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Abstract

In ship building industry, CNC and CAM are mostly applied to NC cutting and
manufacturing of propeller and prototype ship model. Herein, prototype ship model
is producted by CAD/CAM process. Hull form data is obtained from the ship
drawing and used for 3D modeling by CAD software Pro/Engineer. CAD data is
transferred into CAM s/w SPEEDplus to perform (NG process and the prototype
small ship model is manufactured by CNC machine. To solve data transfer among
different systems, IGES and STEP neutral formats are currently used. Herein IGES
format is adopted for data transfer between CAD/CAM softwares.
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1. AME

Akl ] B3 CAD/CAE/CAM7ZF B89
CIM (Computer Integrated Manufacturing)
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olalA g} FHZele AElUE o|83tm PDM
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Light Speed)7} €/d3}sln 3},

2 =58 33 a9edE (CAD) 7 °E
ol-4g waAZ (CAM) = CIMe 7BdE
et FpAHoZ o]71F AZE0] HH
38 ¢ EZF3E pAshed glch Adde) A
CAMe] #49 + 3l Bol2e 49 AE 9
T =y Aut =Z=2d, g Ay € MAvR F
o] B¥o} AE A E 4 Aot iy
o] d7E vES dFoltt ARRE AZE
3% Pro/EciMX CAE/CAM 7l%°] 2% 7}
st #a 3D CAD £22 Asigin 84

U, ol

digtel] CAM 7150l AlF=A] ot A + 7t
9tk CAM #HAel £4® SPEEDPhus %
FAEd Jlex ot 71EHes CAMECR
F79] CL (cutter locator) ®loJg] #dE
Ex A3 AMEdelde #d% & k. = <@
T A% &£% CONC FFR7AE A2 227)
Aol 7] wWFel Fe Huk vy 7EE 59
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2. 3R MA geh med

A CAD 2 A A A Al 44
o @4 deolelg Tdw s/wE ALl 44
gk AR AAEdE BHE7] AR dF
2 4187 T o3 duaElE sde] @3 4
F(1991, 1994), AA=zd 71A18 S7+(1992),
7A83 5ol oj% NURBS 34 o83 M3
#(1995) A+ Tl Uk 22t & =EelAe
23 Aoz Ry 33 FYE HloleE 3+
2% ¥ Pro/E2 Y 243l &igich Pro/E
N2zHle] g 71%e 3D B2dE, 4, 2F 2
H P 3 s 2 3 AA ol len
Fig.12 Pro/EE ol&8ld 32 2dy & 43}
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CAD/CAM Al2®lel] 2%k Hut 28 #HzEE

Zle] 715 AFA S digt 2k G- E ok
Hdg gt CAMSY NC dlolglgo 2 7|&
HREE M AAF T4 AP S 71EeZ Zo
X& Z YE o] WEkE 7Ho7 MHAdtt
3 AR AstA Sl HFE el IHe=
mmZ 31 deoje 4HF F$= Bottom
Tangent Line, 0.5, 1.0, 2.0, 3.0, 5.0, 7.0
W. L.. Upper Deck Line®¢|t}. Table 12 A}
258 2Me] 7|E AYolH Table 2w FHE
o] A of27| wde ofejrt

Table 1 Specification of hull model

Loa Lep | Depth | Breadth | Draft
{mm) | (mm) | (mm) | (mm) | (mm)
1005 | 970 90 149 60 0.8

Cn

Table 2 Data file of half-breadth
curve of waterlines

X = -461.8689 | Y = 0.0000] Z = 0,0000
X = -4347990 | Y = 301061 7 = 0.0000
X = -413.1985 | Y = 57054] 7 - 0.0000
X'= 4597489 | Y = 36355 Z = 0.0000
X = 4665673 | Y = 1.7608] Z = 0.0000

2) Pro/EdlM 715 HEAE AHgct
3) #1 F4 HolHE A2 ¢o] 7t fEs:
le] 2d& WYUK Fig.2).

