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Module-1: Understanding thEundamentals of
3D Printing Technology

Module descriptor:

This unit covers the knowledge, skills and attitudes required to understand the fundamentals of 3D printi
technology. It specifically includes the tasks of interpreting overview of 3D pringognology,
identifying FDM printing technology, identifying SLA printing technology, and recognizing the role of
slicer software in 3D printing.

Nominal Duration10 hours

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

1.1Learning outcomenterpret overview of 3D Printing Technology

Learning Objectives:

At the end othis section a trainee will be able tknow +

Definition of 3D printing technology

Brief history of the development of 3D printing technology
Basic steps of 3D printing process

Typical Materials Used in 3D Printing

Differences between additive and subtractive manufacturing
Commonapplications of 3D printing

Selectioncriteria forchoosing areppropriateprinting technology
Methods of 3Dprinting technology

XN~ WDNE

1.1.1Information sheetFundamentals of 3D Printing Technology

Definition of 3D Printing

3D Printing or, Additivemanufacturing (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 subtract
manufacturing methodologieks early root was Layemanufacturing or LM, Rapid manufacturing or
RM, Rapid tooling, Rapid prototyping or RP, Laser rapid prototyping etc.

Brief History of Development 08D Printing

1981 + Hideo Kodamacame up with a laydoy-layer approach for manufacturing, using
photosensitive resin that was polymerized by UV light.

1986 + Chuck Hull was granted the patent for first ever commercialized 3D printer
Stereolithographyechnique at 3D Systems Corption.



1989 =+ Carl Deckardiled a patent foSelective Laser Sintering (SL8P process.

1989 + Scott Crumpfiled patent forFused Deposition Modelling (FDMy)hich was issued t
Stratasys.

2004 <+ Dr. Adrian Bowyerconceived thdRepRap(Replicaing Rapidprototypej concept of ar
open source, seteplicating 3D printer

2009 <+ First commercially availabl8fB RapMan 3Dprinter based on the RepRap concept v

offered for sale

3D Printing Process Steps

Generally the 3D printingprocessnvolvesfollowing steps
1. Designa3D model

- Create a 3D digital model using CAD (comptigded design) software, or find an existing design
online. Ensure thanodel 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 STOBJ,or 3MF file, which are standard file formats for 3D printing.
3. Slice the model

- Open the 3D model in glicing software (a slicegnd wsetheslicer to prepare the 3Bodel for
printing. This software converts the 3D model into a series of thin, horizontal layers and generate
a toolpath for the printer.

- The output is grinting program G-code fileor any readable filethat must be compatible with
the printer. This output file containghe specific instructions for the 3D printer, including
temperature, print speedyV power, exposure time etc

4. Set up the printer

- Load the choseprinting materiainto the printer.

- Cleanand kvel the build platform to ensure the first layer adheres properly.
5. Print the part

- Transfer therinting programnto the printer, usually via a USB drive or network connectford
start the prining processMonitor the printing process to ensure it is running smoothly.

6. Postprocessing

- Once printing is complete, remove the finished object from the build platform.

- Postprocessing can be of different kinds depending on the printing techndlogyding
removing supports, washing and curing;pdevdering, heat treatment or machining. et

- Perform any additional finishing steps, such as sanding, painting, or assembly, to achieve t
desired final product.

7. Inspection and application

- The final stepis to validate the printed product by checkwether the product meets the

specifications byisual, dimensional, or functionalspection.

Typical Materials Used in 3D Printing
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9 3D printing can produce structures, such as complex or hollow interior sections, that are impossik
to produce using neadditive processes.

Differences Between 3D PrintirapdSubtractive Manufacturing

Strength of3D Printing



1 With the right printer, anything that can be designed in a CAD system can be 3D printed.
T I't-s possible to produce parts wusing mul ti |
1 3Dprintingal so generates | ess waste than subtr ac
cut away and discarded.
Weakness 08D Printing
T 3D print ed Hhavemdch strength, Heatimesistance, or surface finish required for final
parts.Additive processes generally result in tiny pores in surfaces. These weaken the part and c
lead to contaminatiol. hat - s why 3D printed prngaftarprintng.r e
1 These processes are applicable to a narrow range of materials.
Strength ofSubtractive Manufacturing
1 CNC machining can produce stronger parts with much better tolerances and smoother finishes tt
3D printingtechniquesAdditionally, extremely durable metal parts can be produced using CNC
machining.
1 These processes can efficiently handle a wide variety of materials.
Weakness oBubtractive Manufacturing
1 CNC machining can require substantial setup time. For this reasdraive manufacturing may
be expensive for anything but high quantities of parts
1 Wastage of material is high.
1 Complex or hollow interior sections are difficult to produce.

Applicationsand Impacts

Aerospace and automotive

1 Rapid prototypingCreating components for cars and aircraft to test design and functionality.

1 Final part productiorianufacturing complex and lightweight parts for vehicles and spacecratft.

1 Supply chain resilienc&roducing spare parts locally, reducing the need for long supply chains.
Healthcare and medicine

91 Prosthetics and orthotic8reating customized and affordable prosthetics.

1 Surgical planningPrinting models of organs or bones to help surgeons plan coprnolesdures.

1 Dental applicationd¥anufacturing dental crowns, aligners, and other tools.

1 Bioprinting:Research into creating biological structures and tissues.
Manufacturing and industrial

1 PrototypingQuickly and coseffectively creating prototypes foroduct development.

1 Custom toolingProducing jigs, fixtures, and other tools to optimize production.

1 Enduse partsianufacturing functional, final parts for various industrial applications.
Construction

91 Architectural modelCreating detailed scale mels of buildings and projects.

9 Building construction3D printing entire houses and structures using materials like concrete.
Consumer goods and education

1 Personalized producBreating custom gifts, jewelry, and food items.

1 ApparelExperimenting with fashion items like shoes, and dresses.

1 Educational tools?roviding hand®n learning experiences and creating models for students.

Selection Criteria for Choosing an Appropri&enting Technology

1 What properties are required in final parts

1 What materials are to be used along with availability and demand
1 Printing cost vs market price

1 What expertise is required to print

1 Doesthemanufacturer or distributef printer offertechnicaisupport



1.12 Information sheetMethodsof 3D Printing Technology

Main Methodsof 3D Printing

Seven main technologies 8D Printing orAdditive Manufacturingarex
Binder Jetting

Directed Energy Deposition

Material Extrusion

Material Jetting

Powder Bed Fusion

Sheet Lamination

Vat Photo Polymerization

The following are some common terms that are used wisenssingabout these processes.

Build chamberthe enclosed location within the 3D printer where the parthbrizated.

Build platform/ surfacea base which provides a surface upon which the building of the part is started an
supported throughout the build process.

Build spacébuild volume the total usable volume available in the machine for builgarts.

NogabhwNE

Binder JettingBJT)

| SO/ ASTM def i ni tanadditive riabufantutiegrprogess tntwhich g liquid bonding agent
is selectively deposited to join powder mater |
| t - sknown asto

0 ColorJetPrinting or CJP (3D Systems Corporation)

0 Digital Metal® (H6ganas AB)

0 Ink Jet Printing or 1JP

6 Mul ti Jet F uPadckarcdhDevelpgihenvCompany)

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

X-Y positioning system n 4
nkjet print h
{ — jet print hea

. 1l .

Powder spreader .
\- Part :/ Binder droplets

b |Unused powder

ﬂ

z3 \ Build platform

Figurel.l Example of a binder jetting system

ProcessFirst, a thin layer of loose powder between 0.05mm and 0.5mm is smoothly spread flat over
build platform.Then a traditional inkjet print head moves back and forth over this powder and deposits :
binding material rather than an ink onto the areas that are to be mad&isislidear or coloured binder

is initially a liquid and causes the powder material to baggther usually involving a chemical reaction.



This chemical reaction depends on the method and materials used and occurs either when the binder cc
into contact with the raw powder, comes in contact with the air and evaporates, contacts another chem
that is mixed into the powder or is activated by hieathe 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 par
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 ordel
create fullcolour 3D printed parts.

- Due to laying down material ovéne entire build platform at once, there is no need for support
structures.

- Itis used in creating sand cores and molds for casting and allows the mass production of traditior
castings using AM technology.

Disadvantages
- Printed parts are very weakdnot very denseespecially when no external energy like heat is

used to bind parts. These green parts generally need to berposssed by infusing them with
another material like Cyanoacrylate glue (super glue) or bronze to give the final pastreogéh.
- De-powdering a part (taking the final part out of the powder bed build area) can be very messy.
- Asthe powder is very fine and can be an inhalation hazard; special respiratory equipment is usue
needed.

Materials Used

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

Directed Energy DepositiofDED)

| SO/ ASTM definition: ®directed energy deposit
thermal energy is used to fuse materials by melting as they are being deposited. "Focused thermal ene
means that an energy source (dager, electron beam, or plasma arc) is focused to melt the materials
being deposited.

| t lssknaavn az

06 Direct Laser Deposition or DLD

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

El ectron Beam Additi veSddiynnc) acturing or EBAN
Electron Beam Freeform Fabrication or EBF3

Focused lon Beam Direct Writing or FIBDW

Laser Chemical Vapor Deposition or LCVD

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

Wire Arc Additive Manufacturing or WAM

First Used From 19941997 in New Mexico USA, Sandia National Laboratories developed a new AM
technology which they called LENS.

o O Oy O O O O
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Figurel.2 Example of a directed energy deposition system, LHN&)(and EBF3 Right)

ProcessDirected energy deposition processes look very different between each method, but the prem
is the same in each caserst, there is a focused area of inteasergy, usually a thermal energy source
like a laser, electron beam, or TIG welding torBHeedstock material is introducdalyer by layerinto

that intense energy area causing it to bond to the surrounding material. This feedstock can be introdu
either through blowing powder into that argald spray proce$sby pushing a solid wire into that area,

or by introducing a special gas into the build chambo the intense energy argthe powder orwire

melts and binds to the previous layers #rah cools and solidifies

Advantages

- With the powder blowing method, powders can be changed or mixeduittthus creating

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

- Directed energy depdgin processes are able to aid in the repair of damagedgrddsievelop
nearnet shape parthat normally could not have been repaired using traditional methbdse
can roughly add matergivhich are then cleaned up and machined to tolerance afterwards.

Figurel.3 Nearnet shapes are additively produced and then finished using subtractive method

Disadvantages

- These processes require material to be deposited one spot at a ticenrastddo entire layers all
at one timewhich is timeconsuming.

- Build speeds are limited and slow.

- These processes do not lend themselves to create support strudgbickdimits the printing of
certaingeometries with overhangs.



- Resolutions are genelalery low and have a rough surface finish that may needgrosessing
like machining to get tight tolerances.

