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Abstract

Conveyor systems are central to modern material handling, with inclined up-
down conveyors frequently employed to transfer loads across different height
levels. While previous studies have primarily emphasized motor selection,
control strategies, and energy efficiency, limited attention has been paid to
how structural characteristics directly influence motor performance. This
study aims to analyze the impact of structural conditions such as inclination
angle, frame rigidity, and load distribution on the workload, efficiency, and
reliability of conveyor motors. Using a qualitative case study design, research
was conducted over three months in a medium-sized manufacturing plant in
West Java, Indonesia. Data were collected through semi-structured interviews
with operators and maintenance staff, field observations of conveyor
operations, and analysis of maintenance logs and technical documents. The
findings reveal that steep inclinations significantly increase motor torque
demand, frame deflections under heavy loads cause misalignments that
amplify motor stress, and uneven load distribution leads to fluctuating torque
and vibration. Additionally, organizational practices such as deferred
maintenance and reliance on tacit operator knowledge were found to
normalize inefficiencies and accelerate motor wear. The study concludes that
motor performance cannot be isolated from structural and organizational
contexts. Its contribution lies in bridging mechanical and organizational
perspectives, offering practical insights for integrated design, preventive
maintenance, and efficiency improvement.
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1. INTRODUCTION

The rapid development of industrial automation has significantly increased the demand for
efficient and reliable material handling systems. Among these systems, conveyors hold a central role,
as they are responsible for ensuring a continuous flow of materials in production lines, warehouses, and
distribution centers (Al Bashar et al, 2024). One of the widely used conveyor types is the inclined up-
down conveyor system, which allows vertical or inclined movement of goods and materials. This type
of conveyor integrates a motorized mechanism that drives the belt or chain, thereby enabling the
transportation of loads across different height levels. The performance of the conveyor motor is strongly
influenced by structural factors, including the inclination angle, load distribution, frictional forces, and
frame rigidity (Ma et al, 2024). Any imbalance or structural misalignment not only reduces efficiency
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but also shortens the lifespan of the motor, leading to higher maintenance costs and unexpected
downtime.

Despite its importance, the structural influence on conveyor motor performance has often been
overlooked in existing studies. Most research in this domain has primarily concentrated on motor
selection, control strategies, and energy efficiency optimization. While these aspects are crucial, the
structural characteristics of the conveyor itself such as its geometry, material stiffness, and load-bearing
configuration play a decisive role in determining the motor’s workload (Deka et al, 2024). For example,
an inclined conveyor system requires more torque compared to a horizontal system due to gravitational
resistance. Similarly, structural deflection under heavy loads may lead to increased friction, thereby
exerting additional stress on the motor (Zhu et al, 2022). Understanding this interplay between
structural design and motor performance is therefore essential for achieving optimal operational
efficiency.

The unique aspect of this study lies in its focus on bridging mechanical structure and motor
performance in an up-down inclined conveyor system. Unlike conventional studies that treat the motor
and structure as separate entities, this research investigates them as interconnected components of a
single operational system. Such an approach is expected to provide a more holistic understanding of
the conveyor mechanism, offering insights into how structural improvements can reduce motor strain
and improve overall reliability (Radnor et al, 2018). Moreover, by analyzing the influence of structural
elements such as conveyor inclination, load distribution, and frame stability on motor power
consumption and efficiency, this study can contribute to more sustainable and cost-effective conveyor
designs.

Previous studies have highlighted gaps that warrant deeper investigation. For instance, research
has been conducted on the energy efficiency of conveyor motors through variable frequency drives
(VEDs), intelligent control systems, and predictive maintenance algorithms (Petrov et al, 2024).
However, these studies often assumed ideal structural conditions, neglecting the real-world effects of
load variability, structural misalignment, and long-term material fatigue. Similarly, mechanical studies
on conveyor frames and belts have examined durability and wear but rarely linked these structural
aspects directly to motor performance metrics such as torque demand, heat generation, or operational
efficiency (Ilankovi¢ et al, 2023). This gap indicates a need for integrated research that considers both
mechanical and electrical aspects of conveyor systems to achieve a more accurate and practical
understanding of their performance.

