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Module-1: Understanding the Fundamentals of 
3D Printing Technology 
 
Module descriptor:  
This unit covers the knowledge, skills and attitudes required to understand the fundamentals of 3D printing 
technology. It specifically includes the tasks of interpreting overview of 3D printing technology, 
identifying FDM printing technology, identifying SLA printing technology, and recognizing the role of 
slicer software in 3D printing. 

Nominal Duration: 10 hours 

Learning outcome:  
7.1 Interpret overview of 3D Printing Technology 
7.2 Identify FDM Printing Technology 
7.3 Identify SLA Printing Technology 
7.4 Recognize the role of slicer software in 3D printing 

1.1 Learning outcome: Interpret overview of 3D Printing Technology 

Learning Objectives:  

At the end of this section, a trainee will be able to know ± 
1. Definition of 3D printing technology 
2. Brief history of the development of 3D printing technology 
3. Basic steps of 3D printing process 
4. Typical Materials Used in 3D Printing 
5. Differences between additive and subtractive manufacturing 
6. Common applications of 3D printing 
7. Selection criteria for choosing an appropriate printing technology 
8. Methods of 3D printing technology 

1.1.1 Information sheet: Fundamentals of 3D Printing Technology 

Definition of 3D Printing 

3D Printing or, Additive manufacturing (AM) is defined by the ASTM society as a process of joining 
(adding) materials to make objects from 3D model data, usually layer upon layer, as opposed to subtractive 
manufacturing methodologies. Its early root was Layer manufacturing or LM, Rapid manufacturing or 
RM, Rapid tooling, Rapid prototyping or RP, Laser rapid prototyping etc. 

 

 

Brief History of Development of 3D Printing 

1981 ± Hideo Kodama came up with a layer-by-layer approach for manufacturing, using a 
photosensitive resin that was polymerized by UV light. 

1986 ± Chuck Hull was granted the patent for first ever commercialized 3D printer for 
Stereolithography technique at 3D Systems Corporation. 
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1989 ± Carl Deckard filed a patent for Selective Laser Sintering (SLS) RP process. 

1989 ± Scott Crump filed patent for Fused Deposition Modelling (FDM) which was issued to 
Stratasys. 

2004 ± Dr. Adrian Bowyer conceived the RepRap (Replicating Rapid-prototyper) concept of an 
open source, self-replicating 3D printer 

2009 ± First commercially available BfB RapMan 3D printer based on the RepRap concept was 
offered for sale 

3D Printing Process Steps 

Generally, the 3D printing process involves following steps -  
1. Design a 3D model  

- Create a 3D digital model using CAD (computer-aided design) software, or find an existing design 
online. Ensure the model is manifold (watertight) and check for any errors that would prevent it 
from printing correctly. 

2. Export and prepare the file 
- Export the model as an STL, OBJ, or 3MF file, which are standard file formats for 3D printing. 

3. Slice the model 
- Open the 3D model in a slicing software (a slicer) and use the slicer to prepare the 3D model for 

printing. This software converts the 3D model into a series of thin, horizontal layers and generates 
a toolpath for the printer. 

- The output is a printing program (G-code file or any readable file) that must be compatible with 
the printer. This output file contains the specific instructions for the 3D printer, including 
temperature, print speed, UV power, exposure time etc. 

4. Set up the printer 
- Load the chosen printing material into the printer. 
- Clean and level the build platform to ensure the first layer adheres properly. 

5. Print the part 
- Transfer the printing program to the printer, usually via a USB drive or network connection. And 

start the printing process. Monitor the printing process to ensure it is running smoothly.  
6. Post-processing 

- Once printing is complete, remove the finished object from the build platform. 
- Post-processing can be of different kinds depending on the printing technology, including 

removing supports, washing and curing, de-powdering, heat treatment or machining etc. 
- Perform any additional finishing steps, such as sanding, painting, or assembly, to achieve the 

desired final product. 
7. Inspection and application 

- The final step is to validate the printed product by checking whether the product meets the 
specifications by visual, dimensional, or functional inspection. 

Typical Materials Used in 3D Printing 
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Differences Between 3D Printing and Subtractive Manufacturing 

Strength of 3D Printing 
¶ 3D printing can produce structures, such as complex or hollow interior sections, that are impossible 

to produce using non-additive processes.  
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¶ With the right printer, anything that can be designed in a CAD system can be 3D printed.  
¶ It­s possible to produce parts using multiple different materials. 
¶ 3D printing also generates less waste than subtractive processes, since material doesn­t need to be 

cut away and discarded. 
Weakness of 3D Printing 
¶ 3D printed products don­t have much strength, heat resistance, or surface finish required for final 

parts. Additive processes generally result in tiny pores in surfaces. These weaken the part and can 
lead to contamination. That­s why 3D printed products require additional processing after printing.  

¶ These processes are applicable to a narrow range of materials. 
Strength of Subtractive Manufacturing 
¶ CNC machining can produce stronger parts with much better tolerances and smoother finishes than 

3D printing techniques. Additionally, extremely durable metal parts can be produced using CNC 
machining. 

¶ These processes can efficiently handle a wide variety of materials. 
Weakness of Subtractive Manufacturing 
¶ CNC machining can require substantial setup time. For this reason, subtractive manufacturing may 

be expensive for anything but high quantities of parts. 
¶ Wastage of material is high. 
¶ Complex or hollow interior sections are difficult to produce. 

Applications and Impacts 

Aerospace and automotive 
¶ Rapid prototyping: Creating components for cars and aircraft to test design and functionality. 
¶ Final part production: Manufacturing complex and lightweight parts for vehicles and spacecraft. 
¶ Supply chain resilience: Producing spare parts locally, reducing the need for long supply chains. 

Healthcare and medicine 
¶ Prosthetics and orthotics: Creating customized and affordable prosthetics. 
¶ Surgical planning: Printing models of organs or bones to help surgeons plan complex procedures. 
¶ Dental applications: Manufacturing dental crowns, aligners, and other tools. 
¶ Bioprinting: Research into creating biological structures and tissues.  

Manufacturing and industrial 
¶ Prototyping: Quickly and cost-effectively creating prototypes for product development. 
¶ Custom tooling: Producing jigs, fixtures, and other tools to optimize production. 
¶ End-use parts: Manufacturing functional, final parts for various industrial applications.  

Construction 
¶ Architectural models: Creating detailed scale models of buildings and projects. 
¶ Building construction: 3D printing entire houses and structures using materials like concrete.  

Consumer goods and education 
¶ Personalized products: Creating custom gifts, jewelry, and food items. 
¶ Apparel: Experimenting with fashion items like shoes, and dresses. 
¶ Educational tools: Providing hands-on learning experiences and creating models for students. 

Selection Criteria for Choosing an Appropriate Printing Technology 

¶ What properties are required in final parts 
¶ What materials are to be used along with availability and demand 
¶ Printing cost vs market price 
¶ What expertise is required to print 
¶ Does the manufacturer or distributer of printer offer technical-support 
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1.1.2 Information sheet: Methods of 3D Printing Technology 

Main Methods of 3D Printing 

Seven main technologies of 3D Printing or Additive Manufacturing are ± 
1. Binder Jetting 
2. Directed Energy Deposition 
3. Material Extrusion 
4. Material Jetting 
5. Powder Bed Fusion 
6. Sheet Lamination 
7. Vat Photo Polymerization 

The following are some common terms that are used when discussing about these processes.  

Build chamber: the enclosed location within the 3D printer where the parts are fabricated. 
Build platform/ surface: a base which provides a surface upon which the building of the part is started and 
supported throughout the build process. 
Build space/ build volume: the total usable volume available in the machine for building parts. 

Binder Jetting (BJT) 

ISO/ASTM definition: ®binder jetting, an additive manufacturing process in which a liquid bonding agent 
is selectively deposited to join powder materials.¯ 

It­s also known as ±  
ỏ   ColorJet Printing or CJP (3D Systems Corporation) 

ỏ   Digital Metal® (Höganäs AB) 

ỏ   Ink Jet Printing or IJP 

ỏ   Multi Jet Fusion³ (Hewlett-Packard Development Company) 

First Used: In 1989, researchers at Massachusetts Institute of Technology (MIT) 

 

Figure 1.1: Example of a binder jetting system 

Process: First, a thin layer of loose powder between 0.05mm and 0.5mm is smoothly spread flat over a 
build platform. Then, a traditional inkjet print head moves back and forth over this powder and deposits a 
binding material rather than an ink onto the areas that are to be made solid. This clear or coloured binder 
is initially a liquid and causes the powder material to bind together usually involving a chemical reaction. 
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This chemical reaction depends on the method and materials used and occurs either when the binder comes 
into contact with the raw powder, comes in contact with the air and evaporates, contacts another chemical 
that is mixed into the powder or is activated by heat. In the next stage of printing the build platform changes 
height, a new layer of powder is deposited, and the process is repeated layer by layer until the part is 
complete. 

Advantages: 
- Materials and binders used can be very inexpensive. 
- Parts can be also created very quickly. 
- Print heads can also be combined and different colours can be added to the binders in order to 

create full-colour 3D printed parts. 
- Due to laying down material over the entire build platform at once, there is no need for support 

structures. 
- It is used in creating sand cores and molds for casting and allows the mass production of traditional 

castings using AM technology. 

Disadvantages: 
- Printed parts are very weak and not very dense, especially when no external energy like heat is 

used to bind parts. These green parts generally need to be post-processed by infusing them with 
another material like Cyanoacrylate glue (super glue) or bronze to give the final part more strength. 

- De-powdering a part (taking the final part out of the powder bed build area) can be very messy. 
- As the powder is very fine and can be an inhalation hazard; special respiratory equipment is usually 

needed. 

Materials Used: 
Traditionally a gypsum powder and water/alcohol mix were some of the very first powder/binder 
combinations, but now a variety of materials can be printed such as metals like stainless steel alloys and 
copper, plastics, and glass. 

