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Abstract- This research article presents the comprehensive design 

and fabrication of a Material Lifting Machine (MLM), exploring 

methodologies, fabrication processes, and essential calculations. 

The design methodology integrates engineering principles with 

practical considerations to optimize performance and efficiency. 

Through systematic fabrication processes, the construction of the 

MLM is detailed, ensuring reliability and safety. Key calculations, 

including load capacity, power requirements, and structural 

integrity, are thoroughly examined to validate the machine's 

functionality and durability. By elucidating the design intricacies 

and fabrication techniques, this study contributes to the 

advancement of material handling technology. Practical 

applications in industries such as manufacturing, construction, 

and logistics stand to benefit from the insights provided, offering 

enhanced productivity and operational capabilities. This research 

serves as a valuable resource for engineers, designers, and 

practitioners seeking to develop robust and efficient material 

lifting solutions. 
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I. INTRODUCTION 

In the realm of industrial operations, the efficient handling and 

transportation of materials are indispensable components for 

optimizing productivity and ensuring workplace safety. 

Material lifting machines play a pivotal role in facilitating these 

tasks by providing a mechanism for lifting heavy loads with 

ease and precision. As industries evolve and diversify, there 

arises a constant demand for innovative solutions to enhance 

the efficiency and reliability of material handling processes. 

The design and fabrication of material lifting machines present 

a realm ripe for exploration and innovation, offering 

opportunities to address various challenges encountered in 

industrial settings. This research endeavors to delve into the 

intricate facets of designing and fabricating a novel material 

lifting machine, with a focus on enhancing efficiency, 

reliability, and safety. 

To comprehend the significance of this endeavor, it is 

imperative to understand the prevalent challenges in material 

handling within industrial environments. The manual handling 

of heavy loads not only incurs significant labor costs but also 

poses serious risks of workplace injuries and accidents (Smith 

et al., 2018). Additionally, traditional lifting equipment often 

exhibits limitations in terms of load capacity, maneuverability, 

and adaptability to diverse operational requirements (Jones & 

Wang, 2019). Consequently, there exists a pressing need for 

innovative material lifting solutions that can address these 

challenges and offer enhanced performance characteristics. 

The design phase of a material lifting machine constitutes a 

critical stage wherein various engineering principles and design 

considerations converge to formulate an optimal solution. 

Factors such as load capacity, lifting height, operational 

environment, and energy efficiency must be meticulously 

evaluated to ensure the functionality and reliability of the 

machine (Brown & Lee, 2020). Furthermore, the integration of 

advanced technologies such as automation, sensor systems, and 

adaptive control mechanisms presents opportunities for 

enhancing the performance and versatility of material lifting 

machines (Chen et al., 2021). By leveraging these technological 

advancements, it becomes feasible to develop material lifting 

solutions that are not only efficient and robust but also 

adaptable to dynamic operational requirements. 

A. Existing Machines 

Currently, there are hydraulic and pneumatic lifts available, but 

they pose challenges in cases of accidents or technical issues 

due to their bulky nature and high maintenance requirements. 

However, the mechanism proposed in this project is portable 

and demands less maintenance compared to hydraulic and 

pneumatic systems. The primary emphasis of this project lies in 

the power transmission mechanism. To transport materials 

between different floors, a pulley system and a mechanically 

operated power transmission mechanism driven by pedals will 

be utilized. 

B. Relevance 

Material handling (MH) involves the movement of items within 

buildings like plants or warehouses and between buildings and 

transportation agencies. It encompasses tasks such as moving, 

packaging, and storing materials. MH is crucial, constituting a 

significant portion of employee count, factory space, and 

production time. While some view MH solely as a cost, it 

actually adds value by enhancing time and place utility for 

products. Despite its importance, selecting the right MH 

equipment for specific tasks can be challenging due to the vast 

array of options available. Researchers have proposed various 

methods, including analytic approaches and computer-aided 

technologies, to aid in equipment selection based on factors 

such as task requirements and path interferences. This paper 

aims to categorize MH equipment and offer guidance on 
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selecting the most suitable equipment for specific tasks. 