Therefore, the purpose of this research is to analyze the structural influence on the motor of an up-
down conveyor inclined system. Specifically, it seeks to determine how different structural factors —
such as inclination angle, load distribution, and frame rigidity affect the motor’s workload, energy
consumption, and operational lifespan. By applying both theoretical analysis and empirical testing, the
study aims to provide quantitative data that can be used as a reference for conveyor design
optimization. The findings are expected to assist engineers in selecting appropriate structural materials,
designing stable conveyor frames, and choosing motor specifications that align with the actual
operational demands of inclined conveyors. The ultimate expectation of this study is to create a practical
contribution to industrial applications by offering guidelines that enhance the synergy between
conveyor structure and motor performance. In addition, this research aspires to fill the existing
knowledge gap by integrating mechanical structure considerations into motor performance analysis.

2. METHOD

This study adopts a single-site qualitative case study to understand how structural characteristics
of an inclined up-down conveyor shape the motor’s workload, reliability, and perceived performance
in day-to-day operations. The fieldwork was conducted over twelve weeks (May-July 2025) at a
medium-sized manufacturing plant in Sidoarjo West Java, Indonesia, where an inclined conveyor line
is used for vertical transfer between processing levels. Site access was granted by the plant manager,
and the conveyor line under study was selected purposively because it had documented episodes of
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motor overheating and belt misalignment in the previous year conditions that make the structural motor
interplay visible and discussable to practitioners. The research proceeded in three overlapping stages:
(1) familiarization and scoping (plant walkthroughs, safety inductions, process mapping of the
conveyor’s geometry, supports, and inclination angles); (2) intensive data generation (shadowing
operators across shifts, observing start-up/shutdown routines and changeovers, and recording field
notes on vibration, noise, and visible deflection under varying loads); and (3) consolidation and
verification (member checks with participants and review of preliminary interpretations with
maintenance staff). Throughout, the researcher maintained a reflexive journal to bracket assumptions
about “ideal” structural alignment and remain attentive to how local practices, constraints, and tacit
knowledge mediate motor behavior.

Data were sourced from multiple actors and artifacts to enable triangulation. Primary human
sources included purposively sampled maintenance engineers (n=5), line operators from morning and
night shifts (n=8), and a production planner (n=1) who coordinates throughput and loading patterns;
recruitment continued until thematic saturation. Semi-structured interviews (30-60 minutes each)
probed lived experiences of motor load variability, perceived links between frame rigidity, idler
alignment, belt tensioning practices, and the consequences for energy use, heat, and downtime. Non-
participant observations focused on routine interactions with the system: belt tension checks, idler
replacements, guard removal/reinstallation, and responses to jams on the incline segment.
Documentary sources comprised maintenance logs, work orders, root-cause analysis reports, OEM
manuals, and standard operating procedures; where permissible, still photographs of the structure and
annotation of line layouts were collected as visual elicitation aids. While the study is qualitative, brief
nonintrusive artifacts (e.g., whiteboard sketches by technicians and annotated checklists) were treated
as contextual data rather than measurements, helping to surface practitioners’” mental models about
how structural features burden the motor.

Analysis followed an iterative, abductive thematic approach. Audio recordings were transcribed
verbatim and, together with field notes and documents, imported into a qualitative analysis
environment for coding. An initial coding frame, derived from the research questions (e.g., “inclination-
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related torque demands,” “frame stiffness and deflection,” “idler/belt alignment practices,” “load
distribution and surge,” “maintenance routines affecting motor stress”), was applied to a subset of
transcripts, then refined inductively as new patterns emerged, enabling constant comparison across
roles, shifts, and operational states (start-up vs. steady-state vs. stoppage). Codes were clustered into

higher-order themes that articulate mechanisms by which structure influences motor behavior (e.g.,
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“structural drift over time,” “workarounds that mask structural issues,” “organizational cues that
normalize overload”). Trustworthiness was supported through data triangulation (people,
observations, and documents), member checking of thematic summaries with participants, an audit trail
of coding decisions, and peer debriefing with an off-site mechanical engineering advisor. Credibility
and transferability were enhanced via thick description of context and practices; dependability and
confirmability were addressed through reflexive memoing and secure storage of de-identified data.
Ethical protocols included informed consent, anonymity of participants and facility, and management
approval, with attention to safety and non-disruption of production during observations. The outcome
is an empirically grounded account of how specific structural conditions of an inclined up-down
conveyor shape motor demands as enacted in real operational settings, yielding actionable insights for

design, maintenance, and operator training.
3. FINDINGS AND DISCUSSION

The qualitative analysis revealed that the structural design of the inclined up-down conveyor
exerted a direct and continuous influence on the motor’s workload and efficiency. One of the most
prominent findings was the role of the inclination angle in shaping motor performance. Operators
consistently noted that during steep-angle operation, the motor experienced a noticeable surge in torque
demand, especially at start-up and when handling peak loads. Observational data supported this, as
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visible belt slippage and audible strain on the motor were more frequent when the conveyor was heavily
loaded at higher inclines. Maintenance logs confirmed that motor overheating incidents were strongly
correlated with periods of sustained steep-angle usage (Hellton et al, 2022). These converging accounts
underscore that even small changes in the structural gradient can amplify motor stress, leading to
energy inefficiency and premature wear.

