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Adobe Photoshop®] 73-%-, Image ®1 2] [Mode] - [Grayscale]2 Alejste] WISt 4= Qo) o

2 Wy o = [Adjustment] - [Desaturate]S A eish 4= ik

L.

- Step 3. ©
olu| A TASE HEE A= AAL E3ld B ginlE Ase "arst Yo
dstazk sk om Ao WHEEG HjAF Y] HEVF ¥ w& Aole M Elnvert) 7ls<

- Step 4. Halftone Z¥ #&
Level& F3to] Z=HH o]u|x|d Halftone WHE A &3l o]v|x&E 71-&3t. Adobe
Photoshop®] 73-¢-, Filter ¥3¢] [Pixelate] - [Color HalftonelS A1&}3}e] S

719 3160 ojuA] HA o a7 3161 A 3 AA a9 3162 Level =4

13 3.1.63 Halftoneo] Z&% HZ oju]x

() Aol 2 ¥ +H(Mosaic Average)S F& TAE Azl Hlo]E 9] 7
O EAola HFEL 3te] omAE #5F 7I=, A2 AP O o] Zp S| Ay
ol gk BHEAZ g 79 A Tk AL LI



79 3164 Aol el A

mAeld B#e o 7hEE UAY AR HolHE 7o ¥ A4y e AolE B
6}494 IPIAE B ek Aol 0 e A4Sl WAL, FEY e

=

=

olm = %& (ZA7} Anne Moran)

E3)
5t

19 3.1.65 EA0)|aE &

O BAela B+#s 3
- Step 1. °]v]|x] AA
7hEoll - oA E

Yo gz} 2

tr
t
e

of
ies
&

- Step 2. A3 & 47 (Desaturate)
B3 olm A JhEH mpR7tA 2 A" AR HlolE 9

o
b
)
ol
rr
i
o2l
filo
oft

tﬂ- z—l /\_111 12)1-

3} o]u]x & GrayscaleZ WH3H3c}.

- Step 3. Mosaic Average 2% &
HE ZH&3sle 1gl= olu|AE A Zgith. Adobe Photoshop2)

o]u] X o] Mosaic &
Aelste] 88 4 Qo

Filter ®¢] [Pixelate] - [Mosaicl&
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719 3166 B2Aola HiS B3 "UAE AR HolE 7t

(h) mAol 25 FelE Pz ALL FH UAD AL dolHY 73

O &8 +=x9 ol¢

I3 3167 29 Zg& ouA¢ 7/1d (BobHonorsPhoto)

19 3168 =9 FE 7= ojuA A

O ZYE 72 A4S B8 UL AR dold 713 34
- Step 1 olmA A4 Fel@ & ARE B 0L AL Holg 7}
Fol A oMAS HAHE Aol Fasth TIT T2E AZ

ol Yo 2FoT T G ovixe F @ Wrel iz}
Fsie.

- Step 2 ¥ 7] (Triangulate): TAE AR ElolE oA W=7} H]
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S AU = H$E E3] Triangulateo] 2L

- Step 3 A% A-¢-~1 (Fill Color): 24249l dHo® FEH S Lol AY Ao s
A= FAolth. MFE e wos AHT Y FRo] & Hojok g, A& o]m
Aol BEE A8t 2Ttk dhot

a9 3170 EYE 7= A AdE

(2 78 gAY AR HolHE &&3 dA=F Az 7)Y
O dA=E Azre] 7Ha
- 3D& ‘3 Dimension’ ¢ AE 3xY JAZS u|dth. FAANANA 217 Aok
A Akl F sk 7/\'%% 32190 FFETT & £ gom, 183 o] FE AL}
E2d Boh 3d ARE Hrh Aol HEss Ao AXITh oI AN EA
I 7z o o ©H «] FzEo|u AAF miAoA 2d ARE 3d dHolEE W3Is}
°l§ Espros Fdstus she 580l vehda dlrh mebd 2AUE 85l
A g4 HEPYS FE35= 3AY 2AU@Ed scanner), AZ G2 A YR
Fh et 2 Y93 oo ARRolA oA xS A= AW 2 3 (Image-Based
Modeling), 7}de] 32k Fztell Ad7bsd 3t BdS vhEoi7be 33d 29I
modeling) 5 2d AR E 3dE W3stE ks g Eo] s QTh

0k

_49_



O 9A=d A5 YuZ 2ZES TR 54 47

(D 2D Image to STL Converter

- %

Z2aRe 201330 2ZAx FHE A" A

(www.thingiverse.com/thing:66115)°l /] th*Z =7} 7}53}t}.

F4A 2= jpg, gif, png, bmp, tif, tiff7} L=, $= o] ‘Open Image’
A

L image To STL Converuer « Fownd 8880 apboes v 211 loepe - B

[

Tt Hlipm [ w ¥ 1 MM
LA 8 A i
o Lk Ral
Taad gt (bR
u
el flain CHMAL
i
R Fara |
=
=
=
Lt ="

o Cormmats Mpha Chanaed
prome Onepid
Erabie B'W Theruiold M

Comats ATL

Stahm Searchng for spkos

% 3.1.71 2D Image to STL Converter 3}

FYste] gekes omAE =2 AR F PA 2dE dAsw
‘Create ST HES ZY3}d stl 31U =2 WH3lo] =)

Targel See (K ¥ in MWD
] 5

1} Locked fiata

73|BPIH ight [

[#] Carmgans: Alghs Chanos
171 ve Duiput
(] Erable 8% Thieshold 114

Status. Searching for spikes..

FopH(2015) A AH7 HE2 Bz HE 23

&I Hm™

Blnourshiziminttes SlRourSHAmintTes:
l0'68Imeter5igram! i0f68Imeteribigram:

a9 3.1.72 Create STL A3}

Wl
M
it
ol
=)
do
{o
&
jaic]
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o] A oWAE FRaw WASE 1 FAolA AFo Fuozw AUHT A
w3 daslEo] 930 FHWo] et Waw STLude 1 HAo wel A =g
9 dlolEgE AAEE ot B34S BRI olsst el ofelgel Uk Ao Wy

19 3.1.73 eXtrudy A3 34

- eXtrudyEs AHEA7E AbRolL 19 B3 3d TAHZ EYrbsd ke 3D A
Azste F5 Z2IRo R PCR olug} ojF Aol o muty =
7hestth BEe] 33 2dd ey AY glolE Fou AwEA &8
= wEE AFH obj, st FL2 WFATh 919 oA Ffo] X o)A l%%}%
289 949 dRZ, eXtrudyst AR AT SAe] WE® mAy ol
AA L F7F 271 24, 849 I8 A, g2E AH 5 AEATE dst= 3 1:4154 Cl
d Nex FAdom Agse AL vz AdTzEd Hesrlde Wt Hol
AL AL srlole ta Bga Zzadon 47FRe el AEOR 25}
Zells & Z2 otk

a9 3174 v

- el 9lsk 2ol Balsh wiAel mmA B@ AR e, MBI EHo
of WASE BHdY FYT WHFHLS W= BAS MPL Be <l

()]
—_
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@ Autodesk Photofly

Source Photos

Project Photofly i
Servers in the cloud |

Source Photos
(jpeg or tif)

Photo Scene (3dp)

-
Save Export
(3dp) (dwe, obj...ete.) oy
£
ot ot Scene € - Scone 201106 05,12.47.250 T] T ] | e Akodek P S et - Scane 201108 0312 47,25 = el
et vien v e tin vew v
&) o e el s ]

. ) P -
G G loa@m n e A= Qo Dom

H
-

[ 73[25]0 |40 [0 20 [sial~9 | sa|wp ] |

- Autodesk Photofly= ZWAF el oz AR DE%HE =9 715% 3D EA=
MBAAFE ZROPo R threl 360= *%A} 7122 oMWy o] AEste 3D
249 HolHE FE2E T o] AHEA] Ads é A= Aol olE Fo =3
PEE TRIWS O e 5 Adnks ol Yk oA JAe| AQdolEE 47t
shate] ztzhel ARRL ElOlElE B3 1) HolEl L At shet EAMe] AW
ok AEsE 47 49e 3% 5+ A uHT ARl A7ke R A Z A7
S 9N = doe Aol Aok obgl YL o|BA 2De|W| X7} DEAR WA=

Aol SHe EAW Aol o ZIPelA AAHAE AL B HelFD YE 1o
=3




@ PhotoSculpt

front photo

ight photo 207

pr—|

hi-res 3D model + 3D textures

19 3.1.77 PhotoSculpt

- PhotoSculpt= Zt=7F o2& F A9 ojux|gte g ARl 3D 2l &= ¢
3 3D Hg2=HE A vE g e F3 TR0t D=YUE S &) fle) =IO
< TR 2ole dEFel2E BlaE A9 7y AR ¢ Qlal, "2aATE kgl
A dg =2 sdEe] WAE B F due Al grE £4 =3 EZT AdE0]
U RA W 2 Ay RAYEy] oy AYES FE8 el 3D Zd” 29 ==
JFol A uiE EHatH Hoh AW 02 Z2I9d vwsye v 4=7F o2 sk
o] o]mA 7L & glojof F& AAE]l YeE WAZE] U

® Autodesk 123D Catch

19 3.1.78 Autodesk 123D Catch

- Image Base 3D Modeling =& 13821 123D Catch:e ¢ 183 o] 7z E 6028 =
ol7biA AL ANELS ¢lo] E49A 3DE WENFU H2H7A YA Eh AT
ZYHFER PRSI REHEHE WAolBE ARQJEETE wl¢ =ga, d2dq A3

dol JPGHr s&d e ©Rlo] Stk A AA| A2 AZlE TRte ' ste whE "

A s e dyen Ay Ae FE £ZELojgts Fo] Ao A 360%=

2 Bopbn A & i AEol AH U] WMEe EdhA 2 AREel e
S gtk 2 oo ¥ AAEY mdue 9 & b A7lE A Im SR, A
o

O:

Aol QRES AL Hojoksy] WEe] Aol Anc 2 AL T ARRo] 142

o},
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Ob A-sg dagEe T AA

19 3.1.79 Autodesk 123D Catch Z-8-Ahd

(M lo
.

Yo 0= He ol ANES FHste] D3} & AR Bl ouAE 2
of gEsstel )% AmolA AW wEel oF 243k A A Aolth. ol
1%4-% BE G5} 299, CGHol AUAL Ak FHoIL AAZ FENNY] JE
= vehys]e Zo.

Yo o Ao
Lo

=

[o

g PN

3 A%

O A3 dugEs 53 dA=d A= 3y
- AE AAEDL JAFE F ERE Uw te, 18 F U)sAHe] 52 F ZEOY ES
XA 2DHolEE 3DE WHEAABYTE 2D Image to STL Converter T2 13& x%
WiHol xrH g, A AREE HokS o Fgo] Ik ShANE 28 oA FH o)
E7Fsste] dAtelyrt b ZEO9S 3 FEYel asit eXtrudyes Y ZE
IR 22l ISR, B3F ©o] AUAR AAES Z2HEJAY. E=I, Z=E
I3 elA =3} Z’rﬁ(g—éﬁ?& A A7 718 2 HeH A 7] 58 =4 7?"5—3}
O Aol AT 7 ZEIF) v o] il @A HEE AAdE A ARS A&

HES o, 2t HAeluvrt e F2de] 28k st

(D 2D Image To STL Converter

p AAE
=
g Image To STL Converter - Found 211896 spikes in 19 loops. - o X
Open Image
Target Size (X x Yin MM):
119,3729003350]
[ Locked Ratio
Target Height (MM):
i
i‘ i. Add Base (MM):
1
Spike
<€ A 4 A- =k v
L+ s & { # + L
4 Compute Alpha Channel
] Invert Output
[ Enable B/W Threshold: 79
Create STL
~

719 3.1.80 2D Image To STL Converter A-8A - AA&E

_54_



9o DY AAE AL
AZH= 2ol gAel Utk

@ eXtrudy

> A=

gk Aoz 3DE WA WA

Adtolth AASHA HIPTE Aol Uk

U= 28] Ao

- 919 09 eXtrudy Z2IWE F

R AR Z A3 =2 7o)

2

Wae Aol A
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> A=

CREATE AN OBJECT GENERATE THE COMPOSITE 3D OBJECT ADD HOOKS TO THE 3D OBJECT

Load Hook Add hooks to the 3d object

e Sometimes you need a little hook on your
e ke it usable as key pendan
v

The navigation sliders help you to ensure

e and sc . .
the positioning is really corect and the
hook does not lie completely outside the

Navigation

Rotate Horizontal [l [0 |
Rotate vertical |0 ]
- |

b A4 2dys 53 AA=D Az

- Step 1 olWlA A%: Ay mAPS 97 olnx MAdEe SUF Aoke o oA
A HolEE wgow dsts Folo] t@ X wo malg 2
Qo 22 oluAz ALE7] AFF olnA B A e @

l RELE
97 Edo] Bysta onAe] PRl L5 Agle] FUANAE Aol Yk

-~
y!" i

= = Z 3DE W3 4 9= 24
TAANZ F, Curve E& AHg3te AZstuA &)
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1% 3185 A olvAdlA 2AA 2l F

- Step 3. 3D A Az} FEH FA 3D A HolE EAF] YT 2AXE o] &
3le] QA WS A3t} Network Surface 59 7% 83t A F3taA st WY
Zole} e 43,

=

19 3186 F=d 2AA #@lez 3D Y A

19 3187 94E =9
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Q) HAE AR oy &8 dA=d "Adl 7Y Bla

(& 316> "HAE AR oy &&

71 v ®

TR o)) %] =73
B SRS
(Halftone) 9] o] Alolol| w2 3D FYH
A Tk ojmixle] 44 &8 7hs
gk el Lol Anti-alias)
(Mosaic) A2 o] lolell whE 3D Ed
o g olmRle] 34 23 7Fs
(Low Poly) 2D o]ujx] HHlo] 72
» .
2% 22T - i)
mdgy v 2’y oW Rl gk Y Ths
P
~
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A YAzFe] @ AHD thge] AgAH Bt
L FA=F @ A AgdolH AL
O 712, 2444, 3d max 5 orre O T2aRe Baste] WA AR S 1Y
¥ & Aok

O & ABdeld Brlls oy dA=ge W He oz Adye APsar. =
Zolu FAEAY ARl 448 Adzy @ A ABdoldos 2AYE EWL B
SAY w TAE FAS A, BEely ve pEsE AL RAFE AL B
o2 AYHAT. ofd) NS YAEY B A AR H AdE HagEn Heh A
o= R Ay AW Zolth AFAeh U Mo AgE YAz 2AYL 3

Hafl IPHAAT. dA FAE ZEBEZI HARlo] 28H AJejolth

a9 318 JAZE | A AlEHNA - =2 &9 (D

a9 318 JAEE | A AlEHNA - =2 &9 ()
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T BB, W ¥ T e I -
a9 3190 YA=E W A AlEdeld - E2 §8 ()
(2 A=Y A A i AEH)A H7t
O mdde 3D MAXe} glolweZ g=Egon, Afyde 714 Z2a8We HAsI 35
Atk AlEHolAS Bbs W, BH2 3m ol HolE Wy FAEAEex: FAET I
FAED O AL E Aolz2E sty UHY Boe AAAHQ I 35S B F
Atk A B e Z7|7F AFA oo AR Im o]de] FAAHRUTE IRTE 22
40~50cme] Atolz2 A& HEste Zlo| nFAsits AxE =E39T Asae o
H ASE JEoE AEHAS s, dAlE Aol W) wE A HIE Fl
717 oA oE itk A Ads Atol= wiERld], AA A YAzH He A
ojHt 21 RIHA BFE Ao, ¥HS F 2400mme Eo|E J|FEoE I BT
1200 x 6002] Afo]=Z AZ} Aol REFOZ A AP AlF A F2F 5 Al
SAT 9s Alo]2=E 1200 x 600 ¥  E2HS o E M or e AU =&
AT Aoz 2AY e F7] i e F 9 HEHYd 2dya dyPoe)] 2ad
Aolg}t HerE
k. Al 2AY =¥ JE 4F
(D Adl =AY =39 ¥t Ul A
Oh Al 2AYd =89 99
O 71¥9ARE A9Ae Egdod 713 IAZ ol =4FE0] e Ak 71dulF
A TE FPo] AR I FEE BHES & UF 9ol 1 2P EEo|t 1 AA
3o A A ZE AR =Y, 7194 1000 @7 At Olmec sl=7F 21 o Al
% shdolth dAl HAZAA Z1LA 9 M7l QIzF @l Z™ AbAl (Lamass) 7F UTH
olgA Z|AHFE olojxe AU Al W FHH ZZPFEL 16470 HATGAR <
3, 2212 Al F 1941710 A= 2ol o3 A=A A A7) Bt o ¥
Ao vie 245 dA 71gulz ouE 7k Al 2 EolY dx Yoy 2 S A
2 B3 T g Fokll A tiFEI T olgA V|YARE A&HoFZ oA KA
A7 2 34448 g e Aol uE A 2Ad 2¥olgta 9T 5
W Al 2AY =89 ¥
O 2 dAFoA oujsts Adl 2AY 23L&, ZIYE AU n7 59 98 ol niA



98 98 A2 B3] oHAE HHHE 2L VAT Ahe AdME AA o
WA G4 serd 4 YA FEF ALE FI neuge fos R 2§ o
&b st oluAE E@HE Ao :

SRt Al 2Ad =¥ GA=Y &£F, TH,
A, B S FHoR dAYAA AAD & e =AY FHE Hh A
s

5 0
A x3 o

fr e
)
i)
=2
X
[40
1>
N
—_

=
4% % 9l

% 3191 At =AY 28 oA

() At =AL =3 A2 A

O

O

Al =AY 282 &S 3 < 7

A S0 A 2AY ZPEEL Foz BY|E 2P EO|AT Yo Ay A u o]
B U Fe o)gst =

sHAl Atk ol Al AFEELS Ao oA i
Bog F8HI ot I WA OEE ofgel 22 AAE
HA, A 2AY =3 A% AlElE Photo Engrave Wajo] dth
E A ol A= WHYPI F FAYE FgtolYdl FH L5t AlFete Wlolth FAS W
37 A= A 84S0 B e AR o A7F YEhE a3E Fa A, I 2E
T 5= A 2AIYE FIsHA Eoh
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1% 3.1.94 Photo engraved 232 E WA A2} AH

O Al =AY =39 FHA AR5 o] &3 tE A2 dolzrt F3kw ashizw
Apartheid Museum®] @< vidg} Fmu]7}b Qloh
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@ At AL AR A5d 2
O At =AY A 7Fsd =3

A, ¥, o2 udnh 9714 IS 33 A4 I
S AL sk Feltth AT, FEE 3R AAEA AlF THsE AW A
d AAE YERH, A, d, 1S Z8&3 JAEFo] Jher] Wik AgIEE It
A, A, de] AR o= ofefe] et A ojd A, A, Weol SRS SHIA =¥
71 Eo] AUtk
<GRE 3L 84
z3 84 A
- S 7P gesta dH A gAle] g4 ol
& - AAe] FL EASA FAR, MMEdA R A fAAE He
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/}j - AL YA 7P 7123 a4l
- A& Aolet Fte] §lo] Zeolvt = 1Ak ol
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bl -He Ho® RHEE Yot
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sholt). olE wwond 19 Hustel au, Walo o]7]
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19 3196 A58 T FgAlE 9 Jalole

<% 318 txE %3 Ay 71HY =5

T oj | ] =
- HlwE tHYE FHo] 7FsshH
4 HHE F4T F Qlok
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7Fssith
- FAARI a3e BY] Aol %
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7F. U9 3D=HEH A
(1 5#‘413] 3DZHH

(b 3D ZHE | YA}

O 1860t =g o&7} Zakgeol dejYgo] PhotoSculpture 7
- 27t} ehe JAAE S AZE 2[R9 oy ARoA FA ZD
- 299 AR 7Rt E Ao YIS 0 SHIMEA THE
1% 3.2.1 PhotoSculptured] %3] 34
O ~1950 )

150 44 dehdiH, JAAE J-AZT T ol &

jud

- A e A4
Sold SlBuE $3, o8 FUE o8 dEHow Fohy
&4

PATHE PRTHE

a9 322 93 29 7IHY A5 FEE o] &3 A5} PhotoSculpture

O 1960~80A th
- 1968'd Swainson®] #o]* & ©]&3% PhotoSculpture
- 1972 Ciraud®] 442 5 #o|A Ast2 =4 Azt
- 19721d Mitsubishi Motore] 734 A& o] &3t 4|48 =9 A=A
- 19803 Hideo Kodama<2] 37d38t4 FA|of] A LAS A= W9 3 =9 7

T
.

1% 3.2.3 Mitsubishi Motors®] EZ=A|2'*H3} Hideo Kodama®] & Z&H
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() =3 ¥H 3D ZHUH 2kde Az}
O SLAY
- 19839 Charles W. Hull o] 7}F73A oA AR Z Zgt 28 Fo AQA AFJZAL BT
b otoltiol g A
- 19843 8¢  “Apparatus for Production of Three-Dimensional Objects by
Stereolithography” E3&4¢, 1986 &3 5=

- 1986 3D systems
- 19873 H=x9] SLA
- 1988d =A< 3D

2+
3D printer, SLA-1 7%t
AEE Bystr] {3 3o

", STL(STereoLithography, Standard

Triangle Language, Standard Tessellation Language) 7l
O SLSH
- 1981 Carl R. Deckard7} 2L AAZE 9 TE™ AldA Ut S cad
719ke] AE3td s T2l tid ofojtjolE A

=d

- Al o] 28l FHUOA AUkl A S vto Tt 3 29 9 5 &
- DTMol A ¥3} Bambi, Mod-A, SinterStation2000 529 7S Fx=3+

O FDMH
- 19893 S. Scott CrumpZ}

=

oA SFHASE FdS

5. {213} 37 Stratasys F

- 1989'd  “Apparatus and Method for Creating Three-Dimensional Objects”
1992 58 5%

o

58 &

’

(th 3D=H" 44 o] 43}
O 19909ty
- Stratasys, 3D systems, DTM &5 ZFALS] 3 g 2d FA4 7
- Sanders Prototype, Z corporation, Arcam, MCP technology & TF%3H
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(O FDM (Fused Deposition Modeling)
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print head
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3D Printed Part
= / Support Material

Build Tray

platform

print matetial
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9 3.2.6 FDM %4 /= 9 3.2.7 FDM 3D printer

(O SLA (Sterio Lithography Apparatus)
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- 2= AEETL A9s =2 A
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Platform and piston
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(O SLS (Selective Laser Sintering)
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€O, Laser B!il'l\. / Final Focus Optics

Norzle Shielding
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(O LOM (Laminated object manufacturing)
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O EBM (Electron Beam Melting)

s ARE ol &T

% 3.2.18 EBM 2 JIEE

Ao o] o] T}

% 3.2.20 EBM W2 o] &3 AEE
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3D systems

Stereo Lithography(SLA)

Selective Laser Sintering(SLS)

3D systems, EOS

Fused Deposition Modeling(FDM)

stratasys

Direct Metal Laser Sintering(DMLS)

EOS

Laminated Object
Manufacturing(LOM)

Cubic Technology

Electron Beam Melting(EBM)

Arcam
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714 A FH AZk=27] (cm) 234
TU eindhoven - W& &= 3DCP

Canal House - Wd&= KamerMaker 220 x 220 x 350 FDM
Winsun - &= 3D printing Contruction 4000 x 1000 x 670 FDM
BetAbram - £&H|4o} BetAbram P1 1600 x 900 x 200 FDM
WASP - ojgrg]o} Big Delta 12m 200 x 200 x 600 FDM
Cincinnati Incorporated -1]= BAAM 600 x 230 x 180 FDM
Andrey Rudenko totalkustom FDM
Voxeljet - =< VX4000 400 x 200 x 100 SLS
ExOne - ®]=r Exerial 220 x 120 x 70 SLS
Materialise - 7] Mammoth 210 x 70 x 80 SLA
Sciaky - H|= EBAM 579 x 122 x 122 EBM
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Fouche 3D Printing - dol& Cheetah 3.1 300 x 100 x 150 FDM
German RepRap - =¥ X1000 1000 x 800 x 600 FDM
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(BP) totalkustom - Andrey Rudenko
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- ContourCraft 7]&& o83t Azt 4, 3dUFE d7E A% 3%

a8 3235 AHE A5E o &3 4 A 19 3236 dEjel Al e 2He dFE

(A contour crafting - University of Southern California
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Canal House - WEz= KamerMaker 220 x 220 x 350 FDM
Winsun - &= 3D printing construction 4000 x 1000 x 670 FDM
BetAbram - €=Z#|Yo} BetAbram P1 1600 x 900 x 200 FDM
WASP - ojgg]o} Big Delta 12m 200 x 200 x 600 FDM
Cincinnati Incorporated -uv]= BAAM 600 x 230 x 180 FDM
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Selective Laser Sintering(SLS)

-Thermoplastic
-Metals powder
-Ceramic powder

qolAs ARE /1dste] 51
¥ AUde

Fused Deposition Modeling(FDM)

-Thermoplastics
-Eutectic Metals

. T4 90 E HolHE AFA

Dlsrj%%ril\gegt(%l\]ﬁfss)er -Almost any alloy metal Z#ﬂ :J}ig;}uﬂ A= =& AF T

- go]AFS AdelFog sk

Stereo Lithography(SLA) -Photopolymer Hl Al (j ﬁ ka1 T A3 gé‘ifx%x_}

- 1+ = =] o

Laminated Object Paper e S e B
Manufacturing(LOM) _Plasticflim A5 ;q%‘ 5 =

Ae F3 a5 UE &

Electron Beam Melting(EBM) -Titanimmalloys 511’3}?4 ey 22 I4E 7%

= Al
_Plaster 9 WEg2 1EASIRHE
Power bed & Plaster based(PP) aE&Edo] olgrlsdt &

-Color Plaster

Aoz iy

<& 329 3D =ZHg w4 54

ol

1=Excellent 2=Very Good 3=Good 4=Average 5=YES

PartialFair 6=Poor
K- I SR = I R R s 77
Printing Accurac Surface Sijéd Material Material S(zrma;grrl?n Flexible
Process y Finish P Strong Colors P Materials
YES .
(DSLA 2 2 4 3-4 Partial YES Partial
YES
(2FDM 5 5 6 2 Partial YES NO
(3)SLS 3 2 4-5 1 NO NO NO
YES
(49DLP 1 1 3 4-5 Partial YES YES
YES
(5)3DP 5 5 1 5-6 Full NO NO
Color
(6)LOM 5 5-6 3 2 NO NO NO
. YES
(MPolyjet 2-3 2 3 3-4 Partial YES YES
MM 1 2 5 5-6 NO NO NO
YES
(OMIM 1 2 3 4-5 Partial YES YES
< 32.10> 3D ZHE &4
27 CRia
S o PLA, ABS, Nylon, Polyamide, PVA, PC, HIPS, HDPE, LDPE, PVC, PP UV#|3,
e 2g 99 Fehry 5
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<E 321D Asat st Fa4tkie] 3D Zd" &4 53

AHsAE A & A
A =3 F 27 =5 -
Ceramic 35 Aluminum 38
Thermoplastic 34 Ceramic 34
PC 27 Thermoplastic 29
Aluminum 26 Nickel 28
Paper 25 PC 28
Epoxy 22 ABS 20
PET 21 PA 11
ABS 18 Epoxy 11
PA 17 PET 11
Nickel 17
Titanium 15
PP 14
PE 14
Rubber 14
Silver 11
E 3212 DZAE F2 24
A H 3DZ AR &) H] 3L
A FDMEC & 71 w@o] ARt 5. &84
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CE 3218 %2 A% B8 Qrbad A1) ST ColA TaTD
2 52 A o= EfZzg
78 5 H7h 27 2§ | B2 ERE
] T3 shop 37} 2a= T & e &
SEE E E P P A
Felokrl= 30 0.25%8% | E A P X A
H|H & E E F E E
ETFE 20 025%9% | E E P E E
SEEE E E E E E
FEP 20 0.25%9& | E E E E E
H|H & A E A F F
PPS 40 025%98% | A E F X F
SEEE E E & B A
PES 40 0.25%9% | E E X F P
SEE A A E E E
] 1. o
< 26/6 50 025%8% | F A | E A A
Z Z] o] 2 ¥ 40 H|H g A A F F F
= 0.25%W& | A A P P X
= e 0.25%¥ 3 E A X X F
Zgolgd A 0 H|H E E F A E
= 0.25%88 | A E P A A
Fe]steks H) ¥ & X F X F P
Al |l Z of o] 0
E
Zgojr = 0 H|H g E E E E E
—opr)=

@) Fehold 8 BEofue] HE thd B A 24 HA

O m#3ZE8 Foold HFaA: ABS, PLA

O - I AL 23599 HFLA: ABS, PLA, Zejoll=E 3l nldel|2He}
2] 174 3+ 2 & A (GFRP)

[e)

ity
ot
o
Jo

O FA48 ANAEE 159y Hg2A: ABS, PLA, Zdol2E 2 uldo|2e el A3 FaAd
eSS 2A(GERP), WatsteAls & doll 2d 5 Fasty Fo &40 wet
A-AE AnE Adestofor o
G B4 2 AT AEE A5t I T A= A& Ve HIY
Oh X274 249 28X
- 24, Wrle 5 BAEAR A A AAHeE 138 27 5 WEAAE E2k=He A
& TAE Addtets FA

- Apol e &2ty AAESEE 5 U I8 STh2E At 7ol Ed

- @A E2tay Folvs A%, ARE HAA Fabs, HIIEC] BE T

- ZAYESR Fgol Y Ae 1389 A 2HEEF 5 ZY2gH, 038 F¢ ¢4
& 9 g3 ZghaY 5 gRE RlEsA STage AHE

- Photo-Engraving 7| & 53 m#ZE 7I¥e] A" FHolus 553 HAJS

E33 A§7F Wol QAL o] 2.
- Zgtol Azt Qo] & AR ENAH Sg2EH, ZS22E AL JE 5)E FL&F
2o &
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<% 3219 Z3dE

Zaole) 78 A=

A& AL 3l A 24
2E|RE 13) CNC, 27}
SR 1-153] ONC, 124

(HIPS, ABS %) B rmoee

o Lis 1003] o] e

(L) X874 3D=ZHE A 7Ee] 284

- H T U olA 3D ZHEo] AA|9} Aol TS v Y=
Z U A H A,
ATFAdrr I x

- FDM =3 g oA A3t
ZAslrAe 3 dgEA g
TH ] AA MEAEL A D S
AA 3DZUROE Az =F dF
AV ER ERE

|22 H, AT FAL T, G
7]

- 0]

=y =y
= 5

|
o

ot A3 A
Hlglo 7 21374

A ALg 713«1 ikly

e ATE Aee AE

=3 0}04

=
o

-111

W JFe shotd 7ol

el A&

28e BeER AY3te NE F
A5 BorEE AZTE B Aol £Y H9A HFOIT By

Aok e
[e)

rul

AT AT} BEH
A7 & AQRe @ BAZ AV HLD, B
A84Q) A Aee DB

A% Ael FAol ol ArHE BES

AHE]
ZA 02 st

= 7tEete AH7E FrhEe] 3D=Z™
N ER AUt & e Avrt AdE

ne
u

matgle

g7t

a9 3239 HEeage] WE A7lE 34
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< 32200 ZehxE HEHWE 4% U4E7] iE A

A% Q1A% A Az e
AEE A7
Filastruder Filastruder PLA, ABS E715
Cruncher ExtrusionBot PLA, ABS 75
Strooder Omnidynamics PLA, ABS 7Hs
Noztek PRO Noztek PLA, ABS B2
Protocycler RedeTec PLA, ABS 7bs

- 3199 3D ZHE #AH ZHoA o}
7]

- dHk AL8AE2] PMMA, PVA & , FDM%r
Ao Y3 2 E0] Ut T3 TYHEER Aty 2 F Ue
<(E 3221 gut Agzke] FepE 71y 2 3K soliforum.com)
A& 2 XHmm) ML= B4 27 (mm)
ABS +0.02 186 1.64
PLA +0.03 138-145C 1.75
Nylon +0.02 210C 1.65
Polycarbonate +0.04 270C 1.71
Pet +0.05 205C 1.72
Acrylic +0.05 205C 1.60
Polypropylene +0.03 190C 1.30
- PP, PE, HDPE, LDPE & st Zet2go] Hi o2 AAE | FFEH A=
- Asak 2 WA WAAAE 24, 2HNE JuE AUt AT gA 59 A
dE Fall, 78t Eg2Eo A= AA &5, =F B 55 14T F AL F
A&
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(R 3222> A28 IHHE /N 2 AT Ak

AZ AR A A& M 2= AgE
ﬁ ABS 920-240°C AEA Y BE

S Refil PET 220-240C PET ®

%}?:L HIPS 230~250C WA W BE
; < -—> i i
‘ %;rllens;: Not Reported 270C Not Reported
A= — 2 ym
WM = B-pet PET 205C PET ¥
M

(2D A4 FokolA AZE Feh2E A 7HsA

O Agg Eetxy ZAYUE AFHE Bl 71EXZKS 1 3233), A28 etz 3Ad 7)&
EEKS M 38470 M= AW ES 2 2AE A8 60% oY AHE3t=s 4T

O ZAES Feholve BHTF=AZH, k5ol tad Faks 12T B8] o A &
o] Azpgel WAL FFo] A

O DZAHE 088 TFeAo]ZYDowncycling &2 Sepxe #1718 B A8d Eetoly
2 Aue ETeoluw ANLE F YL

O A S99 E AYS 93 Au7} Kickstarter, Indiegogo 5 ThkdE ZURES Ea) =9
E Ao ® JMEEHI IS e uw, HEG2EYS ATtEetd Agste AEE A

243tE A= Hdl

o Mock-up 28 A=g 9% Y DAL HA & A%

O B2 Aol Mock-up 28 AZE 9% 49 DA A 2L A% Agstgot,
Y DZALE ARF 5 A& /2 s%ol o] FHH ], &3 DAL A% WAE
g5bn 2ot Uy DIAE Y A 9 A% FAPshe g <2 Pl 1 &S 7
sl o

gt AEZY] AZAE AFS 9% &Y 3D=PH A4 ¢ A=
(D st=dolo] AEFr] 23 AA L Az
b A ALY

O & d79 d=37] EFetoly 9 BREu APAEF A4S 913 3DZHHE S A
AAFe Z7IE nHsty, AFEERY AARE nHst] 2E4 2 7|Hke] FFF(Fused
Filament Fabrication)®}2] o2 AAIIH . ot ZoA= AE=7] Zgol 9 H3E9T]
N@AF AZE s AAE 2EY 3DZHUE AldS OEHZ—E A+



