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Firefighting operations depend significantly on effective equipment, 
with hose rolling tools being crucial for the swift deployment and 
recovery of fire hoses. Existing hose rolling tool designs frequently 
exhibit significant component counts, intricate assembly, and elevated 
manufacturing costs, which hinder operational efficiency and escalate 
manufacture expenses. This project seeks to improve the design of a 
hose rolling tool for firefighters by utilizing Design for Manufacturing 
and Assembly (DFMA) principles to decrease part complexity and cost. 
The project entailed evaluating the current hose rolling tool design, 
highlighting inefficiencies, and methodically improving the tool 
through SolidWorks modelling and manual Design for Assembly (DFA) 
analysis such as Boothroyd-Dewhurst DFA worksheet method. 
Comparative evaluations were performed to analyze part quantity, 
material expenses, and assembly durations between the original and 
revised models. The findings indicated a substantial decrease in total 
components from 40 to 25, an 11% reduction in production expenses, 
and a 48% enhancement in assembly efficiency. These findings 
underscore the efficacy of DFMA in enhancing product design for 
manufacturing and assembly, resulting in more economical and user-
centric firefighting equipment. In summary, the implementation of 
DFMA principles significantly enhanced the manufacturability and 
operational efficacy of the hose rolling tool, offering a viable framework 
for future advancements in firefighting equipment. 
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1. Introduction 
In recent decades, technology breakthroughs have significantly transformed society, facilitating the creation of 
more efficient tools and systems for public safety and emergency response. Firefighting, specifically, depended on 
specialized tools to guarantee swift and efficient response during crises. The hose rolling tool was essential for 
the deployment and retrieval of hoses, significantly influencing the efficiency and safety of firefighting operations 
[1]. 

Considering continuous advancements in engineering technology, numerous hoses rolling tool tools continue 
to exhibit complexity, featuring a multitude of components and extensive assemblies. This complexity frequently 
led to elevated production costs, extended assembly durations, and heightened risk of operational failure [2,3]. 
Previous studies emphasized the significance of Design for Manufacturing and Assembly (DFMA) as a methodical 
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strategy to streamline product design; nevertheless, its implementation in firefighting equipment has been 
restricted [4,5]. The absence of cost analysis and inadequate emphasis on manufacturability further constrained 
the practical improvement of these instruments. 

The project primarily focused on the inefficiencies and elevated costs linked to the traditional hose rolling 
tool. The current design incorporated excessive complexity, resulting in manufacturing difficulties and higher 
costs. If neglected, these factors may impede the operational preparedness and dependability of firefighting units. 
Consequently, it was essential to reengineer the hose rolling tool to streamline its design, minimize component 
quantity, and decrease manufacturing expenses while maintaining performance [1,6]. 

The current project concentrated on improving the hose rolling tools for firefighters through the application 
of design for DFMA principles. The project intends to address the enhancement of hose rolling tool focusing on 
efficiency and cost effectiveness by employing DFMA method. The aim was to enhance an innovative concept that 
reduced the quantity of components and assembly procedures, thereby yielding a more durable, dependable, and 
economical equipment for firefighting activities [3,7]. 

2. Methodology 
This section describes the methodology used to redesign and evaluate the hose rolling tool. The approach 
combined material selection, DFMA principles, 3D modeling, and cost analysis to improve efficiency and reduce 
manufacturing costs. The following subsections outline the materials, tools, and procedures applied throughout 
the project. 

2.1 Materials 
The original hose rolling tool was acquired and utilized as the reference for evaluation and development. Standard 
mechanical fasteners, including bolts and nuts, were procured from trustworthy suppliers to guarantee 
compatibility and facilitate assembly. Mild steel and aluminum were chosen as the principal materials because of 
their advantageous combination of strength, manufacturability, and cost-efficiency [2]. 

2.2 Design and Analytical Tools 
The hose rolling tool's redesign utilized the concepts of DFMA. DFMA is an engineering approach that streamlines 
product design by minimizing part count and enhancing assembly procedures [8]. This strategy sought to improve 
manufacturability, reduce assembly duration, and decrease manufacturing expenses for the hose rolling tool. The 
DFMA principles inspired every phase of the redesign, from the initial concept to the final assessment. 

SolidWorks software served as the principal instrument for three-dimensional modelling and visualisation. 
The original and updated hose rolling tool tools were meticulously modelled to guarantee precise measurement 
and analysis of each component [9]. The software facilitated iterative adjustments, permitting the incorporation 
of components and the removal of redundancies. Fig. 1 illustrates the exploded view of the original hose rolling 
tool tools, emphasising the decrease in part count and complexity needed via the implementation of DFMA. 
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Fig. 1 Exploded views of old design hose rolling tool tool [1] 

The Boothroyd-Dewhurst manual Design for Assembly (DFA) worksheet was employed to assess assembly 
efficiency. This worksheet offered a methodical approach to evaluate handling and insertion durations for each 
component, grounded in empirical data and component geometry. The DFA index, which measures assembly 
efficiency, was computed for both the original and revised tools. Fig. 2 presents the DFA worksheet example for 
manual assessment. 