Fig.2 Generation of waterline curve

4) sfeljelzq] defolld g FdE gdsia o]

tetEHaE = #3883 M2% 2001 58
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2 oy Eabeld XEES 448 . e B
28 (surface model)S ZJ¥cHFig.3). &
3 °]& Pro/E part file2 33T,

By #9 232 CAM Z= A AN-El7] #
& IGESS STEP #dS 448t (434 5
1999). olu) CNC 71Al9] 7+ 24 =27] 34
2 QlE} 28 A7E 7|49 B AgEA A
At

Fig.3 Surface modeling

2.2 &4 dloje2] 4y

& s/w AEnitt 289 doje 338 7+
3 gle] ohe &8 T aia) wlolE] T A B
UA7t HAE 5 ALBE ME T2 Al2gelA
AR dolg(E8d §)18 o9A nfserks
8% FAPI. e CIME FA12E, 9
o|EHulo]~E HAlsk= PDMeol EASEn e
g, o] A9 FAFEEET oflvzl BOM (bill of
material), 34F A 5 7 AR7 434
dA HAF=En g CIMelA dHelely g3
AA AFAE AFFESAe] IRew =
T Aot FA4FHY e F=2 Y dely
4 fAndy Ze F4FRE 72 H¥sied
27| CAD dloJele} e o 344 ARy
< B HZ duule 53 AE FRe 42
A, A, FR. B S FAGE 57 98
Me 71Ee 4 AR Zddle IEEe |}
Fahar, AFel A FHFle HA FEE g
e AFFELFEe] TR 87 Fvkele 9l
th o|Z 9k PDMS A7t 2Alsstn 9o}
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CIM Al2ele] Hole) mgt Wl 2|3age
Auiglo gz Axle TE Alxgnlth dHolEHE
w@she WHog vmA HEF Ho] rhedt
3 ZHHe ula) WgkAlzie] 71 SHRIT nle
A2gle) thal ,Co 7He] WHEVE sfgsieol 3
(& 1996). &@ﬂ@ﬂ&ﬂ-&— shiel SHET
S Ao 1 o] EE2 o7l dolelE ng
e WHoE nrje] AI%EM & n7lel Hlw
A He o] Ay asid, o] WhHE CIM
N2Ele] slege], FF, wHd] #Agle] 59
Aoz deleg ndd = glolA AR UIb
B} o wolal & 4= U,

dole} EF 9242l IGES 342 7hao &%
HEE T AF Holeld ¥Fez A
71dlE v]&E Aol Bl ok Ft F3& F¥
dlole] gk kAo JGESE Ho] AMgsl 2w
glo] CAD Alzgleich ofo] tigh A 2 FAel7]
E Z3 gl aeisier Exlrt At <=
o{uﬂ ,\]Aeﬂoﬂ,\ﬂf %;{7_.?. %JJ H}-;(]E }.]75]- ol
B 4wz Felsht IGES odMe 341, A
A, ez AAsiER o] AL Ashe
A« FA2)7lelMes o] Ao|H2S msiof &kt
Y & B 34 840t AdsA g A §
Eo] fAlgt 942 Wglslof sk FHolrh

IGES #ele xER Zza sllv) b4
A 80FAY] ola7lE T Fol A o‘ﬂ«M
@Hdel  @START. @GLOBAL, ®@
DIRECTORY. @PARAMETER, ®
TERMINATE & 5702l A4e] sich o] Fofjxl
deEzelE aﬂoM, de FH, 42 A% #
A & ARtz siepg Adels B dio]
BHE AAYth Figd:s B2 AviEagel
IGES dlo|® 32o|t}.

STEP (A%71/723%5 1995, AeH4/3a%
1995 o] FF F 1996, A1-&A/FF, 1998)

£ 198493%E SO st 71e¥slel TC184
—J 29943 SC4E FAHez AFHEE e}
A BHslm AFEL Aol 7HEd ez ud
she 23 o8 A=Y Fd FAHAFEFoICh A
o) ¥4 AR opjel A Ty AR

eI, olx g

BE FER AE 82 NC /W F B 5
9] dolH & TIshe AFE RS o Alzwld
At AREE £ ISR sk FY Y EEolad
t Aol Bl IGESY Hae dAiE Aoz
Heloh A0l STEPS Bobke abgal, &4,
714 Vg, Az A& B3E HA 5 *P?;] A F
ofel AA glor} CALSHlAMe]l #H&e EFo
ezl #H T2 ale] A4E ko IL}F% #F

AT Ylo At FA ol STEP E3
A3 e dukfRl(AP215), AZ(AP216),
HTHAP217), AA(AP218). AuA1AI(AP226)
5o 28 SEEREZ(AP)E MEste
(g 5 1998, ofF3t 1998). Fig.be &
Age] A4 bol8lE STEP.E vehd doln}.

