
Abstract

The transformation of 2D drawings to model-based definition (MBD) is a critical aspect of

engineering and manufacturing processes in modern industries. This paper explores the

evolution of this transformation and its impact on the efficiency and accuracy of product

development. This paper provides a comprehensive overview of the challenges, benefits,

and best practices associated with adopting MBD in engineering and manufacturing

companies by examining reliable sources such as academic journals, industry publications,

and case studies. Additionally, the paper highlights the role of digital technologies and

standards in facilitating the transition from 2D drawings to MBD and discusses the

implications for future advancements in this area. This paper offers valuable insights for

engineering and manufacturing practitioners, researchers, and educators through a

systematic analysis and documentation of the findings.

While 3D models play a significant role in modern manufacturing, it is crucial to acknowledge

that geometric and dimensional tolerances remain a vital aspect of the production process,

especially in high-precision assemblies. Altering these tolerances could adversely affect the

production process and the final product. The advent of Industry 4.0 has granted

manufacturing industries access to remarkable technological breakthroughs. Nevertheless,

numerous companies have yet to capitalise on these innovations to stay competitive and

keep pace with the market leaders. This study aims to compare the competitiveness of

manufacturing companies that rely on traditional drawings with those that have adopted

Model-Based Definition (MBD) technology. This research aims to provide insights into the

advantages and limitations of using MBD in the manufacturing industry by analysing two

case studies. The study of two cases will help understand if manufacturing companies must

remain competitive with using drawings, compared to companies that have already

implemented the use of MBD.
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2 DRAWINGS

2.1 2D Drawings

Throughout history, humans have used various communication forms to convey their ideas

and creations. From prehistoric drawings and carvings of animals and humans to

modern-day drawings, sketches, and documents, graphic communication has played a

crucial role in the development and distribution of information. While early forms of visual

representation did not necessarily meet the standards of formal drawings, they served as

essential tools for conveying ideas and concepts. Architects and inventors have long relied

on sketches and drawings to guide the creation of their tools, crafts, and structures.

However, the production process was often more akin to art than engineering, creating

unique and highly individualised items. Despite the evolution of modern technology and the

rise of standardised production methods, the art of graphic communication remains an

essential part of human creativity and innovation.

Several lines of research (Wildgen 2004), present that tools made of stone, bone, ivory,

wood, and clay have been created since the time of Homo erectus to start with the long

history of drawings. These objects are considered transportable art pieces and belong to

profane life rather than ritual or sacred contexts. The artistic forms found are mainly

decorative or representational. Decorative forms are typically geometrical, whereas

representational forms imply the shape of an existing object. In many cases, they are both.

At this stage, we can distinguish between self-referential form-giving, such as in

ornamentation, and iconic art, which uses realistic contours and colours perceived in

external objects and animals. However, the human body or groups of people are still

represented in this art. From the beginning, there is a trend towards abstraction on one side

and towards mimesis on the other, which points to two fundamental dimensions of semiotic

activity.

An engraved bone may serve as a prototype or a model of imitation (figure 1), which orients

further perception of similar objects. It is also an object of value that can be given, stolen,

inherited, or buried with the owner. Becoming an object of value marks the point of transition

to ritual and magical objects. The stability of the sign form attracts other meanings. It helps

to organise a whole field of mythical or religious knowledge, which existed as a belief or

behavioural schema before the time-permanent sign was endowed with its meaning. Hence,



the system of beliefs and practices becomes psychologically sizable with the help of

permanent signs.

The technique of engravings on objects may be extrapolated to architecture as Palaeolithic

huts were built with big bones, wood and coats. If the group lived in caves or "abris" or used

them as ritual places, the walls could bear engravings or be sculptured. The first technique

was used until Neolithic times and is still practised by tribes in Australia.

Figure 1. Bones of mammoth figural engravings on a bone from the cave Chaffaud (France,
cf Rhotert 1956).

One of the fascinating capabilities of the human mind is its ability to create vivid mental

images and translate them into art. Unlike any other species, humans possess the talent to

visualise the unseen and bring it to life through drawing. This incredible skill is a testament to

the extraordinary power of our imagination and artistic expression. In several industries and

organisations, the art of drawing is frequently relegated to a secondary position, often stored

away in a cabinet or dark room. This perspective needs to appreciate the actual value and

significance of drawings, which bring to life new and innovative ideas and solutions that

would otherwise remain abstract concepts. Drawing can make these ideas tangible and

easily understood, allowing them to be shared and further developed (Mills 2010).

