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8 ABSTRACT 
9 ThissurveyprovidesathoroughexaminationofFusedDepositionModeling 

10 (FDM),aprevalent3Dprintingtechnologyknownforitsaccessibilityandversatility. 
11 FDMhasemergedasatransformativetoolacrossvariousindustries,including 
12 healthcare,aerospace,automotive,andeducation.Thispaperreviewsrecent 
13 advancementsinFDMtechnology,focusingon   materialinnovations,process 
14 optimization,andapplicationareas.WeanalyzethebenefitsandlimitationsofFDM, 
15 including  print  quality, speed,cost-effectiveness,  and  environmental  impact. 
16 Furthermore,weexploreemergingtrendsandfuturedirectionsinFDM  research, 
17 highlightingthepotentialforenhancedcustomization,sustainability,andintegration 
18 withothermanufacturingtechnologies.Thissurveyaimstoprovideacomprehensive 
19 understanding ofFDM'scurrentlandscapeanditsimplicationsfor futuredevelopments 
20 in3Dprinting. 
21 Keywords:3D   printer,  Fused  Deposition  Modeling,  Sustainable  FDM, 
22 AutomotiveIndustry. 
23 1.Introduction 
24 3D Printing andItsTypes 
25 3Dprinting,oradditivemanufacturing,isaninnovativetechnologythat 
26 buildsobjectslayer-by-layer,transformingdigitaldesignsintotangibleproducts. 
27 Originallyintroducedinthe1980s,ithasevolvedsignificantlytobecomea 
28 cornerstoneinvariousindustriesduetoitsadaptability,speed,andpotentialfor 
29 cost-effective,custommanufacturing.Today,3Dprintingiswidelyutilizedin 
30 sectorssuchasaerospace,healthcare,automotive,andconsumergoods.This 
31 technologyhasnotonlystreamlinedproductionbuthasalsoempowered 
32 designers  and  engineers  to  produce  prototypes  and  end-use  parts  with 
33 unprecedentedprecision,directlyfromCADmodels. 
34 The main advantageof3D printinglies initsabilityto createcomplexshapes 
35 withouttheneedformoldsorcuttingtools,distinguishingitfromconventional 
36 subtractivemanufacturingmethods.Throughdifferenttechniques,eachwith 
37 uniquecapabilitiesandmaterials,3Dprintingcanmeetawiderangeof 
38 applicationneeds[1]. 



 
 
 
 
 
 
 
 
 
 

38 
39 Fig.13dprinter. 
40 Source: https://www.rennd.com/blog/polyjet-3d-printing/ 
41 1.1. Typesof3DPrintingTechnologies 
42 Severalprimarytypesof3Dprintingtechnologieshaveemerged,each 
43 suitedtospecificpurposesandmaterials: 
44 1.1.1.FusedDepositionModeling(FDM):Thistechnique,amongthemost 
45 accessibleformsof3Dprinting,usesthermoplasticfilamentsthatare 
46 heatedandextrudedlayer-by-layer.FDMispopularforrapid 
47 prototypingandiscommonlyusedinconsumer-gradeandindustrial 
48 machinesduetoitssimplicityandaffordability. 
49 1.1.2.Stereolithography(SLA):SLAprintingemploysaUVlaserto 
50 selectivelyhardenliquidresinintosolidpartswithhighprecisionand 
51 finedetail.Thismethodisidealforapplicationsrequiringsmooth 
52 surfacesandintricatedetail,suchasdentalmodelsandmedical 
53 devices,makingit especiallypopularin thehealthcareindustry. 
54 1.1.3.SelectiveLaserSintering(SLS):Thistechniqueuses ahigh-powered 
55 lasertosinterpowderedmaterial,typicallynylonorpolymers,into 
56 durable,functionalparts.SLSisparticularlyvaluableinindustrial 
57 applications where strength andcomplexgeometriesarerequired, asit 
58 doesnotrequireadditionalsupportstructuresduringprinting. 
59 1.1.4.Multi-JetPrinting(MJP):InMJP,multipleprintheadsdeposit 
60 materialdroplets,whicharethencuredtoformhighlydetailedparts 
61 withahighdegreeofaccuracy.MJPiscommonlyusedinjewelry 
62 design,engineeringmodels,andanyapplicationwherefinedetailand 
63 multi-materialcapabilitiesareadvantageous. 
64 2.INTRODUCTIONFUSEDDEPOSITIONMODELING 
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65 Fig.2.FDM3DPRINTER 