PTC IGES file: ship_surface_scale_ mre surigs S
ace_scale_wire_sur.igs,
49HPro/ENGINEER by Paramcmc
Corporation,4119852,32,387,38. G 2
15,2001SHIP_ SURFACE SCALE_0,1.,2,211MM,32768,0.5,1311991
113198107, G 3
Ol.g.‘];?&389,%}0%394,13HAdmmlerator,7iIUnknnwn,l0,0,!BHQQll]Zi
126 1 1 1 0 0 0 000000000D 1
126 0 0 58 0 B_SPLINE 1D 2
9.9486752738093D-1,-1.178214441676D~ 8.0D0,1D0,0D0,0D0.0D0,1
D0, 68P 2362
0DC,000,1D0: G9P 2363
102463656769 71P 2364
142,05971,61,1: T3P 2365
144,59,1.0,73: 5P 2366
S 1G 4D T6P 2366 T 1

Fig.4 IGES file of hull form

Technology

[S0-10303-21

HEADER;

FILE. DESCRIPTION((""),'1');

n-iLE "Al)\IE('S]HP SURFACE’,'1999-12-02T" (" Administ
1dlor }

‘PRO/ENGINEER BY PARAMETRIC TECHNOLOGY
CORPORATION, 9852’
FILE_SCHEMA{{'COKFIG_CONTROL_DESIGN'));
ENDSEC;

DATA!

#1=CARTESIAN_POINT ("’ (4.723752152467E2,0.E0,2.30202
B867037E-6));
#1931-PRODUCT_DEFINITION_SHAPE("’'SHAPE FOR
SR SU'RFACE 419300

ENDSEC

END- ISO 10303-21;

Fig.5 STEP file of hull form

3. CNC S=7IAH 2jgt 28 A5
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CAD/CAN AlAEHol 9§ H9 28 Mz
3.1 NC = M4

CAM s/wSl SPEEDplus Al2#12 GUIE
23 2 ndd 753 /1R REdMe 2E B
Z AEE FHMez2 FHsM bl 5§ &4
oM t}Z CAD Zzasne] n2iE 93] DXF,
ICESE o] £3 4% dolg 5388 o]¥1 it}
EF CATIA, MDTsh= 23 Qlgj#o]22 dlo}

E Fa¥g 4 ged o AL oA Z:=
(binary) & =o] sl Alxsle] deoly md 7
ZE vehsle RoE AlAsizie] Ayt vk
olt}, olzigt FEle] el WAHE 54 A=zt
o] Abgzle] g+ o3| sgslnz Hio B4
o] Zct. CAD dlolel7t RS o Ushs ¥
Aoz HYgs AsslRl @ A7t e,
CAM A|2HlqA AEold 71%5E £ v
AN ¥ F4E AEST YAY FAH
AP FrE Y F doh

SPEEDPlus 2 CNC F&7IAE o143t
8t Y A7 2L ohg) ok
1) CADAAM ZAAPE IGES 9dE Bejsd A
g Holsha AN PFFE AlEdeldd sl 3
4+ dlejele] AEAA L AEHch (Fig.6)

=

Fig 6 Pre-simulation for trouble shot
in SPEEDplus

2) 7VE &4 9 9 AR & o} I
A& 6mm ¥ A= Y (ball end mill), d2}
Z4: ¥4 &% (1000 rpm), °olF FHT
(400), &7 B3 28F% (G42), 2 1A
0.5 mm. 2 99 44 & AY 27 vl

