16-9 Yoo B o leuds (17 693 1396 (1339 )3 (Yoo SWlKo FwIdio Alxo

9y ele dolinle =

: . z &

o 3o Sl (wigo = 5
mme.modares.ac.ir ;’7,«/\."__:{;:%,

axlad (6 g Slao g (S99 Ll ST B 30 Sl Oy ook

#2 .

OlEalad wias dsuans 8 Gaeun sl
Ol ey gimio ol (SlSe (tiges b)) uolis S ggmeiily =1
Ol ey pib imiio oSl «Slo L wige bl —2

khodaygan@sharif.edu 11155-9567 iy sesis o)l i45 #

aSe dlis eyl

cap ol add caly 5 an @5 05 8 arsi 50 il isgsdl il sy b bl il 3 oS Lilse o yene S JolS (pimg, Alie

4S5 Slge e 5 il loj cdabad plSttl s o dlas 51 4ok olyS (59, 2 093] L sl 5 adsd cals (5,8 13961'“'3“;?*{ (2)2 sk
2 Ve R

Ao opl 5 sl Olabad &g (6 pScgn o 5 Joloe oyt (S dxhad cdlos loj o ol ol 38,5 oolizul 3)90 B 1396 515, 14 -l » 4,
2 s cale s loy Mlg e 4 dgbe dl) G398l cole glaanlE d ashd cale ploy eSS lp M B, o ol
oo il A dlgo Jliie g oayY sl olaly (6,18 (slalasly ccedlaiiny shgy Loluslys 8 draslea |y ilisen (sl s S s ol el
5 Olabad At S Ca o sl ML gy oy Sy 4 Cams Gluslre laalyzn EalS y ogMle ond Sl gy 238 oo olej o35
ilie Sz g5 92 0wk Sy ol ploj (b sy (hCou rien 5 IS Liled olite & 0l > Ak it el

) . ; o P . . . . .. STL) e 5kl 55
Dgdiee dumlio Canliyiyy 5 S la)ldley > Wl B (luand I Jols gt b g 90 035 (mest (gt gy bl p (STL) e s sl by

P 520955 plycuiy @ cwlayy) 5 G b)liEle s b awlie ) Jsl 98 pScan 5 st Uiy (e S S
Sgn a5 &y (glodidy (S jl ool b ddlllas 550 dxlad (gly ol duwlre s s Cprizmed Ml o o3 8 9 T ped g4 (S pS o
ol (G0 g Conla sy (slayl38le 5 5l Sy ol 140 4100
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The orientation of a part in the additive manufacturing process is one of the most important factors that
Received 18 May 2017 should be considered in the additive manufacturing process. In the additive manufacturing process, the

Accepted 23 June 2017

Available Online 05 August 2017 part orientation factor can significantly affect the part properties such as the surface roughness, strength,

the manufacturing time and amount of support materials. The manufacturing time is a key factor that

Keywords: can influence the total production cost. Therefore, to minimize the manufacturing time, the optimum

Additive manufacturing orientation of parts should be determined. In this paper, a new method is introduced to estimate the
Build time estimation build time of the parts through the additive manufacturing process. According to the proposed method, a
Part build orientation practical equation is extracted to estimate the build time of the parts with regard to the number of layers

Standard Triangle Language (STL) and the amount of support materials. The method is capable of estimating the build time of a part

associated to the part orientations. The efficiency of the proposed method is demonstrated through a
case study in two different types of orientation, and the computational results are compared with the
obtained results from the simulations in MankatiUM V5.3 and Repetier-Host software. The average of
proposed method relative error in the first type of orientation in comparison with MankatiUM and
Repetier-Host software results are, respectively, 5 and 10 percent and for the second type of orientation
are 7 and 8 percent. Moreover, calculation cost of proposed method is 140 and 100 times faster than
MankatiUM and Repetier-Host software, respectively.

5 oobe sanl Glsiear )5k Ao plagh eanl I ik it dovtio -1
2 $39 cl (5l olktws ol (Byme b M1l stie Bpme Wy T s e L T e silutined < 0s 38l bl (g5l g o
Coload ke (a5 ()58 o lsiea cole wn TS (11986 Lo col (55 g, s, 0 6sld (nl e 47 4 4T Can sdidigy on
g ooy Jol b olaad cale wals loy o olisS coge a5 QO 5,0l cpl g asly: cp 8l B Caie don] 0 e 4> 4 g
2 09l cale slaanls 2] ssne SV olal Bo 4 o,

W . . ' . L ! Additive Manufacturing
O 8Ll b axlad oS 555k 4y el iol 38l anl B SO (5 ile SIS ?Rapid Prototyping
%3D Printing