Creating art is akin to engaging in a conversation, as it facilitates the expression of ideas and

concepts. This process of transforming the thought into a visual form is considered crucial.

When a designer begins to draw, his thoughts are connected with the pen to follow a path

with results full of creativity. This phenomenon can be likened to a creative "shortcut,"

enabling the swift generation of ideas. A thorough understanding of the connection between

the mind and the hand is critical to any artistic pursuit, as it provides a deeper

comprehension of the creative process (Migayrou, Migayrou et al. 2016). Much like verbal



language is constructed from words, idioms, phonemes, and syntax to form complete

sentences; visual language also utilises shapes, forms, lines, textures, and colours in

combination with graphic rules or structures to create symbols, icons, or images. Anyone

can acquire and hone this visual vocabulary through learning and practice. After successfully

producing the first image, subsequent ones can be developed with increasing skill and

continued practice (Whitson 2019).

Visual communication is an art form that uses principles and rules previously agreed upon.

As drawing styles evolve, the principles of visual communication also change. Skilled artists

may modify these principles while they draw, but never arbitrarily. Instead, they do so to

convey their subject matter effectively. The structural principles on which a drawing is

founded are critical to understanding the artist's or designer's intentions. While familiarity

with a particular artist's style may help, more is needed to comprehend every drawing style.

To engage in effective communication with an artist, one must first learn and understand

their principles (Rawson 2016).

2.2 Evolution of 2D drawings

Different drawing styles have emerged throughout history based on people's beliefs,

traditions, and practices.

For instance, in ancient Egypt, drawing was used to decorate tombs and tell stories of the

pharaohs' lives. The Egyptians used hieroglyphics and pictorial writing to convey various

messages through drawings. Similarly, in mediaeval Europe, the art of drawing was heavily

influenced by the Church. Many artists were commissioned to create religious artworks that

depicted biblical scenes and figures. These artworks were used to educate the public about

the teachings of the Church and inspire devotion (Migayrou, Migayrou et al. 2016).

After exploring the origins and different types of drawings, it is worth noting that technical

drawings are fundamental to the manufacturing industry. These drawings communicate a

wide range of information about a product or component, including dimensions, materials,

and manufacturing processes. They are typically produced using computer-aided design

(CAD) software and are essential for ensuring a product can be manufactured to the

required specifications. Technical drawings also play a crucial role in quality control, allowing

manufacturers to verify that a finished product meets the required standards. In short,

technical drawings are a vital tool for ensuring the efficient production of high-quality goods.

In the modern era, drawing has continued to evolve with the advent of technology and new



artistic styles. Today, there are various forms of drawing, including pencil, charcoal, digital,

and many others.

Leonardo da Vinci (1452–1519), the great painter, sculptor and inventor of the Renaissance

period, left behind a vast collection of sketches that exemplify his exceptional imagination

and scientific precision. These sketches cover various interests, from architecture and

engineering to biology, physiology, anatomy, astrology, hydraulics, and aeronautics. Da

Vinci's insatiable curiosity led him to explore the internal anatomy of the human body by

dissecting cadavers, resulting in detailed drawings that remain relevant to this day. He also

studied the flight patterns of birds and insects to apply his knowledge to aerodynamic

devices. Furthermore, Da Vinci also recorded the design of different manual parts, tools and

mechanisms that were useful to aid progress (figure 2).

Figure 2. Water Lifting Devices, (Da Vinci ).

However, engineering professionals have long relied on the abstract and unchanging

principles of Monge's descriptive geometry in applying technical drawing to their work. This

singular column of scientific basis is essential for graphical representation and enables

professionals to communicate with one another through the use of orthogonal projections



that accurately depict 3D components within their respective domains of activity. Gaspar

Monge, a noteworthy figure in the French Revolution, was a mathematician, physicist, and

engineer who made significant contributions to the field of descriptive geometry. His writings

formed the foundation of the current Technical Drawing, a necessary language for engineers

and artisans. In 1795, Monge introduced the new science of descriptive geometry with two

primary goals: accurately representing three-dimensional objects on two-dimensional

drawings and enabling precise descriptions of bodies about their shape and position.

