3D Printing

Mastery For Beginners

The Complete Step-by-Step Guide to Desktop 3D Printers,
PLA Filament, STL Files, Slicer Software, Troubleshooting,
Maintenance & Profiting with 3D Printed Products

Gally Renders



Copyright © 2026 Gally Renders

All Rights Reserved. This book or parts thereof may not be reproduced, stored in
any retrieval system, or transmitted in any form by any means—electronic,
mechanical, photocopying, recording, or otherwise—without prior written
permission of the publisher, except as provided by United States copyright law
and fair use.

Disclaimer and Terms of Use

The author and publisher have made every effort to ensure the accuracy, clarity,
and completeness of the information presented in this book. However, the
content is provided for informational and educational purposes only and is not a
substitute for professional advice or hands-on training. The reader assumes full
responsibility for applying the techniques, procedures, and ideas presented.

Non-Affiliation Notice

This book is not affiliated with, endorsed by, or sponsored by any 3D printer
manufacturer, software company, or filament brand. References to products,
software, or trademarks are for educational purposes only and do not imply any
official connection.

Printed in the United States of America



CONTENTS

CONTENTS cciiiiiiiiininnrentiiiiissssnnssesssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssnssesssssssssssns n
INTRODUCGTION .....uiitieiiiteniiinensiiisessesiensesisnssostsnssestsnssesssnssssssnsssssssssssssnssssssssssssnssssssnssssssnssssssnssssssnnnss 1
CHAPTER 1 ...oiiiiiinenniiiiiiiinnneeesiisssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssnnnnnns 2
THE CONCEPT OF 3D PRINTING .....iteeuiiiienniiineenieiiensieimensieimsssieissnssssssnssssssssssssssssssssnsssssssssssssnsssssnnssssanne 2
INTRODUCTION .ttt eutteeueeetreesseeesseeessaeessseessseesssesssssesssesssssesssesssseesssesssseesssesssseessesssseessseesssessnseessseessseessseess 2
WHAT IS 3D PRINTING? «.vteteitteeeeiuieeeestteeestteesesuseeesasseeeesssseesansseessssseesssasseesssssesesssssesssssseessnssseesssssesssnsseeenns 4
HOW 3D PriNting WOIKS ........uveveeeeeeeeie ettt et tte e ettt e ettt e e et e e e et a e e esssaeestsssasassesaessnaaeasssnaan 5
3D PriNEiNG PrOCESS. ...cccocuvieeieiiiieeeee ettt ettt e et e st e e st e e e st e e s snneessannes 6
TYPES Of 3D PIINTEIS ..vveeeeeeeeeeeeeetee ettt ee e ettt e e et e e et e e e et e eesasaasasssaeastsaaeeasssaaeasssasasssananans

Extrusion Based 3D printers

RESIN-BASEA 3D PIriNTEIS ..oceeevvieeeiiieeeiieeeeettteeettea e s ttta e e sttt e e e tee e s sttt e e e sttaeesasttaesanstaassstenessasaeesannses
The DMLS 3D Printer(Direct Metal Laser Sintering)
Jet Fusion 3D Printers/ Multi Jet Fusion 3D Printers
The Future of 3D Printing
Importance and PUrpose Of 3D PriNtiNg .........cccuueeeeuuieeiieeeesiieeeeieaessteeesetteaessaeaassseaessssseaesanseens

00 e I U 39
CHOOSING A 3D PRINTER ...cuueeetitiitiireetttttinnniaeetets s nnsssseneees s sssssssaseseesssssssssnnnsessssssssssnansssesssssssnns 39

HOW TO FIND THE RIGHT 3D PRINTER ...cuettttieeiieiiiietteeeeeesitetteeeeeesaiietteeeesesemnereeeeeeesesnnreeeeeeesesnnreeeeaesaannnn 39
Choosing the Right 3D Printer QNd itS USES ...........ccuueeeecuiieeeeiieeesiieeessieeeestaeesiieeassteaesssaeaesssseens 40
Best FDM 3D Printers
BEST SLA 3D PLINTEE ..ottt ettt st e ettt e s e e st e e e anneeennneens
BESE DLP 3D PIINTEL ..ceeeeeeneeeee ettt et ettt e e ettt e e e ettt e e e e e e et eeeaeeeeanassneeeas
BEST SLS 3D PrINTOI .ttt e ettt s e e ettt e e e e s e e s snneeennneens
Best SLM 3D Printer.....................

How to use a 3D Printer
HOW £0 3D PriNt ...ttt ettt e ettt e e ettt e e e e ettt e e e e e e e st eeeaaeeeanassneneas
TRINGS YOU CON PN ...ooeneeeeeeeeeeeeee ettt e st e e et e e et e e e et a e s e staasanaeaesasseaaesassesesanseaensasenanans
What to Consider When ChooSing @ 3D PLINTEY .........cccceeceueieeeieeeeeeeiiieeieeeeeetcteeeaaeeeescvaraaaaeeeeeans 46

CHAPTER 3 ..ttt aeete e sssanese e s s s saaase e s s s e s s s aaana e s s s e ssssssnnaaessssssssssnnnnasssessssann 50
3D PRINTING PROCESS .......coiimtiiiiiiniisinniiiiiiinissssissesisssssssmseesisssssssssssesnsssssssssssssssssssssssssssesssssssnns 50

MULTIJET MODELING (IMJIMI) <.ttt et e e st e e et e e e et e e e sanae e e entaeesensaeeesnnseeeannsaeesnnnenas
STEREOLITHOGRAPHY ....eeuveeuteeuteestesueesteesseesseeseesseessaessasssanseessesssesssesssesssesssssssnsesnsesssesssssssessesssesssessessesses
FUSED DEPOSITION IMODELLING.....c.vvesueeteesteeseesseesseesseeseessesssesseesseesseessesnssassesssesseensesssessssssesssessessseensesnsenns
SELECTIVE LASER SINTERING PRINTING PROCESS