Directed Energy Deposition (DED) 

ISO/ASTM definition: ®directed energy deposition, an additive manufacturing process in which focused 
thermal energy is used to fuse materials by melting as they are being deposited. "Focused thermal energy" 
means that an energy source (e.g., laser, electron beam, or plasma arc) is focused to melt the materials 
being deposited.¯ 

It­s also known as ± 
ỏ   Direct Laser Deposition or DLD 

ỏ   Direct Metal Deposition or DMD® (DM3D Technology, LLC) 

ỏ   Electron Beam Additive Manufacturing or EBAM ³ (Sciaky, Inc.) 

ỏ   Electron Beam Freeform Fabrication or EBF3 

ỏ   Focused Ion Beam Direct Writing or FIBDW 

ỏ   Laser Chemical Vapor Deposition or LCVD 

ỏ   Laser Engineered Net Shaping or LENS® (Sandia National Labs) 

ỏ   Wire Arc Additive Manufacturing or WAAM 

First Used: From 1994-1997 in New Mexico USA, Sandia National Laboratories developed a new AM 
technology which they called LENS. 
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Figure 1.2: Example of a directed energy deposition system, LENS (Left) and EBF3 (Right) 

Process: Directed energy deposition processes look very different between each method, but the premise 
is the same in each case. First, there is a focused area of intense energy, usually a thermal energy source 
like a laser, electron beam, or TIG welding torch. A feedstock material is introduced layer by layer into 
that intense energy area causing it to bond to the surrounding material. This feedstock can be introduced 
either through blowing powder into that area (cold spray process), by pushing a solid wire into that area, 
or by introducing a special gas into the build chamber. Into the intense energy area, the powder or wire 
melts and binds to the previous layers and then cools and solidifies. 

Advantages: 
- With the powder blowing method, powders can be changed or mixed mid-build thus creating 

multiple materials in a build, even creating a gradient between two different materials in the same 
build. 

- Directed energy deposition processes are able to aid in the repair of damaged parts or to develop 
near-net shape parts that normally could not have been repaired using traditional methods. These 
can roughly add materials which are then cleaned up and machined to tolerance afterwards.  

 

Figure 1.3: Near-net shapes are additively produced and then finished using subtractive method 

Disadvantages: 
- These processes require material to be deposited one spot at a time, and cannot do entire layers all 

at one time which is time-consuming. 
- Build speeds are limited and slow. 
- These processes do not lend themselves to create support structures, which limits the printing of 

certain geometries with overhangs. 
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- Resolutions are generally very low and have a rough surface finish that may need post-processing 
like machining to get tight tolerances. 

Materials Used: 
Almost any weldable metal can be additively manufactured using DED, including Aluminum alloys, 
Inconel, Niobium alloys, Stainless Steel and tool steel, Tantalum, Titanium alloys, Tungsten, Copper, 
Cobalt-Chrome superalloys, Nickel superalloys etc. 

Material Extrusion (MEX) 

ISO/ASTM definition: ®material extrusion, an additive manufacturing process in which material is 
selectively dispensed through a nozzle or orifice.¯ 

It­s also known as ±  
ỏ   Fused Deposition Modeling or FDM® (Stratasys Inc.) 

ỏ   Fused Filament Fabrication or FFF 

First Used: 
In 1988, Scott Crump invented a new AM process based on candle wax and a hot glue gun while making 
a toy for his daughter in the kitchen. The next year he started the company Stratasys, which became one 
of the largest AM companies in the world.  

 

Figure 1.4: Example of a material extrusion system 

Process: 
The core principle of this technology is that any material in filament form is heated and then pushed 
through a nozzle and used to print layer by layer until the product is completed. The technology is scalable 
and is only limited by nozzle size and supporting machine structure. This supporting machine structure 
can take many different shapes such as a delta robot configuration or multi-jointed robot arms.  

Advantages: 
- The extensive range of materials can be used. 
- The mechanics of this type of printing are fairly simple and easy to modify especially due to the 

availability of open source designs. 
- Multiple print heads or extruders can be installed on the same machine thus enabling multi-material 

multi-color printing. 
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Disadvantages: 
- This process is slow as only one nozzle operates at a time. 
- Parts generally have anisotropic material properties, and the same part can exhibit different 

strengths depending on how it was printed. 
- Layer heights are generally larger than other AM processes and are thus more visible and contribute 

to a higher surface roughness. 
- Support materials and structures need to be used. Removing these supports is either a manual and 

labor-intensive process, or a process which requires dissolving and rinsing of parts in a chemical 
bath of some sort. 

Material Used: 
These printers use a plastic like ABS (Acrylonitrile butadiene styrene), PLA (Polylactic acid), PETG 
(Polyethylene terephthalate glycol), Nylon, TPU (Thermoplastic Polyurethane), PC (Polycarbonate), PVA 
(Polyvinyl Alcohol), HIPS (High Impact Polystyrene), ASA (Acrylic Styrene Acrylonitrile), PP 
(Polypropylene) or PEEK (Polyether ether ketone) etc., any material that can be pushed through a nozzle 
(heated or not). Other examples include cement, chocolate, ceramic pastes or slurries, metal clays and 
metal filled plastics (Stainless steel, Tool steel, Copper, Nickel alloys etc.), ground-up and blended food, 
or even biocompatible organic cellular scaffolding gel.  

Material Jetting (MJT) 

ISO/ASTM definition: ®material jetting, an additive manufacturing process in which droplets of build 
material are selectively deposited.¯ 

It­s also known as ± 
ỏ   Drop-On Demand or DOD 

ỏ   Laser-Induced Forward Transfer or LIFT 

ỏ   Liquid Metal Jetting or LMJ 

ỏ   Multi -Jet-Printing or MJP (3D Systems Corporation) 

ỏ   Nano Particle Jetting³ (XJet) or NPJ 

ỏ   Polyjet® (Stratasys Inc) 

First Used: 
In 1984, Bill Masters patented first material jetting technology and founded the company Perception 
Systems, Inc. 
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Figure 1.5: Material jetting example setup 

Process: 
Material jetting is very similar to the type of technology that exists in a standard home-based inkjet printer 
and is closely related to the binder jetting process. The main difference is that rather than printing ink or a 
binder, it prints the specific type of material that will make up the final part. 

The material is deposited drop by drop in a very precise and fine detailed manner from a print head. The 
exact mechanism for depositing drops can be categorized under the following three main types, (a) PolyJet 
technology, (b) Nano Particle Jetting (NPJ), and (c) Drop-On Demand (DOD). Regardless of the drop 
creation process, once the drop is deposited, it then solidifies either through material cooling, external 
curing from a UV light source, or by evaporating a liquid transport material by using infrared light/heat. 

Advantages: 
- One big advantage of this technology is the ability to gang multiple print heads together. Having 

multiple print heads allows these machines to do unique things, such as print in different colours 
like traditional ink-jet printers, print faster by printing over the entire build surface in one pass, and 
print in multiple materials at the same time. 

- The surface quality of these parts is usually quite high due to jetting very small droplets. Material 
jetting can produce details as small as 14 µm. 

Disadvantages: 
- The build time can be slow due to the nature of jetting very small amounts of material at a time 

over a small portion of the build area. 
- Support structures are also required; thus, one print head is dedicated to jetting only support 

material.  
- Removal of the support material is a manual step requiring one of the following methods: melting 

or dissolving away of the support material, spraying away the support material manually with water 
using a high-pressure wash, or removing them by hand. 

Material Used: 
The materials used in material jetting are alumina (aluminum oxide), zirconia, stainless steel, waxes, and 
UV-cured resins. The UV-cured resins are generally formulated from modified acrylic monomers. A 
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growing variety of types of print resin (Standard, Flexible, Simulated Polypropylene, Simulated ABS, 
Castable, High temperature, Transparent, Medical grade etc.) are available to suit various applications.  

Powder Bed Fusion (PBF) 

ISO/ASTM definition: ®powder bed fusion, an additive manufacturing process in which thermal energy 
selectively fuses regions of a powder bed.¯ 

It­s also known as ±  
ỏ   Selective Laser Melting or SLM 

ỏ   Selective Laser Sintering or SLS® (3D Systems Corporation) 

ỏ   Direct Metal Laser Sintering or DMLS® (EOS GmbH) 

ỏ   Electron Beam Melting or EBM (Arcam AB) 

ỏ   Laser Powder Bed Fusion or LPBF 

First Used: 
Powder bed fusion contains a range of technologies, all of which have core similarities, the main three are 
SLS, SLM and EBM. These originated from the research at the University of Texas at Austin in the early 
1980s which was awarded a patent in 1989. 

 

Figure 1.6: Powder Bed Fusion example setup 

Process: 
Powder bed fusion methods all start with a powder bed, another parallel to binder jetting. A thin layer of 
loose powder between 0.001mm and 0.2mm with an average of 0.02mm to 0.1mm is smoothly spread flat 
over a build platform. This layer of powder is then passed over by either a laser or electron beam which 
supplies significant heat to the powder. The powder is then either partially melted (sintered) or fully 
melted, to a point where the powder fuses to itself and to the layers below. Then the build platform changes 
height, a new layer of powder is deposited, and the process is repeated layer by layer until the part is 
complete. Some of the heat source that causes melting are computer-controlled CO2 laser, Yb-fiber optic 
laser, infrared lamp, and electron beam.  

Advantages: 
- There is a wide range of materials that can be processed from plastic parts like Nylon to a wide 

range of different metals like copper and Inconel to even ceramics. 
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- The parts that are fully or even partially melted can have significant strength advantages over non-
melted processes as the material properties can be close to that of stock material. 

- Depending on the process and material, support structures may not be needed, as the powder bed 
becomes the support. 

- Build speeds can be fast depending on materials and process. 
- Processes that use lasers result in a high level of detail and fine features.  