 

Fig. 2 Example of manual DFA worksheet [10] 
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Quantitative data analysis was performed during the redesign process. The quantity of components, projected 
assembly durations, and overall production expenses were documented and contrasted between the original and 
reengineered tools. Supplier quotations and standardised engineering cost models facilitated the cost analysis 
[11]. The integration of sophisticated CAD modelling, methodical DFA assessment, and quantitative analysis 
guaranteed that the reengineered hose rolling tool tool was both distinctive and functional for realistic firefighting 
applications [12]. 

2.3 Redesign Procedure 
The project proceeded with a comprehensive disassembly and analysis of the original hose rolling tool. Every 
component was documented and its purpose evaluated to pinpoint sources of needless complexity and 
inefficiency. Measurements were obtained and documented for all components to establish a baseline for 
comparison during the redesign phase. 

The redesign procedure was executed utilizing SolidWorks software. The design concentrated on 
incorporating various components, removing unnecessary components, and standardizing fasteners and 
materials. Multiple design iterations were generated, with each variant assessed for manufacturability and ease 
of assembly. The most prospective design was chosen for further analysis [13]. 

A cost analysis was conducted by gathering supplier quotations for materials and components. The 
cumulative production cost of the original and distinct hose rolling tool tools was computed and analyzed. Data 
from the DFA worksheet and cost analysis were employed to corroborate the efficacy of the redesign in 
diminishing part count, assembly duration, and total cost [11,14]. 

The Boothroyd-Dewhurst manual DFA worksheet was subsequently utilized for both the original and revised 
tools. This entailed assessing the handling and insertion durations for each component and computing the DFA 
index to measure assembly efficiency. The worksheet offered a systematic framework for pinpointing assembly 
inefficiencies and enhancement potential [2]. 

2.4 Data Analysis 
A quantitative data analysis was conducted to assess the efficacy of the revised hose rolling tool tool. The primary 
data gathered encompassed the quantity of components, projected assembly durations, and overall production 
expenses for both the original and reengineered equipment. All measurements were recorded during the 
disassembly, redesign, and evaluation phases. 
 

𝐸𝐸𝐸𝐸 = 3
𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇  (1) 

  
The assembly efficiency was evaluated by computing the Design for Assembly (DFA) index utilizing the 

Boothroyd-Dewhurst worksheet. The handling and insertion durations for each component were assessed using 
empirical charts and the shape of the parts. Formula (1) presents the formula for calculating efficiency during DFA 
worksheet analysis subsequent to the computation of handling and insertion times where EM is the total efficiency 
in percentage, NM is the theoretical minimum number of parts and TM is the total manual assembly time in 
seconds. The gathered data were systematically arranged and presented for comparison in the results section, 
facilitating a clear evaluation of the enhancements realized using the DFMA methodology [10].  

3. Results and Discussion 
The outcomes of the redesign process are presented and analyzed in this section. The discussion focuses on the 
impact of DFMA principles on the hose rolling tool, specifically regarding part reduction, cost savings, and 
assembly efficiency. Comparative data between the original and revised designs are provided to highlight the 
tangible improvements achieved through the reengineering effort. The following subsections detail the 
quantitative and qualitative results of the project, offering insights into the effectiveness of the applied 
methodologies. 

3.1 Total Parts 
The simplification made to the hose rolling tool tools was achieved by reducing the total number of components 
from 40 in the old design to 25 in the new design, as shown in Table 1. This reduction was accomplished by 
integrating several parts into single multifunctional components and eliminating unnecessary features specific to 
the hose rolling tool. For example, the belt system, which previously required multiple brackets and fasteners as 
a chain system, was redesigned as an integrated unit, reducing the need for separate mounting hardware. The 
frame structure was also consolidated, combining previously separate support and body covers into fewer, more 
robust parts. Additionally, the number of auxiliary parts, such as wheels and bushings, was minimized by 
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redesigning the roller assembly to require fewer supporting elements. The new proposed design is represented 
by Fig. 3. These changes not only simplified the assembly process but also improved the tool’s reliability and 
reduced production costs, making the hose rolling tool more efficient and user-friendly for firefighting operations. 

Table 1 Total parts comparison for old and new designs 
Category Quantity 

(Old design) 
Quantity 

(New design) 

Structural components 10 6 
Mechanical subsystems 19 13 
Auxiliary  parts 11 6 
Total 40 25 

 
The decrease in component quantity is noteworthy for multiple reasons. A reduced number of components 

typically results in diminished assembly mistake risk, decreased inventory demands, and streamlined 
maintenance for end users. In firefighting, when reliability and swift deployment are essential, reducing part 
complexity directly enhances operational efficacy. The revised design not only decreased the physical components 
but also streamlined the assembly process, enhancing the tool's intuitiveness [15]. 
The results correspond with other studies on DFMA, such as the assertion that component integration and 
simplification are essential for enhancing product manufacturability and reliability [2]. In a related vein, showing 
the same patterns, indicating that a reduction in part count within mechanical assemblies resulted in quantifiable 
enhancements in product performance and customer satisfaction [3]. Nonetheless, the process encountered 
obstacles. Certain components could not be merged due to functional or safety constraints, which restricted the 
degree of simplicity. Future projects should explore new materials or innovative joining procedures that may 
provide greater integration without sacrificing the tool's performance or safety. 