GE 3223 AE=7]) ARAF A A3 3DZUHS Al

& = A A
2 FFF(Fused Filament Fabrication)
Ay F7)(Zd ) 2,680mm X 1,460mm X 1,660mm
A =28 =7] 1,830mm x 960mm X 960mm
XF 0.009mm
= Y= 0.01mm
7= 0.0006mm
A e E 1.75mm (=Z27 0.9mm)

(b 3DzZAE S T4

O ot aRlA RoF= upel o], FFF¥24 9] 3DZHE
TAEY, st=Edole ZHE HA 9FE& FAsa
g J(frame)3} 7]F+H-(mechanics), 2 7] A o] H(electronics
1, AXEQ o= CAD, CAM ¥ HYA=ZE o] FqF

O & A9 33D=ZdAH AS Ysixe 712 2Z4 2~ 78k FFFY2] 9] 3DZHES] o g
3= Q8 4F REQ U} V& WEY TF5S LM Jlol=gt BEE v o %
of AASAS

A stEole} AZEQA=E
A F+&5< 7tsA sl &
9 ot H(extrudenE o] Fol A

rr

o
Sy

3D ZElEe| 4

30 printer |
[ oftware |

| 1 [ | 1

CAD CAM Firmware Electronics Mechanics Extruder
Software Axis
Motion
Software Slicer G-Code Controller Belts / Hot i
Pulleys end
Files G-Code Software Stepper Threaded Cold
Sender Motors rovd end

G-Code Files Stepper Filarment

Interpreter Drivers

End
Stops

Heated
Bed

[
i)
w
Do
>
(e)
ol
1>
{o
e
=
12
r [
wW
W)
&l
e
i)
{o
-
ox

(th st=dof
O 7= =49

- B A9 UiE BDZHUEE 71E CNC, dolAAY Anjel e FXAAY F27]|A <}
2ol A ALEE HFAOE FHEE= Zlo] dolBER AHAAH T2 Zy e A4
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& S55Es A 9 o] Aok sx, FUI Aol o] FojMok I

P ZHQE & 979 R3Y DA A A9 TG @AY 7EE A
# FRE 44 FUIAETE UY BUY BT Z2RAS oG] WHagel xe
de FASROH, ¥ IVI= F 1460mmXYEH), Ao 2680mm( 13, =0l
1,660mm(Zy = Eﬁﬂ%‘ HZHE /\}%—

=
A ZRadel A AE FEEE TEE
ted T F= g Fre) wA /b5 stelnel =g 3D

== 4
%9 Y3FORE 160mmx80mm LTUF TEHAL Jero] F AAE WA A
Sgon, wae Xtgo = 160mmx40mm FE0)E TR T S 4 dHe

élo
plh
2 rr

3, Z=02Z = XYHHo| AZo] F=E 160mm X 40mm

o}
=
FHlg ZE3Y staE gHE Bt AXFOEN F55o Kol oAxE HFA

IApd =) AAE stEd dE 3DZHE = AEA7] oy 2 BH3on AFAF A
A FHE HRE2 72 ZEdd, 7T, A7AoR B Az ELS] AA B Azt
Fesigon, 2hd el AuAulel AT A S MMl LAdEe] AR
d A 2&H TtEE A &ste] ARAEe Ssstaa g
160
passes, w7 A3 W7 B3 7 _A3lses
A 59— 9 9C 9|
. 2. )8, O 10 of
- s ) = k =
QLN 19| -
.'\\x‘ﬂ‘ > l_'“ [.;_| e _,.' .
;_:":“'-'- e l : X5
g | by ) Ny pl Ty ol |
D) &Fvg 229 (2 dH =

a9 3241 7= zE el AH8E EFvE Z29d =9

<F 3224 7= ZHYE &Fvg 22999 74

T % i
kil NPE 0805-03

A4 A6NOI1S-T5

oH A 37.164cn

o9l 4ol 5% 10.034kg/m

oel 23w Ix 288.45cm4
ly 1006.44cm4

FHEAE ANODIZING+SEALING
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19 3242 AE37] APAF AZE DB A=A

9 3.243 AEZ7] APAE AE 3DZAE] 72 ZH Y A=

_94_



a9 3244 A=A7] NIAF AZE wES

o2
£
o
w
-
Ii
i
o
o
e
ox
t
=
S

9 3245 AE37) AFAE AXE HEY ¥ DZUE O] AHEAQ)

O 717+
- LM7tel= & 5 ZdH =9 X, Y, ZF o]FES f& 1L Ee] CNCS 7137
71e] o] &= ZUA ENF LMtol=et BES MAlo A& off FoA= FEF A
AANE BRoZF gon, oty 1Yo E LM7lolEe EHe HolFy ¢, 1 ge
FolAE LM7tel =9t E59] AYdg BT QS
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(E 32250 LM7Fo|=9] AAX

7 o2 EEE
X= TRH25FN(1788-2)
Y TRH25FN(2680-4)
7= TRH25FN(1745-2)

TRH - F Series Dimension Table

13 246 LM7lole =H

(E 32260 LMol =gt 559 A

Maxi2 (7.5 MEX1 14 123 201 9 | 7 |60

838

- AeAlzd: HUd 252 dAH e HEA2d o2 SFDRR2005 247, A=
247 % 2" e AHESte] AYE FEAov) Thesst s A
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By 14

SFDRR1605DRD «600C7L RD

= ZH2: 273 (&M2YS)

HBEYE
LE LA RS LOIZEE
HHELFALE?| (Rolled) D(7t=Zg
=2 2HR@) M ol (mm)
SH7T| el D (URAUE) HE EX¥2: 27(F (EH2g2)
N (S2EFR) RD (20| HE) p.5SOK T
SFD-R £ % LEALE ) AF2 Dt #E 20|
ClEMEY 2 6o~ L :
i T T|1 —7 |
\ RTNED
R s o A
IRIRIIID S (sie (B TR AT ERseS
Ly u:_:‘-# ;. :-{}-Mi =
Q X1P Q X1P
oll hole il haole
! |
&
E:
¥ ]
=
| |
D@ (#l6~240) N (¢300|4 HE7HE) {unit @ mm)
=3 d 451 ‘ | | B < iese |3
@ -1 c |9D|#D1) L .u w.PcD ox ¢y | z | Q | &E fgf) | (kaf | 4
SFDRR
20 2005|D| 5 (34|57 |51 |11 | 40| 45|55 |95 |55 |M&| 1/8" | 1130| 238025
SFDLR
19 3247 E2379 AYy =9
- B2O3F AXE fFY: AFA2E EATF AXE fFHOoE 1AHE ZHE o] BK15(530)
7 BK15(310)& & 8-3to] AA




BE10- 40
. 1L Ld

A% DRILL Thiy
oY COORE DRT | %

- DAL TR

N .

o CIE LA e |8 | h-.-n,nrih:nms& H-iE P B

BEYS |15 T 6 X 6 MM B 28 (40 |3 |10 B4 156 55 68 WH 6 86 2|

O3 3249 E2~3F AZE Y9 TdH A

- Z9Z Y AZY: 5EUA 2¥nE} Exojygzte] 8E ALsteE AZ
DJC30CRD (8*12), DJC30CRD (14*12)& A &3t AHA. FHZ EY =
F& slHo)| Adste] =9dE Fx2A A EA AEe ASA, 94, 94 vEd A

2
= grots 3ol de

oo

5

. FEYDY

Skeeve DI vrr u
& o -
AP 14-430 W pao (R S

HEHT EFIHS Stock Bores D1 - D2
Product 3|4 AES BB/ T B S WM 12 4 51618 19 A 5% B A H
CuiC-30 * % & & & & & B

_98_



HEn

THES

ug sy B2 B8 a0 sa  me S
=8 5T an oms =30l
e ebpas bt b = Momani o= B B Ermars
Product A L W B C F M Tomgue Hated Max _; of Siatic Errors of Ermors of
:1 - ! i
Mumibeer (M, m} anuue Torque SV SRR Torsional EEE.E'I'Il'Irll:I['g,I N-.Iqul.arrh..' Shaft
(M.m} (N.mj) T P sfifinazs {irmurmy) il End
' . (MN.m/rad)
{rmirn)
NC=30RD 3 11 3% 10 1.5 55 M4 1.7 1.5 15 13000 5910 3 015 1.0 +1.0

a9 3.250 29 = By #AE"(DIC30CRD, DIC30CRD)S] =x 3 Al

O A71A o

-2 974 tE DZIH Y vJdEE=E HE2Q MKS Gen V14E 28&38to] ¢fojold
B HT

stelom, st=do] HEESS % 3D=d
E(12864LCD)YE =%t A

- AAE DZHE = FUolA AZE 7 & 712 AA Q] BB EaEEs 1Y

3 FfolBHE| =g REE HE3te X, Y, 259 ~FHEHEZE Nema3d A&

Z+ Arduino Mega2560 R =9} LCDE

ol

]_

- EH ~HIREEZE Nemal?g AHE3E 1, 28 2E =glo|W &&= Long MotorAle]

DMB6OAEetol & #8353 =

- Hools thFZ 0T A ~E Hojol nyl H oS A AWAS S 719 AE
st ow, 2xpdEol FlolE AAINESt F2sta ZhF A EYEE 7|He R %
ElE Egdo=w 83 543 Av HIgA=Z /M

o aeE oy o @ e

a9 3.252 WJKHE=(MKS GEN V1.4)9 32=
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a9 3.253 3DZAE H =9 Arduino Mega25602 =9} LCDEE

CONTROLLER IHEE0A
e wr s T"f
- T * I
y s t _
: -]
1
- e . g
oy B9
1. L = * ¢
L] & |
o - 1 o 3
POWER SUPPLY
i =ROVDN =
L,
MOTOR i ..
e

(1) F=(XY,Z) =¥ =gto|H (2) Extruder =€ =zgloly
(DRV8824) (A4988)

a9 3.2.54 F= 9 Extruder EH Z=golH

- 100 -



dE 9 *éﬁl 2 2P 1dxd gEFHo 1%
3DZYUE RS Aol A|Z U
A 2] & \ iy

P

H

U5 HIlA 01]
=

o
i
>
ol
pash
o

&% 3DZUE Aol AFD)

a7 |AIE Y
1. D5.2mm Drill

2. MBeTap

1. D5.2mm Drill
2. M&Tap

EED R 9y DEAE Ao~ AZHD)

271

1. D52mm Drill
2. METap

a7y

1. D5.2Zmm Drill
2. Mb&Tap
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A= -8 5% 3DzAY Aol AZH3)

a7}

1. D5.2Zmm Drill
2. ME&Tap

a7}

1. D5.2mm Drill
2. METap

A2 -8 5% 3Dy Aol A 2H4)

17§

1. D5.2Zmm Drill
2. Mé&Tap
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A 2 & 2E3 3DZAE Aoz AZKE)

) FAE O

1. D5.2mm Drill
2. M&Tap

R T

A= -8 =% 3Dz Aol A (6)

a7f FAE Oie

1. D5.2mm Drill
2. M&Tap

........
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A= -8 =% 3Dz Aol AF (1)

a7l FAHE Ol

1. D5.2mm Drill
2. MmeTep

4l RAHE S

1. D5.2mm Drill
2. M&Tap

. .
++++++

A= -8 &% 3Dz Aol AZ (8)

a7} Cj 4

1. D5.2mm Drill
2. M6Tap

40 FAE O

1. D5.2mm Drill
2. M&Tap
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A2 & o=y 3DZYE Aol A= (9)

a7} CHA
(B, HFLU )

1. D5.2mm Drill
2. MGTap

270 e

1. D5.2mm Drill
2. MeTap

[>
BN
i)

(vh) W5 DI Aol

n

ZHUY & z4 &4 D

BN
i)
=
ofo
N
i)
A
>
S
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ESNE

- 106 -



HE| A 2R S

ZHH & =9 <4 06

FHe|S 2X| EE
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<A (6)

f

ZHUl &

PR ES
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= z=9 <4 )
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=

-8

[| o

(10 ) H*=0 3%

=

=3 &

ZzH¢44 (D

(11

T\ LEO| HAEE ZUE
| 2. EOiF =xjo] =2
F = OIHES Talst

- 110 -




=4 (12)

ol
N

oo |
e

N

300(265)
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2 A 2ZES oo AEZ7] wE3}F MY
(b 3D
O ¥ 3D RAEES HAsliA Z7]o= 2DHHE dH2=EHolEH CS6 64biteH Mol A 24
< st 1P A& AR
O goles FACE gARIF AAEE AR on, golxe F2 71201 Grasshopper=
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w53 e HuEd tAAe ddsty AnEe DAY

I

) 2dy 2ZEYY

O 3DZHE A= YukA o2 STL(StereoLithography) Y-S o] &3t ZeEmdlS AA T
3DZAE ©o]E= Meshdo]E] S A &3] o5l =2 Rhinocerose A%, 7|2 wdl
Zo] =S AEE 3 File "wl% - Export Selected W] /E A Elsle] STLE I3 (o]

STL File Type< BinaryZ A#). ¥gs STL9YS o] upgl Mesh Data FixaA S A

QEALLE g o Z A 2 A O Z Mesh HlolE Ao 7153 =z

o AtElE HolF

<3 3.2.27> Mesh ©lo|8 40| 7bed Z219 Abg

e e A= 4
g o
Meshlab Sourceforge
& A4, DAY 5 hFS 75 A
. o
Meshmixer Autodesk 2O 3D maE s
. )9 of
Netfabb Basic Autodesk ) N
Microsoft& T3l ¢ &£FA4 A&

(th =9 & &ZEF9]
O 9&d 3D=ZAE A%3 CuraZzZ 1L 7|Hto g HolgE Importdlal Slice HolHE

AZsla 71718 FErE e, ol oA s IDZHEHE FES7] Y ZE2aH S HY

e

=

- 113 -



{3 3.2.28> 3DZHE] & Slicer software A}

Software Developer Print Preparation Slicing
Ultimaker Cura Ultimaker Yes Yes
Craftware Craftware Yes Yes
KISSlicer KISSlicer Limited Yes
Repetier Host | Hot-World GmbH & Co. KG Yes Yes
ReplicatorG ReplicatorG Yes Yes
Simplify3D Simplify3D Yes Yes
Slic3r Slic3r Yes Yes
Skeinforge Skeinforge No Yes
DPrinterOS 3D Control Systems Ltd. Yes Yes

19 3.2.56 Cura® Importd Mesh Data

(@h) H <l oi(firmware)

O Hoole EH 2E4A2Y FHol<l vtd FAAE 4 ARSI 71719 A"E 5
A5t A =

O 2ad 5o e BAAE AA /M 2oz F2Asta 24+F HAEYEE 7|dte 2 H3F
HE Aoz &85 53 AH Felo=2 7).

O /Mgt 3DZAE L] P o 229 Ly JFHIAA HEF o 5395

(3) A7) AZE B W FH A
O @38 3D mFHS fJaiA 7o+ 2DHolBHE dE=Ed ol CS6 64biteH Aol A =4
2 AYstel 1Y AP A%
O Bl FAHOE UAAT AREE A%
S

Fom, gole] Z# 121l GrasshopperZ
2E3 sdo] Y EY gAls JPsta AdaE

= Ay



), 3DZE o H

154 JSue B9 4A L AL

1) AR = 7o) 24 2 A% ALAFE A=
Oh 17 =9

O t= 3D=ZHE

3 =(Hot End)
- ste] ZHE 3=

= el F o) ool Aold Aust Y bsIEs TAEk,
el EeL 1A Aglo] FAlo ZdY 7Hegt
- Od FHe) dde Ao FHSES OO 4o wE 7L e 1A
g M
— —|
o l /
- J ] J_ !
F
l Register & thermistor
i Register & thermistor E’lg .np
Cts 3D=ZZ2E = e wH Eel =
19 3257 ZgH = Wi 5l =9
R Ilee ‘0% 23 $89¢ EFete 349 =dE A= B ol e 339
IHE’ WA E 53559310-2016-0058334)
O 3D=#E & Filament maker & Hot End 7§
- 0% 9318 £y B4 49E = A
- A8 Feo ARE TgelA TRl dake 2Fe 29Y 5 AL
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9 3258 v Azl £948 = AN

() 22 =<

O 23 maRE 134 AWe sl=o) AFRele] Lxzdyo

O I3y £ d7xle] 73] B iEH H2ES

=

2ARE AWAT A5
Az A B SARon oF 0o 193 Rol AR Yo AdAsy H
AsEE. AZoEE AWAA wPe o 1YF Lol BehWES] FAo atetd A%
§ A 2B s 292 JhFekel §BS sod ALY Y @A B A7 )
W WS AGHE Aoz A YA Aslol webd TR PRl e £ ¢
o BF2AE AT ASolE 1 §E mehA] 2AFPA] Dolg 2K vl

old s o] detA oyt st GAIZE A=
"-", - _
T y ( f ﬂf
1.75mm 1.75mm 4.1mm
All-Metal All-Metal Teflon Tube Teflon Tube Bore
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DIMENSIONS

T
SPECIFICATIONS  wnt=emm ] O

PHASE s 2 PemsE COMMENT T wE

STE? aNGE = 18+ 5% * /STER i .l

WOLTAGE =1 I - i

CLESENT R 30 APHASE #ED 2 -

FESISTAMCE -3 154 20% SuSwasE

INDUCTANCE s 5 §2 20% rwey PRASE

_ SOLDNG TORQUE  B%% | 280 Mom Me
——— | DETENT TOAQUE cume | 12 Mo M - ) - m msm
. DSUATIONQASS mass] 8 LI CEICE | —_——
—— \SAOST™ME sxmel awG2 wice? T __mr ) TI1 1 1 1
-— SO0TOA TORQLE noae 800 gov* : : : 1

e —— ] nras

O 3261 22 2d &H
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() 32 =4

a9 3.262 32 2d BEF AR

DIMENSIONS

JO

™

SPECIFICATIONS  unir=mwm
| STEP ANGLE 884 5% * SSTER
[ rae a8y
|CumRENT 1.0 APHASE
| BESIETANCE | L5 10% G /PHASE
| IR AT ANCE ] &8¢ J1% i PHASE
G LI} 200 W M
[HT 137 M.cen Max
NELNATION CLASS  #SHwm | A
| LEAD STYLE ML AWGIZ UL 00T
| ROTOR TORGLE weate | 800 g ow’
[ o i 5:4

ARG

Cl
Eof LA |
i |
T

23H52430AG5 L. LDI'!ES- MDTD‘E

| R

a4

3263 32 =d =9
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O Filament maker & A°FIE 3=
- Y3 A 57} o ELdHGEEE Ao 8 AAHES fFo| Z4LEA UL F IEE

eEE Aojstel xF By AN

drgdo| X = =7l |E)dHS

CHE =3 88992 EEsts 3%t =2lH 8= 3 o|E =Zetsle
e . . i , , o PCT/KR20
3%t =2l E{(Three dimensional printer head for discharging multi printing PCT 16/011334

materialsand three dimensional printer having the same)

19 3.2.64 Filament maker-3| & 7]|< & £ALz)

) AEAZ Ao ZHHIE dIFEETE B4 =844 H7HTest D
O g3t etz A g o 2= Fluke Thermography ¢ Fluke Ti090_9hz Thermal Imager®
SHAEASAY. O AFAYY AA AP Accuracy : +2C or 2% of Reading,

Measurement Temp Range : -20C to + 250 C o]t} WA EXE AP ZEM e F
3ol R EAZ o] YEd 883 WMIE A4 EAete] s dEEx yESs #43)

Zow FHstRoH ITA AA Al dFsA

O Test 1olAe 71€ BHHMES AH €& F A= T d& 259 ¥sE A AS
sHAth o= 7IE 3DZHYH o] dRb AHHES AR Y| AT ¢ A vold
EDirect) ¥4 = 7IHro 2 sth. ¢4 AALEE A%t olF 2EHILE A =A35]
o 7€ WHo® ARG A 7IE AZtd tiY ZdEd e HEESo® AFHen g
DX | WA o] s AX EE&ZQ SHAAE 7€ =S AHRSe AL 2

v7F ek
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a9 3.2.65 BEAEo] 75 o] el oiE 19 3266 o] % AR EIS E3
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O Test 1

<& 3.2.30> TEST 1

A 2016-11-12 @& 3:36:58 FIX SDE@‘%EIIP@@.&@H
SALE: 0.95 HIAF 5F: 716 °
Jtoiler HZEL A Fluke Thermography Tig90- 14100451

IR000019. 1S2
3D IR

Ol0IXI E&
S

Ha 25
OIDIX &<
9+EHIE+ o4
IR &N 3D
OSP B &
OIDIXI Al2¢
me Xl

o
23 #e

JI= OI0IXlI OHA

0l ec
Jt20 XIE  403.5°F

SOl et
~406.1 ;
352
| 312
272
232
192
152
112

-64.8

JtAIZ & Ol0I X

1.00
96.9°F
64.8°F — 406.1°F
Ti90
60 x 80
1.1.96
2016-11-12 2& 3:36:58
C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
[R000019.1S2
14.0°F - 482.0°F

SALE
0.95

bH &
71.6°F

(3) B7F Ao wg ZHE3

O Test 29| -= 71&
A8k ZH/\}%O

= 71Ee] 5

)

AT EEEH =

KN
=
APAT} Ee| ARE RS $2H o

t—l
=
o
=

o] H-E A AA 9 A ZH(Test 2)

e 277} Aol o) AdRuA T O we s
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<& 3.2.31> TEST 2

RO00024. | S2
AL E R

2016-12-09 2= 11:50:07 DSOS Al A

&

BIAIS : 0.95 BIAF 2%: 716 ° F
Jtolet HIZELE A Fluke Thermography ol et Ti90-14100451
~202.0
192
172
152
-132
=112
—92
— /2
—-56.6
i
IRO00024 . 1S2 JIAIZ& OI0I X
3D IR
O|0IXl HE
SSn); 1.00
H7 25 66.1°F
Ol0I Xl &< 56.6°F — 202.0°F
JtH et 2 Ti90
IR AA 3D 60 x 80
DSP H& 1.1.96
OI0I Rl AlI2F 2016-12-09 2= 11:50:07
o Xl C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
|R000024.1S2
28 gHe 14.0°F - 482.0°F
JI2 O|0|IXl OFAH
018 2c EIUNE=S i &
o2 X3S 119.6°F 0.95 71.6°F
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<& 3.2.32> TEST 3

IR000025. |S2
AL E R

2016-12-09 2= 11:55:15 D E LIRS Al A

&

N E=N 0.95 HIAL 2%: 716 ° F
o2k HIZELL R Fluke Thermography JtHal 2k Ti90-14100451
~397.0
352
—-312
272
232
—-192
152
-112
—72
437
e
IRO00025. 1S2 JIAI & 0]0I Xl
3D IR
Ol0IXI BE
E 1.00
7 25 71.7°F
Ol0I Xl H+< 43.7°F — 397.0°F
JtH et 2 Ti90
R AN 3D 60 x 80
DSP H& 1.1.96
OlOI Xl Al2F 2016-12-09 2= 11:55:15
e <Xl C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
IR000025.1S2
23 899 14.0°F — 482.0°F
J|I= 0|0|XlI DFH
018 2C BIALE i
24 X& 211.1°F 0.95 71.6°F
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<& 3.2.33> TEST 4

IR000026. | S2
SA 2016-12-09 2= 11:55:59 X DEEI E LI XIS Al AINE]
N E=H 0.95 HIAL 25 716 ° F
JHolet HIZY M Fluke Thermography It 2t Ti90-14100451
—424 2 = =g
—392
352
—312
272
232
192
—152
—112
L5438
E
[RO00026. |S2 JEAIZ & 0101 Al
3D IR
Ol0IXI A&
E 1.00
o 2% 83.7°F
Ol0IXl ¥< 54.8°F — 424.2°F
JtHet 2 & Ti90
R A 3D 60 x 80
DSP H& 1.1.96
OlOI Xl Al2F 2016-12-09 2= 11:55:59
e <Xl C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
|R000026.1S2
28 89 14.0°F — 482.0°F
JlE 0|0|XlI DFH
018 2 BEALS i &
Jt2d XI&E  223.7°F 0.95 71.6°F
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<3 3.2.34> TEST 5
IR000027. |S2

SAE L 2016-12-09 2= 11:56:22 <X SDESIEIC| KOS AAIEH
N E=N 0.95 BIAL 2%: 716 ° F
Jtii2 MIELLA  Fluke Thermography Jtaet: Ti90-14100451
~394 2 '
352
=312
272
232
192
152
=112
54 6
E
[RO00027 . 1S2 JEAIZ & 0101 Al
3D IR
100+
O|0IXI B&
= 1.00
7 =25 84.3°F
Ol0IXl H< 54.6°F — 394.2°F
i et 2 Ti90
R Al 3D 60 x 80
DSP H& 1.1.96
OlOI Xl Al2F 2016-12-09 2% 11:56:22
o 2 Xl C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
IR000027.1S2
23 899 14.0°F — 482.0°F
Jl= 0|0|XlI DFAH
018 2c BEALE o A
Jt2d XNI&E  240.6°F 0.95 71.6°F

(4 W8 Aews 53 HZF AA 2 A2H(Test 3)

O Test3d| A= T t2°ﬂ 1] e o] O 9 FSHA ot AAHA son &
S¥3lo Wz 9B YE2E x, y, z Axis 3¢ &=Feed 283 F U
o] 71FHsld wE & «l HlsE 24 24 gt AMANGEA HRom vpRy Ak
A3 s /\PJ‘-’— 3o %3—%‘3}{— Hot EndE &93ta E4& A&t Aol HFstdth A2

2 |
[‘SE.
g
(n
L
L

<]
=]
o
41::
r[r
JHU
k3
n
Bt
[}
32
iy
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<% 3.2.35> TEST 6
IRO00069. |S2

A W 2017-03-04 2= 10:12:03 A X 35)EE|QEIIF9=
E
EWNE=N 0.95 BHAI 2&: 71.6 ° F
Jtoiet M A Fluke Thermography Jtoilet: Ti90-14100451
~376.6 s '
332
302
272
242
212
-182
152
122
92
64.7
‘EF =
|RO00069. 1S2 JEAIZE 0101 K
3D IR
Ol0IXI HE
s 1.00
T 2% 88.0° F
Ol0I X 8= 64.7° F - 3716.6° F
ot 2 Ti90
IR AA 3D 60 x 80
DSP H& 1.1.96
OlOI Xl AlI2F 2017-03-04 2= 10:12:03
e X C:W Usersit k3dpit Desktopit DCIMK 100FLUKEW |RO00069. |S2
28 e 14.0° F - 482.0° F
JI2 O|0IXlI OFAH
018 2c BFALE HH &
Jl2d XI&E  138.7° F 0.95 71.6° F
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<& 3.2.36> TEST 7
R0O00070. |S2

A 2017-03-04 2= 10:12:13 SDESIEIC| Aol Al Al
=
BIAIS : 0.95 BEAI 25 71.6 ° F
Jtolet HIZELE A Fluke Thermography il et Ti90-14100451
_3675 _ - ,
332
302
272
242
-212
182
152
122
52
-60.5
&
IRO00070. 1S2 JEAIZE 0101 Xl
3D IR
100
OI0IXl AE
=Sl 1.00
a3 25 81.5°F
Ol0I Xl ¥+ 60.5°F - 367.5°F
Jtil et 2 Ti90
IR A 3D 60 x 80
DSP H& 1.1.96
OI0I Rl AlI2F 2017-03-04 2= 10:12:13
o Xl C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
|[RO00070.1S2
28 gHe 14.0°F — 482.0°F
JI2 O|0|IXl OFAH
018 2c EIUNE=3 i &
Jt2d XN&E  117.6°F  0.95 71.6°F
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<& 3.2.37> TEST 8

RO00071. 182
AL E R

2017-03-04 2= 10:12:36 DL CIX S Al A

=
ENE=H 0.95 BIAF 2%: 71.6 ° F
Jtoilet MY A Fluke Thermography Jt0il et Ti90-14100451
~87.1
—83
—80
—17
74
71
—68
—Bb
62.1 ﬁ.- .
> & & a
|RO00071. 182 JIAIZS Ol0I X
3D IR
OI0IXI &2
= 1.00
o7 25 68.5°F
Ol0I Xl &< 62.1°F — 87.1°F
JtHict 2 Ti90
IR &N ZJ| 60 x 80
DSP HH& 1.1.96
OI0I Rl A2} 2017-03-04 2% 10:12:36
e X C:W UsersW k3dpW Desktop¥W DCIMW 100FLUKEW
[RO00071.1S2
823 99 14.0°F — 482.0°F
JIZ Ol0IXl OtAH
012 2 EINE=: HH &
ot XS 69.5°F 0.95 71.6°F

- 128 -



<& 3.2.38> TEST 9

[RO00072. 1S2
A 2017-03-04 2= 10:12:55 2 X DESIEC| KIS AHEH
ALE 0.95 BEAb 716 ° F
=2&:
Jtol2t HE A Fluke Thermography IOl 2t Ti90-14100451
~433.7
—392
352
—312
272
232
—-152
152
-112
—-60.4
E
IRO00072.1S2 JEAIZAE 010X
3D IR
O|0IXl HE
s 1.00
H7 25 84.6°F
Ol0I Xl ¥+ 60.4°F — 433.7°F
Jlnlet 2 Ti90
IR A 3D 60 x 80
DSP H& 1.1.96
OI0I Rl AI2} 2017-03-04 2= 10:12:55
e X C:W UsersW k3dpW DesktopW DCIMW 100FLUKEW
IR0O00072.1S2
28 gHe 14.0°F — 482.0°F
JIZ 0|0|IXl OFAH
018 2c EIUNE=S i &
or2d X3S 85.3°F 0.95 71.6°F
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ool Zeoldt ARVt &9 Jhsste] ARIRdS Yt AR F2 2 =9 7wt
3D=ZHH = s SsI

Q) HY ¢ Ay FF ¢ 3Dp=EH

O #lM Agd vz D=
ol el gold MBIt &

g A 7s A
IE(Hot End)E E3) st =8

E S YRoH F )
29 shaio] WY A4 AR RO Ped DAY d=
o ga gk

@) YAZY muo)Fel AW A% D B}

O xee Pre

19 3270 AAR REelW F4 wHe] Ay WA TR

O Bz eae 24 WA=

o1}, $Ae gAR QI3 ZggES e B

445-g AESHE Aol BB ARAY S5
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a9 3271 YAE Mgt ZUEY REoly Y=

Ab 3DEZHEH AEAFH ZAA
(D) 98 3D=ZdE T2 A~

(b 3D =EE 2y

Top |-}

(W) &gtolA Z2adoA dolg B3 27] & G-Codez W3, SD7I= A%

Update nteral 50 % sec

T

Bosin Prining over USE

*n

Savs Toolpaths 1o Disk.

it Prviem Mode

, STL &k A%

a9 3272 3DRdE zzgHes 83 3D mdy 29

Preiew Mode

Previwing fle from lne 1 t0 93064 (layer 01075

19 3.2.73 £etolx ZE2 WS F83 G-Code W3 &<
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(th =g ALY ON, SD7t=E 44

a9 3274 AdE E ZUE Y A9 On ¥ SD7HE A

() Auto Home 2A, =29 = 0,002 o]F

1% 3.2.75 Auto Home 274 2 =29 93 olF

(mp W= Elo]F 2, ¥lE =o](Bed Leveling) %3

il

19 3.2.77 SD7=o] A" Holy A3 W =F 2% 39|
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(2) G-codery A& Simplify Z=Z 134
O ts2 dE 3D=A”S faiA A&s|oF st= G-CodeB S HAsA Setolx] ==
Z Simplify Z2 302 A 2H G-code AW g Aol

(b Extruder

| Extruder | Layer | Additions | Irfil | Support | Temperature | Coolng | G-Code | Scripts | Other | [»]

(click. itgiﬂtrtuodzrdi%iztettings) EXtru d er 1 TOO | h ead

Extruder 1 1 Overview
Exiruder Toohead Index [Toal O x
Nozzle Diameter 040 5 mm
Extrusion Muttiplier 1.00 z
Extrusion Width @ Auto Manual (045 | mm
Ooze Control
V] Retraction Retraction Distance 3,00 s mm
Extra Restart Distance 0.00 S omm
Retraction Vertical Lift  0.00 | i
Retraction Spaed 2500.0 &= mm/min
| Add Extruder \ | CoastatEnd  Coasting Distance 0,40 mm
W] Wipe Nozzle Wipe Distance 0,50 s mm

| Remaove Extruder ‘

a9 3.2.79 Extruder 2% &

S x4, ~AESKIrt), BZERaft), AZESupport), -¢-71(nfil) 5 RE FE ZHo|

o, 718 Fe 1.002 HAg=Eo 9.

- Extrusion Multiplier : s wirol e AAHA Fejo] lof mZolA Y& BeuEs
2
[]

* Extrusion Width : Z=220] & sgholdsts A 49 AL FAE dHs=

=].

* Retraction Distance : B|EHA 7|5& AP o J8== AZdE 2H3<= v

*HEHA 3 HoloE EE3 T U3 #HoloE olFd wl, =& EolA IYWMET}L Ajo]
LE AS A IA =& Y FoA AHWES 92 o= Vs AT 7Ie s T3 A
EZF Aoyt 209 e FEE 2895 9Fd UEve AS BAT o

- Extra Restart Distance : ZlEZAH & tha JHWE S5 A&t A =52 oA
EE zolgdzl wbE tA] 4EsHA "ot SFA| W Extra Restart DistanceE wloly 2~ oz AR

A Hw o] AdE 29 & k.



