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Abstract 

The present research paper will outline the effectiveness of the universal coupling shaft replacement in the 

final drive unit of aligning mechanisms. The research carried out an interpretive approach to compare the 

conventional shaft couplings with universal joints and as a result of the research, the investigation showed a 

smooth torque transmission with reduced component wear. The research suggests why the interconnect 

element is paramount in providing tailored services and robust products to diverse industries worldwide. This 

is done through rectification of deviance and enhancement of adjustment and translates to an offering that 

increasingly leads to mechanical systems optimization. Future studies where we will be exploring the different 

manufacturing techniques that will assist in further improving the efficiency of the universal joint designs are 

what we as researchers focus on. 
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Introduction 

In various sectors, from manufacturing to logistics, 

gear-engaging structures as well as buckets, 

served for the conveyance are of vital importance 

for the smooth run of machinery. Correct 

installation is of paramount importance because it 

will help to prevent downtime on the equipment, 

reduce electricity consumption, as well as to slag 

the working parts of the equipment, like the 

bearings and seals [1]. For this reason, strike 

adaptation is the key point in the mentioned 

problem, since misalignment may cause a sizable 

loss of production time and a huge number of 

expenses on repairs. Modern laser-guided tools 

having a faster and more precise alignment are the 

challenges of today’s age, whereas in the 

traditional era, it takes more hours for alignment 

and one can face unplanned shutdowns when 

there is a need for resolving the issue in industries
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Figure 1: Shaft Coupling 

(Source: [1]) 

Interchangeable shaft replacement has recently 

been highly popular to the extent that driving 

shaft couplings are now often substituted by 

universal joints, which have been able to imitate 

the movement of variable joints since they provide 

angular flexibility as a whole. A universal joint 

technologically allows a rotation of intersecting 

shafts which makes motion in different angles 

possible which highlights the system's versatility. 

The pros would project a very high scope of 

performance in terms of smoother torque 

transmission, less wear on components as a result 

of misalignment elimination, and better 

operational efficiency. They do so by being more 

accommodating and being able to tolerate greater 

degrees of misalignment. They reduce the chances 

of mechanical stress and failure. This course of 

action provides us with the chance not only to 

increase the adaptability and resilience of power 

transmission systems but also to promote the use 

of renewable energy sources in various industrial 

applications. 

Literature Review 

For a long time, the universal joint has served as a 

basic element purpose in arranging various 

mechanisms thereby, allowing for rotation of 

motion in a direction within an angle. The 

beginnings of the investigation of the parameters 

of spherical linkages of four-bar type universal 

joints can be found in the works of the literature 

introduced by [2] contributed to its design, 

analysis, and mechanics. Such a purpose; however, 

is characterized as surpassingly versatile but non-

linear which consequently results in vibration and 

degradation problems. To overcome these 

problems, studies such [3] turned to the dynamic 

analysis and inertia torque effect (Feu). [4] 

Additionally, had done a study on moment 

transmission, a unique aspect of such universal 

joints that influences their working mechanisms. 

However, being inevitable, the traditional 

universal joints have some drawbacks by way of 

complicated manufacturing tolerances, according 

to [5]. 



 
 

229 

Vol 45 No. 5 

MAY 2024 
Journal of Harbin Engineering University 

ISSN: 1006-7043 

Figure 2: Universal Joint Diagram 

(Source: [2]) 

Conformant mechanisms in opposition to being 

broader would still reduce the parts and analog 

but with their flexible and flexible designs. [6] did 

the first time experiment with compliant spatial 

four-bar mechanisms which have much more 

advantages in transmitting compliant motion. A 

configured computer algorithm "Salmon" [7], for 

example, was a gamut that offered stiff body 

models that had a more easy, fluency to analyze 

and design compliant mechanisms for. However, 

the contributions of other researchers, for 

instance, [8] who presented closed-form solutions 

for the deflection approximations in the compliant 

structures, are also significant because these 

solutions further boosted our understanding of 

these mechanisms. Since then, [9] came up with a 

new proposal for enhancing the Cardan universal 

joint system by placing emphasis on the efficiency 

issue and also minimizing the stress. As this design 

tows the line of the approved parts and benefits of 

new geometries, it introduces a possible solution 

to the weaknesses of the existing universal joint. 