Please cite this article using: s lod o3l 113 ©)le 5l o opl @ glayf (gl

A. H. Golmohammadi, S. Khodaygan, Build Time Estimation in Additive Manufacturing Processes based on Part Orientations , Modares Mechanical Engineering, Vol. 17, No. 7, pp.
9-16, 2017 (in Persian)


http://mjmec.ir/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwijvey42tjTAhXIbVAKHeUpCxcQFgg5MAI&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2351978915010410&usg=AFQjCNEyFREsbcr_XX3Xuvo19DjgZZFmpQ

OBGISA Susaw 9 S3exo S (paus yaol

Axlo3 (g a5 aid Slise )2 (5599 381 il SBT3 )3 Al Ylo) (yress

Al gl go aslad golul cds pals 4 i oS Las sbwl s ailos,S
&y anhd Y a4 4 ods 0 Ygere a5 Coul zlogel 5 oLl glaly aly
olass jrals L as o cle oy JialS o ow)pm 850 Bad 020 oo
ool Al G pels 4 e cole gl ol palS uses
axkd golal 8o 4 (e gl @S lur iz ol 4y sbay 0 S
olo & oy Sl xSz 59 b S bl G 5l e d Sl
Sy ey Slllas o) Kea 5 Gledle [13] ws Gl cole Collae
waslsy cole gy 95 2 s S 5 oSl eSSl )
QU])U)oubé&ébouj&@)a)ﬁlgf?ﬂétdu}w
Sladad bas 5l eolawl b o Ken g oS [14] Col ooy 423 )3 o (o
auld 0 by g gl aile b ez JSal 51 S5
@lad 5 oud Joas oz bl loy dle (sl (Joe (S5 5l il
wols &l gl oo PSS Slge 3l oolainl 4y joxie aS aslad u5 J
[15] codlosls olas 1y xdly oloj b @M duo s 08 30 oo 4l Jow
cole UL“) u...o:?J 61).’ &5“’5) u‘)lg.a.(b 9 s_i") Ja..uj.? 03 djl)l alie »
4l 0 g nS1E 5,555 5l eolannl b Sog58l il slaasTd o askad
Jolse sl (b aakid sla g 4 by Jelse )5 Gl5 wile aslad
ol 7o 9 Sl pFer wile abd cole (SsSs 4 by
bl Jae Sy sz [16] aslioe axld colo (loj et s
oo &yl Jow olo wlyl SLS awnT)d jo ashd cole oo dsle sy
o9 Cbu dladors (glos g dndad £las )| ¢)5) Cao bl il (65 Jawgs
g Sl (G Sy aile azhd Cole bgud (13,5 oapol Judo 4 oS
171 sl ol <85 l)ls aBass olge e

5 ashd cole ol eesd gz gdaz g, lae cpl o
e axhd Gl b Sous sl p G995 el LSL‘Z"-‘-‘-“.")B
aS 5gd o shlow Al ) SO 4 joie (eolgiing (g, sl eolaiwl el suls
clo gloj silednaS ;8 A pF ez e Sz O 5l Ol
Ay Gl @ plge gy ol lblze alex 5l oyS eslanul (Sog3dl
e 10,5 o,lil ashad b log dwlre s s l58l g Slewloes
oloj dbme Sllg saman Sl claolfius ml, b 3dlay i
ol yole 5 s oolgiing Ui, Lol il | s oo plod o cale
slad o b, Scgs ples o cole lo wlg oo 9 0l 1) Cudgams
BB STL cooyd s bgy o auls pudlin 2 yidu j0 .05 dewloe |y gomans
955 0 5550 59958 Lo g wigad (sl e iz ooliial 590
S5z by cEbe loy (e Gl oolering b9y 3 A
o § gy (2l Giules jalkiie 4 B jisy 10 0ed co &S] axkad
ey bl p dges askad S cle ploj weslering ) 5l Jol> s
ol sy, 5 G JJBle S @l by dpdse 035 e woleitey
33,5 oo &l B s yo dllde gunpez (Ll ;o 098 oo danlie

STL Cwjd -2
STL Cunyd 5l Jgoro job 4y (gomdn SOl olliws o ashad el 6l »