ANGULAR DEVIATION OR ANGULAR TOLERANCE ....vevvvuvurururesessresesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnnnns 60

STLFILE FORMAT FOR 3D PRINTING ...ccoiitttiiieiiiiiiiiteiee e eeiitre et e e eeeiataee e e e e eessabsaseesseesessssseeseeeseesnnees 61
WHAT ARE ASCII STL FILES?..cvvvvvvvvrvrernnnns .61
WHAT ARE BINARY STL FILE? 1uvvviiiiiieiiiiiiiiee e ceieititeee e e e e eeeatee e e e e e seeaabaaeeeseeesasbasseeeeeesassbasseeseeeseassnrresseeseenes 62
HOW DO YOU FIND OUT WHAT FORMAT YOU HAVE P ....uvuuuuureuerererereresssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssnns 63
STLFILE ERRORS THAT CAN HAPPEN.......utttiiiiiiiiiiiittiiee e eeeitteeeeee e eeeiataeeeeeeeessabsaseeeseesssssssseseeessnsssnnens 64
CHAPTER 4 ......coeeeceeeeeeeeennteeeeeeeenannsseeesesesnnssssssssesssnnssssssssssssnnnsssssssssesnnnssssssssssssnnnssssssssssssnnnnnssssssnnnn 65
MAINTENANCE OF YOUR 3D PRINTERS ....itttteeeeieerrreenmenessseereeesnnnsssssessessssssssssssssssnsssssssssssssnnsssssssssenns 65

USING YOUR 3D PRINTER IN A WAY THAT IS RECOMMENDED

How to maintain your 3D Printer filAmMeNnt ..............c.ueeeecueeeeeieeeeciieeeecieeeesieeeeetiaaeesteaeeessaaeeaees

Why Do You Store 3D Printer FIilQmMeENt ............ccc.ueeeeeueeeeeieeeectiieeesiieeesteeesstttaeseitaasssaeassssseaansnnes
L0 Y ] 72
3D PRINTING: SUPPORT STRUCTURE.......cccevuuiiiiiiiinmnnnnssinninmnnmnssssssssimmssssssssssssimssssssssssssssssssssssssssssnes 72
TYPE OF 3D PRINTED SUPPORT. ...ctteteteiauututtteeesasautesteetesesaanssetesesssaaunnseeeeesssaannseeeeesssasannseeesesssesannsseeeeessannnn 75
LINEAR/ LATTICE SUPPORT .....uveiureiteeiteesteeseesseeteeeseesseesteessesssesssesssesseesesnsesssesssesssesseesesssessesnsessessseessesssesns 75
TEEE LIKE SUPPONIT ettt e e e e ettt e e e e e e ettt e e e e e e et tsaseaaeeeassassssasaaeeesssssssanaaaees 76
DiSSOIVABIE SUPPOIT ...ttt e ettt e e ettt e e s et a e st a e e s tte e e s steaasassaaasssteaesanseens 76
SUPPORT SETTING FOR 3D PRINTING ..ettteeeeeiuutetteeeeeeaaittttteeeeeseauinreeeteeeseaunraeeeeeesesannseeeeeeesesannssneeeeesssannnnneee 77
SETTING THE SUPPORT DENSITY .78
3D PRINT USING SUPPORT ...ctttetitaiuuttettteaeseaautatteeaesasausesteeeeaesaaussseeeeeessaaannbeeeeeaesesannbaseeaeeeesaanssnseeeeessannnnneee 78
HOW TO REMOVE SUPPORT STRUCTURE .....eteteuureeerneeesesureresanreeesnseesassseresanseessanseesssnsesesansseessanseessnnsesessnnees 80
CHAPTER 6 ....cuuuiiiiiiiiiiiiiiiiiiiisiiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 82




