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Pick and Place Algorithm for Online Waste Removal Process in LOM

Kampanat Auyson, Pisut Koomsap, and Martinus Bagus Wicaksono

lndustrial and Manufacturing Engineering Asian Institute of Technology, Pathumthani, THAILAND

Abstract: One significant issue in rapid prototyping using Laminated Object Manufacturing (LOM) is its difficulty to

fabricate a protofype having hollow and shell-shaped part due to internal waste rnaterial retnoval. Even though rvaste tnaterial

is crosshatihed to small pieces for ease to remove, the traditional offline waste rnaterial rernoval rernains very difficult and

rnay clarnage the prototype. To make this well known sheet-based RP technique appropriate for objects that have cavity inside.

online waste lnaterial rernoval process has been researched and has led to the development of another LOM technique that

creates internal and external profiles separately at different locations. Presented is this paper is an algorithm fbr online inner

lvaste removal process where the waste is rernoved right after the internal profile is cut and before the sheet is bonded onto the

previous layer. According to the shape and size of waste area, the algorithrn will rnake a recomtnendation either to a material

ie,noval unit regarding alocation to pick up the waste material or to a cutting unit to subdivide the area before recolnmending

the material rernoval unit to take them away. The algorithrn has been tested with some samples and the results are reported also

in this paper.

Keywords: LOM, de-cubing, RP, sheet deflection.

1 INTRODUCTION

Laminated Object Manufacturing (LOM) is a well
known rapid prototyping technology that constructs a

prototype layer by layer from sheet material, tnainly
paper. For each layer creation, a fresh sheet from a

roll of paper is fed onto the fabrication platform that is
lowered down, and bonded on top of the previous
layer with heated roller that activates thermoplastic
adhesive undemeath the paper as it travel across the

platform. A contour is then cut with laser beam as

illustrated in Figure 1 or a cutting tool for an

inexpensive LOM. Waste material is left in place as

support structure but is diced to small tiles for ease of
de-cubing. The bond-then-cut process is repeated until
the topmost layer is constructed.

\trlqr

**sry** W,tis* l**sd
l-#xsf

LE'f,€f :**{rl*s *Bd*
$f!*s{ l,t*ti&

LOM is a cost effective rapid prototypirrg technology
with a variety of applications. It has been applied in
several fields, such as architecture (Ryder et al.,

2002), foundry (N1ueller et al., 1999), etc. LONI

technology gave a 50 percent saving in time and cost

compared to aluminum pattern nraking ('Wang et al.,

1999). LOM has also been reported on Die lvlaking
for Diesel E,ngine (Yu et al., 2009). Besides its
applications, researchers have tried to irnprove LOM
technology for ease of producing object with curve. A
new algorithm that combines the flat layer and curved

layer has been introduced to eliminate stair step effect,

increase build speed, and reduce waste when

constructing a prototype (Klosterman et al., 1999)'

Sheet materials used in LOM have been extended to
sheets of ceramics, polymers as well as metal.

However, LOM technoiogy has many drawbacks.

Cross hatching is time consuming. It consumes much

more time comparing to contour cutting. Even though

waste material is diced to small pieces, de-cubing
process is still laborious because excess adhesive
material infiltrates gaps during bonding any two
layers. A prototype can also be easily damaged'

Furthermore, LOM is limited to solid model

construction. Some parts that are hollow, have vase-

shape or have thin wall are hardly constructed by

regular LOM due to the iruter waste material removal
(Liao et al., 2003).

For allowing these parts to be constructed on LOM,
the inner waste materials should be removed online
during the construction process. This paper presents

I
I

M

l*ffi*Srp

Figure 1. Laminated Object Manufacturing
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Figure 5. Flow chart of the proposed algorithm.

Figure 7. Template identification a). Ternplate shapes

b). Beam line and sheet length c). Ternplate is selected

according to W value

slicing the waste material if the waste material cannot
clear the ground. As illustrated in F-igure 5, the

algorithm composes of four activities: identifying the
Iocation of the center of graviqT (CG) on the waste

area; identilying template; estimating sheet det-lection

from the template and cutting waste sheet to snlaller
pieces. The algorithm starts with identiflzing the CG of
the first contour in the list of waste material. If the CG
where the removal unit will lift the sheet locates

outside the contour, the waste materiai is cut along the
line that gives the shortest distance from CG to the

contour as illustrated in Figure 6. The two new waste

sheets are recorded in the list of waste material. The

next one in the list is then called.