Disadvantages: 
- All of these processes can only utilize a single material in the final part. 
- Layer heights are a function of the powder diameter and thus have a medium resolution in the build 

direction compared to other processes. 
- Printed surface finish is generally rough and will need some post-processing in order to achieve 

tight tolerances. 
- To remove unsolidified material, it needs either air blasting, powder blasting, ultrasonic vibration, 

or mechanical methods to remove the powder, with certain geometries like deep narrow cavities 
being especially difficult. 

Material Used: 
PBF 3D printers support a wide range of materials like ceramic, metal (Aluminum and light alloys, 
Chrome-Cobalt alloys, Precious metals (gold, silver), Copper and alloys (bronze, brass), Inconel, Steel 
(mild steel, alloy steel, and stainless steel (316L and 17-4PH)), Titanium and alloys, Nickel and alloys 
etc.), and plastic (Nylon, Glass-filled nylon, Mineral-filled nylon, Polypropylene, TPU, Polyether ether 
ketone (PEEK), Polyetherketoneketone (PEKK) etc.), in the form of powder. 

Sheet Lamination (SHL) 

ISO/ASTM definition: ®sheet lamination, an additive manufacturing process in which sheets of material 
are bonded to form a part.¯ 

It­s also known as ±  
ỏ   Computer-Aided Manufacturing of Laminated Engineering Materials or CAM-LEM 

ỏ   Laminated Object Manufacturing or LOM 

ỏ   Plastic Sheet Lamination or PSL (Solidimension Ltd.) 

ỏ   Ultrasonic Additive Manufacturing or UAM 

First Used: 
The LOM process was developed by a company named Helisys and in 1991 they started selling a 
machine that made 3D parts using rolls of paper and a CO2 laser. 
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Figure 1.7: Sheet lamination example setup 

Process: 
This process starts with a single layer of solid material put across the build surface, be it paper, plastic, 

metal, or ceramic. This layer may or may not be bonded to the previous layers first as it depends on the 
process. Some processes bond the entire layer to the previous and then cut the 2D slice into the layer. 

The bonding between each layer occurs either by applying glue to the build surface, through melting a 
polymer that is embedded within the roll of printing materials, or by fusing layers via an atomic 
migration. 

Advantages: 
- LOM can do full-color prints which is relatively inexpensive since the raw material is normal 

paper, can be infused with materials to increase strength or color saturation. 

- UC can print with metal, and has the ability to do multi-metal layers within the overall part. 

- No support material is needed since each layer is already solid and can support itself. 

Disadvantages: 
- The layer height can­t be changed without changing the thickness of the sheets of material being 

used. 

- Regardless of the size of part being made, an entire sheet is consumed per layer. That­s why the 
material waste can be high. 

Material Used: 
Sheet lamination can use a wide variety of materials, such as paper, almost all plastic sheet, ceramic 
(Alumina, zirconia, zirconia-toughened alumina (ZTA), silica, and a variety of oxide and non-oxide 
ceramics), metal (Aluminum, copper, stainless steel, titanium), and composites with thermoplastic 
matrix materials (Carbon Fibre, Fiberglass, Aramid Fibre (i.e. Kevlar), PBO (i.e. Zylon), along with 
metal fibres like steel, aluminum or titanium). 

Vat Photopolymerization (VPP) 

ISO/ASTM definition: ®vat photopolymerization, an additive manufacturing process in which liquid 
photopolymer in a vat is selectively cured by light-activated polymerization.¯ 
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It­s also known as ±  
ỏ   Continuous Liquid Interface Production (CLIP) 

ỏ   Stereolithography Apparatus (SLA) 

ỏ   Digital light processing (DLP) 

ỏ   Masked Stereolithography (MSLA) 

First Used: 
The first parts were made by Dr. Hideo Kodama of Japan using SLA in 1981. 

 

Figure 1.8: Vat Polymerization example setup 

Process: 
This process involves using a liquid resin as the main type of material. Specifically, this liquid resin has 
the special property of being able to become solid once it is exposed to light. This liquid resin is held in a 
container or vat, in which a flat build platform is partially submerged. This platform starts near the surface 
of the liquid, and then gets exposed to light. This light can be a UV laser (SLA), a digital light processing 
(DLP) projector, a UV light bulb filtered through an LCD screen (CLIP or MSLA). Once the resin is cured 
and made solid, the build platform either moves further into the vat, or partially comes out of the vat 
leaving the solid cured portion just under the surface and then the process is repeated. 

After the printing is completed, the printed model must be washed using water, isopropyl alcohol (IPA), 
or tripropylene glycol monomethyl ether (TPM). Washing process can be done manually or in a washing 
station. After washing, the model is needed to be cured using UV light or direct sunlight. 

Advantages: 
- It is capable of very high detail surface finish. 
- It can be very fast compared to other processes. 
- Printing time is same for same object regardless of the number of parts to be printed at a time. 
- Products are relatively stronger.  

Disadvantages: 
- A limited number of specially produced material can be printed. 
- Depending on the geometry of the part, support structures are required and can be very complex 

and require manual removal afterwards. 
- Post-processing is always required. 
- Multi -color and multi-material printing are possible. 
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- Handling is messy and hazardous for health.  

Material Used: 
Vat Photopolymerization produces parts from UV-cured resins. The UV-cured resins are generally 
formulated from modified acrylic monomers. A growing variety of print resin are available to suit various 
applications, such as, Standard resin, Clear resin, Simulated ABS or Tough resin, Simulated Polypropylene 
or Durable resin, Heat-resistant resin, Flexible resin (rubber-like), Ceramic-filled resin (Rigid), Castable 
resin, Transparent resin, Medical grade resin etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.1.3 Self-check 
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Write down the most appropriate answers for the following questions: 

1. Define 3D Printing. Name alternative names of 3D Printing. 
2. Write down about post processing in 3D printing process. 

3. Write down the applications of 3D printing in engineering sectors. 
4. Fill up the table given below: 

Printing  
Technology 

Form of printing material 
used 

Type of printing material used 

Directed Energy Deposition   

Material Extrusion   

Powder Bed Fusion   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1.4 Answer Key  

1. Answer:  

3D printing can be defined as a process of joining (adding) materials to make objects from 3D model data, 
usually layer upon layer, as opposed to subtractive manufacturing methodologies. Alternative names are 
Additive manufacturing, Layer manufacturing or LM, Rapid manufacturing or RM, Rapid tooling, Rapid 
prototyping or RP, Laser rapid prototyping etc. 
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2. Answer: 

Post-processing 
- Once printing is complete, remove the finished object from the build platform. 
- Post-processing can be of different kinds depending on the printing technology, including 

removing supports, washing and curing, de-powdering, heat treatment or machining etc. 
- Perform any additional finishing steps, such as sanding, painting, or assembly, to achieve the 

desired final product. 

3. Answer:  

Aerospace (fabricating low volume complex aerospace parts, aircraft wings, replacement parts in the 
aerospace industry, fabricating specialized parts, light weight structures, parts with minimal waste) 
Automotive (Structural composite components, engine valves, turbocharger, spare and replacement 
parts)  

Manufacturing and industrial (Prototyping, jigs, fixtures, functional parts for various industrial 
applications) 
Construction (Architectural models, entire houses and structures) 

4. Answer: 

Printing  
Technology 

Form of printing material used 
Type of printing material 

used 

Directed Energy Deposition Powder, Wire Metal Alloy 

Material Extrusion Filament Plastic, Composite 

Powder Bed Fusion Powder Metal Alloy , Plastic 

 
 
 

 

 

 

 

1.2 Learning outcome: Identify FDM Printing Technology 

Learning Objectives:  

At the end of this section, a trainee will be able to know ± 
1. Basic components of FDM printer including hot end and extruder 
2. Different types of FDM printing methods 
3. General working principle of FDM printing 
4. Typical Materials Used in FDM printing 
5. Different 3D printing file formats 
6. FDM printing slicer and slicing parameters 
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1.2.1 Information sheet: FDM printer and its components 

Fused Deposition Modeling or FDM printing is under material extrusion category of 3D printing 
technology. It was first introduced by Stratasys Inc. In FDM printing technology, the printing material in 
the form of filament is selectively dispensed or extruded through a heated nozzle or multiple nozzles. 

A typical FDM 3D printer always consists of some essential components, which include a frame, 
motherboard, heated bed/ build plate, extruder and hotend. 

Frame: The main structure of the printer. 

Motherboard: The control center that converts the 3D model into movements and functions like filament 
extrusion and temperature control. 

Stepper Motors: These motors drive the movement of the printer's axes (X, Y, and Z) and the filament. 

Power Supply: Power Supply provides the electrical power for all the components. 

Build Platform/Print Bed/Heated Bed: The heated surface where the printer deposits the material used for 
printing. A heated bed can help reduce wrapping on large prints and help adhere parts better. 

Filament: The raw material, typically a thermoplastic, that is fed into the printer from a spool. 

Extruder: The mechanism that pulls the filament from the spool and pushes it toward the hot end. The 
extruder has mainly two parts; the stepper motor and the feeding system. This is either a Direct-drive extruder or 
a Bowden tube system. 

1. Direct-drive extruder 
¶ Mechanism: The motor that pushes the filament is located directly on the print head, above the 

hot end. 
¶ Advantages: Provides excellent control over filament, especially for flexible filaments like TPU, 

due to the short distance between the motor and the nozzle. It can also offer better precision and 
retraction control. 

¶ Disadvantages: The added weight of the motor on the print head can limit the printer's speed and 
increase inertia.  

 

 

2. Bowden tube system  
¶ Mechanism: The motor is separated from the print head and mounted on the printer­s frame. The 

extruder is connected with the print head via a PTFE tube through which the filament is pushed. 
This PTFE tube is known as the Bowden tube. 

¶ Advantages: The weight on the print head is significantly reduced, allowing for higher print 
speeds and reduced ghosting or ringing artifacts on prints. 