L [ Ry (ol a1 o T g T=2 1 R TSRS 91

R (0] 0 [o [P OP PP PPPPPPPPPPPPRPPPIOE 93
SOME IMPORTANT SOFTWARE FOR 3D PRINTING ...eeettieiuiiitteeeeeeseiinrteeeeeeseaareteeeeesessnseeeeeeesesansssseesesssassnnees 94
R /[0 1 ST UPPPRRPP 94
HOW T WOTKS ...ttt ettt e et e ettt e s st a e s aatt e e e s atteaesatteesaastaasestaaesnassessnasees 94
R =01 1 1o [V <IN | Lo 1 GRS 95
LRI ol =1 SRS 103
CREATING A GCODE FILE ..eiiititeeeiieteeeiteeesitteeesiteeessiteeesbaeeessubeeeseanteeesnseeessabeeesansseeesnseeessnsaeesensneesanneees 107
CHAPTER 7 et s s s s s 109
HOW TO MAKE MONEY FROM 3D PRINTING.........cceeeemmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmsssssssssssssssssssssssssssssssssssnss 109
PRICES OF 3D PRINTER? ...ttttieiuttteeeutreeeiuteesesuseeesauseesesssaeesasseessnssesssssssnesanssessssssesessssnessssesessseeessnseeesnnnns 113
TOP DESKTOPS AND IMOBILE 3D PRINTERS APP.....eeiiiiieeeeiiteresneteeesairteessuteeesasseeesanseeessabseesssnseeessnssesssssseeenns 114
THE BEST 3D PRINTING APPS FOR ANDROID ..ceeeuuvvereiurreeeesureeessseeeesasseesessseeessssseessssssessssssesessssseesssssessssseeeens 114
ASTIOPEINT ...ttt ettt e e ettt e e e ettt e e e e et e e e e e e et e e e e e e e nnnenees
GcodePrintr
PrINtOIM fOF OCLOPIINT ......ooeeeeeeeeeeeeeee ettt e ettt e et e e ettt e e e et e e e taaaa e s tsaaesasssaeeasssaassssesansnnes 115
Y e 1o L L= A D =Lt 1 1= SRS 116
TRUNGIVEISE ...ttt e e e ettt e e e e ettt e e e e e e st e e e e eassastsasasaaaeessssssesaaaasessssssaneaaanas 117
IMYMINIFQCEOIY .ttt ettt et e e e e s sttt e e e e s sttt et e e e ssssasssbteaeassssssssteasasssssnnns 117
3D GOKS. ...ttt ettt e e et e e e e et e et et e et e e e e aatt e e e btaeesbbeeenaas 118
THE BEST 3D PRINTING APPS FOR IOS DEVICES.......uiiiiiiieiiiiiiiiiitee ettt ettt e s e e s nnneeee s 119
PULBEYBD ..ottt ettt ettt ettt ettt et a e e e e e e e 119
QUONEC ...ttt ettt s it s bt st e et e st e sate e s e e s ae et 119
Y [ 14 211 3 U UUS 120
(01K Lo -SSR 120
OCEOPOU. ...ttt ettt et e ettt e e sttt e e st e e st e e e st e e esastaeesatsaeesaasaeaessneeas 121
BD SCANNCE AP ettt ettt ettt et ettt ettt et et et e e e e e e e e e e et e e e e e e e e e eeeeaeeaaaaaaaaaeaees 121
[2e )}V ol T s BSOS UUPURE 122
UMGKE .ottt ettt ettt ettt e sa e ettt sat e et e et e e at e e s ate et e e nate e ateenbeenate 123
R Yol Vo] 4 o IR UUU ST 123
EDIAWINGS .vveveeeeeeeeeeee ettt e e e et e e e e e s sttt e e e e e sastss e e e e e ssssassttetaesesssasstteaeeessssnssnteaaaaesnnnans 124
APPS FOR 3D PRINTERS ON THE DESKTOP AND THE WEB ....uiiiiiiiieieeeiiiittt e e ettt e st e e e e e s e e e e e e e e 124
Y o[ ] L= e | TS UUR ST 124
AULOABSK FUSION 360 ...ttt ettt ettt ettt ettt s e e sat e e s ateesateesaseesateesaseenaseanseenane 125
1LY ol A =14 Oy 7o) AT PP 125
R =0l g o SN 125
CUPG UIEIMQKE ...ttt ettt ettt e e sttt e e st e e st e e e satte e e s st e e ssteeesssteasssseeas 125
IMOYQ ettt e e e e e e e e e e e e e aaaaaaaes 125
VBCEAIY oo 126



[ 1o [=2e 11 Lo ] (-1 P TRUTTR 126

(ot X0 o 4 11 S 126
SKEECAUD .ottt ettt s et s et s e st e st n e s e nane s 126
BIOCKSCAP ...ttt ettt e e et e e et e e et e e e et a e et a e e ssaaaeassaaaesssaesastesanansseaeenses 126
CONCLUSION: THE PREMIER OF 3D PRINTER ....uvtttttetiieiiiitteeeeeeesiieteeeeesesibetteeeesessanbenteeeesesessnneeeeesssennnnnees 127
o I o 41 (=1 USSR 128
DIFFERENCES IN PROCESS CHARACTERISTICS FOR CNC AND 3D PRINTING .130
WHAT 3D PRINTER SHOULD YOU PURCHASE?....ceeutterureesteesireesseesieesseesteesseessseesnseessassnseesssessnsessssssssseesnn 131
WHERE CAN YOU GET YOUR 3D PRINTER AND MATERIALS FROM? .....uvviieeeiieeceiieeesieeeeesieeeesaeeeesnreeessnnneesnnns 131
BOOK 2....cciiiiiiinenetiiiiiisssnnnnesssisssssssssesssssssssssssssssssssssssssnsessssssssssssssesssssssssssnssssssssssssssnssssssssssssssnnsans 132
TROUBLESHOOTING .....cuuueteiiiiiiiisiunneeiiiisissssssseesssisssssssssssssssssssssssssessssssssssssssessssssssssssssssssssssssssanssens 132
3D PRINTERS ...ccueeteiiiiiisnsnneeesssissssssssssessssssssssssssssssssssssssnssssssssssssssnssssssssssssssnsssssssssssssnssasssssssssnns 132
INTRODUCTION ....ccciiiiiiiiinnrttiiiisississteetiississsssssesssissssssssssessssssssssssssessssssssssssssssssssssssssnssssssssssssssnnsens 133
GOOD PRACTICES .uvteeuteeeuteeesteeesseeetessnssessessnssesssesssssessessnssssssssessssensesessessnsssessessnsesesssesssssesssesssssenssesnsens 133
DIAGRAM OF A 3D PRINTER 1vveeuveeiuteesureestteesseeesseessssessseessesasssesssssesssssssssesssssnsssassessssssesssesssssesssssssssenssesnes 135
CONTROLLER BOARD ...ttt iutteettt ettt ettt esitesttesstteebeessaaesbaessbaeesbaeessaeebaeessaeensaesssaeenbaeesabeensseesaseesseenssesnsens 135
FILAMENT L.ttt ettt ht e bt e s et e e bt e s et e e bt e e sbe e e bt e e bt e e be e e bt e eabeeeabeesabeeebeesabeeeseesabaeanaeenane 136
FRAIVIE .ttt ettt ettt ettt e e ettt et e e e s e ba et et e e e e e asa b e et e e e e e e s s be et e e e e e e san bbb et et e e e ea e nnraeeeeeeeeaanrrnaeeeens 137
MoTION COMPONENTS .138
STEPPER IMIOTORS ... eeiiititteeeee e sttt et eeeeese bttt e e e e s e amebeteeeeeseaaanbe et e eeeeeaanbeb e e eeesesannsbeeeeeeeesansnneeeeesesannnreee 138
2] T PP P PP OPRTOPPTORPRPPPIN 138
EIND STOPS. ettt ettt ettt ettt e ettt e e e s et ettt e e e e e e aa b ettt e e e e e s e abe et e e e e e e aa e habe e et e e e eaannraeeeeeeaaaanrreaeaeens 140
POWER SUPPLY UNIT (PSU) ...eireiiieeeee e eteee e ettt et e e eteee e et e e eetaeeeeenteeeeensseeeeesnneeeensseseesseeeeenseeesensresennnes 140
PRINT BED tetteeiiiitttteee et e ettt e e e e e sttt e e e e e s aaa b et e e e e e aaaaunb e bt e e e e e e s anbe e e e eeeeesansebeeeeeeesaannnsaeeeeeesanannrnnneaeens 141
PRINT BED SURFACE ...eeuvttetteetteeniteeniteestte ettt estte sttt esstesbeeesseesseeesseesaseeesseesseeenseesabeeesseeesaeenseessaeananennne 142
PRINT HEAD ..ttt ettt ettt e e e ettt et e e e e e e b e bt e e e e e e s abeeeeeeeaesaanabeeeeeeesaannbeeeeeaesannnbnnneaeens 142
FEEDER SYSTEM ..ttitteeuteitteetteesite ettt esite sttt e sutesbteesbtesabeeesbbeesbeeesstesabeeessteeabeeesbeebeeensbeebaeenseesnbaeananennne 144
DUAL EXTRUSION .144
USER INTERFACE AND CONNECTIVITY ..euvtteuteeteeenueessseeenseessseeesseessseeesseesssesesseesssesenseesssesssseesssesssseessssessseenns 144
FILE TRANSFER OPTIONS ... ieieettttteeeeesaittttteeeeesaiuateteeeaeaaauunbebeeeeesesanbeeeeeaeaesannnbeeeeeeesaannsbeaeeaeeasannsnnneaeens 145
ELECTRICAL SAFETY 1. utteiuttt ettt ettt estte ettt e sutesstteesute ettt ebtesbeesbteeabeeesseeeabeeesaeeeabeeenbeeeabeeenabeebaeenseesnbaeenaeennne 145
MANDATORY MAINTENANCE . 148
LIGHT CLEANING & EXAMINING ..ceeeuvteteiiieeeniiiteesstteeestteeeesutteessusteessubaeesssuseeesassaeessasseessssseeesssseeessnseeesnnnns 148
AXIS & GUIDE CHECKS. ..uvteeeruurreeeureresasreeesansteessureresasnreeesanneeessuneeesasnsesesannseessasseesasnneeesannseeesasseeessnsenesannne 148
BELT TENSION ALIGNMENT c.uveeuveesureesureesseeessseessseansssessssessesessssessesesssssssssessssesssssssessssesesssssssssesssssssssssesnss 149
INOZZLE CARE euvteetteeeteestteesteeestteesuteesuteessteesteessbteesstesbeeesstesasteessbesabeeesstesabeeeastesabeesbeesabaesnseesabaesnseennn 150
IMIATERIALS AND THEIR SETTINGS ..tteteeeiuuturteeeeeesaauuurtteeeeesaaaunteeteeeesesaausssteeeesesaannnreeeeeessaannsaneeeaesasaanssnneaeens 150

