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3D photocopier, In the present article, the design and construction of a 3D photocopier is discussed. This
3D scanner, device has two main units: 3D scanner unit and 3D printer unit. Today, the need to use 3D
3D printer, scanners in various applications such as quality control, reverse engineering, and computer
Photogrammetry, aided design and production is growing. This machine will be able to take a 3D scan and after
Delta robot. processing the scanned image, sends a 3D model of it to the 3D printer unit for printing and

makes a copy model of that part. One of the salient advantages of this design is its use in
reverse engineering. It can make a copy model with the desired fit of a workpiece without
the need for a measurement process to determine the dimensions, followed by the design
process, which in many cases due to the apparent complexity of the workpiece is long,
difficult and time consuming, in the least make time. After taking the scan, it is possible to
repair or change the part, and then send it to the 3D printer unit. Scanning the piece uses the
photogrammetric method. 3D printers work with different mechanisms and technologies.
Here, the printer movement mechanism is inspired by the delta robot mechanism and
printing technology, and extrusion (melting) of raw materials has been selected. The rules
and principles of designing and building a 3D printer are explained. It is stated how the
observance of these principles and rules will be effective in increasing the accuracy and
quality of manufactured parts.

Extended Abstract

1. Introduction

raditional two dimensional photocopiers have become one of the most widely used devices in human life and are used

in almost all areas of human life. The significant role of this device in human life caused the need for this device to be

extended in the three-dimensional space, especially in the (modeling) industry [1]. The idea of designing and
constructing a three-dimensional photocopy machine with the ability to scan three-dimensional objects was formed. A 3D
photocopier creates a three-dimensional model after processing the scanned images in the form of a G-code file. Then the
printer which produces the output of the device, must be made in order to have the necessary accuracy and quality [2]. In
addition to acceptable accuracy, non-contact 3D scanners can provide us with high speed in taking dimensions of parts with
different dimensions [3]. Due to the wide use of 3D scanners in the industry [4], especially in quality control [ 5], the application
of cameras with megapixel accuracy has increased accuracy, but on the other hand there are limitations such as price increase
[6]. Finding ways to increase the accuracy of measurement with the help of common and available equipment will definitely
lead to extended applications of this device in different industries [7].
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2. Methodology

The 3D-copier proposed in this paper is composed of two main parts, i.e., the photogrammetric scanner and the linear delta
robot printer which will be discussed below.

2.1. Photogrammetric Scanner

The information obtained from this scanner includes a series of digital photos that are numbered in order. The number of
each photo corresponds to the degree of rotation of the object. This means that the workpiece rotates to a certain extent and is
photographed by the camera at that angle. These photos are processed in 3DF Zephyr software, then the three-dimensional
coordinates of the points on the surface of the desired part are saved in a file. The coordinates of the points appear as a point
cloud in the CAD software, and after creating the obj and stl standard files, it can be converted into a mathematical model. This
standard format can be transferred as an input to the 3D printer unit, where the scanned model is made. If needed, it is possible
to modify the 3D model after extracting it. Figure 1 shows the point cloud built in this method.
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3D-Model*, %\
P

Figure 1. The point cloud produced in the photogrammetry method

2.2. The 3D Printer with Linear Delta Robot Mechanism

In the 3D printer with the mechanism of linear delta robot, the linear rail and the belt mechanisms are installed on three
sides of the printer. An arm is attached to each belt, which moves along the linear rail. The arms of the three sides meet in the
center, which is where the nozzle is located. When one arm moves vertically upwards, the nozzle of the robot moves in the
direction of the same rail, and when it moves downwards, the nozzle moves away from it. If the two arms move up, the nozzle
moves towards the center between the two rails, and when it moves down, the opposite happens. To create flat layers, all three
axes move together. In this printer, a 120-degree arm movement system is used which reduces the vibrations of the device
during the 3D printing process. Figure 2 illustrates this mechanism.

Printer head can move in any
direction quickly.

Figure 2. The linear delta robot mechanism employed in the 3D printer
3. Construction of the Device

The correct and accurate assembly of the device is very important and has a direct relationship on the accuracy of the
device's performance. Mechanical components must follow a coherent integration. The smallest deviation in the columns of
the device will have an unfavorable result. The electrical equipment of the device must be placed according to the principles
and have proper ventilation because equipment such as power switching and stepper motor drivers and even the presence of a
hot plate on the structure of the device generate heat. If the heat is not controlled, it will damage the electrical equipment.
Wiring between different components must be done carefully so that while maintaining the appearance, it does not affect the
performance of mechanical moving components. Since the nozzle of the robot is heated up to a temperature of nearly 200
degrees Celsius by the heater element, necessary measures must be taken so that this heat does not melt the coating of the wires
of the nozzle element. Therefore, in order to deliver the current of electricity to the nozzle, the heater element is made of wire
with fireproof coating. A thermal sensor is installed on the nozzle of the printer to report the temperature of the nozzle to the
microcontroller. The sensor wire and the current carrying wire are placed inside the appropriate wire collector. Finally,
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according to Figure 3 and based on the conceptual design of the device, the device was assembled in the Auto Desk Inventor
(Auto CAD) software environment.

4. Conclusion

This paper proposes a method for constructing a 3D copier which consists of a scanner and a printer section. An important
problem in 3D copiers is the low speed of printing. In order to alleviate this problem, the delta mechanism was chosen, whose
structure increases the printing speed. The accuracy of the method and also its repeatability were shown via printing different
workpieces with different lengths, width and heights.

Figure 3. The final constructed 3D copier

Mechanics of Advanced and Smart Materials Journal 2(2) (2022) 134 — 155






IO BT Slorino AF) Jluo ¥ oylos oY 0,93 chiasiigh g byl Slgo Sl

Alouirgs g aid uiny 9o Swlko Lels alxo

W) pillo b (g%l S g8 (hg) 4 (Gumdm 1598 oliws o lw g (21 5b
Gb.& stds

“@‘MB 9 rsM.>’ s;?:*o;)‘)’o‘fo o “"’ngb_ém ’).».M.B" '.’ ‘ cdl == ) Q9.v.~.~o

m.rahimi@gmail.com ¢l 1« STy STl oliils ¢ gusdigen 5 (i 0aSiils (SlSo cwdiges 09,5 s )| ol IS &
afshinmokhtari@yahoo.com ¢l ul « STyl (STl ol (SSlSo cwdiges 09,5 s )| ulis IS 7
h-moradzadeh@araku.ac.ir « )| pl « STy o STl olils ¢ sdige 9 (S8 00SESIS (5 1 (gwdiges 09,5 Loliwl ¥

k-khandani@araku.ac.ir ¢ oyl 5| « ST, o S1,1 ol8ils ¢ pumiiigen g (38 0aSLilS €5y osdiga 09,5 ¢jloliwl

ouS Soals (Bi3lg

93 5l olSiws cpl el oo Aoy (gamdw (S8 oo CElu g (Hlib ay bl gallie o (IR (1S 91
(G Sl

3hoolainl 4y 5o 05 el L gaman Kilo axly 5 gaman JSul axly 1l Wl le a5 0ol oo Lol g s els
SaS @y adgi g 2k g waSan (gwdige (oS Sl calizee glos )l 5o (samdn gle 1S syl Soigd
s oL,y

gl (0310 5l e 9 0, (gamdns Sl 0y dalgs 0l oSy cpl el Sl s GaslS
ulaéL';I 3 (_,;;SJMQBA.;SJL,;)I Lg..\.m\_.,;)ib »ljd.gg;;l.g-;;.egéa.a.gm J..\.c&i‘owQS_.gl