Materials Used

Almost any weldable metal can be additively manufactured using DED, inclédinginum alloys
Inconel Niobium alloys, StainlessSteel and tool steelTantalum,Titanium alloys,Tungsten,Coppet
CobaltChrome superalloys, Nickel superalloys.etc

Material Extrusion (MEX)

| SO/ ASTM definition: ®materi al extrusi on, an
selectively dispensed through a nozzle or ori:
| t Iseknaavn azx

0 Fused Deposition Modelingr FDM® (Stratasys Inc.)

0 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 mak

a toy for his daughter in the kitchen. The next year he started the compaagySirathich became one
of the largest AM companies in the world.

Filament material

iyt

[ ] Pinch roller
@) @4“""’" feed system
Liquifier
chamber
Mozzle tip
X-y BXEs
Scaffold
Platform U
Z-axis

Figurel.4 Example of a material extrusion system

Process

The core principle of this technology is that any matendilament formis heated and thepushed
through a nozzle and usedpont layer by layer until the product is complet&tie technology is scalable
and is only limited by nozzle size and supporting machine structure. This supporting machine structt
can take many different shapes sustaalelta robot configuration or mujtiinted robot arms.

Advantages
- The extensive range of materialnbeusel.
- The mechanics of this type of printing are fairly simple and easy to modify especially due to th
availability of open sourcdesigns.
- Multiple print heads or extruders can be installed on the same machine thus enablingatewisl
multi-color printing.

10



Disadvantages

- This process is slow as only one nozzle operates at a time

- Parts generally have anisotropic matepabperties, 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 contrib
to a higher surface roughness.

- Support materials and struotsrneed to be usedemoving these supports is either a manual and
laborintensiveprocess, or a process which requires dissolving and rinsing of parts in a chemice
bath of some sort.

Material Used

These printers use a plastic like AB&crylonitrile butadiene styrene), PLA (Polylactic acid), PETG
(Polyethylene terephthalate glycol), Nylon, TPU (Thermoplastic Polyurethane), PC (Polycarbonate), PV
(Polyvinyl Alcohol), HIPS (High Impact Polystyrene), ASA (Acrylic Styrene AcrylonitrileR P
(Polypropylene) or PEEK (Polyether ether ketogte) any material that can be pushed through a nozzle
(heated or not)Other examples include cement, chocolate, ceramic pastes or slurries, metal clays a
metal filled plastics (Stainless steel, Toaedt Copper, Nickel alloys etc.), groungd and blended food,

or even biocompatible organic cellular scaffolding gel.

Material JettingMJT)

| SO/ ASTM definition: ®materi al jetting, an ad
materialars el ecti vely deposited.

| t lssknoavn ag

6 Drop-On Demand or DOD

Laserinduced Forward Transfer or LIFT

Ligquid Metal Jetting or LMJ

Multi-JetPrinting or MJP (3D Systems Corporation)

NanoParticle Jettings3 (XJet) or NPJ

Polyjet® (Stratasys Inc)

First Used

In 1984, Bill Masters patented firghaterial jettingtechnoloy and founded the company Perception
Systems, Inc.

Oy Oy Oy O O
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Figurel.5 Material jetting example setup

Process

Material jetting is very similar to the type t@chnology that exists in a standard hemased inkjet printer
and is closely related to the binder jetting proc€ks. 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 frarmarprint head The

exact mechanism for depositing draas becategorizedinder the following three main types, (a) PolyJet
technology, (b) Nanarticle Jetting (NPJgnd (c) DropOn Demand (DOD)Regardless of the drop
creation process, once the drop is deposited, it then solidifies either through material cooling, extert
curing from a UV light source, or by evaporating a liquid transport material by using infgdrgdeat.

Advantages
- One big advantage of this technology is the ability to gang multiple print heads together. Havin
multiple print heads allows these machines to do unique things, such as print in different colou
like traditional inkjet printers, print faster by printirmyer 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. Materiz
jetting can produce details as small as 14 pm.

Disadvantages

- The build time can be slow due to the nature of jetting very small amounts of material at a tim
over a small portion of the build area.

- Support structures are alsequired;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: meltin
or dissolving away of the support material, spraying away the support material manuallyterth wa
using a higkpressure wash, or removing them by hand.

Material Used
The materials used in material jetting are alumina (aluminum oxide), zirconia, stainless steel, waxes, &
UV-cured resins. The Weured resins are generally formulated from modi@dylic monomers. A

12



growing variety of types of print resin (Standard, Flexible, Simulated Polypropylene, Simulated ABS
Castable, High temperature, Transparent, Medical gradeaetcavailable to suit various applications.

Powder Bed FusiorPBF)

| SO/ ASTM definition: ®powder bed fusion, an a
selectively fuses regions of a powder bed.

| t Issknoavn ax

0 Selective Laser Melting or SLM

Selective Laser Sintering or SLS® (3D Systedasporation)

Direct Metal Laser Sintering or DMLS® (EOS GmbH)

Electron Beam Melting or EBM (Arcam AB)

0 Laser Powder Bed Fusion or LPBF

First Used

Powder bed fusion contains a range of technologies, all of which havemmdegities, the main three are
SLS, SLM and EBMThese originated frorthe researcht the University of Texas at Austin in the early
1980s which was awarded a patent in 1989.

Oy Oy Oy

Energy Source (Laser/Electron Beam)

Powder Roller Part Being Constructed Loose Powder

e @ i /
Metal Powder I I

f

Powder Feed Tank Build Tank

Figurel.6. Powder Bed Fusion example setup

Process

Powder bed fusiomethods all start with a powder bed, another parallel to binder jettitign layer of

loose powder between 0.001mm and 0.2mm with an average of 0.02mm to 0.1mm is smoothly spread
over a build platformThis layer of powder is then passed overlifier a laser or electron beam which
supplies significant heat to the powder. The powder is then either partially melted (sintered) or full
melted, to a point where the powder fuses to itself and to the layers bélemthe build platform changes
heigh, a new layer of powder is deposited, and the process is repeated layer by layer until the part
complete. Someof the heat source that causes meltargcomputercontrolled CQlaser Yb-fiber optic

laser infrared lamp andelectron beam.

Advantages

- There is a wide range of materials that can be processed from plastic parts like Nylon to a wit
range of different metals like copper and Inconel to even ceramics.

13



- Theparts that are fully or even partially melted can have significant strength advantages ever no
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 asdetiedpowder 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 singkgerial in the final part.

- Layer heights are a function of the powder diameter and thus have a medium resolution in the bu
direction compared to other processes.

- Printed surface finish is generally rough and will need someprosessing in order tochieve
tight tolerances.

- To remove unsolidified materiat,needs eitheair blastingpowder blasting, ultrasonic vibration,
or mechanical methods to remove the powder, with certain geometries like deep narrow caviti
being especially difficult.

Materid Used

PBF 3D printers support a wide range roéterialslike ceramic, metal Aluminum and light alloys,
ChromeCobalt alloys, Precious metals (gold, silver), Copper and alloys (bronze, brass), Inconel, Ste
(mild steel, alloy steel, anstainless steel (316L and-#PH)), Titanium and alloys, Nickel and alloys
etc), and plastic Nlylon, Glassfilled nylon, Mineratilled nylon, Polypropylene, TPU, Polyether ether
ketone (PEEK), Polyetherketoneketone (PEKK))eto.the form of powder.

Sheet LaminationgHL)

| SO/ ASTM definition: ®sheet | aminati on, an ad:
are bonded to form a part.

| t fseknaavn ax

6 ComputerAided Manufacturing of Laminated Engineering Material€8M-LEM

0 Laminated Object Manufacturing or LOM

0 Plastic Sheet Lamination or PSL (Solidimension Ltd.)

0 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.da5€.

14
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Figurel.7. Sheet lamination example setup

Process
This process starts with a single layer of solid material put across the build surface, be [tlgster

metal or ceramic.Thislayer 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 ocaiteerby applying glue to the hid surface through melting a
polymer that is embedded within the rollgfnting materials, oby fusinglayersvia an atomic

migration

Advantages
- LOM can do fultcolor printswhichis relatively inexpensive since the raw material is normal
paper, can be infused with materials to increase strengthlarsaturation
- UC canprint with metal, and has the ability to do muitietal layers within the overall part
- No support material iseeded since each layer is already solid and can support itself.
Disadvantages
- The |l ayer height can-t be changed without
used.
- Regardless of the size of part being made, an entire sloegtssmed perlayef hat - s why
materialwaste can be high

Material Used

Sheet lamination can use a wide variety of materials, such as paper, almost all plastic sheet, ceramic
(Alumina, zirconia, zirconioughened alumina (ZTA), silica, and a variefyoxide and notoxide
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, aluminuor titanium).

Vat PhotopolymerizatiofivPP)

| SO/ ASTM definition: a®adiitve mpamdactoripgopgrogesseim whick liquicb n
photopolymer in a vat is selectively cured by light t i vat ed pol ymeri zati on.

15



| t Iseknaavn azx

06 Continuous Liquid Interface Producti¢GLIP)
0 Stereolithography ApparatySLA)

0 Digital light processing (DLP)

0 MaskedStereolithographyMSLA)

First Used
The first parts were made by Dr. Hideo Kodama of Japan usiAgrs1981.

Scanning
( Laser J:l \Galvanometers

Platform

Vat

Figurel.8 Vat Polymerization example setup

Process

This process involves using a liquid resin as the main type of material. Specifically, this liquid resin he
the special property of being able to become solid once it is exposed td highiquid resin is held in a
container or vat, in which a flat build platform is partially submerged. This platform starts near the surfac
of the liquid, and then gets exposed to light. This light can be a UV lase),(&digital light processing
(DLP) prgector, a UV light bulb filtered through an LCD screen (ChMSLA). Once the resin is cured

and made solid, the build platform either moves further into the vat, or partially comes out of the v:
leaving the solid cured portion just under the surfackthen 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 washit
station. After waskmg, the model is needed to be cured using UV light or direct sunlight.

Advantages
- Itis 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 numpartsfto be printed at a time.
- Products are relatively stronger.

Disadvantages
- Alimited number of specially produced material can be printed.
- Depending on the geometry of the part, support structures are required and can be very comp
andrequire manual removal afterwards.
- Postprocessing is always required.
- Multi-color and multimaterial printingarepossible.

16



- Handling is messy and hazardous for health.

Material Used

Vat Photopolymerization produces parts frasv-cured resinsThe UV-cured resins are generally
formulated from modified acrylic monomers. A growing variety of print rastnavailable to suit various
applicationssuch asStandard resin, Clear resBimulated ABSor Tough resinSimulated Polypropylene
or Durable resin, Heatesistant resinf-lexible resin ¢ubberlike), Ceramiefilled resin (Rigid) Castable
resin Transparentesin Medical gradeesinetc.

1.1.3Selfcheck
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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 downabout post processing 3D printing process.

