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SUMMARY

This bachelor work is done with the purpose to tgyenanufacturing cost estimating model for
3D printing. The model would be used to forecashufiacturing cost at the early stage of products
creation, when there is no digital models file teda The first step towards models creation is to
analize two chosen printing technologies. Technek@ question are: polyjet and fused deposition
modeling technology. Advantages and disadvantagessiablished of the techologies. Following step
is the data collection from 3D printers softwa, the chosen quantity of random parts and anabfsis
it. From the data anglysis, manufacturing costuiaficing factors are determined for the different
technologies. Economical 3D printing technologydies discussed, calculations of the experimental
parts price, were printed using different techn@egvas done and comparison of the given prices.
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SANTRAUKA

Sio bakalauro baigiamojo darbo tikslas sukurti gaosy gnaud; prognozavimo modgl3D
spausdintuvui. Sis modelisity naudojamas padedant prognozuoti 3D spausdinimylyssranaudas
ankstyvoje gaminioikimo stadijoje, kol dar éra sukurtas virtualus gaminio modelis. Pirmas zmigs
Jkuriant gamybos smaud; prognozavimo modgl iSanalizuoti pasirinktas 3D spausdinimo
technologijas. Nagrigjamos technologijos: polyjet ir FDM technolagigpausdintuvai. SurandamiSi
technologij; privalumai ir tokumai. Surenkami duomenys iS atsitiktinai pannktetaly tyrimui,
naudojant 3D spausdintyvprograminesijrangas. Duomenys yra iStiriami ir remiantis gautais
rezultatais nustatomi, abiems technologijoms, gamylmnaudoms jtaka darantys faktoriai.
Ekonominai 3D spausdinimo aspektai yra aptarigragkaéiuojama ir palyginama eksperimeridmn
detaks kaina, atspausdinta naudojant skirtingas tecigijato
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INTRODUCTION

Technology become a part of our everyday liveaffiécted human history probably more than
any other.Sometimes even few decades passes wiilieimportant peace of technology is created.
Now there is widely believed that one of them iscatled additive layer manufacturing (ALM). 3D
printing or ALM technology is taking the world byosm. The technology expanding into new markets,

pushing out tradicional manufacturing.

Relevance of research.Consideration to use 3D printing for mass produntimas set the target to be
not only flexible is creation of new shapes, bsbatfficient and economically appropriate. Onehef t

keys to efficiency is the determination of manufisicty cost.

Problem of research.Now, there are many types of 3D printers and itsage’s that can precisely to
determine manufacturing cost from the uploadedalignodel file. But as | mentioned, there must be a
digital model CAD file, and if at an early producieation stage, when there is no digital model and
between several design options we must to cho@sentst economical one, there’s no way to do it.
For this reason, the development of manufacturog estimation model for 3d printing technologies
is started.

Aim of the work. To develop manufacturing cost estimation model30r printing which would be

able to forecast 3D printing cost at an early staéfgeroducts creation.

Objectives of the bachelor thesis: 1)Determine advantages and disadvantages of the rthose
technology;2) Analyze manufacturing cost for the chosen quarmtityandom parts3) Determine the
most important factors which influences manufaciircost;4) To compare chosen technologies in

economical area.

Methods of the research Analysis of the data, that were collected frora thfferent 3D printer’s

software’s. Comparison of the given results.



3D PRINTING THEORETICAL ASPECTS
Additive layer manufacturing (ALM) or more widelyed term 3D printing was created in [1980's,

but at the time there was no major interest in thimology, just in early 1990‘s manufacturers,
engineers and architects paid attention into @leenative in prototype making. In the last fegays
situation has changed and the popularity of 3Dtignreach it's peak, now it is covered in many
television channels, newspapers and across orgiceurses. In May 2013, 3D printing came to the
public’s attention and made headline news whetruosons for making the liberator, a plastic
handgun that could escape detection by conventiampbrt security technigues, were made freely
available to download from the internet by anti-gament activists in the USA

The increasing choice of available materials amdnitimerous finishing processes available for the
produced part’s, greatly increases the range o&pipdication areas for 3D-printers.

1.1. 3D PRINTING TECHNOLOGY
Rapid prototyping systems like 3D-printers are @fte tools for quick product development.

Over the last few years, 3D-printer technology masle significant contributions regarding print sate
and print cost in rapid prototyping procedures.[24]

Three dimensional printing is an example of solideform fabrication (SFF) or layered
manufacturing technology.[20] To add moB®) printing or additive manufacturing is a process
making three dimensional solid objects from a digfile. The creation of a 3D printed object is
achieved using additive processes. In an additirecgss an object is created by laying down
successive layers of material until the entire cbje created. Each of these layers can be sean as
thinly sliced horizontal cross-section of the euahiobject.[21]

Manufacturers have long used these printers irr tthesign process to create prototypes for
traditional manufacturing and research purposep B&kides rapid prototyping, 3D printing is also
used for rapid manufacturing.Rapid manufacturing is a new method of manufacturivhere
companies are using 3D printers for short run gusteanufacturing. In this way of manufacturing the
printed objects are not prototypes but the actodlieser product.[25]

From the user’s point of view, the additive mantfiaog (AM) market can be basically divided
into two sectors: the market for plastic printdrattare now also affordable for private consumens,
the market for professional devices that are usethdustry to “print” with materials of all kinds,
including ceramic and metal powder.[23]

Today’s 3-D printers are concentrated at two erfds gpectrum: high cost—high capability and

low cost-low capability. High-end printers are getlg targeted at enterprises and 3-D printing
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service bureaus; low-end printers, which are offerivatives of open source RepRap3 printers, are

targeted at consumers and hobbyists.

) Incumbent
High cost High-end

market

Emerging

Hobbyist market
Crowded, open
source

High capability

Figure 1. The emerging market for printers is defining a newcategory that has high capability

at lower cost.

Gartner predicts that 3D printers with the valugp@bilities and performance) that is demanded
by businesses and other organizations will be abkalfor less than $1,000 by 2016.5 It is fair to
expect that printer improvements will accelerateéhia next few years, although the degree and nature

of these changes will vary considerably acrosgipgrtechnologies and vendors.[3;5]

1.2.THE 3D PRINTING PROCESS

The 3D print process produces workpieces in laydms. principle of 3D-print is to distribute or
print a liquid binder onto a loose plaster or dele powder bed. The print process is based omkhe
jet technology.[24]
The main components of a 3D-printer are: feed pistioh powder reservoir, print piston, roller are t
print heads.[24] However, not all 3D printers usene technology. There are several ways to do it.
Some techniques use melting or softening matepalptoduce the layers and most common
technologies of this technique is selective lag#esang (SLS) and fused deposition modeling (FDM).
There is another different printing method steteoljraphy (SLA) in which liquid materials is layed
and treated in different technique. Similar teclkeigs used in polyjet technology. In the last fexary

even more types of 3D printers were born, such Esctron beam Melting (EBM), Selective
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Deposition Lamination (SDL) and the Inkjet techrgtqprinters, but we leave them behind, without

further investigation because of youg age and ualaoipy of this technology at the time.