] VBNV /YR el s g,
5 Joe S Wl e a5 ABl e eSae (sies 3 O Sl eslitul )b (nl (satez bl 5l jlas
ol Qi JLis 4 g olal yosd Cp (6 505l ol a5l O 1y andad G 5l olgsds el L
20l 5 o Sl (6 caxkad (s mlls (sl Sz S 4 3lsn 5l (5l yo Liam &5 (b
e & Sl Syge 50 ankd Gl (Sl (28,5 5l day aS 00l el 8 Sl cnl il laj ST s e
Sl S 958 by, 5l ankad (Sl o9l Lol aman Kl axly 4 an 9 055 S g0 sl i b
Rl (> 5l aiS oo I8 Alitie slacs,glid g lap il b (saman sla Sola sl 438,50 00

VBN BITY 16, 555L g,

VPN QI i pdy &6

9 ..\.C|5_9 L)L“’ L R PR ul;nu‘ 4.;.]5‘ .)‘5.4 (uso) \)jr_mf‘ uL> 6)5L_9 9 Lo ul.a) rs).ulia )l 'QLQ(.” L\

5 Jyol ool Sule, 0557 o 35500 ol 5 930 45 i Silr K S5l g (b Jyol

gy aimlgs 10831 cude lalad cuiS g cds il s aclgd

doddio —)

bl (T35 sloojem alos 53 Ly 5 00d Jodd pio (S SloolSiws 3005 5 5l (Ko 4 (555 sloolSins
Caxuo yd 09 Lgda.;m wlad o olfiws play 5lo ol caew ludl Sy 50 oBiws (pl K5y p (il e oo ool

Lol 51 58,5 Sl Ulgs a5 0,8 JSE gomdns o5 5 olfitws cile 5 (olb soml 5 [V ] oad las (s 5luJo)

CAPYTEYOFYA 05l5 ¢ Jstos ooty #

h-moradzadeh@araku.ac.ir 1K xS G (0!


mailto:h-moradzadeh@araku.ac.ir
mailto:m.rahimi@gmail.com
mailto:m.rahimi@gmail.com
mailto:afshinmokhtari@yahoo.com
mailto:afshinmokhtari@yahoo.com
mailto:h-moradzadeh@araku.ac.ir
mailto:h-moradzadeh@araku.ac.ir
mailto:k-khandani@araku.ac.ir
mailto:k-khandani@araku.ac.ir

s S5 Sl o5l by (5 pkel Sei gy &1 GAmAw (525 930 olfias Sl g b IFA

Sl oo Sdmdw Joe So G_code) & g0 La)B Bl S B o sns Sl olas (53l 5l g 00 | (soman
IYT sl oo o3l iS5 s 5B 0gd axsl aels 5 ol Bab il sl oSiws (25,5 Slsieas &5 Silz
50 calizee slal b wladad 51 g lo s olal jo SUL e s ¢ JouB BB cds 1 oglle ailgh oo qwlod e (gumdns slo 1S
ez (0] ceas JS con yo logas caro 1o [F] saman sl Sl gows 00,5 s a0 [7] wims 13 Lo L
Joo alocysgume 8,b 5l Jy oad Cds Ll cel JuSoKe cds b olacrmso 5l eslitul wolabd golal o8
Iy G yeS o3l ©83 ¢ o yws 55 5 Jgane Dliuga dbewsas o] SaS L ol a8 plooly (28 [F] sl sgzg cond 2l
iten )3 IS Lojg el [V] as salss Jsame ol 65 5 gz o (0008 Sl el lakad ol l38)
S50 5 Jpare colid sanl [A] wloas 5535 az e lalay 4 oo s sloySul dA] Dlabd sSas
o 3l 339 5 comlio pwiign S50 ) - | el (5155 5 CodS 090 i sl 45 Gl sladasiine ) Ji5e Jelse
Sl v JSs 0 ] auS o ol 8 g0l oo B oSl al olKiws a5 el (0T 3 wgSine  casdigen § Consl dnad (6 Slas

Ao oo slis |y ool (gilwosly (saman S g8 s IS

. e v & H Sl Sei8 g, 4
s‘sr’ o EDM

L;|a.>' slds b,

O oS 33 oliwd Hlis L ) S

Tyl S35 sy &4 oSl --)

o S5y 51 o9 e w0l e ap 8L 5l o e el s e pu s 4y 5555558 (g ya Sl
UL sloop) 5 50 171 op g ol (s5luosly cpog oliyl csamanm (S5, bl (o505 pal b oabas B S sg0>
i Slatine (550l a5 T8 5635 st bl b (Sl 81yt 855,555 sy oo S8 ooliil 50 labony
S o 105 samdes (Bly poslai 4 1) gamgs pglas [V F] (g el S g ozl pglas g9, 51 DT plaxd
oSe o b nlpbe g0 o 5l B el Lo 5l o & gl moe Slellbl 51 (B o G5 5510 2 g L aSl)
B30 O30y 9115 STl gumas Jao bzl (sl S 50 4 il Bl 5 05e Jol> 380 ama Joo e
&'y Triangulation™ __wlwl ol 51 (55, cpl g0 zly5eiul 1) 385 (somanw Joo olg co e 90 5l oolatul b o pdy ploxl
359 Cawdd |y alali cp o> Slatse aasd S o Olei oo Bogy ol 5o S oo colaiu] bl claises OS] Cawsdy

b GLo Ol 56 s FDM (g & (gumaw Gz (55108 ¥~

ol CoS an e plnil ) Glo es (Jgers ;Ko 50 5,5 b L) el sslind LFDM somans Syl

ety s 3110540 parmia (glhegame w395 4y g e (>lib 10 saman sla Kl caen ol b Sl 58 (SigSe o
g i 55y 50 lacanells gl a1s 5 L 10 00,5 j9,0 |, oyl caalld Gl plae wb a5 u5)ls (60 ,Shee (gaals 4

J3b Gk 5l o b Sl g ool Sl s 093 Cgd sled @ i Slge (] Wgd o dd e iz slaculrs

ole VAD slaJlo jo MIT olSils p5.lS0gg s oialo;l 50 b gl sl (3L ol ol oo (CNC) (g0ae 58 slo Il pile 3T cagianliy o4l fu‘
20,5 oolaiwl g Gy ye5
2 Photogrammetry

Ngbisn e @b 4y e s,y 4 BB (T 53 a5 el sty e g, Sy

Y oolos /¥ 695 VFe) Sl [ dioivgh g 43 piieny Slgo SesilSo



P RH E SUWEP SR SV NWE SIS CE T RO | P VE L YT W)

<l He8sas Sl Ll 5o S Ter 4 cialld sadsl olge (govas 09l ailu ankad b i 1,8 wass, 1) leasl wislss o
ABS (l5lox g PLA cowlls b Jow op! ooles 5 a5 HIPS? g PVA* PETGY TPC” (AABS® PLAT :jl wiles )Le g o
olas g Lle g Slaogas aigd o aslis V" Stwllge s lsicas PLA o2 9 ABS o aies Lo 1) G pae oy oo
Dgs oo 0333V Jga> 0 FDM sl 51>