o] I PO PP P RO PRRTRUPOPPRRRPRRINE 150

Y 2 N 151



Y SO OOP PSP SOROROROTOROON 152
INYLON ettt nnnnnen 152
QUUALITY OPTIONS «.vteeuveeeutteeteesnseeeseesusesssesssssessseessssessesssssesssssesssesssesesssesnsssesssesssseesssesssssesssesssseessesssens 153
LEVEL THE BED AND CONFIGURE THE Z OFFSET ....veeuvieutieteesteeteeseessesssesseesseesseesseesesnsesssessssssssssesssesssessessnesnes 153

EXAMINE THE TEMPERATURES
ENHANCE THE BUILDING SURFACE

MAINTAIN REGULAR IMAINTENANCE ...veetuttteeaureresaurteessureresasuseeesauseeessaseeesansseeesanseesssnsenesssnseeesanseesssnseeesannne 154
REGARD FILAMENT WITH CAUTION eeiiiiiiiiiiiteeeeeseiiitteeeeeesesiatetteeeesessssssaeesesssasussseaasesssassnsseseeesssssssssnseeeens 154
LIMITATIONS WITH 3D PRINTING ...ceutttteiiteeeeiiteesetteeesitteeeesiteeessusteessabeeesssbeeesnseeesaabeeesanseeesansneessseeesnnnne 154
SPEED LIMITATIONS «..iiiiitteeeeeeeeiitttteeeesseittteeeeeesesasbeaeeeessesaabaaaeeeesesaasbesaeeeesesaasbssbaaeesssassnseeaeesesassnsens 156
CURA TRICKS +eeeeeutteeeeuuteeesutteeeeauteeesauteeesuseeeeaubeeesausaeeesasseeesasbeeesaasseeesansteesaabeeesansseeesanseaessabeeesanseeesnnnneas 157
IMPORTANT ACCESSORIES AND REPLACEMENTS ..euuiiiitteeeeesesiiteteeesesesastsreeesesssasusnseeasessssssnssnseeesssssasssseeeens 160
Filament StOrAGE CONTAINEY ..........oeeecuveeeeeeeeeeiiieeeeeee e et cee e e ettt e e eetta e e s tsaaaestsaaesssssaeestsesasasseaeenses 160
VACUUM SEALED STORAGE CONTAINERS ...eetetteeiuurrteresesasuutetteeeesssaussrseesesssassssseesessssssssseseessssssssssnaeesssensns 160
IMIASKING TAPE ..ceeuetteeeiuttee e ettt esuteee e sttt e e euteeesausteessubeeeseasbeeesnsteesaabeeesaasbaeesasseeeesabbeeeansaeesnsaeesanbbeesnnnne

PVA GLUE STick
TOOL FOR REMOVING 3D PRINTS ..cetteeiieiiiitttteeeeeiiiteetteeeeeseiieeereeesesemnereeeeeseseannnreneeeseseannnreneeeeesesannnnneeeens 161