¶ Disadvantages: The extra length of the tube can lead to some filament grinding or slipping, and 
it can be less effective for flexible filaments.  
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(a) Direct-drive extruder (b) Bowden tube system 

Figure 1.9: Different types of extruder setup 

Hot End: Hot End melts the filament and extrudes it through a nozzle. A hot end generally consists of 
following components ±  

¶ Nozzle: The small tip where the melted filament exits. These nozzles come in various sizes, from 
as fine as 0.2 mm to as large as 1.2 mm or more, with common sizes being 0.4 mm and 0.6 mm. 
Smaller nozzles are best for high-detail, low-speed prints, while larger nozzles excel at faster 
printing of functional or large parts where strength is more important than fine resolution. The 
choice of nozzle size depends on the desired balance between print speed, detail, and strength.  
Standard size nozzles are only 12-14mm long. This type of nozzles has few models like E3D v5/v6, 
MK7, MK8, MK10 etc. 
FDM printer nozzles are also categorized by their material, such as brass, stainless steel, hardened 
steel, and ruby-tipped. The material is chosen based on the filament's properties (e.g., abrasiveness) 
and applications (e.g., medical and food-contact safe printing). 

 
Figure 1.10: Different types of nozzle 

 
¶ Heating Block and Heater Cartridge: Heats the filament to its melting point. 
¶ Thermistor: A sensor that monitors and regulates the temperature. 
¶ Heat Break: Prevents heat from traveling up to the cold end. 
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¶ Heat Sink and Cooling Fan: Cools the extruded plastic to solidify it quickly and improve overhangs 
and overall print quality.  

 

  

 

Figure 1.11: Hot end assembly and its components 

 

 

 

 

Below is a typical example of desktop FDM printer (Model: Original Prusa i3 MK3S+, Manufacturer: 
Prusa Research a.s., Czech Republic). 
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Figure 1.12: Original Prusa i3 MK3S+ printer description: (1) Filament spool (2) Spool holder 
(3) Z-Axis (4) Power supply (5) X-Axis (6) Z2 Stepper (7) Heatbed with spring steel sheet 

(8) LCD Knob (9) Reset Button (10) Threaded Rod (11) Printer Frame (12) USB Port 
(13) Einsy Rambo Board (14) Extruder Stepper (15) X-Stepper (16) Z1 Stepper (17) Y-Axis (18) LCD 

Panel (19) SD Card Slot 

Mechanical and build components  
¶ Frame: Milled dural frame for rigidity and stability. 
¶ Extruder: Direct-drive extruder with Bondtech gears for reliable filament control. 
¶ Hot end: Features an E3D V6 hot end, capable of reaching a maximum temperature of 300°C. 
¶ Build Plate: Magnetic build plate with removable PEI spring steel sheets. 
¶ Nozzle: Default nozzle is 0.4 mm, but other sizes are supported. 
¶ Y-Axis: Aluminum extrusion Y-axis assembly with bearing clips for easier assembly.  

Control and electronics 
¶ Controller: Einsy Rambo 8-bit board co-developed with Ultimachine, featuring Trinamic 2130 

drivers for sensorless homing on the X and Y axes. 
¶ Sensors: 

- SuperPINDA: Advanced sensor for high-accuracy, automatic mesh bed leveling. 
- IR Filament Sensor: Detects filament run-out and pauses the print. 
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- Other: 3 thermistors and fan RPM sensors are included for monitoring. 
¶ Power: Custom 240W Delta power supply with hardware-based Power Panic for recovering from 

power loss. 
¶ Connectivity: Ethernet and Wi-Fi connectivity are available via an optional Raspberry Pi.  

Other features  
¶ Build Volume: 250 x 210 x 210 mm. 
¶ Materials: Supports a wide range of thermoplastics including PLA, PETG, ASA, ABS, PC, 

Nylon etc. 
¶ Layer Height: Ranging from 0.05 to 0.35 mm. 
¶ Filament: Uses 1.75 mm diameter filament. 

1.2.2 Information sheet: Types of FDM printers 

FDM printers are mainly categorized by their movement systems (kinematics). Among them, the most 
common types are ±  

Rectilinear/ Cartesian Printer: They use a Cartesian coordinate system (X, Y, Z axes) to move the print 
head and/or print bed. Variations include: 

- Bed Slinger Printer: The print bed moves along the Y-axis, and the print head moves along the X 
and Z axes. 

- CoreXY Printer: The print bed moves on the Z-axis only, while the print head moves on the X and 
Y axes, supported by a system of two belts. 

        

(a) Bed Slinger Cartesian Printer (b) CoreXY Cartesian Printer 

Figure 1.13: Different Types of Cartesian Printers 

Delta Printer: These printers have three arms that move the print head in a triangular or delta-like fashion, 
while the print bed typically remains stationary. They are often faster and good for printing tall objects. 

Polar Printer: These printers use polar coordinates instead of Cartesian, which means their movement is 
based on radius and angle rather than X, Y, and Z coordinates. 
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(a)  (b)  

Figure 1.14: (a) Delta Printer, (b) Polar Printer 

SCARA Printer: Also known as Selective Compliance Assembly Robot Arm, this type of printer is ideal 
for tasks requiring precise movements in an arc, which can be more efficient and faster than the linear 
movements. SCARA printers feature a printhead attached to a robotic arm powered by two motors. The 
motors are both connected to linkages that move the printhead around the XY-plane, while another motor 
controls motion along the Z-axis. 

  

(a)  (b)  

Figure 1.15: (a) SCARA Printer, (b) Belt Printer 

Belt Printer: Concerning the printhead­s motion system, the belt printers are essentially CoreXY printers 
with the frame tilted at a 45-degree angle. Then, the print surface is replaced by a sort of conveyor belt, 
which moves one way or the other in the combined Z- and Y-axes. This belt can print a single infinitely 
long piece or it can continuously print many small parts.
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1.2.3 Information sheet: Fundamentals of FDM Printing Technology 

Working Principle  

An FDM 3D printer works by depositing melted filament material over a build platform layer by layer 
until a part is completed.  

FDM uses digital design files that are uploaded to the machine itself and translates them into physical 
dimensions.  

Materials for FDM include polymers such as ABS, PLA, PETG and TPU, which the machine feeds as 
filament through a heated nozzle.  

To operate an FDM machine, one first loads a spool of this thermoplastic filament into the printer. Once 
the nozzle hits the desired temperature, the printer feeds the filament through an extruder and a printhead 
(which includes a hot end and a nozzle).  

This printhead is attached to a three-axis system that allows it to move across the X, Y and Z axes. The 
printer extrudes melted material in thin strands and deposits them layer by layer along a path determined 
by the design. Once deposited, the material cools and solidifies. In most of the cases, fans are attached to 
the printhead to accelerate cooling. 

To fill an area within a layer, multiple passes are required, similar to coloring in a shape with a marker. 
When the printer finishes a layer, the build platform descends and the machine begins work on the next 
layer. In some machine setups, the printhead moves up. This process repeats until the part is finished. 

 

Figure 1.16: Schematic of a typical FDM printer 

FDM Printing Materials 
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Printing Material Advantages Disadvantages Typical Use 
Printing 

Characteristics 

PLA 

¶ Easy to print  
¶ Detailed prints of 

small models  
¶ Trouble-free printing 

of large objects  
¶ Hard, low flexibility  
¶ Almost odorless 
¶ Affordable 
¶ Wide color selection 

¶ Brittle 
¶ Low-temperature 

resistance (60 °C) 
¶ Difficult to post-

process 
¶ Not suitable for 

outdoor use 
 

¶ Prototypes 
¶ Toys 
¶ Figures 
¶ Jewelry 
¶ Architecture 

models 

¶ Nozzle 
temperature: 
215 °C 
¶ Bed 

temperature: 
50 - 60 °C 

 

PET/PETG 

¶ High-temperature 
resistance  
¶ Easy to print  
¶ Low thermal 

expansion 
¶ Ductility and 

strength  
¶ Easy sanding  
¶ Almost odorless  
¶ Glossy surface 
¶ Perfect layer 

adhesion 
¶ Water and humidity 

resistant 
¶ Recyclable 

¶ Not suitable for 
printing small 
models 
¶ Possible stringing 
¶ Bridging is 

problematic 
¶ Strong adhesion to 

the printbed 
¶ Supports can be 

difficult to remove 

¶ Mechanical 
components 
¶ Holders and 

cases 
¶ Watertight 

prints (pots) 

¶ Nozzle 
temperature: 
240 °C 
¶ Bed 

temperature: 
80 - 100 °C 

ASA/ABS 

¶ High impact and 
wear resistance  

¶ Very good 
temperature 
resistance  

¶ Suitable for outdoor 
use 

¶ easy to glue together  
¶ Can be smoothed 

with acetone vapors 

¶ Difficult to print 
¶ Tendency to warp 
¶ Worse detail 

resolution 
¶ Unpleasant odor 

during printing 

¶ Covers and 
protective 
cases 

¶ Prototypes 
¶ Replacement 

parts 
¶ Toys and 

figures 

¶ Nozzle 
temperature: 
245 - 265 °C 
¶ Bed 

temperature: 
90 - 110 °C. 

PC 
(Polycarbonate) 

¶ High-temperature 
resistance  

¶ High impact and 
tensile strength 

¶ Good electric 
insulation properties 

¶ High warping, 
especially with 
large models 

 

¶ Functional 
prototypes  

¶ End-use 
components  

¶ Jigs and 
fixtures 

¶ Safety 
equipment 

¶ Nozzle 
temperature: 
275 °C 
¶ Bed 

temperature: 
110 °C for the 
first layer, 115 
°C for other 
layers 
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TPU 
(Thermoplastic 
Polyurethane) 

¶ Flexibility and 
elasticity  

¶ Minimal warping  
¶ Good layer adhesion  
¶ Abrasion resistance  
 

¶ More demanding 
to prepare and 
print 

¶ Must be printed 
slowly 

¶ Higher price 
¶ Must be stored in a 

dry environment 

¶ Phone cover 
¶ Camera case  
¶ RC car wheel 

¶ Nozzle 
temperature: 
230 - 260 °C 
¶ Bed 

temperature: 
45 - 65 °C 

PA 
(Nylon) 

¶ Mechanical 
properties  

¶ Chemical resistance  
¶ Flexible, but strong  

¶ Must be stored in a 
dry environment 

¶ Somewhat difficult 
to print 

¶ Screws  
¶ Nuts 
¶ Replacement 

parts 
¶ Gearbox 

¶ Nozzle 
temperature: 
240 °C 
¶ Bed 

temperature: 
80 - 90 °C. 

