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Abstract— The objective of this study was to comparatively 

analyze the strength and stress distribution of three bottom 

frame design variations of the Bandrole machine. This analysis 

was conducted using both static and dynamic load analyses, 

which were based on Computer-Aided Engineering (CAE). 

The three variations included the original manufacturer's 

bottom frame (Design 1), a modified frame with an additional 

footplate (Design 2), and a modified frame with reinforced side 

walls (Design 3). The dynamic simulation results demonstrated 

that Design 2 yielded the maximum force of 6321.06 N, 

accompanied by a 16.146% increase in load. Concurrently, the 

static analysis revealed that Design 2 manifested the lowest 

Von Mises stress (13.76 MPa) and minimal deformation 

(0.0154 mm), thereby confirming its status as the optimal 

design. Furthermore, testing under different rotational speeds 

(400–600 rpm) confirmed the stability of Design 2, with only 

minor changes in stress and deformation observed. The 

findings of this study yielded recommendations for enhancing 

the reliability of machine design, which could serve as a 

benchmark for the future development of analogous machine 

structures. 

Keywords— CAE; Static analysis; Dynamic analysis; Frame 

design; Stress distribution; Machine reliability 

I. INTRODUCTION  

The rapid advancements in modern manufacturing 

technology have led to increasing demands for enhanced 

efficiency and structural reliability in industrial machinery 

components, particularly in the load-bearing frameworks 

that support dynamic operations. In machines utilized for 

high-speed production, such as the cigarette banding 

machines, the structural integrity and rigidity of the bottom 

frame are foundational elements in ensuring operational 

accuracy, vibration resistance, and overall service life [1], 

[2], [3], [4]. As asserted by Beer and Johnston [5], 

inadequate frame design frequently gave rise to localized 

stress concentrations, which in turn resulted in excessive 

deformation and performance degradation. The 

aforementioned phenomena occurred as a consequence of 

the combined effects of both static and dynamic loads 

during the operational cycle [6], [7], [8]. 

Recent developments in Computer-Aided Engineering 

(CAE) have enabled engineers to virtually evaluate and 

optimize the structural behavior of machine components 

prior to manufacturing [9], [10], [11], [12], [13]. CAE-based 

simulations facilitate detailed analyses of stress distribution, 

deformation patterns, and the overall response of 

mechanical structures under varying load and rotational 

conditions [6], [11], [14], [15]. Within the packaging 

industry, where bandrole machines operate under 

continuous, high-speed, and repetitive cycles, CAE has 

become a crucial tool to ensure long-term stability and 

prevent structural fatigue or failure [16], [17]. 

Previous research has extensively utilized finite element 

methods (FEM) to study the structural integrity of industrial 

machinery frames. However, most investigations have 

focused on macro-structural elements such as the main 

frame or housing rather than the bottom frame, which 

directly absorbs vibrations and mechanical forces generated 

by the machine’s operating mechanism [18], [19], [20]. 

Moreover, limited comparative analyses exist that evaluate 

the effects of different bottom frame design variations under 

both static and dynamic loading [21], [22], [23], [24], [25], 

particularly for the cigarette banding machines, which 

operates at relatively high rotational speeds ranging from 

400 to 600 rpm. 

The structural limitations exhibited by the bottom frame 

of the cigarette banding machine were attributable to 

inadequate stiffness, uneven stress distribution, and 

excessive deformation under combined static and dynamic 

loading conditions. These deficiencies had the potential to 

reduce operational stability, accelerate fatigue, and 

compromise the machine's long-term performance [26], 

particularly at higher rotational speeds commonly required 

in industrial applications. However, previous studies had 

rarely focused on the comparative evaluation of bottom-
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frame design variations, leaving uncertainty regarding 

which geometric configuration could deliver optimal 

mechanical strength and dynamic reliability. Consequently, 

a systematic investigation was necessary to assess how 

different bottom-frame designs responded to operational 

forces and to identify a configuration capable of improving 

structural integrity and machine durability [27], [28]. 