After that, Alfredo Bensaude became the first director of the Instituto Superior Técnico (IST)

at the University of Lisbon. He established the first national technical school of engineering

in Portugal, based on international standards at the time. Bensaude introduced Technical

Drawing as an essential subject for future engineers to facilitate effective communication and

analysis of engineering projects. His contributions to engineering education and modern

teaching methods have had a lasting impact on the field, making IST one of the leading

engineering schools in Europe today (A. Z. Sampaio 2018).

According to (Simmons III 2021), drawing is a fundamental part of our world, although it

often goes unnoticed. When most people think of drawing, they tend to picture fine art and

illustrations found in books, magazines, cartoons, graphic novels, animations, or video

games. However, these visible forms of drawing are just the spike of the iceberg. After

almost every piece of art or artefact it can be admired today, a series of drawings is hidden

away in large museums or companies worldwide. Whether it is a beautiful piece of furniture,

sculpture, engraving, or painting, it all began with quick sketches to define the details.

Without drawing, there would be no civilization as we know it today. Modern society has

developed with the importance of using technical drawings, as they are essential in creating

everything from buildings and bridges to cars and other technologies that make industrial

and post-industrial societies possible.

With the advent of computer technology in drawing, the once-dominant hand gestures for

drawing lines have now been relegated to the background. In their place, pressing keys,

clicking buttons, and moving mice take centre stage. As a result, drawing a line is now a task

handled by algorithms that translate user input to its corresponding visual representation in

the design process. However, this shift has brought about two significant consequences.

Firstly, there is now a temporal and mechanical gap between the designer and the visual

representation of the drawing on the pixel array. This gap is because the line is no longer

drawn directly by the designer's hand but rather by the algorithm interpreting their input.

Secondly, the author has little control over the physical appearance of the line once it is

drawn, as the pixels on a monitor or printer change colours to provide a digital approximation



of the line. This means that the designer cannot easily change the line's physical properties,

such as thickness or texture, after it has been created based on what needs to be achieved

on determined final products (Migayrou, Migayrou et al. 2016).

2.3 Engineering Drawings

Engineering drawing is considered the standard language in engineering and architecture. It

is creating drawings in a specific format that effectively communicates information about the

design intent. Unlike decorative or artistic paintings, engineering drawings do not allow any

interpretation, and they represent a specific element in a way that the viewer quickly

understands without any misinterpretation (figure 4). The terms engineering drawing,

drawing, mechanical drawing, technical drawing, and technical drawing are interchangeable.

Drawing is a precise and universal language that employs lines, symbols, and annotations to

convey information about objects, whether for construction or manufacturing purposes. It is a

crucial tool utilised across various technical disciplines such as architecture, civil and

electrical engineering, electronics, piping, manufacturing, and structural engineering. The

term mechanical drawing can be interpreted in various ways. In the manufacturing industry, it

refers to mechanical stretching, which is named after the mechanisms involved. In the

construction industry, on the other hand, mechanical drawing pertains to creating diagrams

for heating, ventilation, and air conditioning (HVAC) systems, which are the mechanical

aspects of architectural projects (Madsen, Madsen 2017).

Figure 3. Mechanical engineering drawing on blue background. Sectioning objects with holes, ribs.

Technical drawing. (is1003 ).



In the modern world of commerce, it is not uncommon for a product to be conceptualised in

one country, produced in another, and put together in a third. The manufacturing and

assembly process relies on detailed engineering drawings governed by national and

international standards and codes of practice. The most rigorous standards are international,

which enables businesses to compete on a global scale. The International Organization for

Standardization (ISO) sets these international standards, many of which relate to

engineering drawings. This is because the information contained within a drawing is complex

and must be accurately conveyed to ensure a successful outcome. It is worth noting that the

information in an engineering drawing is legally binding and forms the basis of the

agreement between a contractor and subcontractor. ISO standards rely heavily on

symbology to ensure these standards transcend language barriers. Companies can maintain

productivity by accurately transferring information from the engineering design phase to the

manufacturing and assembly phases. While referred to as "Graphic Communications" in

some literature, the more contemporary term used by ISO is "Technical Product

Documentation" (TPD). This comprehensive term encompasses all aspects of design

communication, as there are now various means of defining the necessary information for

product manufacturing beyond traditional paper drawings. TPD's full name is 'Methodology,

presentation and verification of specification product techniques'. It includes the methodology

for design execution, geometric product specification, graphical representation (engineering

drawings, diagrams, and three-dimensional modelling), verification (precision metrology and

measurement), technical documentation, electronic formats and controls, and related tools

and equipment (Griffiths 2002).



