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➢ Subtractive machining removes material 

by physical or chemical process
➢ Additive machining adds layers of material

▪ Additive manufacturing processes build objects 

by adding material layer by layer to create parts. 

▪ Subtractive manufacturing processes remove material 

to create parts. 

Differences between Additive and Subtractive manufacturing.
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What is 3D printing? 

1. 3D printing(additive manufacturing) is the construction of a three-dimensional object from a CAD model or a digital 3D 

model.

2. In the 1980s, 3D printing techniques were considered suitable only for the production of prototypes.

3. In recent years, the precision, repeatability, and material range of 3D printing has increased to the point that some 3D 

printing processes are considered viable as an industrial-production technology.

4. One of the key advantages of 3D printing is the ability to produce very complex shapes or geometries and product reduce weight.

5. Fused deposition modeling(FDM) is the most common 3D printing process in use as of 2021.
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3D Printing

3D printing products 

G-code generation for 3D 

printing using slicer software

Design → 3D 

Modeling

Testing and feed back 

✓ 3D printing Process
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Subtractive Manufacturing

1. Subtractive manufacturing is an umbrella term for various controlled machining and material removal processes 

that start with solid blocks, bars, rods of plastic, metal, or other materials that are shaped by removing material 

through cutting, boring, drilling, and grinding.

2. These processes are either performed manually or more commonly, driven by computer numerical control (CNC).

3. In CNC, a virtual model designed in CAD software serves as input for the fabrication tool. Software simulation is 

combined with user input to generate toolpaths that guide the cutting tool through the part geometry. 

4. CNC tools manufacture parts based on this computer-aided manufacturing (CAM) data, with little or no human 

assistance or interaction.

5. Subtractive manufacturing processes are typically used to create parts in plastics or metals for prototyping, 

manufacturing tooling, and end-use parts. 

6. They’re ideal for applications that require tight tolerances and geometries that are difficult to mold, cast, or 

produce with other traditional manufacturing methods.

7. Subtractive manufacturing offers a variety of material and processing methods. 
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When to Use Subtractive and Additive Manufacturing

1. While there are key differences, subtractive and additive manufacturing are not mutually exclusive. In fact, 

they are quite often used side by side and at different stages of product development and in manufacturing.

2. Additive technologies are also typically better suited for small parts and highly complex or intricate 

designs.

3. When later stages of the development process require larger batches, subtractive processes become 

more competitive. Larger, less complex objects also lend themselves more to subtractive manufacturing. 

4. Manufacturers often use plastic 3D printed parts for fast, custom, low-volume, or replacement parts and 

opt for subtractive metal processes for higher volumes or parts that are subject to more extreme 

mechanical stress and strain.

5. Utilizing both additive and subtractive manufacturing results in a hybrid process. This allows product 

designers and manufacturers to combine the versatility and quick turnaround times of additive manufacturing 

with the strength of subtractively produced parts.
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3D Printing General principles

1. 3D printable models may be created with a computer-aided design (CAD) or via a 3D scanner, etc..  

① 3D printed models created with CAD result in relatively fewer errors than other methods. Errors in 3D printable models can be

identified and corrected before printing.

② 3D scanning is a process of collecting digital data on the shape and appearance of a real object, creating a digital model based on it.

3D Printing

1. CAD models can be saved in the STL file format, The STL(stereolithography) file needs to be processed by a piece of software called a 

"slicer," which converts the model into a series of thin layers and produces a G-code file containing instructions tailored to a specific type 

of 3D printer (FDM printers).

2. This G-code file can then be printed with 3D printing client software (which loads the G-code, and uses it to instruct the 3D printer during 

the 3D printing process).

3. Printer resolution describes layer thickness and X–Y resolution in dots per inch (dpi) or micrometers (µm). Typical layer thickness is 

around 100 μm (250 DPI), although some machines can print layers as thin as 16 μm (1,600 DPI).



이선곤Sun Kon Lee

3D printing Materials.

1. Traditionally, 3D printing focused on polymers for printing, due to the ease of manufacturing and handling polymeric 

materials. 

2. However, the method has rapidly evolved to not only print various polymers but also metals and ceramics, making 3D 

printing a versatile option for manufacturing. 

Multi-material 3D printing

1. A drawback of many existing 3D printing technologies is that they only allow one material to be printed at a time, 

limiting many potential applications which require the integration of different materials in the same object. 

2. Multi-material 3D printing solves this problem by allowing objects of complex and heterogeneous arrangements of 

materials to be manufactured using a single printer. Here, a material must be specified for each voxel (or 3D printing 

pixel element) inside the final object volume.
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Social change → distributed manufacturing, online social platforms

Since the 1950s, a number of writers and social commentators have speculated in some depth about the social and cultural changes

that might result from the advent of commercially affordable additive manufacturing technology. 

1. Since the 1950s, a number of writers and social commentators have speculated in some depth about the social and cultural 

changes that might result from the advent of commercially affordable additive manufacturing technology.

2. Its potential to facilitate distributed manufacturing is resulting in supply chain and logistics benefits, by reducing the need for 

transportation, warehousing, and wastage. Furthermore, social and economic development is being advanced through the 

creation of local production economies.

3. Others have suggested that as more and more 3D printers start to enter people's homes, the conventional relationship between 

the home and the workplace might get further eroded.

4. Finally, given the ease with which certain objects can now be replicated, it remains to be seen whether changes will be made to 

current copyright legislation so as to protect intellectual property rights with the new technology widely available.

5. As 3D printers became more accessible to consumers, online social platforms have developed to support the community.

6. RepRap is a wiki based website that was created to hold all information on 3d printing and has developed into a community that 

aims to bring 3D printing to everyone. 

7. Furthermore, there are other sites such as Pinshape, Thingiverse and MyMiniFactory, which were created initially to allow users 

to post 3D files for anyone to print, allowing for decreased transaction cost of sharing 3D files.
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➢ 3D Printing Flexible device

Fig. 1 Schematic of Photo-Lithograph process

Fig. 2 Schematic of printing sensor process

Fig. 3 Simplified schematics depicting the process of
conductive PLA-based 3D printing using the
technique of FDM
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FDM 3D Printing Sensor
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Fig. 5 Strain(blue dashed line)-Resistance(black solid line) curve after annealing. 
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FDM 3D Printing Sensor
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Fig. 6 Strain(blue dashed line)-Resistance(black solid line) curve
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Equation y = a + b*x

Plot △C/C0
Weight Instrumental (=1/ei^2)

Intercept 0.01484 ± 0.00759

Slope 0.01023 ± 2.88932E-4

Residual Sum of Squares 31.0196

Pearson's r 0.99683

R-Square (COD) 0.99366

Adj. R-Square 0.99287
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FDM 3D Printing Sensor
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What is 4D printing?

4D printing is the process through which a 3D printed object transforms itself into another 

structure over the influence of external energy input as temperature, light or other 

environmental stimuli.
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Video Video Video
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How far has 3D printing come?

Creating functional human 
tissue with bio-printing 
technology, Organovo
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Metal 3D printing-fast enough?

Video
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Metal 3D printing-is anyone possible?

Video



이선곤Sun Kon Lee
Next generation- toward 4D Printer? 

Video
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email address :

sunkon.lee@gmail.com

Thank you for attending.

If you have any questions, please email me.
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