What Leads to CUIING iN A 3D PLINT? ........oueeeeeeiieeeee ettt e e ettt e e e e e et saataaa e e e e ssssssasaaaeessaes 168

How Can You Prevent Curling Paper When Printing?.............cceeeecueeeeeeeeeeiiieeesiieeesivesesssenansnns 169

How Can A Warped Print Be FIXEA? ..........ueeeeeeeeeeieieeeeeeeieeee e e eeestteea e e e eeetctasaaaaeeesssttasanaaaeessans 169
ELEPHANT FOOT 1utttetteetteesteeeteeesuaeesueeesseeesseeessseesssassseessesessssssssesssssssesessssensesssssssssssessseessssensesssseeeneesnes

BED LEVELING ....eteeutteeeiuteeeseitrteesiieeeesneeeseuneeesamseeessubeeeseanreeesnneeesaareeesannseeesanneeesanseeesannnneesannneesanreeesnnnne
REDUCE THE TEMPERATURE OF THE PRINT BED. ....
EXTRUDER IMOTOR SKIPPING ...ttt ittt esrtteseiteeesanseeessureeesenseeesnneeessnseeesenseeesnneeesansenesannnneesannneessnseeessnnne
FILAMENT SNAPS. ..t tteee e ettt e e e e et ettt e e e s e aaat et et e e e s e auaab e et e e e e e e s e abs et e e eeaesaasnbbeaeeeeseaannbbeaeeaeeesansnnaeaeens

Maintain Proper Filament StOIrQQE..............uuueecuueeeeeiieeeecee e eeteee ettt e e s ctaaessteaeessstaaesissaasesssanaesnes

GEL YOUI FIlQMENT DIY ...ttt ettt a e e e e ettt a e e e e e s tb s s e e e e e asastsssaaaaeeeassssnens
ELIMINATE AIR IMOISTURE ..eeteuuttterutteeesnteeseiuteeesauseeessuresesasreeesanseeessasesesannseeesanseeessnsenesannseeesaseeessnseeesnnnne
CHOOSE A HIGHER=QUALITY FILAMENT . t..ttttetuutteeesuteeessueeeesuseeessseeessssseeesanseeessnsessssssseessnsesessssseessnssaeessnseees



INCREASE THE NOZZLE'S TEMPERATURE .....vteeeeuetetessureeeesuteeessnsseeesnnsaessssseeessssseessnssseessnssnessssesesnseeessnsenesnnnns 175

GAPS IN WALLS....eutteeuteeetteetteestteetteesttesbe e s bt e ettt s bteebee e sbteeabee e saeenbee e aaeeabeeesbe e steesabeensteesaseenseeenasessens 175
GAPS ON TOP LAYERS. ... ttttteteeeeeiitttteeeeeseebteeeeeeseausbe et eeeeeesaabeteeeeeeas s bebeeeeeeesaanbebbeaeeessassnsbeaaesesasannees 176
GHOSTING .uvteeuteteteeeteessttesseeesueesteessatesbeessaesbeesaaeebeeessaeeaseeesaeeabeeeseeeaseeebaeeabaeesbeenbaeenaaesnbeeennseenses 176
HOTEND CAN’T REACH OR MAINTAIN TEMPERATURE ...ttt evteetesesseeeseeesseeessssessseensssenseesssesessessssssessessssesanseennes 177
HOTEND NOT HEATING
LAYER SHIFTS 1uveeuvveesuueeueeessseasesessseassssessseansssessssssssasssssesasssssssssesssssnsssesssssssssensessssesenseesssesensessssesaneennns
MISSING LAYERS AND HOLES IN PRINTS ...vteuuteetttenttesteeenitessteeenstessseeesseesssesesssesnsesssseesssesssseesssssenseessssssneesne 179
IVIODEL ERRORS ... uvvteeeetteeeseteeesueeesesuteesssuseeesausaesesssaeesassesssnssnessssssnessnsseessnssneessnssnesssseeesssenessnsseesnnnes 180
INOZZLE CLOGS . ettt etteeteeeniteesteeesiteestteesseeesteeesseeeseeessseesesessseesesesssesssaeenssesnsssenssessesenssesnsesenseesnseesnseesnne 181
OVER/UNDER EXTRUSION .....veeuveiteesteeiteeseeseesseeseeeseeseesesssessessssesseessesnsesssessssssssssesnsessessesssessssssesnsesnsenes 182
PARTS NOT IMATING TOGETHER ..veevveestreesueeesteeesiuessseeenseesssesesseesssssesssessssssnssesssessnseesssesssseesssesssseesnssssneesnne 183
PATTERNS IN OUTER SURFACE ...vvvteeuvreeesurreesasuseeesauseeessseeesassseessnssssssssseessssseesssssssessssseesssssesessnseeesssssessnnnes 184
POOR LAYER ADHESION ...vteutveetteesiteesuseesseessseeesseessssesnssesssessnssesssesenssesnsssenssesnsessnseesnsesssssesssssesseesnsssenseesnse 184
PROBLEMS WITH “POWER LOSS RECOVERY” .....uvteieieutieeeiiieeeeitreeesssteeestteessssseeesssseeesssssnsessssesssnsneessnsseesnnnn 186
RUNNING OUT OF FILAMENT .1etuttteiuteestteesiteesteeessaessteeenssesssesesssesssessnssesnsssssssesssessnseesssesssseesssssensessnssseneesnne 187
SQUISHED LAYERS
STEPPER MOTORS OVERHEATING OR MALFUNCTIONING c..veeuvteetteestreensteesteeesseesssseesssesssesesssesssesesssesssssessesnsees 189
STRINGY OR BLOBBY PRINTS ....ttitteettieiteetttesite ettt site sttt e stte st s sbte s bt e e saeesbeeesaeesabeeessteebeeesaneennneenanesnnees 190
Adjusting the Retraction SELEINGS.........uueeeeecuueeeeieeeeeecieete e eeecceae e e e e e e se st ea e e e eeessttaaeaaeeeesnsanees 190
(0160 Ky Ao BN Y =1 11 o KT UP P UUPPRNE 191
SOIULION ..ttt et et e ettt e st e e sttt e e et e e s aata e e s abbeaessteaseaseeeenbseaenans
STRIPPED FILAMENTS
UNVEILED BUILD PLATE .ttt ettt ettt et ettt e e e sttt e e e e e e st e e e e e e s mnaeeeeeeeeseannbabeeeaesesnnrnnneaeens 193
WVARPING ..uutteutteenuteesuteesuteesuteesuseesateesaseesaseesaseesateesaseesabeeeaseesabeeeaseesabeeeaseesabeesaseesabaeenneesabaesnneesbaeeneenane 195
ADHESION TO THE BUILD PLATE eetteteiauutrteeressaaiusreteresesasanseseeeaesesansssseesesssansssneeesesssasnsssseesesssansnnseneeessaennnn 195
UTILIZE A HEATED BUILD PLATE. ...vtttettiiiintrtteeeeeseiiireteteessesssreseteeesesesneasteeesesemmanetesesesennnraeeteeesessnrrnneeeess 195

