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در طراحیAMقابلیت های 
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: AMانواع پیچیدگی های قابل دستیابی با •

شکلی✓

سلسله مراتبی✓

کاربردی✓

مواد✓

هندسه✓

بازطراحی✓

طراحی ویژه تجاری✓



پیچیدگی شکلی: در طراحیAMقابلیت های 
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.پیچیدگی شکلی هر لایه تأثیری در ساخت لایه ندارد•

مقایسه با فرایندهای سنتی مانند ماشینکاری و تزریق پلاستیک•



پیچیدگی سلسله مراتبی: در طراحیAMقابلیت های 
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ر بخش های متفاوت د...( مکانیکی، سایشی، خوردگی و )توانایی ایجاد رفتار (: ریزساختار)در مقیاس میکرو •

مختلف قطعه



پیچیدگی : در طراحیAMقابلیت های 

سلسله مراتبی
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، جذب انرژی، خواص حرارتی، عایق صوتی: در مقیاس ماکرو•

...  افزایش نسبت استحکام به وزن و 



:  در طراحیAMقابلیت های 

پیچیدگی کاربردی
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امکان تولید محصولات متحرک، مدارها، •

روی قطعات... سنسورها و 
Figure 1. Examples of printed soft robots and soft devices. 
(a) Pre-strained polystyrene substrate with inkjet-printed 
hinges made of carbon black ink. (b) 3D-printed jumping 
soft robot. (c) 3D stereolithography-printed bat with 
curvature time lapse. (d) 4D-printed composite with 
swellableable hinges. (e) 4D-printed unfolded box 
composed of shape memory polymers. (f) A jumping soft 
robot with 3D-printed mould. (g) 4D printing of hydrogel 
composites for soft robotic applications. (h) A snake 
inspired soft robot with 3D-printed mould. (i) Multi-step 
3D-printed octobot. (j) Pneumatic actuator for spinal 
compression and flextion with 3D-printed mould. (k) 
Embedded 3D printing of soft strain sensor for soft robots. 
(l) Multicore print head shell capacitive sensor.



پیچیدگی موادی: در طراحیAMقابلیت های 
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امکان تولید قطعات چند ماده ای، •

گرادیانی

Fused Deposition Modelling (FDM)



پیچیدگی موادی: در طراحیAMقابلیت های 
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امکان تولید قطعات چند ماده ای، •

گرادیانی

Selective Laser Sintering (SLS)

Laser metal deposition process (LMD)



پیچیدگی هندسی: در طراحیAMقابلیت های 
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سطوح در برخی از کاربردها مانند تولید بافت پارچه پرینت شده، تعداد•

.افزایش یافته و نمایش گرافیکی آنها مشکل می شود

اشغال حجم زیاد و نیاز به حافظه بالا •



بازطراحی: در طراحیAMقابلیت های 
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امکان تغییر طراحی تا •

هقبل از شروع ساخت قطع



طراحی ویژه : در طراحیAMقابلیت های 

تجاری
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شخصی سازی محصولات•
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انتخاب مواد

https://www.sciencedirect.com/science/article/abs/pii/S0007850617301488

https://www.sciencedirect.com/science/article/abs/pii/S0007850617301488
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اپلاستیک ه: انتخاب مواد
• Typical photopolymers are composed of monomers, oligomers, photoinitiators, and a variety 

of other additives including inhibitors, dyes, antifoaming agents, antioxidants, toughening 

agents, etc.

• The first photopolymers used in vat photopolymerization were mixtures of UV 

photoinitiators and acrylate monomers [146].

• Vinylethers were another class of monomers that were used in early resins.

• Acrylate and vinylether resins exhibited considerable shrinkage, from 5 to 20%, which 

caused residual stresses to accumulate as parts were built layer-by-layer which, in turn, 

caused significant warpage.

• Another disadvantage of acrylate resins is that their polymerization reactions are inhibited

by atmospheric oxygen.