 
Source:   https://biohub3d.com/que-tipos-de-impresion-3d-tenemos-guia-completa/



66 FusedDepositionModeling(FDM)has gainedsignificanttractionasaprominent 
67 additivemanufacturingtechnologysinceitsinceptioninthelate1980s.Thistechnique 
68 involvesthelayer-by-layerdepositionofthermoplasticmaterialstocreatethree- 
69 dimensionalobjects,makingithighlyversatileforvariousapplications.Theadvantages 
70 ofFDMincludeitscost-effectiveness,easeofuse,andtheabilitytoproducecomplex 
71 geometriesthatareoftendifficulttoachievewithtraditionalmanufacturingmethods.As 
72 aresult,FDMhasfoundapplicationsacrossdiversesectors,includinghealthcarefor 
73 prostheticsandimplants,aerospaceforlightweightcomponents,andeducationfor 
74 prototypinganddesignprojects 2]. 
75 Recentadvancementsinmaterialsciencehaveexpandedtherangeofthermoplastics 
76 thatcanbeusedinFDM,includingbiodegradableoptionsandcompositematerials 
77 thatenhance  mechanical  properties[3].  Moreover,  improvements  in  printing 
78 technology,suchasincreasedresolutionandspeed,havefurtherenhancedthe 
79 practicalityofFDMforindustrialapplications[4].Despiteitsadvantages,challenges 
80 remain,particularlyconcerningthemechanicalpropertiesofprintedpartsandthe 
81 limitationsofcertainmaterials[5]. 
82 ThissurveyaimstoprovideacomprehensiveoverviewofthecurrentstateofFDM 
83 technology,including  recent  innovations,  applications,  and  future  trends.  By 
84 synthesizingfindingsfromrecentliterature,thispaperseekstohighlightthepotential 
85 ofFDMasatransformativetechnologyinmodernmanufacturing. 
86 3. RECENTADVANCESINFDM 
87 ThediverseapplicationsofFDMtechnologyacrossvariousfieldshighlightits 
88 potentialforinnovation   inmedicine,   environmentalscience,   andengineering. 
89 Continuedadvancementspromisetoenhancethecapabilitiesandefficiencyof3D 
90 printing.Thestudy[6]investigatestheemissionsofultrafineparticlesfromFDM 
91 printers,particularlyfocusingontheinhalationexposure risksfor childrenandadults. It 
92 utilizesdosimetrymodelstoestimateparticledepositionintherespiratorytract, 
93 highlightingthehealthrisksassociatedwithfrequentuseofFDMprinters.Thereview 
94 in[7]discussestheFDMprocess,emphasizingtherheologicalpropertiesof 
95 thermoplasticmaterialsusedin3Dprinting.Itcoverstheimportanceofthese 
96 propertiesinensuringprintabilityandtheoverallperformanceofprintedobjects.In 
97 paper[8]reviewstheapplicationsofFDMinthepharmaceuticalindustry,focusingon 
98 theproductionofdrugdeliverysystemsandthechallengesfacedinimplementingthis 
99 technologyinmedicalapplications.Inreview[9]highlightsvarious3Dprinting 

100 technologies,includingFDM,andtheirapplicationsinmedicine.Itdiscussesthe 
101 potentialforpersonalizedmedicineandthechallengesofregulatoryapproval.The 
102 structuredreview[10]examinestheuseof3Dprintingindrugformulation,focusingon 
103 FDMtechnologyanditsabilitytocreatecustomizeddrugdeliverysystems.The 
104 research[11]exploresthepotentialofFDMincreatingtabletswithcustomizable 
105 releaseprofiles,demonstratingthetechnology'sapplicationinpersonalizedmedicine. 
106 The[12]discussestheapplicationsof3Dprinting,includingFDM,insurgicalplanning 
107 andtheproduction ofsurgicalinstruments in thefield ofotolaryngology.Thepilotstudy 
108 [13]reviews theuseofFDMin podiatry,focusingontheproductionofcustomorthotics 
109 andthebenefitsofpersonalizedtreatment.The[14]evaluatesthecurrentstateof3D 
110 printingtechnologies,includingFDM,intheproductionofsurgicalinstruments, 
111 discussingthepotentialforcustomizationandefficiency.The[15]studypresentsa 
112 novelapplicationofFDMincreatingwaterfiltrationsystems,showcasingtheversatility 
113 of3Dprintinginaddressingenvironmentalissues. 
114 4. APPLICATIONSOFFDM3DPRINTINGINMODERN 
115 MANUFACTURING 