In response to these research gaps, the present study 

aims to perform a comparative analysis of the strength and 

stress distribution in three design variations of the Bandrole 

machine’s bottom frame using static and dynamic load 

simulations within a CAE environment. The evaluated 

configurations include: (1) the original manufacturer’s 

bottom frame, (2) a modified frame with an additional 

footplate, and (3) a reinforced frame with strengthened side 

walls. Through numerical simulations, this study seeks to 

identify the most optimal configuration that provides 

superior rigidity, minimal deformation, and uniform stress 

distribution under varying operational conditions [29], [30]. 

The findings are expected to contribute valuable insights for 

enhancing the design reliability and mechanical 

performance of similar industrial machine structures in 

future applications [31], [32], [33]. 

 

II. METHOD 

The focal point of this research was the cigarette 

banding machines, which served as the foundation for the 

comparative structural analysis conducted in this study. The 

machine was selected due to its critical role in the packaging 

process and the frequent occurrence of frame-related 

structural issues that affect its operational stability and 

reliability. The investigation was undertaken to ascertain the 

impact of design modifications on mechanical performance. 

To this end, three distinct bottom-frame design variants 

were developed and analyzed. 

The initial variant, designated as Design 1, represented 

the original frame configuration produced by the 

manufacturer and served as the baseline reference model. 

The second variant, designated Design 2, incorporated a 

modified frame equipped with an additional footplate. This 

modification was designed to enhance load distribution and 

reduce stress concentration at the base junctions. The third 

variant, designated Design 3, featured reinforced side walls 

with the objective of enhancing lateral stiffness and 

minimizing deformation under operational loading 

conditions. The three design variations were shown in Fig. 

1. 

 

Fig. 1. (a) Design 1: Factory-built frame; (b) Design 2: Modified 

footplate; (c) Design 3: Modified frame wall. 

The three frame designs were modeled using Computer-

Aided Design (CAD) software (Autodesk Inventor), 

ensuring dimensional consistency and accurate geometric 

representation. Subsequently, the models were exported to 

Computer-Aided Engineering (CAE) software for 

conducting both static and dynamic load analyses. This 

process enabled the assessment of stress distribution, 

deformation characteristics, and overall structural integrity 

under simulated operating conditions that represented real 

machine dynamics. 

The following flowchart (Fig.2), illustrated the sequence 

of the research that was conducted. 

 

Fig. 2. flowchart. 

A. Dynamic Simulation 

To validate the analysis, each model was subjected to 

identical boundaries conditions, material properties, and 

load magnitudes. The material used in this study was 

Carbon Steel. The steel was characterized by a Young’s 

modulus of 200 GPa and a Poisson’s ratio of 0.29. The 

material also exhibited a typical yield strength in the range 

of 350 MPa and an ultimate tensile strength of 420 Mpa, 

depending on the grade referenced within the software 

library. These standardized values were implemented to 

ensure consistency in the numerical simulation and to reflect 

the default isotropic mechanical behavior defined in 

Autodesk Inventor. Moreover, the simulation parameters—

including mesh density, element type, and constraint 

configuration—were standardized across all models to 

ensure the comparability of results. These analyses yielded 

quantitative insights into the mechanical performance and 

stability of each design variation, providing a foundation for 

determining the optimal configuration of the cigarette 

banding machines bottom frame. 

Simulation procedure: 

1. Determination of kinematic joints on moving 

components. 

2. Assignment of parameters: gravity and angular 

velocity of 36.65 rad/s (equivalent to 350 RPM). 

3. Tracking of component motion using the trace 

feature (Fig. 3 and 4). 

4. Extraction of reaction force data for FEA analysis. 

https://www.zotero.org/google-docs/?hvJen8
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Fig. 3. Simulation cycle parameters. 

 

Fig. 4. Trace application. 