5Grey theory
5 MankatiUM
7 Repetier-Host

7 ojloits 17 0931396 Mo ()30 Suille wiiie

(8] 59 o0 wislo &Y & &Y (55 IS 5 o2 (55, Slge

> askd (ALb Gl e gy cnl g eslitl b sludiges ol
OF 5l o 955 sl Slais jse askad SISTL oo p il ! (b (slayliile
el lbay cabrs asbe ofiws slayull akis oy
S sS o b askd il S lum G g 5 D)8 Gog GRSl
21 G ol skl o] 5l e 0ed 0)ly Sola oSiws sla ISl
Slelos aile B3l o Shilas 505 Sl 5o 955 sl K0S 55,
Sgi o0 plol Collas axhad 4y opw; slp (PEAST slge Bl g cloy
l4]

alp 4 Gl gl cole glaanlp (ppeas aslis |
b el s (SLS) T b bl bz (SLA)T 3 Sty sl
)90 ool iz (ululy Ygano bagons diws cpl 0,5 o,L3I(SLM)T 5]
ould o e lp osbee pbul adsd csle ol esli
093 9 ol b Bl L slaanl B )0 g (nj) 3 (GBS s il
[5] 59 oo ooliiul 5,09 Slge 5l 53 b bl

& lasbles (nege | (S wa0 o0 (LS 0ud plnil sloow; 2
askad 6,5tz 658000 292y (S3g38l Ctle ) L lalad el o
aSopobay 6] was o yuis 1) ankd la Sy 5 Lol a5 ool
ozl ankd (Sl (ly> 65, S okl cole s pTie
aisle B Sty G5 5 onfilee 5 4l ol (S oS
clo @ g9, 5 3 s Geen a0 [7] w3l S50 Wi e 53 00
Sl olfiws gly ankd cole 4 by dige p5iqz Wb askd
8] 39 iy a3

S ol JolS o a0 85 ol el 51 (o bl o o el 53
boakl, o Sl 4038 o ool assd cole 5S> 655!
ol oo plml S0g38l ctle glaanTp jo axkd cole oy ueds
o7y e dakad Colo oy Al sl (o e 5 LS
09y ol oo o)l axhd Sy aY a4 (g5l a5 We S &l aslad mhaw
S Job S Aeulome ln opiioe 4285 Sl o ol Y culks
9] cevloass oolainl (goges mhaw pogie g ashd x> lade 51,5
Gl axkd calo loj ez gl daz (et sl )Sen g oI55 xio
Ot et 0S5 1,8 oolatul 850 5 (ilwdigy Jlas jo Wilgs o a5 wisls
5 coli sy cubis il wlsiee a5 col ol bl Uiy, dasis
Obej ] Lawg ould il (hg) Cpmizren 3,5 )18 ooliial 9590 it
el by @ds dbrs gl LluSIl [10] was oo (2ol 1) Sl
9 205 Gl S g Sl an ghailie gl Cobes bl (09,
251 oley 59 awgs el &l Jow 0,5 il 50 @08 rals g il
S5 e wiz ileainge by 5o [11] 0500 (e (3ly o)
Joe o oS ol &l aslad cole floy oS lp Jow gusy caxkad
Obej oo Y olasi 00 Lol sloep askal anzlo ol 55 soleiny
slapley ggeme 13 Y o wdyi Gloj sdioe drale Y o udy
W S L o] aFASs slge e 5 adaie » ghaw Corlas 4y by ye
weld gy 5 er sy GBsy OLSes 5 Sz [12] el ess
Sl cole loy Sials g aslad solml cds a4 ghows jslatea

LCAD Software

2 Stereo Lithography

8 Selective Laser Sintering
4 Selective Laser melting

10



OBGISA Susaw 9 S3exo S (paus yaol

Aalad 5 a5 a Blao 22 539933 LAl Sl ET )8 )3 Ale Ylo) resS

Table 1 Summary of published articles associated with related work

P2 L e ond pinie SWlie guigex 1 Jgox

Sl o i 5 e glo Ll

RV Oladze

b axksd (25 (5 jludiges
SLA ai 5 ool

w0l w555 3Bl

Sl e anld giluaccs

PEASS Slse jlade Y ;o adais mlaw

¥les o anlp (luans

bay slaw skl el gl

75 (Silediges 23 e e oSl o oS!
@7 Sleiged
Sl 0 anlp giluas

Sl Sz o5l oles
SrS ez 3 Ol

7 (S 3lwdiges

Y 5o oo s 3 &8 > ey 3 5 > Jsbo

Sred D08 als g il dcwlxe ogy bl ey sl

ol dasss slos )5 & a8 (el gl )l ce

Lay cuwbrs ( SjaY 4 ks poe dahad mlaw 5 o> ol

aslod calo loj Ao [9] o) ,\Ke 5 ueiLLS

anksd 5l o) Al OLen 5 Sl5i faie
[10]
@ gogsil cale anl B gileatsy
Slge Hlade 5 ylo 59,5 dieS jelain
Fran PSS
4 Fo93l el anl b sjleaigy
gl 525 5 Oloj (255 4 pslate
4 G938l w3l anl b sjleaigy
sl ay Sy gley 9,5 aeS jslaie
dxdad colo yloj dnlone
dxkad cS Lo by dulre