116  4.1.PrototypingandProductDevelopment 
117  FDM3Dprintingiswidelyusedforrapidprototyping,whichacceleratesthe 
118  productdevelopmentcyclebyenablingmanufacturerstoquicklyproducephysical 
119  modelsofproductdesigns.Thismethodallowscompaniestoevaluate,modify, 
120  andvalidatedesignsatalowercostandfasterturnaroundthantraditionalmethods 
121  theautomotiveindustry,prototypingwithFDMhelpstestformandfit,allowingfor 
122  multipleiterationswithoutincurringhigh expenses[16]. 
123  4.2.Toolingand Fixtures 
124  ManufacturersuseFDMtoproducecustomtools,jigs,andfixtures,whichare 
125  essentialinassemblylinestomaintainaccuracyandefficiency.Thisapplication 
126  improvesoperationalefficiencybyreducingleadtimesfortools,loweringmaterial 
127  costs,and  allowing  for  easy  adjustments  in  design  based  on  specific 
128  manufacturingneeds.Boeingandothercompanies,forinstance,employFDMfor 
129  fabricatingcustom tooling,enhancingflexibilityinproduction[17]. 
130  4.3.End-UsePartsolumeProduction 
131  FDMisbecomingincreasinglyviableforlow-volumeproductionrunsofend-use 
132  parts,especiallyforcustomorcomplexshapesthatwouldbemorecostlyto 
133  producethroughtraditionalmethods.Thisapproachisparticularlyusefulin 
134  industrieslikemedicalandaerospace,wherecustomizationandprecisionare 
135  critical.FDMallowsforon-demandmanufacturing,reducinginventoryandstorage 
136  costs[18]. 
137  4.4.EducationalandResearchApplications 
138  Applicationsarevaluableineducationalinstitutionsandresearchlabsfor 
139  instructionalpurposesandexperimentationwithcomplexdesigns.Inthese 
140  environments,FDMenableshands-onexperienceinmanufacturingtechniques, 
141  supportingstudentsandresearchersinfields such asengineering,productdesign, 
142  andmedical sciences[19]. 
143 5. ADVANTAGESANDLIMITATIONSOFFDM3DPRINTING 
144  5.1.AdvantagesofFDM3DPrinting 
145  5.1.1. Cost-EffectivenessFDM  isoneof  themostaffordabletypesof  3D  printing, 
146 bothin  terms  of  equipment  and  material  cost.  The  method  uses 
147 thermoplasticfilaments,  which  are  relatively  inexpensive  and  widely 
148 available.Thiscost-effectivenesshasmadeFDMaccessibleforsmall 
149 businesses,educationalinstitutions,enablingrapidprototypingandsmall- 
150 scalemanufacturingwithouthighinvestments[20]. 
151 5.1.2.UseandAccessibility:FDMprintersareknownfortheireaseofuse, 
152 requiringminimaltechnicalexpertisecomparedtoother3Dprinting 
153 technologies.This  accessibilitymakes  FDM   suitable  for  educational 
154 environments,allowingstudentsandnewuserstoexperimentandlearn3D 
155 printingtechniqueswithoutextensivetraining.Additionally,FDMprintersare 
156 compatiblewithavarietyofmaterials,enhancingversatilityinapplications 
157 rangingfromproductdesigntoengineering[21]. 
158 5.1.3.Viability:FDMallowsforhighlycustomizeddesignsandgeometriccomplexity 
159 thatwouldbechallengingwithtraditionalmanufacturingmethods.This 
160 flexibilitysupportsinnovationinfieldslikemedicaldeviceproductionand 
161 aerospace,whereuniquegeometriesareoftenrequired.WithFDM,custom 
162 partscanbeproducedon-demand,significantlyreducingleadtimesand 
163 inventoryrequirements[22]. 
164 5.1.4. SustainableFDM:Itreduceswastebyonlyusingthenecessaryamountof 
165 materialtobuildanobject,contrastingwithsubtractivemanufacturing 