Material handling (MH) involves the movement of items over 

short distances, typically within a building like a factory or 

warehouse and between a building and transportation. Its 

purpose is to enhance time and place utility, achieved through 

the management of material handling, storage, and control. This 

differs from manufacturing, which focuses on altering the 

material's shape and composition to create form utility. While 

MH is often considered a cost without adding value directly to 

a product, it contributes value by improving its availability and 

accessibility. Therefore, despite not altering the product's form, 

MH enhances its overall value proposition. 

II. LITERATURE REVIEW 

A. Pulley Mechanism in Lifting Machines 

The pulley mechanism is a fundamental component in 

material lifting machines, playing a pivotal role in enhancing 

mechanical advantage and facilitating efficient lifting 

operations. According to Smith and Johnson (2018), pulleys are 

simple machines that utilize the principle of redirecting force 

through a system of ropes or cables wrapped around grooved 

wheels. By distributing the load across multiple ropes and 

pulleys, mechanical advantage is achieved, allowing users to 

lift heavier loads with less effort (Hibbeler, 2016). This 

mechanical advantage arises from the reduction of the force 

required to lift an object, proportional to the number of 

supporting ropes and pulleys in the system (Giancoli, 2015). 

Moreover, the use of pulleys enables the alteration of the 

direction of force, enabling vertical movement of materials in 

various industrial and construction applications (Russell, 2019). 

The efficiency and versatility of pulley systems have made 

them indispensable in material lifting machines across diverse 

sectors, ranging from manufacturing to logistics (Gupta et al., 

2020). Thus, understanding the mechanics and applications of 

pulley mechanisms is essential for optimizing the design and 

performance of material lifting equipment. 

B. Power Transmission Drives in Lifting Machines 

Material lifting machines rely heavily on power transmission 

drives to efficiently lift and maneuver loads. These drives play 

a pivotal role in ensuring smooth operation, safety, and optimal 

performance of the lifting equipment. In the realm of material 

handling, various power transmission systems are employed, 

including but not limited to gear drives, chain drives, belt 

drives, and hydraulic drives. Gear drives offer robustness and 

precise control, suitable for heavy-duty applications (Smith, J. 

D., 2019). Chain drives excel in transmitting high torque and 

are preferred for vertical lifting due to their reliability and 

durability (Johnson, A. B., 2018). Belt drives, although quieter 

and smoother in operation, are commonly utilized in lighter 

lifting applications due to their limited torque transmission 

capabilities (Patel, S. K., 2020). Hydraulic drives offer 

flexibility in terms of power delivery and are favored for their 

ability to handle varying loads with ease (Gupta, R., 2017). 

Each of these power transmission drives possesses distinct 

advantages and limitations, and their selection depends on 

factors such as load requirements, operating environment, and 

efficiency considerations. 

C. Material Lifting Machines for Construction Material 

The construction industry relies heavily on material lifting 

machines to efficiently transport and handle construction 

materials at various stages of the building process. This 

literature review explores the evolution, types, advantages, and 

challenges of material lifting machines in construction, drawing 

upon recent research and industry expertise. Material lifting 

machines have undergone significant advancements over the 

years, driven by the need for improved safety, productivity, and 

cost-effectiveness in construction projects (Smith et al., 2019). 

Traditional methods of manual material handling have been 

gradually replaced by mechanized solutions, such as cranes, 

hoists, and elevators, which offer greater lifting capacities and 

operational efficiency (Yates, 2018). 

Cranes are among the most commonly used material lifting 

machines in construction due to their versatility and ability to 

lift heavy loads to considerable heights (Hicks, 2020). Tower 

cranes, in particular, have become indispensable for high-rise 

construction projects, providing a stable platform for lifting 

materials to elevated levels with precision and speed (Xiao & 

Chen, 2021). However, challenges such as limited access to 

tight construction sites and high operating costs have spurred 

innovations in crane design, leading to the development of 

compact and mobile crane models equipped with advanced 

control systems (Zhang et al., 2022). Hoists and elevators play 

a crucial role in vertically transporting materials and personnel 

within buildings under construction (Abdelrahman et al., 2020). 

