worst-case
operating condition. This worst-case scenario uses one grid type, with specifications and
weight calculations summarized in Table 1.

Table 1. Worst case scenario weight calculation.

Grid Parameter Value
Grid Thickness 1,2 mm
Grid Weight 125 gram
Total mass at full load (Conveyor path le“gth> ; .
Grid Thickness x Grid Weight
= (312(;0mn:1m) X 125 gram

=3333333¢g
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Figure 5. (a) Frame subsystem boundary condition, (b) Conveyor subsystem boundary condition.

In the frame subsystem simulation, fixed supports were placed at the frame legs. The
applied load came from the weight of the grids and the components in the conveyor subsys-
tem. The conveyor subsystem components have a total mass of 147 kg, and the combined
gravity load from these components and the grids was 4,712 N. This load was distributed
evenly across the connection points between the frame and conveyor subsystems. Details are
shown in Figure 5(a).

In the conveyor subsystem simulation, only the grid weight was applied, resulting in a
total gravity load of 3,269 N equally distributed to four chain guides (817 N per guide). Fixed
supports were assigned at the interfaces between the frame and conveyor subsystems, as
illustrated in Figure 5(b). All component connections were modeled as bonded contacts to
represent welded joints and tightly clamped bolted joints operating below the slip threshold,
thereby preserving the linear-static formulation and focusing on the global structural re-
sponse.

2.3.2 Meshing

Hexahedral and tetrahedral elements were selected according to the geometric com-
plexity of each part. Hexahedral elements were applied to simpler geometries, whereas tet-
rahedral elements were used for more complex shapes. The mesh was generated uniformly
at first and then locally refined in regions expected to become hotspots.

Mesh sizes were tailored to each component’s dimensions, so different parts used dif-
ferent element sizes. To ensure the solution was not sensitive to element size, a stepwise
mesh-convergence study was performed with a focus on maximum von Mises stress. Four
convergence iterations were run under identical boundary conditions, and the relative
change between iterations was computed as a percentage. Convergence was declared when
the percent difference in maximum von Mises stress was below 5%.

Table 2. Frame subsystem mesh convergence.

Iteration Node Element von Mises Stress (MPa)

1 411,300 193,632 46.7
2 517,129 245,691 50.23
3 597,322 328,589 53.94
4 587,806 326,932 55.09

Table 3. Conveyor subsystem mesh convergence.

Iteration Node Element von Mises Stress (MPa)

1 188,830 90,570 55.5
2 310,574 131,302 64.67
3 373,017 173,532 72.17
4 516,988 219,562 74.2
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Nodes S87706
Elements 326932

Figure 6. Frame subsystem final mesh.

=P  Nodes 373017
Elements 173532

Figure 7. Conveyor subsystem final mesh.

This approach is consistent with a previous study that treated the mesh as converged
when the von Mises percent change fell below 5% in their convergence test [18]. Based on
Table 2, mesh convergence for the frame subsystem was achieved at the third and fourth it-
erations, with a percent difference in maximum von Mises stress of 2.08%. Likewise, for the
conveyor subsystem, convergence was achieved at the third and fourth iterations with a per-
cent difference of 2.73%, as shown in Table 3. The fourth iteration was adopted as the final
mesh for the frame subsystem, with 587,706 nodes and 326,932 elements (Figure 6). For the
conveyor subsystem, the third iteration was selected as the final mesh, with 373,017 nodes
and 173,532 elements (Figure 7).

2.3.3 Solver and cross validation

Simulations were run in ANSYS Workbench and SolidWorks Simulation under linear-
static conditions. Geometry, material properties, boundary conditions, and load magnitudes
were aligned so both platforms used equivalent models. Results were compared to three key
metrics: maximum deformation, maximum von Mises stress, and minimum safety factor for
each subsystem.

A cross-validation table summarizes the side-by-side comparison. The same method has
also been carried out in a study comparing deformation in SolidWorks & ANSYS software for
the same boundary conditions & loading for three different structural configurations. Overall,
this study shows the potential of FEM analysis in improving the design and performance of
structures in engineering applications [19].
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2.3.4 Acceptance criteria

Structural performance was evaluated using three criteria. The maximum von Mises
stress had to remain below the material yield strength specified in the Materials subsection.
The minimum safety factor had to meet or exceed the prescribed limits. In all cases, the safety
factor was required to be greater than 1.0 to avoid failure [16]. The following ranges summa-
rize commonly used safety-factor values by loading type [20].