PP 

¶ Ductile  
¶ Partially elastic  
¶ Temperature 

resistance 

¶ Tendency to warp 
¶ Bad adhesion to 

the heated bed 

¶ Living hinges 
¶ Flexible 

containers  
¶ Wearable 

components 

¶ Nozzle 
temperature: 
210 -230 °C 
¶ Bed 

temperature: 
95 - 100 °C. 

Composite 
materials  

(glass fill ed, 
copper fill ed, 
bronze fill ed, 
carbon fill ed 

etc.) 

¶ High strength-to-
weight ratio 

¶ Design flexibility 
¶ Customizable 

properties 
¶ Great look after 

post-processing  
¶ No warping  

¶ Requires a 
hardened nozzle 

¶ May require a 0.6 
mm nozzle 

¶ Aerodynamic 
applications 

¶ Mechanical 
parts 

¶ Household 
items 

¶ The printing 
characteristics 
of each 
material may 
vary 
depending on 
the plastic 
base 

 

 

3D Printing File Formats 

The most common 3D printing file formats include STL, OBJ, AMF, and 3MF. These are compatible with 
any 3D printing technology. 

1. STL (Standard Triangle Language/ Standard Tessellation Language/ Stereolithography) 
The most common format, it uses a tessellation of triangles to represent 3D geometry. It can be used for 
basic designs where color and material data are not needed. It's the most widely compatible format. 
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Figure 1.17: STL files with different mesh size 

2. OBJ (Wavefront Object)  
This file format can store geometry, color, and material data, but it is more complex and results in larger 
file sizes than STL. It is capable of capturing more detail than STL, especially with its ability to store color 
and texture data. 

3. AMF (Additive Manufacturing File) 
An XML-based format designed for 3D printing that can store more information than STL. It is used for 
advanced applications that require multiple materials or colors, though it is less widely supported than 
STL. 

4. 3MF (3D Manufacturing Format) 
A newer format specifically created with 3D printing in mind, aiming to overcome the limitations of STL. 
This file format is also XML-based. It can store comprehensive 3D model information beyond just 
geometry, such as colors, materials, textures, and print settings. Developed to overcome the limitations of 
older formats like STL, 3mf files are more versatile and can include features like multiple parts, custom 
supports, and model orientation in a single, compressed package. This makes them ideal for complex prints 
and for sending complete, ready-to-print data to slicers and printers. 

 

 

 

 

 

Popular FDM Slicing Software / Slicer 

A 3D printing slicer is a software that converts a 3D digital model into a series of instructions for 
printing that a 3D printer can understand. Some most used FDM slicers are ±  

¶ UltiMaker Cura  

¶ PrusaSlicer 

¶ Orca Slicer 

¶ Bambu Studio  

¶ Simplify3D 

¶ Autodesk Netfabb   

1.2.4 Information sheet: Basic FDM Printing Terminologies 
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Print Bed Calibration/ Leveling: The act or purpose of adjusting the gap between the nozzle and print bed 
to perform the printing correctly or more efficiently. 

Filament: Typically, a thermoplastic formed into a continuous wire and wound onto a spool so it is 
compatible with a 3D printer's extrusion system. The thermoplastic filament can be made of ABS, PLA, 
TPU, HIPS, PETG etc. 

Filament diameter: The size designation of a roll of filament. Usually 1.75mm or 3mm/2.85 mm (3mm 
and 2.85mm are in the same size filament category are used interchangeable in 3mm and 2.85 mm material 
extrusion 3D printers). 

Infill:  The area within a 3D-printed object that connects top, bottom and side layers. This creates a rigid 
structure and determines print durability.  

Infill Density: a percentage value that determines how much of the interior volume of a 3D-printed object 
is filled with material. The value can range from 0-100%, recommended is 5-25%. The fill can be of 
different type; Honeycomb, Grid, Triangular etc. 

Layer: Extruded plastic of a closed loop, represented as a two-dimensional drawing on the X-Y plane. 
When replicated over again in the Z direction, it produces a 3D object or multi-layered X-Y drawing. 

Layer Height: Utmost determinant of quality for 3D printing, it defines the distance between lines of 
extruded plastic in the Z-direction. Material extrusion 3D printers typically print layers between 0.1mm 
and 0.3 mm high. A lower layer height translates to a smoother, higher quality print. A higher layer 
translates into a fast, low quality print. 

Print Speed: The rate at which a 3D printer is capable of moving while extruding plastic. A print speed of 
50mm/s will be successful on most FDM printers. A print speed of 20-30 mm/s will produce higher quality 
prints  

Travel Speed: The rate at which the nozzle assembly will move to a new position when not extruding. 

Nozzle/ Printing Temperature: The temperature of the hot end at which the filament if melted and extruded. 

Bed Temperature: The temperature of the build plate, which is crucial for ensuring proper first-layer 
adhesion and preventing warping. 

Resolution: The smallest movement a printer­s hot end can make within a single X-Y layer. Often indicates 
the produced quality of a printed model. 

Retraction: Backwards movement of an extruder motor to reduce the amount of material stringing or 
oozing. 

G-code: Coding language that the 3D printer understands. It is used to transmit instructions to a 3D printer's 
control system to tell the printer how to print the 3D model. 

Slice: A horizontal layer of a digital object produced by a slicer program. Each slice contains coordinates 
for printing locations on the build surface, as well as instructions as to layer height, shell thickness and 
more. 

Slicer: A type of program, such as UltiMaker Cura or Simplify 3D, that allows manipulation of a 3D model 
and converts the file type into a coordinate system (usually. G code) the printer follows to create a model. 

Shell: The sidewalls of a 3D printed model, created by the exterior edges of every layer 

Shell thickness: The total width of an outside wall of a 3D-printed part. Shell thickness should be a multiple 
of nozzle size. Two shell is typically best. An increased number of shells will lead to a stronger model. 

Support: Additional removable structures that are printed to support overhangs or other parts of a model 
that do not make contact with the build plate during printing. 
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1.2.5 Self-check 

Write down the most appropriate answers for the following questions: 
1. What is the mother technology of FDM printing? Which company first introduced it? 

2. Write down the advantages of Direct-drive extruder? 
3. What are the differences of Bed slinger, Delta & Belt printer? 

4. Which material is best suited for high temperature application? What are the nozzle and bed temperature 

of that material? 
5. Write short note on terms given below: 

3MF, UltiMaker Cure, Layer height, Travel speed, Shell 
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1.2.6 Answer Key  

1. Answer:  

Fused Deposition Modeling or FDM printing is under material extrusion category of 3D printing 
technology. It was first introduced by Stratasys Inc. 

2. Answer: 

It provides excellent control over filament, especially for flexible filaments like TPU, due to the short 
distance between the motor and the nozzle. It can also offer better precision and retraction control. 

3. Answer: 

Bed Slinger Printer: The print bed moves along the Y-axis, and the print head moves along the X and Z 
axes. The print speed of this printer is relatively slow. 

Delta Printer: These printers have three arms that move the print head in a triangular or delta-like fashion, 
while the print bed typically remains stationary. They are often faster and good for printing tall objects. 

Belt Printer: Concerning the printhead­s motion system, the belt printers are essentially CoreXY printers 
with the frame tilted at a 45-degree angle. Then, the print surface is replaced by a sort of conveyor belt, 
which moves one way or the other in the combined Z- and Y-axes. This belt can print a single infinitely 
long piece or it can continuously print many small parts.  

4. Answer: 

ASA and ABS are best suited for high temperature application. For these materials, the optimum nozzle 
temperature is 245 - 265 °C and bed temperature is 90 - 110 °C. 

5. Answer: 

3MF: Full form is 3D Manufacturing Format. This file format is XML -based, aiming to overcome the 
limitations of STL. It can store comprehensive 3D model information beyond just geometry, such as 
colors, materials, textures, and print settings. 
UltiMaker Cure: A slicer for FDM printer. 
Layer height: Utmost determinant of quality for 3D printing, it defines the distance between lines of 
extruded plastic in the Z-direction. Material extrusion 3D printers typically print layers between 0.1mm 
and 0.3 mm high. A lower layer height translates to a smoother, higher quality print. A higher layer 
translates into a fast, low quality print. 
Travel Speed: The rate at which the nozzle assembly will move to a new position when not extruding. 
Shell: The sidewalls of a 3D printed model, created by the exterior edges of every layer. 
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1.3 Learning outcome: Identify SLA Printing Technology 

Learning Objectives:  

At the end of this section, a trainee will be able to know ± 
1. Different types of SLA printing methods 
2. Basic components of an SLA printer 
3. General working principle of SLA printing 
4. Post processing in SLA printing 
5. Typical Materials Used in SLA printing 
6. SLA printing slicer and slicing parameters 

1.3.1 Information sheet: Fundamentals of VPP or SLA Printing 

Vat photopolymerization (VPP) is one of the first and most extensively used 3D printing processes, and it 
has a considerable impact on a variety of industries. It was first introduced by Dr. Hideo Kodama of Japan 
in 1981. VPP involves selectively solidifying liquid resin layer by layer through controlled exposure to 
light. It enables the precise fabrication of three-dimensional objects with high resolution and complex 
geometries. It employs light-curing technologies to cure the resin.  

Types of VPP or SLA Printing Methods 

Depending on the curing light and the method of curing, VPP is classified into Stereolithography (SLA), 
Digital Light Processing (DLP), Continuous Liquid Interface Production (CLIP), and Masked 
Stereolithography (MSLA). 

Stereolithography (SLA): SLA uses a UV laser to selectively cure liquid resin, tracing the cross-section of 
each layer. It is known for high resolution and smooth surface finishes. 

