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Abstract:

Conventional Tool Making for blow-molded plastics is expensive, time
consuming« and results in the waste of a large amount of metal.
Presently« industry is waiting for what is commonly referred to as Rapid
Tooling (RT). The greatest opportunity for RT implementation would be the
use of Additive Manufacturing (AM) technology to produce injection molds
of rapid quote products which can drastically reduce those costs and time
frame. Functional prototype molds were developed and analyzed with CAD
software« then printed by a 3D Printer.
The present research aims to manufacture a Blow Mold by 3D printing of
ABS plastic using Fused Deposition Modeling (FDM) printing technology,
and then researching to increase the investment life of the mold by processing,
coating the mold surface with a layer of metal and improving the adhesion of
the metal layer to the mold.
The following process (Electroless Plating) depositing a layer of copper metal
on the surface of the 3D printing products, studying the effect of the deposition
temperature, the pH value of the solution (PH), and the deposition time on the
deposition rate.
The results showed a clear decrease in surface roughness after surface process
and coating with copper« with the result that the average surface roughness
(Ra) decreased from 4.5 pm to 0.12um.
The best adhesion happened when copper was deposited by Electroles Plating
compared to other methods, the adhesion has depended on the results of the
adhesion test (CROSS-CUT) according compared with ASTM 3359.
The results showed that the highest deposition rate was 9.26 um/h under the
conditions: deposition time 10 minutes« temperature 30 °C« and pH 13.
The process of experimenting the mold manufactured by printing and coated
with a layer of metal on the plastic blowing machine showed the success of
the blow mold produced by the FDM printing method.

Keywords: 3D printing« Fused Deposition Modelling (FDM)« blowing molds«
Electroless Plating< ABS plastic.
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[Global 3D printing market
Estimates and forecast of market value to 2018, in UsD

2013 014 018 CAGR
Category estimates forecast forecast (2013 - 2018)
Tatal 52.5b 5%3.8b 516.2b 45.7%
3D printers 50.7 5130 554k 50.1%
Services and materials 51.8b 52.5b 510.8b 43.8%

Source: Canalys estimates and forecast, © Canalys 2014
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Summary of Accuracy Measurements using Molds 3d-printed using Stereolithograpy and
Polyjet Technologies

Thickness | Variation from | Width [mm] | Variation from | Height Variation from

[mm] mold size [%] mold size [%] [mm] mold size [%)]
Formlabs Average 14.36 -4.1389 15.251 -4.3224 14.527 -2.1751
White Resin | Std. Dev. 0.2384 1.5916 0.3856 24191 0.2248 1.5141
Polyjet Average 14.61 -1.7127 14.77 -1.7686 14.49 -2.3720
RGD515 Std. Dev. 0.1682 1.1319 0.2065 1.3728 0.2015 1.3577
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The materials and 3D printing processes used to create the mechanical properties curves are:
s ABS filament made with an FDM machine with solid fill pattern.
s  High temperature resin from Formlabs [8] (online) made with an SLA process.
s  Onyx filament from Markforged [9] (online) made on an FDM machine.

e  High strength high temperature (HSHT) fiberglass-reinforced composite filament [10] (online)
from Markforged made on an FDM machine

Deflection as a Function of Temperature
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High strength high temperature (HSHT) fiberglass-reinforced composite filament
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Average roughness changes of post-processed specimens

As-printed (pm) Vapor polished (um)
R.+ St. Dev. 37.18 4+ 14.55 10.13 + 8.23
R, + St. Dev. 44,41 + 15.06 12.39 4+ 8.86
10
Pl Peak of layer ms Unpolished
!' 1 \‘ thickness
I 1 Polished
/

Log Power Spectral Density

0 50 100 150 200
Spatial Frequency (mm)

[12] phaead) Lisia e dalladll il (4-5) J<a)
de bl clatia Galed el Auha 2016 sl (Kensuke Takagishi csldl 26 —12
e bl any mlacd) aaniil Aigcanll Giludall B dadl dlee Gaall) aadial ol A8
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e oelae ) 2l Slgals Lanty (%200 cileay el Ailiey laaly liveas Ganld) LaaYs
[39].(14.01 [MPa] 1) 6.89 [MPa] )