FDM (sl Syl Sloogeas ) Jyor

FDM Xl

L5

Sl b sasaisle olehd o cadolx] bahs
Jdo e 4y .l ooplie W8 FDM (gussans
ol mhv CoaS 4 o) gl Oladad

s e e le a5l
L ocadaisle obhd o Saws 0508
ol &5 09i o0 2ol FDM gamans sl Sl
Sersailet Al s ganeb ssbes labs

Wil 48 rotygsie s FDM sla Sl
03 S jaloty oyl slye 5 WS oo IS ol b
Sazp all (e 4 onl ) Sl s 5o
(el gamtn Ol

Casgame 55135 Juls & FDM saiaw Sz
o)l wds sl e ol S8 o
(Solite sladine; )3 5 3l (> g poiie
(Silodonine cslors (Sdi (Fake dlex ]l
olitul g et (Sl wsslecdl
D950

Lg oley 0S50 OlFees Ghgy ool S5 4
Ay ol ladad b alie obdiges gllas oo
.(Rapid Prototyping L a; jw (gjludised) 3,5
aST,2 8 15 3429 olge BUs| o T b opl jo
aslo Olie des olge M50 ST awgs lakad
Sl 5l 959 e 4 bl Gulply igd o
Gras adsl goole 3l 0ailoass g Jaw cle
sl oo 8lge 32599 9 998 o0

Sl g Wgdoe la Jpame 5l ()4 oo gl
D, 892y pols CS s, Dldes 4

HB ool FDM soman Sl o cunlls
Sl w0gd pled I e STy Cenl (g
anlp g 0,8 NSk 1) s calld i

ol aslol 1) Gl

4 Polylactic Acid

> Acrylonitrile Butadiene Styrene

¢ Thermoplastic CoPolyester

7 Glycol Modified Polyethylene Terephthalate
8 Polyvinyl Alcohol

° High Impact Polystyrene

0o 1S5 T sl oyl 5 Lol wlss o T3 ol g o S Loy plSim 0 g pdgbllanil 5 o Lo S (oyme yo 4 itn (Silly gol5a’”

' extrusion

Y o Lol [V 0590 /1F) Jlo [adoliad g aid pioy olgo Sl



b S Sl el b (gl Feid hgy 4 Gamdw (1S3 olKiwd Clu g (b I

Wo ol el Sl (&8> 5l -F-)

Jedo ar it Sl (o5 @Blyy0 (197 gl o0 00eel Lo Db sl Kolr wiiS oo ST LS piile b oS ole Sl
ailoals plodil ey ol o (goasie lo iegh Lo sl slaolKiils 51 golj slaas (b cpl ol s 0,15 5 Cosal
o 110] il o S plal g ol ol 5 T sl s s s 5l (sl oS3 § 5
ooy 1nj aiiS 5b 093 adgs bghs 4 1) T (b c0s,S Jlil Sl cnl 51 olglp Glsl b glio b el S5 Sy
o T 5l Ko (Ko wdle Shspin JBre syl O 50 sz adpe lp (0,5 die 5 Conl Conlyy Sl 55l
D55 e 508 slap sl (ol 5l Sl (nl sgd e Sl a5 Sl (DLl yo o UL B i) cnl 5L

I e s 5l p3lSe b Sl g5 ool bl
4J)> LS“))'“" ‘QWLSA &_io.w )L».w.) \\“)05)3..“5‘ Comud 9 X b‘?‘j oKiwo )L»S B wl.b)y}a)w‘ ASV.)‘ bLJ»)Gb ®
)18 s pliie 3 Mee SLSL oz ot g UL Sy b Ol S g Sl oS

B Glidl 4y jone el ol aS (00,8 oy (6 i plSoinl agil lavwgs ez Canl o5 S50 BlLasD UL s @

syl aily slacly alul LUl
Dbl sr Sl goie b JKB gloplo Slakad Gl jo SUL L o Shae sl)ls @
Lo 0 Y
St o Slos (s (sl 0gd oo aiSlo yy dald Dl g (Sl planil [ KogSr g olKiws 0,5 (gegmu 4 (i cnl 5o
195365 )15 o 330 SSlz g Sl (59, NS, Jalge ol ol
ollwd piSwl 55 diojpg, 7iG (omoyp —1-Y

ol il e LS ol a5 0 g oo i Sl g0 ez bl dais el Gallas cogd gamdn Sl SG o
e 5l S (S Aoy (0B by e emez Lume 4 s oS Gl ol 45 0l salgs iee Jloj by
g b LS 5o 81 el o W w0gis Al Sl olgmds sadais lgicds ools (s glaen s> oy aats T L AL
Ol gl ol anlys B e I glabl lgiea bl il Sezg par K5 4 S5 Sdyy GBS e
ooliinl s (aiei oy 3l 0 ST sl g (St ae iy 5l P8y Sy b plal sl Sl S i Saman
el 00l oolatil (piigy g 0, pluc! Sl (Gl e Ao SO LS Sl S o g 0g

JECOW L CIPOWESIPYY IO I - WINPRL i

SALols e 1 81,5 53505 Sl 5535 1y ol Slgicsm 955 ale, 51 &Sl ot sy 50 52551 Aol

PUL Sl 8o g oadonls ibigr pea 5l (6 ian bl g 0l (g i aseid b Ol il anils a0 5l (6 5eS

o,lg0n calizes slo g, 4y dige calold 10 5 Iy 05 dales lay ials (Sl cds wad ol alols cpl 514 o8, vales
Lol 0390 3 ldie il

Sl j o yo il wy o Y-V

oL) .E...?u 59 )fl J.qu) ails ‘5@}9;9‘415 ).ui.' luL,...?l uiu‘ ‘5).»\4&_1&&4 9 R 5o "\"‘5”6" o9.> GAgdy o Ja.au Iy

12 Stepper Motor
13 Extruder

Y o Lol /Y 0,90 /VF+) JL.:/W,@,MM J',.e Sl



1FY SIS g s 001300 g0 s (5 ylisko i8] ( cous 5 Sgramo

JS g oaal gz 4 sk wly bl asly 6 815 cusls sy o] oSl (59, 32 iz 3l e (sl sl
Gyt 5 il a5 s luslias] Ll pelas 15 Lagmme 5 sl 30 10 128, wplss s 115 stz s B o b ,iSl o Shos
e o i B a8 55108 (Sl j50 by Jame 50 LS 5 SOLU Laizee )0 LSS e sl (o ga.050 (0 )*-’L‘ r

Ded paine H5i il

Sl 3390 anr Ky il gy o —F-¥

plas! oSl 6l b Ugonn aedass <5 o b oSl g 05be 15,1580 soS |, T (5l Wilgi oo e S5 o K, £45
Ol oo o ha sl ansls (g, LlE pa g 05 LI oo (Sl 590 g 45 calSin g o0 )5 @055 b (009, K55 L
0y (slaciand Uie 5 ably () dbow s S0 & 5 T Jliaglgieds 0,5 adgi Somnals )0 pu 51 38 Joko
ol.:.w bl AJLG....JL.A Lol ‘0*5‘59 u&w‘ ‘) o e MQLSA )‘)5 J...O...u L.Sw)u*‘" & U] Ui“"‘ le)J ML‘ alils )...u
géli.?’utshb&) 45\""“"‘?' S5 gl s g god (TGS g IRVAPLES e S bla olgea e 59y » D990
WS ol Sl gly 09 oo 00l lis aslol jo ass g oul sialesl o 8929 )] (69, 2 g 0 slacend g 5 b |,
robar Blbail lap ;oS oS 4y (Sl 5l g 9 99 el pus Cdge ) s o hg, 5l 08,5 o0 dnosi sl
Dol oolaiul @L;.f)s) 64.3L’1...;T et Sl Gy sy, L 0o S ol Q] Sl

oo Jo (09, -¥

Sguds g0 0,L] o] a0 dalol jo aS Sol> g Sl (gais) 40 990 Aclgd g Jogol g oo plol slo e gh zuls 4 az g5l
LSy olfiws Kol g piSCul 38,5 )18 (gogms 5 olal 4 o slow! Auto Desk Inventor'™ |l338le 5 1o sogpie )b S5

