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Advanced Level • What is 3D Printing? 

An advanced guide to additive manufacturing as part of modern production systems, digital 

inventory and hybrid manufacturing strategy 

This advanced document explores 3D printing at systems level, including strategic 

manufacturing choice, distributed production, lifecycle implications and hybrid 

industrial workflows. 

Resource overview 

At advanced level, 3D printing should be understood not only as a production method but as a change 

in how products can be designed, stored, supplied and revised. Additive manufacturing can alter lead 

times, reduce the need for dedicated tooling in uncertain cases, and support distributed or on-demand 

production models. 

This document therefore discusses 3D printing alongside subtractive and formative manufacturing as 

part of a larger systems view. It considers method choice, supply response, digital inventory, 

customisation, production scale, post-processing, quality assurance and the role of hybrid workflows. 
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Indicative level Advanced 

Suggested use 
Advanced manufacturing strategy lesson or senior evaluation 

task 

Best suited to 
Students ready to discuss manufacturing as a connected 

technical and operational system 

Learning focus 
Evaluate additive manufacturing through strategy, lifecycle, 

supply and hybrid production reasoning 

Related resource areas 
Advanced Manufacturing • Systems Thinking • Production 

Strategy 

3D printing beyond the machine 

An advanced learner should understand that the most important question about 3D printing is often not 

what the machine can do in isolation, but what the process changes in the wider manufacturing system. 

Additive manufacturing can affect design freedom, inventory logic, spare-part supply, response time 

and product variation. 

This changes the discussion from simple process comparison to manufacturing architecture. The 

process choice influences how products are developed, how risk is managed, and how value is created 

across the whole lifecycle of a part. 
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This diagram supports the advanced explanation by showing the three main manufacturing families side by 

side. 
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Comparing manufacturing approaches 

Manufacturing 

approach 

How it works Where it suits 

Additive manufacturing 
Can reduce tooling dependence, 

enable digital revision and support 

highly varied or low-volume output. 

Strong when flexibility, complexity or 

responsiveness are strategic priorities. 

Subtractive manufacturing 
Offers established precision routes, 

strong material choices and reliable 

engineering practice. 

Strong when controlled finish, 

machining behaviour or material 

performance dominate. 

Formative manufacturing 
Provides powerful repeated-output 

capability once tooling is justified and 

stable. 

Strong when demand is high and 

geometry is stable. 

System effect 
May change inventory, spare-part 

response and design iteration speed. 
Important because value can appear 

beyond the printed part itself. 

Distributed potential 
Can support local or on-demand 

production in selected cases. 
Useful where logistics, downtime or 

remote supply matter. 

Hybrid role 
Often works best alongside other 

manufacturing methods rather than 

replacing them. 

Reflects how advanced production 

systems usually operate. 
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Additive manufacturing can change the supply 

model 

At advanced level, additive manufacturing should be examined as a system capability. A printed part is 

not only a physical object; it is the result of a digital file, a validated process route and a production 

decision that can sometimes happen closer to the point of need. This creates the possibility of digital 

inventory, where the design is stored and the part is made when required rather than stocked in large 

quantities in advance. 

This can matter greatly for spare parts, remote support, low-frequency replacement items or complex 

specialist components. The value of additive manufacturing may lie in reduced waiting time, reduced 

tooling commitment or improved responsiveness rather than purely in machine speed. 

In other words, the advantage of 3D printing may appear at system level. The printed part might not be 

the cheapest possible part at very high volume, yet the overall supply response may still be better 

because the part can be produced when and where it is needed. 

Method choice should be based on total lifecycle 

reasoning 

Advanced learners should compare manufacturing methods through the full lifecycle of the product. 

This includes design change, production start-up, finishing, quality assurance, storage, transport, 

service and eventual replacement. A process that looks expensive at the machine step may create 

savings elsewhere, while a process that looks efficient in mass production may be wasteful when 

demand is uncertain or highly varied. 

This is especially true when designs are still evolving. Tooling-heavy methods can be powerful once the 

design stabilises, but additive manufacturing may be more attractive earlier in the lifecycle when 

revision speed is valuable. Later, the same product may move to machining or moulding once the 

demand pattern becomes clearer. 

This teaches a mature principle: manufacturing decisions should not be made from one variable alone. 

The best method is the one that supports the whole product system most effectively. 
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The workflow diagram above shows how method choice sits inside a broader manufacturing decision at 

advanced level. 

Hybrid manufacturing is often the strongest real-

world answer 

Advanced discussion should include hybrid manufacturing because modern production rarely relies on 

one single method from beginning to end. A team may prototype additively, machine critical interfaces, 

then shift to a formative process when demand grows. In another case, a traditionally manufactured 

product may use additive manufacturing only for tooling inserts, jigs, fixtures or specialist service parts. 

This means additive manufacturing often creates value by working alongside other methods rather than 

replacing them. A strong strategy may use 3D printing where its flexibility and complexity strengths 

matter most, while still relying on subtractive or formative processes where they are more efficient or 

more stable. 

This hybrid view is important because it prevents simplistic thinking. Manufacturing excellence often 

comes from combining methods in the right sequence rather than trying to force one process to do 

everything. 
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Why balanced judgement matters in advanced 

manufacturing 

3D printing is often discussed with strong claims, but advanced learners should be able to judge those 

claims critically. Additive manufacturing can reduce tooling dependence, accelerate iteration and enable 

customisation, yet it may also face limits in throughput, finish, tolerance, certification route or material 

choice depending on the application. 

Subtractive and formative methods remain essential because they solve different classes of problem 

very well. Machining remains central in precision engineering. Formative production remains central in 

high-volume consumer and industrial output. The presence of additive manufacturing does not remove 

those strengths; it changes the decision space around them. 

Balanced judgement is therefore the real advanced skill. Students should be able to explain where 

additive manufacturing changes the system, where it does not, and why strong manufacturing strategy 

depends on evidence, fit and lifecycle reasoning rather than enthusiasm alone. 

Good comparison reminders 

• Choose the method to match the job, not the 

trend. 

• Consider shape, quantity, material, finish and 

time together. 

• Remember that a process can be strong in one 

context and weak in another. 

• Compare full workflows rather than only the 

central machine step. 

Suggested classroom discussion 

• Describe one product that suits 3D printing well 

and explain why. 

• Describe one product that would likely suit 

subtractive or formative manufacturing better. 

• Explain what changes when the design changes 

often. 

• Compare the role of quantity in process 

selection. 
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Vocabulary focus 

Digital inventory 

Holding validated design data 

instead of storing every physical 

part in stock. 

Distributed manufacturing 

Making parts closer to where 

they are needed rather than in 

one central location. 

Lifecycle reasoning 

Evaluating decisions across 

design, production, use, service 

and replacement. 

Manufacturing architecture 

The overall structure of how a 

product is made and supported. 

Strategic flexibility 

The ability to respond to change 

without major delay or tooling 

commitment. 

On-demand production 

Making a part when it is needed 

rather than producing everything 

in advance. 

Why this level matters 

This level matters because advanced manufacturing decisions affect more than the machine floor. They 

influence supply strategy, design responsiveness, spare-part support and the long-term behaviour of 

the product system. 

It also prepares students to discuss additive manufacturing in a realistic, systems-based way. They can 

explain not only what 3D printing is, but what kind of manufacturing change it enables and where its 

strongest value truly appears. 

Teacher extension prompt 

Ask students to compare two product systems: one stable high-volume item and one uncertain low-

volume specialist item. Strong advanced responses should discuss lifecycle, tooling, supply response, 

digital inventory and the role of hybrid manufacturing. 

 