= 120
sibinked - -~ -Before
£
=100 A 'll 5 ; After
" ' >
3 80 .
£ |
[
o
8 60
o
2
After O 40
o
o
[
I - Iq t 20
>
L& Layer 0.3mm
0
0 0.5 1 1.5 2

(a) Position mm

g 3 8 8 8

g

=]

- N W
©

<)

Surface Precision um
s

0 S 10 15 20
Processing Times

(b) (c)
[39] ol disia b (L dallad) 80 (5-5) <l
Cilatie Gueat 404 Ladd <2018 ole (Siti Nur Humaira Mazlan ¢alll ey —13
Jasis «(methyl-ethyl-ketone)cludalls dalledd) DA e Al ADE delubl)
0.5 A 12.00umM Ge Lgdall Comids) Cus mlacd) dagas A san il ) Gl
[Bl.aS ¢ ol 2l dea) Lo il oKy .pum
(6-5) JSHL mnge s LS
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(a) Before treatment (b) After treatment
Top surfaces of non-treated and treated sample

12.00

10.00

8.00

6.00

4.00 «i~ Surface roughness, Ra (um)

2.00

0.00 = ——
5.00 15.00 30.00 4500 60.00 120.00 180.00

Exposure time, min

Surface roughness, Ra (um)

Effect of acetone vapor process on surface roughness
[3] o) 35t 3 sl ales il (6-5) Uiy

& (PVD) Sl Sladl Cuwsil) aladiuly ¢(2018) ple Justin White sl & =14
(LDl dadlae 05 dallae ¢ Kol 3a) 35k Bans pdacd] jriaat aas Call 128
[40]. Glsil¥) 4ilie Cuyaiy

S eAdlanl) aldl (e amy Gull s i iy il gl piaad of gl ekl

ccaa Sl alall gl

(155 UilSn ) yuimatl e dan 2000 Siiea Gy phadiud die elld o (Sl e

Sliae Blaill (S0 ¢(gyead) GulSai s AublyeSl dbeasall dsnia daslil duse)

Bs LalSaily A2ld Slanl) 598 ade it Lol mladd) dsllas
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ihed] juas dal U Glail¥l dilie (2-5) Jsaadl maas

Adhesion Testing Results, Average ASTM adhesion grade and standard devia-
tion are shown for each surface treatment

Surface Treatment Average Adhesion Standard Percent Standard
(ASTM Grade) Dreviation Deviation
Comtrol 3.6 1.1 318
Armiosphieric 50 0o (k1]
Plasma

2000 Grit 50 oo 0.0

Acetone Vapor L1 1.1 94.9

Acetone Dip 29 1.7 586

[40] aaalls il dykay dusle e (7-5) J<adl
Al el dolee 6haly ABS (alss Ay 2016 le Sharon Olivera &bl 6 ~185
OhAl) alge iy canATl Galsals d@Y) ey uats (ISl (el Ganlil) Cupas
[41]. 4SSl @hEaYL Ganlill (e go3 JS (alsd 45)laag

toanlil) dolee Jalye o(8-35) JSAIL muage WS

Soak Cleaning Etching Sensitization
Metallization Acceleration Activation —
Copper — Nickel > Chrome

[41] Ganlill Llee da)ye (8-5) sl
tla e JS (8 dediiicaall lgall daaS

B

Etching by CrO3;-H»SO,

20 min etching by H,S0,-MnO, with [H,SO,] = 123 M

40 min etching by H,SO,~MnO, with [H,SO,] = 123 M

10 min etching with MnO»>-H3P0O,~H»S0, with [H>S0,] = 10.9 M and [H3PO,4] = 3.8 M, MnO: content = 70 g/L
SnCl»/PdCl, activator is employed

20 min etching by H,S0,~-MnO, with [H,SO4] = 12.3 M, MnO, content = 30 g/L, dimethylamine borane acts as catalyst replacement for
SnCl,/PdCl,