* Retraction Vertical Lift : =& A Y EHHS & wnjt) £ 2 H=E off-9 & =2

=20 U SYHEE olsstr] A 7€ 8= 7A ¥4 e 7%

* Coast at End : & #oloje] &g o] EUs Hol &0 =5y A, 488 FA0EF A
FH HAWE ¢ES Ut o dololE EY35t7] A =& WHolA EHETE Ao Yes
g HA g

* Wipe Nozzle : ¢}o]= 7]52 3 #HoloE 83 AF =& £ E2 FHHES A2 #
gdo oA EHUeA e 9TS Il Coast at Endel 2 ZZ oz A{EHE 7]%5o|Aut
Coast at Endv= A9 FvtE dgt RMEVE hEHA &7] wwol S8 o Fo oA &2
Eo] A4 4 9o ¥bH Wipe Nozzlee RE F7Fo] 100% A 7] W&o o 9AE 28 &E

2
< 7l1E F Ut
(1)) Layer

| Extruder Layer Additons [ Infil | 'Suppor{ | Temperafure 'del'i'hg | G-Code | écﬁbfs | Gther q}]

Layer Settings First Layer Settings
Primary Extruder [Exruder 1« First Layer Height 100 = %
Primary Layver Helght 0, 2000 S mm First Laver Widih 100 = %

= First Layer Speed 40 & %
Top Solid Layers 6 .
Bottomn Solid Lavers 5 = Start Points
Outine/Perimeter Shells 2 2 Use random start points for all perimeters
Outiine Direction; @) Inside-0ut Outside-In @ Optimize start points for fastest printing speed
| Print islands sequentially without optimization Choose start paint closest t0 specific location
| Single outling corkscrew printing mode (vase mode) ® |0 + Y3000 5 mm

2 3.2.80 Layer A4
* Primary Extruder : &8 Al Al&3le =&

* Primary Layer Height : #lolo] 574 27, 3ol &&=
%

w2 FAo 9ol dAHAN w2 FH9 =¥

« Top Solid Layers : =42 mlx|g} SIHLE 100% A--712 ) o] w] 100%= =82 A
Nes =243

* Bottom Solid Layers : =412 1

SiHy vk A 2 Bt A s 100% A 971 =
712 29T #oloj & =4I

e
J8

ot 100% -5

« Qutline/Perimeter Shells : 218 74 A A

« Qutline Direction/Inside-Out : 3% W7ol AT AL, J¥He Id o gZE ¥ e 78 =
HZAE ¥ & TdEh ol &4 4 T TSR 253 FHE, & Y FJEE SHY o

Fgteh
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* Outline Direction/Outside-In : /¥ & 1¢¥ u] vlZ&E HE 1d & F& ¥ 1T

|t

* Print Islands Sequentially without optimization : 2z} Z} t©f
gk 71EA AddE 9ol g

* First Layer Height : A #lo]ole FAE AA 3= v

* First Layer Width : A d#lo]o] t&#FS HABst= Hlw.

- First Layer Speed : =41 A #oloj& 7|8 244849 =9

L
IT.

*+ Use Random Start Points for all perimeters : #@lo]ojo] &3 AZH S AT AHozw HAs)

A g3 Yo g HAFse 7.

* Optimize Start points for fastest printing speed : 3+ T E

e BEE oBY W, AFOE MY S WS Hoh FHL AYHE )%

* Choose start points closest to specific location : #@lo]o] &8 A] AZRHE 54 HA=Z TAHA

7= 7%

(th) Additions

| Extruder | Layer | Addiions | Infil | Support | Temperature | Coolng | G-Code | Scripts | GCiher < [»]

Skirt Settings Raft Settings
| Include Skirt/Brim  Skirt Extruder | Extruder | || Include: Raft
Skirt Layers
Skirt Offset 1,00 mrm
Skirt Outlines |2

9 3.2.81 Additions 274 #

Raft Extruder Extruder

Raft Layers

Raft Offset 1,00 mm
Separaton 0 14 mm
Raft Il 85 %

Disable raft base lavers

* Skirt : E¥o] AFEr] Aol E¥E FH Ae I8, =F <ol HoldAY FH BEod=
= 5

- Skirt Layers : A7 E9] Ho]S HASE o ¥

- Skirt Offset : ~AHES}H EA|9] 1+4& A= .



+ Skirt Outlines : =

» Raft :
Zog wro

* Raft Layers : 2}ZE9] golo] 5 2H3st=

+ Raft Offset : 2} E7}

* Separation : 28 & vlgHIL FZE Alo]o] ATE

ZzAs= 715

* Raft Infill : A&,

D BFZE npxuk glojo]o] A9-7]

* Disable Base Layers

T HZEE Hth g #l=ddA wojd 4 Qlth
(2} Infill

Extruder | Laver | Addtions | Infil | Support | Temperature | Coolng | G-Code
General Irfill Angles
Infil Extruder [Extruder 1 =] 0 Gldeg  as
External Fil Pattern (Rectiinear - | AddAnge | |45
Imterior Fill Percentage 20 =1 ‘M|
Qutline Owverlap 20 s % ——
Imfill Extrusion Width 90 =%
Minimum Infil Length 0,40 [ mim
Print Sparse Infill Every 1 + laver(s)

Include solid diaphragm every |2 layers

V| Use random infil placement for each laver

a9 3.2.82 Infill A4 #

* External Infill Pattern
Aeshe o

- Interior Fill Percentage : &2 W& A $7] A=

B ZE A folo £Y Adx BE o g

. ZA9 A #ololel vhX} oo} 717} of

HdE5S S92 A4 A

] AF

g ¢z 29 9=
Scripts | Other |4 [»]

* Outline Overlap : WH#E A+ FAETVL o3 dupntd Axd A =2A4st= W w.
* Infill Extrusion Width : EAl¢] YF& & o ¢=5 = FHHE FAE A= v

* Minimum Infill Length : 3ll& %] ©]/d<]



* Print Sparse Infill Every _ layer(s) : A4 ¥ <ARE2] #olojuith 2977k %13,
* Infill Angles : x}-¢-719] Zt=5 AA = w7,

(b Support

Ewruder | Laver | Addtions | Infl | Support | Temperature | Coolng | G-Code | Scripts | Other 4 [p]

Support Material Generation Automatic Placement
Generate Support Material COnly used if manual support is not
dafined
SURRATT ERTHTET | ERTUORT ] Support Pillar Resolution 4 .00 mm
Support Infil Percentage 40 v % Max Overhang Anle A5 deg
Extra Inflation Distance  0.00 mm
Dense Support Lavers 0 Support Infill Angles
Dense Infil Percentage /1 % 0 FBldeg |
Print Support Every . layer(s)

Seperation From Part
Horizontal Offset From Part 0:40 mm
Upper Yertical Separation Layers |

Laower Vertical Separation Lavers |

1% 3.2.83 Support A4 #
- Support Infill Percentage : A1ZE°] UF 7] A=S HASE ¥R
* Extra Inflation Distance : EA4¢] 99 npgo g F714Q0 MEXEE s 7%

* Dense Support Layers : A|ZE7} E4|¢ AF ¥+ FE9 F doloje 7|8 44 Bth ¢ =
S UEE Eg¥dY.

* Dense Infill Percentage : =4 B HF& AXEVF dupitFe] AQ97|2 28692 A AAH5)
- ™

* Print Support Every __ Layers : 2 #ojojnitt AXES ¥ TA] HAst= W)
* Horizontal Offset From Part : =49t AXEV} ¥+ 3319 AZE A= 1
* Support Pillar Resolution : 42 AMEZES FAE AAst= HF

* Max Overhang Angle : 2 130] 25O 2 AXEE AHHT w 7|Fo =2 AA He 7=
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(¥} Temperature

[ Ewiruder | Layer | Additions | Infl | Support | Temperature | Coolng | G-Code | Scripte | Gther |4 [k}
Temperature Controller List
(Click Horn t eci sefings) Heated Bed Temperature
Extruder 1 Temperature Lierian
|Heated Bed Temperature Identifier [T0 -
Temperature Controller Type: () Extruder @ Heated build platform
Relay Temperature Between Each: [ | Laver [ ] Loop
[¥] Walt for temperature controller to stablize before beainning buld
Per-Layer Temperature Setpoints
| Laye; “Temperature ‘ ‘ Add Setpoirt ‘
|1 55 Remove Setpoint
\ Add Temperature Controlier I Layer Number 1 :
Temperature 200 5 °C
Remove Temperature Controller |
1% 3.2.84 Temperature 234 %
* Temperature Controller List : =& wWl=9] 255 AAst= vlw
* Per-Layer Temperature Setpoints : #= Temperature Controller ListollA] 7
g He ¥ ex3 MASE v
(AB Cooling
_ Exiruder | Laver | Addfions | Infil | Support | Temperature | Cocing | G-Code | Scripts | other [4[¥)
Per-Laver Fan Controls Speed Overrides
(8| e i Add Setpoint | [v] Adjust printing speed for layers below 150 < sec
,1 0 ‘ e e | Allow speed reductions down 1o 50 = %
2 100 -
Layer Number 1 v Fan Overrides
Fan Speed 60 - % Increase fan speed for layers below |45 0 sec
Maximum cooling fan speed 100 ©| %
[ Bridging fan speed override | 100 = %
Fan Options
[ Blip fan to ful power when increasing from Idle
19 3.2.85 Cooling 244
* Per-Layer Fan Controls : 239 255 2Ast= v
* Adjust Printing Speed for Layers below Seconds,
Allow speed reductions to % =A° "ol me} 29 £5& Hs= 7 s
* Increase fan speed for layers below Seconds,
Maximum Cooling fan speed __ % : Ho| WE &8 &% A 22 A= A
st= 7%
* Bridging fan speed override : B8lx] A A 715 &S A= W
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(P G-code

| Extruder | Layer |

G-Code Cptions
Relative extrusion distances

Use independernt extruder axes

G-Code Offsets
H-Axis

=

000 =

Y-Axis

Offset oo s

(Ab) Scripts

f E%irgdgér w Layer Aﬁid}'tit';mg Irfil

Starting G-Code

Addiiens | il

V| 5D firmware (include E-dimension)
V| Allow zeroing of extrusion distances (Le. G982 E0)

| Include M101/44102/M103 commands
V| Firmware supports "sticky” parameters

Z-Axis
0.00 & mm

a9 3.2.86 G-Code

[ Support

Layer Change G-Code. | Tool Change G-Code |

Stpport | Temperature.

| Temperature

| Coolng | G-Code | otner | Acv < Eb]

Scripts
Update Machine Definition

V| Update Machine Definition using settings below

This is & convenient way to uedate your machine definition
along with vour FFF profila. It s espacially useful if you are
constantly switching between different printers.

wachine type |Cartesian ropot (rectangular volume) -
A=Axls Y=Axis Z-Axls
Buid volumne 145.0 v 1450 - 160.0 - mm
Origin offset 0.0 v 0.0 v 00 S mm
Horming dir  [Min +| [Min | [Min -
Flip bulld table axis [ | ¥ V1Y [ Z
R
| Cooling | G-Code | Scripts | Other | Advi4 k]

Endina G-Cede |

G28  home all axes

GOz EO

GO x0 ¥120 F 4800
GO £0.2 F1000

G92 E0

GO X0 %20 E6.0 F1800
(GO X0 Y25 F4800

m

Post Processing

Create .x3g file for MakerBot printers using GPX plugin (see Toals > Firmware Configuration for conversion settings)
Add celebration at end of buid (far %39 fles only) |Random Sona ~|

| Create .makerbat file for 5th Gen MakerBot printers

Additional terminal commands for post

processing

(xh) Other

Extruder | Layer | Addtions | infil
Speeds
Default Printing Speed 4800.0
Cutline Underspeed 70
Solid Infil Underspeed 90

Suppart Structure Underspeed 80
®AY Axis Movemnent Speed 6000.0

Z Axis Movement Speed 200.0

Dimensional Adjustments

Horizontal size compensation 0.00

19 3.2.87 Scripts 24 #

Support | Temperature |

< mm/min

< mm/min

< mm/min

=

w Mm

Cooling | G-Code | Serpts | Gther [ adv < fb]

Filarmert Properties

Flament diameter 1,7500 [ mm

Flament price 46.00 S pricefkg

Bridging

Unsupported area threshold 10.0 < samm
Bridging extrusion multiplier 60 = %
Bridaing speed multtiplier &0 < %

* Default Printing Speed : 7]

e
e
i)

* QOutline Underspeed : &4 £J¥ <]

a9 3.2.88 Other A4 #

C1ET FEY g2 55



* Solid Infill Underspeed : =42 A& &2 vhA2 oA 7 100%= YA = dolE 7]&

£5Hg § Yo 252 Zds] 9T v

L
=)
ho]
(@]
=}
5
Q'.
g
(@)
5
(@)
=
ho]
(@]
(@]
(@)
>
5=
(m
e
)
>
)
ofo
i)
rlr
Ipr
b
Ll
N
o
P,E
rlr
=2
4r

* X/Y Axis Movement Speed : BHWEY 4EHA && W, F J=rt 29S8 1A ¥

HEZ T@<d] o]5Rt gt A5 A= 249
+ Z Axis Movement Speed : Z = 3 Y &%,
- Filament Diameter : A}-&3t= ZAHES] FAE Yg€st= v
- Filament Price : AH-8-3H= FtiE9] 7124S HAAste v
* Unsupported area threshold : B.31%] AAo] HLEH= HA WA,
* Bridging extrusion multiplier : B 21x]¢] A9 dEH= HGHE &F& 2Bst= ¥w.
* Bridging Speed multiplier : B3l Ao A E&H = &8 £55 ZAHst= ¥

(b Advanced

er | Laver | Addions | Infll | Support | Temperature | Coolng | G-Code | Scripts | Other | Advanced [4]

Layer Modifications Ooze Control Behavior
| Start printing at helaht 0,390 mm V| Only retract when crossing open spaces
[ Stop printing at helght 0,00 mm V| Force retraction between layvers
| Minirum tranvel for retraction. 500 T

Slicing Behavior "] Extruder ooze rate 1000 [- mm/min

Non=manifold segmerts+ (©) Discerd @ Heal | Onily wipe extruder for outer-most perimeters

["] Merae &l outines Into a sinale solid model

Tool Change Retraction
Thin Wall Behavior

Tool change retraction distance 0.00 s omm
Only use perimeters for thin walls =
Tool change extra restart distance 0.00 - mm
@ Allow gap fil when necessary
Tool change retraction speed 360.0 < mm/min

Alowed perimeter overlap 5 & %

19 3.2.89 Advanced 2 A

)
4
o

- Start Printing at Height : &4} AH&sts A4 #S 2HEY 54 AFFH HEstuxa &

Agate i,

* Stop Printing at Height : @A Al&3st= A #s SdHES EA AA™7A H L5tz
Ab-&-3k= Wl

ot

* Non-manifold segments : 545 ©]F+= WHHAGD 4L o]F= &F3 1EW o] 277}

AAY T AR Baol UEhd o8 AFow madE 7%,
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* Merge all outlines into a single solid model : EA129] &S 3slte] Fe2 A4 s= 715

* Only use perimeters for thin walls : §F

o
°H
of 259 &l e AF, A7 dAl ¥ <

sEe] Yol A $71%
grol @ W o 29,

m

* Allow gap fill when necessary : ¢F HEQ| 9|H¥S T7 £ i dnpikg o F3ts 44T

SES L B

* Only retract when crossing open spaces : gJE& o] A9} =4 Alo] 2 ¥l IO E o]F

< it A=A 248k v

* Force retraction between layers : gt #lo]o] &8 & o5 #Holo& ol of JEJHHES 4
gt #A3 7%

* Minimum travel for retraction : Y EDBAHE AHP3t7] 43 42 A 2A.

(o3

* Extruder ooze rate : 9}o] = 7]50] 53 & =Zoix EHULE AW E & =A3E V)

=
O .

* Only wipe extruder for outer-most perimeters : ¢}o|X 7|52 oY &7 Aowt ALESH7] 9

3 .
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.

(3) Simplify =213 37

e e dA ghko fo - W3l & =YES 35Tt
O =] g A4 Fo = HolH G-Code Mg &, ZHES XP3 .
(FE 32400 AA X 2=
ar YN =20 "o T =3
Extuder Lager  Addilons  Infil  Support  Tempersture  Cooling | G-Code  Scipts | Other  Advanced Exuder  Laver | Addtions | Infil  Suppoi Temperatwe Cooing  G-Code Scripts  Ofher  Advanced
- Layer S Fist Layer Sefi
ik ey Primary Extruder Toolhead ayseiiigp—— istlayon SoKngp
= Overview Primary Extruder |Pimary Exiruder  ~
Primary Extruder
Extruder Toolhead Indes | Tool 0 B Tl FistLayer Wi |
Nozzle Diameter  [080 T3] mm - First Layer Speed [45
Etrusion Muliplier [1.00 %] Teop/Solld Layete E___H e
L=t S art Poinis
Extrusion Width © Ao O Manual 060 %/ mm Botom SolidLayers  [3 ]
Ouline/Pefiicter Shelis [T 5 O Use random start points for all perimeters.
Dozs Contis] Outine Direction: O Inside-Out ® Ouside-ln © DR NG RRRe i asaet
. T O Chaose star paint closest o specifc acation
DReacton  Retraction Distance 1,20 mm (0] Print slands sequentially without optimization @ s
D= :[807 =1 v: 300 %
Exia Restart Distance [000__ %] mm 1 Single outine corkscrew prnting mode (vase made) L
Retraction Vertical Lift [0.00 3]
Retracton Speed
ot Bty [ CoastatEnd  Coasting Distance. m
T [ We Nozzle  Wipe Distance 0% mm
Hide Advanced | Select Models Cancel reneerll v T
Ediuder  Laver Addfions  nfil  Support Temperature  Cooling  G-Code  Serpts  Ofher Advanced Eduder Laver  Addons  Infil | Support  Temperatre  Cooling  G-Code  Scripts | Other  Advanced
e Skit/Brim [0 Use Prime Pillar General Infl Angle Offsets
Skir Extruder Primary Extuder ¢ Extrudr [A RGN 2 Infl Extruder [Primary Exiruder  Eldeg [
Skitt Layers [ § 203 mm Internal Fill Patern  [Rectiinear ¥ B |
Skt Ofiset rom Part [00__12] mm Pilar Locaton [ BREH Exteral Fil Patern [Rectlinear - T
Skirt Outlines. 2 B Speed Mutip| 02 Interior Fill Percentage [20 %
Outine Overlap ]
Use At Use Ooze Shield e
LIt [1tee GozarShil Infl Extrusion Width 100 3] %
ot Exenude Primary Ei G ze Shield Evtuder  [ANERGURES et
! 2 L= Minimurn Infl Length  [G00 2] mm
TR Ofiset from Part )
° Print Sparse Infll Every [T 3] layers
Rat Ofisat from Part (3002 mm Goze Shield Outlnes [T 1 o e —
[ Include solid diaphragm every (20 = layers [ Printevery il angle on each layer
Separaton Distancs (018 2 Sidewall § Watefal -
it wo: Sidewal éngle Change |30 %
Disable rat base Mullipler W=
Hide Advanced | | Select Models Cancel Hide Advanced | | Salect Models Cancel
Eduder Layer Addons Infil  Support  Temperatre  Cooling  G-Code  Scripts | Other  Advanced Exiuder  Laver  Addions  Infil  Support Temperaiwre Cooling  G-Code Serils  Other  Advanced
Temperature Controller List " Spes Filsment Propert
e o Primary Extruder Temperature o amork {gpton—
T el Default Printing Speed [0 ] mr/s Filament diameter [1.7500 (=] mm
Temperature Identifier T0 - Outline Underspeed [ 3% Filament price (46,00 %] price/kg
Teierae:Corller Type: @:Byiiser O Hestes it platorm Solid Il Underspeed 0 % Filament density [1.55 5] arams/cm*3
Relay Temperature Between Each: (] Layer [ Loop Support Sructure Underspeed [1 = —
2 Walt for temperature conroller to stabiize before beginning build XAV duds Moyement Speed 1600 ] mm/s Unsupported area threshold [T
2 Axis Movement Speed  [30 /s B prcted aresAN g ] samm
Per-Layer Temperature Sefpoints Evtra inflation distance  [000 3] mm
[ G o R | T Dimenslonal Adjusments Bridging extrusion multlier (80 1%] %
. i 5 i ipler = %
205 T Horizontal size compensafion (00011 mm Biidaing speed mutiplier  [10_ 5
Layer Number [T
Temperature 200
Add Temperature Confraller
Flamove Temperature Confoller
Fide Advanced | | SelsctModsis el ids Advaned | | Selact Models el

Nozzle Diameter : 0.5mm

Layer Height : 0.1 / 0.05 / 0.04 / 0.03 / 0.02 / 0.0lmm

Infill : 20%
Nozzle Temperature : 205C

Printing Speed : 70mm/s
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(4) 3D=ZHE G-code WA A

(b 300%300 mm A2}, #ojo] 2

File Edit View Mesh Repair Tools Add-ins Account Help

Show in Preview

[ Build table [ ] Travel moves

ETmn ad [ Retractions

Update interval 50 5 sec

Begin Printing over USE

*n

Speed (mm/s)

N

Preview By

of\i
ol
s
b
(=]
—
3
3

=
|

209 -agf aea@On-|

Save Toolpaths to Disk /W i Start l [ Single layer only
| e EdPevewMose | Seest: = Gy | 1 =
% 3.2.90 €8tolAd ZZ 3ol 300%300mm A2t IS B Q7]
<FE 3.241> 300*300mm &gtolsd Z=2% o] ME F
. . . . . Nozzle o
Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature
17h 50m 0.5mm 0.Imm 20% 205C 70mm/s
O 4@ 29& 0°30mne|) AEALE AP dolHeleh dAole] 43 YU 0lnm
Aste gHoR @4 AT LR o] wFo AL 0.5 HHE Y] om
o rdS B4 =& 0.5mme} #olo] Folv= 0.Ilmm 2] HE AR
20% 183l A57F PLAZEA @A =59 25+ 206CE FoA ZdHEH S AP

A AlEY o)A

HE A3o 17AFCZ vERT
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(b 600*1200mm Relief A2}, #olo] A5 HLE 0.1mm

File Edit View Mesh Repair Tools Add-ins Account Help

Build Statistics Speed (mm/s) Preview Mode
52 hours 58 minut

A0S ~HdQr Q2@ OR4x

Real-time Updates
[ Live preview tracking
Update interval 50 5 sec

Beain Printing over USB.

Save Toolpaths to Disk
@® Layer

| e~ EstPrevewMode | Speed: 1 Olie  End

Preview By
stat i [ Single layer anly

| MlIPlay/Pause |

1 =00

a9 3291 €dold =294 600¥1200mm A2 #d-S B 7]

<3 3.2.42> 600%1200mm <2teld =9 &Y A" @

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

52h 58m 0.5mm 0.1mm 20% 205C 70mm/s

O & 292 60071200mme] A EZA 2 21 dlolE o]t} #olof 35 AEE 0.lmmE A
Aste SHoRE dA AT AdE AR =F9 AEL 05 "R AAE] Aot 604l
Elo] nde EHEAA =& 0.5mmet Folo] Fol: 0.1lmm 1 YR Ao HAEE
20% 181 Qs+ PLA® zﬂ_xﬁ & EE 206CE OW AR S Aldsdn. AA)

AlEd ol He 4% S2ARC 2 UEEH.
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(th 600*1200mm Relief A2}, #olo] A5 HLE 0.1mm

O

File Edit View Mesh Repair Tooks Add-ns Account Help

Build Statistics Speed (mm/s) Freview Mode:

Ec e | Thous el 00
Z 153

2
¥

0
¥
1206 =
159
sl.2 o
5
618 | |
al
24 b |
177 9
30
o
=
4
Show in Preview P w
Build table (] Travel moves
[ Toolhead  [] Refractions O
i

Coloring [Mavement Speed  ~

Beain Printing over USE |

* save Tolpaths fo Disk-

o Prede
| MlIPlay/Pause | sart [ Single fayer only
o ayer

4 EtPreviewMods | Speed: ] O Line End 1< »]

a9 3292 £2ko]d =23 600¥1200mm Relief A2 9td& &3 27

<3 3.2.43> 600*1200mm Relief &efo]ld Z2 I3 Ao ME

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

137h 18m 0.5mm 0.1mm 20% 205C 70mm/s

\

0>’

lo ok (gL

3L 600%1200mme] A EAZS Y§ dlojEoltt. #Holo HF AEE 0.lmmE A

T stHoE @A AF M AuY =& AE2 05 HFHE A ot 604l

g By EoA =Z 0.5mme #olo] Hol: 0.1lmm I8a Wi Ao A=ES

20% 18] A S PLAZ A =Z9 L5 206CE Foj4 ZAUHS A3t A
2

AEdolAd HE 4% 13TAeE YEET

oo
m%i?i
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() 160*45mm Az}, g olo] A=

File Edit View Mesh Repair Tools

Build Statistics
Build time: | hour 33 minutes
Filam gih:

Shaw in Preview
[ Build table DTrav\mv
[ Toolhead DR!at
Coloring [} ' Speed  +

Real-t
[ Live preview tracking
Undate interval 5.0 = sec

~

Beain Printing over USE

Add-ins Account  Help

AU =

0.1mm

‘ e Bl Previewbode |

a9 3.2.93 £d}olA =2 ™) 160*45mm 0.1lmm A=

Spesd: 1 O Line End

AE AL A

=

2
¥

a4 & -ad-reaaa On-

[ Single layer only

1 <]

=827

<{FE 3.2.44> 160%45 0.1mm HZ= AU ol =213 Ao A" 7k
. . . . . Nozzle o
Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature
1h 39m 0.5mm 0.1mm 20% 205C 70mm/s

160*45mm<] M ZA)2+& 93

delefeltt. #olo A5 AEE 0.lmmE

o rlo

2 dA "q?‘ 71“%% Arle] &9 AFL2
‘%1eﬁﬁ Z 0.5mm¢} Holo] Eol= 0.lmm 1 WE AL %

ANz PLAR 342]] &9 25= 206CTE FoiA ZHUHEHS /‘]5301'9\9\‘;]'
Q'E &S 1A E YEgT

<+ 05 M= A= Atk 164
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(Wh 160*45mm A2}, #lolo] AF A™E 0.05mm

File Edit View Mesh Repair Tools Add-ns Account Help

Speed (mm/s) Preview Mode.

Build Staistics

4.
+

ot

Show In Preview

[ Build table [] Travel moves
[ Toolhead [ Retractions
Coloring |Movement Speed  ~ |

a8 -od-aeaa O-

in
Update interval 5.0 = sec
Begin Printing over USH

*n

S Preview By

Save Toolpaths o Disk | DliPlay/Pavse | g stat [ [ Single layer only
=, Exit Preview Mode Speed: ] O Line End 1
I9 3.2.94 €80l 2% 160*45mm 0.05mm A5 U= AL FL& o]

<3 3.2.45> 160*45mm 0.05mm 5 FEE Sehold Z=9) o] AR #

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

3h 3m 0.5mm 0.05mm 20% 205C 70mm/s

\

O

o

lo ok

1388 160%45mme] AZA S $13F dolEolt) #Holo ZE AYWE 0.05mmE A
= FdHoE A AF MEE Aule w29 AEL 0.5 vER AAFe doh 1641
29SS BHEAA =& 0.5mme} #Folo =ol= 0.05mm 283 YR AR AEE
% 183 ABE PLAR A &9 25= 205CE Foji ZHES Aot #A

A EFH A HE B AT E YT

N om oo
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(Hh) 160*45mm A=}, #lo]of A5

File Edit View Mesh Repair Took Addns Account Help

Build Statistics
Build time: ah minu\e

P\asut m zﬁEEg(D ity
©

Show in Preview

[ Buid table (] Travel maves
[ Toolhead [ Retraction:
Coloi si'm(sm\f |
Rieal-ime Updates

[ Live preview tracking

Update interval 50 = sec

%

Begin Printing over USE

*n

AWz (0.04mm

‘Speed (mm/s).

Preview By

Preview Mode

ERIE ==V L Hek-ERd

oX

ol

fr

il g
rulo =) l‘]o

oz @A A7 NEd Al e AF
EHEdA =

s+ PLAZ ?ﬂxﬁ
ol 5]—‘:— SRS 3N E YEEH.

LS
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206C &

| Save Toolpaths to Disk | MiPly/Pause ey stat [ single layer anly
e | o |
% 3295 £gtold =20 160%45mm 0.04mm A F AEE Az RS £ 7]
<FE 3.2.46> 160*45mm 0.04mm ZZ AW SglolA =213 Ao A" Ft
. . . . . Nozzle e
Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature
3h 46m 0.5mm 0.04mm 20% 205C 70mm/s
O A 29 160"mme| AEAE AT Holsolh dolo} 43 AU 00imms

2 05 "y = AAHHY 2)\3}. 1641
Z 0.5mm<} #olo] o)+ 0.04dmm I8 WE xfe9 %

ZolA ZAR L

AT



(A 160*45mm A2}, #lolo] AF A™E 0.03mm

File Edit View Mesh Repair Tooks Add-ns Account Help

Build Statistics Speed (mm/s) Preview Mode

time: 4 hours 55 m\r\utes
gth: 84104 mi

525 (0 B et

Build f
Filam
Ps1
Mater

cost: 11

Showin Preview
[ Build table (] Travel moves
[ Toolhead (] Retractions

Coloring |Movement Speed |

EEI I=1" Sy Y el

[ Live preview tacking
Update interval 50 = sec

~

Begin Printing over USE.

*n

Preview By

AR ’M @‘JLQWK Start I [ Single layer only
e Exit Preview Mode Spesd; i O Line End 1 =i

19 3296 Szteld == 160*45mm 0.03mm 2 S AUE Az} ddS w2 L]

<3 3.2.47> 160*45mm 0.03mm Z5 FEE ol =29 o] AR #

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

4h 55m 0.5mm 0.03mm 20% 205C 70mm/s

O 4a 1982 160*45mme] WEAZ-E 91 vl o]t aﬂ olo] A% AYE 0.03mmE A
Aot o dA A7 EE A k59 AF2 05 R 24H At 164
Blo) mels =259 = 0.5mme} #dolo] Eol= 0.03mm T WF A& A=S

A

20% 18]3 Als+& PLAZ fﬂxﬁ 29 LTk 205CE FojAM ZHES APsg
AlEdolAd He 48 AT E YERT
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(b 160*45mm A2}, #lolo] AF A™E 0.02mm

File edit View Mesh Repair Tools Add-ins

Account Help

Bild Statistics

inu
th: 82859 mm
ht: 74,97 g (0,05 Ib)

Show In Preview
A Build table [ Travel moves
& Toolhead [ Retraction:

Colori gMo’vamamSaaeu ~
Aeal-fime Lpdates

[ Live preview tracking
Undate interval 5.0 2 sec

T

Begin Printing over USE.

*n

9 3.2.97

Speed (mm/s) Preview Mode-

Preview By

Save Tanlpaths fo Disk. | PlNPlay/Pause | stat ] [] Single fayer only

© Layer

o 1 O Line End 1 =00

setold ZE 9] 160*45mm 0.02mm H 5 AEE A& LS B 97

4.
¥

ol

a5 e -od@raeaeOn-

<% 3.2.48> 160*45mm 0.02mm A ZF ALE sdtols =23 o] A" g
Build Time Nozzle Diameter | Layer Height Infill Nozzle Printing Speed
Temperature
7h 16m 0.5mm 0.02mm 20% 205C 70mm/s
O 4a a9e 160%45mme] WEALE 93 delelolth oo} 2% U= 0.02mmE A
Aot o s dA A5 MEE ARY =E9 AES 05 HgE HAH o 9}‘:]'. 1641
Elo] Rdg EHEAA =Z 0.5mmet #oljo] Fol: 0.02mm 183l WHE e %

20% 1813 A5E PLAZ A4 =59 55 2056CE FojA ZHHS /\]530}9511:}

ANEClAd He A% TR Y.
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(Zh) 160*45mm A2}, #lolo] AF A™E 0.0lmm

File Edit View Mesh Repair Tools Add-Ins Account Help

Build Statistics Speed (mm/s) Preview Mods Lk |

Buld timei Mh ours 18 minutes s
th: 6169, 4,

=

)

@,

9

4

Show in Preview w
[ Build table  [] Travel moves X
[ Toolhead [ Retractions ¥
Coloring [Moverent Speed  ~ Wi

[ Live preview tracking

Update interval 50 < sec
‘Begin Printing over USE

*n

Preview By

| Save Toolpaths to Disk Pl Play/Pause start ] [ Single layer only
ST @ Lager
- ‘ Spesd: ] Oline  End | I

a9 3297 £etolA =219 160*45mm 0.0lmm HZ AWE A YL B o)

<3 3.2.49> 160%45mm 0.0lmm A3 ALE Setold Z2IH 4o A" 7

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

14h 18m 0.5mm 0.0Imm 20% 205C 70mm/s

O &< 1‘%% 160*45mme] M EA A g HlolEolth #Holof 4% FAUE 0.0lmmE 4

3| Ho® A4 A7 /dd AHle =59 AFS 05 R A EHo] Utk 164l

Elo] malg ByEoA xZ 0.5mms} gojo] EolE 0.0lmm I WE A¥o] FEE

20% 183 AFE PLAZ @A) 229 L5 205CE Foj4 ZAHE AP35 AA
AlEH oA He A8 YA E YEET
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(zh 200%200*300mm A2}, #olo] A= FAYWxE 0.1mm

Flle Edit View Mesh Repair Tools Add-Ins Account Help

Build Statistics Speed (mm/s) Preview Mode L3
Build fime: 8 hours 47 minutes 1 4
Filam, gth: 44206,8 mm 153 b/
e
c
| J
b ]
| J
[ J
k|
o
=Y
£+
Show in Freview W

[ Build table  [] Travel moves
[ Toolhead  [] Retractions O
Coloring Movement Speed ~ | W

Fleal-t

Updates
[ Live preview tracking
Update interval 50 = sec

S PreviewBy
| PllPay/Pause | st [ Single layer only
SIS @ Laver
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Save Toolpaths o Disk

1% 3298 <zteld == 20072007300mm 0.1mm HS L= A dde =27

<3 3.2.50> 200%200*300mm 0.lmm HZF AEE &to]d T2 Ao A" 3t

Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

8h 47m 0.5mm 0.Imm 0% 205C 70mm/s
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(Zb 200%200*300mm A&}, #Holo] AZF AWE 0.05mm

Build Statistics Speed (mm/s) Preview Mode X
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Show in Preview w

[ Build table [] Travel moves
[ Toolhead s
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Save Toolpaths fo Disk | biiFlagpasse | Z:VL‘;W:V sent [l [ Single layer only
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Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

17h 34m 0.5mm 0.05mm 0% 205C 70mm/s
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(Eh) 200%200*300mm A&}, #Hojo] ZF A% 0.04mm

Build Statistics Spead (mm/s) Preview Mode X
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Show in Preview w

[ Build table [] Travel moves
[ Toolhead s

Begin Prining over USE
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Speed | O Line End

Preview By .
st i [ Single layer only
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=, Exit Preview Mode
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Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

21h 57m 0.5mm 0.04mm 0% 205C 70mm/s
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Show in Preview w
[ Build table [ Travel moves
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Preview By

start [ Single fayer only
® Layer
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a9 3.2101 €l Z2 a9l 2007200¥300mm 0.03mm &HZF AUE A2 gdS E2]27]
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Nozzle

Build Time Nozzle Diameter | Layer Height Infill Printing Speed
Temperature

29h 16m 0.5mm 0.03mm 0% 205C 70mm/s
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Preview Mads
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ble [ Travel

Update interval 50 = sec
Bagin Printing over USE

Bave Toolpaths to Disk.

| % ExitProview Mode
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Preview By
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o}. 20 um 3D Printing Slice Setting
(D 20rte] 28 &golA AAFES falA Simplify3dE AFg3ste] o33 o] AA & sHth
h EFgtoly 2d B8 7]
- O3 J89AH 2R ImportE AASIE AZE EFEtely diolHE Aegstay nds
=it

reaeaaaOontx *
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a9 32104 22¥ &8 #A

(\}) Edit Process SettingsS A€l
(O Extruder Setting
- Extruder3ld Ao 2 AA =59 ZA$ 0.7mme ==& AA3 o Retraction A4
ol 1245 AASATE ol AR Z2ay AHoA AT = e HAH
Extruder Setting o]t}

W8 FFF Settings ? B4

Process ame: [Frocess |l |
Select Profile; | Cross D510 07 {modified). ~ |Update Profile] |Save as New| | Remove.