Static Load :1,25-2
Dynamic Load :2-3
Shock Load :3-5

Since the proposed chain-conveyor operates at a low conveying speed (2.16 m/min) and was eval-
uated under a fully loaded stationary condition using linear static analysis, the structural assessment
in this study follows the static loading criterion.

The criterion for maximum deflection was functional, and it could not exceed a threshold
that would compromise clearance, alignment, or product flow. A previous study indicates that
when deformation is very small relative to the overall frame size and can be neglected, the
frame stiffness is considered sufficient [21]. These criteria were applied consistently to the
frame and conveyor subsystem simulations and they formed the basis for interpreting the
results in the next section.

2.4. Fabrication and installation

Fabrication followed the working drawings from the CAD design. After fabrication, di-
mensions, anchor-hole locations, and inter-component clearances were inspected. Installa-
tion connected the chain conveyor to the paster machine so the grids carried by the conveyor
could be transferred to the machine. A trial run was then performed with simulated loads to
check mechanical stability, chain tension, and product flow.

2.5. Performance testing

Performance testing evaluated the machine in service and its effectiveness in reducing
operator NVA. Testing used a before-after design at the grid-feeding station under normal
operating conditions. Baseline (pre-installation) measurements were taken on the line in its
legacy configuration, and post-installation measurements were taken after the machine was
installed.

The recorded variables were productive time, defined as the duration of grid filling to
the paster machine, NVA (waiting) duration, and the grid-feeding staffing level. Timing used
a stopwatch time study with n = 10 cycles for each condition (pre-installation and post-in-
stallation). Measurements were taken by the same observer to minimize bias. Extreme devi-
ations were re-checked with repeat measurements. Data were processed using descriptive
statistics by calculating and comparing the mean values for each measured parameter before
and after machine implementation. The summary results are presented in comparative tables
and charts.

3. Results and Discussion

This section presents the results and discussion of the structural verification of the
frame and conveyor subsystems using FEA under worst-case loading conditions. The analysis
is performed using two simulation platforms, and the results are evaluated based on the cri-
teria defined in the Methods section.

3.1. Stuctural response of the frame subsystem

The simulation results indicate that the frame subsystem operates within safe structural
limits under the applied loading conditions. The subsystem exhibits relatively small defor-
mation, with maximum values of 0.58 mm in ANSYS Workbench (Figure 8(a)) and 0.71 mm
in SolidWorks Simulation (Figure 8(b)). The maximum deflection occurs at the midspan of
the threaded shaft, where bending effects are dominant. However, the deformation remains
small relative to the overall structural dimensions, indicating that it does not significantly
affect alignment, load transfer, or operational performance. This suggests that the frame sub-
system has sufficient stiffness to maintain structural stability. Similar behavior has been re-
ported in previous studies, where small deformation values in structural frames do not sig-
nificantly influence mechanical performance under operational loads [22], [23].



Kristiawan et al., Finite element-based design and performance evaluation of a chain conveyor grid feeder for ... 122

T

A: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

6/18/2025 1:20AM

v

0.57565 Max
051169

(a) (b)

56.58

| 5092

(a) (b)
Figure 9. von Mises stress distribution; (a) ANSYS Workbench, (b) SolidWorks Simulation.

The maximum von Mises stresses are 55.09 MPa in ANSYS Workbench and 56.58 MPa
in SolidWorks Simulation (Figure 9(a) and Figure 9(b)), with peak values occurring near the
frame joints, indicating localized stress concentration. These values are significantly below
the yield strength of ASTM A36 (250 MPa), confirming that the structure operates within the
elastic range and is not susceptible to plastic deformation. Previous studies on machine frame
structures have demonstrated that stress levels below the material yield strength indicate
safe structural performance and adequate load-bearing capacity [24], [25].

The safety factor distribution further supports the structural reliability of the frame sub-
system under the worst-case static loading condition. The minimum safety factors are 4.54 in
ANSYS Workbench and 2.3 in SolidWorks Simulation (Figure 10(a) and Figure 10(b)), both
exceeding the recommended safety-factor range for static loading (1.25-2.00).