¥ No colloid adsorption

o

(=%

[

" Physical vapor deposition prior to plating
' 5 % PEEA

1(3-5) Jsaall Aaage (3lail) Ailia Lad) il
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Sl Material Type of Average roughness Adhesion strength (peel

no composition coating (Ra) (nm) strength) (KN/m)
Electroless

1 ABS copper 510 1.42
Electroless

2 PC/ABS copper 1.04
Ni-P alloy/ 2

3 ABS MWCNT 397 3000 N/cm

4 ABS Cu/MWCNT 2800 N/cm?
Electroless

5 ABS Nickel 199 Kg/m

_ Electroless
6 ABS/PEEA Nickel 9 N/cm

Sl (K Eua 3 48y Ll (3000 N/cm?2) cul€ sl 568 Juadl of Jgand) e Jaadls

< stasdlly JSally

2010 o\e <koreacYonsei University dssla (4« Dong Ho Kang &l i -16
thiag I aen) Bl padianal aiadl) (ass e Yau Al Aprea Spiaill Al sl
A8laasS Bt aladial 23 DUl Dolee (et Jal (o phand) (AT g ()l Gaea
aladia) asy saa Blaill 858 e Jgmall 1 .(methanol and deionized water)
[42]. 5081 42 plall

and Zhixiang Wang« Yue He«z Zhixin Liczenglin Wang «osislll aasinl - 17

aes e Y mhadl (31 H2S04-MNO2 assiaad) 2uSsly cuySll (mes (e SIS

[43]. L5 S0

Gl 358 e ey Bhall dasag slaall 8 Capsll Gans 35 (e S b Al i

(9-5) JSAL maage WS

1.19 KN m-1 ) LiliaS couyall ulailly ABS Ll salal o (3lail¥ ) 568 culias
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1.4
P » = =
—_— L . -
g2 S —keoam Vel
5 i b S e 123M y
e 4 —+—138M
=08 | . —» -147M
%[.. ]
# 0.6
2 0.4
g
B 0.2
1]

0 10 20 30 40 Sty
Treatment time (min)

[43]Lai) 558 e (pailly Cupsll amen 585 ik (9-5) ISl
(U59)12.3M €l pmes 3855 die cil€ 3laail) 568 (bl o) dlaall liaiall (e Jaadls
saaill Lad Zhang Chengc Miao ZhuangdWang Xu ¢ygialill At -18
Uaany iiiall anSol Gsinld) il G cdliag KN ans (9 diull dira disla

[44].7bond) (i 30 H2S04-MNnO2 <l

1(10-5) JSEL e e LS B Gl pAdl) il CuilS

[44] S mhas 3 G AT i (10-5) s
o) (e Ak oDl duhy 2014 sle (55305 Azhar Equbal calll A8 -19

[45] .FDM 4 la; daias ABS 53l e
tedldall 8 placd) (panl gihla DU aladsa) &
ceDldall U8 cliag SN paes aladiuls mdadd) Giyas L@

ceDlall 8 el Sl aes aladiuls mdadd) Gajas Wb
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ceDall 8 gniall Lganay mlandl s LC
rlabadl) magy WS Gulail) i€ el Ca il (algad Gl Ly axdind
doalgall (385 HLEAY) alasind 25 3Ll 5gal Aucilly eDUall Lalgd 4 yrad iyl sae gl &
s 3l (4-5) Jsaall maagss (6 doaill 8 Jaalilly gasds o) ASTM D 3359-02
e Jsanll

[45] il ansd Fomi) 81 k5 (4-5) paa

Deposition Bath
condition HF H,S04 H3PO,4 CH;COOH
Scale 5 5 5 4

Balall oDl Ayl il Gl alsad Aoy Ll Bilias (3LailN) 568 L i) Joan el
DAY bl Jaadl o guialV) diganan

Centlil) U8 mdacdl Japiil 4yl oladiuls Pimpan DECHASIT Gl Ll -20

29 (CH3CO2)2Ni ISl cilinad (e A Gaald) axdias) Gum eVl (g 38

JSAIL daiage WS sam dugiall J<al) Aol BlailV) il i€y . (CoCl2) cllyssl)
[46].(11-5)

Ni or Co ions i or Cometal fil
adsorbed ceeds ki
Etched surface
‘ ! ! |
——ia s 88 TP D - 5 ®® 9 e MW R
> | > | —»|