Check to verify that the construction plate is leveled properly
APPLY AN ADHESIVE

Z-AXIS WOBBLE ...eeuuveeuteesuteesiteesuteesuteesuseesateesuseesateesaseesabeesaseesabaesaseesabeeeaseesabeesbeesabaeenseesbaeeseessaeenseenane
STEPPER MOTOR
ROD COUPLER ..uvttetteetteestteetteesite e sttt e sate sttt e sutesbteeste sttt e ssbe e bt e e sbeesabee e st e e bt e esbeeabeeesabeebaeenseesnbaeananennne
LEAD SCREW. ... eettttt e e e e ettt e et e e ettt et e e e s e bt e ee e e e e e e aauab et e e e e e e e s aanbe bt e e eeaesaaansbeeeeeeesaannbbeeeeaesasaansnnaeaeens
Z-HEIGHT CALIBRATION ...teuuteesuteeeuteesureesseesuseessseessteesuseesaseesnseesssasssessasessseesssessnseesasesssseesssesenseessseessseennn 200
TIPS IF STILL NOT WORKING .. ttttteteeeeeuuuttteeeeeseauutetteeeesesaanteeeeeeeaesaaannseteeeeesaannbeeeeeeeseannssnaeeeeeesaanssnneeeens 201
NOZzzIe TOO ClOSE t0 PriNt BEd..........ooeueeeeieeiiiesee ettt ettt ettt ettt site et sieeebeeesaaeens 201
BLOCKED INOZZLE ....tetteee e ettt ettt et ettt e e e e et bt e e e e e e s e abe et e e e e e e s e annbeeaeeeeeeaaanbbeaeeaeeesansnnaeaeens 202




PUSH OLD FILAMENT THROUGH .....cevtttuieeeeerettttieieeeseesrsnieseesssesssnaesessssssssnaesessssssssnseeeesssssssnmneessssssssnnneeens 202

THE PRINT HEAD DID NOT MAKE CONTACT WITH THE PRINT BED 1evveeeieieieieieieeeeeceeeee e e eeeeeeeeeeeeeneeeeeeeeeeeeeeee s 202
CHECK OUT THE FINAL STOPS ..evttttueieeeeetttttiieeeeereeetatiaeseeessestsniesesessssssnnesesssessssnaesessssssrsnaesesssssssnnneeeesseses 203
CONGCLUSION .. cceuitteenertenneereenseersnsseersnssesssnssesssnssesssnssssssnssesssnssssssnssessansssssansssssnnsssssnnsssssnnssessnnssesanne 204
INDEX ..euuieenerenieeenerenneenncrennernnerenserssesensessssssnsessssssnsessssssnsesessesnssssnsessssssssessssesnsesassesnsssansesnsssansennnssnnne 205



Introduction

3D printing is no longer a futuristic concept reserved for engineers and laboratories. Today, it
sits on the desks of hobbyists, entrepreneurs, designers, educators, and innovators around the
world. What once required expensive industrial equipment can now be achieved with
affordable desktop printers capable of transforming digital ideas into real, physical objects
within hours.

But for beginners, stepping into the world of 3D printing can feel overwhelming.

You may have seen amazing creations online—custom tools, mechanical parts, figurines,
prototypes, and even products being sold for profit—and wondered how people actually make
them. Between printers, filaments, STL files, slicer software, calibration settings, and
troubleshooting issues, the learning curve can seem intimidating at first.

That's exactly why this book exists.

3D Printing Mastery for Beginners (2026 Edition) was designed to take you from absolute
beginner to confident creator through a clear, structured, step-by-step system. Instead of
scattered tutorials and confusing technical jargon, you will find a practical roadmap that walks
you through everything you need to know—from choosing the right desktop printer and
understanding PLA filament to preparing STL files, using slicing software, maintaining your
printer, solving common problems, and even turning your creations into a profitable business.

Whether your goal is to create useful tools, prototype new ideas, design custom objects, explore
creative projects, or start selling 3D printed products, the skills inside this book will give you the
foundation to do it with confidence.

By the time you finish, you won’t just understand 3D printing—you will be able to use it
effectively, creatively, and profitably.

So power up your printer, prepare your ideas, and get ready to build the future—one layer at
a time.



CHAPTER 1
THE CONCEPT OF 3D PRINTING

Introduction

A lot of people don't know that 3D printers have been around for a

lot of years and there has been a huge rise in both 3D printers and the ways people use them.
3D Printing technology is already changing the way we produce objects from tools to toys to
clothing to even body parts. There are a lot of areas where 3D printing is making a big difference,
like in the arts, prototyping new products, making sense of abstract ideas, the manufacturing
and construction industry, bioprinting, etc. This chapter will focus on the basics of the 3D
Printer, what a 3D printer is, how 3D printing allows us to make almost anything from nothing,
how 3D printing works, the types of 3D printers, the future of 3d printers, and what purpose do
3D printers serve.