The parameters to be considered when selecting a

template include beam line (B), sheet length (L) and

area (A) as Figure 7. Beam line is the shortest straight
line that connects two points on contour and passes

through the CG. Sheet length is defined as the longest

straight line from the CG to the contour. The length on

the parallel side to the beam line (W) for known area

can be determined frorn equation I

w ='4- B (1)
L

The template can be chosen according to the value of
W. In case that W is zero, a triangular shape is

selected. In case that W is greater than zero but
smaller than beam line, a trapezoid shape with larger

@
Walte sheet

Figure 6. The cut line when the CG is outside the sheet

4 Beam
line (b)

Sheet
(L)

Trapezoid u'ith snraller
side

Traoezoid rvith
.rai L':,

ry'

Triangular

longer

,/1t\l'

ffil"

m'
Rectangular

*sl?-. ?ft ,-e*

W:B

w>B w<B

0

Start

Relrieve the conlour of
waste malerials

Record the separated sheet in

the cutting list

Find CG
Cut the sheet

along nearest

distance

Cut the sheet

along beam
line(B)

Find nearest
distance

tiom CG to
boundary

Does CG locate
on the sheetl

Identi$ shape ofthe
template

Calculate deflection values fbr
template

Are detlection
values within lift

specification?

Remote inner *aste

Assign a beam line(B) and
sheet length (L)

!l

il

tl
li
ll
Ii
it
it
iI

!l
It
ll

No

Yes
!*

No

Yes

Are there remaining
sheets in the cutting

list?

line

rsBN 978-979 -97986-7 -r 58

4n

*l

_ Lt.

: -_l!

-: '[l
.J

: .-rli

r: eS:

-e li:
,, sSIC

t******

End



69

lnc aJe/$. slerJel€Iu leeqs ']ueurJedxe eql uI .sol?ldr.uel

rnoJ eql JoJ { truercul}eoc puBsnlnpou 8uno1 'WBue1
3dZLZOL6SI?6VI

l- L-986 L6- 6 L6-8r6 NSSI

'pe^o[UeJ eJe sl?rJelBru

IIB regs ssecord eql selelduroc uq1rro81e eql
olut peprocer puu eurl tu€eq eql 3uo1u 1nc sr
als".r{ oql 'prluq Jer{lo eq} uO 'uorleool

IerJeletu elsu,tt eql dorp pue dn lcrd ol uorlrsod
lrun Is^otueJ eql e^otu ol puel,uluoc e spues
erp 'lq8req SuUII eqt ueql rolletus sr
eql JI 'uorlcsgep loeqs Jo uorlerurlse eql

El&12

-=
D70)tE

= fl : ;iffi6= lA Ptozederl

edzLZUL69tr6yr

= fl ! {q-xz--rT-l;e1n8u3}car
ur.rlOt 

tr

edzLZoL69W6nt

= s : ;;##r6-,(v 
Ptozederl

vdzLzol6gtp6pt= Z ! --:1:s.3- ' ,rr.r7bE(eez.o)az .relnBuer:1

-A
uopunbe uogcoueq selulduraa

elelduel rlcueJo uorlenbe uorlcega6l .e olqeJ

(r)

eluldue1 qcee roJ srsfleue Iepour
sse.lSsr pue slueulrJedxe eql tuo{ }JnsoJ eqJ .Z elqeJ

(e)"15 
g7_

nl bE tr

'eeru red socJoJ

pegrporu sr uorlunbe eq1 'uo;ereqt .edeqs

seq letJo]?lil olsu,t\ oq} }nq uor}cas ssoJs
JoJ sr eJnurJoJ orll 'oJor.xJer-JUnC 'uMoDIUn

]ooqs e Jo snlnpou 3uno1 oql pue
-uou eq ,(uu pasn IsrJalutrt eq] .JaAe,^ oH
Jo ssou>lcrrl] pue {}8ue; aurl tu€aq 'snlnpou
jo leco;dlceJ aq] o1 ;euoryodord os;e sr 11

3t{} Jo uoqcury eql puB 'ecro-1 eq1 o1
sr uoqceuop eql 'e1nuiloJ eql o]

'u.ru3q aqlJo sseulsrrll: I pue snlnporr
:g 'q13ua1 rad ac;o3 : | 'en1un uorloagop : ,\

(z)€lgzz

-=
,t0t

i uorlunbe ur peqrJcsap sr EItlruJoJ
eq1 '1q8ra,tt u^\o slr Jo peol urrogrun Xq
sJ leq] pue pexu sr spua slr Jo euo leql tu€aq
B Jo uor]3euap aql s^\olloJ uor]surrlso eql
sr uorlcegep ]eeqs slt 'peuquapr sl eleldruel aqt

',{lenrlcadseJ er.ilrl ueoq uulJl
puu o] lenbs sr l11 uorJ,r\ poloeles oJe oseq
tllr,{\ prozede;1 pue rulnBuulceS .palceles sr

0tz-)ut

(s lz-)ut

ILI
86'0 -S'9

(g<,{[
)prozeder.1.