The dynamic analysis conducted in this study was 

classified as a transient dynamic analysis because the 

simulation evaluated the time-dependent response of the 

structure under rotational excitation rather than determining 

its natural frequencies. The model was subjected to 

prescribed angular velocities, and the resulting reaction 

forces were extracted as functions of time. This approach is 

consistent with conventional transient analysis, which 

assesses structural behavior under non-steady, time-varying 

loads. This study did not perform eigenvalue extraction or 

mode-shape identification, which are characteristic of modal 

analysis. Consequently, the dynamic assessment relied on 

transient response data to generate the input loads for 

subsequent finite element evaluation, providing a realistic 

representation of operational machine dynamics. 

B. Finite Element Analysis (FEA) 

The material used in this study was cast iron. It was 

characterized by a Young's modulus of 120.5 GPa and a 

Poisson's ratio of 0.30. It also exhibited typical yield and 

ultimate tensile strengths of 758 and 884 MPa, respectively. 

Simulation procedure: 

1. The mesh model was created using pyramid 

(tetrahedral) elements with densification in areas 

that experienced high concentration. 

2. The load input was obtained from the results of the 

dynamic simulation. 

C. Analysis Parameters 

1. Stage 1 : Test three designs at a constant speed  

TABLE I.  STAGE 1 TABLE TEMPLATE 

No Description Analysis 

Results 

Design 1 

Analysis 

Results 

Design 2 

Analysis 

Results 

Design 3 

1 Max Force (N)       

2 Von Mises Stress (MPa)       

3 Displacement (mm)       

 

2. Stage 2: Test the selected (best) design with speed 

variations of 400, 450, 500, 550, and 600 RPM. 

Record the results in a table template as shown in 

Table 2 

TABLE II.  STAGE 2 TABLE TEMPLATE 

No Analysis 

Results 

400 

RPM 

450 

RPM 

500 

RPM 

550 

RPM 

600 

RPM 

1 Max Force 

(N) 

     

2 Von Mises 

Stress (MPa) 

     

3 Displacement 

(mm) 

     

D. Expected Results 

Recommendations for underframe design with : 

1. Minimum Von Mises stress  

2. Lowest displacement  

3. Stable speed variation 

 

 

III. RESULTS AND DISCUSSION 

 

A. Results of Stage 1 Analysis 

Dynamic simulation at 350 RPM (36.65 rad/s) shows: 

  

Fig. 5. Results of stage 1 Dynamic Simulation Design 1. 

Fig. 5 Shows the dynamic simulation results in Stage 1 

of Design 1. Based on the simulation results graph for 

design 1, a maximum force of 6319.95 N was obtained at 

0.155 seconds. 
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Fig. 6. Results of stage 1 Dynamic Simulation Design 2. 

Fig. 6 Shows the dynamic simulation results in Stage 1 

of Design 2. Based on the simulation results graph for 

design 2, a maximum force of 6321.06 N was obtained at 

5.885 seconds. 

 

Fig. 7. Results of stage 1 Dynamic Simulation Design 3. 

Fig. 7 Shows the dynamic simulation results in Stage 1 

of Design 3. Based on the simulation results graph for 

design 3, a maximum force of 6319.82 N was obtained at 

8.7425 seconds. 

Key findings: 

1. Stress concentration: 

○ Design 1: Concentrated at the steel plate 

joint (Fig. 5). 

 

Fig. 8. Results of stage 1 Static Simulation Design 1. 

○ Design 2: Spread across the oil pan area 

(Fig. 6). 

  

Fig. 9. Results of stage 1 Static Simulation Design 2. 

○ Design 3: Concentrated at the leg joints 

(Fig. 7). 

 

Fig. 10. Results of stage 1 Static Simulation Design 3. 

The results of the dynamic simulation followed by the static 

simulation are summarized in Table III. 

TABLE III.  STAGE 1 SIMULATION RESULTS 

No Description Analysis 

Results 

Design 1 

Analysis 

Results 

Design 2 

Analysis 

Results 

Design 3 

1 Max Force (N) 6319.95 6321.06 6319.82 

2 Von Mises Stress (MPa) 17.91 13.76 29.76 

3 Displacement (mm) 0.0258 0.0154 0.124 

 

2. Design 2 shows the best performance with: 

○ Stress 23% lower than Design 1. 