Scaner 3D

ot (1S 938 ol (agteho £ yb ¥ UK

ows el V-
1998 o0 ol ol (5 93 4 (Gomdu (5 928
SPlesen o
Sl Dl 0

‘Si;)..SJl Sl 0

el g3l 5 b e )08 gl T8l a5 532 5 el o @) Autodesk =S 5 Lawss Autodesk Inventor '

Y o Lol [V 0590 /1F) Jlo [adoliad g aid pioy olgo Sl



s S5 Sl o3l b (5 piel Sei gy &t (SRt (xS 93 olKhusd Sl g b IFY

Jples e
(Arduino IDE'®) s 0S  ©
Cura"” oS > oJg caz slicer juollul J338le 5 ©
3DF Zephyr'Y gai (33l S5 b g2l S938 Jli8le 3 0
ol (Garsdum Sl 3yl g HLislu —¥-¥

32 6o ke Cuwl 0ads (6,005 0 leds i 4y aS cenl Jlioms b WSe (5w S Jold Sl ol 5l el Slellls]

9, bl Gamdw Slaiie s 3,5 )18 5515, 5,90 3DF Zephyr |l58ls 5 0 la uSe (ol 09d o0 418,85 wSe o]
o 9905 o0 ol bla pl &je0a; CAD l38le 5 o blis Slaise 0gd o0 0,033 LB G (o ,las 850 (gankad mlau
4 (6995 Glyiedr dilg se o lulinl C bl ged o L3l Jae ol ol Gl s stl 5 0bj o laitil LB sl
gl 51 e a5 010 892 g ol 1l Gls O jae j0 0eh aisle oad Sl Juw Lol yo g Jite (gomaw Sl oy
el iS58 Uogy 50 ol @l osed 5 bl pl psgie ¥ IS5 055 Jlasl ol 55 2 lhol b oo cgiman Jos

-e---w’
3D-Model*, ,’
w v

¥

Sl 593 gy 50 b pl gl sl goga ¥ JSb
59y (5wl 3y50 pu 5 00l Coll Al ST (95 2 (w90 &S D9 o0 el & g0 s (65l S9 Jes oliws (pl yo
So SaS L g slaly Hgige G dawgs (lyes cnlolo 1y it (sbilgy yo (lhes ColilB oS 0 S e 18 )T sazbe S
285 Siloon Zob dpgly cnl o (G sl g Whios Olygd 4250 Ve e 4 dzmiio Sl j5body 9 oe Jol> (J5S 0
a0 5473 Ve Toame g o0 b 5 oSe o a1 9ig0 s3bo (S5 3 Laugs (5 0 S olajp iy e ol
S o 0lyed JelS 590 S e 45T Gl B b oo aelsl Joe (nl 0 pdyo0 Dygo 5yl peSe Joo g wiS (0 90
SESS L gl G330 e Sawl 00l 4185 e Blisee Ll 5l AT llige s )0 S TF sl ol ao
bl ol olSis Sl gl 00,5 o gl ez (Gmdns Jae deiiye g oad plowl glas ()] (g5, 2 sl S
S dbl i b uSe oslass (a8 ax o oly pusd Jwles o CoaS 4 axei Ll lhe0 sblgy olgi oo a5 eads iy pas
slhas alidl a8 cunl 55 4 o350l oo Rl (Sl iS58 (gl peSe 5 WS Gliss 5SS by 5o aie
55 pgbai Gh3loy o laisTay gllae CodeS a4 o sl GReok cnl 50 B5dice Ll Olej SRl 4 yzeie oS
Sl S (Sly9d pians (gorao ) las ¥ SS sl oads oelai 4z )3 V0 (59, g0 agly 05 Sy Gloj (n keSS0
sl o sl

A . cal - 2 S Ve
el shorte )13l 5 5 RIS il Sy
co5i g0 0015 drsgi 5 o0 e (K, pol Ultimaker o8 1 Lausgs a5 Cousl Lo psllul (clo 53l 5 s fiesgommo 5 o iokiod 03 51 3 Cura 5o

. Y
23 oo 055 b 1) Lo S Sl gan slaoe il Gl )5 @ a8 ()58 5

Y o Lol /Y 0,90 /VF+) Jl.w/w,.bgwm J',.o Sl



'Y P RH E SUWEP SR SV NWE SIS CE T RO | P VE L YT W)

S stk Sl S sl o ool L slaly ppige 4 5 i Ll (5052 5 oS s B US55

o 0 031 13 (135 (gazmio )3 (Sl 990 e 1] At SesBge (50,5 Iy sl 33 oage 2T e S
b |y e 5l Clie (i o8 Sl (ol dinge el )] Gl 2305 (o0 )18 ez S gkl £l )1 50 (90
Josle G Lawsi 4l ppeSe o )3 g 00l ooliin] diedign ol jod (855 (pm 90 5l olws (pl jo a4 el [S3 ay a5l ams
3y 08 p 1y Sl Gl 2 samio olyss J S sakiby Grigres (JS 00 09d oe j3le JSUS 9 p Sl Sgigh
oSl Sdoay 5l a5 (60)lge 50 (G WBL pelas BB axio ()90 slaplS slass a5 oad aigi (5 b Ceend (nl (sasli
olaed w0dgy ax ;0 VA 5 sasgly sl)ls asans ()]y90 (6l oaboolainl jaige yuuwl ols iol58l ] aals slaws lgy g il UL
iByta LelS amio a5 Sloj ol o s 45 ol cwggidalip (555b olKiws ewl Yoo ply JalS 50 o o slapls
Orp9d amge 5 Ayl ol ol oglle 05 0 0 hlige (SB55 Al 0 Ko (] g 0 S e e Sy
Wi oo gL Sz 50 Hloals Gaend saliwgts Slaly Hoige Ko Lawgi (90 )10 melas Sl S8 (L es )N
0P Sz g e oS5, )b ol en 4] gamans Joe CodsS Gl S pglal oS il 4 e Jelge S LS

¥ oyl 1Y 080 VP Jlo | Ghoibgh 3 b piiny Slgo Seilie



s GlIs Sl p3eilSo b (6 piel Syt gy 41 Smtam (soS9id olKius Loy b IFF

s ;5 a5 LED Lawgs 00508 wpds )58 aie SG 5l all oo dnnj gy 5y Geizeed 9 (Sl 9550 e 4y 00donl
00l Sl jus diey g 5,y 10 0440 OloT o0 o ol ped L865 hye0 B 1 Al il ould oolanul ol 13 o
oads JuSis blas pl .ams oo olis |y 3DF Zephyr 13816 5 50 saicad polas & S5 0,91 co oylo,) 4 650 (>9,5 1)