General Settings
Infll Percentage: ] 4% [Jinclude Raft ] Generate Support

Extruder  Laver  Addifons  Infll  Support  Temperawre  Cooling  G-Code  Seripts  Other  Advanced

Extruder Li :
(clisk K Ee:jwl?emr\gs) Primary Extruder Toclhead

Primary Extruder Overview

Exruder Toshead Index [Toold — +|
Mozzle Diameter mm

Extrusion Multiplisr

Extrusion Width O Aute. © Manual mm

Ooze Cantrol

[ Retraction Rettaction Distance mm
Extra Restart Distance i
Retraction Vertical Lift mm
Retraction Spead fm/min

[ AddEwuder | & CoastalEnd  Coasting Distance mm

| [ Wipe Mozzle  Wipe Distance ETE

Hide Advanced | | Select Modsls Cancel

1% 3.2.105 FFF Setting

O Layer 2 A
- dAA 3D=ZHUE HAsIuA k= Layere] F7= 0.02 v]g]l2 20ujo]Z &0 Itz
0.025 Y4=3ta “HTop Solid layer) 3, 3Fek (Buttom Solid Layer)< 2, ZAA A0 EA
o] T4 (Outline/Perimeter Shells) 45 AZA3tATh ol ARl 2233 A4 & U
o] Layer A7 ot}
- 160 -



Wl FFF Settings ? bre

Pracess Name: [Process| |

Selact Profile; | Crass D510 07 (modified) ~ | |Update Profile] [Save as New| | Femove |
fGeneral Settings

Infill Percentage: 1 40%  [Oinclude Raft 2] Generate Support

Extruder  Layer  Additions

nfil  Support  Temperalre  Cooling  G-Code  Scripts  Other  Advanced
Layer Setings First Layer Setiings

Primary Extruder | Primary Extrudsr = | First Layer Height [ 16
First Layer Width
Primary Layer Helght [0.0200 BE irst Layer Wi

First Layer Speed [45
Top Solid Layers

Bottom Solid Layers  [2
Outing/Perimeter Shells

Qutline Direction: @ Inside-Out. O Outside-In

[ Print islands sequentially without optimization

Start Paints

(O Use random start points for all perimeters

@® Optimize start points for fastest printing speed
O Chooge start point closest to specific lacation

X100 s+ Yo 3000 2| mm
[ Single outline corkscrew prining mads (vase mods)

| Hide Advanced | | Select Models | [ Cancel |

17 3.2.106 Layer Setting

O Infill A
- Aol &Y= QEAE YRAZY AEE ouste AR A 40%HEE HA
3l 0™ Full Honeycomb< A3 ofef o] AR zHo] thaFdt Fejol IS AH
AAs] YR FUEE 22T £ do. "olA A WA ARe 239 A3 Fo
Infill A4 ot}

RECTILINEAR GRID TRIANGULAR

WIGGLE FAST HONEYCOMB FULL HONEYCOMB

1% 3.2.107 Full Honeycomb Style
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O Support Setting

W8 FFF settings

Process Name! [Process|

Select Profile:

Cross D510 07 {modified)

General Setings

= Update Profile, |Save as Mew,

Femave

Inill Percentags: ] 40%  [Onclude Ratt [ Generate Support
Extuder  Layer  Addiions  INfll  Support  Temperature  Cooling  G-Code  Scripts  Other  Advanced

General Infill Angle Offsets

Infill Extruder [Primary Extruder  ~ 0 Jz] deg

Internal Fill Pattern [ Full Honeysomb - Add Angle

External Fill Patiern |Rectilinear - T AN"E

Interior Fil Percentage [40

Gutline Overlap ENE

Infll Extrusion Width ||

Minimurm Infil Length  [2.00 2] mm

Print Sparse Infill Every [1 2] layers

[l Include solid diaphragm every 20 = layers

Hide Advanced

[ Print every infill angle on each layer

Select Models

Cancel

1% 3.2.108 Infull Setting

- AxE] AAL2 EA49 4o wetA EAE AATE TE2EA FTI] T2 4=
sHAET. dAA= 2 Av7t gl EA9 4ES 7FFAT SupportE WFEE AL 7EES
AASEAT ofefo] AP =25 A3 A W9l Support Setting o]t

Wl FFF Settings 2 X
Frocess Name: [Process] |
Select Profile! | Cross D510 07 (modiied) ~ | Update Profile| [Save as New| | Femave
Geeral Setings ) '
Infil Percentage: f 4% [Jnclde Raft [ Generate Suppont
Exuder  Laver Addifons  Infil  Support  Temperawre Cooling  G-Code  Seripie  Other  Advanced

Support Matertal Generation Automatic Placement

Generate Suppart Matetial Oniy weed i manust support 73 ot

defined

Support Extruder [Primary Extuder Support Type Normal -

Support Inflll Percentage (20 3] % Support Pillar Resolution (5,00 (2]

Extra Inflation Distance 1,00 3] mm Maz: Overhang éngle |50 =

Dense Support Lavers |2

Dense Infll Percentage [72 % PSR Aol

Print Support Every [T 5] layers [_E]des [

Add Angle

Separation From Part S

Harizontal Offset From Part [080 2] mm

Upper Vertical Separation Layers [1

Lower Vertical Separation Layers. |1 =)
Hide Advanced | Select Madels Cancel

1% 3.2.109 Support Setting
(O Temperature

- exdgoRt ARe TR FUSA Aewol mepd thew ol AYE 2 W
Z7h Btk olF YMHOBE Tt go| HAsEY B APME PLAS AHgshel
23552 AAAT otgfo) AMRe g @ A A Yo Temperature A4 Folt},
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Wl FFF Settings

Process Mame: |Pmcess|

Select Profile! :_C_VEE.S_D_E_I” D_?_(mg_d\l_ie__d)_ ~  Update Profile. | Save as New  Remove

General Seftings

Irfill Percentage: I 402 1 Include Raft [7] Generate Support
Estruder  Layer  Additions Infill Support  Temperature Cooling  G-Code  Scripts  Other  Advanced
Tempetature Controllar List 3
{ETeR hamn i adh setinge) Primary Extruder Temperature
Overview

Primary Extruder.
Termperature Identifier T0 -

Temperature Cantroller Type! @ Extruder (O Heated bulld platform
Relay Temperature Between Each: [ Laver [] Loop

Wait for termperature controller to stabilize before beginning build

Per-Layer Temnperature Setpoints

Layer Temperature Add Setpolrit

1 235

Remave Setpaint

Layer Number

| Add Temparature Controller

| Remove Temperature Controller

Hide Advanced Select Models Cancel
1% 3.2.110 Temperature Setting
High temperature
plastics
Heat-
resistance
above 150°C
ey T60:C
Construction 100
plastics
Heat- P ABs saN [TE PAds PveT PPA
resistance
to 150°C e ZX-100K
< I PASA PAGIO PAS PET PEY
- Inkuform  som
Standard G
plastics
Heat- A
resistance
to 100°C e
amorphous & emb-crys talline
19 3.2.111 Plastic A2 AAZJA &84 &=
3z 3T 2 o Ha =2 5 & 2=
Zepoae] AFC] HAHQ §44 REE B T 5 glow, ool
ST = 3T > o 2=
29 Ty L& Ase] ¥, Zaw 24 oxwel, A4 A4, "
= O B 2=
¥ Az FHS FAY 5 At
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(E 32560 AR F7 48 Z29d (D

Item ABS PLA HIPS PA/Nylon PC
Printing
Temperature 230-240 220-230 220-240 230-270 240-260
()
Diameter 1.75mm 1.75mm 1.75mm 1.75mm 1.75mm
3.00mm 3.00mm 3.00mm 3.00mm 3.00mm
Diameter + 0.0bmm + 0.05mm + 0.05mm + 0.05mm + 0.05mm
Tolerance
Color 15 20 2 3 3
Net weight 1kg 1kg kg lkg 1kg

<GE 3255 A" T/ ¥ Z23d ()

[tem POM TPE/TPU PETG/PET WOOD PVA
Printing
Temperature 230-270 220-240 240-260 220-260 160-180
()
Diameter 1.75mm 1.75mm 1.75mm 1.75mm 1.75mm
3.00mm 3.00mm 3.00mm 3.00mm 3.00mm
Diameter + 005mm | + 0.05mm | + 0.05mm | + 0.05mm | + 0.05mm
Tolerance
Color 1 3 1 1 1
Net weight 1kg 0.5kg 1kg lkg 0.5kg

(th) Prepare Printing
O 3D ZHHES {3 FHHES At 53 22 1814 ol Z5e AT + Utk
n q & A

a9 3.2111 AA 20vto] ZE #Holo] AME AlEdH ol BEE
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Ml Simpliy3D (Licensed to kmjanggo) =3
File Edt View Mesh Repair Tools Add-ns Account Help

x

Build Statistics.
14 hours 42 minutes

95

4.
v

Build
Filament length: 19514,8 mm
Plastic weight: 568,67 a (0,131b)
Material cost: 1349,49
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[ Live preview racking
Update interval 50 ¢ sec
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Cross Section View n

[] Enable Cross Section [] Reverse Section Wiew
FPositioning
() m-twis I mm
@ Y-buis | 2B 2] mm
O z-tuis | 5396 [£] mm

17 3.2.116 Slicing Cross Section View

19 3.2.117 Slicing File Y Cross Section View

13 3.2.118 Slicing Detail View

O gde] YehE golo]d 20uto]E &efolA 43S W 3 4032 Full Honeycomb
TZEZ AU ZES 1 T 5 Avh A 2P EL dHoY AFHES AT £ 9
= A AlEF oA J ARRlolt

- 167 -



kr

==
=

(2) 20 xm(0.02mm) mlol=zE HZ=AHY

o

O o5 292 dolo dF5 AYE 20um0.2mmE 54837 9t 22 wxydejs F W
A #oloi7kA ¥kl mitutoyo 20mte]l A2 2T AHE SR IdHo|th AgskA @
T FA UE EESETES 29 st A= FJsdd ort g &4 =21 =, 74
WH2E, =89 25, Ao 2u=, 2Ae B4 E8staAl st yARl 3 wet
A xEgY FAE HZE 85 TolA dAstoort I ol 2= 24 mEtd 1
il FH 259 o] 2yt mEA EEHe & 123 He AAd IEFEES T
o] Zo]t}.

a9 32119 vlo]|aZ2ME HEZF

(3) 20 xm(0.02mm) mlolmzE EZAFY =& HXE
O o 292 20um(0.02mm) vlo]ZE #Holo] HFFAZ 83 13 2¥9 43S HoF

i Yo
‘{t&\ R :
.
a9 32120 20um A5 FAZ S ol
O obF gFe e AFFAZ 2ozt A o] T WA 287 ol oA HAF oJiE
T EZ &3S AASHA god Austr] A AuHdth 18y o8 7R 29 =
Woes 780 w20 &2 AAESA MAASI Z CalibrationS ZASA AAT o]F
T3 o 20m0.02mm) mlolAE HERVEE AT & A& Aol HIUTh 4P
Be AR Bl 4 B
O the 292 20m A% FAZ 298 aolth 449 193 go] UA BeHo 2
g95 T o g AHY O848 HEHALE StHA o]Edo] HF AAUA A 3DEZ
dE =4 FHo 2etEo] AAT T SHEol dojA FHo] FEd] MnygA =9H



a9 32121 0um AS FAR EHT FoolH a9 32122 20 AS FAZ YT Feholy

O v+ gA= A F2tolde] 47 MR gAdd #2908 20v8 A=S 2964 &
A3Eolt
O delo] A= 54

ol uhehst

O F83 e #AH HFEE wol7] AA dolol 43 FAS ole AL A3 30
oM e ArE vhehd S AT AR Aol aFE] @R ol & st Febol
HE sty 2Ese Aol S

a9 32123 Eeloly ¥ e

)
2
i
ot
ra
[
o
w
Do
—
AN
i
i)
o
£
ired
-z
5=
|m
)
)
2
i
ot
i

- 169 -



29 32125 Feoly 4 vE 29 AE 1l

5) 20um Tlol IR AAHEE A =4 AT

[e]

Acjsta st E Aol KMU ZEA@7)714E oln], gule

SEM< AR-&-3} 3t

O #HF dmAd S4<S 98l Ad=rt @2 dsl S99 2ntEs ) opd, IGHE ¥

O+



219] A3t FES AL Fgsgot 300mm x 300mme] B E gloly 1/8 Alo]zE =¥3
A3 33 22 AUsE ZHo] Al HI.

O PLAZA] Cross-section®] SEM A #4423 B 16~209] @H 5712 morphologys E o
F1 9o, AAHoZ & Foak= EASHA ¥ uniform$t interface edge effect 7}
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— 10pm KOOKMIN 2018-08-01
X 600 5.0kV SEI SEM WD 7.5mm
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X 600 5.0kV SET SEM WD 7.5mm
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19 3.2.131 Smart Head 3D View

Smart Head H170%

Stepper

Motor

Explode & Mix Fan
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__——— Explode & Mix Fan
(Small)

13 3.2.132 Smart Head &3 W& View
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Smart Head H170%
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19 3.2.133 Smart Head Air Circulation
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19 3.2.138 Smart Head Nozzle 13}

RAOoZ



In-IR™

19 3.2.140 Smart Head Nozzle 3D-IR 13} &7 T

<GE 3257 14 34 A@4d3 (D

1.00
105.6° F
61.5° F - 468.6° F
Ti90
60 x 80
1.1.96
2010-11-01 4 6:32:35
F:\ DCIM\ 100FLUKE\ IR000104.1S2
14.0° F - 482.0° F
0 RH % 0 Azlm)

<3E 3.258> 12 24 A@43 Q)

7heH A 459.1° F 0.95 71.6° F

O 9 28 29 13 24 Ae %3 B =, o4 ¥l v =2d, R A4 27,
DSP W, olulA A7 5 94X, By W, = 24 AT 5 Ak
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4615
432

-392
-352
-312
-272
-232
-182
-152
-112

=
19 3.2.142 Smart Head Nozzle 2%}
19 3.2.141 Smart Head Nozzle 23 &3 7YX olm |

3D-IR™

19 3.2.143 Smart Head Nozzle 3D-IR 23} &4 1=

<GE 3259 22 24 @23 (D

E3} 1.00
Hd 2= 105.6° F
olmlx] 9 61.5° F - 468.6° F
b =g Ti90
R AA =7 60 x 80
DSP A 1.1.96
ojmz ARk 2010-11-01 24 6:32:35
g 93 F:\ DCIM\ 100FLUKE\ 1R000104.152
2y R4 14.0° F - 482.0° F
FE =4 0 RH % 0 Azl(m)
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<GE 3.260> 22 24 A2 Q)

B eE g w73

7heH A 459.1° F 0.95 71.6° F

O ¢l %2 29 2% 24 Ao 3, BF €5, oux M9, vier =9, R 44 27),
DSP WA, ol A AZk 3 91X, nA W, £= 2L FAT 5 YUk,

(th 32 =4

13 3.2.143 Smart Head Nozzle 32k
1% 3.2.143 Smart Head Nozzle 3%} =78 7FA 3B o)) |

I0-IR™

ot

l“H

19 3.2.143 Smart Head Nozzle 3D-IR 3%} =4 3=
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<E 3261 3% 34 Ag2% (D

1.00
105.6° F
61.5° F - 468.6° F
Ti%0
60 x 80
1.1.96
2010-11-01 24 6:32:35
F:\ DCIM\ 100FLUKE\ 1R000106.1S2
14.0° F - 482.0° F
0RH % 0 Ag(m)

(& 3262 3% 54 4325

7hd A 330.7° F 0.95 71.6° F

O %% 29 34 34 Ao 53, Pz L&, ojnx Wsl, A 2, R A4 27,
DSP W, olvlA A7, s 91X, B WA, = 2L HAY 5 Yok

@) 43 =A

A
13 3.2.145 Smart Head Nozzle 42}
ZHA1BA olm A

19 3.2.144 Smart Head Nozzle 42 &4
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3D-IR™

500+
400+
3004
200+

100 4

1% 3.2.146 Smart Head Nozzle 3D-IR 4%} =4 1@<

(& 3263 42 54 43254 (D

1.00
150.3° F
65.2° F - 4734° F
Ti%0
60 x 80
1.1.96
2010-11-01 24 6:32:35
F:\ DCIM\ 100FLUKE\ 1R000107.I152
14.0° F - 482.0° F
0 RH % 0 Azl(m)

(& 3264 42 4 4F23% Q)

7he-E A 412.1° F 0.95 716° F

O 9 22 B9 43 34 Ao B3, Bz L5, oA W9, AW 2d, R A4 27),
DSP WA, || A7 e $1x, BR W, FE =4S FAY 5 ok
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(o) 57 %4

13 3.2.148 Smart Head Nozzle 52
19 3.2.147 Smart Head Nozzle 53 &7 F}A133A o) u) R

3D-IR™

19 3.2.149 Smart Head Nozzle 3D-IR 5xF &4 =

<& 3265 53 54 4323 (D

1.00

1714° F

66.6° F - 472.3° F

Ti%0

60 x 80

1.1.96

2010-11-01 24 6:33:26

F:\ DCIM\ 100FLUKE\ 1R000108.1S2

14.0° F - 482.0° F

0 RH % 0 Agl(m)
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<iE 3.2.66> 53 24 42 (2

2] A WA 7

7heH A 233.2° F 0.95 716° F

O ¢ %8 29 53 23 Ao %3} 3
DSP w4, olrlA] Azt 5hel 9%, 1A

(uh 62+ =4

713 3.2.151 Smart Head Nozzle 63}
1% 3.2.150 Smart Head Nozzle 63} 7 MRS ECIREES

3D-IR™

19 3.2.152 Smart Head Nozzle 3D-IR 6z} &4 18f=
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<3 3267 62 4 A3AR (D

E3} 1.00
wE °ex 86.5° F
oz e 63.3° F - 194.8° F
Fhdg =g Ti90
R A4 =7 60 x 80
DSP HA 1.1.96
olmlz  AZF 2010-11-01 24 6:33:38
b RS IS PY F:\ DCIM\ 100FLUKE\ 1R000109.152
By W9 14.0° F - 4820° F
&5 =3 0 RH % 0 Az(m)

<E 3.268> 62 54 dFAH% (2

BE ex HALE 173

7heH A 76.6° F 0.95 71.6° F

O % #5 29 62 34 A8 F3, #Ha =25, olvA B4, 7z 249, R AlA =27,
DSP wW A, ofm x| A%, vt HA], BA e, §% =4e &AdT & Ut

Xp 73 =A

13 3.2.154 Smart Head Nozzle 72k
19 3.2.153 Smart Head Nozzle 73 =4 FINFA o)u] R
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3D-IR™

19 3.2.155 Smart Head Nozzle 3D-IR 73 &4 1=

<E 3269 73 4 A@EAH D

1.00
88.9° F
64.2° F - 472.1° F
Ti90
60 x 80
1.1.96
2010-11-01 24 6:33:48
F:\ DCIM\ 100FLUKE\ 1R000110.1S2
14.0° F - 482.0° F
0 RH % 0 Agl(m)

<E 32700 73 4 AFAH 2

7hedl A 66.7° F 0.95 71.6° F

O % &5 29 73 34 A9 53, B 25, oA B, g 24, R A4 =271,
DSP WA, ofmx| Azt dd #1%], B B4, §5 24e AAT 5 Atk
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~207.7

(o 82 =4
192
—-172
—152
—-132
—-112
—92
65.0 ' =
'IF X
19 3.2.157 Smart Head Nozzle 8=}
1% 3.2.156 Smart Head Nozzle 8%} 378 7FA 334 o))
3D-IR™
250-r
19 3.2.158 Smart Head Nozzle 3D-IR 8% =& 18 =
<EF 327D 8% A 4824 (D
1.00
86.8° F
65.0° F - 207.7° F
Ti90
60 x 80
1.1.96
2010-11-01 24 6:34:00
F:\ DCIM\ 100FLUKE\ IR000111.IS2
14.0° F - 482.0° F
0 RH % 0 Agl(m)
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{FE 3272 83 &4 AdAH (2)

A <= PAHE Hj 73
7heH A 1255° F 0.95 716° F

g, R AA =271,

b 92+ =4

13 3.2.160 Smart Head Nozzle 93k
1% 3.2.159 Smart Head Nozzle 92} &4 FINFA o)u] A

3D-IR™

500+
400+
300-
2004

100 4

19 3.2.161 Smart Head Nozzle 3D-IR 93} &4 1|
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<G 3273 8% 54 A¥2% (D
E3} 1.00
g L= 96.2° F
ojmlx] s 61.8° F - 466.6° F
izt =9 Ti%0
R AAN =27 60 x 80
DsP = 1.1.96
olmA ARk 2010-11-01 71 6:34:22
g 9% F:\ DCIM\ 100FLUKE\ IR000112.152
2y w9l 140° F - 482.0° F
&= =23 0 RH % 0 A=)(m)
<3274 83 54 4945 Q)
A 2l WAL 7
7hed AH 443.0° F 0.95 716° F
54 Ao B B 2=, olvA ¥e, vivs 24, R AlAM 27,
v 92, By W9, 55 24S 3T 5 Aok

)

O Y 55 B9 91
DSP W #, o|u|x] A7t

(= 102+ =4

193 3.2.162 Smart Head Nozzle

13 3.2.163 Smart Head Nozzle 10z}
7FA1ZA ol H| A

102} =7
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3D-IR™

193 3.2.164 Smart Head Nozzle 3D-IR 10z} &% 183

<& 3275 102 54 Ad2% (D

1.00
74.4° F
60.6° F - 310.8° F
Ti%0
60 x 80
1.1.96
2010-11-01 24 5:00:24
F:\ DCIM\ 100FLUKE\ 1R000113.1S2
14.0° F - 4820° F
0 RH % 0 Agl(m)

(& 32.76> 104 =4 43823

7heH A 84.1°F 0.95 71.6° F

O ¢ %2 29 108 34 Ao %3, 7 €5, ovx W9, Avigt =9, R 44 =27,
DSP 7, olv]A] 41zk, e $1x, B W o g% & Y.
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AR A g AR

Ed=

3.2.165 2w}
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ol m, )¢l

24 A

Asl&

Tof AA

e

A% AR

919

O

)

=g o 2}

s 3D

g Aot

NE E

Els

ABSe} PLA &AlE &8

9=
2hog &)
J2 Aol

3]

=3]
=

T

B oAy

O

e White and Black

S

s 28

B
o
o

™
7

&

[e)
2 A

(7B 1A+ Black ABS 2
O Black Z# <] ABS Z 29

1]

—

ul

T

)

al

o, AA7E 271wl

oy

NAH olsAY B EEFo] 27| i, 99 Z2 @2 AHw

z9g

]

z9go

=9

3

ol

o
o

o

g % vk Wby £ Black

T A

~

3

ul, ABS &4 EA

Hoks

st

ki)
=]

yal

@ Ay 7 A

2% 3.2.167 Black ABS #H&<S &
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(1P 22 White ABS #3lg &83 &9
O White ABS®] 7%, dAa7l& FdH o=
oA &led = Axo] B& &89 &
Ao vl F ¥ F5o] A% As
H= Qkztste] =opx E¥HHE A
e #AJAT F Ao oA F
=3 Aoz Hy)sie)

lack ABS #slo] Hlef 2t} spx|Rk, ofg] 1
oA w2 Wzto] HQ3dtr}t w3 Black ABS
T AT 71EY & A vls) &5EH A
<  SUATE Black ABSel| w3 AU=rF &3t
ARG 2ge B, % BEBEe AYE, §84HEY

8

Vigign

N aled 1]

&

¥
“P"q,,,.

% 3.2.168 White ABS 23S &83 N4 7+ 4

=

(th 32+ wrEw PLA @813} White PLA 2
O White PLA &= White ABS 2A4jRt} & 2]
o, P =dE e EYA ABSET PLA 247} &
O =3, ¥ER PLA9 A$ A8 Ao o]Ho] Ao
whebA Rk

.
A

=9}

2

3
e}
g

o
g i

4
o4 3
[e)

o Lo
%

o
e L
AP

i e

e &

\ o

9 3.2169 WHER PLA #el3h White PLA B31S £43 A4 74
Ay
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o} WHER PLA Hwhe ALs) ulw
mow Z4E sl WolAm,
seld 4 ok u Feld R 29
2o 24 B W A

a9 32170 wrEW PLA AES 283 A 7E =9 (D (3 stelE W_20% vHEH T_80% -
3lo] EW_10% WHE™ T_90%)

I 32171 REEW PLA ASlE 283 A 7 =9 )
(3} EW_0% ®E&F T_100%)
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(1) Atsl=

Oh A= A

O 1zEE 596 Agle Yol DZdHst= o] ofd HMES oA Alztst=
HAs mpAHe R Jdst it

O °ol& A MdeH FHRSE A2 =24 37HA7F dh

- AA, Z Limits 29X =82 A= Fdg Z Calibrationzd S 93 2dAE ZEvE
2928k 3 RE 5 AF oW o MAEES HE=R AAsa ugiA A

@ xdo] HEE A &3t

9 3.2.172 Z Limits 2291% =&z A2

Z2u A% AAHL YW 277 AX o5 U
142 Z4o] Jhsak=S 4 g3tk WY AHE A

B Qs =YSHEA A AolAe

230 44 289 A% x7] PLAY 29

- 4, Z Calibrations €3 H
A HAZZH (Alo]ADE &
o] 2HEEZ A3 Z

=215 Joh A E HX

1 79l 100%°0 Zsl= FZoltt.

>
ofl
"y

19 3.2.173 Z Calibrationg 93 %] Z2H A%
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- AR, WEE ALg ARE S A T 29e AT AvhE etk o AAF
o2 ARo o iEFH RE AAH slojd] JsiA BANES FAHOoT Wolu
E AADIRAE FFOR 150012} Fow ALoIHOH H= BAed ¥
Fol 122E 3| E¥o] MKS-Gen V1.4 3280 23 Ad=o] 9]

8 32174 A E ALE ATlE =
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(b Alrsl= 28 3DZYUY HEE
O o5 Mg Al FHHE W29 =8 2§33 PLAYSWES &3 3D2UH
g Y DA spwol.

% 3.2175 Aqtd|= PLA EEtWE g dAE &

)
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. ddETRY YA &8 dAXF A T AT

(1) Qx| o3

O ¢4 e od Edo] o] Rt Axo| wob VM, 254, 2AFHOE Y 5 9o
o, dode 2asAel AP 2aSFAe AU ofd QAT Bel AA @3 AR
FAE FAFE 47143 B4 DRI o]F AU AW B FH o]HF A
B xt Aol Ye Uw B7]° otk Ae] EHdl: F o A9 B 4
Pl g, 1 EVE Unas)® dde] EugEe ol AYENE YA @
VENE A BAY AFE SUo| WAF viZETEC|Y, 19949 AARA of w3
SHuHe QsG] ‘AUARA Jh oA AF L AP $8H| AgHE Aol
o oohele] AR CAQEI o ol B/ AW AWOE AARA Jb QA YA
o 2ol ofBA A§IEA B FAT F Aok

@ vhe3tste] o]

O Yi7]&-2(Nanotechnology)= ¥uFH o2 100nm o]3le] A7|E 2zt &9 o3& nf
S8 o]F& Aot 553 =4, 353 dde S&ste es LItk

O Uxrl€e dae uEde YriAE Axssd don, 1Edo yeiadges Ax
£ OREY 71&e 35 yylo] Zutat 53, Ykrise T3FHA & g
891 A7 WYl olulx Bk Aol ol WAH WD % AAHE Delehe FoHA



27F JtEA] @ FET dA Yo

Nanochemistry
Nanomedicine
Nanoelectronics
Nanorobotics
Nanoreactor

1§ 32178 stAlH #xe YTl

(3) TPX A=A 2] o] 5

(b TPX¢| ¥k &4

O TPX+= 4 methylpentene-18 FYUEZ = 24X 2 Als ZEHolth A, olu] 7
E AFEH, 3D ZHE Y A& Agsity O 54 ofg et Zrh
O &3 o] 200C~240C 2] HEAZo] 58 Zg ol
@ 7HAgA e Fahbgo] 90%0]/de] FEgk ZEnoltt. 7B Bl ofygl 2ol FY
(300~400nm) ol A = &% FAH BAEE 7HA I o

[e)
T il
@ A4 T2 FATEE 24 Lop YFFAC] S50, WAYE 53
PN

@ gAAAe] AL AT glol WAwHA, W2HA@EE Bl S5
® Fehxy FolA A ADEY Eelp2A APl 4FF Aol
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(L) TPXE A= I#ol=

O TPX& EE Z#elEclA A=A dol 7hesith. 1 timzQl Jel=s ofee] ®eh 2
}.
<E 32.77> TPX9 tixA<] adgeol=
GRADE RT18 RT31 DX820 MX001 MX002
MFR (g/10min) 26 26 180 20 20
374,
= 1734 T3 %74 2744
A F
ac TLE O O O O O
° 2EE O O O

(th A= 837
O A= A38719 A
- E2} TPXE 300C 2o mLoA A2 AYPE7] mio] 11 252 Z2E3 uEZAz
T Y= 7td 8 Hy LA E FHEY L/D=20~24, t=n]&°] 2
st} ==
O A=&%F
- TPXE @7tad 2 FoA=E W=7t 7H ZolA] 0.83g/ai o], HIZE
ZY2gAY 70%e FHo] 7143 e Pk dwiFow AEgE
1.3~1.5¥ 7} # sttt

l'll

Zol= 98 WA RING| A7} T3t}

O

X-/] ALEA ol OPEN, NOZZLE, SHOT, OF NOZZLE oW ZHo]|& Alg&o] 7}&53stt}.
O 3
gL AF B9 WA X250kg/cit(3700psi) ©]go] HQ3sio)

(2h TPX<] Ag =zA
O 49y 2=
- AdY &5+ 290~310C 7F A5}
O A& ¢4H
- TPX=290~310C & &%
At Ao A=A 3
el o ArEPFE S F
O A= :E
- TPX&E B0l $F3tr] wEed H&olxe 4] 713t
O A= /\]7\l

- A2 AR AFS] =76l o8 TEA T,

oL

oBL

o

)
o o

(%]

BN

~17ze Aol "oy Iy AME 23 oY

2= Alo]E FiE9] =9 ARle] HEE 2% o|stE 3t Zlo] ntgz sttt
O F¢& &
- F& A2 vy ddo] HY ok wiEol HWE ot AL AT
O Drooling
- TPX¢] P%* Jo] A, =F BHEAA 88 FAV 32 @40 o & de
o, o] SUCK BACKE 1-2mm AA8| 52 g}
O s382=
- 9825+ 20~60C 7} A Fsioh



<F 3278 TPX tiE A& 43 =19 4

PREE 300C o
AE4E ARH2RD 500/470 kg/cm AF=71: MEIKT M-100
NEEE 10/100 HYE QA
AFEAIZE (AAH22H) 42z Aol E: film gate
CERE 3= o
Saec =2 = 120x130x2 mmt

O AFZ717F BAE A9 A A
- AEAFVE 0% o) ARG HFde FAY BIME HLTGOoE A ET] 9
o &2 It 260~280C = A=A oF 3}, w3
e HA FAVE BlAtEE A7 deBE FE5] Fosfof gt
O TPX9] A A
- TPXS] AE A¥ole Ay Ui g2 X7 &80 dol goj= TPXe FEi Aol
dAA Astdnt. 1%7] W& Hgol a7EHE AFY Aeule Add Wi
ol e tE FAE 4435 A3 davt vk TPXE €849 AE7 PolA &
AE7l & FARRE FAE wAsEY gFe F£271 B8sA "o a3 F
AnAE fsliA= A4 AMFRY PPE X &3t 3 TPXE A wA| sk Zlo] Foh

(mh A Fe HAd
O A" BAES grsly] YsiAdes TPXAl Age AE gAle 1Hste Ao EAEQ]
o AF gAle] Am EJAEG thdk Y& ofeb 2
- ZERIB)9 #32 glHe] Hlo]x REo RS 0.5mm o|io] HAZTE o] Ro] E42
n a2 F#(micro crack)oly 7MA= S WA= AL 7HssiAl 8, AF] A=
7} FgET
- AF atg B2 4 &7] FEH Y AFY vy FEY R HES A St Aol F
=3
- o] BEo Al AF] o]FH FEo] A= HARIdE ©
Z ix 3

AF TbgAe W el 4 FAs

1 %4 = Zlo) bssitt

- 9E el olE B2 8 bgae R THol A £W tAde] i U=
gele BN 4 glomw Folrh Wasjth 7Y UAUCRE AloE FEEH
F7lo] HEE $X7} A3 58 + At UAe] HY A ele] ol HH e
Atk w3, 0P L FEH 5] ANAE 2% ol Fom sfok Bt

- AE A FA: TPXE FBA0] HoluM £3 AF AtlE AF 24 FA7 Imm
oSl AT HFol sbssth YMAHOE FHACl L A9 Ao AoE Riel
4 %78 FAA S A7) lou, TPXE AR AolE e 3R s)Ze] was
of Aele Aol 1&Y @go] AT $ei7} vt

- Fuel ded: Bust gk AT 1 wiEe] 129 @ao] ol HA H¥ RE
Fold 22ge] ol WA @A FHe

!
SR WA Zel Qe 7] FHe AFEe u

n 3 | =27 kel
FE Zol Foh 20mmeld kolo) §rlolME g W PR E H @RS A
shE Egol Bk EH, ¥ BEel TRl £ RE WEE o YR 3 @yl 7
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AE7IE R

b
o

(4) Ad a3}
O ¥ 3D

£ AA =3 A F T4
A TPX AAE 7jgte =z 3 d9dady JxiA] o] 7}

=
‘W,
T b
)
e {o
et

o
(2

. o] 7h3
Ao o Hoh &3, 2529 el wel, oy AX &4 e aAE o2 A
EHE ST, BA HFE olE & F 9lo], oy 9y Fag HAistsle A&7}
=g garelozme] 7Hx7F FAHEE, A AsE Qs s Ager 2o 4 9o =
§ TPX9 &9 A% 98-S fe7t obd M2 EY AF =dozH, oA FTAE
A WRE JheA EAY, W FAEAT 114 Abolo ® tE tAeld Aglo] sbs
al Aok wekd, thE DZAHE FLF AYETR} iAo L A 23 9y
A Zrol] Qlo] F33 SALS HoFEm, A" AS BEE AE AFHA =7 xS
R3] wBol AFgAe] ¢ $4sittT B 4 gt

7t ABG2E ARE 24 ol A=Y Fetoly)
D) AEe2 ABE AL
O the Wge D=L G BRE A7) UAde] B3 AFARE wgoR 2017350
ATALE HES gt AP AAE FAOL AA ATl AY AWHAS

< 3T dA FehayH &Ale oA S g g d-EE vA] S8k Eo] AEA we
B A BFAEAE dove FLUJCE dFHIL e AW olF |Astr] A7
TLTA) GEAZ A DY 7Y 2 FPoRs FA2UG AU A4S
o] 7bed o] HAuk= Aotk dA FH JiQlE 3D ZHE Ao = dy o]&EH+
FDM 49 492 By PLAMES ©rle A Elkg 19,000%01%1 Azate] 3e 1%
T PR Gol 2 "W ES ZA$E 1Kgol 79,0004 &3tk il XA 179 Ag S
TG Aol FUu Gl Qo] Z AR EQ# 9ot 4§ ey DZAEY 7
o= t&=FY LAV &HlE7] W] 3DZHY A AR A5 HEo] FHHOE F
230 =3 Ho 3Dzugo] HeHE Hom E}%é}ﬂ?ﬂ A PLA, PVA, Wood, HIPS, PC,

NYLON, Conductive, Flexible, Carbons 3 #& MZ & TFAaANEZ 8371 w=2A
o] FAX A o] MEL LA HE&ES 9% v§ I IA SVt Ao £, dIte

F4 AFH BDZU" YL HsiAE vy APERT Bad AdAoln, Thekdt
2 A& o] 3D Z™Eo glo] wl FQI AFOIRE oM r IYPHNEE
AAste AYHNE Q2EFT tigh A7 &8etA o] FoA A k. ofd B AT
Ae Age&Eeteayg 279 AZL&I tEo] &9 AR 3 #Hr]§ 3D=ZU" d
HNEES A&Este] DU FHANER thA] fgite] 7Hs3 H Z2h2E AZEo &3
A7E AYsA s
(2) &7 A
O H sk} e dlores ZH92HF 2472 AT A5 ¢ Je 4%
of ATt ¥ A ZT2gdH 22 FIFY siF 2d7] 7 AAHoE A FAEA
ol FAZF PHT A& Aolth. ol vE IAAEUE FghrgHE 10~1009H H=&
It Ed X E Hol7] WiEo|th olgd% FEghxgo| sEFo AEA A Fa Wllo
7] W Zoll AA AejAd FdFs & F e LE8do] 2 7HsAHol Hof ded &4 A
3) Journal of Industrial Design 2017 Mar: 11(01) 147-155, 3DZE|& LefHlE A|&7]| C]&Qlo] Wt AL, AEAl
4) @M ZefAE : QIzte] o5 B A EHEY, HAY, J=d 5 Foldel e sy 227 IR (oA, g
T AlA ZataE Mg AYyt 53, oide] Zkad zhs] 9 uwlo]e ZefAEd] ﬂro}orl 2014 Ex iR

x84 12page)
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O volaz Fepagoleh 2ot 47 Bl TepagRe dxo] EFAENA =L % 9
L FEoE 1 U] A7t st olo] AR AYAAE o ZAE HAs] 9
3 gere ABFCA AL Ao WIsHE o] FAG olHE Auysn gon, 2
A ANE s FEALH A8 T S US FEE AVEHE A7 AP S

AP et m=3k HZo WlasApe A gArolEd A4 AAHz eAdET2E

o2 WE ALE MAAL77 SgAZ YERYa 9l

O A7 %43 9 = e dedel oz dPndslE Bes] A% HEL Aw

AN 7= I PAbel FH(Up-Cycling) 3 ~E]H YA}
7F H71E g6

@ Aol 2 & Aol F Eehad
(b 3DEZHE YAlo] =
O #2 4= A§L vshs 3D=ZAY #d 7

23 ¢F oA dEuI Uk @A b BAS AT ALHD JE PHoEE §

t=(Fused Extrusion”®&lo 2 o =+ 7taA Zg~YH

& Bgshe W0l ol&
= AAAES] AANEF BhaYR AFS BAs] o hEs oF We
E JiEFHRE Aol BHUES JHsaA AFE 7177 9] Wi, @x
ol A oz el 74 BEED e e Ak

O =% 3D=ZYY YrlolZ 502 Wizl AF

§'_]__

GstA H MAZRCE Yeta At ZEF

AS AZLstA= FHA ol

(1}) Recycled Plastic Product

O vl=9] mlolz HE9] HEe2
A & A=E WA= Fg
o|t}.

