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A study of H-beam automation cut program and 3-D

simulation based on Object-Oriented data model

Yong-Uk, Kim

Major in Naval Architecture and Ocean Systems Engineering
The Graduate School of Korea Maritime University

Abstract

H-beam used for stiffening upper structure of Ocean Plant is cut In
various shapes. This process has been done manually and there has
been no optimized robot system for the automation of H-beam cutting.
To increase productivity and quality, an automation system has been
requested. In general, the automation cutting system uses plasma for
cutting, but the system in this study uses hybrid of plasma and gas
because of special cutting shapes of H-beam. In the process of
developing new system, process 1s improved and evaluated by
simulation. In spite of the advantages of simulation, it spends too much
time to organize the environment of simulation for each H-beam shapes
and there 1s a number of cutting shapes. To solve that problem, we
developed a program organizing the simulation  environment
automatically, including the function of making shape information of
H-beam. This program has a visualization function of cutting shape to
prevent input mistakes by workers. All data can be reused from the
database.
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Fig. 2 Various size of H-beam
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Fig. 3 Several kinds of cutting shape
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Fig. 5 Several kinds of hole

Fig. 6 Example hole cutting shapes
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Fig. 9 Gantry type robot
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Fig. 11 Stage of Object Oriented Technique
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Fig. 12 3-models of Object Oriented Modeling
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3.2 AA¢ SH=
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Fig. 13 Example of Class and Objects
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+draw()
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Fig. 14 Class with attributes and operations
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Fig. 16 Many-to—many association
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Fig. 17 Association between RobCut and RobSim
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RobSim
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Fig. 20 Aggregations of system
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Fig. 21 Example of Generalization and Inheritance

16
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=
28 st @t

RobCut
e RobSim
+pcp
+adt
+prn +run()
+pnp
+Show()
+Save_xml()
1%
Gantry Conveyor Print measuring
+X +x_width +100mark +X
—> +y +y_width +bend line
+z +z_height +Info. +move_x()
+grab()
+move() +draw() +measure()
+write()
1.* ZF +move()
Torch Hand l l
+Type: string +X_axis
+Dia: integer +Y_axis Infeed Cutout Outfeed
+Speed: integer +Z_axis
+set_on() +hold() +move_out()
Plasma Gas
+plasma +gas
+v +V
+cut() +cut()

Fig. 22 Class diagram of system
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(2) Sequence diagram
Fig.239] Sequence diagram< 4| 25 ¢ oJshar, A7k
| A5k Edolt}, Alo]7] ZYE-E

A ZraAE AR Aol wet g olste] ZA

=
&)
Alztate] wIAlA] FAS S8 Ao 55 BT Sl
Control Conveyor Measuring Print Plasma Gas

1: 2T feeding

A

2: 2 0ls

3: print()

g: =X hold) |

5: flange & &H()

6 : web & &H(

7 : hole 2 EH()

8 : unhold()
i |
2T 0lS
10 : print()
1: 274 hold()
L
12 : flange & &H()
>|: 13: web & &t
15 : outfeed() 14 : unhold()

16 : work finish()

Fig. 23 Sequence diagram
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A 4% ZZ2aH AE

4.1 H-beam A% A AR

MicrosoftAbe]  C#3} 23¥ <= glojH gl Open Cascaded ©]-&-3}]
H-beam A% 3/S VRML Aoz AAste Z2aE /dsigion, Egh o] =
23S &3 AlEdoeldd A8E wAIH HJHE ‘E”fﬂ AT Fig. 247 o] Z&
o] ARk QIFH o] e o] M= A 3’%% Aol & XML 29 gds A
A g oo, w3k A AAF A CAD dataS o] o] AFES =5

rr

Ag uoz.

25 dd AlEdolAd

e EEECE] A} & 240l IGRIP«] A5 fzw A 1]

C# & Open CasCade

Cad data

from (pd

Design part

Fig. 24 Definition of cutting shape and XML data

Fig. 25 Conversion of H-beam model data
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4.2 WA A

AA FARSE AleE FEGAE Ee ARER o] Zrafled HFolw F4A
HERE WAHY o]F, x, v, z F F3E, 183 x, v, z Fol 3 orientation BK
E AAE AR A AlgelAe 7] g o] ARE JNte g wAH
S A "t Fig. 262 H-beam H9 J4 9 Aok Hro 558 veplaL 9l
=t

o5

'S > H-beam Y X EHBE [ ——

o

i s

u e

L5 o

Fig. 26 Process of making cutting information
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A 5 AEHA

5.1 34 AlEHA

AlEdolde AA el gt RejdFomA HFH ZRIagw dojE A&
FAT RES AZFe] Aol mt RS AA Al 2Hle] 4 Asd X, -84
oAb AR ] T& maHor AAom AHI A AN AH FHd EE
= 71 o]y 295 AlE# ol H(Simulator)2Fal $Ho,