 

 
(a) 
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(b) 

Fig. 3 Exploded views of the (a) current design; (b) new design hose rolling tool proposed 

3.2 Costing 
The cost analysis indicated that the revised hose rolling tool was 11% more economical to manufacture than the 
original. The decrease was mostly attributable to the diminished quantity of components and the utilization of 
standardized, readily accessible materials and fasteners. For instance, the redesign eliminated the need for body 
brackets and integrated these functions into other existing structural components. Other minor components, such 
as sprockets, wheels and redundant fasteners, were also removed, reduced or consolidated. By reducing the 
number and variety of unique parts, the redesign minimized procurement complexity and allowed for more 
efficient inventory management. The overall simplification of the assembly process further contributed to lower 
labor costs, as fewer steps and less handling were required during production. Table 2 highlights the comparative 
production costs, offering a brief envision of the financial effects of the redesign. 

Table 2 Simple cost comparison [16] 
 Old design New design 
Cost RM 4132 RM 3693 

 
Reduced production costs yield direct advantages for both producers and consumers. Manufacturers can 

enhance profit margins and competitiveness through decreased material and labour costs. For firefighting 
organizations, cost-effective equipment enables more efficient resource allocation, perhaps facilitating wider 
distribution and enhanced preparation. The cost savings identified in this project align with prior DFMA project. 
The substantial cost reductions resulting from the systematic application of DFMA concepts in product 
development were documented [3,4].  

The results underscore the significance of DFMA in enhancing both performance and cost feasibility in 
specialized tools. Regardless, there were constraints in the cost analysis. Supplier prices for estimating material 
and component costs may vary over time, and the analysis excluded potential costs associated with tooling 
modifications or large-scale production. The subsequent project should include a sensitivity analysis with 
empirical production data to deliver a more thorough economic evaluation. 
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3.3 Design Efficiency 
The modification significantly enhanced assembly efficiency. The analysis of the Boothroyd-Dewhurst DFA 
worksheet indicated a 48% decrease in total assembly time for the revised design relative to the original.  This 
enhancement was accomplished by the standardization of fasteners, the reduction of assembly stages, and the 
consolidation of subassemblies. The DFA index, which measures assembly efficiency, improved correspondingly, 
validating the practical advantages of the DFMA methodology. 

The decrease in assembling time has numerous practical consequences. For manufacturers, streamlined 
assembly results in reduced labour expenses and abbreviated production timelines. A tool that is simpler to 
construct and maintain can improve preparedness and save downtime for firefighters during crucial operations. 
The optimized assembly procedure diminishes the probability of human error, hence enhancing the tool's 
reliability. Table 3 presents the comparative proportion between the old and new designs. 

Table 3 DFA efficiency comparison 
 Old design New design 
Efficiency 25.21% 37.18% 

 
These results align with the existing literature. An indication that the implementation of DFMA concepts in 

product design consistently results in reduced assembly times and enhanced efficiency [2,5]. This project expands 
these findings to specialized firefighting equipment, illustrating that DFMA can provide significant advantages 
even in challenging operational environments. 

Although these enhancements were made, the assembly evaluation depended on manual DFA worksheet 
analysis, potentially introducing subjective bias. Automated assembly analysis tools or practical assembly trials 
may yield more objective and thorough evaluations in the next project. 

3.4 Recommendation 
The findings of this project suggest that producers of firefighting equipment should implement DFMA principles 
to enhance design and production efficiency. Future project is advised to concentrate on the integration of 
automated DFA tools, the execution of field trials with end users, and the investigation of improved materials or 
joining techniques for enhanced simplicity. Addressing these aspects will facilitate the surmounting of existing 
constraints and improve the dependability, efficacy, and cost-effectiveness of firefighting equipment. 

4. Conclusion 
This project successfully applied DFMA principles to redesign a firefighter hose rolling tool, reducing parts from 
40 to 25, cutting production costs by 11%, and improving assembly efficiency by 48%. By analyzing the original 
design and using 3D modeling and DFA techniques, the project confirmed that DFMA effectively streamlines 
complex tools while maintaining functionality. Although results are promising, limitations such as cost variability 
and manual assessment methods suggest future work should include automated analysis, ergonomic testing, and 
exploration of new materials to further optimize design. Overall, this project highlights DFMA’s potential to 
enhance the efficiency, affordability, and reliability of firefighting equipment, providing a foundation for continued 
innovation in emergency response tools. 
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Appendix A: Assembly View of the New Hose Rolling Tool 

 

Appendix B: Old Design DFA Analysis 
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Appendix C: New Design DFA Analysis 
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