O A< olgg s &3t B aohA|(Parley for the Oceans)?t FEUH S AAstH )

Aggol dal B DA =
sue ATade B DAV TR Tz 1

d< W] 9 Z2AER ¢ E2t2Y 2H7E AR 79 STEH Holde d

G rhEgse) fUES ALYk

iy
filo
gk
op
e
Ho
off
N
w
O
> [
s
ol
in's
>
o

3‘%].

Aol s 25 AH = BHA

o
=

O =3+ 4253 Z8~¥(Precious Plastic) 10-& A7)k Dave Hakkense] 20131 t]x}p<l
ol7telv] & ZF AlZste] AA HAEFegtige ol HEE F34, @ TAE AHsia

5) http://methodhome.com/beyond-the-bottle/ocean-plastic/

6) 2016. 2. 1192 ol Awn|E2 A £, AF7|E, vist & msojthe 3|y o 30 3=
7) &¢&9A(Fused Extrusion)(FFF, FDM, PJP, FLEX)

8) mai(Pellet): WetER s1goly] Ho| Fapae @7y

9) http://www.allthatboots.com/news

10) https://preciousplastic.com/en/creations/
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Aol T o dEdS TAHLE &4 A si2de Hste] 1¥EH 2L 717 UA
A= star AAl AAES & 5 Je WS Ndste] Aol Ha ok

il S
e L g 4, ‘,‘Q i
13 3.2.180 Precious Plastic (AF2 A} &: Ao EzFa1)

O =3 2] Full Circle Textileselgtal st ZZAEE ZT g ALEEUIZ Hltlo
Ut s xet ddd A EAE Z2HER. Wyl ZE2E AFS ASH R
A+ MEdoFE zoomviewbag? Z2 AF1YPES tARIst, 3DZHUE <9

A gAtol F S8t~ o R A FS HARIste #AlS wha QoD

1% 3.2.181 The Full a9 3.2182 A3 1g oA Y A<l
Circle Plastic Bag [justified_image_grid ids=" 36572,36571,36573" ]

(4) Recycle Material Product

Oh LE4A2~ HE & YHE Ho]A

O g E A2 o3 22 3ol vk Extruderodlx ¥ E FalA dAEE 3wt
1 2ARE wE A oR RS FElE REY FEEoR Wol Yo SR
<= FHstAA AA S5H s dATTE FHokM AT dHI A =EolA BHHE
7F oAl A ol HHHES YAANAA AA d2pHES] 2 e AFsta o]lF =4
a5 THANA HHHEES 437 At olF 2EF S #3A Pullerel #A HM ST &
oA AAY 7]E o do] HUHA FEE R FYPAZE S Fo3t. olF Z
2ol Aoz o A7A HH A”E st ST AFS WIAE st HHE 24&

Eliang

1 1) http://fullcircletextiles.businesscatalyst.com/3d-printing.html
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Cuttin
Extruder Cooling Puller <
/Removal
Hopper - Extrudate - Pull Roller - Wing-up
Screw Sizing Plate Size check Cutting
Heater Dust
Water Tank , Package
Die Cleanning

9 3.2.183 FHHE AF T2~

1% 3.2.184 3D Printer Filament Spooler & Open Source PCB(ZHEA
https://solidoodletips.wordpress.com/ )

O o] gAldA o8 dFAE0] FfFalA M ARD = s LTL27 SASA &olst
o At 3BDZRE 9 vRTIA R AEY Al a7 I HA
AL FANokst= A AAH o2 ~EFEGA A vpA Y 299 dHHE
o Mol 7] MEAAAE dE FECIAAT FA= A LELxe B

AL AojA " W8S A8t EgA T Eo] Thestth

Al

[ 3
N

e
HZe)
2 &
2

st Q0 A 5 A ste AFTo] Qr)olth ol: 1-2d A= 9d o
o2 APAe AS 23 AEVIE E83td AFES Aikste WAlF fAREHA
2E 9} AR E 83l 88255 Aot AEE dAls A

FPHEES AZsta Jth o] B LELAZA o}Fo|ko fddE HIAE d=
U Ao A g AFS A ZL 7E Jes Rt doE 54 2e 5H530 Ut

A5 FEAE T A= 7187 doh




O g E wo]#A /W Abe
- FilaFab1?): d=¢] Edward Clifforde gtw] ARl A Yojo|HA Z2AE oy =
S 35ttt w3 D3D Innovations LtdellA FilaFab Extruder % FilaFab Filament
Windergtal E#& EX350< 3d7re] A7 £ AE7Fe ZHWE A& LA
=3

1% 3.2.186 FilaFab EX350

- EWE Filament Extruder: EWE IndustriesAt+= 3d print Ewe Z2HE =724 = H %
2 AE 2gvE =712 48R QL FAES SHEsle] /it olm| Starter Kit
2 Arduino ERES 7IHte R AZREPOH 40 ° C~ 230 ° C Ao]2 1A AA3) okt
H &L= B9 25 ~ 50 cmo|th EAHCoZE ewe ¥=7] 3D <3 LCDE E&A
AR OE Ay AEdE st 7 bE Y Ed A4S & F Jues AHol 9

—

13 3.2.187 EWE Filament
Extruder

Ko S
R =
CEG gRA B

o HA B 5 U

12) http://d3dinnovations.com/filafab/
13) https://3dprint.com/59722/filafab-filament-extruder/
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Eqozt A% 2EY WAUZ] EFHol TWEs} vt g3 BANE
& Zlold, e BeE A2 WAV FsIEs U Hom, FA @
OR BFE LE AN WHNES AZ Aol AH e 24T 5 Ao

19 3.2.188 ExtrisionBot

- Felfil EVO: o]gjg] Collettivo Cocomeri ©l#}e]q 7§dtet Filfil EVOE QT4 H2=
5 4ET1E 7H“‘6‘}0E] Kickster, Indegogoel]l #ujdtar it} o] A|xEle] Ay e ZHE
stk A 1tt1 71 JNEA 28 Al olel7t EAstY] YElYe YREE AAHESH]
gk Aoz JeE Jd2EFHE A AFSA HSATh Arduinor]Hbe] ZEEHE
=835t M TS AHESt AREAE dste AAS @ 5 Jdor, HAHJI YAYa
Qlo] &Fulg topPlxEo®E dAe dstes Z S 245 FJgESY A7

1.75mm, 2.85mm= A Fst Ut

a9 3.2.189 felfil EVO

- Ecoset: Ecoset2 71918 3DZdE ZIZHWE ﬂz}ﬂ Zg2gLS gt A HG
gog ﬂw Fe Asko] sHsd WeWE AFrlolth 0UEE o]F Z2AE A
S xﬂzrgi HDPE, PE %, 4% Ee-87e A%8st] /148 %e}
E 74011*1 Alzmwu} FRoRE GTA AN G 3
2wz e RS QU

o
= o]
Az 4 ok YHEE ¢ 3mm, ? 1.75mm% Algska At

i
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19 3.2.190 Ecoset

(o

Oy ot M omE

- 3devo NEXT 10: U@&#=9] 7|AIdA Yol I ALZ Devoteqs AlTF ¥z Z 7]
AYHE 3devos IFH HHWEE At flEA /\HIXMIH] S5
H2715 LA ABS, PLA 2 AN Sehxy w718 e choka A4
HEE X33 9E IYgWE § JrEFT ol E’“‘”ib 2k Apla <l
o] Zo] §3E oM MLt FARGE Lo HAE = E4o] &
i<l

ARl 97e 2t lem A olaE AREAA Ste AEe ARl @ A

rr
™
ot
X
ro

:
XN
L

xR A 1)

19 3.2.191 3devo NEXT 10

(h #HAZgg3 A&§
O B85 228 A&

- #99 e mAE ®oh go] Wash ARFAR ReFAE ST AREST 3
t}. PETE(Polyethylene terephthalate)= &3] pet(#FE)gta F=2+= ZZd g HAZE
dolER F2 28 R &4 4§72 ALHD gzel I A4 §71502 A4H
t}. hdpe, ldpet= Zlolg#dll AlEel AZF=ZE HD(High Density) & LILEE 2|w|shH
LD(Low Density) M =& oju|geh. PPol fAla A8EP] F2 $HEFE7]2 AL
Ho}. Ve B1d(VinyDS 9v|siy Z2ldshuld PVC(Polyvinyl Chloride)s A%ttt ==
ol UV, e, AA, AAAA, st Z AR PP(Polypropylene)= Z& 2~
Elol#e] <kxlE E3J QFEEH, WYL&HF olojlx~mgEorz Q=T Other(other
plastics, Including acrylic, Polycarbonate, pokyatic fibers, nylon, fiberglass)e] -+ Z A
How IYPWA e BE WLF FTekrgo) siPHn AnYazgA), shd 24
Solth & 9GdAd B 20149 EgtaY Aol EFALE H Aot tE AF F5
2 7 AFEe] 5 HEH AL ov]|gth
A 491 o‘l‘oﬂ'L; Agg ZEA 27 oz AAEH Qo] ZdY A AAF
AE dAsA FEldth wd olPH A A= 4 EH7} A =]
IACE #AgLFsta AU

=]
W AZE Rl
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Y 9y 4’ 9 9 9y
COCRE (R R (R R (R Y
PETE HDPE PVC LDPE PP PS OTHER

%™ 32192 fye] YA #EA

=9 45 A=A el AAZJ] HEe B &
Aztste] AA @A AYZAA AHEEE EFC vs 1HY
Atk I EFUSLEE =3 vvbA] ojxut g H2
Ao Z mra ol e = WAISAL gl shiol A A
skal AU

H mlo r‘*

{

ZAe
D d
PP

SF4:HDPE/2H:HE

09 32193 o] Rel5A BA

O A Zz2A2

- AAAR HE22HY QYL zE2A~E D9HYE A HESHE Y5ty
H7lolA EHE siA Ao m AAIT. o|F HHHNE X2EFT O T3 £}
g Zehxgel 883 =, PLAD  160° ~ 220° , ABSI®) 220° ~ 260° , PSID 235°
250° , PP1®) 170° ~ 180, LDPE1® 150° ~ 170° o] A4 ¥ =i ojx LHHNEE E

stA Aot ojwf kA olX = FARE Eo] HANE F2E FAANA dAS AT
EE WS o]&st AL HHE WHAAIE AR UTh o)F dxd U E”]

3|

TR o

(e

J 7] flate] AAE FallA 1 3718 SAE Y-S AVIEA E

& wet SHHMEE o|FA7IHEA olF HF S A7A B olF WA dA =

= WAAE ] &% F FuE A @k VINYL, PVCe ¢t o g AaeS A%
shA] i Aok

FRTATT ¢ gejujaslolc s
polylactic acid)
(acrylonitrile-butadiene-styrene)
polystyrene)

polypropylene)

E (polyethylene foam at low intensity)

&
,\,\U)
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o Recycle Chip

GORE

19 32194 HEZ2HE ALE FHNE AFF zE2A

G) HZHHE wolA Akl A
O AHA R E oA i Jia

-2 A7 20179 NIt e A83 AYAAY Y ALAIGHIE bR E AEEd o

olF A& ¢ &8 ol AFUEFT HEe2xg e &g U
- 3DZ YU & Filament Makert] Al A7de] 542 Foid 3DZUE A &5
A& AE7bssHA & ¢ e 7I6ks vidstazt doldnh. olo &

/= FDM, FFF(Fused Filament Fabrication)®4]2] 3DZ#EA Al&E = ek
AAgsAY, Eehey AA4R AL Agskel AZBT F e DAL
Filament Maker& tAkl A771% F3ith

- O™ 2ol & AolA AR g8 e 3DzdE e Fy ddolEte AR B4
2= Bol £RHY A7|E A7 Ao Aol a7H= Zo] ddH] A Ao
o|F sAstr] fsiA & AFelA= JiEE FHHE ZH7]9 volAE AR AL
= AR FEsted AAAE FolAHA A &4 F, HIT2Y 4% AR 2 7
< AEE AR Bl EFst] AST o A9 SAS dd AFES AN
T Jernz dA DZUY AFoAs Gt dAHe] Anta st

) A7 W&
O #HAZ&g2y LS g 271 2 3D=HE E FHWE yo]#
ar

Holu &8 AN FE2Y 87 2
OS2 At olF HAHLZEES E
d=g g oz Jhdste] Ay Sl=Eg &8st O E8VHAE wole HARIE 83

.

O 3DzZYH HGHE Ho]A
- gee FPWE wo]AL g NIEE HA IEE A=} A AL
Extruder_ K3dp EX250 tjz}elolt}, Ao 97 glom Ao Hols EWd Fog
M THWRY] B3PS A4 & of &
4 AgAE vtady  Ond Off ~91A2 HLS 35 A A F I
AAZE SuA AdEs AaSy Aok =3 o] 2AAE WF 23F[FE 3 9 93

A a8l SEdS A F =S 24 F8sit
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O H

PID Lamp Controler

pleog |03U0D g
Aiddns 1amogd

AC 220V

19 3.2.195 Zehd E W o]# HotEnd

1
Sle 2317} glov gusiad 9
2 %

Onst OFEZSIAE AU BF AT 4D + Ao,
5 gtk =P Tl x9N WY 23R
G Q=S HA A gshart

“ \ti“ '4.‘ ‘. ‘_

AV

u((m\wwm-

29 3.2.197 AA A 2471

et

qMAs feiMet= AAES7HeRE E e FeprolAE FHE 3DZHE
HEg 28-S ARGt AAAE dstHA BAEAR id THed A&7
?l(Sustainable Design)< A-&3}& 33t

0 8 o |4

FepsE ABELS AW 247 % DZAY S Depwe Az
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o2 37 Al dafel Z2E 9% i 2AE BT Jdoh A R
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a9 3.2.203 DIY Kits 3=

19 32202 MR7] A RS A% me

H2E =9

2~
s

1% 32204 RCEE HIgY] &4 &9 BE

6) 2% 2 7Ig&y

O FIel ABAL ATl 220l A2AL US| AAAE 21Fe) SHP21] A2 43
BRA Aol Fo] FAHUA HTAAE HelF: vk BE e gfrEe] AuSe
EeulE BUGE e A HA BAFAR UM AAER ol W KT I
A AABAN BL5A B Bk Lt Ao gl w2 9z A
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H 7t E2t2H Y] 0% W=7 FAAET Eg=do] Bue o= 79 &7 wHEs
Aol Bth= AF ot o714 el T8 HS dAdloF Fo FE AFRH I B A
HARIRE A7 =57 W&
olty. 2y H olF TAIE AAShA A FEs st 7IdEC] ol Atk =Tt
=ct gAtelE 3DxzdHE, Tgar HPe Zdy gAbolE ZERAEVL old sgdt. &8
7148l A EQ E32 714 omAe= 4HE Tosith Iy nHAlE Y dfe=w
ol ArE A ¥ ZEALR SAY A= Avigrt Basid. old & AT
£ S8liA JidE gAate 12 AdrHE&e 7INte s A AHEE F UA=s, A HED
ZEHFE FUste MEEATolU Iyt ARISo] ARGSts ZT2EHFE AAED 5 3
= e A %/\1*‘6}% FAET e A3 FFEATT e Aol

I AAEEE FA ol2774A WA FAL A7) A

)

rl
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3. ez Z3E|E Zeto|e] 3DZEIE MAL HE AIA|

0K

7F. EF2holdl =l 4% =A 2 £4
(1) Eetole] e 71&dd A 2 B4
(th =2 Zgoly(&EY¢ AFF) 71« N I
O &4 AFHeld A%, EEE ZAYE Hdd] 99 deFolr 2aste o8 712 9
(A A, Y2 |, 238 59 EUS dAFoE £ Y weE 7HAEA
ol 22 e BIAFHNS AFAED, §
, FHoE YT FH

x
ol
=)
i
W
)

lul

)

2

oo

N

pid
a9 331 44 =4 a9 332 FY gzl I8 333 A% 98 BE
(U1 olE &) (tr olEH B) (<t 4 Hinlzl=, KBY)
L i
% 3
&
1,200

1% 335 74 fAel

19 334 44 =4
( th olEAN ) (7] gk =

(thfr =R F)

_rjj_‘_l
L] (U
¥

a9 337 A =9
(thfr otEd &)

b

% 3.39 AlF

1% 338 Y gzl o)
(Bt FRFY, dATAdE)

(thfr otEd &)

1% 3311 = 28/ Ae] 19 3312 7|E ofuE jHo] 44,

= 5 2
T 3 2AYE k3 BE

I3 3310 71 38 E
8] wF3jo} wig A3 s

Zo83 mH A B

O 249 3319 A =l AHEHI e &
O 2§ 331, 4% 72 ZF £4EY HAEES



g2 7Y Oals A Ay, =3
AA B e R B F ek
O 1% 33107 112 TAlA 2e 5 =

& A
Aol QAFTHE 2t WwE <)

AME 7HAL A=

O 1% 3312& olute ZHE 9ue 7Y, w3tz Qg n@o] £4E 2H9 o
A7) 98 & welE AlFo] Bad
O otg) Foll FUoll AEHT QY& EolE EHEE FRa1e] FTHL 293
<E 333D 7|& EEAFAGE o) vl
F8 | EPS BofAEA ABS ®}7] 3 s BAAFH | Sery 2AFER
AA | BPSCEE Eelxg) | ABSCLERT Al 2~ga) ! A 73 E e} 2
AN} T2 AAATT} AAATTT T AAA 7} EaL
VA | Aol vl spAo] | Aol o} 7hAo] | Aol Yol shAo] | kAol ol shAo]
=g S ey S

#7] | EPSHE He XS Ak

g T ABSHAANE Ae) g, | AT H718 A s
5 275 Vs
A el

7 F-olt A 2=HlFo
HEZ BAs5iy

noz 1A

7y Folt A ZH)Fo
vz 347 k7]

O A~
EST5

5.3tefo] Wojx| 1
SECERIE L

=37}

o = [e)
ge 5 e

2

o=

o

o

i

Mo oy &lg
o = I
O A S
2 1o

/N

z,
El
i)
ol
El
2

- 2aYE BA A wgel Aud
o

%t Hrpaeizh AgstnA e F2F Eo| 13603 3mm
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GRTH Zojol 3 o= HAFAL EEAMAQ01 wet AR Bt

Q) dA=xE F2holv e 712 24
Oh 71¥ ZIYUE AFHLE ol &3 dAxE Fholv e 2A
O otz 18 3313% 2& 7€ 22YE ¥ (Ex euroform< AHEst= A tidlel, 19
331441 A2 FZagEA =Fu|de Fx2Adstr] al Axd £9 FEAYE =
g xsts FEolUE At FaYE A F AFH 89 Al FeelvE AEF
=

Z
= 3 23S 9d 4oz AZd 33 W A Fxe Feholus

H=x S04
Hoy HEE oo [LHZEZ)
ool \ £
% 3313 9wt AFHY A& 9 3314 9A=F Egolvd AFY A& Ade

Y. 22 E 4 AYE Fool 7234 2 A
(D Z2E Feholy 9 D 24
b Fehold A7
O AFge a7l 718 259 =2

]

37121 600mm < 1200mmES A+8(29 3.3.15)
O F&FelvE AFRel gty ]

S8 HRED} e ANNE AE

(b 7 AA

O ZHEAAST Axd W74 59 2E AL MAdsty] 98] 71zA 50 7HeiAles &2
EE 5%, %%, AFe Asv HA & &

O ZYEAADY] FTR/A= o2 7HA(EHE, A g7}, A@WE}H )7} 9o} 3D=
dEE AZ Ao 83 R I EZE)E He&E A

O 3DZHE ol A Cd%(*ﬂﬁE)OIEP Az A FES AP FASHA WEE b9 A=A
S =2Y3 FAd d83d7 g9 FE UE A T 3.3.20, 21, 22)

O 289 =g O#Ei 7FA7F oy g diE A mde Az Axrdy F874Ed

suzEdol 9l
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4 Wil ole
Weden Pin Hole

19 3315 7123 F2F] dH (FES)

50%  70%
30% 90%
19 3316 HAAE uE A
(3D matter website)

a9 3317 HAE w2 Aq-d 1% 3.3.18 1 #HH™
(enabling the future website) (makerware 2.2.0)

(2) 23 E FolvY FxAE T A F kA Bk

b Fgelve] Az E44

O #Fetolurt Z2agEe F9& W] "o kg HEV (a9 3319

O #Fetolv el &A= FDM 3DZYE M A 71 thF2<Ql ABSEet~g o g 714

O ABSEg2E o] A YL 3E 3.3.20] EA

O ABSZgt2H ¢ zi_o}%ﬂl—t— ‘PC 4@ PC/ABSAAS] X-gH-HUPE AT 72009 ol A
0.330.2 714

O D= E9E9 A FTPo=2 A=, DAY EHEH ABSEZT2H EA)

o AREHL TGE A9,

.]

—

Sciold
/ (M=)

&=

=3cE
TE=E

13 3.3.19 Ego|yo] LAs=
CEE T
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<E 332> ABSE g AAF)dgA=Zeh

DA = ISO 527 MPa 41
54 ISO 527 % 4
e ISO 527 % 45
[ZODF A% = ISO 179 kJ/m2 37
ROCKWEU = ISO 2039-1 MPa 84
B DIN 53505 MPa 70
Eah-y ISO 178 MPa 2100

E:
FEAEA Yo AFH WEr|eH FYshA A&k & 33.3)
O 7HMZAREATA Y] WY 7&

- AFF do] WgrEL TAATAC wEn, g WAV gle AeE WY Hwst
7] w5l wet & A () 1om oo WEo] oty o] AWy Ay F AL
& olatrt Hojof gt}

<E 33.3> 73 Qo Wy =
2o 59 Fos EEEK:
Z 1./360 3mm
BH 1/270 6mm
CH 1./180 13mm
HIILAY MR S8 k22 YE |
BF : lgel e E3E W

Mg E Lo RE AFCR FWST AH
=7

O O

Fofolie] «Ae HEHom ol 600mmE s1gSE, AUWE  600/360-
1.6667mms} AThA @ e 3mm F 2e g olaksh Holof HmE Ferolule] S g E
2 1.6667mm o]} ok 3+

O Eetolue e mBF2S 95 Fetolu A8 1AL wHAos AR 484 7F
2 A48T 5 A

(th S4¢f =271

O Z3E FFATAR09 ZIE Z¢ F4& A8t Z3YE A
o]
]

Hir

rr

& ol F=
Z 179 =o 2m= 7}A

1.
O ZIYEE YrEZag e SFHEHA 24kN/m* S Y3t 0.0288MPas Zto=z 2 &

p= WH
p : ZAZE ZUH(kN/m®)
W A2 A8 E Q] W] T3 (kN/m?)
:»iﬂEJﬂg%l()
() AA=A
Q a9 3320011 FEAIGE vle} 2ol FEEF IAHE FELS Xy, 29 A4YS 1A
EE AL FojFEr

O A= 332101] 3{1\]?} Hle} go] ZglolUs 7)g ©

1,
ot
rlr
Az
S
rlo
3
u
o
<
lo
g
=
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O Ule x%& U2& y&FS U3e 258 91

(vh A3}

O sixad3 Ho-¢=Eo] 0.0146MPaZt Uk W9&= 1.46 <10 ®mm

O ABSZet2H 9] =2 49MPa((F)d 4tz g opol nlsiA Zte) Hh-g8 32 0.03%0]3 3
gl e HAPHY e 876x10 %ol B2 Eglolrt FxA o7 ¢HA

Mame: BC-2
Type:  Displacement/Rotation
MName  BC-1 Step: Initial

Type: Displacement t/Rotation Region. Set-7

Step:  Initial
Region: Set-4 [3

C5¥S: (Glebal) [y L
7l ul
CSYS (Glabal) [z L | o 112
¥ Tlus
7 uz | UR1
¥l u3 | UR2
UR1 7l URS:
| UR2
CIUR3

Mote: The displacement value will be
maintained In subsequent steps.

MNote: Th :I pl rl?rn l Il.wwllh
ned i

OK: | cancet |

19 3320 F2EF Wi i) Az 19 3321 T Fehelu s vk wiel Az

(3) 7} Aol e ww 47

O s 2st ol nisiA H-g2o] 0.03%, &Ll et HHA7E 8.76 <107 "% 4Tl
o H7] WEel AAASL = 5 Aok w2k BAHEAAE A ok &

1 FA9 =1*£:

O FAE AN AARS o =A stz 3
O FA - E}% SHAHYP L A7) Y3 71= 60mm FANHEE 10mmA FAS Zo719 3§
g 73

O %4 Ase ok =
O “l‘”ﬂﬂ' o5 = AW 92 WA Fo
O Wele A9 gadl webq gagion /4 2 9= 58uslel 86x10 "ol

N

Aot gla, Wele] Wss glou Hemeing Hoos Fe

<E 3340 77 &8 39, d9 @&

At (mm) 60 50 40 30 20
o -3-# (MPa) 0.0142 0.0142 0.0142 0.0142 0.0142
Z o 2{ (mm) 1.45E-18 1.10E-18 6.50E-19 5.98E-18 1.26E-19

- 219 -



() B Eol 27}

O 2agE BA%olE YAl WA BaEeldl 3mz sHgste] d4 e 53

O B4 ol7} 3m o2 ZaE ZYFA 93] ZU9 38 0.072MPart$

O @4l sl=ust go] FA¢ we 3 -

O %4 A ¥ 349 2tk B4 Fold ©
1} =

o fo
o HE

Ok A

H

I

&,

[
o

(& 335 BA %] 371 F T wE Hed, A

74 t(mm) 60 50 40 30 20
H -3 = (MPa) 0.0354 0.0354 0.0354 0.0354 0.0354
HHH(mm) | 3.74E-18 3.03E-18 1.52E-18 1.62E-18 3.25E-19
(W ABE AT B
O #xe BEgonz A4S 2o/l A U Asg Fol7] st QB HAB
v
O 7 dE5e =9l AZAAE Ag3kel ABE 27
O <12} Hujzrze Eeoludrt #2457 A% 249 5mmz 714
O 7ol FAE ABYE AsA =2 249 TmmE 713
O mage Z9re we W v $AS Smmz /(Y 3.22 9% 1)
O dlssa Anks ol w9} 2.
O uF Aee & Agel walA A6 weh gHol WAL AL B 5 Ae
O Wsie @4 =UEF 29 g A% AL 9
O Athege i Ase & Astol sl Ao) SulFA 60004 Ha 420 742 Hol7k b
e B 5 3 asie] Aols @M Aste] us) A 108 FHE
O W e Q8= Ae F¢ $Hud uslol @ A4 7zl A
O FA7 2ol54% AgHol Pasts 21& HA dBEo/l FE4E ¢ 2 342
e
O W#g A8 Ae A%, AgHol Asel Fwe) 0.36%0)x, AW} Azel 54
W9 0.0198%0] B2 | FE BEF B AAHA HAL b5,
(& 336> JES g 2o FA mE Hd &4, Hol W
A t(mm) 60 50 40 30 20
-5 = (MPa) 0.1776 0.1755 0.1715 0.1638 0.1499
Z o 2] (mm) 0.00068 0.00064 0.000582 0.00049 0.00033
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44 |

SH K== Sz

20mmell 4 Smm7+A] 5 B

O 89 mg2 AgAARE Fdsin 8 AU Smmetk 8 F7 0.7mme FL5H
g

O

Zejoltie] Zqe Wi W AFAT DLE W, AW Fdoluel RPE W BE A
AE A ImmZ T4 4 (OY 3323 9& 19)
si5a A ofg Esh 2tk ASE ARs}F Bl FolE fhal Eejoluiz} B g

O
2 3| 7 Eod
O 20mm+AE-¥ 5mm7tA] FgolHe] FAE &9 u, FA wet 87 " Aol= A
s e
O AlFAo] BAEE g 7H 2 F2holy FAE A&steE Aol AAHYA
O S9o] 3u71F oA PAT A5 =2l 0.83%0| 22 M-S T3
O 9= AAZA dA7} 7153
CGE 337> Z28 FAAS] Avied, Adps)
A t(mm) 20 15 10 5
-5 4 (MPa) 0.4094 0.4096 0.4040 0.4070
Z o) H 2 (mm) 0.01 0.01 0.00996 0.0097
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EE}EHH %E‘“‘HE“’_

+'+-+++-44+++ S i S

A kb AR R R A R AL AL R R A AL A

5
7]
e
™
H
*
W
b
¥
b
W
e
]
b
-
™
8

Eajold ZPE Z2tolH AXRIE JEE 2 SAM Xl Sz

09 3323 49 FA9 Az 91F BY A A

(mh AV Ax =g

O Az 2o g s4 Axs 17 95t Az A7) obd 7482
E3 ¥ AAAA AeAE S F3

O sy Ax 2de] A sfiAAzte]l 2 ZEr] W&o AEAx 814 22(100mm X
100mm)e] 1/4 =7]1<) 50mm X 50mm =7]ol] thaf |4 <38

O A" 2 AYARFKIY 332022 sta Yz Huzb4 tmmel HSZAPo=
27

O =8 FAZ 0.7mmE 7R (18 3.3.25

O 43 dxe oty Fo 2

O A7 A7 md3} 2 FAZ 4 AN Z F 2do] S8 FFF Aol7} g

O 3yx mdo] AAAz Rdut 338S 18%71F @ w3
AU mde] Wyt AAAAR mdEoh 1.9581~2.58) 7FF 2

2o FAA YA Rdo] AALAA RdRg o & kA4S R

AU mde] o] A8FAEL 0.6%l1 W= -8R 0.23%0] 22, HHAAF AL

o = ==
|4de EF U=

_ollr‘

UAa md=s

=

o

r

mlo alle

O OOO

<& 338 suz Ax mde] 7 ¥ HusY, HHe

“71(mm) 20 15 10 5
-2 (MPa) 0.3296 0.3336 0.3399 0.3538
Z o ¥4 2{(mm) 0.003914 0.00507 0.005045 0.00497
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19 3324 Ay do)7k smmel A574E A

Soo|H ST Eato|L| HXIOIE Fes

(79 3.3.263} 3.3.27)
O ANE A9 &5+ 552 AAYT 5mmFE 17mm7EA 0.5mmztE o2 2 A
O BE 3140 s A#AEe o=
O A-aAzet sy Rl 25 AAA S 15mmFH 35mm7kA] 27 34 3
O 9994 FAZ 0./mmz 22h3 1
3.3.28, 29)
O s 43 ofef EoF 25
O 2% 3330914 &9 AAARS} siupd4a 2d 25 30mmzb4 74 3889 &
O % 333194 A Az 20mmz47kA] YA AAe] A 2ommibE 74 SRS
s