& % Qe 7 AEE PP Wharif ABdlelHolth H4 4k

= AR} Wl go] go] ARFER 0% WHEAY 7}
= AuE 98 5 dvh A AAHeR
Blo] obyl WAl Ao ofs|n A

Ql
shar glom, HAab Alxzqd dubel] AAAM HAagzol AHd EFHo= 2wl

5.2 Al gHold d¥

(1) 293 Z2A=

2R A FHIA £F42 IGRIPE AHEA Qe o] =2 & AlFdolE e Zup=n)
e 23 Ae-obdgd A 2R A ol4E A FA= olFolAY 9 Fig.
273 & e T AT

HETEN CATIAR 0|8% IIEE DX

!

DU d2E IGRIF MES W

!

Kinematicsi HIEt 2t 24112 =4 20

Fig. 27 Process of robot modeling
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(2) A|2== layout

Fig. 282 AA Ad A28 9] layoutS HolFi gty 2 E2%9] infee
20 2 H-beam F-A| A5 2 ol Ao <z Aok Agjo] o]Fojx= JF
wAZITE o] HAA print E3Eo o FA FRI} H-beam®| Adehel] &2 =™
5 A 230 o3 Awk Aol FaETt. mpA|HO R outfeed FHE
H-beamo] o]&¥ o #4& Fx5elA €t

fr =

Fig. 28 System layout

(3) Sensing Robot

Sensing robote ©]4% FH|7} @ H-beam® 23 ¢
f3t YIA7HA] H-beams ©o|&dh= 9 st} 6719 HOo2 o] Fo A
&L= 100mm/s ©|t}. Fig. 29+% sensing robote] E&53 7zF =& i ¢t}

f

Lot

rO

o

ol

kl

X0
o
2
ind

o
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Fig. 29 Model of sensing robot

Fig. 30 sensing robot®] H-beam 723 9XE 3eldty o]43817] 98 gripst
v BAE YEda

Fig. 30 H-beam sensing and grabbing

(4) Cutting Robot

Cutting robot<> Fig. 31| Yebd A3 o] ZE=R e 27]0 3] 35 44
T4 REE FU1e JAow A7 Sohznt duyd Ah-okAdd duyE 9%
EXE 7HAAL vk 2 BEA9] A4S Fig. 32¢F 2o, dd £+ Sdh=vt dd
o] 25mm/s Z1E]a 7}~ Ado]l Smm/s otk ES AER] Z#A9 olsHEE

100mm/s®] t}.

il
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Fig. 31 Model of Cutting Robot

Distance [d] | 325136 mm
Dwlta X ldx] | & 324087 mm
Deka ¥ [dy] [ 523000 mm Dl ¥ oyl [5.000088 am
Dubia 2 el [0.000000 mem Dok f foaf [ 200980 mem

mmnce (] | 800800 me
Dk ¥ ] [T 77050 men

< Plasma EX#] > < Gas EA| >
Fig. 32 Model of plasma and gas torch

(5) Marking device
Marking devicei= ] AWl 3" FAjo] thdl bend line, frame line “L8] 3l label

I 7e ARE 7 t}. Fig. 332 marking device®] 873} marking 3H4 & &
[e]

=3
% 0 AAE nelFa ok
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Fig. 33 Model of marking device

(6) Air blower

Air blower® Z#h=nbe] ogh ZAX Ao Al H-beam®| ¢ ZHA| Alo]& o]53}
o] 3t airE WRU A ZAgom Q3 IAse olEAS AAs: e ¢t
X, y, z =] 3t MW %S &= 3F0 7 o|FojA glon HAA FAS Fig. 349
vehd A3 2o} Fig. 35% A Ll B

ey
»f
ind
>,
>
oo
i)
rlr

Fig. 34 Model of air blower
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Fig. 35 Work of airblower

(7) Conveyor

Conveyors= AWE7] A H-beam® QoA HE A & H-beamd Z 1714
A AFE ZAZ infeed, cutout, outfeed?] Al FFo 2 vz 4 At} Infeed I

o

[)
Ao A A H-beam? &9 WolA sensing roboto] IS AJ#els A= ol
A 71 98-S =3Eth Cutout 992 conveyors Atk 2] Ao A she] Aot
ZJA] H-beamS ILAAA T 9TE& T35, outfeed Y92 conveyors At
zZhjo] & ¥ H- beam% JA57] 218 $IAIE ©o]E A1t} Fig. 362 ZF conveyor
5 HAFa Q. 9% JdE-H AE R infeed, cutout, outfeed conveyor ©]t}.