SLS technology is based on powerfutlaghat fuses small particles of plastic, ceramietal
or glass powders creating required three dimenkiitgpe.The laser traces the shape of cross-section
which is covered with powders in order this fuses powder and create one layer of solid cross-
section. After each of cross-section is scanneti Vaser, the powder bed is lowered by size of one
layer thickness. Than this process is repeated,lagsv of powders are fused on top of previouslunti
the final product shape is reached. When the samddhis taken out, powder is still compacted around
the printed object and works as a support strucithierefore it is not necessary any support strastu
also when the object is gently removed from the gemmould, these powders can be used again in

new printing operation, that causes almost no waisteaterial which is advantage over FDM.

CO, laser

= scanner
R

powder process
contamer chamber
( recoater
. J {‘}

stage and
removal
chamber

L
Figure 2. SLS 3D printing

FDM technology uses a plastic filater metal wire which is rapped around the coil an
supplies material to an extrusion nozzle whichthasfuction to control the flow. The extrusion nigzz
is heated until suplied material reaches it's mglipoint,usually FDM printers are left power ongtth
keep the material in a liquid form. The nozzle atao move in horizontal and vertical directionss th
process is controlled by computer aided manufargusoftware. The principle of this method is that
the obeject is created by nozzle which moves ipalud cross-section and extrudes melted material on
it, which hardens immediately after extrusion frima nozzle.

12
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Figure 3. FDM 3D printing

SLA is based on photopolymerizatiomgass, which is used to produce solid part from a
liquid. This technology uses a bath with a liquidraviolet curable photopolymer resin and an
ultraviolet laser which creates layers one at itihhe tBy tracing the cross-section of the part pateth
a ultraviolet laser light which solidifies the patt. After this process had been done and new iayer
finished SLA's elevator platform decends or riseslepeds of the design of a printer, by the distan
of one layer thickness usually from 0,05 mm to 0yi&. Then if the SLA printed is old type a resin-
filled blade sweeps across the cross-section gbaéne re-coating with a new layer of liquid magdrif
the SLA printer is new type, the object bottom partmmersed into liquid photopolymer bath and
elevated from it by the distance of one layer theds. For the stereolithography is necessary

supporting structures which serve to attach ettié¢ elevator.
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Figure 4. SLA 3D printing

PolyJet 3D printing technology is a powerful additimanufacturing method patented by
Stratasys. 3D printers powered by PolyJet techiyofegture 16-micron layers with accuracy as high
as 0.1 mm for smooth surfaces, thin walls and cermpjeometries. It is the only technology that
supports a range of materials with properties frabber to rigid and transparent to opaque. And with
Objet technology, multiple materials can even bated simultaneously in the same part. PolyJet 3D
printing is similar to inkjet document printing. Bunstead of jetting drops of ink onto paper, PetyJ
3D printers jet layers of liquid photopolymer omtduild tray and cure them with UV light. The layer
build up one at a time to create a 3D model orqtype. Fully cured models can be handled and used
immediately, without additional post-curing. Alomgth the selected model materials, the 3D printer
also jets a gel-like support material specially igiesd to uphold overhangs and complicated
geometries. It is easily removed by hand and witlew
PolyJet 3D printing technology has many advantdgesapid prototyping, including superior quality

and speed, high precision, and a very wide vaoétyaterials.
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Figure 5. Objet PolyJet 3D printing

The basic printing process goes like this [7]:

1. You create a 3-D model of your object in a CAD peog

2. A piece of software chops your CAD model up intonthayers -- typically five to 10
layers/millimeter

3. The 3-D printer's laser "paints" one of the layengposing the liquid plastic in the tank and
hardening it

4. The platform drops down into the tank a fractionaahillimeter and the laser paints the next
layer

5. This process repeats, layer by layer, until youdehds complete

Most printing techniques require computer aid deg{@AD) file to process the object. This file
contains information about dimensional represemmadf an object. CAD file must be converted into a
format that a printing machine can understand.[4]

IT companies like Microsoft and Google enabledrthairdware to perform 3d scanning, a great
example is Microsoft’s Kinect. This is a clear sidpat future hand-held devices like smartphonek wil
have integrated 3d scanners. Digitizing real okj@écto 3d models will become as easy as taking a
picture. Prices of 3d scanners range from very esipe professional industrial devices to 30 USD

DIY devices anyone can make at home.[21]
15



3D Printing is not a particularly quipkocess. Depending on the size and number of tshjec
being created, the laser or extrusion nozzle migke a minute or two for each layer. A typical run
might take six to 12 hours. Standard manufactutimgs is from 2 days on (24 hours for Next Day
models), depending on the size of the parts anduh&er of components.
From the literature it is well known ththe accuracy of the 3D-printer is affected byfeteént
factors. These factors are:
— material used,
- nominal dimensions;
— workpiece orientation within the 3D printer;
- geometric features and their topology, e.g. opetiased contours;
— wall thickness — shell, solid;
— post treatment procedures; and

- binding agent.

1.3. THE ADVANTAGES AND DISADVANTAGES OF 3D PRINTIN G
With the growing popularity in the consumer marl3, printing is certainly one of the printing

innovations to follow in the 21st century. Here'ak at some of the real benefits of 3D printi@gst
and flexibility considerations show a further inasengly growing market for AM.[11]

By Wohlers Associates (2013): “Produce 3D parts asgbmblies made from various materials
in a single build. Reduces the need fo tooling, mm@ng and handcrafting prototypes. Also, reduces
the need to maintain an inventory of physical molisggest more efficient designs, design changes
and more effective experimentation.” Instead ofih@\to raise capital to set up a production ling, 3
printers offer a cheap and less risky route to mhma&rket, particularly when a product requires
extensivemarket testingprior to full-scale prodoisti In the manufacturing context, the technologies
are particularly well suited to the production ohgonents with complex geometries such as internal
passageways, undercuts and other features thatifcaillt or even impossible to manufacture with
conventional techniques.[6]

New Structures and Shapes.Traditional manufacturing methods depend on ogttand
moulding technologies to create a limited numbestaictures and shapes, with more intricate hollow
ones having to be formed from a number of parts asgkmbled together. However, 3D printing

technology transforms this process—the nozzle ef3D printer can create many complex figures,

16



being confined only by a person’s imagination. Tiisthod gives them higher structural integrity
more durability.[8]

Cheap Manufacturing. The essential economic issue behinD rinting is that the price pt
unit produced is higher than traditional manufaaigr but the tooling cost is zero. 3D printing e
companies save up to 70 percent of their manufiactwost. This is attained through lower packg
and shipping costs related to more reliable andpderaw materials and lesser workforce neede
well as overseas parts suppliers. In the end, tdatbhnology makes progressive companies r
profitable.[8;9] 3D printing reduces your prototype cc as much as tenfold. Your material costs
finite, and can be accurately budgeted before pypé&o design. ZPrinters will display how mu
material will be used for your design, and an exast can be determin(2] Also, Since 3D printers
can “print” products as and when needed, and does not costhaorenass manufacturing, no expe
on storage of goods is requi.[3]

The cost of 3D printing is expected to fall withihe means of most businesses as we
consumers. Typical 3D printer costs ra from hundreds of dollars to hundreds of thousand
dollars. Large, higlend 3D printers serve the needs of industry mahufaics. Smaller scale mode

are used by businesses. Less sophisticated asskitsldye used by some consurr

$250.000,00
$200.000,00
0
$150.000,00
$100.000,00
$50.000,00 60.000,00
$500,00 0
$2.000,00 10.000,00
§- - '
Consumers Office use Warehouse use

Figure 6. Thecost of 3D printing.