3. Write down the applications of 3D printimg engineeringsectors

4. Fill up the table given below:

Printing Form of printing material
Technology used

Directed Energy Deposition

Type of printing material use

Material Extrusion

Powder Bed-usion

1.14 AnswerKey

1. Answer:

3D printing can be defined as a process of joining (adding) materials to make objects from 3D model da
usually layer upon layer, as opposed to subtractive manufactugtigpdologiesAlternative 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:

Postprocessing
- Once printing is complete, remove tir@shed object from the build platform.
- Postprocessing can be of different kinds depending on the printing technology, including
removing supports, washing and curing;paevdering, heat treatment or machining etc.

- Perform any additional finishing stepsych as sanding, painting, or assembly, to achieve the
desired final product.

3. Answer:

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

Manufacturing and industrialPrototyping jigs, fixtures, functional parts for various industrial
application$
Construction/Architectural modelsentire houses and structuyes

4. Answer:
Printing - . Type of printing material
Technology Form of printing material usec used
Directed Energy Deposition Powder, Wire Metal Alloy
Material Extrusion Filament Plastic, Composite
Powder Bed Fusion Powder Metal Alloy, Plastic

1.2 Learningoutcomeidentify FDM Printing Technology

Learning Objectives:

At the end othis section a trainee will be able to know

Basic components of FDIdrinter including hoend and extruder
Different types of FDM printing methods

General working principle of FDM printing

Typical Materials Used in FDM printing

Different 3D printing file formats

FDM printing slicer and slicing parameters

oO0hsWNE
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1.2.1 InformationsheetFDM printer and its components

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

A typical FDM 3D prier always consists of some essential components, which include a frame
motherboard, heated bdalild plate, extruder and hotend.

Frame:Themainstructure of the printer.

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

Stepper MotorsThese motorsrize the movement of the printer's axes (X, Y, and Z) and the filament.
Power SupplyPower Supplyprovides the electrical power for all the components.

Build Platform/Print BefHeated 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 adhdvetfrts

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

Extruder The mechanism thatufis the filament from the spool and pushes it toward the hotTérd.
extruder has mainly two parts; the stepper motorth@fiteding systemThisis either aDirect-drive extruderor
a Bowden tube system.

1. Directdrive extruder

1 Mechanism:The motor that pushes the filament is located directly on the print head, above th
hotend.

1 AdvantagesProvides excellent control over filament, especially for flexible filaments like TPU,
due to the short distance between the motor and the nozade. dtso offer better precision and
retraction control.

1 Disadvantagesthe added weight of the motor on the print head can limit the printer's speed an
increase inertia.

2. Bowden tube system

1 MechanismThe motor is separated from the printheadmmdu nt ed on t he pri
extruder is connected with the print head via a PTFE tube through which the filament is pushe
This PTFE tube is known &ise Bowden tube

1 AdvantagesThe weight on the print head is significantly reduced, allowinghfgher print
speeds and reduced ghosting or ringing artifacts on prints.

1 Disadvantagesthe 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 extrudeetup

Hot End: Hot Endmeltsthe filament and extrudes it through a nozAehot end generally consists of
following components

1 Nozzle:The small tip where the melted filament exitbesenozzles come in various sizes, from
as fine as 0.2 mm to as large as 1.2 mm or more, witlhmzm sizes being 0.4 mm and 0.6 mm.
Smaller nozzles are best for higbtail, lowspeed 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 depés on the desired balance between print speed, detail, and strength.
Standard size nozzles are onlyll&mm long. This type of noza&as few models like E3D v5/v6,
MK7, MK8, MK10 etc.
FDM printer nozzles are also categorized by their material, asibinass, stainless steel, hardened
steel, and rubyipped. The material is chosen based on the filament's properties (e.g., abrasivene:s
and applications (e.g., medical and femmhtact safe printing)

DrDFlo.com

Brass Copper Steel Vanadium Tungsten Ruby
(Zinc Plated) Carbide

Figure 1.10: Different types of nozzle
1 Heating Bbck and Heater Cartridgeteats the filament to its melting point.

1 Thermistor:A sensor that monitors and regulates the temperature.
1 Heat BreakPrevents heat from traveling up to the cold end.
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1 Heat Sink an€ooling FanCools the extruded plastic to solidify it quickly and improve overhangs
and overall print quality.

Couplmg
Heat Sink  ieat Break / Heat Throat

@ Heater Block
/ N ozzle SlllooneSock

Figure 1.1: Hot end assembly and its components

Below is a typical example of desktop FDM printer (Model: Original Prusa i3 MK3S+, Manufacturer:
Prusa Research g.€zech Republic)
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Figure 1.12Original Prusa3 MK3S+ printer description: (1) Filament spool (2) Spool holder

(3) Z-Axis (4) Power supply (5) 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 8ard (14) Extruder Stepper (15)3¢tepper (16) Z1 Stepp€t7) Y-Axis (18) LCD

Panel (19) SD Card Slot

Mechanical and build components

il

=A =4 =4 =4

1

Frame:Milled dural frame for rigidity and stability.

Extruder:Direct-drive extruder with Bondtech gears for reliablarhent 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 Yaxis assembly with bearing clips for easier assembly.

Control and electronics

1

il

Controller:Einsy Ramba@-bit board cedeveloped with Ultimachine, featuring Trinamic 2130
drivers for sensorlessoming on the X and Y axes.

Sensors:

- SuperPINDA:Advanced sensor for higiccuracy, automatic mesh bed leveling.

- IR Filament Sensobetects filament riiout 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 hardwaesed Power Panic for recovering from
power loss.

Connectivity:Ethernet and WFi connectivity are available via an optional Raspberry Pi.

Other features

f
f

f
f

Build Volume:250 x 210 x 210 mm.

Materials:Suppors 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.

1.22 Information sheefTypes ofFDM printers

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

Rectilinear/CartesiarPrinter 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 theaxis, and the print head moves along the X
and Z axes.

CoreXY Printer The print bed moves on theakis 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
Figurel.13: Different Types of Cartesian Printers

DeltaPrinter These printers have three arms that move the print head in a triangular-tikeééahion,
while the print bed typically remains stationary. They are often faster and good for printingetetis.ob

PolarPrinter These printers use polar coordinates instead of Cartesian, which means their movement
based on radius and angle rather than X, Y, and Z coordinates.
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Figure 1.14: (a) Delta Printetb) Polar Printer

SCARA Printer Also known as Selective Compliance Assembly Robot Arm, this type of printer is ideal
for tasks requiring precise movements maac, which can benore efficient and faster than the linear
movementsSCARA printers feature a printhead attached to a robotic arm powered by two motors. Th

motors are botlkonnectedo linkages that mee the printhead around the XMane, while another motor
controls motion along the-axis

@ (b)

Figure 1.5: (a) SCARA Printer, (b) Belt Printer
BeltPrinterConcerning the printhead-s mot iCaeXYmiyteast e m
with the frame tilted at a 48egree angle. Then, the print surface is replaced by a sort of conveyor belt

which moves one way or the other in the combinedrflY -axes. This belt can print a single infinitely
long piece or it can continuously print many small parts.
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1.23 Information sheetFundamentals 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 physi
dimensions.

Materials forFDM include polymers such #8S, PLA, PETGandTPU, which the machine feeds as
filamentthrough a heated nozzle.

To operate an FDM machinenefirst loads a spool of this thermoplastic filament into the printer. Once
the nozzle hits the desired tempara, the printer feeds the filament through an eldriand a printhead
(which includes a hot erehdanozzlg.

This printheadis attached to a thresxis 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 determit
by the design. Once deposited, the material cools andfgdidin most of thecasesfansare attached to

the printhead to accelerate cooling.

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

Filament

Ly
Extruder 3
movement

Extruder

Filament spool

Hot end

z

‘ :y Build directions
X

Nozzle

Deposited material
Model

Build platform
Z
Build platform yx
movement

Figurel.16 Schematic of a typical FDM printer

FDM Printing Materials
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Printing Material

Advantages

Disadvantages

Typical Use

Printing

Characteristics
1 Easy to print 1 Brittle 1 Prototypes 1 Nozzle
1 Detailed prints of 1 Low-temperature | { Toys temperature:
small models resistance (60 °C) |  Figures 215°C
{ Troublefree printing |  Difficult to post 1 Jewelry 1 Bed
of large objects process 1 Architecture temperature:
PLA 1 Hard, low flexibility | { Not suitable for models 50-60°C
1 Almost odorless outdoor use
1 Affordable
9 Wide color selection
1 High-temperature | T Not suitable for 1 Mechanical 1 Nozzle
resistance printing small components temperature:
1 Easy to print models 1 Holders and 240 °C
1 Low thermal 1 Possible stringing cases 1 Bed
expansion 1 Bridging is 1 Watertight temperature:
{1 Ductility and problematic prints (pots) 80-100 °C
strength 1 Strong adhesion to
PET/PETG | 1 Easy sanding the printbed
1 Almost odorless 1 Supports can be
1 Glossy surface difficult to remove
1 Perfect layer
adhesion
1 Water and humidity
resistant
1 Recyclable
1 High impact and 9 Difficult to print 1 Coversand | TNozzle
wear resistance 1 Tendency to warp protective temperature:
1 Very good 1 Worse detall cases 245- 265 °C
temperature resolution { Prototypes fiBed
ASA/ABS res_istance 1 Unpleasant odor | Replacement temperature:
 Suitable for outdoor| during printing parts 90-110 °C.
use 1 Toys and
1 easy to gluéogether figures
{1 Can be smoothed
with acetone vapors
1 High-temperature 1 Highwarping, 1 Functional 9 Nozzle
resistance especially with prototypes temperature:
1 High impact and largemodels 1 End-use 275 °C
PC tensilestrength components | Y Bed
1 Good electric 1 Jigsand temperature:
(Polycarbonatp insulation properties fixtures 110 °C for the
1 Safety first layer, 115
equipment °C for other

layers
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1 Flexibility and 9 More demanding | § Phone cover | {Nozzle
elasticity to prepare and 9 Cameracase | temperature:
TPU {1 Minimal warping print ' 9 RC car wheel | 230-260 °C
(Thermoplastic {1 Good layer adhesior| 1 Must be printed 1 Bed
Polyurethane) 1 Abrasion resistance S|_0W|y ' temperature:
1 Higher price 45-65 °C
9 Must be stored in ¢
dry environment
1 Mechanical 9 Must be stored in ¢ § Screws 1 Nozzle
properties dry environment | § Nuts temperature:
PA I Chemical resistancel 1 Somewhat difficult| 1 Replacement | 240 °C
(Nylon) 1 Flexible, but strong | to print parts qBed
1 Gearbox temperature:
80-90 °C.
1 Ductile 9 Tendency to warp| § Living hinges |  Nozzle
1 Partially elastic 9 Bad adhesionto | Flexible temperature:
PP 1 Temperature the headdbed containers 210-230 °C
resistance 1 Wearable f Bed
components temperature:
95-100 °C.
1 High strengthto- 1 Requires a 1 Aerodynamic | § The printing
Composite weight ratiq - hardened_ nozzle applicati_ons characteristics
materials {1 Design flexibility 1 May require a 0.6 | 1 Mechanical of eac_h
(glassfill ed 1 Custom_izable mm nozzle parts material may
Copperflll ed properties q !—|0useh0|d vary .
bronzefilled, | T Great look after items depending on
carborfill ed postprocessing theplastic
etc.) 1 No warping base

3D Prining File Formats

The most common 3D printing fifermats include STL, OBJ, AMF, and 3MFhese areompatible 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 getirnatrype used for
basic designs where color and material data are not ndéde¢kde most widely compatible format.
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Figure 1.17: STL files with different mesh size

2. OBJ (Wavefront Object)

This file formatcan store geometry, color, and material data, but it is more complex and results in large
file sizes than STULt is capable of apturing 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 thant $Tused for
advanced applications that require multiple materials or colors, though it is less widely supported th:
STL.