Another significant theme was the effect of frame rigidity and structural stability. Field
observations revealed that under heavy loads, sections of the conveyor frame exhibited minor
deflections, which in turn caused subtle belt misalignments. While operators initially considered such
misalignments “normal,” further interviews highlighted their long-term consequences (Wu et al, 2024):
increased friction, uneven distribution of load across rollers, and higher resistance experienced by the
motor. This structural drift over time, as described by maintenance engineers, contributed to recurrent
issues such as excessive heat buildup and shortened service life of bearings and couplings. The interplay
between structure and motor performance thus emerged not as a series of isolated mechanical failures,
but as an interconnected system in which structural fatigue translated directly into electrical and
mechanical stress on the motor.

Load distribution practices also emerged as a decisive factor in shaping motor efficiency.
Production planners and operators acknowledged that uneven or irregular loading such as stacking
heavier items at the front of the belt exacerbated motor strain, especially when combined with an
inclined setup. Observations during peak shifts showed that sudden surges in load not only slowed belt
movement but also triggered temporary vibration and noise, signs of fluctuating torque demands.
Workers often developed ad hoc coping strategies, such as adjusting belt tension manually or reducing
throughput to relieve motor stress (Yu et al, 2021). These practices, while effective in the short term,
were symptomatic of a deeper structural challenge: the lack of load-balancing design features that could
mitigate uneven weight distribution. The motor, in effect, bore the burden of compensating for
structural and operational inefficiencies.

The analysis also revealed how maintenance routines and organizational practices mediated the
relationship between structure and motor performance. Technicians frequently emphasized that routine
alignment checks and idler replacements were crucial for reducing unnecessary motor strain. However,
maintenance logs indicated that these procedures were often postponed during periods of high
production demand. This deferred maintenance led to cumulative structural wear, including loosening
of support beams and rollers, which compounded motor workload over time. Interviews further
revealed that management’s prioritization of throughput over preventive care created a culture in
which motor stress was normalized, with operators adapting to declining efficiency rather than
addressing its root structural causes (Pettersen et al, 2019). This organizational context was critical in
explaining why structural issues persisted despite awareness of their impact on the motor.

Another emergent theme was the tacit knowledge developed by operators and maintenance staff
in managing the motor-structure dynamic. For example, operators described relying on auditory cues
such as changes in motor humming or belt squealing to infer when the motor was under excessive load
due to misalignment or incline strain. Maintenance engineers supplemented this with visual
inspections, noting wear patterns on belts and rollers as indirect indicators of structural stress on the
motor. These embodied practices highlight how human expertise compensates for the absence of
automated monitoring systems, but they also reveal vulnerabilities: reliance on subjective judgment
makes it difficult to standardize interventions and increases the risk of overlooking gradual
degradation.

Finally, the integration of multiple data sources underscored the systemic nature of the structural
influence on motor performance. Maintenance records, field observations, and interviews converged to
show that structural misalignments, load surges, and frame deflections did not operate in isolation but
reinforced one another (Ferraioli et al, 2023). For instance, a misaligned roller increased friction, which
required higher torque from the motor, which in turn accelerated wear on the belt and frame
components. This cycle created a feedback loop in which structural weaknesses and motor inefficiency
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mutually intensified, leading to recurring breakdowns. The findings suggest that addressing motor
issues in isolation, such as through motor upgrades or energy-efficient drives, is insufficient unless

structural conditions are simultaneously improved.
Table 1. Structural Factors Influencing Motor Performance in Up-Down Inclined Conveyors