3D Printers Can Reduce the Cost of Finished PredagtMore Than 4 Perce[13] “In global
manufacturing environment, high product quality,nefacturing flexibility and low production co

are the main keys to competitivene[22]
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Quick Production. The speed of 3D printing is quicker as comparethétraditional method.
It's similar to comparing the top speed of a spads to a horse cart. They both take you to your
destination, but the travel period differs sigrafitly. With industrial 3D printing technologies bgi
able to create an object in a few hours, the tiadit manufacturing methods, taking up to two oreno
days (from prototype to finish product), are grdijubecoming obsolete. This leads to an on-demand
manufacturing model and to considerable cost saBig3D printing takes hours. When your designer
is finished the CAD file, they simply send the fitethe printer, and the part gets produced witteli
or no involvement from anyone. If a build is stdrtat the end of the day, the part is fully
manufactured, or printed by the next morning. Ne o8 held up waiting for prototypes, your
customers receive answers quicker, your productdedirst to market, and you no longer wait weeks,
or possibly months to perfect your designs. Bussnand clients are not a slave to the delays of
prototype tooling. Quick turn arounds improve custo relationships, product evolution, company
focus and morale, and business grows. Traditiomatofype manufacturing requires tooling and
machining by people and very expensive equipmdnit process takes weeks.[2]

Forbes (2015) highlights the following reasons ofsping 3D printing: “Prototyping (24.5%),
product development (16.1%) and innovation (11.38¥)the three most common reasons companies

are pursuing 3D printing.”
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Figure 7. Reasons of pursuing 3D printing

As with any technology that seems to garner a fatntion all at once, there is reason to be
skeptical of the claims that 3D printing will bridpout a manufacturing revolution. Here are jusiva
reasons that 3D printing might not produce the suaddapid industry change than many have
predicted.

Sixty percent of organizations said high start-ugsts are a main factor in the delay of
implementing 3D printing strategies, according toeav survey by Gartner, Inc. However, the survey
also found that early adopters of the technologyfiading clear benefits in multiple areas.[13]

A 3D printer and its materials can still be quitegpensive, and operating one requires some
training and technical ability. The CAD softwareths most frequently used to design models for
printing requires a good level of technical litarapractice, and experience before a user willlide &
print a useful product. In order to produce onenité@rtually from start to finish, the printing press
can take anywhere from a few hours to a few dagscan cost thousands of dollars depending on the
materials used.[16] At present, 3D printers cankawith approximately 100 different raw materials.
This is insignificant when compared with the enousigange of raw materials used in traditional
manufacturing.[3]
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Fewer Manufacturing Jobs: As with all new techn@sgmanufacturing jobs will decrease. This
disadvantage can and will have a large impact ¢oettonomies of third world countries, especially
China, that depend on a large number of low skiik}[18]

Though 3D printers may mean that many factoried bel able to shut down parts of their
operations and remove shipping steps, 3D printitigrequires a large amount of energy. Because the
3D printing process is quite slow, the printerschebe on and running for hours or days at a time.
This can represent a significant energy drain,i@adrly for a larger printer running a more comple
task. This will eventually mean that much of thergy consumption of the manufacturing process is
passed off to the consumers and small manufacturersng printers from their homes and offices.

One of the dangers of 3D printers is that they ballused to create more useless stuff that is bad
for the environment and wallets. Fortunately, theme new methods of automatically recycling objects
made by 3D printers that hold promise of betteyekeg in the future.[18]

Parts created additively through 3D printing arsoalimited in size. For instance, the most
affordable, common 3D printing machines typicallg amall enough to fit on your desktop, meaning
they have build chamber sizes of similar propogiorhere are 3D printers that are able to creagetla
parts, but they're much more expensive and theashynrealistic option for many companies.[10]

Limits of the 3D printers. Because parts are bailer-by-layer, each layer must be supported by
something underneath it. Features that are notttirsupported by underlying layers or the build
platform are called unsupported overhangs and ebesmgan be seen in the picture 4. Without any

supports these features fail to print correctlgesn in picture of the printed part below.

Faded Horzontal Crverhangs

Figure 8. Examples of unsupported overhangs.

3D printing has garnered considerable attention ttudts broad applications, its ease of
customization, and its increasing affordability.tiidugh the applications of 3D printing in the
manufacturing world are evident and numerous,tdubnology has the potential to have a multitude of
applications transcending numerous industries. Ath ywmost new technology, 3D printing could

change the world—for better or for worse.
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1.4. THE TECHNOLOGY FOR 3-D PRINTING IN THE FUTURE
It is predicted by some additive manufacturing aztes that this technological development

change the nature of commerce, because end udebewable to do much of their own manufactur
rather than engaging itnade to buy products from other people and cotpmors.[21] However, the
future of 3D printing lies in companies that prawigbndless options for consumers who
conceptualize their ides but don’t have the meartsdate i[25]

Gartner Says (2014)Worldwide shipments of 3D printers (3DPs) will rea217,350 units il
2015, up from 108,151 in 2014, according to Gartirer.'s latest forecast. 3D printer shipments
more than double every year between 2015 and 281&hich time worldwide shipmes are forecast

to reach more than 2.3 millio[15]
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Figure 9. Worldwide 3D printing industry forecast, billions.[14]

Siemens predicts that 3D printing will become 508éaper and up to 400% faster in the r
five years.

With the 3D printing industnexpected to grow by more than 31% per year betv2&413 anc
2020, and eventually generate more than $21 bilhioannual revenue worldwide, there’s current!
high incentive for industry players and new entsaalike to improve upon the technology’s ry
shortcomings.

During the past year, a new class of printers enrtiiddle has emerged. These printers from

entrants and established vendors have many ofigher-end capabilities at lower prices. For exam
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printers from FSL3D and Formlabs deliver highewohaon and smaller size using stereolithography
technology and are priced at a few thousand dolRraters from MarkForged offer the ability to rri
using carbon fiber composites in a desktop fornofafor less than $5,000. CubeJet from 3D Systems
is priced under $5,000, can print in multiple celoand brings professional features to a lowerepric
point.[12;17]

It is evident that 3D printing technology has ewalvdramatically and after 25 years of
development and use, principally as an RP technitipge3D printing industry is rapidly transforming
into a manufacturing-focused enterprise.[6] Sonaugtry commentators argue that these technologies
have the potential to create a new type of indaistevolution. The new approach and design of a 3D-
printer based on a conveyor belt processing sysesuitable for production use. Investigations show
that the printed parts are comparable in termscofi@cy and strength to their conventional printed

counterparts.
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2. THE DEVELOPMENT OF MANUFACTURING COST ESTIMATION
MODEL FOR 3D PRINTING

2.1. METHOD OF DEVELOPMENT

As | mentioned earlier, cost estimatplays an important role in manufacturing process
because additive layer manufacturing (ALM) is siijlite expensive technology. To forecast
production output time and cost is crucial, takingmind that, now ALM technologies are used for
mass production. There are several establishedogethb forecast manufacturing cost:

» Parametric cost forecasting;

» Forecasting by applying artificial intelligence;

Forecasting based on experts;

Forecasting by means of knowledge;

Forecasting by means of classifiers.