Construction hoists, including personnel and material hoists, 

offer a safe and efficient means of lifting heavy loads to upper 

floors, reducing manual labor and improving workflow (Lee & 

Kim, 2019). Elevators, on the other hand, provide vertical 

transportation for both materials and workers, enhancing 

accessibility and overall project efficiency (Kim et al., 2021). 

Recent advancements in hoist and elevator technology focus on 

energy efficiency, automation, and safety features to meet the 

evolving demands of modern construction projects (Wang et 

al., 2023). 

Despite the numerous benefits of material lifting machines, 

several challenges persist in their implementation and 

operation. Safety remains a paramount concern, with the risk of 

accidents and injuries associated with lifting operations (Al-

Harthy et al., 2020). Ensuring proper training and compliance 

with safety regulations are essential to mitigate these risks and 

promote a safe working environment (Shi et al., 2022). 

Moreover, the integration of material lifting machines into 

construction sites requires careful planning and coordination to 

optimize their usage and minimize downtime (Li et al., 2020). 

On Summing, material lifting machines play a vital role in 

modern construction practices, offering efficient and safe 

solutions for transporting materials and personnel on-site. 

Continued research and innovation are necessary to address 

challenges and enhance the performance of these machines, 

contributing to the overall productivity and sustainability of the 

construction industry. 
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III. EXPERIMENTAL DESIGN 

 
Figure 1: Experimental Setup 

 

To evaluate the efficiency of Material Lifting Machines 

(MLMs) in construction material handling, a randomized 

controlled trial will be conducted. The study will involve two 

groups: one utilizing traditional manual lifting methods and the 

other employing MLMs. Participants will include construction 

workers with comparable experience levels. Key metrics such 

as time taken for material handling, worker fatigue, and safety 

incidents will be recorded. Data will be collected over a period 

of six months from multiple construction sites. Statistical 

analysis, including t-tests and regression models, will be 

employed to compare the outcomes between the two groups 

(Smith et al., 2020; Johnson & Lee, 2018).  

A. Design of Machine Elements - Calculations 

Reduction Ratio of Gearbox = 270:1 

Speed of Motor = 1365 RPM 

Efficiency of Gearbox = 65% = 0.65 

Input Power = 0.37 kW = 370 Watt 

Radius of Drum = r = 3” = 0.076 m 

• Maximum Speed: 

𝑃𝑜𝑤𝑒𝑟 = 𝑇𝑜𝑟𝑞𝑢𝑒 × 𝑊𝑜𝑟𝑘 𝐷𝑜𝑛𝑒 

𝑃𝑖 =
𝜏𝑖 × 2𝜋𝑁

60
 

370 =  𝜏𝑖 ×
8576.55

60
 

∴ 𝝉𝒊 = 𝟐. 𝟓𝟗 𝑵 − 𝒎  

This is the input torque provided to the system. 

• Output Torques 

𝜏0 = 𝜏𝑖 × 𝜂 × 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑖𝑜 

𝜏0 = 2.59 × 0.85 × 270 

∴ 𝝉𝟎 = 𝟓𝟗𝟓 𝑵 − 𝒎 

• Maximum Speed at which load: 

𝜏𝑖 × 𝑊𝑖 = 𝜏0 × 𝑊0 

2.59 × 2𝜋 × 1365

60
=  

595 × 2𝜋 × 𝑁0

60
 

∴ 𝑁0 = 5.94 𝑅𝑃𝑀 ≈ 6 𝑅𝑃𝑀 

Angular Velocity 

𝜔0 = 𝑁0 × 0.1047 

𝜔0 = 6 × 0.1047 

𝜔0 = 0.622 𝑟𝑎𝑑 𝑠𝑒𝑐⁄  

RPM of Sprocket 

T1 = 11, T2 = 26, N1 = 5.59, N2 = ? 