[46] JSal st gk e (11-5) <l

Ni(CH3CO2)2 aladin a3 ua «Pd a3l e Yoy 5u8aill A8 jla aladinl 48 jlall oda 8 2
Faail¥) im0 Bun I S 5 (5-5) Jsaalls Aine 380 5 Sle 5585 3 «CoCl2
ASTM D3359 4l ddual gall 345
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[46] s Al (s (8 Aexiivuall jualiall 3:S) 53 (5-5) Jsaall

(CHCODN Coll:
Activator or
<atalyst 1 3 3 5
5 1
LAY L L
Metalions »
(pps) A0 250 390 055 1L30  240

calaie JCo Lgdady Glaily) lodl elya) ey Al J<5 (12-5) JSA maags

NF ENISO 2409 ASTMD 3359

G2l 2y L) Ailie LAY 8yiiall dimdl (S g (12-5) JSal

Gaalll aadial s (Ganally i dlee ¢ 5l 2017 ole Mohit Garg sl s 221
[47]:4s se IS caun A8V 580 il 5 pualiall

bl Glpas -1

1. CrOs (75 g/L) and H2S04 (250 ml/L)
2. K2Cr207 (90 g/L) and H2S04 (600mI/L)
3. CrOs (50 g/L)« H2S04 (100 mI/L) and HF (100ml/L)

:SeNSitizing (umssd -2
1. SnCl2 (10 g/L)

2. HCI (40 mi/L)

i) bl -3
1. PdCI2 (0.25 g/L)
2. HCI (2.50 mi/L)
rosladlly Ganlill -4
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a) CuS04.5H20 (15 g/l)
b) NaHCOs (10 g/l)
¢) NaKC4H406.4H20 (30 g/l)

d) HCHO (100 ml/l)
1S Aday peli -5

a) NiS04.6H20 (30 g/l)

b) Sodium citrate (100 g/L)
c) NH4CI (50 g/l)

d) NaHzPO2.H20 (10 g/l)
e) NH4OH (to a pH of 10.5)

A Galsdll (e pglaall 8 Lia il LaaY
odladll e Al Dl duyn 2015 ale (jg5als Azhar Equbal Gl ol -22
[48].FDM & k; dxine ABS sals e
reall (Ji (6 jha aladin a3
cosnlil) J clia 5 I aes aladiuly mhaud) s o
coelil) 8 o sl 46 pamey mhadl 63U @
o S A e elail) g it i (1) 1o Tahall e daliia) degall cila i)
Azl Ll gpas & daslad) e Jsan) @ ¢ Al-Cliyh i (2) ¢heriiwall 35kl
Shaag SN ks Aayle 8 4 lidl) Bl gaen (8 doglall ad e Jsanll 2y ol (S
elal Jadl Llladll AI-C e el 6Lyl (i A je 20y ((Equbal et al.2014)
& el - Gelaill Cagig ALpeSll Jagill Cua (e laag S anls 32k ae 4554l
Gsnaall 8 dgasall agiiesU angdl aisill s AI-C cilie 8 J ) AL gl
[48] 3okl

ozonated (e (ass cayais 2006 (5315 Takeshi Besso cualill Ll -23
adde Jgumnl) Sy «JSulls Uall Ui cdnpiiill ariicadd) dliag SN aes (e Y Water
[49]:(13-5) JSalL dacasall dayhally
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D.l.water :
2 R

Decomposition of
waste ozone aas

Bamboo tower

60-—1 50ppm ’_a_‘

N2 o nizer Ozonated water supply

Test sample chamber

[49] i55Y) slall juzai (13-5) JSall

i) S Bl 5 g8 sl 53 i JSlly o SUall 5 Jmpliil] ey

E 186

< 14/-A

g ;'g M & Chromic acid xABS

& 08 ¥y Chromic acid xASA

- s \ L . .