Parametric cost forecasting is appropriate metlmodise, when linear dependence can be noticed
between factors affecting the cost. Forecastingiyylying artificial intelligence is convenient when
there is no linear dependence established. Alsbadeatf forecasting by expert means or knowledge is
suitable too, but there is major drawback. Becahsé technology in a first place was created for
prototyping and just recently the idea was develag@out mass production with ALM, there is a lack
of information. Even though all additive layer méamiuring technology share the same principle —
layer by layer manufacturing, there still existfeliences that have influence to manufacturing ddse.

aim of this paper work part is to collect and amalinformation about ALM technology, determine the
main factors that have influence for both techn@sgn manufacturing cost and develop a primitive
model that would help to determine manufacturingt@ early stages of process, when there is no
digital model created yet. This model would helpstve money and time at the beginning of the
products development process, where could be pligstb determine approximate printing time and
material consumption from the dimensions of a part.
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2.2. DEVELOPMENT OF COST FORECASTING MODEL STRUCTURE
First and the most important stepmiadels creation is creation of suitable structwhkich

consist of data collection and analysis of it, apoiate input variables and neural network selectio
To find a pattern of cost estimation determiningtdas, | choose experimental parametric comparative
method. Comparing two 3D printers with differeninging technologies. Technologies in question are:
PolyJet and fused deposition modeling (FDM). | assd that comparing two 3D printers with
different specifications will reveal more detailboat important factors for cost estimation model

creation, such as: time of manufacturing and matedgnsumption.
T=T,+T,+Tp

Where, T — total production timé&; - set up time[T,- post processing timd,, - machining time, in

this situation printing time.
M = M, + M,,

Where, M — total material consumptidf, - support material consumptioM,, - model
material consumption. Total material consumptiorBIh printing usually consists of support material
and model material consumption. In the meantinmee tis divided into machining time and into time
meant for supplement. Supplement time is diffitalforecast, because of the preparation of 3D model
and preparation of printer itself, mostly time igpeéndant from qualification of operator and
complexity of a part. Also, one more criteria néede mentioned, it is the positioning of a deitai&
building plane. There are many variations how dletan be positioned on the building plane and

different positioning variation causes major diffieces for the total cost of a detail.

In addition the differences betwee&vo tprinters will be displayed, how they manage to
produce the same detail and at what cost. Aftesetiveo 3D printer analyses, | will be able to desser
practical abilities of them in the real situatiomdafor what specific detail manufacturing theylfést.

In this particular case, the printers | selectetpapfessional prototyping devices: Objet 30, whisks
PolyJet technology and Dimension BST 768, whiclsdgsed deposition modeling technology.
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Objet30

Specifications:

Modeling material

* Rigid Opaque (white, blue, black, gray)
» Polypropylene-like

Support material

FullCure 705 non-toxic gel —likeoppolymer

Net build size

294 x 192 x 148.6 mm

Layer thickness

0.028 mm

Build resolution

X-axis: 600 dpi; Y-axis: 600 dgi:axis: 900 dpi

Accuracy

0.1 mm

Software

Objet Studio

Material cartridges

Sealed four 1 Kg cartridges

Workstation compatibility

Windows XP, Windows 7, iidiows 8

Jetting heads

2 printing heads; SHR (Single Hegaldgement)

Power requirements

¢ 100-120V~; 50-60Hz; 7A
e 200-240V~; 50-60Hz; 3.5A

Size and weight

* Tray size: 300 x 200 x 150 mm
e Machine: 82.5 x 62 x 59 cm; 106 Kg

Table 1. Specifications of Objet 30

Figure 10. Objet 30
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Dimension BST 768

Specifications

Modeling material

ABS (white, red, blue, green |gel black, gray)

Breakeaway suppo

material

[tBreakeaway support cartridge

Size and weight

914 x 686 x 1041 mm; 136 Kg

Net build size

203 x 203 x 305 mm

requirements

Layer thickness 0.254 mm
Software CatalystEX
Dedicated outlet « 100-120 VAC, 60 Hz, 15 A

* 220-240 VAC, 50/60 Hz, 7 A

Workstation compatibility

* Windows 2000
* Windows XP Pro

Table 2. Specification of Dimension BST 768

Figure 11. Dimension BST 768
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2.3 PREPARATION FOR ANALYSIS OF A DATA
Having all necessary information abthé printers for the task and get acquainted with t

software of both 3D printers, data input must bected. For the experiment | gather hundred random
Solidworks CAD 3D details, that massively variesdimensions and complexity. Some details scale
was changed in order to fit them on the work pla¥&@mning all hundred details in random order, in a
form of number, | created a list of details. Furtseep was to change format of the 3D details from
Solidworks to STL, because most of the 3D printedfware can only read STL format files. After
this operation, details one by one were uploaded‘i@bjet Studio” program. Determined appropriate
scale for the detail dimensions, that do not exeelsdermined net build size of 294 x 192 x 148.6 mm
we choose automatic placement function that, plaiegail in most optional way, according to the
software. Further step is to run the programs foncthat estimates: printing time, support material
consumption, model material consumption and disptiignensions in X, Y, Z axes. Having done that
procedure for all hundred parts | collected allegivdata. Next step is switch to Dimension BST 768
printer. Using “CatalystEX” software, which is relely similar to “Objet Studio”, because it's
working principle is the same, although technoldgffers. The program slice given detail into cross-
sections and calculates the same factors as “CHtjetio” program: printing time, model material
consumption, support material consumption and tleement of the detail on working plane
according coordinate axes. After uploading detdllgital files into “CatalystEX” and selecting
identical scale measures for the detail as in “Ofjidio” software, than again using automatic

placement function, | noticed that some detailsenarientated on a working plane differently. An

example is shown in figure 11.

Figure 12. Different positioning of the same detaiin “CatalystEX” (on the left) and “Objet

Studio” (on the right) software.
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Taking in account that, details with different piasing will not be adequately comparable between
Dimension BST 768 and Objet 30, because of thdiposig major influence to manufacturing cost, |
marked them out. After all details were run throtigls models material consumption and time required
for building determination “CatalystEX” programanfttion, and all data was collected, the total count
of differently positioned details were 27 out of01@ne notification needs to be considered that, in
“Objet Studio” program material consumption was resged in grams and in “CatalystEX” in cubic
centimeters, to equalize expressions there wastsdlelensity value of Dimension BST 768 building
material, which is ABS thermoplastic of 1,06 @fcand all data values converted to grams. | assume
that, comparing these two 3D printers material oangion, some error’'s might be noticed, because of
the different model materials and support materiailst also differs in density, so same size detail
weigh more than corresponding detail which in digens is equal to the fist one. The expression in
grams was chosen, because majority of 3D printetemal flament replacements are calculated in
grams and in economical part this expression vélluseful. Having all necessary data, experimental

testing and comparing can be started.
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2.4 ANALYSIS OF THE DATA
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Figure 13. Dependence between part height in Z axésd manufacturing time (Objet 30)