Digital Light Processing (DLP): DLP uses a digital light projector to flash a complete image of a layer 
onto the resin at once, curing the entire layer simultaneously. This makes it faster than SLA. 

Masked Stereolithography (MSLA) or, Liquid Crystal Display (LCD): Similar to DLP in that it cures 
entire layers at once, but it uses a UV light source and an LCD screen to mask the light, creating the pattern 
for each layer. It is often more affordable than SLA or DLP and suitable for desktop printers.  

Continuous Liquid Interface Production (CLIP): CLIP is an advanced method that creates a continuous 
liquid interface between the build platform and the projector window, eliminating the need for discrete 
layer-by-layer separation and making the process much faster. 
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Figure 1.18: Different Types of Vat photopolymerization,  
A) SLA, B) DLP, C) MSLA/ LCD, and D) CLIP 

Basic components of an SLA printer 

The basic components of an SLA printer are the photopolymer resin vat, the light source, and the build 
platform. The resin is a liquid that hardens when exposed to a light source, and the build platform moves 
the printed object, layer by layer, out of the vat.  

Photopolymer Resin Vat: It­s a container that holds the liquid photopolymer resin. The object is built layer 
by layer within this vat. The base of the vat is a FEP (Fluorinated Ethylene Propylene) film, which is a 
transparent flexible membrane and helps to peel away each layer after being cured.  
Light Source: This provides the energy to solidify the resin. This can be a UV laser for Stereolithography 
(SLA), a projector for Digital Light Processing (DLP) or UV LED with an LCD screen (MSLA). 

¶ UV Laser (SLA): A high-power laser is guided by a mirror to trace the shape of each layer onto the 
resin surface. 

¶ Projector (DLP): A projector shines the image of an entire layer onto the resin at once, allowing for 
faster printing. 

¶ UV LED Array (MSLA): An array of ultraviolet LEDs positioned below the resin vat provides the 
light necessary to cure the liquid resin. The uniformity and collimation of this light source are crucial 
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for consistent print quality. A high-resolution monochrome LCD screen is placed between the UV 
LED array and the resin vat. It acts as a digital mask, selectively allowing the UV light to pass 
through for each specific layer's cross-section, while blocking the light in unwanted areas. 

Build Platform: A build platform moves the object being printed. It is lowered into the resin vat after each 
layer is cured, or sometimes raised from it, depending on the specific printer design. 
Z-axis movement system: A mechanical system that precisely controls the up-and-down movement of the 
build platform to ensure correct layer height. 

Optics: In many systems, a lens or mirror system is used to focus the light source and accurately project 
the image onto the resin layer. 

Control system: This includes the software and hardware that translate a digital 3D model into instructions 
for the light source and movement system. It can also be used to control features like grayscale light for 
smoother surfaces. 

 

Figure 1.19: Basic components of a typical MSLA printer 

Working Principle of SLA Printing  

This process involves using a liquid resin as the main type of material. Specifically, this liquid resin has 
the special property of being able to become solid once it is exposed to light. 

This light can be ultraviolet as in SL processes. Wavelengths of UV light used can be 365nm, 385nm, 
395nm, 405nm etc. 

This liquid resin is held in a container or vat, in which a flat build platform is partially submerged. This 
platform starts near the surface of the liquid, and then gets exposed to light. This light can be a UV laser 
(SL), a digital light processing (DLP) projector, a UV light bulb filtered through an LCD screen mask 
(MSLA), an LCD screen similar to home theater projectors (CLIP). 

Once the resin is cured and made solid, the build platform either moves further into the vat, or partially 
comes out of the vat leaving the solid cured portion just under the surface and then the process is repeated. 

After the printing is completed, the printed model must be washed using water, Isopropyl Alcohol (IPA), 
or Tripropylene Glycol Monomethyl Ether (TPM). Washing process can be done manually or in a washing 
station. After washing, the model is needed to be cured using UV light or direct sunlight.  

Given below is the step-by-step printing process of a typical MSLA printer. 
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Step-1: Before printing starts 

 

Step-2: Print starts, build plate 
descends and waits for a while 

 

Step-3: UV light is active and 
LCD screen filter UV light to print 
a specific layer 

 

Step-4:  The target layer is printed 

 

Build Plate 

Resin-Filled Vat  

LCD Screen 

UV LED Array 
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Step-5:  UV light is off and Build 
plate is lifted to a distance to 
separate the printed layer from vat 
 

 

Step-6: Step 2 to 5 is repeated until the print is completed.  

Post Processing in SLA Printing 

The post-processing steps for SLA printing are washing, support removal, curing, and optional finishing.  

Washing 
After printing, the part is washed in a solvent, typically isopropyl alcohol (IPA) or, Tripropylene Glycol 
Monomethyl Ether (TPM), to remove uncured liquid resin from the surface. then, the part is needed to be 
dried completely after washing, either by air-drying or using a heat gun.  

Support Removal 
The support structures must be carefully removed from the print after the washing. This can be done 
using flush cutters, a hobby knife, or tweezers. Removing supports while the resin is still slightly soft 
can make the process easier.  

Curing 
Exposing the part to UV light is required to fully cure the resin and achieve its final mechanical 
properties. This can be done using a dedicated UV curing station, a nail polish curing lamp, or even by 
placing it in direct sunlight for a longer period. Curing is a critical step to ensure the part is fully 
hardened and durable.  

 

SLA Printing Materials 

SLA Printing produces parts from photocurable resins. These photocurable resins are generally formulated 
from modified acrylic monomers. Another important additive used in these resins is photoinitiators are 
used to initiate curing reactions in the printing process. It is uniformly dispersed into the polymer resin, 
and once it is exposed to light, it will start cross-linking the polymer chains, resulting in solidification, or 
curing. Coupling agents are added to photocurable resins to ensure the uniform dispersion of the functional 
additives in the polymer resin. Other additives are added to these resins to improve specific properties such 
as strength, and refractive index. 

A variety of resins are available, each with different properties for specific applications, including 
standard, engineering, flexible, castable, high-temperature, dental, and clear resins. The most common 
types of SLA resins are ±  
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¶ Standard Resins: These are used for general-purpose applications and create parts with smooth 
surfaces, ideal for prototypes and visual models. 

¶ Engineering Resins: Designed for functional parts, these resins come in different formulations for 
durability, such as Tough Resin, which is strong and resistant to impact, and ABS-like resin, which 
offers high strength and toughness. 

¶ Flexible and Elastic Resins: These resins can be bent, stretched, and compressed, and some are 
formulated to simulate the feel of rubber or silicone for applications like grips, seals, and soft-touch 
parts. 

¶ High-Temperature Resins: These resins have a high heat deflection temperature, making them 
suitable for applications that require thermal stability, like jigs, molds, and fixtures. 

¶ Ceramic-Filled Resins: These are filled with ceramic particles to create parts that are rigid, strong, 
and heat-resistant, often used for tools, housings, and manifolds. 

¶ Dental and Medical Resins: Biocompatible resins are used to print parts for medical equipment, 
dental models, and splints. Some are designed for long-term contact with skin or mucosal 
membranes, while others are optimized for creating clear dental aligners. 

¶ Clear Resins: These resins are transparent, allowing for high-detail prints that are useful for visual 
models or parts where clarity is needed. 

¶ Castable Resins: These specialized resins can be used for creating patterns that are then used in the 
investment casting process to produce metal parts.  

Popular SLA Slicing Software / Slicer 

Some of the most used SLA slicers are ±  

¶ Anycubic Photon Workshop 
¶ Chitubox 
¶ Lychee Slicer,  
¶ Formlabs PreForm, and  
¶ PrusaSlicer 

 

1.3.2 Information sheet: Basic SLA Printing Terminologies 

Layer thickness: is also called layer height in some slicers, refers to the height of a single layer in a 3D 

print. This is a customizable setting that directly impacts the quality, detail, and speed of your prints. 

Layer thickness typically can be varied from 0.01 to 0.1 mm. Thinner layers require shorter exposure 
times but result in more layers overall, significantly increasing the total print time. Conversely, thicker 
layers shorten print times but reduce detail and make layer lines more visible. 
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Figure 1.20: Layer Thickness vs Print Quality 

Normal Exposure Time: is also referred to as layer exposure time, normal exposure time, or layer cure 

time in slicers, determines how long the 3D printer exposes the resin to UV light to cure a single layer. 
This parameter is typically measured in seconds or milliseconds and is one of the most important settings 
for ensuring the quality, sharpness, and overall success of a 3D print. 

Bottom Exposure Time: is also referred to as burn-in layer exposure time, initial exposure time, or base 
layer exposure in some slicers. Burn-in layer exposure time is the duration for which the printer cures the 

first few layers with a longer exposure. These initial layers help the model adhere strongly to the build 
plate, ensuring a stable foundation for the rest of the print. 

Number of Bottom Layers: (also called the number of burn-in layers, bottom layer count, or base layers 
in some slicers) determines how many layers will be exposed with a higher bottom exposure time. These 

initial layers are exposed for a longer time to ensure a solid foundation that adheres securely to the build 
plate. 

 

Figure 1.20: Bottom layers and normal layers 

Lift Height / Z Lift Distance: refers to the distance the build plate moves up between layers to separate 
the printed model from the FEP film. The ideal lift height is one that allows the model to peel off the 

FEP without straining the printer. For general use, it is recommended a lift height of 10 mm for bottom 
layers and 7 mm for normal layers. This setting is conservative and works well in most cases. 

Lift Speed: is also called platform lift speed in some slicers. Lift speed is the rate at which the build plate 
rises from the bottom to the top after each layer­s exposure. It also defines the speed at which the model 
is peeled off the FEP film. 

Retract Speed: is also known as platform lower speed in some slicers, refers to the speed at which the 
build plate lowers into the vat after each layer exposure. For very viscous resins, a lower retract speed is 

recommended. It helps reduce turbulence and allows resin to escape from under the build plate more 
efficiently. For most resins, however, the impact of retract speed on print quality is minimal. 