Fig. 36 Model of conveyor unit
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o
R4

5.3 AlEHldS B A& ¢HBA

Jﬁ

B 2" e gantry FE9] Adk 23R 272 H]FEsle] F 67]9 2ito] Ay
o o] Zhed A 9 ﬂ1°11*1~ Aot 252 2719 air blower 23, Zujo]o] AlxH]
28]al H-beam ol #A & 5709 /WA7F S1A8HA] €} 52 G4 tellA tha=<] I
A7y olsstH Zkgio] ]Toixl 71wl Mzol tigh k4] o F-o] AR Elo] wi=
Al o] Folxfof gttt AlEHeld ¥ F 2RI 2R e 2RI A Alold FE
o WA A5 AlEHolde TAHY FEo] WA AV FAE. Fig. 372 Al
Bl T 2330 SE, A4 8 =5 e AHE RT3

Fig. 37 Example of robot crash and out of range

27



4= H-beamst oF 7mm Wolxl AgelA AukshA ==d Fig. 3801 EA
dab7] A E S 9 Abole] HE FEd| sprte] WA Hk.
S neSA 22 A9 7hs AW B4 Hobeamdl ZE P23} FS8)
o B2 H-beam®| Ayt B opy|die). weby F§ !

BAHES i, AEHelAS Fol FE ¥ I8

rﬁ_&irﬂ\‘
o 3
frt
a
o

Fig. 38 Round area expecting crash

Fig. 39 Example of crash in simulation
Fig. 38, 399 YEld web¥} flange”} b= o] & WbE S H-beam® 714

of whgbr ul$- vrFs| Rl Table. 12 ZF 4o W& H-beam? WHAFE Ho]
=1},
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Table. 1 Standards of H-beam

24 EEOE RS
Size(mm) HoE 1 o !
160x75 150=75 5 7 2
100=x100 | 100%100 5 2 10
126x125 | 12Bx125 65 a 10
388402 15 15 22
400400 1= a0 | 20 35 20
290%299 15 23 28
900300 Feioam 18 34 o8
5.4 Al EH oS B3 FAHF v E AA
Zgt&znl Ay Tt ddHel 49 H-beam® Ao whgl Table. 2 9F &
A 22 7174, o] Ad = Ay 21 2 Ao ug gE $
Table. 2 Cutting speed of plasma and gas cut
7 (mm) Plasma(mm/s) Gas(mm/s)
6 68.2 6.0
12 48.2 4.9
16 39.8 4.4
22 32.3 4.0
35 23.1 3.3
olo} T2 Ad £ Apolz e 72} Ao S wjEshs o ok A
A AQAIZEe] zpo] Z AR Aozt wAEHAl Hrh v A A7kukS e}
W S e Sekxar A 9SS HUE st Aol HAY Aol oy ¢ 4
o]l HF=A] 7k Aeko] Al ool = v o] ZElERnl A 8 J o] HLe
Agols 259 olF AS 1HET A vk ddo=m 3 Wl Y-S T A
o]l  a&4d 4 Qrf. 18]al H-beame] F7o mE Aok % zpol= HA 2]
AlZrell das mE ThsAde] Q. old s &R1str] f3] AlEdelds FEl
Ao Qo] Zgkzul EXY AT 7te 99S Fg=vtE ddsta YA E 7k
ddsts A59 1 JAE 7taE ddste 495 vkt A gisiA =
T AS BT Al A Al FAeke] o] glo] Al S5t whE Sgh=uke] o )
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AEE =5 3tk H-beam®] 714 F A= Fig. 403 Zo] ety

ft
L

Wtii fl

| wi |

wl x fl x wt x ft(mm)

Fig. 40 H-beam expression

Table. 2= AlEdolAS B3l H7isk A 714 Ao dis] vepia gl WA
Wiz W2e] Z9-& Asrd 7 duygS yas Ao 7t dd dojs wds
| Fepznp dd dojo] 2 zpelt k. &, b dwnks AR 4§ Wlo] Wao
Hla] @e g Eetxnt Aus A8 5 9o A9 AlkE Wel Y F US4
o7 AZEY. tgor Wi W3S uuste] v HA Ao Zol= u|ssht W3
o] A% Feh=vl AuS AL F e doo] AdHeR AL AS I F 5
ok W2t W3e Al A o] F 7z Auvks A8 Thsd Aol v & A
ol7} Art. ¢ AWM FHoR HAlE FEo] Zzkx=vt Hdd A& Jts J9s 9
] ghe},

Table. 2 Simulation conditions
case R ZAA ¥ Zj:rzu; QQZO] @Sjlg_o] 4 (mm)
? 0 1631.2
WL | by 1631.2
k 1380 951.2
400x300x6x15
# 0 831.2 400x300x12x15
w2 || 831.2 | 400x300x16x15
L 580 951.9 400x300x22x15
400x300x35x15
/F 0 1587.6
w3 | 1587.6
E 520 1067.6
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Table. 3, 4, 5% 7} cased Wit Al&EHolA AE YElWTE Plasma®l Gast 7t
HAIHS oudh motione 2 o] FAIZF cut
2 A Zroll Al T oWl e] Zpo] ghE EE Qo] AT ol 0xU & A§ 7t~
A ubS ARRSHH o &2 AHGAIES