Thermosets
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اپلاستیک ه: انتخاب مواد
• Epoxy monomers have rings which, when reacted, open to provide sites for other chemical 

bonds. Ring-opening is known to impart minimal volume change, because the number 

and types of chemical bonds are essentially identical before and after reaction. Thus, 

epoxy SL resins shrink less than acrylates and have much less tendency to warp and curl.

Thermosets
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اپلاستیک ه: انتخاب مواد
• Almost all commercially available SL resins have significant amounts of epoxies.

• The acrylates and epoxies affect each other physically during the curing process.

• The reaction of acrylates will enhance the photospeed and reduce the energy 

requirements for the epoxy reaction.

• The acrylate exhibits a reduced sensitivity to oxygen in the hybrid system than in the 

neat composition due to the viscosity rise caused by epoxy polymerization, which may 

result in reduced diffusion of atmospheric oxygen into the material.

Thermosets
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اپلاستیک ه: انتخاب مواد
• The presence of acrylate monomers may decrease the inhibitory effect of humidity on 

epoxy polymerization.

• The epoxy monomer acts as a plasticizer during the early polymerization of the acrylate

monomer; As a result, the acrylate polymerizes more extensively, resulting in higher 

molecular weights in the presence of epoxy than in the neat acrylate monomer.

Thermosets
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اپلاستیک ه: انتخاب مواد
• Thermoset materials for jetting processes have formulations that are described similarly to 

vat photopolymerization formulations.

• The jetting resins are typically formulated to have viscosities greater than 50 cP at room 

temperature, but below 15–20 cP at an elevated temperature. Commercially available ink-

jet deposition heads are advertised as being capable of printing many liquids with 

viscosities up to 40 or 50 cP. However, in practice, the resin should have a viscosity less 

than half of the advertised maximum to ensure clog-free operation.

Thermosets
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اپلاستیک ه: انتخاب مواد
• Material extrusion and powder bed fusion and processes use thermoplastic polymers, 

amorphous and semicrystalline thermoplastics, respectively.

Thermoplastics for Material extrusion (ABS, PLA, …)

• Soften over a wide range of temperature

• Forming a high-viscosity material

• Supports: 1- lattice structure made from the same material,

• 2- using wax-based or poly-vinyl alcohol (PVA) materials

Thermoplastics
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اپلاستیک ه: انتخاب مواد
Thermoplastics for powder bed fusion (PA12, …)

• The melting point is about 35C higher than the crystallization temperature.

• The material melted by the laser remains molten and in a thermal equilibrium

• For liquid pressure tight applications, a post infiltration is required.

semicrystalline polyamide
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اپلاستیک ه: انتخاب مواد
Thermoplastics for powder bed fusion (PA12, …)

• Efforts to increase productivity: Replacing the laser as the 

energy source with a process that processes the entire 

layer simultaneously (High Speed Sintering and Multi Jet 

Fusion, Selective Heat Sintering).

High Speed Sintering

Selective Heat Sintering
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فلزات: انتخاب مواد
• Powder bed fusion and directed energy deposition are the main powder-based AM 

processes that are commercially used to manufacture quality metal parts.

• Metal wire feed DED and Binder jetting are also used to produce metal parts.

• When fusion is involved, the metals generally must be weldable and castable to be 

successfully processed in AM. 

• The small, moving melt pool is a local hot zone and it is in direct contact with a large and 

colder area leads to large thermal gradients causing significant thermal residual stresses 

and non-equilibrium microstructures.

Metals



22

فلزات: انتخاب مواد
The common commercially available alloys are:

• Pure titanium

• Ti6Al4V

• 316L stainless steel

• 17-4PH stainless steel

• 18Ni300 maraging steel

• AlSi10Mg

• CoCrMo

• Inconel 718 and Inconel 625 (nickel based superalloys)

• Precious metals such as gold, silver or platinum (indirect processing and also direct use in 

SLM).

Metals
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فلزات: انتخاب مواد
Some issues:

• Powder particles of Al and Al alloys have a stable Al2O3 layer at their surface, hampering 

particle sintering or melt coalescence.