In a figure 13, results of collectddta can be seen. In this particular graph is ptede
dependence of parts height versus manufacturing t8arting all hundred details height, from smalles
to largest and selecting them as independent \ar@b X axis and selecting manufacturing time as
dependant variable on Y axis, we get this grapbnFthe graph we can determine that, interrupted
linear dependence can be noticed, as details hisigiltbwing so the manufacturing time is increasing
Determination coefficienR? = 0,798, prove that dependence between variabletsang. To determine
what exceptions cause deviation of the points flioearity line, | analyze particular parts thatfleet
the most distant points. For example, the poirfila28 mm height mark takes unusual 16:28 hours to
print. By checking data table | found that it cepends to detail named by number 77, which
dimensions are: X = 195,29; Y = 179,69; Z = 51 2®del material consumption — 285 g, support
material consumption 506 g.
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Taking deeper investigation about Objetp8iditing technology | found that, in order to full
print out one layer of the part with an Objet 30 Biinter, the nozzles must perform four passes. In
four passes a 65 mm wide layer is printed. Theegfibve positioning of the part in the work planefis
crucial importance to the production time. A fewspioning rules are known that help in lowering the
production time. First and most important criterierihe height or the part. If possible, the padigd
be positioned in such a way that its size on thexis is smallest in comparison to x and y axes.
Secondly, the longest dimension of the part shoelgarallel to x axis. As mentioned before, prigtin
width is 65 mm therefore; when printing the parithvdimension with respect to y axis is largersit i
necessary to perform jetting head movement withegeisto y axis. It is necessary to keep in mind tha

displacement in y axis direction is relatively slow

From the dimension point of view, pngitime is affected by the Y axis dimension, beeaus
Objet 30 jetting head in X axis direction is abbejet 65 mm width layer of material, so in order to
cover 179,69 mm jetting head have to move in Ydiioe even two times. Considering that to print
one layer of cross-section jetting head have téopar4 passes in X axis direction and if jettingtie
have to move two times in Y direction and againflaayeach movement 4 passes in X direction that,
will massively increase time consumption. From shape of 77 part, as we can see in a figure below,
that it will require huge amount of support matgria support each propeller wing and model it'd se

is relatively large, these factors also have inflgeto printing time.

Figure 14. Part number 77.

Obvious example can be presented that, mentiongdréacauses deviations from parts height and

printing time dependence line.
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Figure 15. Part number 93 (on the left) and part nmber 62 (on the right)

Part number 93 and part number 62 aptichl height of 41,28 mm, but printing time dife
for part 93 — 8:48 hour, for part 62 — 4:56 houhisTdifference can be explained by the Y axis
dimension which for part number 93 is 83 mm anddart number 62 is 55 mm. Part’s 93, 83 mm
dimension in Y axis exceed 65 mm width of jettingatls reach, in order requiring additional
movement of jetting head in Y axis, which consurtiege. Part number 62 dimension in Y axis is

under 65 mm mark, it means that jetting head cark almng X axis without additional movement.
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Figure 16. Dependence between part height in Z axend manufacturing time (Dimension BST
768)
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In figure 16, we can see results of spmeparation: arranging details in order of pagght
according Z axis from smallest to largest and ascthem as independent variable on X axis, and
selecting manufacturing time as dependant variabalysis of the graph, show that dependence
between details height and manufacturing time alo be noticed. Determination coefficie®t =
0,529 show that dependence between variables ik. \Megce, because of large deviation magnitudes,
there would be impossible even approximately, tedast printing time of the particular detail fras
height dimensions with Dimension BST 768 printen etter understanding why, let's examine
largely distant point in the middle of a graph2dtmm height mark. By checking data table, | found
that, this unusual point correspond a part numiemwBich dimensions are: 147 x 147 x 24 mm.
Models material consumption — 150,73 g, supporenetconsumption — 29,92 g and printing time is
10:59 hour.

Figure 17. Part number 25.

These dimensions explain why it tad@snuch time to print the part. Hence, 147 mm iang
Y axes creates massive surface area of a crosersemdmparing to another parts dimensions, so with
relatively small height but large other dimensioRBM 3D printer needs to cover wide surface area,
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that highly influences printing time. To check thieeory we compare part number 25 with another

part, which is reflecting in the graph below lingaline at the height axis mark of 41 mm.

Figure 18. Part number 51.

In a figure 18, we see part number 51, with dimamsiof: X=40,3; Y=53,4; Z=41,8. Models
material consumption — 12,38 g, support materiasomption — 3,1 g and printing time is 1:39 hour.
As we see, the height of a part number 51 is evggeb than parts number 25, but the difference in
printing time of part 51 is several times small€his comparison confirms that, part height is not
crucial factor for Dimension BST 768 printing timEherefore, any forecasting of printing time can’t
be based only by details height. However, thisdiaelso can’'t be called as a factor causing no
influence to the printing time whatsoever, becaeseany additive layer machine, there is important

number of cross-section that machine will haveaeec.
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Figure 19. Dependence between details total matefi@onsumption and manufacturing time
(Objet 30)

In figure 19, we see relationship between modeltena amount added to supports materials
amount versus manufacturing time. Data were s@$eith previous cases, materials were summed and
sorted from smallest to largest, choosing totalemalt consumption as X coordinate axis and time
relates Y axis. From the graph we see that, santfi deviations from linearity are spotted. Poants
not strictly concentrated along linearity line, efetination coefficientR? = 0,762 show that

dependency level is medium.
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Figure 20 . Part number 75 (on the left) and parhumber 11 (on the right)

In a figure 20 are presented part numigeand part number 11 that will be compared as an
example. Dimensions of part number 75: X=67,52; ¥,88; Z=56,14. Total material consumption
equal to 227 g, and time consumption of 10:41 hd@imensions of part number 11: X=223,6;
Y=169,5; Z=6,99. Total material consumption 233d @ninting time 2:46 hour. As we can see, total
material consumption differs just in 6 grams bubting time differs several times. The differende o
printing time can be explained, that for polyjeinfing technique the most important factor is heigh
a part and the width of a part in Y axis. In thatgular example height of part number 11 is small
comparing with a piston height of 56,14 mm, desphte fact that total material consumptions are
almost equal, the taller part requires significamtiore time. This example bring us to conclusiaat,th
for Objet 30 3D printer cost estimation based om i model material and support material, do not
properly relates with manufacturing time and therefcan’t be declared as only one cost estimation

determining factor.

35



12:00
£ 3
10:48 *
y =0,8018x +0,0265
09:36 R?=0,8028
08:24
e ¢

07:12 L J
o - X L J
I e 3
£ 06:00 e
= 3

04:48 z 3

* : - 2
03:36 3 * & > ¢
se ;,/ o
02:24 {5 e % ¢
s L
01:12 -
&
0000 T T T T 1
0 50 100 150 200 250
Material consumption, g

Figure 21. Dependence between details total matefi@onsumption and manufacturing time
(Dimension BST 768)

In a figure 21, we are checking dependém@teveen details model and support consumptions sum
versus manufacturing time. From the concentratigpomts we can already notice that points are more
orientated than in a figure 16, were Dimensions B$8 printers manufacturing time dependence
according details height were displayed. Linearedejence can be traced, determination coeffidént
= 0,802 show that dependency level is strong. Ttebanderstanding of the factors that causes point
deviations from the linearity line, let's analyzglest point in the graph at 11:23 hour. This point
correspond to part number 76 which dimensions «93,1; Y=93,4; Z=93,2. Total material
consumption — 167,58 g. Data reveals that, duangel dimensions in all directions comparing with
other experiment parts that creates approximataagee pattern according to which linearity
dependence line is drawn, this part stand out fiteeraverage caused by height of it. | assume firat,

Dimension BST 768 3D printer, main printing timeachcterizing factor is total material consumption,
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but also relates with parts height along Z axihdcked this assumption by comparing part number 76

and part number 93.

Figure 22. Part number 76 (on the left), part numbe 76 displayed with support material (on the
right)

Figure 23. Part number 93.

