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I. JEZRODIUCZTION

he tressndous inoresse in the world's populetion during *hw lsst half
omtwry brought sbout & corresponding inoreess in the demend for wood
wmwhmmummm
: twring inlustries, The world consmption of wood meterisls could not
- '  be metehed by the reforestetion progress of the world's timberlends,
The Wurden of Widging the gop between sypply end demend of wood wes
tskan Wp by teslmelogists with & view % sttaining more intemsive utili-
~ sstiem of the resnining tinber stends of the world, Their effortd
robilted to the duvilopmer vﬂm ,-u (.-un- h-e; Pilwe-
ammmumm um faggots
snd Wehks of tress, The furniture industry responded by developing '
toskniges in firniture cmstruction using wood-besed pensls s the
primwy rov meterial,

From the tesimologisel point of view, penal-desed frniture mermfecture
m-ﬁlmotﬁommmﬁﬁhﬁ-mm

_ of selid wod besed furniture, A mejor shere of the joinery funotions
of csmpensuts in pemil-besed furniture hes been token over by the use of
vooden dowals, metel or plestic festensrs (swh es cormer trsces,
troshots snd other smoillery items). Howewver, this tecimique requires
s higher presision in meshining operetions for hinge seets, lock sests,
herdvere clowrenses, screvw holes end provisions for other nen-wooden
fittiags,

As in e esse of wood-besed pensls prodwtion, equipamat in modesm
ponsil-fesed furzitwe plonts sre highly mech—-1ised and sutomsied o8
swplisd by e nuufestumers, Sven neterisls-inprocess transpert




systens ere autometed to metoh the high vl outputs of the produstion
meohinery, There is therefore little to discuss on the possidilities
of further sutometion in such modern memmfrcturing syswms, This peper
conoerns more with the possikilities of spplying ICA in furniture plents
with sinple snd besis production mechinery, These furnituwre plemts
belong to the sasll end medivm sise growp end ere usuelly found in
developing countries.

Mo furpiture indurtry in developing countries sre usuelly highly freg-
mented, zalti-produst operstions. Specielizstion is not known or revely
prooticed in those cowntries. Mrmufectwring stenderds sre not uewslly
observed, end perieps, they ere even mon-existent, Tims, products from
such swell end medium furniture plents mey very from ons betch 4o enother -
snd the componsnts mre not wiverselly interchengestile due to s in-
edequete degree of mepufecturing prevision. Thess conditions wrke thedr
furnitire products  1ess competitive in the world market,

In meny instences, the introdustion of wood-besed penels es @ principel
faniture meteriesl, covpled with the ever-increesing high prices of
solid wood meterials, hes forced governmsnts to encoursge, end even
subaidive, the erection of wood-besed-penals plents end prnel-besed
furndture plents, o8 complemsntary perts of thedir housing development
programmes,

In genersl, the flow prooess for penel-besed furniture produstion
steris vith two mejor lines 3

1) The prepsretion of solid wood components ;  end
2) The preperstion of wod-bssed penel components,

Figure 1 shous the cperetions fnvolved in the menufsoture of pmel~
besed furniture, using lusber, venser flitches (or sheets) emd
vood<besed penels 8 the principal irput meterisls,

Both 1umber snd veneer inputs heve been suffioiently dried before
being processed in the furniture plant, Sending of both solid wood
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oxd pemel componentis is dono befors they sre finslly asssmbled to
form the complets furniture item. The 1lest operetion, of course,
is finishing (spplying 1soquer, polyurethens, epoxy, poly ester
pigmented paint, end such other ocosting msteriels to provide protec-
tion in use end enhance the besuty of the wood grain petterns in the
furniture),

~ However, in the crse whers the prmel-besed furniture piece is to be
trensported in "knock-down” (dis-sssembled) condition, finishing is
done on the components or sub-sssealilies of cosponents, before
pecking end shipping, enﬂth-nﬁnuluu-hungisdomrtth
em'soruur'slocoﬁm.

An exrminstion of the gemersl flow prooess to dstermine situstions
for possible ICA spplicstion will be mede in the following sections,
This investigetion will be guided by tho seme gt:ldelinos end gmu-ql
considerstions used in the other document presented at the sceminar =

1. Objectjves :

~ s, Improvement of product quelity ;
b, DBetter utilizetion of lebourg

¢, More intensive utilisetion of meteriels (lower wastsge);
d. More efficient utilisstion of eveileble mschine time ; end
e, Sefer opereting conditions for workers,

2, Considerstions 3
e, Possibility of designing; febricsting end instelling
ICA systems in the user's fectory j;
b, Use of sveilsble stendsrd ICA component parts ;
¢, Use of the existing simple end besic machines

4, Use, wherever posaible, of non-conventional perts .
svailshle in the fectory's inventory stock of meintensnce
s\pplies end junk pile ;-

o Haibiﬂtyotdoﬂptodlwdimﬂmw
cftmwluwmwuuinmotm“w
vhmwmnind.mmmdbyfmtory o:l'lmﬁonl.