L7 0.6 - (Partial deposit)

- 0

2 04 B Ozonated water xABS
% 0.2 A . . A Ozonated water xASA
g0 d" 05 1 15

Average roughness (um)
[49]BlailV 8 s ol (2 )35 48 sl 58 (14-5) <
Lailly Jeadl ity ael oDl Js ozonated water alaaiul & gslull JS&l e 2D
LSl Ay ASA Ll salll s Blai) 55l
“La) ehaly ISl G Ay PP 3k sl 2016 ale 0.0. Ajibola ¢l 5 —24

ROEREEWERTR
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Uass a3l Electroless—nickel J<ull (e daday PP oDy Gl o6 V) sl 3
(1750 (e Fall JSEl Loy J<all slhsddl clial) ¢ lad) & cagmgeall Cubugious
il ity 32l 858 el 55l 3lstll iy ¢392 14000 5 7000 3500
H(85) dsaall mase 98 WS il (alsal (o (it (e gy Clinall aag 2

Gl Galgal Ga cpilite Guegs (6-5) sl

Baths | pH Temp | Time | Film Wt | Ave. thick.
(°C) | (min) | (gmm-2) (mm)
Acid 5.0 80 5 0.000327 0.012
Alkaline | 11.5 80 5 0.000345 0.013

Gl (s (A paliall 3805 (7-5) Jsaall

Temp| Time

Bath Media Conc (g/1) (°C) | (min)

Nickel Chloride 30
Sodium 40
Hypophosphite

EN Plating | Sodium citrate 25 80 5
Ammonium 50
chloride
PdCl: 0.02

pH NaOH or NH:OH |Add to level

regulators

;LAY ey ASTM D4541 / D7234 1SO 4624 «clialsall 335 whlas¥) elya)
Aoy b gt A2y 60 52al (a0 80 vie Il el pdag a sAyhall Bysall lasl
Ao ol & A8 60 52l ((-10,-125) Bl s> b g & sy 15 sl A s)a
8 i o elal Aisal (mjats 50 9c1 2615618 ulanl) 55 5 (AR 15 saal A5l 5a
oy slall Jd ()l

(O3l 38l g lall gy e piie aaal Al (el 1 IS L)

dialgal) 3is Aia¥) Clung 4S5 2 558l 8yidiall disell (ajed 1adl Hlas)
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{(15-5) JSAL daiage D785.D638.ASTM E-873

! 4‘5 mim ! 5Imm

[50] s 22 &3 (15-5) 2
s 85 izl Gty pe 3 ASkauss pe 45 Jola alal clie il 2y sciall sl

Al 8 Gyl Gluag pxia B)la Cilayag

(L¢ Li)
Lj

zeage LS DUl aes (MPa) 118 Y (MPa) 36 (e aill diltie b liveas il el
((16-5) J<all

—+—EN-PP —a— PP

140 -

Slress (o) [MPa]

Strain (&) [mm/mim]

[501cnbs 0 Aol 2 slga] b mhand) i il (16-5) J<al)

tJSU Las) =5l (8=5) Jand) muags
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[35]0SH sl gt (8-5) Jyasl

. . | Wear Wear i
Time | Weai loss Thickness rate Observation

(sec) |(cycle) @) loss (mm) (g/sec) & Remark

7.5 | 1750 (0.0014| 0.001 1.9E-4

Tenacious
15.0 | 3500 |0.0017 0.001 1.1E-4 film,
30.0 | 7000 |0.0021 0.004 7.0E-5 Good

60.0 | 14000 [0.0032| 0009 | 53g-5 | adhesion

s jial) ddudal) ASlag il Jana gﬁ s g:d\ alu)al) dsgana —3-1-5
iala  S. AHMAD AND A. KHAN(NAM UL-HAQUE <&l A -25

[51]:cmélida (pua gy JSal) (e dlikay ABS ¢ 3May
NiS04.6H,0, INCO, JSal iy L€ 26
NiCl,.6H,0, INCO, JSall &y )61 -27

iSlew Aals (o ISl @linysS o Jumadl J<all 2y0lS Gimga aladiiad) o cpa Al PAS (50

—
-}

-t

(—1

Thickness (microns)
o ¥

Thickness (microns)
B&

0 15 30 0 15 30
Nickel chloride (g/L) Nick el sulfate (g/L)

[51]AGkY ASlassy apms il (2 5 B3k Ll (17-5) JSall
Cin (g el dasda ASlaws Cun (e Juadl UKl 2yl aladiad o Ayl il oyl
ol Balally oDl Bl
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asslisl) cihlayl) Jadigy mle 8L duhy 2006 oo DLT.AAl-saffar Caaldl 25 o