• 18Ni300 maraging steel and Inconel 718 form stable oxides during processing that float to 

the top of the melt pool.

• Higher levels of oxygen in Ti6Al4V increase the strength but reduce the ductility.

• Creating an effective melt pool is difficult for alloys that have a high reflectivity (hence low 

absorption) and high thermal conductivity, such as copper, aluminum, silver and gold.

• Residual stresses

• Microstructural defects

Metals
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سرامیک ها: انتخاب مواد
• Ceramics, due to their combination of high melting point and low toughness, are difficult

to process directly in AM.

• In most cases, attempts to direct process ceramics have resulted in thermally induced 

cracking.

• Approaches to mitigate cracking include process optimization, adding auxiliary devices 

(ultrasonic, thermal, magnetic) and a doping toughening approach (ZrO2 and Y2O3

powders).

• Except DED, all categories of AM have been utilized in creation of indirect AM ceramic 

parts.

Ceramics
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سرامیک ها: انتخاب مواد
• Indirect AM processing of ceramics requires use of a binder in some form that holds the 

part together after AM.

• Typically, the binder for indirect AM of ceramics is transient in nature, being converted or

removed in a post-processing step such that the final part is a neat ceramic or a ceramic 

composite.

• Ceramic AM parts may be post-infiltrated to create full density parts instead of high-

temperature furnace post-sintering.

Ceramics
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Ceramicsسرامیک ها: انتخاب مواد

https://doi.org/10.1016/j.cirp.2016.06.001

https://doi.org/10.1016/j.cirp.2016.06.001
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کامپوزیت ها: انتخاب مواد
• Feedstock often consists of the matrix polymer, tackifier, plasticizer, surfactant, and 

secondary phases such as particulates or fibers of metal, ceramic or polymer composition. 

• Tackifiers provide flexibility, plasticizers improve rheology, and surfactants change dispersion 

character of the secondary phase.

• Fiber reinforced composites, usually carbon fiber reinforced composites or fiberglass, vary 

in mechanical properties depending on orientation of fibers.

• Powder bed fusion, Vat polymerization

Polymer composites
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کامپوزیت ها: انتخاب مواد
• Metal-matrix composites fabricated using AM include particulate composites, fibrous

composites, laminates and functionally gradient materials (FGMs).

• SLM and laser metal deposition (LMD) are highly favored processes for AM of metallic 

materials.

Metal composites
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کامپوزیت ها: انتخاب مواد

• It is possible to fabricate metallic composites from 

powder precursors by liquid phase sintering (LPS) to 

bind the matrix material and secondary phases.

• In the case of WC-Co/Cu composites, with WC 

particulates reinforcing the Co matrix, bronze (Cu–Sn)

or copper additive is used for LPS.

Metal composites
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کامپوزیت ها: انتخاب مواد
• FGMs have been graded from metal to metal and from metal to ceramic, using powder 

precursors (stainless steel to Inconel 625).

• Application of DMD for manufacturing metal matrix composites with ceramic reinforcing 

phases: e.g. Ti6-4/WC, W-Co cermets, Ti/SiC.

• Fibers have been embedded in metal matrices during the Ultrasonic consolidation 

process, making it a strong candidate for fiber reinforced metallic composites (SiC fibers in 

an aluminum alloy matrix).

Metal composites
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کامپوزیت ها: انتخاب مواد
• Biomaterials is a major area driving AM research and development in AM of ceramics.

• Much like the biopolymer composites, the bioceramic composites are particulates 

blended for homogeneity and then consolidated via selective laser sintering (SLS) or some 

other AM process.

• Binder jetting may also be used to produce other ceramic matrix composites (Si-SiC

composites).

• Stereolithography: ceramic suspensions (alumina/zinc oxide (Al2O3/ZnO) composites).

• Material jetting: dielectric ceramic and metal electrodes. 

• Freeze-form extrusion fabrication (FEF): graded compositions from alumina (Al2O3) to 

zirconia (ZrO2).

Ceramic matrix composites
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