As we know, 

𝑁1

𝑁2

=
𝑇2

𝑇1

 

∴
5.59

𝑁2

=
26

11
 

𝑁2 = 13.22 𝑅𝑃𝑀 

Output of the Sprocket = 13.22 RPM 

𝜔0 = 13.22 × 0.1047 𝑟𝑎𝑑 𝑠𝑒𝑐⁄  

𝜔0 = 1.383 𝑟𝑎𝑑 𝑠𝑒𝑐⁄  

Velocity 

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑑𝑟𝑢𝑚 × 𝜔0 

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 0.076 × 1.383 

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 = 0.1051 𝑚 𝑠⁄  

Material lift in 1 minute, 

= 0.1051 × 60 𝑚 

= 6.30 𝑚 = 20.66 𝑓𝑒𝑒𝑡 

Mass Load 

Maximum output torque = 595 N-m 

𝑀𝑎𝑥 𝐿𝑜𝑎𝑑 = 𝑓 =  
𝜏𝑜

𝑟
 

∴ 𝑓 =
595

0.076
= 7828.95 𝑁 

 
Figure 2: Actual Design of Developed System 

A load-bearing enclosure capable of supporting weights 

ranging from 100 to 150kg will be hoisted using steel wire ropes 

equipped with hooks for attachment. To ease the lifting process, 

a pulley system is employed, reducing the required force. The 
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pulley facilitates the smooth movement of the rope. A chain 

drive mechanism, coupled with a pedaling system, serves as the 

primary driving force. Additionally, a winch is incorporated to 

wind and unwind the rope around a drum. Pedaling applies 

force, transmitting power to the rope, lifting the enclosure and 

allowing it to be relocated as needed, with the rope winding 

around the winch simultaneously. Upon completion of the task, 

the enclosure returns to its original position as the rope unwinds 

mechanically from the drum. This setup is intended for 

installation in both the concrete technology laboratory and the 

drawing hall. 

IV. CONCLUSION 

 

The design and fabrication of the material lifting machine 

utilizing a hook and rope present a significant advancement in 

the realm of lifting equipment. Through meticulous engineering 

and innovative design, this system offers an efficient and 

versatile solution for various lifting applications across 

industries. By harnessing the power of mechanical advantage 

and leveraging the strength of materials, this machine 

exemplifies the marriage of traditional principles with modern 

engineering techniques. The versatility of the hook and rope 

configuration allows for the lifting of diverse loads with ease, 

offering a practical solution for both small-scale operations and 

large industrial settings. Moreover, the simplicity of its design 

enhances its accessibility and usability, making it a valuable 

asset for individuals and organizations alike. 

Furthermore, the fabrication process underscores the 

importance of precision and attention to detail in engineering 

endeavors. Each component is carefully crafted and assembled 

to ensure optimal performance and safety, highlighting the 

commitment to quality inherent in the design and fabrication 

process. Beyond its functional capabilities, the material lifting 

machine holds promise for enhancing productivity and 

efficiency in various industries. Its ability to streamline lifting 

processes and reduce manual labor not only improves 

operational efficiency but also mitigates the risk of workplace 

injuries, promoting a safer working environment. 

Looking ahead, continued research and development in this 

field have the potential to further refine and optimize the design 

of material lifting machines, unlocking new possibilities for 

enhanced performance and functionality. Additionally, 

exploring alternative materials and technologies could lead to 

advancements that address specific industry needs and 

challenges. In addition, the design and fabrication of the 

material lifting machine using a hook and rope represent a 

testament to human ingenuity and engineering prowess. By 

harnessing the power of simple yet effective design principles, 

this machine serves as a beacon of innovation in the realm of 

lifting equipment, paving the way for a more efficient and 

productive future. 
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