O <& 331094 5L AANAE Agshe 49 ALAAE AgshE o] AAHY.

e
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1% 3326 HUAS 8] A ZAdY
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|
|
|
..*,
|
|
|
|
!
|

: 15~35
Scto|H HxolE BHE olm MM Xl =iz

15~35

2 M X 2=

G 33.9> AZAAS SUAAR mdle] £ 2 Hrjed, Aoy

<18 24 (mm) 15 20 25 30 35
H &g MPa) 3.9454 6.746 11.2697 15.3625 20.5829
A ZFA 7}
Z o ¥ ¢ (mm) 0.3836 0.8741 1.6954 3.0121 4.6445
FHoi-2-g(MPa) 3.8453 10.826 12.1284 12.4923 28.9751
U AR

Z o ¥4 #{ (mm) 0.234 0.613 1.2080 2.1356 2.6013
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b 7&2 2%

—a— EHMEHA —e—SUE —e—5|E =

%.ﬂi /'ﬁ

o /
T8 /
=4 it : —
o 13 =
= H e
Ry~

) 15 20 25 30 35

HEFTHE (mm)
% 3.3.30 BAGAA S} sUAAR B G AHE

5

45
L
% 15 ¢

0s

: 15 20 25 30 a5
[ & 2 {mm)
I3 3331 AAAAAS) UAAR Bdo A AE
<E 3.3.10> AFAAAS} SiUAAR Feho|H ] A5 #H(ET])
12 A (mm) 15 20 25 30 35
/\]-Z}-Zﬂx}(mm?’) 16867.97 16063.25 15656.35 15656.48 15246.77
HAYUAA Z]—(mm?’) 17471.91 16797.03 16265.69 16060.43 15806.1

(AH A&

O ABSZ 3DZHUH E£HES BEAA FgolU=z AL&seE 4% FAE 0.Tmm(=E59 F
WH 1dS 20mmolste] 1HA g A A9 3me FIAYE FUYoEHE Fdsta
B3 A4S st 9

O A SUAARTF GAZE Aabo] vls) e AANAE WMol o e

O FU# 142 F9, sURAARTGE AAAAAL BEs o] FAHY

O ol A3 = absEZetxE B4 EZAE AMES 42744,

O 3DZdE 28EBo] A5 AZPo2 wEoj4y] uRe] Amol iy THNE 27 §

O Aa% B4AE A7) 93l A=AY Be

(4) FAYE Folyve AFF g7z GAAA



O 19 3.3.32, 349} o] Zglo|y &Hd T2 47 W

O ¥ 3333, 359 #o] Fehelvelt AxF A A 48 g7t AFF Y 4 2E 71
I LA

O 1% 3336, 37, 387 ol AFY AP w) AFol e Fetolu= go] 14

O #AA: Feoldet 7¥xe = 294 davt 9l

Q GA: Zgolyrt AFERe Ir|EY tglY FAYE AR 7] w2 AZexrr A4 &

19 3.3.32 7184 EEPHQ}ﬂ AT A s a9 3333 74 EFefolueh ARy A% § Bg
1

29 3334 7184 Bejoluist AR AR A e 19 3335 7184 Edoluisl AR AY & v 2
2
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a9 3336 714 Feteld A¥H A% Fui= 1

a7 3337 71&4 Fetely A¥d A% A= 2

(b A4 2
O 9 3.3.39¢F o], Feholdel AAZEe] J&
O 29 33413 #Zo], 7F5l XA/t &
O ¥ 3.3.40, 42 o], AFF ol A2 o]
ojlvE A%t
O A4 AFR3 Feold e 2717F dA8k7] Al
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O w4 AFAol 79e Fojof mg FHo| Lol

I3 3.3.39 9A2 Egloly

19 3340 A= Ad Feold
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29 3341 9144 Fefoluist AFH A=

19 3342 A Fetoludet Axge dAE 2

O 729 A5 dFste AFFel 22 o Feholy =3 ZAE7] wEdd AH Fetol
Y 3t ol 2% sA(aY 3.3.43, 44)

O A2 A9 Fetelvrt AFHA A7 WEed I3 AFIH AFA Fetoly =5
o] go] ALY 3.3.45, 46)

O #Feholurl A2 AZEE F9dd 5ol A7e A5 AFARE A7 298 5 A&
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a9 3343 714 Feteld AFH A =

79 3344 714 Ffeld AFR AF
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I3 3345 A Fetold AFF A Si=

19 3346 AAA Feteld AFR AdE

. 24 28 Zole A% 8 Zae WA AgA
(D) 3D=HE A2}

- ARl F A 3 AA =Zr)e] md Y o]y AF:

- OAQl ks 23 HW| A7)d 2tE 2d" HolHE A%t

- Overhang, Supporter, ®A12]¢] Rounding # & £4& 3183 FDM 3D ZdE HZF
Ao duke FElE A2

- %7 gElE wbdste] Formliner§ dlolg & €44

- AZE =AY dolEE 3D ZAH Bed 7)ol BH B

=

0.
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i s
11§ 3347 Bed Ato|2E E£2E A 2dE HolH

3Dz HE 9] Bed 4ol 23 2&3oh A@AAE 3D ZdE 9 Bed 742 500*500mm
Yo = 60012009 ¥ RS 250*5000. = =4 A&

=95tz st HES 2d A

223 2dd F AP 29 dide Ad9sta, UmA 3 EE= HidedFolz =4

=

—— e
% 3348 9 W BES FE3 2H

dg &nlE 3D ZdUHE HolHZ W] 98 gy 2L s 53 2
dlo] =9 o A3k &2l
Z2E HWeo W9 E(Normal Vector)7h 9] F-& &slloF gttt Console command [DIR] ¥
3 AA WE AYste] HAHEE 29

Ao Vector WaFs &<l, &xd WS A9ste Flip Normal2 W #H3ks
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79 3349 EW W A4 A

St} AaA 2

ge7} 9r= Closed PolysurfaceE #Adstal == g<lslof
Polysurface =

E
A8l & [ctrl+lE dg3s) 2 Open polysurfaceE joinsle] Closed

it o ——

19 3350 EAI7F AT E 8l

- Join & “Jejo A Console command [Showedges]E <&
- =938 d3aAolA Show el Naked EdgesE Ad
Objects& &9
- A3 Aol Pointe} Edge® LB A E7} Opend +3F 9
o] A mAgolA 2z Wo] kb= Edgert A&s] 22 XA vy =

s, Age AW T Add

O =da¥ tlolele W3 - STL(StereoLithography) Export 3+
- 3D=YH HolHE Mesh W2]& o]&3afoF gt} Rhinocerose] 7%
File W% - Export Selected wl7w& A€lste] STLZ A3

- STL File Type< Binary2 4% 3t}
- H3y STLoYS oo wat Mesh Data Fixad & A& 4+ gtk
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<& 3.3.11> Mesh HloJE] $Ao0]

7Fe’t T2 Abg

2394 A £3

EBE
Meshlab Sourceforge A 3D & TR 7l
A &
. Z ¢

Meshmixer Autodesk o 3D mdE s

ELPE
Netfabb Basic Autodesk

Microsoft& &3l § &EF4 A&

(¥ 3.3.12> 3DZHE-L Slicer software A-l

Software Developer Print Preparation Slicing
Ultimaker Cura Ultimaker Yes Yes
Craftware Craftware Yes Yes
KISSlicer KISSlicer Limited Yes
Repetier Host Elgt—IEVGorld GmbH & | yeq Yes
ReplicatorG ReplicatorG Yes Yes
Simplify3D Simplify3D Yes Yes
Slic3r Slic3r Yes Yes
Skeinforge Skeinforge No Yes
3DPrinterOS ]:ilt)d Control Systems Yes Yes

1% 3.3.51 Cura® Import3+ Mesh Data

O G-Code 24 - Machine Setting
- Al =9 3D =dH Y 43 24 Cura®l machine settings &7

- Machine ™|+, Machine Setting...S

A

T

=)
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i
Maching settings

Reprap .
Machine settings
E-Steps per 1mm flament 0
Maoirmum width {mm) 510
Mandrmunn- depth (mm) 510
Maxarrim haight {mm) 500

Printer head size

Head size towasds X min {mm} 0
Head size towards ¥ min (mm) 0
Head sie towands X max (mm) 0
Head size towands ¥ max {mm} 0

Extruder count il v| Printer gantry height [mm) o

Heated bed 3 ; |

Machine center 0,0 : i Xy P SeFTNge I

Buid area shape [square - Serial port [auTo x|

Glode Flavor |epiap (Marin/spnter) = Baudrate [AUTC ol
ok | | Add new maching | , Femove machine | | Change machine name |

19 3.3.52 Curag] Machine Setting %

Machine Setting®] Maximum width, Maximum depth, Maximum heightS 3~ E 49
oA 4

- ZYE 2EZY /|4E Extruder countell ¥

- Heated bed7} 3DZAE ] Heol2 242 7% Heated bedol A=

- o]9lo] AL ZHHY vjwgdS e

O G-Code #4 - Model Setting
- 2" A g 2de H7], 4%

- BEE Hatdo opo|F& FY3) U}
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<& 3313 Curagl =9

4 7%

7]
. | °telZ A 27 HyEe
i3
HIEEo =93
Gumball2 =" X,
TE
Rotate
o)
Q
=4
D
wn
(@)
=3
D
a8 Importdt 7]
A2 HEH
7% Wgoz wal
§ ﬁl = 5 HYE #HE gl&
S Y& 93k o g whg TEXE ¥HF 8ls
’_‘ .
Mirror Y
X& WeFo = wd
Mirror X
- A 85 § rdo] Y AT A mE Migo] ko F v,
- Scale & =® A& #Alg 22 & Rhinoceros 2dE& 4.
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a9 3353 &Y HAdstes 249 29

(O G-Code Setting

- B9 574 F H3e

e

g HolHE +7%

Nozsle sze {mm) 0.7

17 354 Curad] 29&A4 Y ©

- [Basicl® 9] 7} @&ol A4 s dgth ol zHH| wet glo] o E, iRrds
Zha
- [Advanced]l® & A& 242 Preset A7 W&
- Support®] Platform adhension type % 223 platformg A&
O Export
- HFXE = A [View models &

- [Overhangl& AdEls] AME7} ad UAEE Wo] eA &<l
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19 3.3.56 [View model-{Layers]Z &He13l Eufj~

o]AFo] & 79 [Save Toolpath]E A &ls) G-codeZ Exportdhct,

B

A4 E G-code HIo|HE SD7I== 3DEXHE Y U™

APNE FFo et 23 252 190~21058 A A

95 At =9 Bedite] 114, EFS FRIStHA v HEY, 28 &5
< =A
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THY AF

B & E2to|y] A2k 50cm X 30cm (FEFHAF 2EA, AHZHEE A 2EA)

24 D 712 AELS 50mmeolA Smm7bA] 5mm2 ZHAa007) A$ 18), 2) A=
g Z)o]Z s5mmoll A 50mm7kA Smm# Z=7H107) ¢ 1)

A8 A 1) 7FEEeE 3 W Zo] 50mmell A Smm7bA] smm#& 7HAQ07) A 1
), 2) Al293F Zo]E Smmoll A 50mm7A SmmA Z7FH107) A-$ 18)
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a9 3361 AR Feely 24 9 3.362 AR AERRY Fejo)

(2) FeholU-AFH ARATE 4sW7 @ A4
O £adE F2E AF A EdolUis AT 25 AF F 284 252 134

ofof s, maALE B B P F AFYY P Bed 5 UES 3

AFze] ANES 918 Eefolule] Belr) gold Fxz HAH ook 3
O Zehold-AFR ATz dd AeHrte AQALD 4237 Edoltie] BHATL
; 5% 45t 279

E 2B AFY AZ A ASHE ML ol &8 EdholU-AFH

83 5 glont, Bgad wEge] AAAT APoRyEH AFY 2 Ee
WAST BEAE o] §F AAAYe] FolshA EBF wHol Yt o
BIHE(1Y 3363 B 1Y 3364). wtebA Eolu-AFH AW AF, WAZE o) &
AATE EE /A HLTEE 0|8 AATRES AHUAT} BaF

- 241 -



% 3363 Bz D29 AE AAE A 19 3364 BdaA) ARB-AENN A4S AP
BE g BAA AR me

@) AP ARE FAHE D AN
O A% 8424 Fapolusl As, X4 § BAFA e gRzas Ayase
O 522y Foous 9wy 24FLL %
osf Feroldl 1t Aol olFolAE Husl ado] WA Hol AuH Azel B
24 Qo Buy

19 3365 &3 3D ZHUEHE AFH EZgoly

(4) xR, A2t 2a2E 5 Feoly A& A ZadE 9 34 A4

b &Rk BHE A Hlal
s I2eE EEEE: AMHL6EAY] IEAR 22 £ B FAVE 22 dHA
o] EMd&o], Y7ol Fou it oz AR EHE BRFAANES Hla Al 7Y

O drg: R2e2 BEAAZ Fol AARH I, A oA E4A 74 7hed 23
o] oy}t A=7t 20MPa AFE FH o2 A3

O A2 9 271 AA e vl 7bg Agsta @A oz AgHE ZAYE BFA
ojut w2 =ACommelshE s 22 & Ev AAT £l AR dE FAR &
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() Zgeoly A8 HA AAe HA
O 9 A Ag F 42 189E REZE=22 HA3)
FE5HS =9 Self levelo] 983t1 23 o] Y= A
A ™

e mmA g Bl @Ho] AL dolrh AL WANAE

3}

2
i -
Ny
o
fcér
o
i
oo
o2
ot
i
u)
©
T
iu}
odl
>
A
[
o

O

O ABAAA: A
o

(th FaAAHE

XX g g @ Hl 1
A|HE &l
22 40%
AE|7ts 1.5%
CAS 3%
T3 0.5%
gZ0LEE 0.1%0] 0t
A #55 A} 20%
TEAL #6Z At 35%
G) ZaYE A SJYFOIZAS) HA 71H AF
O ZAYE BAA ZEXAEES HAAZ|H ZIYE W A7to] &2 B ollg 7%
AZMZ YFAo] Aste. I8 EZ o]ox]7] 113 & ©E3AY #Holaxe] FES AA
7} 2R3
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6 4 23

i

AYE A @Az 2 AFd Bt

% 3368 F45F IH9E BHA #% I% 33.69 F5 1HEA A #
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(B o Rea-
(= .::Iq-r_r.o__-}- ) i WS ]

e £ i e W WS e % -_ - ‘V_In

g

%™ 3370 AR EFepolUEd #& 9™ 3371 A4E FeeluEd &

I 3372 94¥ FeolUEd & 19 3373 98 Fehelued &

(th Z&AEA
O AALEE 4 D 7129 g H 2ol 50mmolA 5mm7kA 5mm2 Z+4007] 3% 18),
2) A2 Z1olE s5mmollA 50mm7bA] 5mm#% Z7H107) 7% 18)
= TH ZAYES 2¥o] Atz HA @i FAYETL EAA 2y

|
od
ox
©

p
kl
)
filo
4

t Qg 29 53, ol 3omm ol 4HHE BRB el AR
- ofe) ®ol FAYE Wefo] Yoy AP Lol/HTh WE FskGL. Lol/HT > 10
ol A% BAYE Weto] WAILE Eetold] S AU ANAES AL
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o], mm  H, mm € Qi

25 5, 10 2
20 5, 10 2
15 5 1
10 5 1

5 S 1

39 3374 BAE @) AleAd (e 5, 10, 15, 20, 25mm)

Zol,mm ¥, mm g€ Ak

50 5~30 6
45 5~25 5
40 5~25 5
35 5~25 5
30 5~25 S

< 3315 AAAE I 2wt A del/Hd

Zolmm) | HoiW(mm) | Ze)/Hh¥
5 5 1.0
10 5 2.0
15 5 3.0
20 10 2.0
25 10 2.5
30 25 1.2
35 25 1.4
40 25 1.6
45 25 1.8
50 30 1.67
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d. 53], #°] 30mm o] dFH= mHEH Fdol A
gEto] dojd A Zol/Htd BlE A= Zel/Htd > 1.0

3 (Jt
- Aol F1 ASFE ZIYES o] AUE HA ¢ ZAZET EA oA gty
O]— J_E‘_.

Zol, mm @, mm % A

25 5, 10 2
20 5, 10 2
15 5 1
10 5 1

5 5 1

Zol, mm ¥, mm g AL

50 5~30 6
45 5~25 5
40 5~25 5
35 5~20 4
30 5~20 4

= ap

% 3377 % F4o) A4 (2] 30, 35, 40, 45, 50mm)

<E 3316> A8 FF DAL A% Lol/Hvd

Zolmm) | Hojwmm) [ Zol/Hund
5 5 1.0
10 5 2.0
15 5 3.0
20 10 2.0
25 10 25
30 20 15
3 20 175
40 25 16
45 25 18
50 30 1.67
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Eh AdAzFe F4 B7F 2 A

O &gy
- 2AH7E Egoly AAL 37 242 PLAPoly Lactic AcidZ 3t32. A&Hsta U

TA o] =& ABS(Acrylonitrile-Butadiene-Styrene Copolymer)ol| ®l8] PLAE 117}oliv} &
Hy o] o3k FFo] Hom Bty AP =9o| 7t

19 3378 FEtolyde| £ AH

Selge FDME4 o 9gel adolu 7o) B 2 27] Qoo weh FEA

O 7M. g =
e Avtd oz BAFQAL oo e AATHELS ool 2o, A% AF A o] W
HEs st MAdVbs € Aor AlRE.
- THE dAY =4
- EERE 9 ol £5x4
- PHE 47 =4

O 2=g=

- FAWIk ool @y A EFeolsl maEe] videe] o) maEs} Yoo
b dabel wAIs
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% 3379 29 & gee E3ES Fooly
O AAH: Feholu] B2 furshl Agstel B8 A rpaeol 27 WYFES okah

k. AE37] Foly AAE A
(D AE=Z7] EFoly Az
O gzl a3y =2a98S &8st g5, A, £, 3 2 AdE37] Fgdoly HAlE&
&7, 4oz 747 AZg Holl AAZ tE BDZUEE &3] ZF gAle] Fekoly
E AR F S
O 4A 3DZHR Fetolus AEZ7] HAldA dFEE(TF 33889 Wit vhx41hHs &9
slo] ZglolE AZsH1H 3.3.89)

19 3380 = mge Fetold HAl (£4, &)
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a% 3381 Eolvke Al Bk Fetold tAsl (54, 4D

1% 3384 3DZUHE =¥HA A

2o Fatoly]

1
o
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@
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w
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ry
o
fru
e
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it
Wi
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el
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fo
i

golul (&2, 2
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19 3386 2 E BoF FEtolvE wEofxl AA #A fAl

19 33.87 = BeF FeholyE wtEoix Al #HA garl

9 3388 Al mok FEtolu R kel A WA gl
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a9 3389 A E2F V2 293 A 2 oy

@ Eetold AY A%Fe F Wk L AN

O A€ A%E Feolu(ad 3390-929 A5 Fojshm ALF U] Ede] 257
oot Fol A7IAL ol 2r} A7E BAZE ATHIY 3.3.93-95. metd ALE Tl
o AAFIL BT wFe] &, P2 FeholUR WHIY 33.96, 9.

% 3.3.90 Al Rk %7] 13 3391 3L 2ok %7 I3 3.3.92 & 2oke] %7
A2 A = A 2E

P ¢
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P r il
I3 3.3.93 A BoF x7] 19 3.3.94 32 reF 27| 19 3.3.95 & EoFo %7
AZLE2] g AZLE2] goEd A ZE2] gy
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op. F2hold AAIF AMRAT

(D Feoly AAIEFL AY F24%5 A8 93 2 HavE 44
b A 534
O A3 A= 2 giol Azte Fgolye EAXE AHEE B2A9 EAAYE OF
2 Aol 5A

O HAZA " Fgtold A=+ in-layered out-layer W3] AFeol A2

A= 7H4
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O 7 ol tis) ARAPL Al Aol 54 BANE 73
O ol@A A3 Amol Sy BANE Tasdel wste] suAse] e %9

b A GAEA

O k=00 NES 98] Z71EE=7F24 KS M ISO 3167 trE& 8 Ao o) t=A|H
gAY XFE AR

O AN@34 Ao B84dA4E 18sty] st A2 A4S AlHE 518 Aldglom, ABS
o} PLA 7 7 As Aol disl| sl F 20719 AHA DS 3

O A® A5 A
- obe) ZFONA YFAWS AFAB Feist A5 mm BHE QWAL FA FA
- AR B A ge Al AUS 29
- A A AR @2 50mm X 10mm X 4mmeo] A 9k FHFHAYS wr] Q] FAE

10mm= =7}

EERLL

b

ly

f:I
I "’;
r
AlEN 9 A il

13 EEEL] 2150 [HF 170 150
i1 ®0| EE 98 SF S5 U0 [T, 80205
d FLE3T ] JoMag 25 HE B M1l 1 =60 2E 2f 80205
2 "o g= Eg 1;2111 TrEEH 14cgad 113 1 M‘;ﬂlM 120 78 £ 1069 110
B2 | EEES G 3Be03
1 a0 & REY LH| 10&02
h =H dafid

AR CF AL T EHO| 170 150 204 -1 3 €5 M B0 1002413 @i MO0 g2 HEY A0 O 2 gole A7
HH oA DjO&X MY SraEles & BAITI A0 IREN0 R S AU

HE L 3R Ol S22 O SAM SR AR § S5 Q0 SRS MY IR SR OXk 0| SR EE SE SRS B R
Afojoga Olgsie SN WASE 8RS UE SHE BOISCLENMM & OF WY S0 2F 02 MM O 42 5E 20E
TECE UE AEM R0 BA D2 2T AW OfE FHUIE AMEE S 20 (. — ;1;,.‘ + (b — 5,1_]1

4b, - b))

19 3398 AFAFEA A

HEAME MEHN
Zojl Libb | =Hih
50+2 1002 | 4202 ’3 10 |

19 3399 dsAEH A

(T Al A g
O & d7elAE DR 7% F shiel FEHSTAEDMS A8



O =435S gf2 AEHYE) gH Y drtad 4SS =5 oA 5o uigd g g
HE =9

O in-layer A& WO RE ALZSAA A EHI vIE YTolAe E o0& tizgd &
Fo = A&k

O out-layer A|#H-& AlH 9] out-layer WeFo g =S stAA A& 3}

@ A 2 A3
O A
- Hoisls 500kNSl AsHEA & A&t AES G
- AAE: A 2o 0172}1\12% 24 9 WS in-layerd A% 0.lmm/minC. 2 A ojstaL,

out-layere] 74-¢ Imm/min®.2 A ojsle A|dS F3Y
- or=AE 2= B2 H I foll dFAEE SHET H1YE 2mm/mine E A ofslo
NE& T3

- AR o] dmmel ¥ AWL TeAAT

4 NFe 3

bR =W E 2mm/mine & A o5}

of

O Agd7171

2% 3.3.100 500kN Al g1 (MTS 500kN Fatigue Testing
System)
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19 33105 AFAR AR

D 4N 5%

19 3.3.106 ABS9] 38 3.3.107 ABSe] WU L=
ROGZAA(OC, o) 3 ARUC, 5 53

19 3.3.108 PLAZ] 19 3.3.109 PLA9]
ANFEAAUC,, ) 38 AALZAR(OC,,,) o3
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2 "AW P

19 3.3.110 ABS<] 19 3.3.111 ABS9)
AU AAUB, 5 53 W AAA(OB, yg) 7]

19 3.3.112 PLAS] 19 3.3.113 PLAS]

19 3.3.114 ABS<] 19 3.3.115 ABS9]
AYRJIGA AT, 5g) 75 W91 FAH(OT, o) T+
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% 3.3.116 PLA9 19 3.3.117 PLA¢]
AWJNZA AT Tpry) T AAJNGAA(OTpr ) T

(2) Fehold AAFS] AW 7245 Ad 2 B71
b Ald Az

O 29 33118~1212 ABS=Z AZA#E Ade] ASAl o=, ASAd I, 4
A Aol g AHAFEAHAE 44 AHtizE HoEn.

O 29 33.122-1252 PLAZ ZHZAZE Ado] sl A 22 w49 AAAE 235 1o
=t

of\i

=EI

A

’

O Ad@d7se Hole 73] 71&715 Tt ASHW Al @AAS(E, E,E)E Axtsta,
FEEFS AW BRAQEAW] A 100mm'2, AFAHE] A4S 0mmDoz Yol &
B&AWf,), (7). (f,) )& T3k & 3.3.17~240 A5t

O ol& AHAY Ao BFgte g2, ABSeF PLAAN O] AUk, yIdPst A@td &
AAGe FBH e 5 8 Aol e Yirolx AR & 332500 ekt

<E 3317> ABSAHS] HAZHW ¢4EAY A3t
=" e NEE N T SA%F
& - 1 350 MPpa 5941 MPa
i eTest 2 35.1 MPa 5217 MPa
o | _ _ 3 351 MPa 5310 MPa
00000 00050 00100 00150 00200 00350 4 35 . 0 M'Pa 49 18 Mpa
=il 5 34.8 MPa 5263 MPa
i 35.0 MPa 5329.8 MPa

79 33118 ABSA W] HEH) AEAE A3

35

< 33.18> ABSAIH 9] 3wy AZAE A

eTest 1

% i Al gz 233 @A+
5 e 1 249 MPa 1818 Mpa
oTests 2 250 MPa 1329 MPa
. . . 3 250 MPa 1770 MPa
0.0000 00100 00200 0.0300 00400 4 24 7 Mpa 1695 Mpa
S 5 25.0 MPa 1754 MPa
ooy 249 MPa 1673.2 MPa

19 33119 ABSAH o] AFHd ARAE A
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Stress (MPa)
‘

0 0005 001 0015 o2 0025

= ®Test 1
Z ® Test 2
g est 3
p= -2 R
il | Test 4

eTest5

a9 3.121 ABSAIH 9] A5 AFAIE A

i3
=
- st 1
=S =
@ e Test 2
.
il
5 ) Test
= est
Test 4
®Test 5

0 0.005 001 0015 002 0ozs

=
% eTest1
= ®Jest 2
4
= eTest 3
o
Test 4
eTest 5

0
00000 00050 00100 00150 00200 00250 00300

Strain

719 33123 PLAA O] ASHY A At

<3 3.3.19> ABSAIH ] A=W =N H A}
A gzS T8 BAA S
1 36.0 MPa 4918  MPa
2 35.0 MPa 4580 MPa
3 35.0 MPa 4918 MPa
4 348 MPa 4918 MPa
5 35.4 MPa 4545 MPa
- 35.2 MPa 47758 MPa
{E 3.3.20> ABSAIHS HFHe AZAH A
R FE S S A 5
1 3.8 MPa 1818 MPa
2 3.7 MPa 1609 MPa
3 41 MPa 1739  MPa
4 x MPa x MPa
5 2.8 MPa 2000 MPa
B 3.6 MPa 1791.5 MPa
<G 3.3.21> PLAAIH S| MEoiL ot=AlE Ao}
Al @z 3E-8-H dAAA S
1 55.0 MPa 8491 MPa
2 540 MPa 8491 MPa
3 53.0 MPa 7895 MPa
4 56.4 MPa 7759 MPa
5 55.1 MPa 8571 MPa
By 547 MPa 8241.4 MPa
(X 3.3.22> PLANHE O] AZHY AZA Y Az
A gzS g8 SAAS
1 360 MPa 4918 MPa
2 350 MPa 4580 MPa
3 350 MPa 4918 MPa
4 348 MPa 4918 MPa
5 354 MPa 4545 MPa
B 35.2 MPa 4775.8 MPa
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<E 33.23> PLAN®Y] HZwel ot=Ag A
v R PR BAA S
. 1 50.0 MPa 7692 MPa
eTests 2 50.0 MPa 7692 MPa
3 50.0 MPa 7692 MPa
i 900 b'“’ AL 0oz HE 4 50.0 MPa 7547 MPa
5 50.0 MPa 7339  MPa
3 50.0 MPa 7592.4 MPa

79 33124 PLANE S AZ W 4HAY A7

3 6 oT Al gz 3233 SAA S
=4 » T 1 6.0 MPa 2727  MPa
2 Tedt s 2 6.0 MPa 2500 MPa
5 3 8.0 MPa 3200 MPa
0 ooo ocs oo 4 8.0 MPa 2909 MPa
Strain 5 X MPa X MPa
3 70 MPa 2834 MPa

19 3.3.125 PLAAN S HZHe AFAIY 23

CF 3325 A5 EAE Al 44
ABS PLA
WP o= | a9 | ww | aw

Ex 5329.8 | 1673.2 | 82414 | 2539.8
(fyx 35.0 24.9 54.7 35.2
Ey 5329.8 | 1673.2 | 82414 | 2539.8
(fy)y 35.0 24.9 54.7 35.2

O ABS¢t PLAZ A Z=dd Aldo] tid Ad&H} d5AF L FIFHAJY, DA Aud
A A2 0] BostER Alggdd &
O 7120l 343 NHAPES EU=Z
o HAd §¥2 3 =v ¢
o=z Hql
O T34 BAY A AGdBAF(G=E/{20+v)He FHFeHEA
ofFH] b Apolrt AA wual rPERTE, ASEHd
2 nHEgE 2Ad v

2
obe] ol ol AT AL S,

O ABS$} PLAZ HZZ"HdE A s 45 S wo} S s ufo] ddedA 7t
24 AxgEg, oS F2 b= g bole ZE A ST Z0HE ALe AdE
AATE A&t A, Fol 93 AAH dSe A e FHa AT JA-RTEAEAA T
FAHE AN AaedATE A8t Byl siM e Pt
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(33260 A E9E A Mg As (MPa)
ABS PLA

UE | B | 4m | oA
Gy 1148.7 | 628.6 1743.6 934.2
Gy, 940.0 673.1 1504.3 | 1002.4
G 940.0 673.1 1504.3 | 1002.4
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Eotoly e s R (Id 331200004 EHo A IEBQAS] g4

A A=Y s AR 24AEHE AHE

OOOOO

a9 3.3.127 1834 18mm<l PLA Eetol

(%) &2 Ao HAMmMLE ALEA7F 8
AL emmFEE 3mmA Z7FAAA 18mm7FA &

O FE2F AARZRE Fgoly BH7HAY Eole Y49 &30 wahA Hd 50mm= 714
ste] & A
O 19 3.3127& &4 A3 5 PLAAIE S QE3HE 18mmel 2o o3t

o

e ECEE =Y

(h A4 Bl G A=
O 7HMEAZEAEA A des 753 H37Es el MEriees 2 8(F 3.3.27).
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(33270 7MAZAREAEA Y] A "=

xS FF Aawy HAguy
A In / 360 3 mm
B In / 270 6 mm
C In / 180 13 mm
As n#gd F23 2EFZIYE ¥
al Be npo] 9l F4TE W
S Hey Fas e

HFAEZAGANA AAAE ATHAY 7)2ols v FLEo| weby e
2 A B C g2 urm gk Feolu: Aud Hu 2

= s 3
o WS Axsck 7] WRol, ASF /1FS Faolue WPsFoE AE
7474 15m olule] A@el AeiA B (/3603 AARGmm) F e @t ez} ol

o] dojo|t}. FolvolA AFF A dols 1
Wy 7% e 1.5m Az thal 4.2mmol AWk, AZA|ZH Egto|d
e ® FHFs oS i vHs e S JEE g

O o] A%, Fgeolye Aade duidrng AdAY ZA Hof, AFgAd AE A AUy

[e:

O 2842 AEsH] 98, 98349 A71E o] 7t Feoly w9 HAUHES 3
24848 S8 A4ste] 29 331287 33129904 HFa o fILAsA Axe
AR Uro] Fsinh A WA Aee & 33260 F3H, AR T 45 wE BA)
TR Ao gAFE TEA At AL ZolFEM A4 D, F HA AeE

el Ak e AY e AGEAATABS AEAE A AT 628.6MPa} P

A5 AGEARA T 934.2MPa)E B5 FAjo| A &3t A4HsE Ao|t(FEM 7% 2).