WA Table. 1S A HW 7} 5|
@oe] Aozt Ao 7hs Ade] dFE Algte] thE

A = Stk F, o] AF $ Ado] Eeh=nt Addt Tt

A

[>

i)

any

tlo ©
2

o

Ol

ol

Al

og Mo

Table. 3 Result of working time for W1 from simulation

Plasma Gas .
. working
size cut type .
. . time(s)
motion cut motion cut

400x300 | only gas 198.2 30.6 118.0 157.6 | 504.4
x6x15 | o35 + plasma 232.8 55.4 |  141.6 52.8 | 482.6(-21.8)
1005300 | only gas 198.2 30.6| 1180  183.1|529.9
X12x15 | 545 + plasma 232.8 59.1 141.6 61.3 | 494.8(-35.1)
400x300 | only gas 198.2 30.6| 1180  199.1 | 545.9
x16x15 | 545 + plasma 232.8 65.0| 1416 66.9 | 506.4(-39.6)
400x300 | only gas 198.2 30.6 | 1180| 221.0 | 567.8
x22x15 | o35 + plasma 232.8 73.0 141.6 74.2 | 521.7(-46.2)
400x300 | only gas 198.2 30.6 118.0 | 251.8 | 597.6
x39%15 | gas + plasma 232.8 89.7 | 1416 84.6 | 548.7(-49.9)
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+O = Table. 45 A¥uw WA A do] 5 Zeh=rt dd 48 7hs 999
S EARE 7 Aelh A @ot vha Awe] b E AIRRET 7F 2329
=oh= ol |/ A Yeptth weba] A A[qAIREE vk A

s
Laele Ao O @e 29 A7k 74H A Hek

Table. 4 Result of working time for W2 from simulation

Plasma Gas .
. working
size cut type .
. . time(s)
motion cut motion cut
100x300 | only gas 201.0 30.6 123.4 87.2 | 442.2
X6x15 | ga5 + plasma 9231.8 436 143.4 52.8 | 471.6(+29.4)
400x300 only gas 201.0 30.6 123.4 101.1 | 456.1
x12x15 | gag + plasma 231.8 445 | 1434 61.3 | 481.0(+ 24.9)
400x300 only gas 201.0 30.6 123.4 109.7 | 464.7
x16x15 | o45 + plasma 231.8 46.8 143.4 66.9 | 489.0(+ 24.2)
100x300 | only gas 201.0 30.6 123.4 121.8 | 476.8
X22x15 | 5as + plasma 231.8 51.2 143.4 74.2 | 500.7(+ 23.8)
100x300 | only gas 201.0 30.6 123.4 138.8 | 493.8
x35%X15 | oas + plasma 231.8 59.3 143.4 84.6 | 519.1(+ 25.3)
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A Aw delol g Eebxel A Hg G

= 1t = - ;ﬁ_ =
Hlgo] Ads] 2o} o] Ao g Al EHolHd A3E B H-beamd F7 ] e}
gk 2] WHol WEtE RS s = Q. ol AA Ay 99 F vbs Ao
TS HEd 5 e IYo] A7) wFEo| AA A Al ZEEul Ad-S ALE-g
o724 Folm Auk A7Fe] vl Ho] AX] EA Fgaly] WjEoR Azt
Table. 5 Result of working time for W3 from simulation
Plasma Gas working
size cut type )
motion cut motion cut time(s)
400x300 | only gas 195.6 30.6 118.4 151.2 | 495.8
X6x15 | gas + plasma 230.4 42.0 138.4 99.0 | 509.8(+ 14.0)
400x300 | only gas 195.6 30.6 118.4 175.6 | 520.2
x12x15 | ga5 + plasma 230.4 42.6 138.4 115.2 | 526.6(+6.3)
100x300 | only gas 195.6 30.6 118.4 191.0 | 535.6
x16x15 | g5 + plasma 230.4 44.8 138.4 125.4 | 539.0(+ 3.4)
400x300 | only gas 195.6 30.6 118.4 211.8 | 556.4
x22x15 | ga5 + plasma 230.4 48.0 138.4 139.2 | 556.0(~0.4)
400x300 | only gas 195.6 30.6 118.4 241.4 | 586.0
x35x15 | ga5 + plasma 230.4 55.0 138.4 158.8 | 582.6(~3.4)

Table. 3, 4, 59 A¥E HAHo=z HAHHWH H-beam? F7A7F FAHASTSF 7}
22 AAnhs ARSSE A B kvl A 3 AREeke Aol 2a X fEls A
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