3. 3D Models

3.1 Definition of 3D Models

A 3D model is a type of information that accurately defines the exterior and interior of an object. With

the "fullness" of information in a solid model, a computer can quickly produce a line image with no

hidden lines, (Xu, Xun 2009). There are two primary methods for modelling solids. Firstly, designers

can specify points, curves, and surfaces to define the mathematical representation of boundary

surfaces. After, they can then knit these surfaces together to create a finite volume of the object.

Alternatively, designers can choose simple shapes like blocks or cylinders with specific dimensions,

positions, and orientations. These shapes can be combined using logic operations such as union,

intersection, and difference. The final representation generated by either of these methods is a

complete and detailed digital approximation of the object or an assembly of parts, (Bi, Wang 2020b).

Using 3D CAD (Computer Aided Design) tools has significantly expedited time-to-market and

minimised product development expenses. Over the past few decades, the extensive acceptance of

3D CAD technology has led to the transformation of product development from physical to digital

mockup and from 2D to 3D design, (Ye, Liu et al. 2008). Emerging technologies can improve our

methods of achieving new and old processes. Thanks to the widespread adoption of CAD technology,

its usage has expanded beyond visualisation, communication, and documentation. CAD technology

now offers numerous benefits, including correction and reversibility of operations, standardisation that

reduces manufacturing costs, optimization of material configurations, analysis and simulation for

product working and mould flow, better coherence and connectivity for design teams, rapid

prototyping and manufacturing, computer-aided manufacturing, reverse engineering, tutorials and

explanatory animations for product usage, and documentation and archival of designs throughout the

entire design process, (Rama Murthy, Mani 2012).

3.2 Evolution of 3D Models

The designer can effectively create designs that are both innovative and practical. Visualising and

integrating are essential in the creative process, allowing the designer to explore different possibilities

and consider how each element will work together, (Beitz, Pahl et al. 1996). (Bi, Wang 2020a) shows

an advancement of the 3D models by presenting Computer-aided technologies (CATs) as software

tools and systems that assist in various product development and manufacturing stages. CATs can

design, analyse, and simulate products and production systems and plan, schedule, and control their

operations. These technologies help optimise the performance of products and production processes,

reduce costs, and improve overall efficiency. By leveraging the power of CATs, companies can

streamline their design and manufacturing workflows, minimise errors, and achieve faster

time-to-market.



The development of Computer Aided Engineering (CAE) was deemed necessary to facilitate the

integration of locally sourced material compositions into 3D models. With the introduction of CAE,

engineers and designers can now incorporate a broader range of material compositions into their 3D

models, resulting in more accurate and realistic representations of the final product, (Liu, Duke et al.

2015). Applying materials to 3D models opened the door to new design phases such as a) finite

element analysis (FEA), which is a computerised method to predict how a product reacts to different

physical forces such as vibration, heat, fluid flow, and other environmental conditions, and b)

computer-aided manufacturing (CAM) that uses this model to generate instructions for the machine

tool, such as which tools to use, which paths to follow, and how fast to move. This helps to automate

the manufacturing process, reduce errors, and increase efficiency. CAM is used in various industries,

including aerospace, automotive, and medical device manufacturing, (Chang 2016).

3.3 3D Models used in manufacturing processes

Manufacturing processes are the steps and methods used to transform raw materials into finished

products. These processes can vary greatly depending on the product type, the materials used, and

the resources available. Some standard manufacturing processes include casting, forging, machining,

welding, and assembly. Each process involves different tools, machines, and techniques to shape and

form the raw materials into the desired product. Quality control measures are taken throughout the

manufacturing process to ensure that the final product meets the necessary standards and

specifications. Manufacturers can increase efficiency, reduce waste, and improve productivity by

optimising these processes, (Swift, Booker 2013).