The proposed core mechanism,is built with two 

identically well-arranged parts matching each 

other endwise and designed to fit the Cardan joint 

doctrine but avoid any harmful contact. Besides, 

the model has been built from polypropylene so 

that it has been tested under specified conditions, 

and the validity of theoretical models was 

supported. This highlight the options already open 

to implementing bodies and indicates the 

readiness of such mechanisms in the actual 

application so that countries could gradually adjust 

their national standards to the same international 

benchmarks [10]. 
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Figure 3: Types of Mechanical Coupling and their Uses 

(Sources: [5]) 

To sum up, the literature presents the birth of the 

universal joint and then goes to the delicate topic 

of compliant mechanisms whose role in 

minimizing inefficiencies in the aligning 

mechanisms is undoubted. The designs, which 

seek to offer solutions to irregular high-speed 

transmission and manufacturing tolerances, could 

lead to the establishment of more robust 

applications with excellent performance and 

increased reliability. Future investigations hold to 

extend compliant designs and explore novel 

materials and the use of advanced manufacturing 

technologies as enablers to create optimized 

mechanisms that obey the laws of engineering 

compliance. 

Methodology 

The investigation applied an interpretive 

philosophical approach, which utilized descriptive 

research design to tackle the issue of universal 

coupling shaft replacement as an efficiency 

improvement measure in aligning mechanisms. 

This provided for a qualitative method that 

enabled probing into more complex dimensions of 

the topic. Thereby, for the purpose of getting in 

touch with the most appropriate databases 

Prestigious ones like Pubmed, Researchgate, 

Springer, Elsevier, Taylor & Francis, and dpi were 

used. Google Scholar, a widely established search 

engine for scholarly literature, was used in 

conducting the search to make sure that legitimate 

and relevant literature was retrieved. The 

experimental approach entailed substituting the 

standard universal coupling shafts with inventive 

schemes employing flexible mechanisms, the latter 

serving as a point of focus. Factors such as speed 

of rotation, torque transmission, and wear inertia 

were taken into account and they were measured 

by the effectiveness of improvement. Data 

collection techniques involved the thematic 

method of qualitative analysis of data, which 

gathered information on these developments and 

patterns from the literature. 

The adopted approach was validated with its 

applicability to the subject and disentangling the 

difficulties of improving the delivery of services. 

On the other hand, using secondary data sources 

may bring the pitfall of biases or limitations of data 

range, due to the lack of direct representation. On 

the one hand, the limits contributed to the 

valuable mindset for the process discovery, on the 

other hand, these constraints demonstrated the 

appropriateness of universal coupling shaft 

replacement for increasing the efficiency of 

mechanical systems. 

Results 

The study revealed substantial efficiency 

improvements achieved through the replacement 

of traditional driving shaft couplings with universal 

joints in aligning mechanisms. The outcomes 
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demonstrate that there are no jerks while 

transmitting torque and the components 

(bearings) are not much affected because of the 

angular flexibility and tolerance towards 

misaligned joints. This triggered the necessary 

reduction of unplanned downtime and fewer 

expenses in maintenance that were, as a result, 

translated into overall raised productivity. 

Figure 4: Shaft Misalignment 

(

Source: [8]) 

In addition, different results to the initial 

measurements also provide striking proof of the 

capacity of the universal joint. Contrast, with the 

traditional way of coupling, the multi-axis 

universal joints have shown higher adaptability 

and versatility in compensating for the 

misalignment which in turn enhances the 

operational efficiency and productivity. The study 

demonstrated the example of universal joints 

playing a central role in the transference of power 

in a motion of various directions which would be 

plausible in flexible power transmission systems. It 

further laid to light the notion that systems that 

follow rules are more efficient. Utilizing methods 

that cover up even the smallest fluctuations during 

high-speed transmission as well as the inaccuracy 

of the fabrication process, the redundant designs 

provide us with an effective way to build 

applications that are both reliable and performing 

well. 
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Figure 5: Diaphragm Coupling Model 99 API 671 

(Source: [12]) 

To sum up, the outcomes are characteristically the 

indicators of the profound efficiency gains which 

are due to the adoption of universal coupling shaft 

replacement and which outperform the 

traditionally used coupling shaft replacement 

methods by several folds. Likewise, amongst other 

things, these gains may serve as a basis for the 

next level of innovation in mechanical systems to 

ensure their sustainability and reliability. 