ANSYS

2020 R2

() (b)
Figure 10. Safety factor; (a) ANSYS Workbench, (b) SolidWorks Simulation.
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These values indicate that the structure can sustain loads significantly higher than the
operational requirement. Additionally, most regions exhibit high safety factors, suggesting a
conservative design. Similar findings have been reported in structural analyses, where high
safety factors indicate reliable performance and provide opportunities for design optimiza-
tion without compromising safety [22]. Overall, the results confirm that the frame subsystem
is structurally safe and reliable under the applied loading conditions.

3.2. Structural response of the conveyor subsystem

The simulation results indicate that the conveyor subsystem maintains structural integ-
rity under the applied working loads. The subsystem exhibits relatively small deformation,
with maximum values of 1.09 mm in ANSYS Workbench (Figure 11(a)) and 0.41 mm in Solid-
Works Simulation (Figure 11(b)). The maximum deflection occurs at the midspan of the
chain-guide components between bolted connections, where bending effects are dominant.
However, the deformation remains small relative to the structural dimensions, indicating that
it does not significantly affect alignment, load transfer, or operational performance. This sug-
gests that the subsystem has sufficient stiffness to maintain functional stability. Previous
studies on conveyor structures have similarly shown that small deformation does not signif-
icantly affect system performance and reliability under operational conditions [23], [24].

The maximum von Mises stresses are 73.17 MPa in ANSYS Workbench and 60.06 MPa
in SolidWorks Simulation (Figure 12(a) and Figure 12(b)), with peak values located around
the bolt holes of the chain-guide components, indicating stress concentration regions. These
values are well below the yield strength of ASTM A36 (250 MPa), confirming that the struc-
ture operates within the elastic range and is not susceptible to plastic failure. Previous studies
have demonstrated that stress levels below the material yield strength indicate that the struc-
ture is safe under working loads and can sustain operational conditions without failure [24],
[25].

() (b)
Figure 11. Deformation results; (a) ANSYS Workbench, (b) SolidWorks Simulation.

(a)

(b)

Figure 12. von Mises stress; (a) ANSYS Workbench, (b) SolidWorks Simulation.
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~ ANSYS

2020 R2

(a) (b)
Figure 13. Safety factor; (a) ANSYS Workbench, (b) SolidWorks Simulation.

The safety factor distribution further confirms the reliability of the design under the
worst-case static loading condition, with minimum values of 3.42 in ANSYS Workbench and
4.16 in SolidWorks Simulation (Figure 13(a) and Figure 13(b)), both exceeding the recom-
mended safety-factor range for static loading (1.25-2.00). The lowest values occur at the
chain-guide bolt holes, corresponding to the locations of peak stress. These results indicate
that the subsystem can sustain loads significantly higher than the operating condition. More-
over, the generally high safety factors suggest a conservative design. Similar findings in struc-
tural and conveyor analyses indicate that high safety factors reflect reliable structural per-
formance and potential for optimization without compromising safety [22], [25]. These find-
ings demonstrate that the conveyor subsystem is structurally robust and suitable for contin-
uous operation under working conditions.

3.3. Cross software validation

Cross-platform validation was conducted by comparing the structural analysis results
obtained from ANSYS Workbench and SolidWorks Simulation. The comparison focused on
the maximum deformation, maximum von Mises stress, and minimum safety factor to evalu-
ate the numerical consistency and reliability of the proposed structural design.

The results in Table 4 and Table 5 show strong agreement between ANSYS Workbench
and SolidWorks Simulation, indicating good numerical consistency. The percentage differ-
ence in the maximum von Mises stress was 2.67% for the frame subsystem and 17.92% for
the conveyor subsystem. Despite the higher percentage difference observed for the conveyor
subsystem, both software platforms consistently predicted maximum von Mises stresses well
below the ASTM A36 yield strength, resulting in the same engineering conclusion regarding
structural safety. Although slight differences are observed, these variations remain within an
acceptable range and do not affect the overall structural assessment. Such discrepancies
are inherent to the finite element method due to discretization effects, modeling assumptions,
and differences in numerical implementation.

Table 4. Frame subsystem FEA result comparison.