4. 3MF (3D Manufacturing Formgat

A newer format specifically created with 3D printing in mind, aiming to overcome the limitations of STL.
This file format is also XMtbased. It can store comprehensive 3D model information beyond just
geometry, such as colors, materials, textures, antlgmitings. Developed to overcome the limitations of
older formats like STL, 3mf files are more versatile and can include features like multiple parts, custo
supports, and model orientation in a single, compressed package. This makes them ideal fopcotsple
and for sending complete, reattyprint data to slicers and printers.

Popular FDM Slicing SoftwargSlicer

A 3D printing slicer is a software that converts a 3D digital model into a seliestifctionsfor
printingthat a 3D printer can understai@me most used FDM slicers &re
1 UltiMaker Cura
PrusaSlicer
Orca Slicer
Bambu Studio
Simplify3D
Autodesk Netfabb

= =4 4 -4 4

1.24 Information sheetBasicFDM Printing Terminologies

29



Print Bed Calibration/ Levelingthe act or purpose of adjusting the gap between the nozzle and print bec
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, PL/
TPU, HIPS, PETG etc.

Filament diameterThe size designation ofrall 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 mat
extrusion 3D printers).

Infill: The area within a 3fprinted object that connects top, bottom aide $ayers. This creates a rigid
structure and determines print durability.

Infill Density: a percentage value that determines how much of the interior volume epar3&d object
is filled with material. The value can range frorl@?%, recommended 525%. The fill can be of
different type; Honeycomb, Grid, Triangular etc.

Layer: Extruded plastic of a closed loop, represented as aimensional drawing on the-X plane.
When replicated over again in the Z direction, it produces a 3D object oflayelted XY drawing.

Layer Height:Utmost determinant of quality for 3D printing, it defines the distance between lines of
extruded plastic in the-direction. Material extrusion 3D printers typically print layers between 0.1mm

and 0.3 mm high. A lower l&y height translates to a smoother, higher quality print. A higher layer
translates into a fast, low quality print.

Print SpeedThe rate at which a 3D printer is capable of moving while extruding plastic. A print speed of
50mml/s will be successful on m&4DM printers. A print speed of 280 mm/s will produce higher quality
prints

Travel SpeedThe rate at which the nozzle assembly will move to a new position when not extruding.
Nozzle/Printing Temperatur&he temperature of the hedat which the fiament if melted and extruded.

Bed TemperatureThe temperature of the build plate, which is crucial for ensuring properldyst
adhesion and preventing warping

ResolutonThe smal |l est movement a pr i ndiY&yer Gfternimditates n d
the produced quality of a printed model.

Retraction:Backwards movement of an extruder motor to reduce the amount of material stringing o
00zing.

G-code:Codinglanguage that the 3D printer understands. It is used to transmit instructions to a 3D printer
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 corammates
for printing locations on the build surface, as well as instructions as to layer height, shell thickness a
more.

Slicer:A type of program, such &#itiMakerCura or Simplify 3D, that allows manipulation of a 3D model
and converts the file tgpinto 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 thicknessrhe total width of an outside wall of a 3inted part. Shell tkkness 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 moc
that do not makeontact with the build plate during printing.
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1.2.5Seltcheck

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 theadvantages of Diredlrive 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 temperat
of that material?

5. Write short note on terngiven below:
3MF, UltiMaker Cure, Layer height, Travel speed, Shell
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1.2.6 AnswerKey

1. Answer:

Fused Deposition Modelingr FDM printing is undematerial extrusion category of 3D printing
technology. It was firsntroduced 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 SlingerPrinter The print bed moves along theaxis, and the print head moves along the X and Z
axes.The print speed of this printer is relatively slow.

DeltaPrinter These printers have three arms that move the print headamgular or deltdike fashion,
while the print bed typically remains stationary. They are often faster and good for printing tall objects.

BeltPrintetcConcerning the printhead-s motion system
with theframe tilted at a 48legree angle. Then, the print surface is replaced by a sort of conveyor belt,
which moves one way or the other in the combinedri Y-axes. This belt can print a single infinitely
long piece or it can continuously print many smailitg.

4. Answer:

ASA and ABSarebest suited for high temperature applicatibar these materials, the optimunazzle
temperatures 245- 265 °Candbed temperaturies 90- 110 °C.

5. Answer:

3MF: Full form is 3D Manufacturing FormaThis file format isXML -based aiming to overcome the
limitations of STL. It can store comprehensive 3D model information beyond just geometry, such &
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-direction. Material extrusion 3D printers typically print layers between 0.1mm
and 0.3 mm high. A lower layer height translates to a smoother, higiadity print. A higher layer
translates into a fast, low quality print.

Travel SpeedThe 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 ofl@uery
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1.3 Learningoutcomeidentify SLA Printing Technology

Learning Objectives:

At the end othis section a trainee will be able to knowv
Different types ofSLA printing methods

Basic components @nSLA printer

General working principle d6LA printing

Post processin SLA printing

Typical Materials Used iSLA printing

SLA printing slicer and slicing parameters

oO0AWNE

1.3.1 Information sheefFundamentals of VP8&r SLA Printing

Vat photopolymerization (VP) is one of the first and most extensively used 3D printing processes, and il
has a considerable impact on a variety of industries. It was first introdudd Hideo Kodama of Japan

in 1981.VPP involves selectively solidifyingiduid resin layer by layer through controlled exposure to
light. It enabksthe precise fabrication of thre&kmensional objects with high resolution and complex
geometries. It employs liglturing technologies to cure the resin.

Types of VPP or SLA Priimtig Methods

Depending on the curing light and the method of curind? ¥Rlassified into Stereolithography (SLA),
Digital Light Processing (DLP),Continuous Liquid Interface Production (CLIP), ardasked
Stereolithography (MSLA)

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

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

MaskedStereolithographyM SLA) or, Liquid Crystal Display (LCD):Similar to DLP in that it cures
entire layers at once, but it usedV 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 (CLIR)LIP is an advanced method that cres a continuous
liquid interface between the build platform and the projector window, eliminating the need for discret
layerby-layer separation and making the process much faster.
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Figurel.18 Different Types oWat photopolymerization,
A) SLA, B) DLP, C)MSLA/ LCD, and D) CLIP

Basic components of an SLA printer

The basic components afi 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 moy
the printed object, layer by layer, out of the vat.

Photopolymer Resin Vak: t cantaiaer that holds the liquid photopolymer resin. The object is built layer
by layer within this vatThe base othevat is a FEP (Fluorinated Ethylene Propylene) film, which is a
transparent flexible membrane and helps to peel away each lerdoeihg 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 (DLB) UV LED withanLCD screen (MSLA).

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

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

1 UV LED Array (MSLA): An array of ultraiolet LEDs positioned below the resin vat provides the
light necessary to cure the liquid resin. The uniformity and collimation of this light source are crucia
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for consistent print quality. A highesolution 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 pas:
through for each specific layer's cresection, while blocking the light in unwanted areas.

Build Platform:A build platform moves the object being printéds 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-#metdpwn movement of the
build platform to ensureorrect layer height.

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

Control systemThis includes the software and hardware that translate a digital 3D model into instruction
for the light source and movement system. It can also be used to control featugeaytdaale light for
smoother surfaces.

Removable Cover —— o R
Al BIC

Effectively blocks N (<'UI'K’

UV radiation

— Z Axis

Resin Tank ——

LCD Screen 1

UV LED Array

Build Platform

Aluminum Alloy

Protection Film

Power Supply

‘ Data Input

Power Button
On / off switch

Control Panel
TFT touch-control

Figure 1.19: Basic components dfygical MSLA printer

Working Principle of SLA Printing

This process involves using a liquid resin as the main type of material. Specifically, this liquid resin he
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, 385n
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 surfacktioe 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 throaghCD screenmask
(MSLA), an LCD screen similar to home theater projectors (CLIP).

Once the resims 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 repe:

After the printing is completed, the printed modelstnibe washed using watésppropylAlcohol (IPA),
or TripropyleneGlycol MonomethylEther (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 $ the stefby-step printing process of a typical MSLA printer.
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Stepl: Before printing starts

Step2: Print starts, build plate
descends and waits for a while

Step3: UV light is active and
LCD screen filter UV light to print
a specific layer

Step4: The target layer is printec

Build Plate

I I ResinFilled Vat

I | CD Screen

I—— U |0 Ay
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Step5: UV light is off and Build I
plate is lifted to a distance to

separate the printed layer from vi I I

-

Step6: Step 2 to 5 is repeated until the print is completed

Post Processing in SLA Printing
The postprocessing 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 (d?AjripropyleneGlycol
MonomethylEther (TPM) toremove uncured liquid resin from the surfaten, the part is needéabe
dried completely after washing, either by-glirying or using a heat gun.

Support Removal

The support structuresust becarefully remove from the printafter the washingrhis can be done
using flush cutters, a hobby knife, or tweez&wsmoving supports while the resin is still slightly soft
can make the process easier.

Curing

Exposng the part to UV lighis required tdully cure the resin and achievts finalmechanical
propertiesThis 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 peridduring is a critical step to ensure the part is fully

hardened and durable.

SLA Printing Materials

SLA Printingproduces parts fropphotocurable resindhesegphotocurable resirare generally formulated
from modifiedacrylic monomersAnother important additive used in these resinghietoinitiatorsare

used to initiate curing reactions in the printing process. It is uniformly dispersed into the polymer resi
and once it is exm®d to light, it will start crosbnking the polymer chains, resulting in solidification, or
curing.Coupling agentare added tphotocurable resirte ensure the uniform dispersion of the functional
additives in the polymer resi@ther alditives are added togkeresins to improve specific properties such

as strength, and refractive index

A variety of resins are available, each with different properties for specific applicaithchsling
standard, engineering, flexible, castable, Higimperature, dental, and clear resiff® most ommon
types of SLA resinarex
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Standard Resing:hese are used for genemlrpose applications and create parts with smooth
surfaces, ideal for prototypes and visual models.

Engineering Resin®esigned for functional parts, these resins come in different formulations for
durability, such as Tough Resin, which is strong and resistant to impact, arkik&B&sin, which
offers high strength and toughness.