First and foremost, let's look at how things were previously created. There are different ways
we make things:

e One way of making things is called Subtractive Manufacturing: In subtractive
manufacturing, you take a lump of material like wood, metal, or stone and cut away
some parts of it to make the thing we want. That is, you remove or subtract the material
you don't need to create something which could be carving a wooden chair from a tree
or making a statue from some stone.



o Another way of making stuff is called Forming. In this method, you take a block of
material and apply a force to change its shape. An example is Wallace and Gromit made
by shaping or forming plasticine.

o Another way to make things is called Casting: This is where you take a solid material,
make it into a liquid, and you pour it into a mold. An example is chocolate bunnies and
Easter eggs.



e lastly is the Additive Manufacturing and this is where you have nothing to begin with.
You just keep adding materials layers by layer anywhere you want until an object is
created.

What is 3D Printing?

3D Printing is part of addictive manufacturing where an object is created by adding materials
layer by layer. 3D printing is simple to understand. To make something, you start with nothing
and build it up one layer of material at a time until you have finished it. Examples of the process
can be found all around us for example, people making brick walls for a long time and so on.

In other words, 3D printing is a process in which a physical object is made from a digital design.
The process starts by laying down very thin layers of material, like liquid or powdered plastic,
metal, or cement. Then, the layers are melted together to make one big piece of material.

Alternatively, 3d printing can be described as the method of creating solid three-dimensional
items from a digital file, which is also known as additive manufacturing. Layering materials such
as plastic, composite, or biomaterial in a 3D printer produce a wide variety of shapes, sizes,
rigidities, and colors.

Note the following about 3D Printing

e Since 3D printing technology has been used, it has made manufacturing more efficient.
In the long run, it could have a huge impact on both the manufacturing, logistics, and
inventory management industries, especially if it can be used in mass production
processes.



If you want to make a lot of things with 3D printing, the speed isn't fast enough right
now. However, the technology has been used to cut down on the time it takes to make
prototypes of parts and devices, as well as the tools needed to make them so that they
can be made faster. People who make things on a smaller scale like this are very happy
about this because it cuts down on their costs and the time to market, which is the time
from when a product is thought up to when people can buy it.

Additive manufacturing allows designers to create complex parts for machines,
airplanes, cars, etc at a fraction of the cost and time of standard, like forging, molding,
and sculpting.

People are using new technologies and techniques to make things with 3D printing right
now. However, there are some important technological and business-environment
changes that came together to make consumer 3D printing more affordable and
consumer-friendly bringing additive manufacturing to homes and businesses.

The common material used in 3D Printing is plastic, but the use of some other materials
allows for the creation of some products beyond tools and toys.

How 3D Printing Works

The motor draws in the
plastic ilament, melts
the plastic and pushes
the mefed plastic

u through the nozzle. ----- ~

A 3D image is created using
1 a computer-aided design
software.

The CAD fileis
sent to the printer.

The printer lays down
successive layers of
liquid, powder, paper
or metal material
and builds the model
from a series of

cross sections.

Step 1: Create a blueprint of the object you want to print. That is, starts by making a
drawing of the thing you want on your computer.



Step 2: Use modeling software like blenders to create your design, or you can visit some
websites like Thingiverse, Shapeways, etc, to find objects that others have 3D modeled.
Step 3: After the design, send it to the printer.

Step 4: The computer will make a special kind of file that is sent to the 3d printer. The
3D printer will thereafter read that file, and print the object layer by layer to make the
thing you want.

Then the 3D object will be created through layering where the printer will add one layer
of the object at a time till a structure is fully formed.

3D Printing Process

3D Printing Process

TCREL

3D Cad STL
Model File

Slicing
Software

Layer Slices &
Tool Path Pn'n:ef Ob!ect

This is the core of all 3D printing and everybody follows this procedure to 3d print. In a more
detailed way, follow these processes:

First, always start with a 3D CAD model (a three-dimensional model) on the computer
of the object you want to print.

Then, export that model as an.STL file (Stereolithography file)

From there, we can import that STL file into our slicing software

From the slicing software, we can edit the layers, the tool path, the temperature, the
color, and how fast you want to print.

CAD model sliced model




e Then, send that code that the slicer makes in a G-code file off to the 3d printer.
e C(Click Print and the printer creates the object that we made in the CAD model or
downloads it online and create a three-dimensional object.

Note: There are other types of the 3D printing process.
There are many different ways to make things with 3D printing, such as:
e Extrusion: When you make something with extrusion, you wind a plastic filament or
metal wire around an extrusion nozzle and then unwrap it. This gives the material to

the nozzle. The materials that are used are thermoplastic, eutectic metals, edible
materials, metal alloy, and more.

e Granular: Selective melting is done in a granular bed with this process. The method
combines parts layer by layer until the object is made. Metal alloys, titanium alloys,
thermoplastics, metal powders, ceramic powders, plasters, and more are used to make
this.

e Laminated: This process layers objects together with layers of thin plastic, paper, or
metal sheets.




e Light Polymerized: In this process, a vat of liquid polymer is exposed to light over and
over again. The exposed liquid polymer hardens in small steps until the model has been
made, which takes a long time. The rest of the liquid polymer is drained out of the vat,
leaving behind the solid model. Photopolymer is what is used

In detail, we can divide this process into 7 categories.
They include:

e Vat Photopolymerization: In Vat photopolymerization, there is a container filled with
photopolymer resin. An ultraviolet light source hardens the resin, which makes the
object. This is found mainly in Stereolithography (SLA), Digital Light Processing (DLP),
and Continuous Liquid Interface Production (CLIP).

Curing device.
laser,
ultraviolet light,
digital screen,
LCD screen, ...