○ Displacement 40% smaller than Design 1. 
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B. Results of Stage 2 Analysis 

Design 2 was subjected to testing at elevated rotational 

speeds, surpassing 350 RPM, to assess the structural 

integrity of the machine's bottom frame. This evaluation was 

conducted to anticipate future developments aimed at 

enhancing production capacity, which would, in turn, 

elevate the machine's operating RPM. In this experiment, 

rotational speeds were set between 400 and 600 RPM, with 

50 RPM intervals, as planned in Table 2. 

TABLE IV.  STAGE 2 SIMULATION RESULTS 

No Analysis 

Results 

400 

RPM 

450 

RPM 

500 

RPM 

550 

RPM 

600 

RPM 

1 Max Force 

(N) 

6320.71 6321.51 6320.56 6321.25 6321.41 

2 Von Mises 

Stress (MPa) 

 13.76 13.76 13.76   13.76 13.78  

3 Displacement 

(mm) 

0.01540  0.01540  0.01540  0.01540   0.01547  

 

Advantages of “Design 2”: 

● More even stress distribution. 

● The addition of motor mounts and oil pans 

improves structural strength. 

● Consistent performance across speed variations. 

Limitations (notes taken during the simulation 

computation process): The model was simplified by 

removing chamfers and combining standard components. 

Design 2 is recommended for implementation because: 

● It meets the safety factors for cast iron (stress <150 

Mpa). 

● It maintains stability under extreme operating 

conditions (+71% normal Rpm). 

The comprehensive static and dynamic analyses carried 

out in this study provided several convergent lines of 

evidence that supported the superiority of Design 2 for the 

Bandrole machine bottom frame. The findings indicated that 

Design 2 demonstrated the lowest Von Mises stress (13.76 

MPa) and the smallest displacement (0.0154 mm) among 

the three alternatives, suggesting enhanced global stiffness 

and more advantageous load-path distribution. This 

behavior was consistent with the principles of topology and 

geometry-based optimization, where the addition of small 

but targeted geometry elements—such as the additional 

footplate—significantly altered the flow of reaction forces 

through the structure and consequently reduced peak stress 

concentrations. According to the findings of previous 

studies that combined geometry refinement and topology-

aware design, there was a notable decrease in localized 

stress and an enhancement in stiffness-to-mass performance. 

These design modifications were particularly effective when 

applied along principal load paths as opposed to when 

employed as isolated stiffening elements [12], [13], [29], 

[34]. 

Another salient observation was the dynamic robustness 

of Design 2 across the tested rotational spectrum (400–600 

RPM). The nearly constant values of Von Mises stress and 

displacement with speed variation suggested that the 

structure's modal characteristics did not approach resonance 

with the excitation harmonics produced under simulated 

operating conditions. In machine-frame design, the 

avoidance of resonance was imperative, as a natural 

frequency that approximated the excitation frequency could 

substantially amplify the dynamic response and expedite 

fatigue damage [6], [7], [34], [33]. The observed stability in 

the CAE results thus indicated that the fundamental flexural 

and torsional modes of the redesigned underframe remained 

well separated from the machine's operating frequencies—a 

finding consistent with prior experimental modal analyses 

and dynamic simulations of machine tools and rotating 

machinery [7], [11]. 

A thorough examination of the stress maps revealed that 

Design 1 exhibited stress concentration at the plate joints, 

while Design 3 demonstrated stress concentration at the leg 

joints, thereby unveiling disparate failure-prone 

mechanisms. The stress concentration observed at the plate 

joint of Design 1 is likely attributable to sudden fluctuations 

in cross-sectional stiffness, which functioned as local stress 

amplifiers. Concurrently, the augmented sidewalls of 

Design 3 engendered stiffness discrepancies, thereby 

redistributing stress to the leg-root regions. This 

phenomenon resulted in augmented displacement and 

diminished global stiffness. This outcome aligns with the 

observations reported by Zhao et al. [21] and Krtinić et al. 