20,5 o zlpeinl Gaman Jow oSS 4 bl cpl Jlasl b g 098 o0 canliv os5a

bl il JuSis gz 3DF Zephyr ,l38le 5 baamo § JSCi

Bt gamyam ol o Ko g LS lw —F-Y

RIWIPPPLESLY QT T aaalsl joas WS o Jos Wo Ol (28 > 05056 sluw oS 1>
Wo Wy p wilo gu pid —V-Y-Y

b b slasal y3 a5 col Jate g5k G dend o 4 Wshioe eal Solr Bib a3 e g (b ) el
Dot 9l Sy oS (W el 435 )15 J3L oS gl (g i on w0 4 35 0 50 Dok d lagil 09t oo Lnl>
WS (o0 S5 Gl S d (B 5 wilge)s S5 a ) plor Sz )0 Sl iU S o0 28 o Ul e 4 (5050
CS o plin g 0 0 ES o )y 99 (e S e Ceoms 4y 30 liS 28 Ul Ceons 4 55k 90 ST 05 0 590 0T 51 3L
S o0 8 > S e g Belate D90 j9ome a0l laasl slml sl a3l so BT sl (nl (nSe nly Con 4
Pl Gawgy e o ool )l als cael a5 oads solaiwl glaz 0 VYo slagil (&5 > a5 Kl ol 5o
S o )l plesen jsboas 5 08 b ysise 4w 8 X, Y, Z slalinl) 15 S8 (6lp 45 g cnl 4 eV F] st e s
Omb S 42 5503 59590 99 03,5 ES > UL Cooms 0 bajgige 5l (S0 X Heme Cote by jo 25 > sl eIy
& g o coslio ail glaJas sumtn Oy g Upons Wo (25,5 i b (sanitn sla Silz a8 o 08 >
s sl Solz g5 0l (2holal 5 sl S stms o] 2 oglle i ls ol b so3luil 55 Cgogazme Lo (pren
S oo oy LTl ol 5l avaie 5l pton il pole 5 S (08 o] (S5 s (052 o 4 425 L
sag Slabab ialejl cnl jo 285 & poo JLabios lejl b 03,15 5 1o 3l b samis Sl (sladipes salic
Sl Wigd cillie aiged B ol o))y aiged 4y a5 olag s (o s g (0 5eS g ol 13 oy oBlws jlid cus cou |
DV sssls plas s 51 s e 8,5 kee W Kl b saisassle sladiged .00 ,5

18 Principle of pantograph

¥ oslesi 1Y 080 1P+ Jlu oo g s iy Slgo Suilio



PO Sl g s 0030l o s (6 5lisko (paiidl ¢ cous y Sgrano

by 695k sagly o ol (2>lrb la ylyly -Y-Y-¥
gl cnl iileiee Gl jemme b a8 )5 )15 5550 p0 il a5 Gloy b slagil a5 cunl (slagsly by 593k sausl;
T SR WP EL Y U?—“‘" agly pl waiS s 08 e Olipas cval e a5 0 ls g5L Jobo b puiinss glalayl,
)‘)3 4z ,0 7 ‘5” Y- O A.ul.u u.u).....u.) J.vb &Lv...u B o)|5.o.{b s)l.v LS“"B‘) cdxlad C5 L L.S‘)" ua.UaA M..Sﬁ R D Hdww)
J3b e 5 ol 595 2 63L5 Jloma 3l 1y Sl g5k sl et s by (b b (sl el 51 (S 0,8

S5l

Jib S gy 3 oo gagly p8U ¥ Jgun

95k sl s sy
Yvio© Y/
y.° YIVO
\V/0° YY
10° YIvYy
\Y/0° A

3k Susly S3ism o g S azly SIS 5oty b, slogile ST s5bism aaed ¥ Jair 13 45 sl
Sy S g S D900 Sy pd Gl Bl co 93l Sl ke (390 o5 Bk aLBls oS e
S kS lade 4 by 59y 93l el ST s lear ams oo (LS Ty by 695 2 STy 390 Se e b 3L (B S >
IS i e (saalah S35 5 ok 3y e el ol il 5 8,55 o S (555 ke b S sl 135 Ll
Dgssn yleh Sl o ygige oS > S bl l cl o S gy
Jib oluly (owyp -F-Y-YF

e 538 ol b g WS o 0l 908 O 595 2 Wgile (nl g wloads Jato 93l (2d b (535 0 iy Al 4z g b
8 36 e s Glis 095 | 095 Canglio o jglinS ol o Usl sl (63550 Sy g il T JSC 5
5 4y 4l oy o o e gn 5 e S e 555l 0 5 1,5 il a0 Y+ sy
gyl J3b ey lbl p ).,.;b Oty Jelse ( LS Cdl> jo ams rals | j5las ol jo Cuglie a5 all

A Comnd 4250 VY e gagly bl baygin) oliws o o)l pae o)l () jlews (18 o gawain @

lagsl Jsbo (9925 ojluilen @

S et baysie e soalols 595 o 45 Gind g0l
Loy o395 Sges @

S35 e Sy Bl o)l .

Ol Coslin @dlys aes (lad Cuglie 355 5 55k susly s w50 Wl 655 0 Sy & Jate slafais o
2l b Wb 69,5 Jate o SKaol (Koo leds g ail juzb jglas ol o

19 Plate

Y o Lol [V 0590 /1F) Jlo [adoliad g aid pioy olgo Sl



s GlIs Sl p3eilSo b (6 piel Syt gy 41 Smiam (soS3id olKius Loy b PP

Olahd Oly cya olws FDM (g5 o8 —F-¥-Y

39 S5 S5 039 a5l (sl 05 ce Calan J3b S @ (slaly g0 So galisgar (Ppae sosle ploa b call:d

u.cl.a J.A‘ U"‘ 09'“’&59 w‘...\.m J)la oo 4))9.&.‘.\) ‘5:95...1.....4 " Sy - ;S_, éa).lo )| wnudgw‘ W) wla cbu\.a 65)f)5)9.&

A IS j0 amo oo lid 093 3l (s Jeddl e LS slacga pois ;o 56 Az o g 0gd oo 30 (il LRalS
el 00l ooly ylid ol [Sle (6 d% i

399 g |

collsd HotEnd b ;b

iy A s A S

Eld gamano -O-Y-Y

los b 09 )l Sz Sy 4 a0 b 09d 0 il ol (53, 2 axkd g Cl 5 xlas S PCB Jus ¢l (gamio
T H9bd jems 6)l5 e bangi azio (al p (Sl S S JEL RAMPS 5 52 dr oo O jg0a | €l gamis
st ooy sl Sl 5 o e i n s ol o 55 5 aeld ol sl 5 5lej 95 s
Jte b loall (ile dnomi 4o 4 (o554 a0l cnl ST.0)00 axlad plSovinl ;5 (cogen jloms (285 Jol sl .ocdls walss
b delyz Ol (cealis (gaakd g Wigd o0 a2lge

oliwd (B pan ook b cawlld —#-Y-Y
Bllasil o y0g QTM‘(Q‘;(;'LSL» G4z, 0 Ve B) Oylm ply o UL Caoglin (ygzan (60 3 pasin ple> Judoas ABS