Discussion 

Study findings demonstrate up-to-date efficiency 

due to the traction of traditional shaft couplings 

with universal joints when the alignment system is 

considered. As per the findings, it can be stated 

that universal joints are better than straight joints 

because they can accommodate cavitation errors 

and then result in a smooth torque transmission 

and components that will last longer. 
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Figure 6: Optimized Solution for a Flexible Coupling with Bolts Used in the Mechanical Transmissions 

(Source: [11]) 

Therefore, unraveling these consequences 

suggests a direction for building proper spacing 

techniques between industries as a response. The 

universal joint coupling provides the remedy for 

such scenarios as misalignment-caused downtime 

and maintenance expenses, thereby availing an 

opportunity to elevate productivity and decrease 

expenses through coupling shaft replacement. 

That proves that incorporating advanced 

technologies like universal joints is the best option 

since it can hinder the problems that would hinder 

the industries from operating the machines 

efficiently. Providing a tangible perspective of the 

actualization of universal coupling shafts 

substitution the costs to begin with and the 

required machines retrofitting may also be a 

challenge. Although it may pose a threat, the 

problems offer a possibility for the sectors to cut 

costs of the equipment and better performance of 

the overall system. Further work on universal joint 

designs targeted at improving their efficiency as 

well as the same should be done on materials 

research and manufacturing methods that could 

be integrated to maximize the efficiency gain and 

address particular industry needs. 

Finally, these study's results embody the 

transformational power of universal coupling shaft 

replacement in the realignment field to both the 

sector and industries at large. Universal joints aim 

to eliminate misalignment problems and improve 

adaptability as a technique that hinges on their 

principle is a possible philosophy that leads to 

mechanical systems' optimization and 

advancement. 

Conclusion 

The study showed a tremendous improvement in 

the link shaft replacement being universal to each 

mechanism aligning. Swapping traditional shaft 

couplings by means of universal joints, the 

research results revealed more tractable torque 

transmission, less abrasion of elements, and more 

productive operations, respectively. This suggests 
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that modern technologies like universal joints, and though in many applications 

there is a need to optimize mechanical devices' 

function while at the same bringing down the 

running costs across various industries. This 

research work accomplishes itself by providing 

evidence of the utility of merely performing the 

replacement of the universal coupling shaft as a 

technique to boost the efficiency of the work 

process. Tackling misalignment problems and 

enhancing adaptability, universal joints give a 

sound resolution to improve the capability and 

performance of mechanical mechanisms. In the 

future, it is recommended that additional research 

emphasizes the improvement of universal joints 

and innovatively look for materials and 

manufacturing techniques to be able to capitalize 

on further efficiency gains. While feasible universal 

replacement of the coupling shaft may demand 

initial investment and engineering of some of the 

machinery already being used, the advantages in 

terms of more efficient operation and reduced 

cost are so lucrative as to warrant such efforts. 

The research brought the diaphragm tandem 

shore phenomenon as crucial in enhancing the 

efficiency of aligning devices which prelude to 

future innovations in the arena of the mechanical 

systems. 

Bibliography 

[1] F. Vesali, M. A. Rezvani, and M. Kashfi,

“Dynamics of universal joints, its failures and

some propositions for practically improving

its performance and life expectancy,” Journal

of Mechanical Science and Technology, vol.

26, no. 8, pp. 2439–2449, Aug. 2012, doi:

https://doi.org/10.1007/s12206-012-0622-1.