Flexible and Elastic Resinghese resis can be bent, stretched, and compressed, and some are
formulated to simulate the feel of rubber or silicone for applications like grips, seals, atudisbft
parts.

High-Temperature Resin$hese resins have a high heat deflection temperature, makimg the
suitable for applications that require thermal stability, like jigs, molds, and fixtures.

CeramieFilled ResinsThese are filled with ceramic particles to create parts that are rigid, strong,
and heatesistant, often used for tools, housings, and robisf

Dental and Medical ResinBiocompatible resins are used to print parts for medical equipment,
dental models, and splints. Some are designed for-temng contact with skin or mucosal
membranes, while others are optimized for creating clear deigfiaded.

Clear ResinsThese resins are transparent, allowing for fdgtail prints that are useful for visual
models or parts where clarity is needed.

Castable Resing:hese specialized resins can be used for creating patterns that are then used in
investment casting process to produce metal parts.

PopularSLA Slicing Softwaréd Slicer
Someof themost use®LA slicers are:

1
1
il
il
il

Anycubic Photon Workshop
Chitubox

Lychee Slicer,

Formlabs PreForm, and
PrusaSilicer

1.3.2 Information sheet: BasiSLA Printing Terminologies

Layer thicknessis also called layer height in some slicers, refers to the height of a single lay&Din
print. This is a customizable setting that directly impacts the qud#tgil, and speed of your prints.
Layer thicknessypically can be varied frord.01 to 0.1 mmThinner layers require shorter exposure
times but result in more layers overall,réfgcantly increasing the total print time. Conversely, thicker
layers shorten print times but reduce detail and make layer lines more visible.

Shorter 3D printing time Longer 3D printing time

More visible layer lines Less visible layer lines
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Figure 1.20: Layer Thickness vs Print Quality

Normal Exposure Times also referred to dayerexposure timenormal exposure timeor 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 imjttinigsit se
for ensuring the quality, sharpness, and overall succes3Dprint.

Bottom Exposure Times dso referred to aburnin layer exposure timenitial exposure time, or base
layer exposure in some sliceBurn-in layer exposure time is the duoat 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 ofBottom Layers(also called theumber otburnin layers bottomlayer count, or base layers
in some slicers) determines how many layers will be exposed with a bigitem exposure tim& hese
initial layers are exposed for a longer time to ensure a solid foundation that adherdyg setheduild

plate.

supporkt column

} normal ex posure

l T
ﬂ |

I T

I [

bottom of supports

2-4 botkom layers long exposure

Figure 1.20Bottom 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 FERM. Theideal lift height is one that allows the model to peel off the

FEP without straining the printer. For general litsis,recommendda lift height of 10 mm fobottom
layersand 7 mm for normal layers. This setting is conservative and works well in most cases.

Lift Speed is also calledplatform lift speedn some slicerd.ift speed is the rate at which the build plate
risesfromthédo ot t om t o the top after each | ayer-s exrg
is peeled off the FEP film.

Retract Speeds also known as platform lower speed in some slicers, refers to the speed at which the
build plate lowers into theat after each layer exposuf€or 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 priity gaaninimal.

Off Time: (also known asest time after retraclight-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 allowsre for the resin to fully settle before the next layer exposure bé&gg 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. Aadtasing adjusts the pixeht 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 smoott@xever, using arialiasing may lead to a
slight lossof detail in the intricate parts of a model.

No anti-aliasing With anti-aliasing

Figure 1.20Anti-aliasingin SLA printing

UV power. is also known as LED power, Light PWM, or UV Light power, refers to the adjustable
output power of th&JV 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 timBy default, UV power is often set betweernt600%

Suppors: are temporary, printed components that prevent overhangs and bridges from collapsing durin
the build. They are crucial for ensuring the print's stability and accuracy, but they must be manually
removed after printing, which can leave markd ssquires posprocessing 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 Seltcheck

Write down the most appropriate answers for the followgugstions:

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

2. Write downabout post processing SLA printing process.

3. Whatis the role of photoinitiators and coupling agents used in resins?
4. Why arenormal exposure time and bottdayerscrucial?

5. Why is Lift Height usel?

41



1.3.4 AnswerKey

1. Answer:

Digital Light Processing (DLP)ses 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)ses a UV light source and an LCD screen to mask the light, creating
the pattern for eadayer.

2. Answer:

Washing After printing, the part is washed in a solvent, typically isopropyl alcohol (IPA) or,
TripropyleneGlycol 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 dufaigecan be done using a
dedicated UV curing station, a nail polish curing lamp, or evepldxying it in direct sunlight for a
longer period.

3. Answer:
Photoinitiatorsare used to initiate curing reactions in the printing process.

Coupling agentare addedo ensure the uniform dispersion of the functional additives in the polymer
resin

4. Answer:

The normal exposure tims one of the most important settingsSLA printingfor ensuring the quality,
sharpness, and overall success of a 3D print.

Thebottomlayershelp the modeio adhere strongly to the build plate, ensuring a staloledation for
the rest of the print.

5. Answer:
Thelift height is usedto peel off the moddtom the FEFfilm without straining the printer.
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1.4 LearningoutcomeRecognize the role of slicer software in 3D printing

LearningObjectives:

At the end othis section a trainee will be able to knowv
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 sheefunction andmportance oflicer

Slicing in 3D printing is the process of converting a 3D digital model into a series of thin, horizontal layer:
and generating a set of instructions for 82 printer to build it. A software called a slicer slicing
softwaretranslates the 3D model (often an STL, OBJ, or 3MF file) inm@e, which tells the 3D printer
exactly how to move, extrude material, and build each layer, from start to finish. &piss strucial
because it bridges the gap between a digital design and a physical object by defining every aspect of
print, includingresolution (layer heightr layer thickness internal structure (infill pattern and density),
wall thickness and perieters support structuregdhesion methodspeed and temperature settings.

Functions of slicing software

Translation:A slicer convers standard 3D model files (like STL, OBJ, or 3MF) into a series of thin,
horizontal layers.

G-code generatiorthe slicer thenranslates the layered model intecBde, a set of instructions that tell
the 3D printer exactly how to move, extrude, and bin&ldbject layer by layer.

Parameter customizatiomefore gcode generatiothe userscan customize parametetis define and
adjust settings that control the printing process, such as:

{1 Layer heightdetermines the thickness of each individual laybich afects print resolution and
print time

1 Print speedontrols how fast the printer moves, affecting print time and quéakiancing precision

and production time

Infill density and patterdetermine the part's internal structure and strength

Supportstructuresare addedutomatically or manually to print overhanging parts of the model that

would otherwise print in midir.

T
T

Preview and estimatiorSlicers also pvide visual previews of the final print layer by layer and estimates
the total print timematerial consumption, and cost before printing begins.

Preprint analysis:The pre-print analysis ofthe model's geometrgan be done with the help of a slicing
softwareto identify areas that may need support structures or pose prahtatignges.

Importance in 3D printing

Makes printing possiblédithout 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 performandée ability tocustomize settings allows users to balance factors
like strength, detail, and speed, tailoring the print to their specific needs.

Optimizes material usagBy controlling the infill density and other settings, slicers help reduce the
amount of material uske which can lower costs.

Enhances consistendyor manufacturing, slicers ensure that every part produced meets the same quali
and specifications, a crucial factor for scaling up production.

Reduces print failuresieatures like support generation feedhangs and model repair tools help ensure
a successful print and prevent failures.

Facilitates advanced featuréisprovides the necessary control to implement features like custom
support structures or materspecific settings (like temperature diwiv rate) that are essential for
successful printing.

1.4.2 Information sheetSicer User Interface and Basktinctions

TheUser Interfac€Ul) of every sliceiis fairly simple and almost similar. Any slicgpically includesa
central 3D model preview window, a left or right sidebar for general settings and printer profiles, and
tabbed panel for firuning print, filament, and other settinddere the Ul of UltiMaker Cura 5.9.0 is
shown as an example.

PREPARE PREVIEW MONITOR

Ultimaker Blue Tough PLA Ultimaker Natural PVA —o
m v v | =% Norm{
5 Ultimaker S5 e Siod =2 Norm:

| w o® @
| cd © ©
| UltiMaker UltiMaker
‘ ;
| Marketplace Academy SN akersipport
|
|
|
|
| oz
14—% o | T
cd © ©
0
Ask a questi Report a bug Ultimak m
all,
0
"'\ Lock Model N e /
v | Drop Down Model ‘j‘,
|
|
\
{
|
i
|
\
\
|
|
|
|
|
|
\
1
\
|
|
|
|
|
- i
—~—object is \ 9
3D ot ® 3 hours 32 minutes ®
Z UM modelAssistant . S ® 26g-331m
100.0 60.0 x 20.0 mm e, Preview ‘> Save to Disk
12—oo@0080 B '
L L

Figure 1.21: Typical Ul of a Slicer

Open file.Opens a 3D file.

Printer selection pandlisplays the selected printer.

Configuration panelContains the material and print core or nozzle setup.

StagesThe prepare, preview, and monitor stafjee goal of thé’repare stage to load and configure
your 3D models for printing?review stagean preview demo the printed model when the model has

Pwnh PR
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been slicedlf the printer is connected ®localnetwork, then thdonitor stageshows the real time

update of a print in progress.

Print settings panel.his panel contains the print profiles and all individual ppertametesettings.

MarketplaceContains plugins and material packages.

App switcher Easily visit UltiMaker's additional platforms for supporiearning, and more.

UltiMaker accountSign in to your UltiMakeraccount 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
slice the model, but otheptions are available once the model is prepared.

10. Save or share filéfter slicing, the filecan be savetb a computer or a removable drive, or directly
start the print via local network.

11.Preview.Proceeds to the next stage, Breviewstage.

12.Camera psition 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 tota
dimensions of all printable models on the build plate. If there are multiple spdldetse are shown in
the Object list

14. Adjustment toolsMove, rotate, mirror, scale, and more options to alter the appearance or orientatio
of the imported3D model(s).

© NGO

CCR105_CuteDino_Longlegs - UltiMaker Cura i X

Eile Edit View Settings Extensions Preferences Help

M UltiMaker Cura PREPARE PREVIEW MONITOR
& Generic PLA " —o- , 3
D Creality CR-10 Smart v 0kt Noasie v =2 Standard Quality - 0.2mm s 20% |9| off ¢ off v
‘ Print settings X
//,,/\ Profile Standard Quality
(-I-) X 1.1494 =
1.1494 =, Quality 3
— -
& s
0 E Layer Height & 02
k\ Lock Model walls <
+| Drop Down Model IZ Top/Bottom <
bid . B mfill
\
\
az \ Material
.D \
\\ Printing Temperature 200.0
I§.>x \ Build Plate Temperature @

Figure 1.22: A 3D Model before Slicing
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CCR105_CuteDino_LongLegs - UltiMaker Cura

Eile Edit View Settings Extensions Preferences Help
M, UltiMaker Cura
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Figure 1.23: A 3D Model afteslicing

1.4.3 Selfcheck

Write down the most appropriate answers for the following questions:
1. Why is slicing crucial in 3D printing
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2. Write downthe functions of prgrint analysis
3. How can one optimize material cost using slcer

1.4.4 AnswerKey

1. Answer:

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

2. Answer:

The pre-print analysiscanidentify areasof a 3D modeivhether itmay need support structures or pose
printing challengesvith the help of a slicing software
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3. Answer:
By controlling the infill density and otheelatedsettings
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Module-2: Performing ® Modelling Using
CAD Software

Moduledescriptor:

This unit covers the knowledge, skills and attitudes required to perform 3D modelling using CAL
software. It specifically includes the tasks of installing CAD software, carrying out 2D sketching for desig
creation, designing 3D models usirgafure and surface tools, and assembling 3D models.