The manufacturing industry has witnessed a significant transformation with the introduction of CNC

(computer numeric control) programming, driven by the need for enhanced efficiency and precision in

production, surpassing the capabilities of traditional machine tools. Nonetheless, it is worth noting that

a part program only captures a fraction of the data accessible in a CAD/CAM setting, which contains

enough information for the numeric control (NC) cutter-path programming, (Xu, X. W., He 2004). As

per (Russo, Zhang et al. 2024) definition, machine tools are devices that facilitate the shaping or

moulding of rigid materials, mainly metal, through processes that involve milling, drilling, boring,

cutting, and grinding. A machine tool generally comprises fixtures that stabilise the workpiece, a tool

that carries out the specified manufacturing operation, and a system that directs the tool along a

predetermined path. Other mechanisms may also be incorporated to perform product manipulation

and assembly.

Rapid prototyping (RP) is another manufacturing process involving advanced technologies to

fabricate precise components directly from CAD models with minimal human intervention.

RP technologies enable designers to create physical models of their designs in hours,

allowing them to iterate more quickly and precisely. Unlike traditional manufacturing



methods, RP technologies offer greater design flexibility, allowing designers to rapidly

produce complex geometries and functional prototypes. RP technologies have revolutionised

how products are designed and developed, making it easier for designers to validate their

concepts and bring them to market faster, (Pham, Gault 1998). But (Gibson, Rosen et al.

2015) says that users of RP technology have realised that the term needs to be updated and

that the latest applications of the technology need to be described effectively. With

advancements in the production quality of these machines, the link to the final product has

become much closer. Many parts are now produced directly on these machines, making the

term "prototypes" inaccurate. Additionally, the term "rapid prototyping" fails to acknowledge

the fundamental principle of these technologies: additive manufacturing. A technical

committee formed within ASTM International has agreed that new terminology is necessary

to address these issues. While this is still being debated, ASTM consensus standards now

recognize the term "additive manufacturing" for these recently adopted technologies.



4. PRODUCT LIFECYCLE MANAGEMENT (PLM)

4.1 PLM Definition

Any product's lifecycle can be broken down into a series of distinct phases, including the

conceptualization of a business idea, requirements analysis, development, production,

operation, maintenance, and eventual disposal. However, it is worth noting that the definition

of PLM (product lifecycle management) can vary depending on the particular research field

being considered. While some define PLM as a strategic business approach (as per

CIMdata), others view it as an information-driven approach (as per Grieves and the PLM

Development Consortium). Still, others, such as Siemens and AMR, approach PLM from a

computer science perspective, defining it as either an information management system or a

suite of software applications, (Morshedzadeh, Ng et al. 2021a). Product Lifecycle

Management (PLM) is a strategic business approach that supports the collaborative creation,

management, dissemination, and use of product definition information within and across the extended

enterprise, integrating people, processes, technologies (Corallo, Marra et al. 2019), its partners and

suppliers, (Cantamessa, Montagna et al. 2012).

4.2 PLM in Manufacturing Industry

In the fourth industrial revolution, Industry 4.0, digital factories are constructed using

engineering techniques such as virtual modelling and simulation. Effective management of

manufacturing data and information is crucial in these endeavours. Product lifecycle

management (PLM) is indispensable for virtual development due to its role in manufacturing

data in Industry 4.0. Therefore, updated manufacturing data and information are pivotal in

the creation of digital factories, as well as in conducting virtual and cloud engineering

activities. PLM systems are instrumental in managing this data and information,

(Morshedzadeh, Ng et al. 2021b).

Developing modular product designs using visual product models poses significant

challenges, particularly in dynamically managing large amounts of information. These

challenges arise from integrating development across multiple departments, which could

involve thousands of employees. One of the difficulties is identifying and managing modules

and interfaces, given that product data is scattered across various CAD systems and

architecture descriptions. Designers often struggle to locate and re-use existing modules,

and monitoring design progress during project development can be challenging due to the

distributed nature of the process. Additionally, managing interfaces, including designing and

controlling them, is complex, (Bruun, Mortensen et al. 2015).