[2] L. Barik, S. Samal, A. Behera, D. K. Rajak, and

C. I. Pruncu, “On the replacement of steel by

NITINOL as coupling agent in automobile

shaft,” ISSS Journal of Micro and Smart

Systems, vol. 10, no. 2, pp. 87–102, Aug.

2021, doi: https://doi.org/10.1007/s41683-

021-00075-4.

[3] S. Vijayanirmala, “DESIGN AND ANALYSIS OF

UNIVERSAL JOINT FOR EFFECTIVE

TRANSMISSION AND DECIDE MATERIAL

TYPE,” 2021. Available:

https://www.smec.ac.in/assets/images/resea

rch/mech/20-

21/DESIGN%20AND%20ANALYSIS%20OF%20

UNIVERSAL%20JOINT%20FOR%20EFFECTIVE.

pdf

[4] Chang Lin Feng, De Shi Wang, and Yong Yong

Zhu, “Analysis of Moment Transmitted by

Universal Joint in Varying Operating

Condition,” Advanced engineering forum, vol.

2–3, pp. 999–1003, Dec. 2011, doi:

https://doi.org/10.4028/www.scientific.net/a

ef.2-3.999.

[5] S. R. Hummel and C. Chassapis,

“Configuration design and optimization of

universal joints with manufacturing

tolerances,” Mechanism and Machine Theory, 

vol. 35, no. 3, pp. 463–476, Mar. 2000, doi:

https://doi.org/10.1016/s0094-

114x(98)00092-5.

[6] D. Farhadi Machekposhti, N. Tolou, and J. L.

Herder, “A Review on Compliant Joints and

Rigid-Body Constant Velocity Universal Joints

Toward the Design of Compliant Homokinetic

Couplings,” Journal of Mechanical Design, 

vol. 137, no. 3, Mar. 2015, doi:

https://doi.org/10.1115/1.4029318.

[7] A.N. Afandi et al., “Artificial salmon tracking

algorithm: Preliminary designing approach

for optimizing the integrated mixed energy

composition,” MATEC web of conferences, 

vol. 204, pp. 04002–04002, Jan. 2018, doi:

https://doi.org/10.1051/matecconf/2018204

04002.

[8] T. Morrison and H.-J. Su, “Stiffness modeling

of a variable stiffness compliant link,”

Mechanism and Machine Theory, vol. 153, p.

104021, Nov. 2020, doi:

https://doi.org/10.1016/j.mechmachtheory.2

020.104021.

[9] D. Farhadi Machekposhti, N. Tolou, and J. L.

Herder, “The Scope for a Compliant

Homokinetic Coupling Based on Review of

Compliant Joints and Rigid-Body Constant

Velocity Universal Joints,” Volume 4: 36th

Mechanisms and Robotics Conference, Parts 



 
 

235 

Vol 45 No. 5 

MAY 2024 
Journal of Harbin Engineering University 

ISSN: 1006-7043 

A and B, Aug. 2012, doi: 

https://doi.org/10.1115/detc2012-71514. 

[10] P. L. N. Fernando, A. Abeygunawardane, P.

Wijesinghe, P. Dharmaratne, and P. Silva, “An

engineering review of external fixators,”

Medical Engineering & Physics, vol. 98, pp.

91–103, Dec. 2021, doi:

https://doi.org/10.1016/j.medengphy.2021.1

1.002.M. Ghiţescu, I.-M. Ghiţescu, P. N.

Borza, and S. Vlase, “A New Optimized

Solution for a Flexible Coupling with Bolts

Used in the Mechanical Transmissions,” 

Symmetry, vol. 13, no. 2, p. 171, Feb. 2021, 

doi: https://doi.org/10.3390/sym13020171. 

[11] eagleburgmann.com, “Diaphragm Coupling

Model 99 API 671 / ISO 10441 - EN,”

www.eagleburgmann.com, 2024.

https://www.eagleburgmann.com/en/produc

ts/special-products/diaphragm-br-coupling-

model-99-api-671-iso-10441 (accessed Mar.

20, 2024).