166 methodsthatgenerateexcess material.Additionally,bio-basedandrecycled 
167 filamentsarebecomingmorecommon,furtherenhancingFDM’srolein 
168 sustainablemanufacturing practices[23]. 
169 5.2. Limitationsof FDM3DPrinting 
170 5.2.1. SurfaceFinishandAccuracy:FDMprintingcanleadtorelativelylow- 
171 resolutionfinishes,withvisiblelayerlinesthatmayrequirepost-processing 
172 forsmoothnessandaestheticappeal.Whileadvancementsareimproving 
173 accuracy,FDMisgenerallylessprecisecomparedtostereolithography 
174 (SLA)orselectivelasersintering(SLS),makingitlessidealforapplications 
175 demandinghighdetailorsmoothsurfacetextures[24]. 
176 5.2.2. Limited Material Strength: Although FDM supports a range of 
177 thermoplastics,includingABSandPLA;itisgenerallylimitedinproducing 
178 partsthatrequirehighstrengthordurability.PartscreatedwithFDMare 
179 oftenweakeralongthelayerlines,andwhilecompositeslikecarbon-fiber- 
180 reinforcedfilamentsexist,theyaremoreexpensiveandmaystillnotmatch 
181 thestrengthprovidedbyothermanufacturingmethods[25]. 
182 5.2.3. SlowPrintingSpeedfor LargeParts: TheAyerapproachofFDMcanlead 
183 tolongproductiontimes,especiallyforlargerormoreintricateparts.For 
184 industrial-scaleapplicationsrequiringhighthroughput,FDMmaynotbethe 
185 mostefficientchoice.TechnologieslikeSLSormulti-jetfusionareoften 
186 preferredforlargerproductionrunsduetotheirfasterspeedsandabilityto 
187 handlemorecomplexgeometries[26]. 
188 5.2.4. WarpingandMaterialConstraints:CertainthermalinFDM,likeABS,are 
189 pronetowarping,whichcanaffectdimensionalaccuracyandcausepart 
190 failures.Warpingtypicallyresultsfromunevencooling,especiallyinlarger 
191 parts,makingtheprocesssensitivetoenvironmentalconditionsanddesign 
192 features.MaterialconstraintsalsolimitFDM’suseinapplicationsrequiring 
193 specificmaterialproperties,suchaschemicalresistance[27]. 