5. Case Study

In the following sections, this report will analyse two aerospace companies' processes for

manufacturing detailed parts after final design approval. Additionally, it will examine some of

the advantages and disadvantages of the Industrial Revolution 4.0 and explore its potential

application in the design and manufacturing departments. Two case studies will be

presented, which involve manufacturing companies still relying on 2D drawings in their

design process. One of the objectives is to gain a comprehensive understanding of the pros

and cons of this approach, as well as to investigate why some companies may choose to

stick with the traditional method instead of exploring newer solutions. Ultimately, it hopes to

provide valuable insights enabling manufacturing companies to make informed decisions

regarding their design processes.

5.1 Case Study 1

A case study was carried out on an aircraft interior manufacturer in the picturesque south

coast of Dorset, England. The study was conducted from March 2019 to February 2020. This

manufacturing company has notable expertise in aircraft cabin design and development.

They specialise in producing top-quality galleys, business and first-class seats, and all the

inflight services needed to ensure an enjoyable experience for passengers. This

organisation boasted over three decades of expertise in its industry and had a workforce of

647 skilled professionals by 2020.

This primary data was collected when designing two front-row monuments to be fitted on an

Airbus aircraft (A321) for a US airline (see figures 4 & 5 ). This project was a collaborative

effort that spanned approximately nine months and involved the work of five designers. The

primary manufacturing techniques employed included composite materials, computer

numerical control (CNC), vacuum forming, and sheet metal components. However, it is

essential to note that the data compilation does not account for any electrical or piping

installations required.

Figures 4 and 5 have been compiled to provide comprehensive insights into the time

allocation and percentage distribution of 3D and 2D components during a design project.

These graphs also offer valuable information regarding the time required to modify models or

drawings not approved during the release process.





It is evident from the analysis of the two images that 58.4% of the total 8433.75 hours spent

on the design project were utilised for 3D work, while the remaining 41.6% of the time was

dedicated to 2D work. A notable observation is the significant emphasis placed on drawings

within this manufacturing company. Figure 4 highlights that the majority of time spent in the

3D process is invested in designing individual parts and creating assemblies. In contrast,

Figure 5 showcases that more time is dedicated to drawing detailed parts, followed by a

considerable amount of time spent modifying rejected drawings.

5.2 Case Study 2

The manufacturing industry plays a vital role in South Wales' economy, (, A manufacturing

future for Wales: our journey to Wales 4.02023). This case study will examine a leading

manufacturing company based in the region. Renowned for its exceptional business and

first-class seats, this world-class company excels in designing, producing, assembling, and

certifying top-quality products. With decades of experience and hundreds of employees

across various departments, this company has become a key player in the manufacturing

industry. However, intense competition remains a significant challenge that requires the

company to innovate and enhance its products to stay ahead continuously.

The industrial and design engineering teams face the challenge of meeting customers'

growing need for personalised products. Achieving this level of customization requires

constant innovation and optimization of the manufacturing processes (Rungtusanatham,

Salvador 2008), to ensure that the final product is not only exclusive but also meets each

customer's unique requirements. This involves considering various factors, including material

selection, manufacturing techniques and design principles. The teams must also work

collaboratively to identify any potential bottlenecks in the production process and develop

practical solutions to ensure that the customer's expectations are met in terms of quality,

cost, and delivery, (Davenport, Short 1990). Ultimately, the manufacturing process's success

lies in the teams' ability to balance the need for personalization with the need for efficiency

and scalability.

In this case, one of the current first-class seating programs running by the company has

been taken in its preliminary design freezing phase, which gives way to the critical design

review (CDR), where the design will be reviewed and approved by the client and the

integrators of the final product. A CDR is a review that assesses whether the detailed system

design meets the performance and engineering requirements specified in the development

specifications, (The Critical Design Review Process for Major Defense Acquisition Programs.

1992).



The technical drawings are valuable for this company's product design and production. They

provide a detailed blueprint of the product's specifications and requirements, a reference for

the entire production process. Pertinent data has been collected for six months to analyse

the current workflow (WF) process and assess the impact of the drawings on it. The insights

gained from this analysis will help to provide a closer overview to compare the current

system with new processes.