[52]asianll (palla ysallg ducadl) il i aadinlg ABS e (ulaill cuss 3 Jaza e (aspagally

Aol 2palplpade upe sl de

o
o o

>

]

1(18-5) Sl daiasal) Sl Ciald) Joasiy

Al a1 42 jar (o 3lgade i 58

PH=12
i —a H=12.5
e e 34 - o s
" -0
o = <
- = - 94
Cg Dt
o= e —o— 38
."/’/
— s
— =32 — 10
2 40 &0 4] 10 20
Mo igdasgd 65
Nl

P 88 s e gl

AR G i A8 e e g s e 38

as PH=12.5
; 1 34 - e s
a 25 L NRL N S
¥ 2 - 10ml/
x15 - 30mV
& 1 ;
g [ < Tmll |
3 054 /
—s  100ml
0 o
0 0 o 15 0 1
PR g e 3 A=

R L L =¥ o =S5 ok

uJs

[52] il Ay b goallaysilly adis) il (e SIS LG (18-5) J<al

SYE90 Janas dadig) e plasind & ol Jaeal daiis Juadl o cllabaddll e Laadls

51Ja 70 sl

& ABS elaudl e dmdll cuws 4uhy 2010 ole (M. Selvam &aldl & @

ass b bl aslS sl g coelacdl Jadiil Lcadl) Culing Wigal aladiul

[53] -l

casall el Jine & Bhall dapyg cuwsll (ayy pragal) dagas il aall) Gy

:(19-5) J<all

Rate /pm h!

%]
(=]
L

-
o
L

-
(=]

[3,]
L

(=1

Q

50

100
Time / min

3 Effect of plating time on deposition rate

150

Rate /um h’
SO = N W e D N RO
L . ‘

-
o
=

4 Effect of pH on deposition rate

pH

[53]cameill Jsnn le il oais Gmall dimgan L (19-5) <l
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[54].(2013) o= M. Bazzaoui caldl 2@ e
ooz s aalsy Aol dallas (e 058D Ldeal) caaa Hike A pladinls (ABS) oy
Joeashl 23 il SlyeSl Galaill ¢Sl dlee Lgali ¢ Juagal (Sl mhaadl Jugail (PPy)

- 2SS (1) dasd) )5S Jgpall Jslae B BiLeS ABS clie Je PPY s )
Pl (s GlisSe (9-5) dsaad) masy
[SAlcuwill (msm Dl (9-5) Jsaal)

Electrolytic conditions for copper electroplating on PPy /ABS.

CuS0,, 5H20 215 g/l

H50, 60 g1

CUFLEX 500 MU BASE 1.6 mli
CUFLEX 500 brightness 0.8 mla
Temperature of the bath 23-26 °C
Anode Copper plate
Cathode PPy/ABS sample
Current density 33 mA/em?

~5) saalls mase LS il ity A jial) olatl Al Adiae ciSlas e Gald) Joan
:(10
[54)dw el Gelasl) dauka dSLaw s (10—5) Jgaal)

Experimental and calculated thickness of copper plating on PPy/ABS.

Electrolysis time/min Expermental #/m Theoretical 8/um
15 ] 11
30 14 17
45 36 38

Glua aas e IS 5862017 slecEge Universityc Canan Uraz ¢aldl (o
[55,56]: JSall (10 Lo piall dddal) dSLacs B (aillg cmgall Blya dnyag c2ail) B

A58y 60 Gayg 1500 3nd (g9 cAugia 95 5ya die AL LS|
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o

A~

=—4—=T1=75C

w

=@=T12=85C

=]