[11] o San 5 LSl

[12] o)Ken 5 oy

[13] o) Ken 4 S

[14] oSen 5 sl
[15] oo 5 Jeos

ashad calo ey Lol [16] o, Se 5 S5

S delse 5 ol b o3l cole laanlp o axkd cle oloj
osile Aol aaY S5sile g5 oSl Ce iy wlfins &yad dlox
ke g askd cole laay sl aslad 55l g GG S s
xS (Sl S by (i onl 0 allioe (Brae (AASS Sl

B9l g0 &) alizes slag Sz jo ashd cols ol

0938 i ls Ty 50 loj (rmadd gy gis 308 4,1 -1-3
cole slay olass s, lowitawe Wlg3 o ankid Colo (65 cus
1585 ssblan Jlo sl Al e yas 4SS Slgo luie 5 axkd
9958 Cle g, b alginl SO cile 40 098 0 odalie 22 K"
50 a5 dshad glaay¥ olass 1 mins eoliws] cll> o dshad slaayy olaws

Ll 0lgs >

Gloanl i o ashd cale gl oolitul 5yse 2EAST dlge jlade
1585 LT 51 e Sogliie il (glacs Scaz o 505 9938 il
g oo 4l Y Y Sige a4 Glabd (Sogil cale slaan]
S Lyl 5L lnel ol cdls as ashd I Slaceund o bay
3 5590 1oainT,3 plas o b b oSas 4l s )o olSas & L5 il
axkad colo (gl o5AST 0459 aiejls SLA anld Jle flgie 4y .o
LSS 5l & ygo 50 0,05 o5SS 4y 5L SLS wiT g a8 Jb> o el
askd 5l Sl 5l w5 00l a8lsl CAD Jow &y axhad 3| is olsie o
[20] g oo I

3 o axdad (05,55 13 oolaiwl 590 (BEASS Slge ) AT S50 o
"20 U 0 aS aisS led ad e 555l wile (ylej 5 (e cuddS
5 oolicial 4y (3L 0ueld (gg, s o0kl Blsiul 15 Cenl o ools oLt
S5tz bl Sygon dlptul &S > 3 (g S (ABEASS Slge
g olaiwl (EASS slge 5l b axkad calu gl conl onls

oS Cuz jo axkd sl ploj eSS sl (B9, BT 1
e 5 ashd cole 6l ks 0)5e slaay ol ) b ley walize
Cawloads 48,5 Slai 5 eolanwl 050 BFAST olge

11

Ole @ly a4 Ygeme STL &jle .0gd oo oolitul askd
slp Slllae Sl (Fp o Grizen 3ghige coliiul (S5 5)g
5o Motk (Salise b Loy M lalial cdis b slaole
bos STL canjp @ onds >lb askas a5 =3y [18] covlooss oslii
Dgd o8 el (G (slad o Clie g0 olaws 4 Jawe pled 043 o0
STL caoyd "1b 2" g >b Jl58le 5 50 onds (>l dakis "2 JS2"
Gy Sl ashad STL o ool )b 4 a0 co lid |y aslad )
oolaiwl sl Joo S rhaw dwain 25l o)lgs slp bad e slacdin
BBl il i edie slaws 4>y sk maw Clo (gl oS oo
oby S5, STL lahle (o weboe F3ds ashd 5 oad 55,5
2 652l S el cnl o9 oo gblie sbul 5 unaY Gro 5
o5 cad Glges STL LB o 51 [20] o)y aabas el b
gl ) baadie ool 51 Sopp p 3gee Jlop g lacdie (ug) Slaise

o5

ol SuuT B 10 Ol o Sy Golgin b9y -3
898!

a b
Fig. 1 (a) CAD part, (b) STL format
askad STL a3 (D) oyl 51580 o5 50 oo (ol daad (3) 1 JSis

! Standard Triangle Language
2 Standard Tessellation Language

7 oloibs 17 095 1396 Mo ()30 Sulle wiiie



OBGISA Susaw 9 S3exo S (paus yaol

Axlo3 (g a5 aid Slise )2 (5599 381 il SBT3 )3 Al Ylo) (yress

=

X Zmin

Fig. 4 Determination number of layers by height of fabrication
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13.13 15.73 14.63 0
18.36 19.44 17.93 15
15.98 18.12 17.21 30
13.15 15.32 13.91 45
21.04 22.24 19.84 60
16.60 17.87 16.96 75
14.20 15.91 14.95 90
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