Metric ANSYS Workbench  SolidWorks Reference Limit Assessment
Maximum Deformation 0.58 mm 0.71 mm . V.Vlthm.functlonal Safe
limit (no interference)
Maximum von Mises 55.09 MPa 56.58 MPa 250 MPa Safe
Stress
Minimum Safety Factor 4.54 2.3 1.25-2.00 Safe
Table 5. Conveyor subsystem FEA result comparison.
Metric Ansys Workbench SolidWorks Reference Limit Assessment
Maximum Deformation 1.09 mm 0.41 mm Wlthm.functlonal limit Safe
(no interference)
Maximum von Mises Stress 73.17 MPa 60.06 MPa 250 MPa Safe

Minimum Safety Factor 3.42 4.16 1.25-2.00 Safe
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Figure 14. Chain conveyor grid feeder unit.

Table 6. Pre-installation measurement comparison.

Grid-Filling Time (s) Operator NVA Duration (s)
Cycle Operator 1 Operator 2 Operator 1 Operator 2
1 29.87 30.45 62.36 60.74
2 30.12 31.01 60.97 61.53
3 28.95 31.44 62.13 63.74
4 31.25 29.86 61.55 61.25
5 30.67 32.01 63.3 62.91
6 29.54 31.27 61.24 60.36
7 30.81 29.91 62.59 62.48
8 29.43 32.11 63.16 62.73
9 31.09 30.04 63.51 61.82
10 30.55 30.12 61.77 63.17
Mean 30.23 30.82 62.26 62.07
Overall Mean 61.05 124.33

However, consistent trends in stress, deformation, and safety factors confirm that both
models predict similar structural behavior, indicating reliable results. Previous studies have
reported that finite element simulations provide approximate solutions and that variations
in results are expected due to discretization and modeling factors inherent in computational
analysis [24], [26]. Therefore, these differences do not represent analytical errors but rather
demonstrate the robustness of the simulation approach.

Furthermore, the maximum von Mises stresses predicted by both software platforms
remain well below the ASTM A36 yield strength (250 MPa), indicating low stress utilization
and sufficient structural capacity under the worst-case static loading condition. The safety
factors, which exceed the recommended criterion for static loading, further confirm that the
proposed design provides adequate structural reliability with appropriate safety margins for
practical industrial application.

3.4. Fabrication and installation result

The chain-conveyor grid feeder was successfully fabricated from the CAD working draw-
ings. Figure 14 shows the unit after fabrication and installation on the grid-feeding line. This
completed build and installation formed the basis for the subsequent before-after perfor-
mance test evaluating the machine’s effect on operator NVA.

3.5. Comparison of performance test results before and after

A detailed comparison of system performance before and after implementation is pre-
sented in Table 6 and Table 7, which show the reduction in operator involvement and the
elimination of NVA time across all observed cycles. The performance evaluation results
demonstrate a significant improvement in operational efficiency following the implementa-
tion of the chain-conveyor grid feeder. The system reduced operator requirements from two
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to one and eliminated non-value-added (NVA) time from 124.33 s to 0 s, representinga 100%
reduction. This indicates that the proposed system effectively removes idle and waiting time,
resulting in improved labour utilization and better workflow balance between production
lines. These findings are consistent with previous studies reporting that automated material
handling systems can reduce idle time, improve cycle time stability, and enhance overall
productivity [27]. These improvements enabled continuous material flow without operator
interruption, allowing a single operator to efficiently manage two production lines while
eliminating NVA waiting time.

Furthermore, the complete elimination of NVA time observed in this study aligns with
empirical findings from lean-based process improvements, particularly Value Stream Map-
ping (VSM), where non-value-added activities such as waiting and unnecessary motion were
significantly reduced after system redesign [28].

Table 7. Post-Installation measurement comparison.

Cycle Conveyor 1 Conveyor 2 Filling Walk to Walkto Line1l  Operator NVA
Filling Time (s) Time (s) Line 2 (s) (s) Duration (s)
1 60.13 62.71 22.34 20.93 0
2 58.75 64.23 18.89 23.48 0
3 63.8 61.44 19.76 24.01 0
4 59.22 57.89 21.23 19.73 0
5 61.72 65.32 24.62 21.54 0
6 58.01 63.54 20.15 18.32 0
7 62.53 59.74 19.34 24.41 0
8 64.1 58.8 23.84 20.57 0
9 57.49 66.21 2291 19.91 0
10 60.83 60.08 21.01 18.77 0
Mean 60.66 62 21.41 21.17 0
Overall 122.654 42.576 0
Mean
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Figure 15. Comparison of non-value-added (NVA) time before and after chain conveyor grid feeder
implementation.
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Figure 16. Comparison of operator requirements before and after chain conveyor grid feeder imple-
mentation.
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The performance improvement is further illustrated in Figure 15 and Figure 16, which
present a clear comparison of the reduction in non-value-added time and operator require-
ments before and after system implementation. Compared to conventional manual handling
systems, the proposed design provides a measurable improvement in both process efficiency
and manpower utilization, supporting previous research on the effectiveness of conveyor-
based system implementation in minimizing bottlenecks and improving production flow
[29].