Nominal Durations5 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 plugiror extensions installation and configuration within SolidWorks
3. Functionality test of installed software

Assessment Criteria:

System requirements for SolidWorks software are identified.

Installation process of SolidWorks software is followed.

Licensing ad activation keys are entered.

Software is activated to ensure legitimate usage.

Required plugins or extensions are installed and configured within the SolidWorks software.
Functionality of the SolidWorks software is tested by opening a sgmgjkct or 3D model.

oOahWNE

Necessary Equipment:
1. Desktop Compatible with software requirements (Must meet the minimum/ recommended
specifications)
i. Operating System: 6dit Windows 10 or 11
ii. Processor: Intel or AMD processor, 3.3 GHAhher
iii. RAM: Minimum 8GB,with 32GBor morerecommendetbr larger
assemblieand simulation

iv. Storage: A SolieState Drive (SSD) with at least 20GB of free digice

v. GraphicsCard:A certifiedgraphicscard(NVIDIA Quadroor AMD RadeorPro)
SolidWorks Softwarg¢2020 version or newer)
Stable internet connection
SolidWorks serial number or license
SolidWorks installer (online or offline version)
User manual or online help documentation

ok wWN
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Learning activity:

Learning activity

Resources/Speciaistrumentation/References

Install CAD software

M Information sheet: 2.1.1
M Selfcheck: 2.1.2

1 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 (CompAided Design) software
properly. CAD software is the primary tool used in designing, visualizing, and preparing models for 3I
printing. A successful installation ensures the software runs smoothly, integrates well with systel
hardware, and provides all required features for iadeand exporting files in formats suitable for
additive manufacturing.

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

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

Identify and verify thesystem requirementsr the selected CAD software.
Download or prepare thinstallation packag&om legitimate sources.
Perform astepby-step installatioriollowing manufacturer procedures.
Ensure the software runs correctly and is ready for modelling operations.

PwbdPE

Key Knowledge

Computer/LaptopA computer is a device thaanbe instructed to carry out sequences of arithmetic or
logical operations automatically via computer programming. The word compute noeeakkulate
accountandComputemeansacalculatingdevice Butnowad a ycenguteis not called only calculating
device. Computer is such a device which receives informatidanalyses and presents that information
through differenmedia.

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

Autodesk Fusion 360
SolidWorks
TinkerCAD

SketchUp

FreeCAD

Blender (for modelling)

=A =4 =4 4 -4 -4

Each of these programs has its own system requirements, licensing terms, and installation methods.
Operating SystemOperating System is systesoftware 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 thene icons, such as print, open, save, cut, and
paste is also part of the SolidWorks application.

Types of Installation Files

Online Installert Downloads additional files during installation (requires internet).

Offline Installer / Full Package All files are prepacked; suitable for systems without internet.
Educational or Trial Versiot May require an account sign for activation.

Licensed Versiort Requires a serial number or product key.

=A =4 =4 =4

It is important to usauthentic installation sooes? avoid thirdparty or pirated downloads as they can
contain malware and lead to licensing violations.

Prelnstallation Preparation
Before running the installer, you should:

Close all open applications to avoid conflicts.

Log in as arAdministrator(installation often needs admin privileges).

Check foravailable storage spaeed system updates.

Ensure astable power suppliy using a laptof plug into AC power.

Temporarily disable unnecessary background programs or antivirus ifltekyibstallation files
(but reenable them afterwards).

arwnE

Stepby-Step Installation Procedure

Below is a general procedure that applies to most CAD software. Specific details may vary depending
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.

=A =4 =4 =4
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55 SOLIDWORKS Products ¥ Solutions ¥  Support ¥  Community ¥  Buy v @ Q| ®~ 2

The Solution for 3D
CAD, Design and
Product Development

Innovators around the world trust SOLIDWORKS® CAD and cloud

product development solutions to create, collaborate, and deliver
extraordinary product experiences.

Buy online

‘What's New 2026 ‘Why SOLIDWORKS Industry-Leading CAD Product Development

Step 2:Find the [SolidWorksSetup.exe |
file to your computer.

odified ype Size

Name

pcb 16-Jan-22 3:30 PM File folde
pcbservices 19-Jan-22 3:30 PM
PCBViewer 19-Jan-22 3:30 PM b

plastics 9-Jan-22 3:30 PM File folde

PreReqs )-Jan-22 3:30 PM File f
pvnetworkrender 19-Jan-22 3:30 PM File folde

sidim

swComposer 19-lan-2
swComposerPlayer 19-Jan-22 3:30 PM File folde:
swdocmgr g-Jan-22 3 File folde
swelectric
SWrileUtilities 19-Jan-22 3:3
swlicngr 19-Jan-22 3:30 PM
SWManageClient

SWManageServer )-Jan-22 3:30 PM File folde
SWPDMClient .30 PM File folde
SWPDMServer 19-Jan-22 3:30 PM

swwi 19-Jan-22 3:30 PM e folde

Toolbox 9-Jan-22 3:30 PM File folde

visualize 9-Jan-22 3:30 PM File fold

visualizeboost v

Step 3:Right on

7 swdata2.id 19-Jan-22 3:20 PM D File 1 KB

Open
Enable/Disable Digital Signature lcons

Run as administrator &

<

Troubleshoot compatibility
Pin to Start
Scan with Windows Defender...

Upload to MEGA
Share

Add to archive...
Add to "AnyDesk.rar”

Compress and email...

EEEELbO O

Compress to "AnyDesk.rar” and email
Pin to taskbar

Restore previous versions



Step4: Whenthe SolidWorkslnstallationManagewindow appears,select

Install on this computer

2
2S SOLIDWORKS

Welcome to the SOLIDWORKS Installation Manager
SOLIDWORKS 2022 SP5.0

Specify the type of installation:

® Install on this computer
O Create an administrative image to deploy to multiple computers
O nstall server components

O Download and share all files, Create individual installs or administrative images on muRtiple machines with a
download.

v w——
© Vermeer
’

X ?
Step5: EnteryourSFrlaINumBe’r'for SolidWorksin theappropriatdield.

2
2S SOLIDWORKS

Serial Number

Enter your serial number mformation

v 3D Design

9 uowons oom

> Visualization

Vv Simulation

S ouomonsrosmise oo

[[] SOLIDWORKS Motion
[7] SOLIDWORKS Piastics
[7] SOLIDWORKS Simulation

)CA‘}.A‘(D

> Technical Communication

£ e

o~

X ? <

Cancel Help Back

g v

single

Next
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Step 6:Click on Download and Instalb|begin the process. The manager will download all the

necessary files before beginnin®\the installation.

DS SOLIDWORKS

eDrawings

SOLIDWORKS File Utilities
SOLIDWORKS Fow Simulation
SOLIDWORKS Plastics
SOLIDWORKS Bectrical: Electrical Client (NQLIDWORKS Electrical Schematic, SOUDWORKS Bectrical 3D),
Electrical Server (Collaborative Server. Avolica\on Data)

v Download Options

Operation: Download and instal

Download to: C\Users\Umar\ D, \SOL\QWORKS Downloads\SOUDWORKS 2022 SP05
Download methodt Automatic download

Background downloader: Future service packs

Vv Instaliation Location
Installation location: C\Program Files\SOLIDWORKS Corp 202
v Toolbox/Hole Wizard Options

Toolbox installation location: CASOLIDWORKS Data 2022
Teolbox installation method: New Toolbox

> Electrical Options

W] | accept the terms of the SOLIDWORKS

License A;'go:vu_vv}

X ? < )

Cancel Help Back Download and Install

Step 7:Click onRinish.

i

2 SOLIDWORKS

Installatiojs Complete

(7] Show me What's NINin SOLIDWORKS 2023,

Join the SOLIDWORKS CiZomer Experience Improvement Program

» Participation directly improves the stabiitof SOLIDWORKS products.
» Data are continuously analyzed to help deteMgine crash causes, create solutions and identify stability trends,
o System performance is not affected by participgg in this program.

Ted me more

O Yes, | want to join
® Nq thank you
() Remind me later

You can choose to join later from the Systems Options dialog BQx.

Dassoult Systemes SolidWorks Corporation does not access or collect model data or information about ony Wyourother
software applicotions.

? >

Help Finish

Step 8.Verify the Installation

Launch the program and stamew project.

Draw or model a simple object (like a cube or cylinder).

Save your project and attemptexportit asSTL.

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 CAsbftware is successfully installed and ready for use.

Safety & Good Practices

1. Use Authorized Software Oniystalling pirated software is illegal and risky. Always use verified
or academic versions provided by the instructor or training institution.
2. Keep Your System SecurBe-enable antivirus or firewall after installation to maintain system
protection.
3. Perform Regular Update&3AD developers release patches to fix bugs and improve stability. Set
the software to notify you of updates.
4. Back up Files beforastalling updates or adons, 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 Sauve files frequently to prevent data loss.
6. Housekeepig 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

1 Take note of yoursoftware version and buildumber? instructors may require this for
compatibility.
1 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)
T Practice installing onitferent computers to become familiar with variations.
1 Learn where the software stores configuration filesseful when transferring settings to another
system.
T Always read release notes for new versions.

2.1.2 SeHCheck
1. What is the importance of kigy/ing system requirementsefore installing CAD software?
2. What are the maitypes of installation filesised for CAD software?
3. What are the Prinstallation Preparation?
4. List the generasteps to install CAD softwangroperly.
5. Why is it recommended to uséficial sources onlyvhen downloading CAD software?

2.1.3 Answer Paper

SelfCheck
Questions

1. To ensure that the computer meets the hardware and software specifications requir

Answer Key / Suggested Answer
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SelCheck
Questions

Answer Key / Suggested Answer

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

1. Online Installet- downloads files during setup.
2. Offline/Full Installert contains all installation files.
3. Educational or Trial Versioarequires online sigim.

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 laptoplug into AC power.

5. Temporarily disable unnecessary backgroundgnaras or antivirus if they blo
installation files.

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 onDownload and Install to begin the process. The manager will download ¢
necessary files before beginning the installation.