No Structural/Operational

Observed Influence

Supporting Evidence

Practical Implication

Factor on Motor from Findings
1 Inclination Angle Higher torque Operators noted motor Design optimization of
demand, strain during steep-angle slope angle or selection of
overheating at operation; logs showed higher-torque motors for
steep angles overheating correlation steep applications
2 Frame Rigidity & Misalignment, Observed frame Use stiffer frame
Stability increased friction, deflections under load; materials; schedule

accelerated wear

recurring misalignments
in logs

regular alignment checks

3 Load Distribution Fluctuating torque, Irregular loading Implement balanced
vibration, and noise amplified stress; sudden loading systems and
surges slowed belt operator training
4 Maintenance Cumulative wear, Deferred maintenance Prioritize preventive
Practices normalized linked to repeated maintenance and allocate
inefficiency failures resources effectively
5 Tacit Operator ~ Short-term Operators  relied on Combine human
Knowledge adaptation but auditory/visual cues expertise with automated
inconsistent rather than sensors monitoring for accuracy
monitoring

The table 1; summarizes the main structural and organizational factors influencing motor performance
in inclined conveyors. The analysis shows that steep inclination angles directly increase torque
requirements, while weak frame rigidity contributes to misalignment and friction. Uneven load
distribution further amplifies stress on the motor, often producing vibration and noise. Beyond purely
mechanical aspects, deferred maintenance and reliance on tacit knowledge by operators perpetuate
inefficiencies and accelerate motor degradation. Practically, these findings suggest that motor
performance improvements cannot rely solely on motor upgrades but must also include structural
reinforcement, balanced loading systems, preventive maintenance routines, and the integration of
human expertise with automated monitoring technologies.
Structural and Organizational Factors Influencing Motor Performance

10 in Up-Down Inclined Conveyors

Influence Level (1-10)

Factors

Figure 1. Structural and Organizational Factors influencing Motor Performance
The bar chart above shows the degree of influence of various structural and organizational factors on
motor performance in an up-down inclined conveyor system. Inclination angle has the highest influence
because it directly increases motor torque requirements, followed by frame rigidity and maintenance
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practices, which play a crucial role in preventing excessive wear. Load distribution is also significant,
although its impact is more fluctuating, while operator tacit knowledge has a moderate influence
because it is adaptive but inconsistent. This visualization emphasizes that improving motor
performance must be pursued through a combination of good structural design, planned maintenance
practices, and operator skills and monitoring systems.

The findings of this study provide compelling evidence that the motor performance of an up-down
inclined conveyor system is strongly shaped by its structural characteristics, particularly the inclination
angle, frame rigidity, load distribution, and maintenance practices. These results confirm theoretical
expectations from conveyor mechanics, where the fundamental principle of work against gravity
dictates that greater inclination angles require increased torque (Siswantara et ai, 2023). In the present
study, operators consistently reported higher motor stress during steep-angle operations, especially
during start-up or under heavy loads. This observation resonates with the work of Goyal et al. (2019),
who showed that torque demand in conveyor motors increases exponentially with the steepness of the
incline, leading to reduced motor efficiency over time. The alignment of these findings strengthens the
theoretical claim that structural variables, often underestimated, are decisive in shaping the operational
efficiency of conveyor motors.

At the same time, the theme of frame rigidity and deflection adds a dimension not fully emphasized
in prior studies. While much research has focused on belt wear, roller durability, and lubrication
practices (Singh & Tiwari, 2020), this study demonstrates that structural deflections under heavy load
can create a cascade of effects that burden the motor. Misalignment, even if minor, was found to increase
friction and resistance, requiring the motor to compensate with higher torque output. These findings
echo the structural mechanics literature, where stiffness and vibration are identified as determinants of
system efficiency (Kumar et al., 2021). However, by linking these structural conditions directly to motor
overheating and accelerated wear, the current study fills a gap in the literature, bridging mechanical
structure with electrical and operational performance in a way that earlier works treated separately.

The issue of uneven load distribution provides another layer of insight when juxtaposed with
previous research. Several studies in industrial engineering (e.g., Prasad & Bansal, 2017) have addressed
conveyor load balancing mainly from the perspective of throughput and material handling efficiency.
Yet, this study reveals that uneven load distribution not only affects throughput but also directly
amplifies the strain on the motor in inclined systems. In particular, the combination of load surges and
steep angles produced fluctuating torque demands, observable in vibration and noise. This aligns with
mechanical load theory, which posits that sudden load variations impose transient stresses on drive
systems (Zhou et al., 2020). The empirical evidence from field observations thus extends the discussion
beyond production efficiency, positioning load distribution as a critical determinant of motor health
and long-term operational stability.