3.6. Discussion

The present study demonstrates that integrating structural verification with industrial
implementation provides a practical engineering approach for developing reliable material-
handling systems in battery manufacturing. Rather than evaluating structural performance
alone, the proposed chain-conveyor grid feeder was successfully implemented under actual
production conditions, demonstrating that structural reliability can be effectively translated
into measurable operational improvements. This integrated approach supports engineering
decision-making by combining numerical analysis with production validation.

From an operational perspective, the redesigned grid feeder enables continuous feeding
of one complete production lot, thereby eliminating operator waiting time during the grid-
feeding process and improving labor utilization. The improved material flow allows a single
operator to continuously manage two production lines while maintaining uninterrupted pro-
duction. These findings demonstrate that mechanical system redesign can directly support
lean manufacturing implementation by eliminating non-value-added activities and improv-
ing production efficiency, consistent with previous studies on manufacturing process im-
provement and waste reduction [29].

Compared with previous studies, most investigations have focused either on structural
verification of conveyor systems or on process improvement using lean manufacturing ap-
proaches. In contrast, this study integrates cross-validated structural verification with indus-
trial implementation and operational performance evaluation under actual production con-
ditions. The proposed approach not only confirms structural reliability but also demonstrates
measurable improvements in production efficiency, thereby providing a more comprehen-
sive framework for evaluating material-handling system redesign in manufacturing environ-
ments.

Despite these contributions, several limitations remain. The structural analysis em-
ployed a linear-static approach and bonded contact assumptions, which do not consider dy-
namic loading, impact effects, contact nonlinearity, fatigue, or long-term wear under contin-
uous industrial operation. Future studies should therefore incorporate nonlinear contact
analysis [30], dynamic loading analysis [31], fatigue assessment [32], and extended opera-
tional validation to further verify the long-term reliability and industrial applicability of the
proposed system [33].

4. Conclusions

This study aimed to evaluate the structural integrity and operational effectiveness of a
chain-conveyor grid feeder for reducing non-value-added (NVA) activities in battery manu-
facturing through an integrated approach comprising equipment design, cross-validated fi-
nite element analysis (ANSYS Workbench and SolidWorks Simulation), fabrication, industrial
implementation, and before-and-after performance evaluation. The results confirm that the
proposed chain-conveyor grid feeder is structurally reliable and operationally effective un-
der maximum loading conditions. Cross-validated FEA demonstrates consistent structural
behavior between both simulation platforms, with maximum von Mises stresses of 56.58 MPa
for the frame subsystem and 73.17 MPa for the conveyor subsystem, maximum deformations
of 0.71 mm and 1.09 mm, and minimum safety factors of 2.30 and 3.42, respectively, all sat-
isfying the allowable structural limits. From an operational perspective, the implementation
of the proposed system reduced NVA time from 124.33 s to 0 s and decreased operator re-
quirements from two operators to one, thereby improving line balancing and production ef-
ficiency in the grid-feeding stage. The main contribution of this study lies in the integration
of numerical verification and operational validation. Unlike conventional studies that focus
solely on structural feasibility or process improvement, this work provides a combined ap-
proach that links cross-validated FEA results with real production data, thereby offering a
more comprehensive basis for engineering decision-making. This integrated approach
demonstrates that combining structural validation with operational analysis can deliver both
technically reliable and practically effective solutions for industrial applications. Despite
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these contributions, the study is limited to linear-static analysis and simplified contact con-
ditions, which do not capture dynamic loading, impact effects, or long-term fatigue behavior.
Future research should therefore consider dynamic analysis, fatigue assessment at critical
joints, and extended shop-floor validation to further evaluate long-term performance and re-
liability.
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