7. Click on finish.

8. Verify the Installation

To avoid viruses, malware, and illegal or corrupted software, and toeesrstess 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
1 Main interface components (Command Manager, FeatureMabBageyn Tree, Graphics Area,
Menu Bar) are identified.
1 Required sketch tools and commands are accessed without assistance.

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

3. Basic 2D sketching tools are used to create foundational sketch elements
1 Line, circle, point, rectangle, arc, polygon, spline, slot, pattern, split, mirror etc tools are app
correctly.
1 Sketch geometry is created according to design requirements.

4. Geometrical constraints (relations) are applied to define relationships bedieteh entities
T Horizontal, vertical, coincident, parallel, perpendicular, tangent, equal, concentric etc relatio
are correctly used.
1 Sketch is organized to reflect proper geometric behavior.

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

6. Sketch errors or inconsistencies are identified and corrected
1 Underdefined,overdefined, and conflicting dimensions or relations are detected.
1 Necessary adjustments, deletions, or corrections are performed to ensure a fully defined sk

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/Referenc
Carry out 2D sketching for desig 1 Information sheet: 2.2.1

creation i Selfcheck: 2.2.2

1 Answer key: 2.2.3

1 Job Sheet: 2.2.4
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Information Sheet: 2.2.@olidWorks Interface)
Learning ObjectiveFamiliar with SolidWorks Interface.

1) Type SOLIDWORKS 2021 in the Search window.

2) Click the SOLIDWORKS 2021 application (or if available,
double-click the SOLIDWORKS icon on the desktop).
The SOLIDWORKS Welcome dialog box is displayed by
default.

The Welcome dialog box provides a convenient way to
open recent documents (Parts, Assemblies and Drawings), view
recent folders, access SOLIDWORKS resources, and stay
updated on SOLIDWORKS news.

Recent Documents

N f e T
0 ) B @& O pep—
Addin Loading Performance
At s Ihat affuct haw list SOUOWONRCS
2 ' A \ W
0]
Weicome - SOUDWORKS y X m an
atol
Nome: ‘Mecent. Leem Akt “ = P
Sﬁ °
New oto
e ..
@ v ® Avemby (B oawing Advanced [ open Q
v .
=
i

Recant Folders View all Resources

S Kant Twist Clamp Project - i
B s soowors Engineeritng GLapNEASOLDWORS M. ¥ Wnat's New B geta Home

B Mysolidworks B Beta Hot hsues

Gear Mate
3 ot son

¥ Beta Forum [ Report a Bets lssue

i by 10tste the model pamaliel to the viowing plase

3) View your options. Do not open a document at this time.
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4) If the Welcome dialog box is not
displayed, click the Welcome to

SOLIDWORKS @ icon from the
Standard toolbar or click Help >
Welcome to SOLIDWORKS from the
Main menu.

Home Tab

The Home tab lets you open new and
existing documents, view recent
documents and folders, and access
SOLIDWORKS resources (Part,
Assembly, Drawing, Advanced mode,
Open).

Recent Tab

The Recent tab lets you view a longer list
of recent documents and folders.
Sections in the Recent tab include
Documents and Folders.

The Documents section includes
thumbnails of documents that you have
opened recently.

Click a thumbnail to open the document,
or hover over a thumbnail to see the
document location and access additional
information about the document. When
you hover over a thumbnail, the full path
and last saved date of the document
appears.

ommands Qi @ @ — D X
) Welcome to SOLIDWORKS Ctrl+F2
@ Help

Tutorials

API Help
Welcome - SOLIDWORKS » x

Recent Folders " Resources

— Gear Mate Sl
[ o 2 oo tapmg g cwones v Byl

dWiona

€ Bata Forum

P oper

B Beta Home

B Beta 1

B Roport 2 Beta Iésise

PLATE GRLOPRT

Bromee

Ramous  w
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Close the Welcome dialog box.

5) Click Close * from the Welcome dialog box. The SOLIDWORKS
Graphics window is displayed. Note: You can also click outside the
Welcome dialog box, in the Graphics window.

View the SOLIDVWORKS Graphics window.

B soumonss e view om0 Y [ B -l - = - - - L - & @ @ ® _ O x
\@

@

B

EE

@

=2 =l

25 SOLIDWORKS =

L

Menu Bar toolbar

The SOLIDWORKS (UT) 5 SOLIDWORKS File View Tools oy - P - - -
is designed to make
maximum use of the | ]

Graphics window. The e [} & ‘ {6‘_} - SR A =
Menu Bar toolbar contains a
set of the most frequently
used tool buttons from the Standard toolbar. @ @ — - x

The following default tools are available:

e Welcome to SOLIDWORKS @ - Open the Welcome dialog box, New - Create a
new document:; Open P Open an existing document; Save - Save an active

document; Print =1 Print an active document; Undo = - Reverse the last action;
Redo R = Redoes the last action that you reverse: Select [} " - Select Sketch entities.

components and more; Rebuild - Rebuild the active part, assembly or drawing:



File Properties - Summary information on the active document: Options -

Change system options and Add-Ins for SOLIDWORKS: Login @®. Login to
SOLIDWORKS: Help @ - access to help, tutorials, updates and more.

Menu Bar menu

Click SOLIDWORKS in the Menu Bar toolbar to S SOLIDWORKS e View Taalsi

display the Menu Bar menu. SOLIDWORKS provides
a context-sensitive menu structure.

The menu titles remain the same for 25 SOLIDWORKS
all three types of documents, but the e

. File Edit View Insert Tools Window ™

menu items change depending on
which type of document is active.

Example: The Insert menu includes features in part documents, mates in assembly
documents, and drawing views in drawing documents. The display of the menu is also
dependent on the workflow customization that you have selected. The default menu items for
an active document are File, Edit, View, Insert, Tools, Window, Help and Pin.

The Pin * option displays the Menu bar toolbar and the Menu bar menu as illustrated.
Throughout the book, the Menu bar menu and the Menu bar toolbar are referred to as the

Menu bar.

>/
DS SOLIDWORKS | File View Tools =

P

2
DS SOLIDWORKS File Edit View Insert Tools | Window *l

D?SSOUDWO‘?KS File Edit View Insert Tools Window » ﬁ D > @ = E i E 3 ') 3 c‘ > % i . @ i

Drop-down menu

SOLIDWORKS takes advantage of the familiar Microsoft®
Windows user interface. Communicate with SOLIDWORKS
through drop-down menus, Context sensitive toolbars,
Consolidated toolbars or the CommandManager tabs.

To close a SOLIDWORKS drop-down menu, press the Esc key.

You can also click any other part of the SOLIDWORKS
Graphics window or click another drop-down menu.

File Edit View Insert Tools Window -

[ New.. Ctrl+«N
s Open... Cul+O
Open Recent )
E® Open Drawing
b ™ Close Ctri+W

5 Make Drawing from Part
i & Make Assembly from Part

& save Ctrd+S
lﬁ Save As...
@ save Al

Page Setup...
B) Print Preview..
& Print. Ctri+P
g Print3D...

@ Publish to eDrawings

P Pack and Go...
Send To...
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There are two modes in the New
SOLIDWORKS Document dialog
box: Novice and Advanced. The
Novice option is the default option
with three templates. The
Advanced mode contains access to
additional templates and tabs that
you create in system options. Use
the Advanced mode in this book.

Create a new part.

6) Click New D from the Menu
bar. The New SOLIDWORKS
Document dialog box is
displayed.

Select the Advanced mode.

7) Click the Advanced button as
illustrated. The Advanced
mode is set.

8) Click the Templates tab.

9) Click Part. Part is the default
template from the New
SOLIDWORKS Document
dialog box.

10) Click OK from the New
SOLIDWORKS Document
dialog box.

The Advanced mode remains

New SOLIDWORKS Document

=N =l

Part Assembly Drawing
a 3D representstion of 3 single design a 30 arrangement of parts and/or other 3 20 engineering drawing. typscally of a
component assembies part or assembly
Novice mode
Aduance( ‘ ok | Cancel Help
New SOLIDWORKS Document X
Templates MBD Tutorial
amm s &
@ Assembly -—
é Drawing Preview
Advanced mode
Novice OK Cancel Help

selected for all new documents in the cuurent SOLIDWORKS session. When you exit
SOLIDWORKS, the Advanced mode setting is saved.

The default SOLIDWORKS installation contains three tabs in the New SOLIDWORKS
Document dialog box: Templates, MBD, and Tutorial. The Templates tab corresponds to the
default SOLIDWORKS templates. The ABD tab corresponds to the templates utilized in the
SOLIDWORKS (Model Based Definition). The Zutorial tab corresponds to the templates
utilized in the SOLIDWORKS Tutorials.
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Partl is displayed in the FeatureManager and is the name of the document. Part1 is the default

part window name.

The Part Origin L is displayed in blue in the center of the Graphics window. The Origin

represents the intersection of the three default reference planes: Front Plane. Top Plane and
Right Plane. The positive X-axis is horizontal and points to the right of the Origin in the Front

view. The positive Y-axis is vertical and points upward in the Front view. The
FeatureManager contains a list of features, reference geometry, and settings utilized in the
part.

Lo
7’

as illustrated.

" Edit the document units directly from the Graphics window MNES (metey; Kiogtamy, secancy
CGS (centimeter, gram, second)

MMGS (millimeter, gram, second)

Lo r IPS (inch, pound, second)
“¥* CommandManager and FeatureManager tabs will vary Edit Document Units...
depending on system setup, version, and Add-ins. Editing bart 2

Main Menu Toolbar

o
D’Ssmmwonxs File Edit View Insert Tools Window X ﬁ * @ = ﬁ = . @ @ — D
a I

Extruded Revolved
Boss/Base Boss/Base

F Sketch Evaluate | MBD Dimensions  SOLIDWORKS Add-Ins A0 - &

T PLEARE© SR T
.§ | J‘Bl'@’;glj>r1mandManager \

& Part1 (Default<< Default>_Disp Heads-up View Toolbar

[$)Equations
e Task Pane

EW Top Plane Hide/Show
() Right Plane FeatureManager tab
s &% Origin

)\I x —— Tnad

< ~ 2> *Trimetric
ST Model | 3D Views | Motion Study 1 | -

3 Material <not specified> \ [
(! Front Plane \ . Q
Origin

~

X

[&) History Part FeatureManager @
[ sensors
» [&] Annotations 2

ium 202 Editing Part }s

\

Model Mode 3D View Mode Motion Mode Units Tag
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View the Default Sketch Planes.

11)
12)
13)
14)

Click the Front Plane from the FeatureManager.
Click the Top Plane from the FeatureManager.
Click the Right Plane from the FeatureManager.