)‘ Lg)LuM) A>gi ‘6J.:.:M ubw)é oolazwl 3,90 6u5| 0‘9,0 fumwfwuwﬁjwdfdﬁ:bﬁg

(L‘bd)U O ‘;W 4la.>)‘) gsi:fd u9ﬂ®a 09‘9} B oos ‘Su.uABS J.Jy ) el a5l d}.b.u 09.7- Covwdy |) u‘).:)LY
ol @ 51 ol b el (la plos plSin slge 0y 5 Ll asle) 5, iy s plS USin 35 5 il

Sl 3oy clblE iman 5 (g Cagb, «olidl Hgi ) (e Jolge o Cans ion Caglie 9 UL 5 Bsle b lala
Sl S50 o0 il o st Solr slp Jle I ABS e Clar 9T b 5l g (55 00lia ale) anlad
Oy el (01,5 il 4z 0 AD-V ¢ sloo 1) 00isSe )5 s samme lagy] Els amin a5 Ll Kol (55, eiinlld oplaS

D, ol yomay |y Az

oliws oS 0,90 —F-Y

Col Gomds Ssle ogas 45 RAMPS 1.4 (claswsi 5,5 5 MEGA 2560 R3 55,1 5,9 5| ,Sol> ]85 (ol
Sl pnSe Joe 3,9 (ol lawgs a5 09 o eolitul olfiws 1Sl 515 UNO 1590, 0,90 5 puimon ol 00 ool
g oo plnil (90 CuaBge SS9 e il by ]

¥ oslesi 1Y 080 1P+ Jlu oo g s iy Slgo Suilio



BV Sl g s 0030l o s (65l cpaiidl ¢ cous y Sgramo

Hlydle 5 —0-Y
(l38ledw b Jole pswaew) Firmware —V-0-Y

s ey Firmware oul a5 250 Slzaq 5 sl slaygine 5 588 5 ol cslojlo imites Solsr S,
g Wl oo |y a5 (> Bl Gl8lcdn (0,5 )0le b olfiws e LS 50) widn co (S5 lre Sl ol 4 a5 col
A 213008 oo 055 1, g5 B 55 L o 05,1 el ol 5 Sl S sl 5L 0,50 (550 250 cslinply
(slaly sl ygige J 7S ln aralne bgelos oty 10 o iz 4 a8 ol Sz ) S8 s (s Kilx
SFgeelS laslip a5 0108 o0 8l g0 2 1) ol b b Sl by gy Sly el o5l WoasiSp 5 g Lagyd
SloJlSm 4 05 > sla kb Glyine (52025 (o] Ban 0 e |2 (samtn Kole 0S5 See s (55, 45
s i 31 sy (Gocode) o s b6 028 gm Jlab i b Jlab |, sinits Solz sl la s 1 o sl 5, 550
Slaaby Bk 5l i 3)5e Joe slive 3 S e Chnogi Olr w18 Gl | saman Jae o col Slaise
oy & 1y sl (slolly dosise ols S8 (sl 555 San Sp5sm st smallal JIle5 & pyge (5 igeeelS
2 Jloyl bas Wl lds Wb S Jiie was Slabe @ |y b el o0t JiiSe,Sew aS opl gl oS oo Jlos)]
3 e g9 4 o el & slaly ol T al S n S5 o 0y (saniis Kl sla el 1 Sy el
s S 555 J iy el
S SNyl gl S ole s ~Y-0-F

Slogas glls gl 5l plaS ;e 5 cuwl Hlaiae il jo Marlin — Smoothie — RepRap Firmware Jole pinows du
GoeealS (sl oSl 5 sysiny Jolerpinns J1a) o oolital lo] 51 oS5 5,50 & 45 s sl o Sl 8,9 poni
8 Olazin 4 axg b Jn 0,8 Ohgo (gilepazed Wb a5 Casl 35250 Open Source & jgods ) )le Jolepinnen
Cadylyyl a8 el ol o d)le Caogas 09d (g5l cad g b K £45 ( Jo 5 dowd laailais ol )0 o, gige
Sl We g FDM sla il> b o9 Siplon g 0 b 1) (g3le cased ollsi w0dg) (o yiwd ;0 g
G-code odgi 5l3dle 5 —V-O-Y

e 9 eobol Slopdais 51 B 068 0 0, 0iS o bows G-code 4 1) gomans Jow a5 oo jlidle 5 a4y yidu cplyo
Lol odal G-code (soaiiSadgs sla,l58le 5 ¥ Jgaz ;0 098 oo o 5

G-Code (gouisSadgi sbdyl3dle i ¥ Jous

Lol e 35,18 <ole Ceond SUCS
Lo g 3,8 www.repetier.com Oy sases glls g Ja Repetier-Host
Lo 5 o358 www.ultimaker.com oK, Cura

LS www.mattercontrol.com S il ol jera (K1, Mattercontrol
(NN www.slice3r.com o, Slice3r

Ultimaker Cura 380 5 —-f-0-¥
sl Sl sl Ultimaker <8 b lawgs l580s 5 ol .08 o 0ole] Ol 51,01, Gondas Jow a5 el (saied 08 l58le 5
Sl 4 G-Code (gousS Jlu )l 9 G-Code adgs Slicer (gasmdw Joo sl i localld lyls g oad asl)l Caliss
50 Cawl 00408 oolw |, ‘_g.\.-_;m ol anl i walize oledas Jleel glp an;5 Yoo 5l i b Ultimaker Cura .Coun
sk (o515 ime ¢ bl Cals s Jod 5l Sly Sleslass Wl a5 csaman Joo g5 5l am Sl ol
Ao plil 1y 008 g (6,108 &yl £l gamao g J3b &)l il (Ol Gy skl (g0g0s slo,lgs Slass s

Y o Lol [V 0590 /1F) Jlo [adoliad g aid pioy olgo Sl



s G5 Ol o3l by (6 piel Seid gy &1 SmtaAm (xS 93d olKhusd Sl g b IFA

FSulosly polas gsls  Jol> oS LB &dly,s .asles oo G-Code a4y Lo )5 Slendais Lol e 1) Jow 15810 5 s
Slaplas g oals G-Code 4y Jyo5 CURA usllol (gasliyy ;o STL LB (ol s conls 5l QT STL L ozl col
Sgad Jlo,l Sl 45 G-Code LJB o g oo 1) Sl

SOmAw xS 95 olSiwd o1l Lige ~O-0-Y

Sfdes 285 (59, » pefitens sabal) 0b o)li1 A5 jeblen 5 el Coel b Jlins (60l oBCs 385 9 e Sl
St ol slagygio 3 Byl 5SS A Capnd sarie 2L b Sl (sl s ol
9555 b a5 5l g gl pleil> Jeol b Wb po oliws (SO Sl Sljages . aubls dales ol pan 4y gllasl
olRiws (sojl (555 n 1S Gambo 979 (> 5 sl sl ysise slayslyd o T SiemSe sl Jed 5l (Sl |y sl
G152t oS o 955 0 (S D3 ] & 005 sl sl 3535 1S o ] TS S e 5 ol
il S8 SulKe S pte slyzl o ,Shes (9, p s ol ol bis ed b oS O cds b wl dilise
b 0gd oapdouil o3l polas wl 0gd oo £lo ol )8 il gaz )0 Voo 4 Koy sloo b cudl galwsas b,y 56 Sl 5|
e S5E 56 el 4 e 5SIE Gb 2 il sl 9500l 0985 36 Ciedl Glapans (1579, ol 09 Sl )l 0l
GISS S5 5 a1 1y 3 e b o aots Gyl S K3 Sle 3 53 2 el ok onlizal S5 55T,
bl 29 & JSS L Bellas plonil s il 5718 conlin 05 oo JB1 i 58U L 2 Jolo s 5 e s a0
A pleil ows 5Lise Auto Desk Inventor (Auto CAD) l38ls i laore (o olSiws ogpio )b