194 6. CASESTUDIESANDREAL-WORLDEXAMPLESOF 
195 FDM3D PRINTING 
196 6.1. AutomotiveIndustry:PrototypingatFordMotorCompany 
197 FordMotorCompanyhasbeenapioneerinusingFDMforprototypingandtesting 
198 newvehicleparts.FordusesFDMtocreateprototypeparts,whichallowstheteamto 
199 assessdesignaccuracy,functionality,andfitbeforecommittingtoproduction.This 
200 approachhas resultedinsignificantreductions inleadtimeandprototypingcosts. Ford 
201 hasreportedthatFDM-basedprototypingenablesa40%fasterturnaroundforparts 
202 andcontributestoitsgoalofreducingproductdevelopmenttimeacrossitsvehicle 
203 lineup[28]. 
204 6.2. Healthcare:CustomProstheticsandOrthoticDevices 
205 Inthehealthcareindustry,FDMhasbeeninstrumentalinproducingcustom 
206 prostheticsandorthoticdevicestailoredtoindividualpatientneeds.Startupslike 
207 LimitlessSolutionsutilizeFDMtocreateprostheticlimbsforchildren,providingalow- 
208 cost,highlycustomizedsolutionthattraditionalmanufacturingmethodscannoteasily 
209 achieve.TheFDMprocessallowsforfastadjustmentsbasedongrowthorspecific 
210 patientfeedback,ensuring optimalcomfortandfunctionality[29]. 
211 6.3. Aerospace:ToolingatBoeing 
212 BoeinghasincorporatedFDM3Dprintingtoproducejigs,fixtures,andother 
213 essentialtoolingcomponents.UsingFDMfortheseapplicationsenablesBoeingto 
214 quicklyproducelightweight,durable,andcost-effectivetooling.Inonenotable 
215 example,BoeingusedFDMtoproduceassemblyaidsforaircraftfuselageassembly, 
216 whichreduced toolingproductiontimeby60% and resultedin substantialcost savings. 
217 ThecompanycontinuestoexploreFDMapplicationstoimproveoperationalefficiency 
218 andreduceweightonnon-criticalflightcomponents [30]. 
219 6.4. ConsumerProducts:CustomizableWearablesbyAdidas 
220 AdidashasembracedFDMtechnologytodevelopcustomizablefootwearand 
221 wearableaccessories.With  FDM,Adidascanrapidlyprototypenewdesignsand 
222 createcustominsolesthatmatchindividualcustomerrequirementsforfitandcomfort. 
223 ThecompanyhasalsoleveragedFDMtoexploresustainableproductlines, 
224 incorporatingbiodegradablematerialsintheproductionofprototypesandspecialized 
225 footwear.ThisapplicationunderscoresFDM’spotentialincreatingpersonalized 
226 productsandpromotingeco-friendlymanufacturing[31]. 
227 6.5. EducationandResearch:UniversityEngineeringProjects 
228 FDMiswidelyadoptedineducationalinstitutionstosupportengineeringanddesign 
229 projects.Forexample,atMIT,studentsuseFDM3Dprintingtocreatecomponentsfor 
230 robotics,biomedicaldevices,andmechanicalprototypes,whichallowsthemto 
231 experimentwithreal-worldengineeringchallengesinalow-riskenvironment.Studies 
232 show that hands-on experience with FDM significantly improves students’ 
233 understandingofdesignprinciplesandmanufacturingprocesses,makingitavital 
234 educationaltool[32]. 
235 7.MechanicalPropertiesofFDMParts 
236 7.1.Tensile Strength 
237 FDMpartsgenerallyexhibitgoodtensilestrength,whichreferstothematerial's 
238 abilityto resist tensionandwithstandstretching forces.The tensilestrengthvariesbased 
239 onmaterialchoice,layerheight,andprintorientation,withfilamentssuchasABSand 
240 carbon-fiber-reinforcedmaterialsyieldinghigherstrengthinspecificorientations.For 
241 example,studiesin2024showthatoptimizedlayerbondingandfiber-reinforced 
242 materialssignificantlyenhancetensilestrength,makingFDMsuitableforfunctional 
243 prototypesandend-useparts. 