Click the Origin from the FeatureManager. The Origin is the intersection of the Front, Top, and

Right Planes.
n"souu.«c-' Fio Edt View Insort Tooks Window ¥ ﬁ D @HB -) b ¥ (i] @’) - D X
2, i o
a I E [
Extruded  Revolved Reterence Curves Instant3D
Sot1/Base Boss/Base Geometry
: < ~
Features Sketch Markup | Evaluate | MED Dimendions | SOLOWORKS Add-ins T o) x| oUBWORKS RS
FPLEPEE T 2SR D o—
- fons: ﬁ
@ Partt (Default< <Defan "fony B SOLIDWORKS Tools
(& History g Ne —e @ & Property Tab Sullder
[ Sensors
* (K Annotations B
[ Equations ¢ =
Svi® s da @
vt | B «cov v wims
Top Plane Z My Products
o) | 5]
1. Origin [ : ¢ Online Resources
= b .H.\fiP’Ei‘H‘ﬂ:E
Markatplace
e ‘ » Partnar Salutions
T Subscription Services
I @ Subscription Services
$ __? *Ifimetric
BN Model 3D Views Motion Study 1
Eal Eiting Part s ©

Download all model files from the SDC Publications website

(https://www.sdcpublications.com/downloads/978-1-63057-409-3). Open the Bracket part.
Review the features and sketches in the Bracket FeatureManager. Work directly from a
local hard drive.

Activity: Download the SOLIDWORKS folder. Open the Bracket Part.

Download the SOLIDWORKS folder. Open an existing SOLIDWORKS part.

15)
16)

17)
18)
19)

Download the SW-TUTORIAL-2021 folder.
Unzip the folder. Work from the unzip folder.

Click Open [E from the Menu bar menu.
Browse to the SW-TUTORIAL-2021\Bracket folder.

Double-click the Bracket part. The Bracket part is displayed
in the Graphics window.

P E-a-m-

" open (Ctrl+0) \

" || Opens an existing document. |

19

Bracket

Name
\‘

i BracketSLDPRT
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View the first feature in the Bracket Part.

23) Drag the rollback bar up the FeatureManager above Fillet1. View the results in the Graphics

window.

A
DS SOLIDWORKS File Edit View Insert Tools Window »*

ad-rE-a8a»D oo - ox

W D Somrore @O WP BRI @ Y Q

,? BErRe@>

EDsensors A
» [EAnnotations
» @ Markups
» [@Solid Bodies(1)
Eequations
EMatenaI <not specified>
-] Front Plane
71! Top Plane
I Right Plane
1, origin
» @) Extrude-Thin1
= Fillet1

» (3050 (5) Diameter Hole1 N \

*: LPattern?
» [ }010.0 (10) Diameter Hole

'i LPattern2 !
* & Cut-Extrudel A

L LPattern3 v 2 X
A . 2> isometric

D Revhnd 8 oy Eed Moo Reced () o | S B (0 ey Pt i nancD
@ Boundary Boss/Base e e Boundary Cut s m Shell Hd] Mirror g = A~
Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-ins | A0 _& X
‘ PLPEPEE T >R D

@ iM®ET 6D

Return to the original Bracket Part
FeatureManager.

24) Right-click Extrude-Thin1 in the
FeatureManager. The Pop-up
Context toolbar is displayed.

25) Click Roll to End. View the
results in the Graphics window.

[ Sensors A

» [Al Annotz % ZL°a

» [AMarku x Py O -

» [@Solid = —
[¥]Equati{Feature (Extrude-Thin1)
55 Materi Roll to Previous
(! Front i Rall to End
[ Top PI Comment
[/ Right B Parent/Child...

% Configure Feature
{7 Delete...
“ Fillet1 |[&]  Add to Favorites
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Heads-up View toolbar

FrEPAE © © O o

SOLIDWORKS provides the user with
numerous view options. One of the most

useful tools is the Heads-up View toolbar displayed in the Graphics window when a document

is active.

L)

rotate models.

In the next section, apply the following tools: Zoom to Fit, Zoom to Area, Zoom out, Rotate

s Dynamic Annotation Views K : Only available with SOLIDWORKS MBD (Model
Based Definition). Provides the ability to control how annotations are displayed when you

and select various view orientations from the Heads-up View toolbar.

| Activity: Utilize the Heads-up View toolbar.

Zoom to Fit the model in the Graphics window.

26) Click the Zoom to Fit 2 icon. The tool fits the model to the

Graphics window.

Zoom to Area on the model in the Graphics window.

]

27) Click the Zoom to Area ,O icon. The Zoom to Area e

icon

is displayed.
Zoom in on the top left hole.
28) Window-select the top left corner as illustrated. View the

results.
De-select the Zoom to Area tool.
29) Click the Zoom to Area ‘b‘ icon.
Fit the model to the Graphics window.
30) Pressthefkey.

e i

Rotate the model. - ___-__1{“-“‘-" e o "“l*i s |||
31) Hold the middle mouse & " Brrserttee " Preeanca | (B Wi 2

button down. Drag upward
U, downward U, to the
left U andtotheright Uto | 27

* [ Scied Bodkes( )

cEE®® -

W seruors -

rotate the model in the Ciwtoe
Graphics window. '."*',:“\

Right Pgna

Fearures Shwach dariop | lvstuss  ASED Demenciors  SOLIDWORKS Add-ine

SLEARNEF o voa D

eSM®ETA
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Display a few Standard Views. —————————
. PUEZPAB G © & o-
32) Click inside the Graphics window. T ye”

33) Click Front @ from the drop-down Heads-up -

view toolbar. The model is displayed in the Front /ﬁiﬂ :%‘ - ;
-

view.
i ={an]==!

34) Click Right 1 from the drop-down Heads-up
view toolbar. The model is displayed in the Right

viey, PLEPRE -V ->-OR-0-
35) Click Top from the drop-down Heads-up ‘/ P v [Tjﬁ»
z::xtoolbar. The model is displayed in the Top o & P v—
=il @ pimetric
Display a Trimetric view of the Bracket model. COEm i T]"""e"“

36) Click Trimetric @ from the drop-down Heads-
up view toolbar as illustrated. Note your options.
View the results in the Graphics window.

e Sectiorn View @ - Dis a cutaway of a — N = =
/ e kit PEEZPEAD © » & D
part or assembly, using one or more 55 qﬁj 4
cross section planes. L "E'
View Selector (Ctrl+SpaceBar)
- Dvnanric A;,noraﬁon erWS @ - Ol].ly Show or hide the in-context View Selector to choose
= i N from a variety of standard and non-standard view
available with SOLTDWORKS MBD. orientations. Press Alt to expose only the back faces of &
Control how annotations are displayed e atn e ton :
when you rotate a model.

The Orientation dialog has an option to

display a view cube (in-context View

Selector) with a live model preview. This

helps the user to understand how each

standard view orientates the model. With the

view cube, yvou can access additional standard views. The
views are easy to understand and they can be accessed
simply by selecting a face on the cube.

To activate the Onentation dialog box. press (Ctrl +

spacebar) or click the View Ornientation G2 icon from
the Heads-up View toolbar. The active model is displayed
in the View Selector in an Isometric onentation (default
vView).

Click the View Selector icon in the Orientation dialog
box to show or hide the in-context View Selector.

~ 1 -

RS Press Ctrl + spacebar to activate the View —
Selector. D SO R B ER —I' % -

~ -

ECS Press the spacebar to activate the Orientation b= ﬂ
dialog box. CEaf="aly=gy |
| 3
e  View Orsrientatiornr box e - : Select a view = I=lnr]==k=

orientation or the number of viewports. The

options are Top. Lefi, Frornr, Right, Back,
Bortrom. Single view, Two view - Horizorital,
Two view - Vertical, Four view. Click the drop- 2l 1] \@\- - LTI ]
down arrow to access Axonomeltric views: ?
Isometric, Dinetric and Trimetric.

active view. The options are Wirefi-ame, Hidden
Lines Visible, Hiddern Lines Removed, Shaded,
Shaded With Edges. @

&
e Display Stvie - : Display the style for the @
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SOLIDWORKS CommandManager

The SOLIDWORKS CommandManager is a Context-sensitive toolbar. By default, it has
toolbars embedded in it based on your active document type. When you click a tab below the
CommandManager, it updates to display that toolbar. For example, if you click the Sketch tab,
the Sketch toolbar is displayed.

s For commercial users, SOLIDWORKS Model Based Definition (MBD) and
SOLIDWORKS CAM is a separate application. For education users, SOLIDWORKS MBD

and SOLIDWORKS CAM is included in the SOLIDWORKS Education Edition.

Below is an illustrated CommandManager for a Part document. Tabs will vary depending on
system setup and Add-ins.

@ 9 f Swept Boss/Base @ @ @ Swept Cut @ Eg @ Rib Wrap .ﬂ 2 S {;’1
Extruded Revolved ‘ Lofted Boss/Base Extruded P-!ole Revolved m Lofted Cut Fillet Linear E Draft @ Iritersect Reference Curves Instant3(}
Boss/Base Boss/Base Cut Wizard Cut Pattern Geometry

@ Boundary Boss/Base z @ Boundary Cut & @ Shell rH] Mirror - =
T T ] T SRy ™ A o 4
Features Sketch Markup Evaluate MBD Dimensions SOLIDWORKS Add-Ins ;J o) &g %
v. v S Plcﬂ Mirror Entities n
| ° o=
Exit Smart LY A Irim Convert Offset set - Display/Delete Repair Rapid |Instant2D
LR -/ L ketch Patt -
B oonsion 17 O©-A Entities Entities Entities EE loear Sketch Partem Relations  Sketch “-110- Sketch|
i 5 @ ] -\ ) = face AD) Move Entities > - < ‘

Features Sketch Markup Eval MBD Dimensi SOLIDWORKS Add-Ins O OLERER(
T | O 7 £ @ @ b Do R ST - N e — o
e R s Frcon Perleoomets (8 Deomens iy Nzeoasrives G undert Anaiysis T thickness anaysis Sk ks

i E -(umamra @ Parting e Anakysic I';P_ﬂ(-mmm Documents Decumsnt
Festures Sketch Markup Evaluste ions | Add-Ir A:Jﬂ;;@ilfiuﬁ MD

X XXX (=] - 8

S03) f
¢ B & = &H @ 0 am = ]
Auto Location Size Basic  Pattern Datum Datum Geometric ! TolAnal
Dimension Dimension Dimension Location Feature T t Tolerance 1 Stud

Scheme Dimension

Features | Sketchl Markup I Evaluate MBD Dimensions | SOLIDWORKS Add-Ins

® @ % & T S T K = W

CircuitWorks PhotoView ScanTo3D SOLIDWORKS SOLIDWORKS SOLIDWORKS SOLIDWORKS TolAnalyst SOLIDWORKS SOLIDWORKS

360 Motion Routing Simulation Toolbox Flow Plastics
Simulation
Features | Sketch | Markup | Evaluate | MBD Dimensions | SOLIDWORKS Add-lns

- {’c‘}} |

’Q‘ Set button size from the Toolbars tab of the Customize 1] [_
dialog box. To facilitate element selection on touch interfaces 48 options
such as tablets, you can set up the larger Size buttons and text | Customize...
from the Options menu (Standard toolbar). ., Add-Ins...

Save/Restore Settings...
] Button Size
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