[18], who demonstrated that improper alignment or over-

stiffening of reinforcements can lead to the formation of 

secondary load paths and stress risers. Conversely, Design 2 

exhibited superior outcomes, suggesting that optimizing the 

base reinforcement, as opposed to merely thickening the 

side walls, constitutes a more efficacious and direct 

approach to augmenting frame stability and rigidity [20], 

[22]. 

From the perspective of fatigue and life-prediction 

analysis, the stress distribution exhibited by Design 2 was 

found to be advantageous due to its uniformity. The 

phenomenon of fatigue crack nucleation was predominantly 

observed in regions exhibiting elevated levels of cyclic 

stress and pronounced stress concentration factors. Despite 

the fact that the overall stress levels remained well below 

the static yield strength of structural steel, cyclic loading 

under repetitive operation had the potential to initiate 

microcracks even at low stresses, provided that the 

concentration factor was high. Recent hybrid approaches 

combining finite element analysis and data-driven fatigue 

modeling have confirmed that uniform stress distribution 

and reduced stress peaks are the most effective methods to 

extend component life [3], [36], [37]. Consequently, the 

enhancements accomplished by Design 2 were anticipated 

to generate quantifiable enhancements in the long-term 

reliability and service life of the machine's structural 

components. 

https://www.zotero.org/google-docs/?DEiZzp
https://www.zotero.org/google-docs/?DEiZzp
https://www.zotero.org/google-docs/?Kqek70
https://www.zotero.org/google-docs/?serO0V
https://www.zotero.org/google-docs/?serO0V
https://www.zotero.org/google-docs/?GTHql7
https://www.zotero.org/google-docs/?HEJVsY
https://www.zotero.org/google-docs/?XLXBvL
https://www.zotero.org/google-docs/?XLXBvL
https://www.zotero.org/google-docs/?Nn3X9X


Journal of Mechanics and Materials (JMM)  15 

 

Bondan Wiratmoko Budi Santoso, Nayo Kenny Giovanni, Daniel Gilang Nuzullian, Andreas Sugijopranoto, Yotam 

Stefanditya, Paulinus Cherlyndo Paterias, Winastwan Sista Hayu, Abram Pangeling , Deslana Avinda Krisna Putra, Bayu 

Prabandono, Integrating Static and Dynamic Load Analysis for Optimized Bottom Frame Design in Industrial Machine 

Applications 

The trade-off between model fidelity and computational 

practicality also emerged as an important issue. The study 

implemented geometric simplifications, including the 

omission of chamfers, the combination of standard parts, 

and the idealization of welds and bolts. These 

simplifications were necessitated by hardware constraints 

but may have influenced local stress predictions. 

Conventional wisdom among researchers in this field posits 

that the accurate modeling of joints, fasteners, and weld toes 

has a substantial impact on the stress distribution outcomes 

in finite element simulations [18], [37], [36]. Consequently, 

while the comparative ranking of the three designs was 

deemed reliable, the prediction of exact fatigue life and 

localized failure risks would necessitate more detailed 

submodeling of joint regions in subsequent research. 

From an engineering and manufacturing perspective, the 

design modification introduced in Design 2 represented a 

cost-effective improvement. The incorporation of an 

additional footplate and the optimization of the motor mount 

resulted in structural benefits that could be achieved with 

minimal alterations to the prevailing fabrication processes. 

In comparison with extensive wall reinforcements, this 

modest yet deliberate modification has been shown to 

reduce stress and deformation while maintaining ease of 

manufacture and assembly. This design approach was 

aligned with the principles of "small-geometry, high-

impact" optimization, which offered significant mechanical 

improvements without increasing production complexity or 

costs [30], [31]. This approach has also been observed in 

industrial retrofitting practices, where targeted modifications 

are preferred over complete structural redesigns to improve 

performance while minimizing downtime and expenses 

[32], [33]. 