In the graphical representation presented in Figure 6, the count of drawings initiated during

the six-month period of the release process is showcased, along with the number of

rejections made during the same timeframe. As part of this process, the initial stage involved

an evaluation conducted by a design checker, followed by a review of the design's

manufacturing and assembly aspects by other teams in the subsequent stage.

This graph illustrates a noticeable pattern in the initiation of drawing launch processes over

the four months. The number of initiations increased between the first and third months

before decreasing again in the final month. During the first two months, more than half of the



processes were rejected, but there was a gradual decline in the rejection rate over time,

reaching 30% in the last month. The design checkers, however, maintained a high rejection

rate until the third month, after which there was a marked downward trend, ultimately

reaching around 5% in the final month. The manufacturing and assembly teams also saw a

consistent trend in their second check, with a significant drop in numbers in the final month.

Chart 7 and Table 1 detail the reasons and number of rejections, categorised by the

stipulated guidelines. These visual aids offer a comprehensive overview of the reasons for

the rejections, enabling a thorough analysis of the underlying reasons.

Rejections used in the workflow process

No
Comments

Tolerance
or
Dim

Manufac-
turing

3D
Model

Workflow
code

DWG
Link

CAD &
DWG
mismatch

Design
not
functional

Content
in DWG

Text /
Note
in
DWG Total

May 85 25 18 5 10 15 4 7 29 19 217

June 68 28 15 17 18 23 11 14 28 15 237

July 30 53 23 24 19 21 18 14 13 23 238

August 12 36 22 22 15 12 10 12 16 13 168

Sept 12 12 28 9 7 0 13 9 17 13 119

Oct 4 7 4 15 8 0 4 4 6 6 59

Total 211 161 110 92 77 71 60 60 109 89 1038

Table 1.The most common standard categories used to reject drawings in the WF process.



Upon analysing the data, it is evident that most rejections in the first two months occurred

due to incorrect processes without any comments. However, this number significantly

decreased from 85 to only four last month. The most common types of rejections were

related to errors in tolerances or dimensions in the drawings, followed by those made by the

manufacturing and process departments, as well as content in DWG, such as flag note

indications, labelling, and part marking. Modifications to 3D models and text or note errors in

drawings were also common. It is worth noting that mistakes in drawing links were

eliminated in the last two months, showcasing an improvement and good practice to avoid

rejections for this reason. While various analyses could be drawn from this data, only the

most relevant to the research objectives have been mentioned.

According to the conclusive chart (figure 8) presented in this case study, a considerable 70%

of the rejections in the WF process were caused by drawing-related errors. The remaining

30% of the rejections were attributed to various factors such as inaccurate design solutions,

alterations made to the 3D model, and inadequate understanding of different manufacturing

processes.



References

A. Z. SAMPAIO, 2018. Historical Evolution of Technical Drawing in Engineering, 2018 3rd
International Conference of the Portuguese Society for Engineering Education (CISPEE)
2018, pp. 1-9.

DA VINCI, L., Water Lifting Devices. https://www.leonardodavinci.net/: .

FRANCE and CF RHOTERT, 1956. Bones of mammoth figural engravings on a bone from
the cave Chaffaud . Researchgate: .

GRIFFITHS, B., 2002. Engineering drawing for manufacture. Elsevier.

IS1003, Mechanical engineering drawing on blue background. Sectioning objects with holes,
ribs. Technical drawing. Adobe: .

MADSEN, D.A. and MADSEN, D.P., 2017. Engineering drawing & design. Boston, Mass:
Cengage Learning.

MIGAYROU, F., MIGAYROU, F., PEARSON, L., ALLEN, L. and SHEIL, B., 2016. Drawing
Futures. UCL Press.

MILLS, J.E., 2010. WHY WE DRAW. Why we draw: An exploration into how and why
drawing works, .

RAWSON, P., 2016. Drawing. 2016 edn. Philadelphia: University of Pennsylvania Press.

SIMMONS III, S., 2021. The value of drawing instruction in the visual arts and across
curricula: Historical and philosophical arguments for drawing in the digital age. Routledge.

WHITSON, R.B., 2019. Drawing As Language.

WILDGEN, W., 2004. The Paleolithic origins of art, its dynamic and topological aspects, and
the transition to writing. Na.

BEITZ, W., PAHL, G. and GROTE, K., 1996. Engineering design: a systematic approach.
MRS Bulletin, 71.