Gomdw S 958 olKiwo 4 I

S 95 olwo o ySlos g azus -F
cBo b ol Gagl aiges slfiws Sl awgs )] (gamdw Jow adgi 5l w9 48,5 Sl dowme SO 5l diges sy

O JSs) as sl gsllas

SR T g 288 Jgax 6l golul G485 (owyp -0

Gillao o Lo (O 0 50 ) o (FrseFomele) (Ve sV e V) olal b oxSo diged ds lail oSiws cdoay o, sl

Jam g 105 650l plaie GlaS) L locaSo 5l azg 1o (caSe slodzg o pled sl (gl ol aslo VY IS

Al Gamdnw 1 p Jawgl Slakd gamaw wlie oyl Gamdn Jow cole 5 xSl Cond gy Sl Sldos plo!
el 00al B 5 F Jglaz ,0 alol> s 5 0ol (5,503l yio Lot /+ 0 B0 b S b oodsaislus lakad .o

2 power switching

Y oolos /¥ 695 VFe) Sl [ dioivgh g 43 piieny Slgo SesilSo



PRSI g s 001300 po s «(g Lo i8] ( cous y Sgrmo

Comdw (S olSiwd lawgi ou o alio g adgl gaiges Vo ST

oyl oy g sbaisbe g Joe 1) S

ol aiSlw g diged sS4 by o oIl ¥ Jgus

(mm) gl )| (mm) Jsb (mm) _o,e Silesl 0590 slo diges

¥1/YD Y Y\ Sl )30 digas

Y diged
Y- Y- IA Yexo oas Ol o
o ) oy Sl 550 diges

¥ diged
forr 1 ¥ 180 o ol oo
0+ 810 N Sl 550 digas

O diges
5 5 5+/20 oas ol Jow

¥ oyl 1Y 080 VP Jlo | Ghoibgh 3 b piiny Slgo Seilie



b SO Sl el b (gl Feid hey 4 Gmdw (1S3 olKiwd Clu g (b 1O

oliwsd Cds duwlo & Jgu

8 Job o 2 L) o o3 5 e LosT 550 sl
238 g 5 =80 P>, =83 orele)l 950 Slo Aiged
3C (xS0 oo
FENFAY oSl 5,90 diged
Y 10 " Y Ol 250 s ¥ dge
FYFYAUAN oad ole Jae
Y15 Sl 590 diged
SR ¥ Y YA ol 2050 S ¥ aiges
YA-YY oo ol Jae
VYOVEIDY Sl 90 diges
VA Y ) \ea Xl 20 g D diges
WRATYD  ead by Joa

o S ol 0 aS g i g 0,5 saorio aslinl sbeo 5 £9,5 (695 igal 5 cabaiSle Jow o ol cle
Cialled Bpas o 97ad o sly Sz sS Gloas 623,50 sl (sl 00T et saste sl 5 505
A eolazw

Sy S g (VF( B Shd)s ) (51 [hd)s (Cuwls)) mm slul b ,als S ol VY S Billas gom sl Jos

S0 byl 1 gaman Juw ol g Sl 5l s a5 el (V,051,08),0) mm olel 4 caSe SO 9 (Ve #) 05F) mm olel b

w0ds plsle [+ 0 S b S L aS (gl polal (ol sl i, l55 o (g lo p slal g aisl it bawgs lag] Joe ¢ gunalS
el 0ol Vo B slaloges ;o fuads 4

Gr)l 55 bz gl g ondiais b glaaiges \V JSCS

10810510 caSo sl (g g H1 ST

15.4
‘\_/ a7 1
14.8 4
14.6
14.4

A AR A AR A A g

»7 »2 >7 »2 »7 »7 »2 »7 »7

—— Jsb —m—g e g o) ol

V5V B YD xS Slal (331,55 ) Hloges

¥ oslesi 1Y 080 1P+ Jlu oo g s iy Slgo Suilio



) IR K ESP SUWESP SR JURIWE SIS U TSN | P SE R PE S

VOV O #VD xS pxe (5 0y I ST

3550
3500 A,

3450 ~ N\

3400

o o o o o \74,—-%
3350

3300
3250

Aigaidigaidigaiaigaidigaidigaidigaidigaidlgal
1 2 3 4 5 6 7 8 9

B L W RNPE U S S RPENEY

1D#VDHVD cxSo w6311 ,S5 ¥ 1503

ity GBI (g 1,5
15.2

15

14.8 \ 4
)4

14.6

14.4

vl ,)f),)f,)f,) LY ,)f,)f,)f,)f
ST R S S R

—— 3y hE gy e Hhad

Ply 1o Jld (6303085 Y Hlogai

oy 2y ks 68 ST

24.3
24.2

A ad
24.1 LN “
24 ﬂ—-A{—-—-ﬁ — % -
i A4 N
23.7 v v
23.6

23.5
23.4

T S S S
&

2B b e j el

>l 2B k8 6y )|, F Sloge

¥ oyl 1Y 080 VP Jlo | Ghoibgh 3 b piiny Slgo Seilie



b o Bl p3ailo b (gl Faid hey 4 S (o153 olKiud il g (o 1sb

Ay

Py Sl g 23y 1,59

3.2
3.15 A A
3.05 / \
3
2.95 U
2.9
2.85
dase Jae Jdae Jdae Jae Jdae Jdaw Jdaw Jdae Jdae Jdae Jdoa
1 2 3 4 5 6 7 8 9 10 11 12
Py Cwlied (5 239,1,55 O Hloges
Faly oo g iy )1,
900
850 ,\\\
750III\Q,/I\§II—I,II
700 ) ) ) ) . ) )
R A A A A A AR AR AR
S T S O . TR B T N
—— a2
roly oo 5 RS P loged
Sy B kS e pdy IS
30.8
30.6 /
30.4
30.2 /A\ //
30 % - \ -/ o
29.8 N4
29.6
294
29.2

2ol shE m sl kil

Sosy 2B k8 600y S5 Y o9

Y oslesis 1Y 085 1P} Jlo [ aiigh g s plioy Slge Sailse



) SRR K P SOWESP R ST SUSDOWE P U Z FROUEWE-| PR VE SR TE Y

Sy (B lo phad g iy 1SS

15.6
15.4 A
15.2 \ /

15 o \: - /I/ a
14.8
14.6 \\ //
14.4 N~
14.2 ¥

14
13.8
13.6
13.4

1l 45403 2 a5ga3 3 abses 4 45gas 5 4bgas
——al s hid e Ll
Sy 510 yhad (633,155 A Sloges
Sy cnld gy 1SS

6.12

&

5N A

6.06 ~ ~
6.04 N\ P >

6.02 AN ~

5.98

5.96

5.94

1 ad4ay 2 adgas 3 adgad 4 adgad 5 adjaes

Sy Ceoldd (639351, loges

SCu ) x> SR S
5000

4500 /\

— . N =

4000

3500

1 acsas 2 a5y 3 adzas 4 digas 5 4 gas

—— paa - ) Lz aaa

Sy 2> $ 23,155 Ve loged
Al g oS e oo b poe ples axly g e Lo b ol plos axlgi

¥ oyl 1Y 080 VP Jlo | Ghoibgh 3 b piiny Slgo Seilie



s GlIs Sl o3l b (6 piel Syt gy 41 Smtam (soS 93 olKius Loy b IOF

olKiws (69,5ee Slasin & Jauz « QT 5o eadoslaiwl (SG Sl Glpos 5 olliws (S8 - cwiiw ol 4 axg5 L