3.3.128 ABS Z&}olJe] AS, FEM A% 13 29 siAdx AZ7HA 12mmolA ¥ 37
3

11:1 o o ofN

e K& 4 Lo o M K2 fodu

z3el7] AREE & 4 Atk FEM 49 13} 20] tha) A4® @@e] Aol 2X 9
2, AVBAAFY AFH BT FFE A Gee L & Uk o= Edfoll EW
A 2 Bl 4 WS 3] A e A ol B AT
FAAGS, ol A= Aol Sl 484 ARHE AL WHE FFE A4
© A9e & 4 Aok T 331 PLA Eelelue] AT AAT ASHE el
O 79 331309 3.3.131& ABS Zgholiie] elMaxs FHAx AL AES Y] 9138 A
W Agen FRLYS vimdth dWRL FHas BE HYgHo] FuLYny
Mg Aomz hrgoE FEE dWEe Fusty e &+ Ak 5, AWHAL A
Jgol QolA BT AgHel AMAYES ¢ 4 Atk EF, FEM 45 134 29 A
48 AsHel NE FAS UBhde & 5 Atk QBaidA Y ATgde §Ho)
29 wQHD EALLAN FATRE Hol A TWHER ST Tl Aee
HASI AUed Adel WAL G A4 B & 5 Avh 29 331329 33133
= a0l RS HES] %ﬂ 1454 e g
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AETH (mm HETH (mm
19 3.3.128 ABS EetolH 9] AR HE 19 3.3.129 PLA Fejol o] ALY HE
20 —a —FEM T 22
45
S——
e ——

9 3.3.130 ABS E&toly JdFa Ao i AE 9 33131 ABS EEtoly 8 A0 WA AE

&8 (MPa)

ul, Edoly A4 AEIY) ZIE YA AFA
() Edfolu-AF3 Ad7z A% B
Ob BT Eaelsh A% O 84 A7
O 219 331349} o] Edfoluol 47he] 7 &8 ThelE WSolA 1 Aolol AFAL 79
ol N JAT F, Fejoluel AAB AFHE Aot AN Agstel 19 33135
o} ol A= AT,
O 219 331349} o] Eetoluel 714 tlo] 8L Fol, AFR 1+ AF A o ol
e

AFRe] AAMe] REY 5 AEF AR olelF WA AFH B AL B, F
b mARA EE FAL AGHA dols FolUE AFH vueA 14T & Aot
O Ag# Fetol 7] SA oA Bk ole @ PAL F)Ee] 2ol

go] 2 = e
&

AFAT AFY AAFHL IR 4GS GRo) AR Zulsord Aol hE wEol
4 AR FERAel Be YonE P BFS & 4 drk: gl Atk W, el
U 71 tele FARE AFYRd Feeld as7k AA] Ee oo @ AFei

g ] 9% Fo7k Basi,
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a9 33134 Zefoluis AF 1+ 74 A7

% 33135 714 92 AFY 1 A

(b 23YE Fetoludst AFY T A4 A2

O A8 74T & Y= AP 33136 FE cAF(LY 33130 AARE Eoly
of AF@h Fepold ABF A= 279 THELS AFA Fol, Eeolr AARE of

BEol Adstel Fefoluieh ATYL AT AFHY Wriwe] BES U Eetol

U ARl AAE 719 Fetolust ATYL wus @A

O 7120l Ag3he XS I0Z AT 5 drks Aol o, AT Feold 799
AAe wz Wasx ¢A Bk olHd WAL 7)Fe 2ot ALY AR A
& aUE A8 mEe A2 FHSoFY Aol tF wiol} AR FTHo] B
& glome 94 UFs T 5 loke 3ol Atk

19 33136 Fold ek AFR b Lnkd A A2
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09 33137 Febelust A% ¢ cAY A4 A4

(2) Eetold-A¥yY AATZ A

O AF¥A 2 947 A2 19 331389 Lol A= AWF F Mo AFYS A2 we
% Ao HE ZWe] THE Ho] Yo JYAWL VEA T, Yo JAUL
Zob wABT Aot ol E AHT T A AFHES ABY W= T AFY FEwo|
THe gol £ JNAL BEAL F, FUoR AAAL Fol BT

19 33138 AAA A2 AFH 1 2

92| H(WEDGE PIN) RERS RERE 2EHE YL 4R SUE

S R—
a2 LRI
p— |

= |F=-=-.,, 2 -

L= | o
Iy — r'n'i il | B i Fmim
|
i L

19 3.3.139 AAE FA A5 A
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Q) HA Al AEFe] 4 B2 2 R

O EefolvE TALZ Agste] AA WAe AR AGAFTHAT. AFTE © AAE
Gl FAT B FEL A9 Befoluo] m2E2s Bt AAS ABA TV
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a9 33142 23 £ 24 Feolvz AEd REEE 9

6) Az AZA BoF B AN, 7Y AE

O %7t A% BEmee] FefolUg A%E WA 1 4ol Atz xdH A
glovt, Al meF Fefoluel . Era EelolUz AR WAt @) &
RE ge AnRiol Fio AU THEHA &S AL AT + Atk oA vHe
Felolis AR W AAHoR gheksln FuRiol gt
£ Azste Aol Agl felsith

r (%]
fllo
i
X
o
i)
£

e
v
2
<

AL 23 E 9A dF AQAF
D ANEAE D HeH7)
O Z3YE He FAS 4 FdES 8 F45F == “am/\luﬂg REMIGROUT
GP400” (o}&l Z8)E ol &3t wigduls “dd AWE 1%2&” of & of 3Eol
ue} grEstgTh &, 23 ES} Fetolu e dE8stEE uelAlE AMES T

% 33143 4= n2e2 3 AWE REMIGROUT GP400’
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<E 3328 @V 1g¢EA A g5 [FLAWNE 7eA5-0239EL grg 7|<x5(TC Grout.

0811.001.)]
TG4 AE 10(25kg) & I’ 5 AEF
A= V€| o Giten | =g F | astoEs =
(Flow/%)
GP400
G600 150% o] A+
QP00 (Flow cone 3.75~4.25 oF 13 liter | 1,900~1,950kg | 285~332kg
test)
HP800

(2) 30cmx 30cm Feholu AP F

O gz mignlet ede] HAAHE FAsfrr] i 30cmx30cm =712 HAS A
ANEAF a9t <F 3.3.280) wel AFE Fo= REEE 12.5kgol & 2diterE A&
TH1E 3.3.144, 145). Feholyet By s &7 AlFAE sHATH Y 3.3.146, 147).

u
#
w
w
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Ay
d
It
o
It
1
X
AN
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o
w
w
5
Ay
i
It
o
It
1
X
|\
o

9 33146 AlFATFTR Feteld el Ry
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19 33147 N Ee €53 FEolve REEE=

(3) §2E =27](120cm X 60cm) Eeko]] A A Z

O #lellA &g A3 Feolde] Fo] & xAHo 30cmx30cm Fekol 87/E 74 A
ZH® 3.3.14D3%k = o}@l FEZI 2 371(60cmx 120cmE AgEE o] &3t o]
of EATHIH 33.148). =& Foolvux AdgIoz B4 A TS IPsAt
(719 3.3.149, 150). WMEuE= F5% m=el2 50kgol 2 Sliters A3t

9 33148 o}3¥ EF £=E
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a9 33150 AldAE 9 Fekoly
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19 33152 A F FEholdl

SR e

19 33153 AlE F FEol2

@) AZA B}
O 2hd=old +49d 2394 g A Fe
A, 3AEE ARATANE 4% 2o 2 )
ool Helrl Agsl Ho] Wale Wil ¥ FHAYG. wF, U2
ol A2t FRE-FgolUE HAstel AT SALE, AE Aol BAMo] ¥y

[€)
A ol AAl Az Bl ZAYE B Al A& THed Aoz HAt

) AN&AH

=
st AS A%g
O ¥ REgEs WE2A 27 vz w5 & SA| st oF ot
O BFYAHNE 7eA5-OdSEL dueg 7]EAE(TC Grout. 0811.00D]d] W=, 4=
sto] Wr=S slela sA T, 25kg dliterE

NA gk ol Fok
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ZazEd Feolie] 4BF BAE e velAE e F A
2aE BAA 727} A7 el FHol AA £
4 7ol ok G,

oh. ZAN B AFH £A
O & HANA A A FetolUs A& FUF 71E FUL obel Eeh o] Hlw
32 skt

<E 33.29> DT 2AE Fekold A4 THF /1E FH vw
o E FACIA AEE NETH
- 3p=AE Feloly EPSEQ Zetoly | Uut Eatag Egoly BA EFeteld]
O Ut A= O W reet 2w
=3v @ FZ29) tAel b o s Az O @ v BFEol
b O EPS®o] Ha&}A] AFO2 Ame Tbssht Jud
O A" Hagle|=e gapel w AL | 0 e | BAAC olEE
AoARle] E2, g, zebsta v ol Pl e S S A B
et B3 = k3 5 | Towe = o
mEd | B2 s odd 2% ol o A Aol W FEo] ole
7hs O AF Al Z=7r A9 olumz 24 S O "AE tARlo
O HBHE o & & EPSH©] A JfyER %2, S
HAE vgow oA se" £ glo] ;’7}; T = ot 23
F9lE 2 AR mo] Hg Hold = 2hs
237} 71A Y & e
O ABS, PLA %‘ e O ~H2lgx ~gL
AEE AguE oz o
QA THAe A O AAA A A AEmez dxA
I = e O EPSCHEEgxgan | T N T T E 744 17}
O dl&7 Tl B¢ O AF4Y AgnE _
N £ AAA 71 s ° O Amd vHHe
DAY AZH| 7 A A 3DZHUE R} Aol
=gas 22230 H ALsicty B 2 7o
A4 e s O AHug A ideht & Basme A5
e BAS _ i 88
o ANezw am zrae | O ST PR ANE o g has gae 27
e AR a5 EEPE T 1o ded 9 Aue
Mol tha g F B2 A
e i EREIIE s
o} FabA o= DB
" AAN wag %
7t o] vkopd % oo
oty ¥ M
=z FetoluE NEA EF Ado .
O 3D=AH Fefol] O ATA EF S |
#E2E 5 71E AFH | O EPSY A=} Mo 3 E et o sl
Aol gaatel ofs) @A 47 A gl @ o= T
i ] O ZA AFHE
, AHEHEE AIF gl s WYPFoz ol N
Ae . - o PA} FASEE
O 3DZHH AFe O AAEo] oJH= 41 Axz grz A
FAAZ0] $-45}] O W#e FA R3ht | O dgzoz bad | L0 :;}L;h
FeR 23UY R NEEe olF vghg 3EH] el e we
O 34 ANE T o & | -

- 273 -



4. OlXM|=& EIp|E H5o|u|o| 3DZ2IE XD} A ABA|Z
b BEoly e B =A@ EY
() =9 nsouo] & 7|&dF 2A D B
b =W =EZ3E F3j A
O @A o] AMEE YR =

1
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fm
-
BN
il

o
i
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m
2
2
i
4o
2
F
e
)
ot
Bu)
ft

717k, dall 5 frefl@ el ol &4 % ditz I3 T g5 Loy A=

oo that ThHe] Ba
O ¥te REzAE oA 9e 71Ee 2aYE AL Fa, 14
T gAE, B AT M9} go] EAE e B
£4e ARAANBE 2AHNE YTHE FYNA FEEY £9L AL F4D
g AGAA BT SLC0E A2
O ol 19e 2aeee) 2% 95 AdE

& Hel 73 glor, B BAlelA Auss =
E n593E Agste] o]eF ABE Hde] PANA T3 FEB YTFYE o

19 344 o
(TBS, 1984 "H&o]

O 2adE BEsvs P4, A2, nte 53 2 223 d3is aus, £2, 98 53
2o A e WA ske] EIES YTEHS F7HA1717] S13) A

O arslet 2aeler} 49l Zdslo] Y wivel oJslA oA WL sof FAHE
A =3

O gl 2aeE ¢4 A ASE AABHIL A F7] Fof megR o5 Y
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of -8 QRol oo R HANA Pz #F, ¥ B 242 Y3t @Y

O 2aelEd] Bo] AZIAY "oo] Sid w2HW Ao 2AEs} 4A 24

O 2aelEs] BAR 87 227} 2050 Ao BAL A& d57) 2050
Gz o] o]es} Ho] Fajo] HE i&s

%+‘E_?l Fa + 2C1 - FeCl; + 28~ - Fe!~ + 2CI- + 2e-
ek K 1_:;3 + 10, + % = AOH)- FeCl; — Fe®- + 2CI-
ZHH(CH) ; A S cr- Cl-
34

/ Fe = Fe~ é
Fe* + 2A0H)- = Fe(OH),

T I FelOH); + H.0 + 30, FelOH)

a9 345 d2H viviiE 19 346. @sfol&ACell of F-sEet 9

(P =E22aE WA FUAE

O $UFxEel AAPAE AT YAV RYLA AAVIVTLES DUYAE 949 &
AR SN A6AE B NBBS o8 FERE BE WAl AU b

O =adE nEeyz ZaE WL BIsld IS Agss ATANLL obd 1Yol
HolFE whe} o] ¥ ATRIGA 20026l o] Aol Farg AMo] AWAHLY
3.4.77 8)

O 13de] A AZ7AA 1 71%5< 298 gons nEeys nsysel A5 Aud
(°]43-5-, 2000)

O 246 Biad 1482 2o Fuoe maeles) AT @ 5+ =S 5o
e ARt g

O 334949l We] wuge Azl Bzkati Ashulgo] Bol =i wile] glo], 59
o A5 A% Vel AHE BFHT AN BAZ o}F HEHI o] FolAAE R

SIS

O & BAoM Austs 3DZUE 2 59 uE AZ3ohd A
7t o] ol F & HoE R

2,

oX

o
=

Wate] A&d g

_l {

% 347 AFR U B3k E 4% 79 348 BgaA vEao] HAH T AP
TZE Aol& b

(th Za8E B35 8 o]y Al~Hl(concrete protective liner system) & Al
O AGRUALS] Z3ZE HE§ golf A]2=H (concrete protective liner system)
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- 2 2~Egolo] AGRUAIE B35 9HE AY3lsla 9o
- AGRUAMS] B35 oja)e] S o 2
- kg FxRE A& Jhesta, A s 4 kA
- ZaYESe HAol 53 SureGrip® HEAAS AL FES & FotE
Ae WSEAAT 53 dadAgHd oz Qg 9o B8z FHd= YT £
Aol Yol 29, 2= W3l e sEA e yTdE
Bl U FZ2E ARES7]dl = BlAAZ ol g B

o K

KeN
| AAul o] Fo} E4F 87| of

% 3.4.9 AGRUARS] SureGrip® # 23 A 13 3410 AGRUALS| Hz9)9) Algd%

O AKSALY] Za8]E R34 2holy Al~Hl (concrete protective liner system)
- AKSA} RS E AMststal s
- olg) I1¥e AKSAF REue] AE Az
- AKSAMS] R elule] A e v 2
- TRk xR A& Jhesta, A ] kA
- ZAYES ddS & FotE
- REgAdo] ol o, xR = IstEA U yTAAE
- AKSAF= AGRUAMS}F mhzb7bx| 2 A ZHu] o] AthsE o

13 3.4.11 AKS Concrete-Grey (UV-stabilised) 1% 3.4.12 AKSALSY] B % 93
- AKSALO] AR A BB eT AF T Ao AFCE AFEL £E 75

O 79 gFdd ] 23 E B35 § ol A28l (concrete protective liner system)
- FHANE BREHE AMGES IAE o, ol I¥e 3 ¢ddAe] STUD GRIP
SHEETS
- Z3YE mWe Rz e} EFo AHAJMAALE 98] PVC, PE, PP 59 ASE A&
sta
- S FAAHE T 5 E BT RS AF 3AtolH, 9 HEojTel e A
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19 3.4.13 STUD GRIP SHEETSY] /¥ = 1% 34.14 3%AA4 STUD Grip Sheet
- FEF FEStS AlF

' Penetrating lop
STUD headiD1i)
16 |.rrn = EE3=ESE  HI10-1027435%
T Circular columaiD7] SAULBHES HI10-11773415
Column reinlorceing Cixe == H30-06631465
' Welding plate
- — Welding eflect yield

- b —————— -

- Damenzsion(wl -
| STUD =& : 244 pes/n' B Sheet2] O ) @ ABAL 270 e
m STUD HH® : 64m/m * Bdm/m 2 ZHuE B Sheet®] M4 : (Standard) Natural, Gray, Black, (Special) any color,

m Sheel?] S{w) : (Standard) 1000m/m, 1200m/m, (Special) 2400m/m, 2600m/m
1% 3.4.15 STUD GRIP SHEETS A1l

(2 A=Y REgue Hx4s Ho

Oh A=Y B9 HET Ho

O 93 3DzAH=E AZE B59nE= zﬂ 7IsS w33 fE AS & W Al ZEpHel
fofok shar, mAlFo] A X zq

O nz eyl 714 2/884 Y14 601:}?:]' 1 A= Hx4% F1 Ut 71

O I 259y A3 gddde HEu(STUD GRIP SHEETS)S] EA4S& tha-3 o)
AL

O
1~
a J}ru
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<3 3.4.1> STUD GRIP SHEETS¢] &4

High density Pol |
. (0] ro ene
SN2 AL cto) oolyethylene yp(PPF;y
(HDPE)
N = ISO 1262 class 80 100 homo | random
HIS ASTM D-125 g/’ 0.952 0.950 0.90 0.90
28K ASTM D-1238 g/10min 0.15 0.950 0.90 0.90
oldia=
e, ASTM D-683 kgf/mm 240 250 300 280
AE @EFE) | ASTM D-638 % 600 600 500 600
=5 BIHE ASTM D-790 kgf/mm 8000 9000 15000 8500
=AUE ASTM D-256 kgfm/m 50 50 7 NB
= ASTM D-3418 °C 133 124 162 139
HHAR ASTM D-648 °C 65 65 105 90
NeFster ASTM D-746 °C -70 -70 -5 -5
M YEA ASTM D-696 am/cm°C 1.5%x10-6 | 1.5x10-6 | 1.1x10-5 | 1.1x10-5
L 10
A& DFAMe | ASTM D-257 1 1 1 1
170hmf-cm
2¥er hot air °C 320 320 300 300

Fow B4 34 - Hre ok 8w, 7]
3 HEA ZIggE 43 HIZA,
, s, I8 a Hold A AdA 5o A=

O H S A7E 2= 9lojof
O dA BRzove s - FibrzEd 234& B3 A A9
58 BN Ak suz 2adeste] A, ¥

AsolA 5 g BHol=E A& &

O 238 eV =4 F EE FFOH Ry r 2 AFs dof ZAYES
BE9)77L 7|5t P FelR At 1 Tdol wobd

O Bzolde] AHgd AR SART ofyzt A WA HAF 7+ PA Y =, A7
SRR

O ZAYES} 22 AsE 3tH, sigol et Aol Fa1, WrAdo] Hold A8E €t
Tof g BEY JAE BDZUEHE AXY 8 s

ol

S

(3 PA=Y BRseluo 7|2 2

b dA=xF Haelue 7& A

O @A o= 14 @ZolA 7Hd @ol AHEEI & 600mm X 1200mm Alo] =e] f2Fd Fa}
ol Y& HAT 4 YEZ 600mm X 1200mm Alo] 2= A&+

O Zgolyeo] 93] AFEHE X2 ¢ & FERo)EZE AA ZFHL 600mmx 1200mm AFo] &
2 UHA 2 EEEE fFE3 AT F IEF A
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O B9 A% 2AE BAA Fetoldst go] AT F YEE 600m x 1200m= A

a0y Sad0lU XAH=
' S 2Am LHIT}

(AH=g)

7777

BIEE
TEE

a9 3416 Buo9e 71E A

O nzove] T2E AAH T2 AAE 9 Lo TAYE RS AFH] FHA]

1 2adE B F 99 A Ryt ZagEdd Rl Qi FohTHA AFY
g gt g

O ol A% BE937t 2aE Hol RYFHOE Bof QA

O BE9sE 2IE Bl A ngu 24 e gue 4Ee A2 il FEAoR
47

O ZagES IAFHolof g, B35y YHoEs ZagE I A2d dxo A
TEE THAES AA Az

ol

O =AY Ed HEuE Agstd B griar]s 4 5 7] wEel & AA o
& FAREEE 293 A ARE Aete] AAHA o5
O olthe 1599 Ao & oAp), AZZIYE DenolA REo)9E Agste A%
z Z A

=
=
mHo] sk

O nz9sy} 2aeee] & 439 + 7] A% $E8 2AHE BT By 3
ay7o) oie 477 Ba

=232 E =232|E

J e 2 & Q||

(Wb B399 3 Aol 7EAA
O Bz 3+ AlgolS7I¥H A (8] STUD Grip Sheet)
- B39y 3t o] Al SHOZ AlFslY &HAN e} A5 ol 18 2
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T gAste] AFatn

a9 3418 BsoF 3t 84 AlF a9 3419 BRo99 3t 84 AlF

2=

Circutar{RD): @3m/m, @4m/m, @5m/m
Twin(TW) @3m/m ¥ Bm/m

1% 3.4.20 STUD Grip Sheet B399 7 &A1 4 Q7

(th Bso)y A=y 7 7| EAA

O AA&H A g=v vibtgAEd 83
o, FATES B35y Alo]o] Fo] Ar|x

=
BEF Hooly A
tA o7 X
O 8#Ho] W FiolA

O B2z 97t 3oxe o,
g B35y} ZIYES} ¥

2 =
A2tego) 2
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39 3421 Sl Bzojule] ol
A7 o] T2 JHE(L715F)

O 71289 B3 u A=
o] HZAAE A}%
O B3¢ Zgtolve 42 B

ojfel FAstA HzFE oo star
T gAle] H2gAE HQ
—

-~

139 3.4.23 AGRUAFS] Concrete Protective Liner

System A&7 (Y&)

o7 A YeiE BEelws} 2o E) Fe}
L FRIAE 2asEgY FHYL 44N A 5

O 3422 By} Z FREAEAE
ZaES}e HHHo| T2 47 A=
(A715%)

ZadEeste] HHHe HAsslr] HAsiM okl 1y

19 3.4.24 AKSAH] Concrete Protective Liner
System A zHd7] (271%)

KN
L

O @A 48881 Qt B9 YFYAL o} go| 2A| 4FFE T8
O e £7e ARY77} gom, 1 mepe A An thE
() ——
1 1 1 | | | 1 |
271 Y #7159 T

O #7te] WAL nuelvis 2agest dAs%E & U=
L WA Aol ARYAY FRe 27, YA 1A

Folgtx RE9vel Aol me} AR 27

O Ze FAe A
o g

19 3425 BRYA| P4
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% 34.26 97158 BFYAY NE=E % 34271 TR AZREA E=
*7153) (T¥)

O DZdHE JA=d BHzofyue dAzFe] & dopd 5 3 FAYEdY] HAANE F
AAR T A= 75‘73}"@71% AbEs7] #fdl oY TR ARAAE NEE=E T

O @A AH&HA e Zseue) AFag7] wuk oiygt gefd ofeltol s w3l 7349 &
A&7 vt /\1%48 ol A ES] H2Y, AR, FAGE 5= FAs D=

dE dAx=d Zoodd 7 A A E 2 e

-

O nz9st 2aele ool ts £a3en Aegde 2 Ao} 3
O AP Azt hFA4EAA TF 7|1 LAAT} o] Fojlof 3
O 8528 WAL 4AY) AN T8 ZHYAS o8 5o FAT 5 UL

19 34.28 TH A7 HHE 19 3429 TH AFYA FHE

ﬂﬁlE ‘ﬂ?ﬂl«l E?P =l ’“X*(v ;A A, A=, 33 )

- shEe FA0l o3 wel WAY HFS Fay] AL hwe] AXGHD, F7), %=
o $5E8 dofof %

- ShEvh maee PR 485 4HS B 1Y Lol was

- o] BRE a4 157] $¢ sxo) oF wRAy 57 HFe suo 1379 Wy
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a9 3430 Y E F2E4 Fe3te =9 9 st

- SEo] 9% FARFE T ANAE Ee] AFGHL), £E, ), W@ A7
g Falok B olel @ AREL AYAGY FAARE FHA FAF & Yok

W) sl ol Q4T A2AE

O sl <% 24

- AR frel AF o 5 olF, whgel o@ mele @, §50 4 @ Aol
Aol @ TAYE EWY &3S T olUT A IFS FAR ANAE
AFAGe] FAARE So HAT + Y3, A A 1o e HF2AS MY 5
Atk nzolwel A4 AWE FalA algol olF Ao AEE VbR 4 AL ol
AA RGT = ek

- s g TR A FEAAE PR Mok BAYF AF Hol 2adE Tz
B2 ARG AU

- AY A FANRE Fi) BARAL AR F d3 AA A AFAG) BAAE
£ Eul= AAsok B,

Q) R399y Bz ZI3gE #HA9 I3AZA AARYA, 5, g, Y, Js 5)
D AA ALl 9 Hteo =7

O Rz9llo) Hgahe Hote] A9a = ¥
- Sl g PEEY S Adle] AR wEH JomE Aoie JFL At @
Lot ool Hope] AslH x£AS AR AL AFAGNA He & HE F A
A A FH7 B AU A LA oF 14 Aole] A9 e SH st

L

TE=o| e Ao Y SAxde 2D F ATk gAY Ao JERE
olR7] fsiM = siBAH AARE Tl FAdstar A Al A AL

AT

- BotofE AR IAY steAYAE T3 22 FREAAE EEER A4l F&sts
Szl oty™ AL)del thid Y HsHA @otx: "o o, AFA YA LA
2L aF A 2t AF AT AEAEAA AREsta e ALl gk RS

3

o
= (]
gAshA dA A Rz A g ok st
O Zazes & =4

- ek B F
PN
T

SEE-TEBREERET
- Sk G FrE AS sise] W) Hao) ofs) TAES Fio] HAH TREe
so] Zadlng WEoWE Ed o]E WASHT @b wEe nsouE Yol
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o S - AN FEE A slaet A Jen® Ao TAeHTL v Wk o
ol al - & FxEdAs Witde 18d das AT, A3 2 F29d
dol &2 =< AAsta = Adre] A Foe dule ¢ AEE HAgEE 54
A5E Vg grate] A A AP AL 7 UEF sjof drh

stet=d AR IS} o] WAl w2 FEd e UFe TEEY Hueye B¢
stet=dy Booly 2t sebsgs Hadt & g e ARE AASA, A T Al
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SAARE Vg FHsA O ARE AA Al S HETTH

FAEYANALEY BF HFok By WS HASE] fsiA sig s Ao
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neFe] HARAAE AHE
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O Bzoy 471314 2
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or], o]g HassEs 7 Wa.
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(14 3.4.32)
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ol e
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o
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o FAZ} AA4

43

st =& A7)l wet

L
T

3}

- g

ZAlole) Aol AR,

<3

ol F&H ol wet 3

1% 3.4.32 FDM 2] 9] 7id =(http://xyzist.com)

(th =24

ABSY PLAS] EA (o} & 3.4.2 #Fa1) o]

o] AHgHE

Sl
yul

ofefj o} o] AlAIZH.

KX
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= #

7o) &

A5 1,000MPa o] %
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=

3}
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- A =(Hardness, Rockwell R): 100 ©]%
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<GE 34.2> ABSS] E4A

T 9] =43 Bk
—
DL TR % 025 - 23 0.421
T52)
=
=] Melt Temgeéiture(ﬁ = o C 149 - 974 917
Z ==
! Drying .
EX -
7% | Temperature( 2 %) ¢ 70.0 = 9.0 815
Mold .
Temperature(23 &1 C 10.0 - 90.0 57.2
Hardness, Rockwell R — 90.0 - 119 107
Hardness, H358/30 - 85.0 - 104 93.1
Tensile Strength, yield MPa 16.0 - 73.1 38.3
Heale SutEnai; MPa 200 - 73.1 434
Ultimate
Modulus of Elasticity MPa 778 - 6100 2320
71A | Izod Impact, Notched(ISO) kJ/cm2 2.00 - 48.0 18.1
XE Izod Impact, B
e Unnotched(sO) kJ/cm2 39.2 - NB 87.4
Charpy Impact, Notched kJ/cm2 500 - 1400 1910
Charpy Impact, ~
Unnotched kJ/cm2 2000 - NB 1160
Elongation at Break % 1.10 - 110 24.8
Elongation at Yield % 1.70 - 20.0 3.39
Flexural Yield Strength MPa 10.3 - 111 67.6
CTE(E 3 ZA =) um/m-° C 0.800 - 139 78.7
Thermal
Conductivity(2 A == Wim-K 0.128 - 0.200 0.176
Deflection Temperature
at 0.46 MPa(0.46 °C 68.0 - 120 94.7
MPaollA| 9 E2%)
Deflection Temperature
o1 | at 1.8 MPa(1.8 MPacllA] °C 65.0 - 220 89.0
= I e
57 SgegifiocLHeat
Capacity(®]2) Jlg-° C 1.96 - 2.13 2.05
Heat Distortion
Temperature °C 85.0 - 86.1 85.4
Urd ¥y 2%
Softening Point(A &%) ° 45.0 - 135 99.8
Flammability, . B B
UL94(S18H%) iB - SVA
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< 34.3> PLAS] E4X

ED =43 Bk
Water
Absorption(5-& % 0.13 - 2.0 0.877
5 8)
E¢] | Melting point(x+=4) °C 110 - 170 156
A Drying
EA | Temperature(7 Z-& °C 40.0 - 100 61.1
<)
Mold
Temperature(=3 & °C 10.0 - 110 51.9
=)
Hardness, Shore D - 59.0 - 77.0 63.5
WeIlD Suten; MPa 16.0 - 103 7
yield
Tensile Strength, MPa 160 - 114 50.1
Ultimate
Modulus of Elasticity MPa 230 - 13800 3760
[zod Impact, ~
Notched(SO) kJ/cm2 3.00 - 59.8 31.8
Izod Impact,
Unnotched(SO) kJ/cm2 7.35 - 28.6 17.0
Charpy Impact, KJ/cm2 100 - 1,000,000 754
Notched
Charpy Impact, B
Unnotched kJ/cm2 500 - NB 2940
Elongation at Break % 0.500 - 430 23.1
Elongation at Yield % 2.00 - 400 68.2
Flexural Yield
Strength MPa 6.00 - 145 79.2
Deflection
Temperature at 0.46 o _
MP2(0.46 MPaol 4] C 50.0 - 160 81.2
PR E
Deflection
A2 | Temperature at 1.8 .
4 MPa(1.8 MPaol| A ¢ 200 - 149 84
dHPRE)
Softening . ~
Point(¢A 3134 C 44.0 - 130 71.8
Flammability, . v B
UL94(S18H%) ¢ iB - V0
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Z21014 =y Sj0jLIe
HE=Y (EHZES) =20l B2 ZEM A

=TT

QI
\\ (& AX

a5ge
PxE

HEY-E2to|H-2 T Lzt gEHE 0|8510 178 ZEME UG 22|

6) ZAYE-3] LAs}t FxE AT BFAAL] F2AA L WX AA L M H HF
b A4 <]
O 3 E H35 99
Y E Atole] F3to] A4 75/ ol Sil%
4 3% B :

O Fzte] A4 A% ExE] AFHNA Roede 7|44

O B2zurt A 985 & = AESE 230 23k B3y AP Z Qs Rsus}
ZIAYE Atolof] F3t LAY o] HAslEEE AHAA FQ

b 7H4

O B39a g AAFOR sfstr] oASFER, A I8 343104 dFstA =] BA 371
7F @9 BRoQuE 13 B ASR=E FHgste] FRIAAS AA

O d&H Ao AL F7A9 1A% 21, AKH] 2 7o AW 7+4<1 100mm
2 714

O dA9 AL 100mm=E 714, B39 FAE Imm= 7H4.

O :1%1 3.4.385} o], ZAYE HE 0%, FE= EE 7HAsY 223t 2 W

A4t Bo o)yl yelie] 2xxtol7F 0= l 2 49s] S 2= fgd
el o] 25xte o3t Aol S LEHIRT H4Is] F AR iy
3
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F23ZES2T: 102
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34 Q4ng NH] SAshel WAUARS AL

2ggE e Ta7] skl 19 34383 ol A&nE Rl AAY SR TEE
A o] A&t VETFEEE 1Y

250 o) 7EF2EY bEAH V= W AE T

AR Rl oo ARTRES] bEY A/E W RJ,E T
WHAAZDA 0= A, + R, C2RE 2AAE RE 73
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T st 7 mE 74 FHEE FJEst FARNS 7 Uk
+

L axAT, )
Ab=2f m,——dx =0.0015L

c
Lmbxmb L’

=2 dr = ——
0

6 L1

E[

SRy —00097
axX AT, my
ﬁ0:7_0003 y Ky = E]

= 0.003— 0.009—=2
..k —U. . T

2L my,
S A(x) = / (0.003 — 0.0097) X mdx
0

a C
. _
T T SE s
— =t 2L
2 2

I8 3440 b3 THERlstEel o3 my ek Aol THdeestEel 3 m
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#ifndef CONFIGURATION_H
#define CONFIGURATION_H

// This configuration file contains the basic settings.
// Advanced settings can be found in Configuration_adv.h

// BASIC SETTINGS: select your board type, temperature sensor type, axis scaling, and endstop
configuration

/1
!/ DELTA Printer

/1

// For a Delta printer replace the configuration files with the files in the

// example_configurations/delta directory.

/1l

//
/] SCARA Printer
//

// For a Delta printer replace the configuration files with the files in the

// example_configurations/SCARA directory.
//

// User—-specified version info of this build to display in [Pronterface, etc] terminal window
during

// startup. Implementation of an idea by Prof Braino to inform user that any changes made to this
// build by the user have been successfully uploaded into firmware.

#define STRING_VERSION_CONFIG_H __DATE__ " " _TIME__ // build date and time

#define STRING_CONFIG_H_AUTHOR "(K3dp, default config)" // Who made the changes.

// SERIAL_PORT selects which serial port should be used for communication with the host.

// This allows the connection of wireless adapters (for instance) to non-default port pins.
/] Serial port 0 is still used by the Arduino bootloader regardless of this setting.
#define SERIAL_PORT O

// This determines the communication speed of the printer
#define BAUDRATE 250000

// This enables the serial port associated to the Bluetooth interface
//#define BTENABLED // Enable BT interface on AT90USB devices
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//// The following define selects which electronics board you have. Please choose the one that

matches your setup

// 10 = Gen7 custom (Alfons3 Version) "https://github.com/Alfons3/Generation_7_Electronics'

// 11 = Gen7 vi.1, v1.2 = 11

// 12 = Gen7 v1.3

/] 13 = Gen7 v1.4

// 2 = Cheaptronic v1.0

// 20 = Sethi 3D_1

// 3 = MEGA/RAMPS up to 1.2 = 3
// 33 = RAMPS 1.3 / 1.4
// 34 = RAMPS 1.3 / 1.4
// 35 =RAMPS 1.3 / 1.4
// 36 = RAMPS 1.3 / 1.4
// 4 = Duemilanove w/ ATMega328P pin assignment
/] 5 = GenB

// 51 = Gen6 deluxe

// 6 = Sanguinololu < 1.2

(
(
(
(

// 62 = Sanguinololu 1.2 and above

/] 63 = Melzi

// 64 = STB V1.1

/] 65 = Azteeg X1

/] 66 = Melzi with ATmega1284 (MaKr3d version)
/] 67 = Azteeg X3

// 68 = Azteeg X3 Pro

/] 7 = Ultimaker

// 71 = Ultimaker (Older electronics. Pre 1.5.4. This is rare)

// 72 = Ultimainboard 2.x (Uses TEMP_SENSOR 20)
/] 77 = 3Drag Control ler

// 8 = Teensylu

// 80 = Rumba

// 81 = Printrboard (AT90USB1286)
// 82 = Brainwave (AT90USB646)
// 83 = SAV Mk-1 (AT90USB1286)

// 84 = Teensy++2.0 (ATO0USB1286) // CLI
HARDWARE_MOTHERBOARD=84 make

/]9 = Gen3+

/] 70 = Megatronics

// 701= Megatronics v2.0
// 702= Minitronics v1.0
// 90 = Alpha OMCA board
// 91 = Final OMCA board

Power outputs: ExtruderO,

Power outputs: Extruder, Fan, Bed)

Power outputs: Extruder, Fan, Fan)

Power outputs: Extruder0Q, Extruderi, Bed)

Extruder1, Fan)

compile:
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// 301= Rambo

/] 21 = Elefu Ra Board (v3)

// 88 = 50Print D8 Driver Board
/] 999 = Leapfrog

#ifndef MOTHERBOARD
#define MOTHERBOARD 33
#endi f

// Define this to set a custom name for your generic Mendel,
// #define CUSTOM_MENDEL_NAME "Big 3DP"

// Define this to set a unique identifier for this printer, (Used by some programs to differentiate
between machines)

/] You can use an online service to generate a random uulID. (eg
http://waw.uuidgenerator .net/version4)

/] #define MACHINE_UUID "00000000-0000-0000-0000—-000000000000"

// This defines the number of extruders
#define EXTRUDERS 1

//// The following define selects which power supply you have. Please choose the one that matches
your setup

/] 1= ATX
/] 2 = X-Box 360 203Watts (the blue wire connected to PS_ON and the red wire to VCC)

#define POWER_SUPPLY 1

// Define this to have the electronics keep the power supply off on startup. [f you don't know what
this is leave it.