BI, Z. and WANG, X., 2020a. Chapter 1, Computers in Manufacturing. Computer aided
design and manufacturing. 1 edn. Hoboken, New Jersey ;: Wiley, pp. 1-34.

BI, Z. and WANG, X., 2020b. Chapter 2, Computer Aided Geometric Modelling. Computer
aided design and manufacturing. 1 edn. Hoboken, New Jersey ;: Wiley, pp. 37-83.

CHANG, K., 2016. e-Design: computer-aided engineering design. Academic Press.

GIBSON, I.(., ROSEN, D.W.(. and STUCKER, B.(., 2015. Additive manufacturing
technologies : 3D printing, rapid prototyping and direct digital manufacturing. New York ;:
Springer.

LIU, J., DUKE, K. and MA, Y., 2015. Computer-aided design–computer-aided engineering
associative feature-based heterogeneous object modeling. Advances in mechanical



engineering, 7(12), pp. 168781401561976.

PHAM, D.T. and GAULT, R.S., 1998. A comparison of rapid prototyping technologies.
International Journal of Machine Tools and Manufacture, 38(10), pp. 1257-1287.

RAMA MURTHY, S. and MANI, M., 2012. Design for sustainability: The role of CAD.
Renewable and Sustainable Energy Reviews, 16(6), pp. 4247-4256.

RUSSO, M., ZHANG, D., LIU, X. and XIE, Z., 2024. A review of parallel kinematic machine
tools: Design, modeling, and applications. International Journal of Machine Tools and
Manufacture, 196, pp. 104118.

SWIFT, K.G. and BOOKER, J.D., 2013. Manufacturing process selection handbook.
Butterworth-Heinemann.

XU, X.W. and HE, Q., 2004. Striving for a total integration of CAD, CAPP, CAM and CNC.
Robotics and Computer-Integrated Manufacturing, 20(2), pp. 101-109.

XU, X., 2009. Chapter 1, Geometric Modelling and
Computer-Aided Design . Integrating advanced computer-aided design, manufacturing, and
numerical control : principles and implementations. Place of publication not identified:
Information Science Reference, .

YE, X., LIU, H., CHEN, L., CHEN, Z., PAN, X. and ZHANG, S., 2008. Reverse innovative
design — an integrated product design methodology. Computer-Aided Design, 40(7), pp.
812-827.

BRUUN, H.P.L., MORTENSEN, N.H., HARLOU, U., WÖRÖSCH, M. and PROSCHOWSKY,
M., 2015. PLM system support for modular product development. Computers in Industry, 67,
pp. 97-111.

CANTAMESSA, M., MONTAGNA, F. and NEIROTTI, P., 2012. Understanding the
organizational impact of PLM systems: evidence from an aerospace company. International
journal of operations & production management, 32(2), pp. 191-215.

CORALLO, A., MARRA, M. and PASCARELLI, C., 2019. Knowledge-Based Manufacturing:
Management and Deployment of Manufacturing Rules through Product Lifecycle
Management Systems. Aerospace, 6(4), pp. 41.

MORSHEDZADEH, I., NG, A.H.C. and JEUSFELD, M., 2021a. Managing manufacturing
data and information in product lifecycle management systems considering changes and
revisions. International journal of product lifecycle management, 13(3), pp. 244-264.

MORSHEDZADEH, I., NG, A.H.C. and JEUSFELD, M.A., 2021b. Managing manufacturing
data and information in product lifecycle management systems considering changes and
revisions. International journal of product lifecycle management, 13(3), pp. 244.

, A manufacturing future for Wales: our journey to Wales 4.0April 24, 2023-last update.
Available: https://www.gov.wales/manufacturing-future-wales-our-journey-wales-40-html [22
February, 2024].

The Critical Design Review Process for Major Defense Acquisition Programs. 1992.

DAVENPORT, T.H. and SHORT, J.E., 1990. The New Industrial Engineering: Information
Technology And Business Process Redesign. MIT Sloan management review, 31(4), pp. 11.



RUNGTUSANATHAM, M.J. and SALVADOR, F., 2008. From Mass Production to Mass
Customization: Hindrance Factors, Structural Inertia, and Transition Hazard. Production and
Operations Management, 17(3),.