Ao oo oyl
oliwsd )l o2l yaiwl Glakin £ Jguo
Slade Eyo9e
++/Y mm Gaw duw slad o blas laize cub cds
Y--f-cm Sl s059 (sl jlme alols
Nema stepper motor — 1.7 A 1.8 deg/step OIS e &S o
a5 o858 5 nsloo TF uly 30) JuSalSo Y0 e
STL, OBJ, DAE, PLY, gITF2 > slbcw s
+/0 mm (o silos 20 alols ,5) s
H=¥. cm & D=Y- cm O3l B oll saiin
f Kg OBz sal Glp) Joms BB (55 s
e —F

S3aS slaisu 4 Cad galx Slellbl ol el )5 s SO iy 6l 05 oo pumds (S0 5SSl lpapz
shls o&iws 316,85 1,3 )..JL Cou oliws JS o, Sles aS 04 oo Eel by ion 51 S5 e 0 i 0ed Jols wl
Jol> oslbe sams (uSall L) ol axlge aii b o] Jalcsen a5 I 0 ail el 5 cue e g 538 ,58le
BRI Y Y L COWR I ST PUEIPR St SRR V-V SR AR Y L CORR I ST PP T RIE S OUIPN - SWO -2 1 ¥ JER WR TP,
e o 310 dadad Sl g, (pl AT cote Ko 091 dles ol ped (6 i 0 g CuaS L oK (g > Wigd b
b Giol38l Gl e s 990 o0 e Ll 45 0l GBSl s 055l ¢ St ol 2elS sliwly joaib oo o] b
002l 0 5 F glam o a8 5 S 2515upm 09 yl5,) g o yiwd 50 9 1L IS Cgpms o & 55 FDM (5 ,5L5 5
el s Clasin 305 7 Jouo aiiwd oS 630 )10 Gl by Ve B ) slayloged 5 oKiws 8o liee

A3 oo slid 1) ead (g5lwosly

&1y -V

[1] Shahrubudin N, Lee T C, Ramlan R. An overview on 3D printing technology: Technological, materials, and
applications. Procedia Manufacturing. 2019;35:1286-1296.

[2] Tomasini A, Leén-Santiesteban H H. Fungal Bioremediation. CRC Press Boca Raton, FL, USA:. 2019.

[3] Lanman D, Taubin G. Build your own 3D scanner: 3D photography for beginners. ACM siggraph 2009
courses2009. 1-94.

[4] Son S, Park H, Lee K H. Automated laser scanning system for reverse engineering and inspection. International
Journal of machine tools and manufacture. 2002;42:889-897.

[5] Panayiotou S, Soper A. Artificially intelligent 3D industrial inspection system for metal inspection.130-135.

[6] Hyun K, Gerhardt L A. The use of laser structured light for 3D surface measurement and inspection.215-221.

Y o Lol /Y 0,90 /VF+) JL.:/W,@,MM J',.e Sl



AT KH EP SUWESPPR S JUIRNWE SIS L T P VE L T'E W

[7] Schick A, Kedziora M. Inspection and process evaluation for flip chip bumping and CSP by scanning 3D
confocal microscopy.116-119.

[8] Champ P. Reverse engineering in industrial applications using laser stripe triangulation.4-1.

[9] Ali N S. Reverse engineering of automotive parts applying laser scanning and structured light techniques. MA
Sc Thesis, The University of Tennessee, Knoxville, USA. 2005.

[10] Burston M T, Sabatini R, Clothier R, Gardi A, Ramasamy S. Reverse engineering of a fixed wing unmanned
aircraft 6-DoF model for navigation and guidance applications.629;164-169.

[11] Kumar L, Shuaib M, Tanveer Q, Kumar V, Javaid M, Haleem A. 3D scanner integration with product
development. Int J Eng Technol. 2018;7:220-225.

[12] Baltsavias E P. A comparison between photogrammetry and laser scanning. ISPRS Journal of
photogrammetry and Remote Sensing. 1999;54:83-94.

[13] Yastikli N. Documentation of cultural heritage using digital photogrammetry and laser scanning. Journal of
Cultural heritage. 2007;8:423-427.

[14] Remondino F. Heritage recording and 3D modeling with photogrammetry and 3D scanning. Remote sensing.
2011;3:1104-1138.

[15]Rozsos R S, Buna Z L, Stefan B, Comes R, Tompa V. Design and development of a linear DELTA 3D printer.
ACTA TECHNICA NAPOCENSIS-Series: APPLIED MATHEMATICS, MECHANICS, and
ENGINEERING. 2020;63.

[16] Simons A, Avegnon K L M, Addy C. Design and development of a delta 3D printer using salvaged e-waste
materials. Journal of Engineering. 2019;2019.

[17] Ratiu M, Prichici M A, Anton D M, Negrau D C. Compression testing of samples printed on Delta and
Cartesian 3D printer.1169;012008.

Y o Lol [V 0590 /1F) Jlo [adoliad g aid pioy olgo Sl



	1. Introduction
	2. Methodology
	2.1. Photogrammetric Scanner
	2.2. The 3D Printer with Linear Delta Robot Mechanism
	3. Construction of the Device
	4. Conclusion
	1- مقدمه
	1-1- اسکن به روش فتوگرامتری
	1-2- فنآوری چاپ سه‌بعدی به روش FDM و مکانیزم ربات دلتای خطی
	1-3- مکانیزم حرکتی چاپگر براساس ربات دلتا
	2- شرح مسئله
	2-1- بررسی تأثیر پس‌زمینه در اسکنر دستگاه
	2-2- بررسی تأثیر فاصله‌ی جسم تا اسکنر
	2-3- بررسی تأثیر نور محیط در اسکنر
	2-4- بررسی تأثیر رنگ جسم مورد اسکن
	3- روش حل مسئله
	3-1- ساخت دستگاه
	3-2- ساختار و عملکرد اسکنر سه‌بُعدی دستگاه
	3-3- ساختار و عملکرد چاپگر سه‌بُعدی دستگاه
	3-3-1- تشریح مکانیزم ربات دلتا
	3-3-2- پارامترهای طراحی ربات دلتا، زاویهی بازوی ربات
	3-3-3- بررسی پایداری نازل
	3-3-4- فن‌آوری FDM  دستگاه جهت چاپ قطعات
	3-3-5- صفحهی داغ
	3-3-6- فیلامنت یا مادهی مصرفی دستگاه
	3-4- بورد کنترلی دستگاه
	3-5- نرم‌افزار
	3-5-1- Firmware (سیستم عامل یا سفتافزار)
	3-5-2- سیستم عامل‌های رایج چاپگر سه‌بُعدی
	3-5-3- نرم‌افزار تولید  G-code
	3-5-4- نرم‌افزار Ultimaker Cura
	3-5-5- مونتاژ نهایی دستگاه فتوکپی سه‌بُعدی
	4- نتیجه و عملکرد دستگاه فتوکپی
	5- بررسی دقیق ابعادی برای حصول دقت و تکرار پذیری
	6-  جمع‌بندی
	7- مراجع