// #define PS_DEFAULT_OFF

/1l
/] Thermal Settings
/]
/1l

//—NORMAL 1S 4.7kohm PULLUP!— 1kohm pullup can be used on hotend sensor, using correct resistor
and table

/]

//]] Temperature sensor settings:

// =2 is thermocouple with MAX6675 (only for sensor 0)

// =1 is thermocouple with AD595

// 0 is not used

// 1 is 100k thermistor - best choice for EPCOS 100k (4.7k pul lup)
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/] 2 is 200k thermistor — ATC Semitec 204GT-2 (4.7k pul lup)

/] 3 is Mendel-parts thermistor (4.7k pullup)

// 4 is 10k thermistor !! do not use it for a hotend. It gives bad resolution at high temp. !!
/] 5 is 100K thermistor — ATC Semitec 104GT-2 (Used in ParCan & J-Head) (4.7k pullup)

// 6 is 100k EPCOS - Not as accurate as table 1 (created using a fluke thermocouple) (4.7k pullup)
/] 7 is 100k Honeywel| thermistor 135-104LAG-J01 (4.7k pullup)

// 71 is 100k Honeywel| thermistor 135-104LAF-JO1 (4.7k pul lup)

// 8 is 100k 0603 SMD Vishay NTCSOB03E3104FXT (4.7k pul lup)

// 9 is 100k GE Sensing AL03006-58.2K-97-G1 (4.7k pul lup)

// 10 is 100k RS thermistor 198-961 (4.7k pul lup)

// 11 is 100k beta 3950 1% thermistor (4.7k pullup)

// 12 is 100k 0603 SMD Vishay NTCSO603E3104FXT (4.7k pullup) (calibrated for Makibox hot bed)
// 13 is 100k Hisens 3950 1% up to 300MC for hotend "Simple ONE " & "Hotend "All In ONE"

// 20 is the PT100 circuit found in the Ultimainboard V2.x

// 60 is 100k Maker's Tool Works Kapton Bed Thermistor beta=3950

/]

// 1k ohm pullup tables — This is not normal, you would have to have changed out your 4.7k for
1k

/! (but gives greater accuracy and more stable PID)

// 51 is 100k thermistor — EPCOS (1k pullup)

/] 52 is 200k thermistor — ATC Semitec 204GT-2 (1k pul lup)

// 55 is 100k thermistor - ATC Semitec 104GT-2 (Used in ParCan & J-Head) (1k pul lup)
/]

/] 1047 is Pt1000 with 4k7 pul lup

// 1010 is Pt1000 with 1k pullup (non standard)

// 147 is Pt100 with 4k7 pul lup

// 110 is Pt100 with 1k pullup (non standard)

#define TEMP_SENSOR_O 5
#define TEMP_SENSOR_1 0
#define TEMP_SENSOR_2 0
#define TEMP_SENSOR_BED 0

// This makes temp sensor 1 a redundant sensor for sensor 0. |f the temperatures difference between
these sensors is to high the print will be aborted.

/ [#define TEMP_SENSOR_1_AS_REDUNDANT
#define MAX_REDUNDANT_TEMP_SENSOR_DIFF 10

// Actual temperature must be close to target for this long before M109 returns success
#define TEMP_RESIDENCY_TIME 10 // (seconds)

#define TEMP_HYSTERESIS 3 // (degC) range of +/- temperatures considered "close" to the
target one

#define TEMP_WINDOW 1 // (degC) Window around target to start the residency timer x degC
early.
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// The minimal temperature defines the temperature below which the heater will not be enabled It is
used

// to check that the wiring to the thermistor is not broken.

// Otherwise this would lead to the heater being powered on all the time.
#define HEATER_O_MINTEMP 5

#define HEATER_1_MINTEMP 5

#define HEATER_2_MINTEMP 5

#define BED_MINTEMP 5

// When temperature exceeds max temp, your heater will be switched off.

// This feature exists to protect your hotend from overheating accidentally, but =*NOTx from
thermistor short/failure!

// You should use MINTEMP for thermistor short/failure protection.
#define HEATER_O_MAXTEMP 275

#define HEATER_1_MAXTEMP 275

#define HEATER_2_MAXTEMP 275

#define BED_MAXTEMP 150

// |f your bed has low resistance e.g. .6 ohm and throws the fuse you can duty cycle it to reduce
the

// average current. The value should be an integer and the heat bed will be turned on for 1
interval of

// HEATER_BED_DUTY_CYCLE_DIVIDER intervals.
/ [#def ine HEATER_BED_DUTY_CYCLE_DIVIDER 4

// |f you want the M105 heater power reported in watts, define the BED_WATTS, and (shared for all
extruders) EXTRUDER_WATTS

/ /#define EXTRUDER_WATTS (12.0%12.0/6.7) // P=1"2/R
/ /#define BED_WATTS (12.0%12.0/1.1) /] P=1"2/R

/] PID settings:

// Comment the following line to disable PID and enable bang-bang.

#define PIDTEMP

#define BANG_MAX 255 // limits current to nozzle while in bang-bang mode; 255=full current

#define PID_MAX 255 // limits current to nozzle while PID is active (see PID_FUNCTIONAL_RANGE
below); 255=full current

#ifdef PIDTEMP
//#define PID_DEBUG // Sends debug data to the serial port.

//#define PID_OPENLOOP 1 // Puts PID in open loop. M104/M140 sets the output power from O to
P1D_MAX

#define PID_FUNCTIONAL_RANGE 10 // |f the temperature difference between the target temperature and
the actual temperature

// is more then PID_FUNCTIONAL_RANGE then the PID will be shut off and the heater will be set to
min/max.

#define PID_INTEGRAL_DRIVE_MAX 255 //limit for the integral term
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#define K1 0.95 //smoothing factor within the PID

#define P10_dT ((OVERSAMPLENR = 10.0)/(F_CPU / 64.0 / 256.0)) //sampling period of the temperature
routine

// |f you are using a pre-configured hotend then you can use one of the value sets by uncommenting
it

// Ultimaker

#define DEFAULT_Kp 22.2
#define DEFAULT_Ki 1.08
#define DEFAULT_Kd 114

/] MakerGear

/] #define DEFAULT_Kp 7.0
// #define DEFAULT_Ki 0.1
// #define DEFAULT_Kd 12

// Mendel Parts V9 on 12V

// #define DEFAULT_Kp 63.0
// #define DEFAULT_Ki 2.25
/] #define DEFAULT_Kd 440
#endif // PIDTEMP

// Bed Temperature Control

// Select PID or bang-bang with PIDTEMPBED. |f bang-bang, BED_LIMIT_SWITCHING will enable
hysteresis

/]
// Uncomment this to enable PID on the bed. It uses the same frequency PWM as the extruder.

// 1f your PID_dT above is the default, and correct for your hardware/configuration, that means
7 .68%Hz,

// which is fine for driving a square wave into a resistive load and does not significantly impact
you FET heating.

// This also works fine on a Fotek SSR-10DA Solid State Relay into a 250W heater.

// |f your configuration is significantly different than this and you don't understand the issues
involved, you probably

// shouldn't use bed PID until someone else verifies your hardware works.
// If this is enabled, find your own PID constants below.

//#define PIDTEMPBED

!/

//#define BED_LIMIT_SWITCHING

// This sets the max power delivered to the bed, and replaces the HEATER_BED_DUTY_CYCLE_DIVIDER
option.

// all forms of bed control obey this (PID, bang-bang, bang-bang with hysteresis)

// setting this to anything other than 255 enables a form of PWM to the bed just Iike
HEATER_BED_DUTY_CYCLE_DIVIDER did,
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// so you shouldn't use it unless you are OK with PWM on your bed. (see the comment on enabling
PIDTEMPBED)

#define MAX_BED_POWER 255 // limits duty cycle to bed; 255=full current

#ifdef PIDTEMPBED
//120v 250W silicone heater into 4mm borosilicate (MendelMax 1.5+)

//from FOPOT model — kp=.39 Tp=405 Tdead=66, Tc set to 79.2, aggressive factor of .15 (vs .1, 1,
10)

#define DEFAULT_bedKp 10.00
#define DEFAULT_bedKi .023
#define DEFAULT_bedKd 305.4

//120v 250W silicone heater into 4mm borosilicate (MendelMax 1.5+)
//from pidautotune

// #define DEFAULT_bedKp 97.1

/] #define DEFAULT_bedKi 1.41

/] #define DEFAULT_bedKd 1675.16

// FIND YOUR OWN: "M303 E-1 C8 S90" to run autotune on the bed at 90 degreesC for 8 cycles.
#endif // PIDTEMPBED

//this prevents dangerous Extruder moves, i.e. if the temperature is under the limit
//can be software-disabled for whatever purposes by
#def ine PREVENT_DANGEROUS_EXTRUDE

//if PREVENT_DANGEROUS_EXTRUDE is on, you can still disable (uncomment) very long bits of extrusion
separately.

#define PREVENT_LENGTHY_EXTRUDE

#define EXTRUDE_MINTEMP 170
#define EXTRUDE_MAXLENGTH (X_MAX_LENGTH+Y_MAX_LENGTH) //prevent extrusion of very large distances.

/* Thermal Runaway Protection

This is a feature to protect your printer from burn up in flames if it has
a thermistor coming off place (this happened to a friend of mine recently and

motivated me writing this feature).

The issue: If a thermistor come off, it will read a lower temperature than actual.
The system will turn the heater on forever, burning up the filament and anything

else around.

After the temperature reaches the target for the first time, this feature will
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start measuring for how long the current temperature stays below the target
minus _HYSTERESIS (set_temperature — THERMAL_RUNAWAY_PROTECTION_HYSTERESIS).

[f it stays longer than _PERIOD, it means the thermistor temperature
cannot catch up with the target, so something *may be* wrong. Then, to be on the

safe side, the system will he halt.

Bear in mind the count down will just start AFTER the first time the
thermistor temperature is over the target, so you will have no problem if

your extruder heater takes 2 minutes to hit the target on heating.

*/
// If you want to enable this feature for all your extruder heaters,

// uncomment the 2 defines below:

// Parameters for all extruder heaters
//#define THERMAL_RUNAWAY_PROTECTION_PERIOD 40 //in seconds
/ /#define THERMAL_RUNAWAY_PROTECT ION_HYSTERESIS 4 // in degree Celsius

// |f you want to enable this feature for your bed heater,

// uncomment the 2 defines below:

// Parameters for the bed heater

//#define THERMAL_RUNAWAY_PROTECTION_BED_PERIOD 20 //in seconds

/ /#define THERMAL_RUNAWAY_PROTECT ION_BED_HYSTERESIS 2 // in degree Celsius
/]

//
/] Mechanical Settings
//

// Uncomment the following line to enable CoreXY kinematics
// #define COREXY

// coarse Endstop Settings

#define ENDSTOPPULLUPS // Comment this out (using // at the start of the line) to disable the
endstop pullup resistors

#ifndef ENDSTOPPULLUPS
// fine endstop settings: Individual pullups. will be ignored if ENDSTOPPULLUPS is defined
// #define ENDSTOPPULLUP_XMAX
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/] #define ENDSTOPPULLUP_YMAX
/] #define ENDSTOPPULLUP_ZMAX
/] #define ENDSTOPPULLUP_XMIN
/] #define ENDSTOPPULLUP_YMIN
/] #define ENDSTOPPULLUP_ZMIN
#endi f

#ifdef ENDSTOPPULLUPS
#define ENDSTOPPULLUP_XMAX
#define ENDSTOPPULLUP_YMAX
#define ENDSTOPPULLUP_ZMAX
#define ENDSTOPPULLUP_XMIN
#define ENDSTOPPULLUP_YMIN
#define ENDSTOPPULLUP_ZMIN
#endi f

// The pullups are needed if you directly connect a mechanical endswitch between the signal and
ground pins.

const bool X_MIN_ENDSTOP_INVERTING = false; // set to true to invert the logic of the endstop.
const bool Y_MIN_ENDSTOP_INVERTING = false; // set to true to invert the logic of the endstop.
const bool Z_MIN_ENDSTOP_INVERTING = false; // set to true to invert the logic of the endstop.
const bool X_MAX_ENDSTOP_INVERTING = true; // set to true to invert the logic of the endstop.
const bool Y_MAX_ENDSTOP_INVERTING = true; // set to true to invert the logic of the endstop.
const bool Z_MAX_ENDSTOP_INVERTING = true; // set to true to invert the logic of the endstop.
#define DISABLE_MAX_ENDSTOPS

//#define DISABLE_MIN_ENDSTOPS

// Disable max endstops for compatibility with endstop checking routine
#if defined(COREXY) &% !defined(DISABLE_MAX_ENDSTOPS)

#define DISABLE_MAX_ENDSTOPS

#endif

/] For Inverting Stepper Enable Pins (Active Low) use O, Non Inverting (Active High) use 1
#define X_ENABLE_ON O

#define Y_ENABLE_ON O

#define Z_ENABLE_ON O

#define E_ENABLE_ON 0 // For all extruders

// Disables axis when it's not being used.
#define DISABLE_X true

#define DISABLE_Y false

#define DISABLE_Z false
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#define DISABLE_E false // For all extruders

#define DISABLE_INACTIVE_EXTRUDER true //disable only inactive extruders and keep active extruder
enabled

#define INVERT_X_DIR true // for Mendel set to false, for Orca set to true
#define INVERT_Y_DIR true // for Mendel set to true, for Orca set to false
#define INVERT_Z_DIR true // for Mendel set to false, for Orca set to true

#define INVERT_EO_DIR false // for direct drive extruder v9 set to true, for geared extruder set
to false

#define INVERT_E1_DIR false // for direct drive extruder v9 set to true, for geared extruder set
to false

#define INVERT_E2_DIR false // for direct drive extruder v9 set to true, for geared extruder set
to false

// ENDSTOP SETTINGS:

// Sets direction of endstops when homing; 1=MAX, —1=MIN
#define X_HOME_DIR -1

#define Y_HOME_DIR -1

#define Z_HOME_DIR -1

#define min_software_endstops true // If true, axis won't move to coordinates less than HOME_POS.

#define max_software_endstops true // |f true, axis won't move to coordinates greater than the
defined lengths below.

/] Travel limits after homing
#define X_MAX_POS 1500
#define X_MIN_POS 0

#define Y_MAX_POS 2200
#define Y_MIN_POS 0

#define Z_MAX_POS 1400
#define Z_MIN_POS 0

#define X_MAX_LENGTH (X_MAX_POS - X_MIN_POS)
#define Y_MAX_LENGTH (Y_MAX_POS - Y_MIN_POS)
#define Z_MAX_LENGTH (Z_MAX_POS - Z_MIN_POS)
// Bed Auto Leveling

//#d§fine ENABLE_AUTO_BED_LEVELING // Delete the comment to enable (remove // at the start of the
line

#define Z_PROBE_REPEATABILITY_TEST // If not commented out, Z-Probe Repeatability test will be
included if Auto Bed Leveling is Enabled.

#ifdef ENABLE_AUTO_BED_LEVELING

// There are 2 different ways to pick the X and Y locations to probe:
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// - "grid" mode

/] Probe every point in a rectangular grid

/] You must specify the rectangle, and the density of sample points

// This mode is preferred because there are more measurements.

/] It used to be called ACCURATE_BED_LEVELING but "grid" is more descriptive

// = "3-point" mode
/] Probe 3 arbitrary points on the bed (that aren't colinear)

// You must specify the X & Y coordinates of all 3 points

#define AUTO_BED_LEVELING_GRID

// with AUTO_BED_LEVELING_GRID, the bed is sampled in a

// AUTO_BED_LEVEL ING_GRID_POINTSXAUTO_BED_LEVEL ING_GRID_POINTS grid
// and least squares solution is calculated

// Note: this feature occupies 10'206 byte

#ifdef AUTO_BED_LEVELING_GRID

// set the rectangle in which to probe
#define LEFT_PROBE_BED_POSITION 15
#define RIGHT_PROBE_BED_POSITION 170
#define BACK_PROBE_BED_POSITION 180
#define FRONT_PROBE_BED_POSITION 20

// set the number of grid points per dimension
// | wouldn't see a reason to go above 3 (=9 probing points on the bed)
#define AUTO_BED_LEVELING_GRID_POINTS 2

#else // not AUTO_BED_LEVELING_GRID
// with no grid, just probe 3 arbitrary points. A simple cross—product

// is used to esimate the plane of the print bed

#define ABL_PROBE_PT_1_X 15
#define ABL_PROBE_PT_1_Y 180
#define ABL_PROBE_PT_2_X 15
#define ABL_PROBE_PT_2_Y 20
#define ABL_PROBE_PT_3_X 170
#define ABL_PROBE_PT_3_Y 20

#endif // AUTO_BED_LEVELING_GRID
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/] these are the offsets to the probe relative to the extruder tip (Hotend — Probe)
#define X_PROBE_OFFSET_FROM_EXTRUDER -25

#define Y_PROBE_OFFSET_FROM_EXTRUDER -29

#define Z_PROBE_OFFSET_FROM_EXTRUDER -12.35

#define Z_RAISE_BEFORE_HOMING 4 // (in mm) Raise Z before homing (G28) for Probe Clearance.

// Be sure you have this distance over your Z_MAX_POS in case

#define XY_TRAVEL_SPEED 150 // X and Y axis travel speed between probes, in mm/min

#define Z_RAISE_BEFORE_PROBING 15 //How much the extruder will be raised before traveling to the
first probing point.

#define Z_RAISE_BETWEEN_PROBINGS 5 //How much the extruder will be raised when traveling from
between next probing points

//#define Z_PROBE_SLED // turn on if you have a z-probe mounted on a sled |ike those designed by
Char les Bel |

//#define SLED_DOCKING_OFFSET 5 // the extra distance the X axis must travel to pickup the sled. 0
should be fine but you can push it further if you'd like.

//1f defined, the Probe servo will be turned on only during movement and then turned off to avoid
jerk

//The value is the delay to turn the servo off after powered on — depends on the servo speed; 300ms
is good value, but you can try lower it.

// You MUST HAVE the SERVO_ENDSTOPS defined to use here a value higher than zero otherwise your
code will not compile.

/] #define PROBE_SERVO_DEACTIVATION_DELAY 300

//1f you have enabled the Bed Auto Leveling and are using the same Z Probe for Z Homing,

//it is highly recommended you let this Z_SAFE_HOMING enabled!!!

#define Z_SAFE_HOMING // This feature is meant to avoid Z homing with probe outside the bed area.
// When defined, it will:

// = Allow Z homing only after X and Y homing AND stepper drivers still enabled

/] = |f stepper drivers timeout, it will need X and Y homing again before Z homing

// - Position the probe in a defined XY point before Z Homing when homing all axis (G28)

// = Block Z homing only when the probe is outside bed area.

#ifdef Z_SAFE_HOMING

#define Z_SAFE_HOMING_X_POINT (X_MAX_LENGTH/2) // X point for Z homing when homing all axis
(G28)
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#define Z_SAFE_HOMING_Y_POINT (Y_MAX_LENGTH/2) // Y point for Z homing when homing all axis
(G8)

#endi f

#endif // ENABLE_AUTO_BED_LEVELING

// The position of the homing switches
//#define MANUAL_HOME_POSITIONS // |f defined, MANUAL_x_HOME_POS below will be used
//#define BED_CENTER_AT_0_0 // If defined, the center of the bed is at (X=0, Y=0)

//Manual homing switch locations:

// For deltabots this means top and center of the Cartesian print volume.
#define MANUAL_X_HOME_POS O

#define MANUAL_Y_HOME_POS O

#define MANUAL_Z HOME_POS O

//#define MANUAL_Z HOME_POS 402 // For delta: Distance between nozzle and print surface after
homing.

//// MOVEMENT SETTINGS
#define NUM_AXIS 4 // The axis order in all axis related arrays is X, Y, Z, E
#define HOMING_FEEDRATE {70%60, 7060, 70+60, 0} // set the homing speeds (mm/min)

// default settings

#define DEFAULT_AXIS_STEPS_PER_UNIT {160, 160,160,113.28} // default steps per unit for Ultimaker
#define DEFAULT_MAX_FEEDRATE {10, 10, 5, 45} // (mm/sec)

#define DEFAULT_MAX_ACCELERATION {9000, 9000, 100, 10000} // X, Y, Z, E maximum start speed
for accelerated moves. E default values are good for Skeinforge 40+, for older versions raise them
a lot.

#define DEFAULT_ACCELERATION 3000 // X, Y, Z and E max acceleration in mm/s"2 for
printing moves

#define DEFAULT_RETRACT_ACCELERATION 3000 // X, Y, Z and E max acceleration in mm/s*2 for
retracts

// Offset of the extruders (uncomment if using more than one and relying on firmware to position
when changing).

// The offset has to be X=0, Y=0 for the extruder 0 hotend (default extruder).
// For the other hotends it is their distance from the extruder O hotend.

// #define EXTRUDER_OFFSET_X {0.0, 20.00} // (in mm) for each extruder, offset of the hotend on the
X axis

// #define EXTRUDER_OFFSET_Y {0.0, 5.00} // (in mm) for each extruder, offset of the hotend on the
Y axis
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// The speed change that does not require acceleration (i.e. the software might assume it can be
done instantaneous!y)

#define DEFAULT_XYJERK 20.0  // (mm/sec)
#define DEFAULT_ZJERK 0.8 // (mm/sec)
#define DEFAULT_EJERK 5.0 // (mm/sec)
//

/] Additional Features

//

// Custom M code points

#define CUSTOM_M_CODES

#ifdef CUSTOM_M_CODES

#define CUSTOM_M_CODE_SET_Z_ PROBE_OFFSET 851
#define Z_PROBE_OFFSET_RANGE_MIN -15
#define Z_PROBE_OFFSET_RANGE_MAX -5

#endif

// EEPROM

// The microcontroller can store settings in the EEPROM, e.g. max velocity...

// M500 - stores parameters in EEPROM

// M501 - reads parameters from EEPROM (if you need reset them after you changed them temporarily).

// M502 - reverts to the default "factory settings". You still need to store them in EEPROM
afterwards if you want to.

//define this to enable EEPROM suppor t

/ /#define EEPROM_SETTINGS

//to disable EEPROM Serial responses and decrease program space by ~1700 byte: comment this out:
// please keep turned on if you can.

//#define EEPROM_CHITCHAT

// Preheat Constants

#define PLA_PREHEAT_HOTEND_TEMP 190

#define PLA_PREHEAT_HPB_TEMP O

#define PLA_PREHEAT_FAN_SPEED 100  // Insert Value between 0 and 255

#define ABS_PREHEAT_HOTEND_TEMP 220
#define ABS_PREHEAT_HPB_TEMP 0
#define ABS_PREHEAT_FAN_SPEED 100 // Insert Value between O and 255

//LCD and SD support

//#define ULTRA_LCD //general LCD support, also 16x2

//#define DOGLCD // Support for SPI LCD 128x64 (Controller ST7565R graphic Display Family)
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//#define SDSUPPORT // Enable SD Card Support in Hardware Console

//#define SDSLOW // Use slower SD transfer mode (not normally needed — uncomment if you're getting
volume init error)

//#define SD_CHECK_AND_RETRY // Use CRC checks and retries on the SD communication

//#define ENCODER_PULSES_PER_STEP 1 // Increase if you have a high resolution encoder

//#define ENCODER_STEPS_PER_MENU_ITEM 5 // Set according to ENCODER_PULSES_PER_STEP or your |iking
//#define ULTIMAKERCONTROLLER //as available from the Ultimaker online store.

//#define ULTIPANEL //the UltiPanel as on Thingiverse

//#define LCD_FEEDBACK_FREQUENCY_HZ 1000 // this is the tone frequency the buzzer plays when
on Ul feedback. ie Screen Click

//#define LCD_FEEDBACK_FREQUENCY_DURATION_MS 100 // the duration the buzzer plays the Ul feedback
sound. ie Screen Click

// The MaKr3d Makr-Pane!l with graphic controller and SD support
// http://reprap.org/wiki/MaKr3d_MaKrPanel
//#define MAKRPANEL

// The RepRapDiscount Smart Controller (white PCB)
// http://reprap.org/wiki/RepRapDiscount_Smart_Control ler
//#def ine REPRAP_DISCOUNT_SMART_CONTROLLER

// The GADGETS3D G3D LCD/SD Controller (blue PCB)
// http://reprap.org/wiki/RAMPS_1.3/1.4_GADGETS3D_Shield_with_Panel
//#define G3D_PANEL

// The RepRapDiscount FULL GRAPHIC Smart Controller (quadratic white PCB)
// http://reprap.org/wiki/RepRapDiscount_Ful|_Graphic_Smart_Control ler
//

// ==> REMEMBER T0 INSTALL UBglib to your ARDUINO library folder:
http://code.google.com/p/u8glib/wiki/u8glib

#define REPRAP_DISCOUNT_FULL_GRAPHIC_SMART_CONTROLLER

// The RepRapWor |d REPRAPWORLD_KEYPAD v1.1
// http://reprapwor Id.com/?products_detai | s&oroducts_id=202&cPath=1591_1626
//#def ine REPRAPWORLD_KEYPAD

//#define REPRAPWORLD_KEYPAD_MOVE_STEP 10.0 // how much should be moved when a key is pressed, eg
10.0 means 10mm per click

// The Elefu RA Board Control Panel
// http://www.elefu.com/index.php?route=product/product&product_id=53

// REMEMBER T0 INSTALL LiquidCrystal_12C.h in your ARUDINO |ibrary folder:
https://github.com/kiyoshigawa/LiquidCrystal_I2C

/ [#def ine RA_CONTROL_PANEL
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//automatic expansion

#if defined (MAKRPANEL)

#define DOGLCD

#define SDSUPPORT

#define ULTIPANEL

#define NEWPANEL

#define DEFAULT_LCD_CONTRAST 17
#endi f

#if defined (REPRAP_DISCOUNT_FULL_GRAPHIC_SMART_CONTROLLER)
#define DOGLCD

#define USGLIB_ST7920

#define REPRAP_DISCOUNT_SMART_CONTROLLER

#endi f

#if defined(ULTIMAKERCONTROLLER) || defined(REPRAP_DISCOUNT_SMART_CONTROLLER) || defined(G3D_PANEL)
#define ULTIPANEL

#define NEWPANEL

#endi f

#if defined(REPRAPWORLD_KEYPAD)

#define NEWPANEL

#define ULTIPANEL

#endif

#if defined(RA_CONTROL_PANEL)

#define ULTIPANEL

#define NEWPANEL

#define LCD_I12C_TYPE_PCA8574

#define LCD_I2C_ADDRESS 0x27 // 12C Address of the port expander
#endi f

//12C PANELS

//#define LCD_I2C_SAINSMART_YWROBOT
#ifdef LCD_I2C_SAINSMART_YWROBOT

// This uses the LiquidCrystal_l2C library
https://bitbucket.org/fmalpartida/new—-Iiquidcrystal/wiki/Home )

// Make sure it is placed in the Arduino l|ibraries directory.
#define LCD_I2C_TYPE_PCF8575

#define LCD_I2C_ADDRESS 0x27 // 12C Address of the port expander
#define NEWPANEL

#define ULTIPANEL
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#endi f

// PANELOLU2 LCD with status LEDs, separate encoder and click inputs

//#define LCD_I2C_PANELOLU2

#ifdef LCD_12C_PANELOLU2

/] This uses the LiquidTWI2 library v1.2.3 or later ( https://github.com/lincomatic/LiquidTWI2 )

// Make sure the LiquidTWl2 directory is placed in the Arduino or Sketchbook [libraries
subdirectory.

// (v1.2.3 no longer requires you to define PANELOLU in the LiquidTWI2.h library header file)
// Note: The PANELOLUZ encoder click input can either be directly connected to a pin

// (if BTN_ENC defined to != -1) or read through 12C (when BTN_ENC == -1).

#define LCD_I2C_TYPE_MCP23017

#define LCD_I2C_ADDRESS 0x20 // 12C Address of the port expander

#define LCD_USE_I2C_BUZZER //comment out to disable buzzer on LCD

#define NEWPANEL

#define ULTIPANEL

#ifndef ENCODER_PULSES_PER_STEP
#def ine ENCODER_PULSES_PER_STEP 4
#endi f

#ifndef ENCODER_STEPS_PER_MENU_ITEM
#define ENCODER_STEPS_PER_MENU_ITEM 1
#endi f

#ifdef LCD_USE_I2C_BUZZER

#define LCD_FEEDBACK_FREQUENCY_HZ 1000
#define LCD_FEEDBACK_FREQUENCY_DURATION_MS 100
#endif

#endi f

// Panucatt VIKI LCD with status LEDs, integrated click & L/R/U/P buttons, separate encoder inputs
//#define LCD_I2C_VIKI

#ifdef LCD_I2C_VIKI

/] This uses the LiquidTWI2 library v1.2.3 or later ( https://github.com/lincomatic/LiquidTWI2 )

// Make sure the LiquidTWl2 directory is placed in the Arduino or Sketchbook [libraries
subdirectory.

// Note: The pause/stop/resume LCD button pin should be connected to the Arduino
/] BTN_ENC pin (or set BTN_ENC to -1 if not used)
#define LCO_I2C_TYPE_MCP23017
#define LCD_I2C_ADDRESS 0x20 // 12C Address of the port expander
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#define LCD_USE_I2C_BUZZER //comment out to disable buzzer on LCD (requires LiquidTWl2 v1.2.3 or
later)

#define NEWPANEL
#define ULTIPANEL
#endi f

// Shift register panels
//
// 2 wire Non-latching LCD SR from:

// https://bitbucket.org/fmalpartida/new-liquidcrystal/wiki/schematics#!shiftregister-connection
/ /#define SR_LCD

#ifdef SR_LCD

#define SR_LCO_2W_NL // Non latching 2 wire shift register

/ /#define NEWPANEL

#endif

#ifdef ULTIPANEL

/] #define NEWPANEL //enable this if you have a click-encoder panel
#define SDSUPPORT

#define ULTRA_LCD

#ifdef DOGLCD // Change number of lines to match the DOG graphic display
#define LCO_WIDTH 20

#define LCO_HEIGHT 5

#else

#define LCO_WIDTH 20

#define LCO_HEIGHT 4

#endif

#else //no panel but just LCD

#ifdef ULTRA_LCD

#ifdef DOGLCD // Change number of lines to match the 128x64 graphics display
#define LCO_WIDTH 20

#define LCD_HEIGHT 5

#else

#define LCO_WIDTH 16

#define LCO_HEIGHT 2

#endi f

#endi f

#endif

// default LCD contrast for dogm-I|ike LCD displays
#ifdef DOGLCD
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# ifndef DEFAULT_LCD_CONTRAST

# define DEFAULT_LCD_CONTRAST 32
# endif

#endi f

// Increase the FAN pwm frequency. Removes the PWM noise but increases heating in the FET/Arduino
//#define FAST_PWM_FAN

// Temperature status LEDs that display the hotend and bet temperature.

// 1f all hotends and bed temperature and temperature setpoint are < 54C then the BLUE led is on.
// Otherwise the RED led is on. There is 1C hysteresis.

/ /#define TEMP_STAT_LEDS

// Use software PWM to drive the fan, as for the heaters. This uses a very low frequency

// which is not ass annoying as with the hardware PWM. On the other hand, if this frequency
// is too low, you should also increment SOFT_PWM_SCALE.

//#define FAN_SOFT_PWM

/] Incrementing this by 1 will double the software PWM frequency,
// affecting heaters, and the fan if FAN_SOFT_PWM is enabled.

// However, control resolution will be halved for each increment;
// at zero value, there are 128 effective control positions.
#define SOFT_PWM_SCALE O

// M240 Triggers a camera by emulating a Canon RC-1 Remote
// Data from: http://www.doc—diy.net/photo/rc—1_hacked/
// #define PHOTOGRAPH_PIN 23

// SF send wrong arc g-codes when using Arc Point as fillet procedure
//#define SF_ARC_FIX

// Support for the BariCUDA Paste Extruder .
//#define BARICUDA

//define BIlinkM/CyzRgb Support
//#define BLINKM

/*********************************************************************W

* R/C SERVO support

* Sponsored by TrinityLabs, Reworked by codexmas

**********************************************************************/
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// Number of servos
/]

// 1f you select a configuration below, this will receive a default value and does not need to be
set manual ly

// set it manually if you have more servos than extruders and wish to manually control some
// leaving it undefined or defining as O will disable the servo subsystem

// 1f unsure, leave commented / disabled

1/

/ /#define NUM_SERVOS 3 // Servo index starts with O for M280 command

// Servo Endstops
//

// This allows for servo actuated endstops, primary usage is for the Z Axis to eliminate
calibration or bed height changes.

// Use M206 command to correct for switch height offset to actual nozzle height. Store that setting
with M500.

//
//#define SERVO_ENDSTOPS {-1, -1, 0} // Servo index for X, Y, Z. Disable with -1
//#define SERVO_ENDSTOP_ANGLES {0,0, 0,0, 70,0} // X,Y,Z Axis Extend and Retract angles

/**********************************************************************W

* Support for a filament diameter sensor

*

Also allows adjustment of diameter at print time (vs at slicing)

>*

Single extruder only at this point (extruder 0)

*

Motherboards

34 - RAMPS1.4 - uses Analog input 5 on the AUX2 connector

>*

*

81 — Printrboard — Uses Analog input 2 on the Aux 2 connector

*

301 - Rambo - uses Analog input 3
* Note may require analog pins to be defined for different motherboards
**********************************************************************/
#define FILAMENT_SENSOR

#define FILAMENT_SENSOR_EXTRUDER_NUM 0 //The number of the extruder that has the filament
sensor (0,1,2)

#define MEASUREMENT_DELAY_CM 14 //measurement delay in cm. This is the distance from filament
sensor to middle of barrel

#define DEFAULT_NOMINAL_FILAMENT_DIA 3.0 //Enter the diameter (in mm) of the filament generally
used (3.0 mm or 1.75 mm) - this is then used in the slicer software. Used for sensor reading
validation

#define MEASURED_UPPER_LIMIT 3.30 //upper limit factor used for sensor reading validation
in mm

#define MEASURED_LOWER_LIMIT 1.90 //lower limit factor for sensor reading validation in
mm

#define MAX_MEASUREMENT_DELAY 20 //delay buffer size in bytes (1 byte = 1cm)- limits maximum
measurement delay allowable (must be larger than MEASUREMENT_DELAY_CM and lower number saves RAM)
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//defines used in the code

#define DEFAULT_MEASURED_FILAMENT_DIA  DEFAULT_NOMINAL_FILAMENT_DIA  //set measured to nominal
initial ly

#include "Configuration_adv.h"

#include "thermistortables.h"

#endif //__CONFIGURATION_H
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