T3=95C

Amount of Deposit (pm)

|

\._/:
> T " g

1000 1500 2000

sand paper size

[=}
p

o
[%a)
Q
[=}

[55]80me sl Aaidall ASLass & 3l (35 Aayg Hhall daps i (20-5) <)

tdanaal) cilulal) AdA-4-5
P L Cradl Gila¥) el G dlid) duaa ) ciluhall A (e Jaadl
cllsdl delia b aladY) A5G delidall pladia) dulSa) o
Al ihlally Aadail) Ayl aieadl) Il AAS (py Ajlad) o
ale 2 il delia Jlas b &iis 8 FDM ) Ay deGlall 3yl oladiad () 40
(2019
Laica (pands Aglae Jie i) g Jans all Cagylall iy Sludjall Caagl o0
g8 ) ayil) gl aeant ol o(Andiye Jagiua s ) Gaad) Als ) )
(oanll Aijlee yu€ daria angy Y il
okl oyae 83l G mhacd Cilallaall (s ehals iluhall (aes Crasl <
lacle &) (alsd Gpeatl Ji (e pa2dind ol Gasall (e dauday QIR anli dasyla o3
cSonl e LW Giall) 233 2015 ale Lot sasy Ly
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réand) A (il Cual) fadagan dllaiall cluball Ao i) aay

:&anl) LAy —6-5
Aadatll Ak A0 dse (e daieaall LA Fil CllEl L) eall 5245 & aad
chad) e anal (e dda Cansgig 2ladY) LG delidal) any mdacd) dalles 31k (o Ayl
Ll sl
oailad Jmdl Ao Jgeanll sl ) L8005 de Lhall Zagial) ikl Jaadl g caall v/
Dl dilee o) i Qllall 456180
Gl el @l ol i Lile mhacd) dalledd Ghhll Joadl e Gadl v/
ceddal) Al daglia Aot e Jgemnll
(o) Gl e daiday QG mdas (Sa V1

réadl) dagia—7-5
&l elaY et Sl deall Cilshad Ll s

dcsias (ABS) Gl ssle e (SOmMM*40mm* Smm) alals L)lad) Sl jgas v/
JSEIL daia se bl lg oyl i cilie laalae Y aladY1 4N de Lhall 50)ka e
(16-5)

(81K 5 Llaa) oDUall Al (el DUl ddee U8 Aisall eland Cilallas ehal v/

(o) el e daiday DUl Dl sla) v

(3.1}&; ¢l c.li) ASTM (339 adizall LAY ¢lya) v
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il Aa U 30 gall (paald

Al L dagldal) e ABS 8ala (e cilis Aol
(Ol unlil) 08 cilial) b judaad

Ol (e Alhay 4880 Al gdas (i
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((ABS) il delia \gia e 3 4Kl 52Wllg (3D printer) sle) 405 dlls -~

(CNC zopaall diriill yie 3 i)
Ui o) dalladd Ogiandy 38 Ggl) Ganlil) 8 dial) acaasl e Ssall Gaels -

(il
st i) Alead ) Ailal) Sgally 830aY) Gpels =

coalill Gagal ety s Slea -1

) Bads (Saall (oS plite =2

PH diageall da )y (Wbl a3

sl 3958l Olhae =4

s el Cpunlil) dolaal 403 A8laS Sga =5
(hag S Gmes colall oIS Gmen cig3¥) (e ccupSll man) (aleal) an -
el Alaad LU (A pealiall mang ulail) i€ -
doalsall e alaie Y elladly Gadl) ANl e daioas 25 (L) Glaily) Ailie uld Slea -
.ASTM D3359
Myl dijeag oDl U8 ) digid andl mlaull Ligdd (elite —
-Ebh (s Alaally Lad) @hhIL Garalls Gunlill Ldae ¢lya) -
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&l jlaidly)
Abbreviation:
RT: rapid tooling
AM: Addictive Manufacturing
RP: Rapid Prototyping
RE: reverse engineering
CAD: Computer Aided Design
ABS: Acrylonitrile butadiene styrene
HDPE: High-density polyethylene
RHDPE: Recycled high density polyethylene
MFI: Melt flow index \
PLA: Polylactide or po\ly (lactic acid)
SL.: Stereolithography
SLS. Selective laser sintering
SLM: Selective Laser Melting
FDM: Fused deposition modelling
FFF: Fused filament fabrication
Riprap: Self-replicating rapid prototype
PVD: Physical Vapor Deposition
TP: THERMOPLAST
TS: THERMOSETS
EP: Epoxy
PET: Poly (ethylene terephthalate)
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