(g>.u
)prozedurl

v
0L'l

y uorlunbe u1 Q teql elou osueld .sele1drue1

9I-V
aqII!^EsnlnpotIISunoa

'uorsse;8e; ;eeur1 Sursn .(q lueurredxo {uo{
eq Ill,\\ pu€ u,^d,oDIUn 3q ol pot{lnsse oJe

VI-t :e1n8ueu13uno1 pue q18uel oql Jo (u) reanod eq1
lnoq8no:q1 u.roJrun oJB suorloes ssoJc eq] l€ql

se1e1drue.l.

ruln8uelcsr .ro; per;ddu aq IIl,!\ g uorlenbE
g suorlenbs ur peqrJcsop su sruJoJ cueue8 7 ur

lueuuadxe uro{ pegr}uopl eq III^\ { puu qfuel eqt Jo (e) ;emod eq1 'sedeqs
(t'sdut 6E'r

9
66'09I- 9 reln8uelcegpuu le;n8uurrl Jo suorJoos ssoJo

eq]alpueqo]pecnpoJlurSII]uercgJooceql
uorlunbsUIpesn L9

ZO'Z
I

66'0

(rlz-)utT,

89'Z
L

96'0

1dacra1u1
ed
olszu

0t

0t

0l

OI

6 t-01

6I-OI

6t-01

6I-OI

9 (B<A\)prozade.rl

9 reJn8uulcag

9 (B>A\)prozedu;l

9 Je;n8uerrl

Elup Jo
JsqunN(urc)1 (ruc)g eduqs ep;drue1

sale1duel llu roJ snlnpou Bunoa pue qt8uey eql
go ;e,,nod eql Sur,filluepl JoJ sdnlas JoletueJed .l elqpJ

3Lo sre,rod aql eJe qclq^{ s:elerue;ed u^\ou)un eq}
our[rJa]op oi pe]cnpuoo eJe,{\ sluaurredxa puu .(dd)
eualXdo.rd,{1od su,r,r Xpnls slq} ut postl Ierre}uu er1J_

r0zJsqrusAoN0

. t: -:1
-: tr

^ {-,

, . ,t.

!-: u'
,.-:, - - i-iL

-:,, - :-i ur-'

- _J

"-:lr.u
__:11
, iuttrr

"r t'

: _: .rl
. :,,

-,,*-r:q
- n-.\

- : 
' 
E'tli

-:t1:l

:.SE \\
. .. 4,,

,Ira

::ltaIi

':

orntreJnuuhtr JoecueJoJuoJpuor8sylaN-ogqs/Nnv.,,17aqltlll,/r\uorlcunluocultuaudor:lenrrFrs:ntannn r JIPIINIlDII IAlIIT
I-6

NOIIYINf,IA[f,TdI tr T

(ru
c)A



proceeding of tlre 4rr'lnternational product Design and Development in coniunction $'ith the +m AUN/SEED-Net t{egional Con{trence of Manufacture

Yogyakarta" 9-10 November 201 I

for all templates according to the pararneters presented

in Table 1. All the cut sheets had beam line of 6 cm

while the lengths were varied at equidistance of lcm
from 10 to 19 cm. The removal unit was directed to

lift up these sheets one by one at their CG positions.

The lifting height was 20 cm. The deflections were

then measured and recorded.

Ten data were obtained from the experiment for each

template. Linear regression was applied to identify the

unknown parameters. Beginning with rectangular

template, the power of the length and Young modulus

were determined first frorn the slope and intercept of
linear regression of Equation 3. The power of length

and coefficient k for each of other templates were

determined next from the slope and intercept of linear

regression of Equation 4. The results from all
templates are presented in Table 2. According to the

high R-squared values in all cases, linear equations

can be used to represent the data. The deflection

formulae for all ternplates are presented in Table 3.

The estimated and measured deflections are presented

in Figure 8. According to the comparison, the errors

are within 10%o.

The algorithm has been tested with several shapes of
waste material, and some of them are presented in

Figures 9-11. The results show that the deviations of
estimated deflections from their actual values are

within l0o/o. In fact all the values are overestimated

which give some cushion. The overestimation
prevents the waste material to drag on the sheet when
a decision to pick up a waste material is made.

rsBN 978-979 -97 986-7 -l

Figure 8. The comparisott between the lenglh (X axis) and

measured deflections (Y axis) for the four templates
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5 CONCLUSION

An algorithm has been developed for online waste

material removal. According to the shape and size of
waste area, the algorithm will make a

recommendation either to a material removal unit to
pick up the waste material or to a cutting unit to
subdivide the area before recommending the material
removal unit to take them away. Sheet deflection
which is a key decision making criterion is estimated

from primitive shape templates instead of being
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Figure 11. The implementation pf the algorithm on Model 5
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