Dimensions of part 93: X=113 mm; Y=83 mm; Z=41,28&nTlotal material consumption —
215,28 g, printing time — 9:21 hour. Remark, thatyse of part 93 is taken from “Objet Studio”

software, but it will not induce any inconvenienbecause parts are positioned in same manner by the
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both 3D printers. Comparing these parts data, veetlsat, even total material consumption for part
number 93 is bigger than for part number 76, batghnting time is smaller. To find reason for this
mismatch, | am paying attention to the dimensidngasts along the axes. Only significant difference
Is noticed along Z axis. Dimensions of a part nunit& along Z axis is more than two times bigger
comparing to a part number 93, this factor mayugrfice printing time due to extrusion head elevation
in z axis direction. Concluding figure 21, we catablish that, paying attention to parts placenoen
work plane that z axis dimensions would be smallestcould approximately estimate manufacturing

time according to total material consumption.
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Figure 24. Dependence between part height in Z axend manufacturing time (Objet 30, parts

width less than 65 mm)

In a figure 24gesults for the performed analysis can be seere Hés also worth mentioning,
that after discarding parts whose width is oven@h the analysis is performed on data from 66 parts.
Then again sorting data by height dimension, fromalkest to largest and selecting them as

independent variable on X axis with relation to samanufacturing time. As we expected, from the
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distribution of points along the linearity line, gendence is noticeably less interrupted in comparis
with figure 13 dependence. Determination coeffitieh = 0,925 show that dependency level between
variables is very strong. It proves that, aftecdigling parts whose width is over 65 mm, dependence
of manufacturing time is closely related to detai#sght dimension, because no additional movement
to the jetting head needs to be done in directiovi axis, which consumes a lot of tim@n the other
hand there are still parts whose printing time edsethe allowed linearity limits. For example thestn

distant point at 27 mm height mark.

Figure 25. Part number 73.

The point corresponds to part number wBich dimensions are X=90 mm; Y=60,79 mm,;
Z=26,68 mm. Total material consumption — 178 gntomg time — 5:13 hour. Printing time of a part
number 73 mismatch with average printing time B0lhour, such results may be due to length of the
part with respect to X axis comparing with othertpaset average of X axis length’'s or other

geometrical parameters.
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Figure 26. Comparison of model material consumptionbetween Objet 30 and Dimension BST

768, different positioning parts.

In figure 26, we analyze model materiaiamption between two given 3D printers. As | earli
mentioned, some of the parts were positioned diffgty by “CatalystEX” and “Objet Studio” software.
Having in mind that, graph was drawn using 27 deai different positioning manner given data. To
compare how different positioning effect materiahsumption between these two 3D printers we start
comparing just models material consumption. At feight results are confusing, because theoreyicall
speaking, same size models material consumptiondie equal on both printers, no matter how they
are positioned. The difference is caused be diftgpeinting technique and different printing maadsi
Objet 30 3D printer for model uses rigid opaque amat which has density value of 1,19 mft
comparing to Dimensions BST 768 ABS material, whiels density of 1,06 gic®. The difference in
density had cause deviations in weight, expressegtams. The difference in weight is up to 12%,
because of different densities. Other factor tllalsaup to the gap between these printers printmne, t
is the printing technique. As we see, Objet 30tpriises more model material, it can be explained:
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when jetting head is jetting model material ontossrsection of a printed part, some of the modeling

material is jetted into support material, to ine®ats strength and improve other support material

properties.
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Figure 27. Comparison of support material consumpbtn, between Objet 30 and Dimension BST

768, different positioning parts.

Figure 27 presents the comparison between the giwen 3D printers support material
consumption in different positioning of the 27 distan a work plane. As we clearly see, curvesalo n
coincide. There was expectation that, support n@teonsumption will differ, because positioning is
important not only for time consumption, but also $upport material consumption, which effectsltota
parts cost. If, part is positioned for exampleaatangle, on the edge or vertically there is nesgss
bigger support platform that increases materialsaomption. In figure 28, we see an example of

inefficient positioning of part number 21, largeagtity of support material is required when part is

positioned vertically.
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Figure 28. Part number 21.

Let’s take another example, a ring shagr, horizontally it consume small amount of supp
material, because the parts structure tend to taitldsits own weight when its placed horizontadiggd
do not deform. On the other hand, when ring shageip placed on the work plane vertically then,
wide base area is necessary and filament for aticeé cavities, to support models weight. Also
difference between the consumption curves is afteby other factors. One of them is the technique o
printing. In one way in which the Objet 30 3D pentechnology differs from other ALM technologies
is the mixing of support and model materials. Modw®terial is mixed in with intent to improve
support material and its mechanical characterisfibsit brings us to the difference of density & th
materials. As in model material consumption case @nthis case, materials are different, so the
densities also differ. For Objet 30 printer is ugadiCure 705 non-toxic gel — like photopolymer,
which density is 1,22 gfe® and for Dimension BST 768 breakaway support cyériis same ABS
material, but with worse properties of it. Hencdyj&d 30 uses heavier material and technique of

materials extrusion that, consumes more of it, hanension BST 768 3D printer.
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Figure 29. Comparison of total material consumptionbetween Objet 30 and Dimension BST 768,

different positioning details.

Figure 29 display the comparison cureéshe sum between support material and model
material. Same 27 details material consumptionsveelded together and graph was drawn. As in
previous graphs results are similar to this gréimension BST 768 3D printer has a clear advantage
against Objet 30 comparing which uses less matrigtinting process, even considering 12% error,
caused by difference of material densities. ltifadilt to determine what quantities of model méée
are jetted into support material by polyjet tecloggiin Objet 30 3D printer. When materials are ade
the gap between Dimension BST 768 and Objet 30 tedderial consumption, comparing with model
and support material consumption gets bigger. Tide gap can be explained as a reason of one
polyjet technologies feature. That feature is thargmally closer relation between model material
consumption and support material consumption foeO&0 3D printer comparing to Dimension BST
3D printer. The relation difference is graphicaligplayed in a figure 30 and figure 31.
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In a figure 30 we see that, as models natamount is growing so does the support material
amount. They are related due to polyjet technolegyking principle, to cover all parts surfaces with
improved support material. Also, support materialoant depends from complexity of a part and
positioning. Comparing Objet 30 to Dimension BSB f#aphs, we notice clear difference between
model material and support material amounts redatior Dimension BST 768 same rule can’t be
applied, because model material amount do not sporel to support material amount as much as
Objet 30 3D printer. The reason, why Dimension B®B uses a lot of less support material and
amount of it is not related to model material antaarbecause of FDM technology working principle,
which was explained in theoretical part. Concludiiggire 29, the difference of total consumption of
material in comparison between these two printenginly is caused by the different printing
technologies as figure 30 and figure 31 revealed.
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Time, h

l ——Qbjet 30
\ —Dimension BST 768
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00:00

04:48

1 12 21 23 35 43 51 57 60 63 67 96 100

Part's name number

Figure 32. Comparison of printing time, between Obgt 30 and Dimension BST 768, different
positioning parts.
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In figure 32 we see comparison of pmgttime consumption between given printers, of
different positioning 27 details. Again, DimensiB&T 768 is ahead in this area too, it consumes less
time to print same part, but positioned differentiith respect to Objet 30 3D printer. However,
considering that Dimensions BST 768 one printe@dadljickness is 0.254 mm comparing to Objet 30
0.028 mm. The difference of layer thickness is ntbes 9 times. So the question is, how Objet 30 3D
printer keeps such small difference between pmntimes, comparing to Dimension BST 768. The
answer is due to printing technology differenceanBmsion BST 768 using fused deposition modeling
technology would consume more time, because tmipgi process actually is slower due to technique
in which layers of material are laid. Extrusion tdeve to directly follow every single cross-seatio
geometrical path in order to lay one layer. On abiger hand polyjet technology lays 65 mm width
continuous layer of material, despite any geomatsbapes of a part. Considering that layer isr@di
thinner than FDM'’s printer, even the technique gpte is faster, but that is not enough offsetrSets

thicker layer.
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16:48

14:24 |
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Figure 33. Comparison of printing time, between Obgt 30 and Dimension BST 768, same

positioning parts.
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In a figure 33, we see parts which wgositioned in same manner, compared with respect to
printing time. From this graph we can preciselyed@ine which printers printing technique is faster,
because parts were positioned in the same way. mi3iime BST 768 3D printer is in front, for the same
reasons that | explained for the figure 32, duettinology and layer thickness difference. As liear
revealed that, support materials quantity signifisadiffers even in the same positioned partsabse
of technology difference, so comparing figure 38 &gure 33 gap’s width between printing times as a

cause of supports material quantities differencaasaningless.