Off Time: (also known as rest time after retract, light-off delay, exposure off time, or rest time before lift 
in some slicers) is a setting that introduces a delay after the build plate retracts to its lowest position. 

This pause allows time for the resin to fully settle before the next layer exposure begins. Only after this 
pause does the light source turn on for the next layer exposure. 

Anti-aliasing: In resin 3D printing, LCD screens consist of black and white pixels. When the pixel is 

black, it blocks the UV light, preventing the resin from curing. When the pixel is white, the UV light 

passes through, curing the resin. Anti-aliasing adjusts the pixels at the edges of the model to grey, 
creating smoother transitions between layers and reducing the pixelation effect. This can help reduce 
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visible layers and pixel lines, making prints appear smoother. However, using anti-aliasing may lead to a 
slight loss of detail in the intricate parts of a model. 

 

Figure 1.20: Anti-aliasing in SLA printing 

UV power: is also known as LED power, Light PWM, or UV Light power, refers to the adjustable 
output power of the UV LEDs in some 3D printers. This setting determines how much UV light the 

LEDs produce, which in turn affects how quickly the resin cures. Higher UV power allows the resin to 
cure faster, reducing print time. By default, UV power is often set between 60±100%.  

Supports: are temporary, printed components that prevent overhangs and bridges from collapsing during 
the build. They are crucial for ensuring the print's stability and accuracy, but they must be manually 

removed after printing, which can leave marks and requires post-processing like sanding. The design, 
including part orientation, is critical to minimizing the impact of supports on visible surfaces. 
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1.3.3 Self-check 

Write down the most appropriate answers for the following questions: 

1. What is the main difference between DLP and MSLA printing? 

2. Write down about post processing in SLA printing process. 
3. What is the role of photoinitiators and coupling agents used in resins? 

4. Why are normal exposure time and bottom layers crucial? 
5. Why is Lift Height used? 
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1.3.4 Answer Key  

1. Answer:  

Digital Light Processing (DLP) uses a digital light projector to flash a complete image of a layer onto the 
resin at once, curing the entire layer simultaneously.  

Masked Stereolithography (MSLA) uses a UV light source and an LCD screen to mask the light, creating 
the pattern for each layer.  

2. Answer: 

Washing: After printing, the part is washed in a solvent, typically isopropyl alcohol (IPA) or, 
Tripropylene Glycol Monomethyl Ether (TPM), to remove uncured liquid resin from the surface. 

Curing: Curing is a critical step to ensure the part is fully hardened and durable. This can be done using a 
dedicated UV curing station, a nail polish curing lamp, or even by placing it in direct sunlight for a 
longer period.  

3. Answer:  

Photoinitiators are used to initiate curing reactions in the printing process. 

Coupling agents are added to ensure the uniform dispersion of the functional additives in the polymer 
resin. 

4. Answer: 

The normal exposure time is one of the most important settings in SLA printing for ensuring the quality, 
sharpness, and overall success of a 3D print. 

The bottom layers help the model to adhere strongly to the build plate, ensuring a stable foundation for 
the rest of the print. 

5. Answer:  

The lift height is used to peel off the model from the FEP film without straining the printer. 
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1.4 Learning outcome: Recognize the role of slicer software in 3D printing 

Learning Objectives:  

At the end of this section, a trainee will be able to know ± 
1. Function and importance of slicer or slicing software 
2. 3D model orientation and manipulation within slicer 
3. Basic printing parameters used slicer 

1.4.1 Information sheet: Function and Importance of Slicer 

Slicing in 3D printing is the process of converting a 3D digital model into a series of thin, horizontal layers 
and generating a set of instructions for the 3D printer to build it. A software called a slicer or slicing 
software translates the 3D model (often an STL, OBJ, or 3MF file) into G-code, which tells the 3D printer 
exactly how to move, extrude material, and build each layer, from start to finish. This step is crucial 
because it bridges the gap between a digital design and a physical object by defining every aspect of the 
print, including resolution (layer height or layer thickness), internal structure (infill pattern and density), 
wall thickness and perimeters, support structures, adhesion methods, speed and temperature settings. 

Functions of slicing software 

Translation: A slicer converts standard 3D model files (like STL, OBJ, or 3MF) into a series of thin, 
horizontal layers. 
G-code generation: the slicer then translates the layered model into G-code, a set of instructions that tell 
the 3D printer exactly how to move, extrude, and build the object layer by layer. 
Parameter customization: Before g-code generation the users can customize parameters to define and 
adjust settings that control the printing process, such as: 

¶ Layer height determines the thickness of each individual layer which affects print resolution and 
print time 

¶ Print speed controls how fast the printer moves, affecting print time and quality. balancing precision 
and production time 

¶ Infill density and pattern determine the part's internal structure and strength 
¶ Support structures are added automatically or manually to print overhanging parts of the model that 

would otherwise print in mid-air. 

Preview and estimation:  Slicers also provide visual previews of the final print layer by layer and estimates 
the total print time, material consumption, and cost before printing begins. 
Pre-print analysis: The pre-print analysis of the model's geometry can be done with the help of a slicing 
software to identify areas that may need support structures or pose printing challenges. 
 
 
 

 

Importance in 3D printing 

Makes printing possible: Without a slicer, the 3D printer would have no way to understand how to build 
the physical object from the digital design. 
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Ensures print quality and performance: The ability to customize settings allows users to balance factors 
like strength, detail, and speed, tailoring the print to their specific needs. 
Optimizes material usage: By controlling the infill density and other settings, slicers help reduce the 
amount of material used, which can lower costs. 
Enhances consistency: For manufacturing, slicers ensure that every part produced meets the same quality 
and specifications, a crucial factor for scaling up production. 
Reduces print failures: Features like support generation for overhangs and model repair tools help ensure 
a successful print and prevent failures.  
Facilitates advanced features: It provides the necessary control to implement features like custom 
support structures or material-specific settings (like temperature and flow rate) that are essential for 
successful printing. 

1.4.2 Information sheet: Slicer User Interface and Basic Functions 

The User Interface (UI) of every slicer is fairly simple and almost similar. Any slicer typically includes a 
central 3D model preview window, a left or right sidebar for general settings and printer profiles, and a 
tabbed panel for fine-tuning print, filament, and other settings. Here, the UI of UltiMaker Cura 5.9.0 is 
shown as an example. 

 

Figure 1.21: Typical UI of a Slicer 

1. Open file. Opens a 3D file. 
2. Printer selection panel. Displays the selected printer.  
3. Configuration panel. Contains the material and print core or nozzle setup.  
4. Stages. The prepare, preview, and monitor stage. The goal of the Prepare stage is to load and configure 

your 3D models for printing. Preview stage can preview demo the printed model when the model has 
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been sliced. If the printer is connected to a local network, then the Monitor stage shows the real time 
update of a print in progress. 

5. Print settings panel. This panel contains the print profiles and all individual print parameter settings. 
6. Marketplace. Contains plugins and material packages. 
7. App switcher. Easily visit UltiMaker's additional platforms for support, e-learning, and more. 
8. UltiMaker account. Sign in to your UltiMaker account or create a new one to gain access to cloud 

functionality, Marketplace plugins and print profiles, backups, and more. 
9. Action panel. Contains an action button dependent on the current stage. This can contain the button to 

slice the model, but other options are available once the model is prepared. 
10. Save or share file. After slicing, the file can be saved to a computer or a removable drive, or directly 

start the print via local network. 
11. Preview. Proceeds to the next stage, the Preview stage. 
12. Camera position tool. Easily positions the camera to one of the default viewing angles. 
13. Model information. Contains the print job name (based on the first model loaded) and the total 

dimensions of all printable models on the build plate. If there are multiple models, these are shown in 
the Object list. 

14. Adjustment tools. Move, rotate, mirror, scale, and more options to alter the appearance or orientation 
of the imported 3D model(s). 

 

Figure 1.22: A 3D Model before Slicing 
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Figure 1.23: A 3D Model after Slicing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.4.3 Self-check 

Write down the most appropriate answers for the following questions: 

1. Why is slicing crucial in 3D printing? 
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2. Write down the functions of pre-print analysis. 
3. How can one optimize material cost using slicer? 

 
 
 
 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.4.4 Answer Key  

1. Answer:  

Because it bridges the gap between a digital design and a physical object by defining every aspect of the 
print.  

2. Answer: 

The pre-print analysis can identify areas of a 3D model whether it may need support structures or pose 
printing challenges with the help of a slicing software. 
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3. Answer:  

By controlling the infill density and other related settings. 
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Module-2: Performing 3D Modelling Using 
CAD Software 
 
Module descriptor:  
This unit covers the knowledge, skills and attitudes required to perform 3D modelling using CAD 
software. It specifically includes the tasks of installing CAD software, carrying out 2D sketching for design 
creation, designing 3D models using feature and surface tools, and assembling 3D models.   
 
Nominal Duration: 85 hours 
 
Learning outcome:  

After completing this module, the trainee must acquire the following competencies: 
7.5 Install CAD software 
7.6 Carry out 2D sketching for design creation  
7.7 Design 3D models using feature and surface tools 
7.8 Assemble 3D models 

2.1 Learning outcome: Install CAD software 

Content:  
1. Installation process and licensing of SolidWorks software 
2. Initial setup and required plugins or extensions installation and configuration within SolidWorks 
3. Functionality test of installed software 

Assessment Criteria: 
1. System requirements for SolidWorks software are identified. 
2. Installation process of SolidWorks software is followed. 
3. Licensing and activation keys are entered. 
4. Software is activated to ensure legitimate usage. 
5. Required plugins or extensions are installed and configured within the SolidWorks software. 
6. Functionality of the SolidWorks software is tested by opening a sample project or 3D model. 