R ELES =FE 38 M2Z 20019 58

75

g€}, o] o FoJd AL Fei A Al 3
4 AAe B d= I4& Asshs Al 7hs
gict, ol ¥HES I3 Avtem e
24 Aog 4 glvk, Zd 4= U(flat end
mill}& AFSE He AEFHAY(CAPP) 713
& sledoltt T AASE o] FoiRct 712 ES]
o £48 A3} e g HAdy A
A slEtole e} g 2337

3) T A= -CL (cutter location) 3%~
2l gt

4) CNC 74N AMEsl7] $ NC Z=8 A
A} (post-processing, CL H°|&l& NC H
olH|Z W) o] df, 4 7iAle] BAo| ke NC
tele g A4t FmE SPEEDpluse] A4
do]e}e] FF= Table 37 &},

]

Table 3 Data type of SPEEDplus

2]

H3a41 8

* GCD |SPEEDplusel ] =43¢ 29 3t ¥4

GCD MY L ozl 7lFZPCR

* PL 7%;3‘*] AatsE F52] F 4 (center)
:.l

«cL |GCD HY g FoljA AF2ALE

: 7HEA AREE FFY FAHAE R #3
CL d|9]|E1Z Post-Processing 843

+ NC 711}1}71} dYyd £ 9EFE NC 2=
g o] &

5) ¥ ARE ooy daEdclE ARt
NC dolgl2 7iAllM 2zt Al ARE 2y
gl #Ag 4 ok (Fig.7). 7H 3ol o
27 FAHHE7E 8<tow BAF 4 g Fo
Wijeln] oF B Al AR 3o 7hgsith

Fig.7 Check of tool path
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6) 2o 7I3d AAEY 2VE 2Bk} ¥
2ol Hzld A Ay 7MY Z7|E AP
th o8 B3 2o 71T A g AR ¥4
< vl2] e £ gl

7) Be| 7hg-g At 7lEslr] A njE] A
e PAE FEFo2A 71A TAE FAH
< ul?] AP (Fie.8).

Fig .8 Simulation of virtual cutting
process

3.2 CNC Z7|AMIE olE88 28 718

SPEEDpluselA 2Mdg NC 2=& 7)A
(Fig.9)ol sl Z}idie] AEE 2PAK
F A% FTE 2 A 23L AR
(melz § 1998, Azl 1997). A€ CONC
714 2, T Am ARE Table 49 2
o ol 33 ZlAle #Y 27] 64 kbyte 747 9
€ T 3ot A} Al ZiAlY 4 4 JA NC =2
=7t A9 18] PHAA Felng olF F=zst
o] I= ZRIE APl ARgT) B ool Ae
NC Z=r} v5 2oy 2% =23E A5E. ¥
&9, Wige] i FEo® vl 3T 2
4 ¢Me #59 Fa - $57 A - uE
Hxzle] £A4Z olFe] Hn BE e A4
olFule] olEAeel ol AP=EUT Fig 10&
CNC 3% 7|1A1E ol&3ta] 7lag vt 2ol
122

vt BEE CNC 71AlIAM A2 o 2
AR o3 2o
1) 2% 7139 sl w2 2o AF o]
A}, (371, F3 HA, NC Z= ol 2t

e, olAg

4. 2= dlelg] 271, etc)

2) Adxst Az AIHE M2 Bes) 7ie 2]
gloF gt (HRErt ARE 2] Al 1)

3) 7k AR Add] nE F7e A dsir}
Bash} (plastic - H.S.S., aluminum -
ceramic, ol AR} Al JEE Frt)

4) 728 S 9 717 A od 27& 74
sh=7lell wel AlEe} AA Apols} AL, (o]
o} 71 Faset)

Table 4 Properties of CNC machine

71 RQE/4% |TRIMC VMC/3% =2 29 714
A8 A= Plastic MC A}ztd b

A8 37) 220 mm X 100 mm X 30 mm
zZe AR AT (408

Ball End Mill (23 A13}A]), Face

AR 3T Mill(d 7}F A1), Vertical Cutting
Machine(#¥H 2 R& AAA])

EFT A= HSS. (2&53h

AME NC RE : <

PEY FANUC 2¢ 3=

Fig. 10 Prototype ship model
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