Y platform

Vat —

Object NN
(cured) [T

Liquid
photopolymer




e Extrusion of material: An object made of solid thermoplastic material is pushed
through an object that is heated. This object then melts the material and drops it on a
build platform. A 3D object is then formed when this material cools and hardens. It can
be found mainly in Fused Deposition Modeling (FDM).

Consecutive layers of materials

e Sheet Lamination: In this method, several layers of adhesive plastic, paper, or metal
laminates are joined together and cut to shape with a laser cutter or knife.

e Energy Deposition: This process uses metals, functional materials, and composites, like
aluminum, stainless steel, and titanium. The printing machine has a nozzle that is
attached to a robotic arm that moves in many directions. The metal power is put on the
build platform by the nozzle. It is then melted by a laser, plasma, or electron beam to
make a solid thing.




e Material Jetting: in this process, droplets of photosensitive material are applied
through a small diameter nozzle, and then hardened by ultraviolet light, layering a part
together one at a time.

e Binder Jetting: This process uses powder base material and a liquid binder. When you
use a 3D printer, the powder is spread out evenly in a build chamber. The powder is
then glued together by jet nozzles.

e Powder Bed Fusion: In this process, a heat source, like a thermal print head or laser, is
used to combine the material in powder form into a single object. It is found mainly in
Selective Laser Sintering (SLS), Selective Laser Melting (SLM), Electron Beam Melting
(EBM), Selective Heat Sintering (SHS), and Direct Metal Laser Sintering (DMLS).

Types of 3D Printers

There are three main types of 3D printers: Extrusion Based, Resin Based, and Powder Based.
Within these three categories are many different types, and we will cover some common and
popular types of 3D printers.

Here's a list of the different types of 3d printers that we're going to look at:
e Extrusion Based 3D Printers

» FFF/FDM ( Fused Filament Fabrication/ Fused Deposition Modelling)
> Bio Printing
> LMD (Laser Metal Deposition)

e Resin-Based 3D Printers

Stereolithography

DLP (Digital Light Processing )

LCD/ MLCD (Liquid Crystal Display / Monochrome LCD
Volumetric

HARP (High Area Rapid Printing)

YV VVYVYYVYVY

e Powder Based 3D Printers

> SLC (Selective Laser Centering)
> DMLS (Direct Metal Laser Sintering)
» Jet Fusion

Extrusion Based 3D printers
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In 3D printing, Extrusion based printers are the most commonly used printers. Extrusion-based
3d printers are a technology that can be used for modeling, prototyping, and production. There
is a plastic filament or metal wire that is unwound from a coil that gives the material needed to
make an object.

Examples of these Printers are:

e FDM( Fusion Deposition Modeling): This is also called FFF (Fused Filament Fabrication)

EXTRUDER

‘ POWER
PRINTER BED — SUPPLY
MOTHERBOARD
DISPLAY
SCREEN

Fused Deposition Modeling, or FDM 3D Printing, is the first common type of 3D printer made
by adding layers of materials and melting them together. Materials like this are usually melted
just past their glass transition temperature, and then extruded next to or on top of each other,
making an object layer by layer as they go.

With FDM, many materials can be used. These include thermoplastics like those found in most

household products and chocolate. They also use materials like thermoplastics with metal or
wood incorporated into them.
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It takes a plastic filament and pushes it through a hot end, melting it and depositing it in layers
on the print bed. In simple terms, this is how an FDM 3D printer works. In the end, these layers
will all be fused to make the finished piece.

Filament

Heated
Extruder

Printed Material

An image illustration of FDM 3D printing
Source: AlI3DP

e The filament is pushed through an extruder into the hot end
e The hot end melts the material

e Material is extruded layer by layer into a final object

e Ender 3 and Ender 3 V2 (5160 - $260)

FDM is widely thought to be the easiest way to make 3D objects. It's also cheap and fairly
efficient. Another advantage of the FDM is that it can be easily scaled to any size. When you
make gantry rails longer, you can make your build area bigger. The only thing that limits the size
of your build area is how far each gantry moves. There are, of course, a few minor problems
with FDM, and at some point, the cost isn't worth the benefits. But no other printer design can
be scaled as quickly and with as few problems as FDM.

Another benefit is that materials can be changed. FDM printers can print a wide range of

thermoplastic materials and exotic filaments with very few upgrades or changes. This is not true
for other types of printers, which require materials to be resin or fine powder.
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On the contrary, a common complaint about FDM 3D printing is that parts don't look as good
as they should. There are a lot of steps that need to be done after printing to get high-detail
prints that look good. This is because the material must be extruded in layers and has a certain
thickness that the nozzle sets. This makes it hard to get high-detail prints that look good.

Another problem with layers in FDM printing is that they make the print more fragile at the
point where each layer is joined. This makes the print less sturdy and not good for some
applications. This is one of the downsides of layers.

e 3D Bio Printing

Bioprinting is an Additive manufacturing process that uses cells and other materials instead of
metals and plastics to make 3D structures that can be used as 3D tissues. These biomaterials
are called bioinks, and they look and feel like our own tissues. Bioprinting can be used in a wide
range of fields, including regenerative medicine, drug discovery and development, and 3D cell
culture.

There are bio-printed structures that can be used to study how the body works outside of the
body and in 3D. These are called organs or chips. 3D bioprinting is the only technology that
allows for the level of geometric complexity in engineering tissues that no other technology can,
this is why this new technology can have a huge impact on how we treat diseases. It will be able
to replace animal testing, and it will end the organ transplant waiting list.

An example of a 3D printer organ is shown below

To understand how 3D bio-printing works; 3D bio-printing starts with a model of a structure
that is built layer-by-layer out of a bioink that is either mixed with living cells or seeded with
cells after the print is done. There are a lot of places where these models can come from. They
could be from a CT or MRI scan, a computer-generated design (CAD) program, or a file that was
downloaded from the Internet.
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