Another critical dimension involved the integration of 

digital verification tools beyond static and dynamic 

simulations. Contemporary CAE methodologies have seen 

an increased incorporation of model-updating techniques 

that are informed by experimental data. This development 

serves to bridge the gap between numerical predictions and 

the actual machine behavior [6], [30], [29]. Researchers 

such as Lin et al. [39] demonstrated that finite element 

models corrected by measured dynamic responses produced 

much higher accuracy in predicting machine behavior under 

variable loading. The implementation of a feedback-based 

model correction technique on the bottom frame of the 

Bandrole machine would have further enhanced the 

predictive accuracy and facilitated the identification of 

potential resonant conditions under future operational 

configurations. 

Furthermore, the potential for additional optimization 

exists through the integration of topology optimization with 

additive manufacturing processes.  Machine - learning - 

assisted topology optimization and heterogeneous lattice 

structure design techniques have been demonstrated to 

enhance stiffness while reducing overall weight [28], [33], 

[32]. Although the present frame was conventionally 

fabricated from steel plates, integrating these methods in 

future prototypes could enable lightweight yet rigid 

structures capable of improved damping. The efficacy of 

these techniques has been demonstrated in the domains of 

press machine frames and composite manufacturing 

systems, thereby substantiating their adaptability to diverse 

mechanical structures [12], [18]. 

The implementation of advanced sensing technologies 

has also facilitated avenues for continuous performance 

verification. The integration of accelerometers or optical 

sensors for vibration monitoring could facilitate real-time 

validation of CAE predictions and early detection of 

dynamic deviations [1], [39], [38]. In particular, vision-

based vibrometry has been demonstrated to be an effective 

method for non-contact assessment of vibration modes in 

machine tools [41] [39]. The incorporation of these sensors 

within the Bandrole apparatus could potentially enable the 

implementation of predictive maintenance methodologies. 

This would be achieved by identifying shifts in modal 

frequency or unexpected vibration amplitudes, which are 

often indicative of developing structural issues. 

Finally, when the findings of this study were considered 

within the broader context of industrial design optimization, 

the research demonstrated a structured pathway from 

simulation-based insight to manufacturable improvement. 

The integration of static and dynamic simulations, 

supplemented by CAE verification, signified an inaugural 

stride toward digital twin frame [42], [43], [44], which have 

the potential to facilitate condition-based maintenance and 

lifecycle management of production equipment[31], [32], 

[33]. The proposed sequence for subsequent implementation 

included the adoption of Design 2 as the new baseline, the 

conducting of operational modal tests on pilot machines, the 

application of model-updating procedures using collected 

field data, and the integration of fatigue submodels for joint 

regions. Such a sequence was expected to transform the 

CAE-driven analysis into a validated, data-supported 

improvement cycle, bridging simulation and real-world 

operation in line with current Industry 4.0 design 

methodologies [39] [37]. 

 

IV. CONCLUSION 

The integration of dynamic and static simulations 

yielded a comprehensive understanding of the structural 

performance of the cigarette banderole machine's bottom 

frame, thereby enabling effective problem-solving and 

design optimization. Among the three configurations, 

"Design 2" demonstrated the optimal performance, 

exhibiting the highest load capacity (6321.06 N) with 

uniform stress distribution and minimal deformation (0.0154 

mm). It maintained stability up to 600 RPM, exhibiting 

negligible stress and deformation increases. The combined 

simulation approach was advantageous in exploring a wider 

range of design alternatives by manipulating multiple 

variables, thus enhancing the robustness of the design 

evaluation process. However, the analysis was constrained 

by hardware limitations, as high computational capacity was 

essential to accommodate the required accuracy and detail. 

A comprehensive evaluation of the configurations revealed 

that Design 2 was identified as the most feasible and 

optimal configuration for operational implementation. The 
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study recommended the initiation of future studies to focus 

on performance enhancement at higher rotational speeds and 

the advancement of computational resources to support 

more complex simulations. 
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