 
 
Necessary Equipment:  

1. Desktop Compatible with software requirements (Must meet the minimum/ recommended 
specifications) 

i. Operating System: 64-bit Windows 10 or 11 
ii.  Processor: Intel or AMD processor, 3.3 GHz or higher 
iii.  RAM: Minimum 8GB, with 32GB or more recommended for larger 

assemblies and simulation 
iv. Storage: A Solid-State Drive (SSD) with at least 20GB of free disk space 
v. Graphics Card: A certified graphics card (NVIDIA  Quadro or AMD Radeon Pro) 

2. SolidWorks Software (2020 version or newer) 
3. Stable internet connection 
4. SolidWorks serial number or license 
5. SolidWorks installer (online or offline version) 
6. User manual or online help documentation 
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 Learning activity: 
 

Learning activity Resources/Special instrumentation/References 
Install CAD software 
 

¶ Information sheet: 2.1.1 
¶ Self-check: 2.1.2 
¶ Answer key: 2.1.3 
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Information Sheet 2.1.1: 

Introduction 

Before performing 3D modelling, you must first install the CAD (Computer-Aided Design) software 
properly. CAD software is the primary tool used in designing, visualizing, and preparing models for 3D 
printing. A successful installation ensures the software runs smoothly, integrates well with system 
hardware, and provides all required features for modelling and exporting files in formats suitable for 
additive manufacturing. 

Improper installation may lead to frequent system errors, missing features, or compatibility issues with 
your 3D printer or slicer software. Therefore, understanding the correct installation process is essential for 
an efficient workflow and professional results. 

Learning Objectives 

After completing this information sheet, you should be able to: 

1. Identify and verify the system requirements for the selected CAD software. 
2. Download or prepare the installation package from legitimate sources. 
3. Perform a step-by-step installation following manufacturer procedures. 
4. Ensure the software runs correctly and is ready for modelling operations. 

Key Knowledge 

Computer/Laptop: A computer is a device that can be instructed to carry out sequences of arithmetic or 
logical operations automatically via computer programming. The word compute means to calculate 
accounts and Computer means a calculating device. But now a day­s computer is not called only calculating 
device. Computer is such a device which receives information and analyses and presents that information 
through different media. 

CAD: Computer-Aided Design (CAD) software allows users to create detailed 2D and 3D designs used in 
engineering, architecture, and manufacturing. For 3D printing, it is primarily used to create digital models 
that can be exported into file formats such as STL, OBJ, or 3MF. Examples of CAD software commonly 
used in 3D printing include: 

¶ Autodesk Fusion 360 
¶ SolidWorks 
¶ TinkerCAD 
¶ SketchUp 
¶ FreeCAD 
¶ Blender (for modelling) 

Each of these programs has its own system requirements, licensing terms, and installation methods. 

Operating System: Operating System is system software that manages computer hardware and 
software resources and provides common services for computer programs. 
 
 
Software (SolidWorks): The SolidWorks application includes familiar Windows functions, such 
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as dragging and resizing windows. Many of the same icons, such as print, open, save, cut, and 
paste is also part of the SolidWorks application. 

Types of Installation Files 

¶ Online Installer ± Downloads additional files during installation (requires internet). 
¶ Offline Installer / Full Package ± All files are pre-packed; suitable for systems without internet. 
¶ Educational or Trial Version ± May require an account sign-in for activation. 
¶ Licensed Version ± Requires a serial number or product key. 

It is important to use authentic installation sources ² avoid third-party or pirated downloads as they can 
contain malware and lead to licensing violations. 

Pre-Installation Preparation 

Before running the installer, you should: 

1. Close all open applications to avoid conflicts. 
2. Log in as an Administrator (installation often needs admin privileges). 
3. Check for available storage space and system updates. 
4. Ensure a stable power supply if using a laptop ² plug into AC power. 
5. Temporarily disable unnecessary background programs or antivirus if they block installation files 

(but re-enable them afterwards). 

Step-by-Step Installation Procedure 

Below is a general procedure that applies to most CAD software. Specific details may vary depending on 
the brand and version. 

Step 1: Download the file/files. 

¶ Visit the official website (e.g. solidworks.com). 
¶ Select the version suited for your operating system. 
¶ If required, sign in or create an educational account. 
¶ Save the installer to your Downloads folder or USB drive. 
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 Step 2: Find the  

file to your computer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 3: Right on click the SolidWorksSetup.exe file and select Run as administrator. 
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Install on this computer. Step 4: When the SolidWorks Installation Manager window appears,select 
 
 
 
 
 
 
 
 
 
 
 
 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Step 5: Enter your Serial Number for SolidWorks in the appropriate field. 
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Step 6: Click on Download and Install to begin the process. The manager will download all the 

necessary files before beginning the installation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Step 7: Click on Finish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Step 8: Verify the Installation 

1. Launch the program and start a new project. 
2. Draw or model a simple object (like a cube or cylinder). 
3. Save your project and attempt to export it as.STL. 
4. Open the exported file in your slicer (e.g., Cura or PrusaSlicer) to confirm compatibility. 
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5. If everything runs smoothly, the CAD software is successfully installed and ready for use. 

Safety & Good Practices 

1. Use Authorized Software Only Installing pirated software is illegal and risky. Always use verified 
or academic versions provided by the instructor or training institution. 

2. Keep Your System Secure Re-enable antivirus or firewall after installation to maintain system 
protection. 

3. Perform Regular Updates CAD developers release patches to fix bugs and improve stability. Set 
the software to notify you of updates. 

4. Back up Files before installing updates or add-ons, back up your CAD files and settings to prevent 
data loss. 

5. Optimize Performance 
o Close unnecessary programs when running CAD software. 
o Update your graphics driver regularly. 
o Save files frequently to prevent data loss. 

6. Housekeeping Practices 
o Organize project files in clearly named folders. 
o Delete temporary setup files to free disk space. 
o Keep your desktop and software interface uncluttered for efficient workflow. 

Tips for Learners 

¶ Take note of your software version and build number ² instructors may require this for 
compatibility. 

¶ If the software does not run after installation, check: 
o System requirements 
o Administrator privileges 
o Missing dependencies (like .NET Framework or Visual C++ Redistributables) 

¶ Practice installing on different computers to become familiar with variations. 
¶ Learn where the software stores configuration files ² useful when transferring settings to another 

system. 
¶ Always read release notes for new versions.  

 

 

 

 

2.1.2 Self-Check 
1. What is the importance of verifying system requirements before installing CAD software? 
2. What are the main types of installation files used for CAD software? 
3. What are the Pre-Installation Preparation? 
4. List the general steps to install CAD software properly. 
5. Why is it recommended to use official sources only when downloading CAD software? 

2.1.3 Answer Paper  

 
Self-Check 
Questions 

Answer Key / Suggested Answer 

1.  To ensure that the computer meets the hardware and software specifications required by the 
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Self-Check 
Questions 

Answer Key / Suggested Answer 

CAD program; this prevents errors, crashes, and performance issues. 

2.  1. Online Installer ± downloads files during setup.  
2. Offline/Full Installer ± contains all installation files.  
3. Educational or Trial Version ± requires online sign-in. 

3.  1. Close all open applications to avoid conflicts. 
2. Log in as an Administrator 
3. Check for available storage space and system updates. 
4. Ensure a stable power supply if using a laptop ² plug into AC power. 
5. Temporarily disable unnecessary background programs or antivirus if they block 
installation files. 

4.  1. Download the file/files. 
2. Find the SolidWorksSetup.exe  
3. Right on click the solidworkssetup.exe file and select run as administrator.  
4. When the SolidWorks Installation Manager window appears, select install on this 
computer.  
5. Enter your Serial Number for SolidWorks in the appropriate field. 
6. Click on Download and Install to begin the process. The manager will download all the 
necessary files before beginning the installation.  
7. Click on finish.  
8. Verify the Installation 

5.  To avoid viruses, malware, and illegal or corrupted software, and to ensure access to 
legitimate updates and technical support. 
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2.2 Learning Outcome: Carry out 2D sketching for design creation 
 
Content:  

1. Interface of SolidWorks software. 
2. Basic 2D Sketch tools.  
3. Basic relation tools. 
4. Dimension and annotation.  

Assessment Criteria: 

1. User interface of SolidWorks is correctly recognized and navigated 
¶ Main interface components (Command Manager, FeatureManager Design Tree, Graphics Area, 

Menu Bar) are identified. 
¶ Required sketch tools and commands are accessed without assistance. 

2. Drawing workspace is set up appropriately within SolidWorks 
¶ A new part file is created and an appropriate sketch plane is selected. 
¶ Document units, grid settings, and sketch environment are configured as required for the job. 

3. Basic 2D sketching tools are used to create foundational sketch elements 
¶ Line, circle, point, rectangle, arc, polygon, spline, slot, pattern, split, mirror etc tools are applied 

correctly. 
¶ Sketch geometry is created according to design requirements. 

4. Geometrical constraints (relations) are applied to define relationships between sketch entities 
¶ Horizontal, vertical, coincident, parallel, perpendicular, tangent, equal, concentric etc relations 

are correctly used. 
¶ Sketch is organized to reflect proper geometric behavior. 

5. Dimensions and annotations are added accurately as per job specification 
¶ Smart Dimension tool is used to define size and positional relationships. 
¶ Dimensions follow standard drafting practices and do not conflict. 

6. Sketch errors or inconsistencies are identified and corrected 
¶ Under-defined, over-defined, and conflicting dimensions or relations are detected. 
¶ Necessary adjustments, deletions, or corrections are performed to ensure a fully defined sketch. 

7. Final 2D sketch is saved and exported in appropriate file format for further processing 
 
Necessary Equipment:  
1. A computer set 
2. SolidWorks software (2020 version or above) 
  

 
Learning activity: 
 

Learning activity Resources/Special instrumentation/References 
Carry out 2D sketching for design 
creation  

¶ Information sheet: 2.2.1 
¶ Self-check: 2.2.2 
¶ Answer key: 2.2.3 
¶ Job Sheet: 2.2.4 
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Information Sheet: 2.2.1 (SolidWorks Interface) 

Learning Objective: Familiar with SolidWorks Interface. 
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