2.5. CONCLUSION OF ANALYSIS
After analysis of the given data was dom@nufacturing cost estimating factors for each 3D

printer was determined.

Objet 30: dimension of a part, placement on thekvptaine, height in Z axis direction, width in Y axi

direction.

Dimension BST 768: dimensions of a part, volumeArads part, placement of a part.
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3. ECONOMICAL PART

3.1. REVIEW OF 3D PRINTING ECONOMICAL FIELD

The use of 3D printing technology hadeptial effects on the global economy, if adopted
worldwide. The shift of production and distributitnom the current model to a localized production
based on-demand, on site, customized productionemoould potentially reduce the imbalance
between export and import countries.[38] printing would have the potential to create negustries
and completely new professions, such as thoseetelat the production of 3D printers. There is an
opportunity for professional services around 3mg, ranging from new forms of product designers,

printer operators, material suppliers all the waintellectual property legal disputes and settieisie

The effect of 3D printing on the developing wortda double-edged sword. One example of the
positive effect is lowered manufacturing cost tigiowecycled and other local materials, but the aiss
manufacturing jobs could hit many developing coestseverely, which would take time to overcome.
The developed world, would benefit perhaps the nfiesnh 3D printing, where the growing aged
society and shift of age demographics has beemeeco related to production and work force. Also

the health benefits of the medical use of 3D pmoptivould cater well for an aging western socie§}[2

Additive Manufacturing or 3D printing could transfio the manufacturing process in many
critical ways, some of which are likely to happ@orser than others and all of which will likely appl
to different end products at different paces. Buérall, AM will bring production closer to the

consumer and thus production at any given poiritlikély be required in smaller numbers.[34]
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Supply Chain Structure:

Consumers

Whaolesaler /

Manufacture Shop

Raw
materials™ =

Figure 34. The Traditional Supply Chain for Consumales.[31]

Consumers

Raw

materials /

Printer/CAD
input

Figure 35. New (3D Printer diffused) Supply Chain31]
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The removal of part of the supply chain and humammemic activity in producing goods could
potentially lead to the destruction of manufactgrimdustry. This affects not just the direct pap@ants

in this industry but also the service sectors shgiport it.

Economic benefits:
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Figure 36. Economic Benefits.[31]

Furthermore, 3D printing is showing great promisegdrms of fulfilling a local manufacturing
model, whereby products are produced on demankeirplace where they are needed — eliminating
huge inventories and unsustainable logistics fdppmhg high volumes of products around the
world.[29]

The value of the global market for 3npers and services is up to $2.2 Billion. The neadize
is growing at a significant rate, with a 30 percémtrease between 2011 and 2012. That's an

impressive jump for a manufacturing industry recowg from recession, and it's a sign that
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manufacturers think 3D printing capabilities arerthahe investment concern related to 3D printing
for many IP holders.[26]

An outsourced prototype can cost anything from sdyeundred dollars for simple design, up to
thousands of dollars for a more complex model. ttrgahe same prototype on an in-house 3D Printer
can convey a significant cost saving. It's not warkdeof for an outsourced part to cost as much as 3-
times that of a part printed in-house. Even if pinig only two models per month on average, using an
onsite 3D printer can produce major cost savings tive costs of sending designs out. In addition to
the lower out-of-pocket expenses, there are thengawesulting from designers and developers not
having to wait for prototypes to return, time torket savings, and savings on reduced manufacturing
errors due to the ability to print many prototyp€sst is based on material used, so big things are

expensive, and small things are cheap.

There is given an example. Filament typically castsund $45 / £30 / €35 for a 1kg reel. This
means — very roughly — that 1 meter of 3mm filameilitcost around 45¢ / 30p / 35c. So the complex
pair of nut crackers, which uses 4m of filamenptimt, will cost you about $1.80 / £1.20 / €1.40ist
thimble (right) costs about 15¢ / 10p / 12c. Muashters use standard reels of filament, manufacsur
of 3D printers can’t control the cartridge price thay inkjet printers do, and it's up to the opegrket
to set the cost of filament. A notable exceptioBsSystems, maker of the Cube and CubeXmachines,
whose printers only use their own brand compatibéetridges, and which consequently cost

significantly more.

Most printers work with only one type of materialagtic, metal, ceramic, wood, or a biological
material. To create more useful products and exghadmarket, 3-D printers will need to process
multiple material types within a single build cyclgarious factors, mostly related to materials
themselves, make this requirement challenging.

It is needed to evaluate and costs related wittoprping reduces manufacturing errors and saves
costs by enabling design details to be fine-tunefre costly molds and die casts are made. This is
true whether the prototypes are outsourced or edeby an in-house 3D Printer. However, when
prototyping is readily available and can be dorexjpensively in multiple iterations, the potentiai f
errors is significantly reduced. Designers can testdifferent ideas to find the optimal designgdan
small variations can be modeled and checked fastimmality.
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Despite growing enthusiasm for the use of 3-D prqntn medical training, cost is a significant
obstacle. Additive manufacturing can offer time,emy and cost savings over traditional
manufacturing techniques in certain applicationg, rhost 3-D polymer printers on the market today

can only fabricate small prototype parts.

Inkjet printing for 2-D printers has been arounacsi the 1970s, but was adopted for 3-D printing
only about seven years ago by Objet (now part i@Et&ys) in a process the company calls PolyJet. By
jetting two or more base materials in varying camations, this technology allows the creation of new
material properties that span from rigid plasticrabber-like and from opaque to transparent. More

recently, the technology also allows the printifignultiple colors.[28]
The cost of the Material - Volume of material used.
Wasted material - in Supports and/or tests foiptiveed model.
Electricity bill
If you have to Design the object - Cost for Design.

Your own Added Value - Quality of your object, ifhas post processing painting or just a raw

3D print in one color.