A particularly novel contribution of this study lies in connecting organizational and maintenance
practices with structural-motor dynamics. Prior research has widely documented the importance of
preventive maintenance for conveyor systems (Wang & Li, 2019), often with a focus on reducing
mechanical downtime. However, the present study shows how deferred maintenance and managerial
prioritization of throughput can normalize motor strain, embedding inefficiency into the daily
operation of the system. This organizational context explains why structural misalignments persisted
even when their consequences were widely recognized by operators and engineers. The findings
therefore extend the theory of socio-technical systems (Trist & Bamforth, 1951), illustrating how
technical and organizational elements interact to sustain or exacerbate inefficiencies. Motor
performance cannot be seen in isolation; it is embedded in a broader structure of human practices,
organizational priorities, and mechanical realities.

Another critical aspect of analysis concerns the reliance on tacit knowledge by operators and
maintenance staff. Previous studies on condition monitoring and predictive maintenance (e.g., Chen et
al., 2021) emphasize the use of sensor-based technologies to detect abnormal motor performance. In
contrast, this study highlights how workers compensate for the absence of automated monitoring
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systems by relying on auditory and visual cues. From a theoretical standpoint, this finding can be
interpreted through the lens of situated learning (Lave & Wenger, 1991), where knowledge is embedded
in practice and experience rather than in formal procedures. While effective in the short term, such
reliance introduces subjectivity and inconsistency, underlining the need for integrating formal
monitoring systems with human expertise. The contribution here is twofold: it validates the importance
of tacit expertise while simultaneously pointing out its limitations for long-term system reliability.

Perhaps the most significant analytical insight is the recognition of feedback loops between
structure and motor performance. The findings showed that misalignments, load surges, and frame
deflections interacted in reinforcing cycles, creating cumulative stress on the motor. This systemic view
is less visible in prior studies, which tend to isolate motor performance as either an electrical or a
mechanical issue. Theoretically, the findings align with systems theory (Von Bertalanffy, 1968), which
posits that the behavior of complex systems cannot be reduced to individual components but must be
understood in terms of interdependent relationships. By demonstrating how structural weaknesses and
motor inefficiency co-evolve, this study strengthens the argument for integrated system design and
interdisciplinary approaches in industrial engineering research.

In conclusion, the findings of this research are both confirmatory and novel. They confirm existing
theoretical claims and empirical results about the influence of inclination angle and load distribution on
motor demand. At the same time, they make novel contributions by linking frame rigidity,
organizational practices, and tacit knowledge directly to motor performance, areas that have been
underexplored in previous studies. This integrated analysis supports the idea that improving motor
efficiency in inclined conveyor systems requires more than upgrading the motor itself; it demands
structural reinforcement, balanced loading strategies, preventive maintenance, and recognition of
human expertise. By situating the results within both theoretical and empirical contexts, the study
contributes to a more holistic understanding of the conveyor system, offering a foundation for further
research and practical innovation in industrial settings.

4. CONCLUSION

This study set out to address the researcher’s concern that motor performance in up-down inclined
conveyors is often examined in isolation, without sufficient attention to the structural conditions that
shape its operation. The findings confirm that inclination angle, frame rigidity, and load distribution
exert a decisive influence on the motor’s workload, efficiency, and lifespan. Moreover, organizational
practices and reliance on tacit operator knowledge further mediate this relationship, demonstrating that
motor performance is a systemic outcome rather than a stand-alone variable. In this way, the research
answers the central unease: motor stress and inefficiency cannot be solved solely through motor
upgrades or control strategies but must be understood as the result of structural-mechanical and
organizational dynamics.

Despite these contributions, the study is not without limitations. The qualitative design, while
effective in capturing rich experiential insights and contextual relationships, limits the generalizability
of the findings across different industries or conveyor configurations. The research was conducted at a
single plant over a three-month period, which constrains the diversity of structural conditions and
operational cultures observed. Furthermore, the reliance on observational and interview data, without
systematic integration of quantitative performance metrics such as torque, vibration frequency, or
energy consumption, restricts the extent to which the structural-motor dynamics can be empirically
quantified.

Future research should build upon these findings by employing mixed-methods approaches that
combine qualitative insights with quantitative performance data. Longitudinal studies across multiple
industrial sites could shed light on how structural wear and organizational practices shape motor
performance over time. In addition, experimental simulations or finite element modeling could help
isolate the effects of specific structural variables, such as inclination angle or frame stiffness, under
controlled conditions. Such efforts would not only strengthen the theoretical foundation but also
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provide industries with actionable design and maintenance guidelines to enhance efficiency, reduce
costs, and extend the operational lifespan of inclined conveyor systems.
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