244 7.2.LayerAdhesionandAnisotropy 
245 AlimitationinFDMistheanisotropyofprintedparts,wheremechanical 
246 propertiesvarybasedonprintdirection.Partsaregenerallystrongestalong 
247 thelayerlines,whilestrengthbetweenlayersmaybeweaker.Researchin 
248 2024hasmadestridesinoptimizinglayeradhesionthroughnewprint 
249 strategiesandadvancedmaterials,reducingthisanisotropyandthus 
250 expandingtherangeofFDM’sindustrialapplications. 
251 7.3.FatigueResistance 
252 FDMpartsalsoexhibitmoderatefatigueresistance,dependingonmaterial 
253 choice andprintparameters.This is essentialin applicationswhere repeated loading 
254 occurs,asinmachinecomponentsorprostheticdevices.Studiesrevealthatnylon- 
255 basedfilamentsexhibithigherfatigueresistance,suitableforpartsundercyclic 
256 loading[33].. 
257 8.FUTURETRENDSANDIMPLICATIONSFORTHE 
258 MANUFACTURINGINDUSTRY 
259 8.1.ExpansionofMaterialOptions 
260 Future advancements inFDMmaterialsarelikelytoenhance themechanical, 
261 thermal,andchemicalpropertiesofprintedparts.Researchisongoingtodevelop 
262 high-strength,bio-based,andcompositefilamentsthatexpandtherangeof 
263 applicationsforFDM,makingitmorecompetitivewithtraditionalmanufacturing. 
264 Companies  are  exploring  carbon-fiber-reinforced thermoplastics,conductive 
265 filaments,andbiodegradablepolymers,whichcouldmakeFDMviableforhighly 
266 specializedsectorssuchasaerospace,medical,andelectronics[33]. 
267 8.2.IntegrationwithSmartManufacturingandIoT 
268 IntegratingFDM  technology  with  the  Internet  of  Things(IoT)  and  smart 
269 manufacturingsystemswillenablemoreautonomous,connectedmanufacturing 
270 processes.IoT-enabledFDMprinterscouldimproveefficiencybyprovidingreal- 
271 timemonitoring,predictivemaintenance,anddata-driveninsights,reducing 
272 downtimeand  material  waste.  This  shift  aligns  with  Industry  4.0,  where 
273 interconnectedmachinesenhancethescalabilityandadaptabilityofmanufacturing 
274 operations,allowingforseamlesson-demandproduction[34]. 
275 8.3.IncreasedCustomization andOn-DemandProduction 
276 FDM’sroleinon-demand,customizableproductionisexpectedtogrowas 
277 industriesprioritizepersonalizedproducts.Thistrendisparticularlyevidentinthe 
278 medicalandwearablesectors,wheretailoreddevicesandproductsareessential. 
279 AsFDMbecomesmoreefficientandreliable,companieswillincreasinglyadoptit 
280 forshort-runmanufacturingandcustomitems,minimizingtheneedforlarge 
281 inventories andimprovingtheflexibilityofsupplychains[35]. 
282 8.4.Sustainabilityand Eco-FriendlyManufacturing 
283 Withsustainabilitybecomingcentraltomanufacturing,FDM’spotentialforwaste 
284 reductionanduseofbiodegradablematerialssupportseco-friendlypractices. 
285 FuturetrendsmayseethedevelopmentofentirelycircularFDMmanufacturing 
286 systems,wherematerialscanbereusedorcomposted.Thisapproachalignswith 
287 globaleffortstoreducecarbonemissions,providingcompanieswithsustainable 
288 optionsforprototypingandlow-volumeproduction[36]. 
289 8.5.AdvancementsinMulti-MaterialandMulti-ColorPrinting 
290 FutureFDMsystemsareexpectedtoincorporatemulti-materialandmulti-color 
291 capabilities,allowingformore  complexand  functionallyintegratedparts.  Multi- 
292 materialFDMprinterscanintegrateconductive,flexible,andrigidmaterialsintoa 
293 singleprint,openinguppossibilitiesforelectronics,biomedicaldevices,and 
294 robotics.ThisevolutionwouldbroadenFDM’sapplicability,makingitanintegral 
295 technologyinindustriesthatrequirehighlyfunctional,mixed-materialcomponents 
296 [37]. 
297 9.CONCLUSION 
298 FDM3Dprintinghasestablisheditselfasavaluabletechnologyinmodern 
299 manufacturing,enablingrapidprototyping,cost-effectiveproduction,andhighly 
300 customizablesolutionsacrossindustriessuchasautomotive,healthcare,and 



301 aerospace.TheadvantagesofFDM—itsaffordability,easeofuse,anddesign 
302 flexibility—havemadeitanaccessibleoptionforbusinessesandeducational 
303 institutionsalike.However,limitationsrelatedtosurfacefinish,materialstrength,and 
304 productionspeedhighlightareaswherecontinuedinnovationisessential. 
305 Casestudiesdemonstratethereal-worldimpactofFDM,fromcustomprostheticsto 
306 lightweightaerospacetooling,showcasingitspotentialtorevolutionizemanufacturing 
307 practices.Lookingahead,theintegrationofadvancedmaterials,IoTcapabilities,and 
308 sustainablepracticesarelikelytodriveFDM’sevolution.Theseadvancementswill 
309 empowermanufacturerstomeetthedemandsforon-demandproductionandeco- 
310 friendlypractices,positioningFDMasakeytechnologyintheeraofIndustry4.0. 
311 Ultimately,whileFDMwillcomplementratherthanreplacetraditionalmanufacturing, 
312 itsrole  will  continue  to  expand,  offering  new  opportunities  for  innovation, 
313 customization,andefficiencyinthemanufacturingindustry. 
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