Kyle Stevens, of Macy Moo Studios, has develop&DaPrinting Price Calculator plug-in for
Word Press that will make it easy for anyone taifiggout approximately how much it would cost, in

terms of material price, to print a solid 3D objgz9]

A single reel contains 1.5 Ibs (.7kg) of flamehhe amount you print per Ib/kg varies with the
amount of raft and support material required, baverages out to $0.02-$0.05 per cubic centimeter,
$0.33-0.82 per cubic inch. The easiest way to tateiuthe cost of the material that will be used for
your model is to use the print preview option untter 3D Print menu. This will calculate the total
weight of material used, including the raft and aopport material. Then, use this formula: Cost to
Print = Weight of Model x (Cost of Spool / Full SpaVeight)

And Finally your time, calculate how much of youmé will require the preparation, printing and

finishing the object itself, and put a price orlike if you are working in a firm, $Dollars/Hour.
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3.2. CALCULATION OF A PRICE
Below, there is calculation of the exact price okgroduced experimental 101 part. The first

version — printer “Objet 30” which uses Poly jethaology. The second one — “Dimension BST 768"

which use FDM technology.
Objet 30

The Objet30 combines the accuracy and versatifigy lnigh-end rapid prototyping machine with
the small footprint of a desktop 3D printer, makihgreat for prototyping consumer products within
limited space and budget. Powered by PolyJet tdobwpit offers five 3D printing materials and
features PolyJet's signature smooth surfaces, snoafing parts and thin walls. With a roomy trayesiz
of 300 x 200 x 150 mm, Objet30 gives you the powereate realistic models in-house — quickly and
easilyThe Objet 30 features four Rigid Opaque materiats @e material that mimics polypropylene.
The Vero family of materials all feature dimensibstability and high-detail visualization, and are

designed to simulate plastics that closely resetthigeend product.

Based on PolyJet 3D Printing technology, Preci8iDrPrinters give you the best surface quality,
finest details and widest range of material praperavailable. Produce color and multi-material
models that look and feel just like your future guots. 3D printers using PolyJet technology work
with a vast array of materials, including Rigid @Qpa and Rubber-like materials in hundreds of vibran
colors, clear and tinted translucent shades, SieallRolypropylene, and specialized photopolymers

for 3D printing in the dental and medical industrie
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£
Figure 37. Part number 101 (Objet 30)
There is given dimensions of detail and relatestsco
Model material 97 g
Support material 53 g
Printing time 4:13
X=59,7 mm; Y=40,78 mm; Z=39,08 mm
OBJ-04020 Pack of 2 FullCure 705 Support Resin 1X28.8 €
OBJ-04054 Pack of 2 FullCure 835 VeroWhitePlus Maylel Resin - 549.15 €
OBJ-04016 Pack of 2 Support Cleaning Fluid - 476
OBJ-04018 Pack of 2 Model Cleaning Fluid - 45.76 €
Calculation:
Model material price/detalil:

97 * 549,15

1000 = 53,27 €
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Support material price/detail:

53 = 228,8

1000 = 12,12 €

The total price of printing is 65.38.

Even for simple products, 3-D printing still takie® long—usually hours and sometimes days.
Incremental improvements as well as new methodshize the potential for an order of magnitude
change will help printers meet the challenge faatgr speed. There are lots of ways to improvedspee

by using higher-quality components and by optingime designs and movement of the lasers.

Dimension BST 768

The Dimension BST 768 3D Printer features the finesolution of any Stratasys Design Series
Performance 3D Printer. Driven by Fused DepositModeling (FDM) Technology, it prints in nine
colors of real ABS plus thermoplastic. For timesewlyou don’t need the finest Dimension resolution

of 0,178 this 3D printer lets you speed up printvith a layer thickness of 0,254 mm.[32].

Dimension 3D printers use ABS plus thermoplastidtald your models. Model and soluble
support materials come in convenient enclosedidgds that are a snap to load. Inside the 3D printe
plastic filament travels through a tube to the phead, where it's heated to a semi-liquid statg an

extruded in thin, accurate layers.[32]

Figure 38. Part number 101 (Dimension BST 768)

There is given dimensions of a part and relatetscos
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Model material - 50,8 g
Support material - 2,05 g
Printing time - 4:08

X=37.8 mm; Y=37.8 mm; Z =56.7 mm

ABS Breakaway Support Material Cartridge - 238 €
ABS White Model Cartridge - 238 €

Modeling base (case of 10) foam foundation - 11£.40
Calculation:

Model material price/detail:

50,85 * 238

1000 = 12,10 €
Support material price/detail:
205« 238 _ oo
1000
Modeling base:
A 11446
10

The total price of printing is 24,08,
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What our approach has shown is that FDM 3D Prirtarsbe used to realize key production gt s
in industries such as the packaging sector whexp deawing processes are primarily applied.

Comparing two different printers and technologestimate the costs of it there are the results.

Objet 30 Dimension BST 768
65,39 € Price 24,03 €
4:13 Time 4:08

Table 3. Comparison of final parts price between Ojet 30 and Dimension BST 768

That depends, of course, on size. The choice alutsn, support material, and raft influence speed
greatly. The included print software provides aetiestimate before you begin printing. From thegabl
above one can easily see that Objet 30 3D printeldvtake 4:13 min and Dimension BST 768 would
take 4:08 min. to print a chosen part. Thus, pmoptime is similar for both printers, Objet 30 tadgia
slight edge over its competitor. But when one takésok at price comparison, things are gettingemor
interesting as the Dimension BST 768 would makestimae part more than twice cheaper than Objet
30. Such difference in price is mainly due to thiegoof model material which is a lot more expessiv

for the first 3D printer.

The technology for 3-D printing, also known as #igidimanufacturing, has existed in some form
since the 1980s. However, the technology has ren bapable enough or cost-effective for most end-

product or high-volume commercial manufacturing.

Return on investment in an in-house 3D printeymdally fast, even when outsourced modeling
is low-volume. The short-term economic return exjzato long-term advantage through enhanced
innovation, increased confidentiality, more prodeetdesign cycles, higher-quality designs, andefast
time to market are about to change. Previously Bajide shapes and geometries can be created with a
3D printer, but the journey has really only jusgbe. 3D printing is believed by many to have very

great potential to inject growth into innovatiordasring back local manufacturing.
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CONCLUSIONS
Performed research enables to make following ceiahs:

1. During the work, the advantages and disadvantagesokyjet and FDM technology was
revealed. FDM technology: uses significantly smabenount of support material, is less
dependent to precise placement in work area, coesless time to print same part, comparing
to polyjet technology, replacements of support matés noticeably cheaper, has a wider
material color choice. Polyjet technology: is maceurate, produces excellent surface finish,
printed model has better strength properties, esiperreplacement materials, consumes more

time to print same part, is highly dependent togbsitioning of a part.

2. Analysis was performed using 101 random parts. &fspvere positioned on the work plane
differently by the different software’s. 5 graplere drawn in a search of linear dependence
between chosen variables. Graphs variables, weéhiphest determination coefficient values
were chosen as crucial factors to the manufactucosy estimation. 7 graphs were drawn to

compare polyjet and FDM technology manufacturingt @afluencing factors.

3. During the investigation of polyjet technology, wdetermined crucial factors which influence
manufacturing cost is: dimensions of a parts argitipoing of them in work area.
Also, there was determined that, part’s heightiraddion of Z axis is critical factor for printing
time.
Significant influence to the manufacturing time tiaes width of a part in direction of Y axis, if
parts width exceeds 65 mm than manufacturing tirassiwely increase.
After FDM technology was investigated, there watedeined manufacturing cost estimating
factors: dimensions of a part and placement ofreipa work area.
Manufacturing time depends from: mass/volume od, @ minor influence is caused by height
of a part in Z axis direction.

4. For the economical part of a work, were calculateact price for the same part using different
technologies. Results showed that: FDM technologiiie per part is nearly three times
cheaper comparing with polyjet technology, duentaléer amount of support material

consumption and cheaper material itself.
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