1/ ID/¥G. 335/4




8, Identiffcstion end definition of the problem
situstion 3 .

b, Explorrtion of sll svailshle options to solwve

. the problem 3 -

¢, Confirsstion of the option thet ILA iz the
most prefesstle smong the solutions proposed,
ttru velue emlysis or similsr studies 3

a, ch,ﬁnmuﬁmndoogungofﬂnm
system proposed to be edopted 3 end

o, Mupagerisl decision to sdopt end install the

The besic mechine for this operstion is » sew mounted on @
horizortally sliding pletform sbove it, Cutiing 1s done by
pulling the sew scross the board by hend, rnd then pushing it
beck to its originel position sfter the cut is mede, This
‘machine is commonly known o8 the horizontel rediel sm,
Feeding  end off-loeding the boerds on the deed-roll conveyors
before snd efter the sew ere done by hends, This is & very slow
sperstion end requires st lesst two lumber hendlers end one sy

operstor,
Wiﬁtb'mdlﬂthwofmmmmu
incressed and the nmber of workers redused o only one, in ke
following memner $
s, Install & poemetio cylinder on the sdifing platforn
to move the sev forwesd end beckwerd j
b, Install m eleotric motor to driwe the infeed comveyvr
o, Install "seissors-l11ift" on the int2ed snd ~utfesd
conveyors, so thet the top boards of the lmmber pile
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cxz be nsds =21wsys st ¢ level which will allow tiw boerds
to be pushed (by s1iding sction) onto end off the '
conveyor by properly pleced pnsumetio oylinders ; rnd

d, Instrll stoppers vith limit witcbs (or preumetic v’v’].m)
to control the forwerd end edgwise novements of the
lusber bosrds,

Figme 2 illustrstes this solution,

with & chiin {pe of foed devics, The bosrds ere fed to

réguire ons wcrker et cach end Gf the sew, Howewer, bigger end
thicker boerds will require st lsest two men ot eech end of the
machine, It is tims obvious thet sev3rel pieces of the sems

. width osn be cut on the mechine only by pessing the seme boerd

'3,

seversl times thru the mechine,

In more modern feotories, ripping operstions ospicity is incrassed
by the use of ¢ mil'd-rip sew, This mechine works in the ssme
memwr o8 the singie blede edger sew, except that there ere
several seviiledes mowmted on the seme sheft., This mechine fexture
sllows ripping seversl pisces st ons pass on the mechine,

Nevertheless, should it be desired to increrse the cipscity of
the single hlsde edger sew with less mmber of workers, s “merry-
go=17md” set-p 88 shown in Figure 3 will do the job with only
ons san needed,

Bejdseving

This operetion 1is besically intended to give the work-piece
non~-linesr shapes or non-squere surfeces in preperstion for
further machining operetions such #s edge sheping, souting,
box-plening, ote, The design of the besic machine involves the
use of two pdlleys (or bendwhesls) mounted vertionlly one sbove
the other, The bend-sew tlede is momted on the outer segamts
of the Wo pulleys, The bottes pulley is driven by su eleotris
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motor. The upper puiley is mounted on & movehie sheft eliowing

movement of the pulley nserer or ferther from the bottom pulley,
thusnnngitpoad.hlehobhinthspnpcrhmononthebmd-
ssw hlede,

- The work-piece is hend fed to the sewblede on & table fixed to
the banissw columm syporting the pulleys,

The newer models of this mechine include ¢ tilting tsble, while
others have both tilting telle »nd serrsted feed rolls driven by
~ sn electric motor,

The work loed per type or shape of cut on this mechine is usually
“1ow enid the shapes to becut ere s memy thst set-wp costs mry
omﬂhmbmﬁhbhgdmﬂbytbmuonofﬂdl
operetion, Hovever, quality »nd output cen be improved by the
use of templets jigs, These sewing jigs will essure thet rll
work pieces done on the mechine will be o1 the scme shepe end

sise. Use of the jigs will elso speed wp the operstion.
Surfece Plening -

Surfece improvement of the work-piece is normelly done cn e
plener, The simplest type of plener hes s single cutterhesd,
in-feed and ont-feed rolls, smd & tehle that osn be raised (or
lowered) menunlly to obtain the desired thicimess of the worke
p:l.m.

More sdvenced models of this mechine inlude n their design
the following festwres @ g

e, Top end bottom cutterhesds:s

b, Powered 1ifting or lowering of the planer tahle ;

o, "Mnti-kiokbeck” fence end other sefety devices ;

d, Infinitesinslly variehls fesdspeed ; ond

¢, Such other feetuwres thet trepsfer the skill from
the worker to the mechine,

It 15 thus obvious thet epplicstion of ICA to this operation 1s
linited 40 the vork-pieos feeding sud off-losding pheses of the
plening operstion, Inunummmow
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plemer is sveilshle evd hoth merfaoves of the work.pieos heve to
be pleped, & system similer to thet illustrated in Figare 3
L will help speed-up the operstion end reduce the menppuer required
to one men,

/’(/, THICK MR * = aX

l// CORVENTRR

FIGURE 3
RETURN CONVEYOR SYSTEM APPLICABLE TO EDGER AND THICKNESSER OPERATIONS

5. Yowr = Side Plening

This operstion is besicelly similer to the surfece planing
operetions except thet the plening mechine in this crse is
equipped with an sdditionerl two vertical cuttertlocks to ellow
surfecing of ¢ll the four feces of the work-piece simultrnecudly,
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From the viswpoint of ICA ggplicstion, improvemsnt on the output
from this rechine cen be ettained only by the use of feeding end
off-loesding devioes,

This operstion is besicslly the seme o8 the first trisming
memmhtﬂ-wﬁm Uorhpa.ml
nﬁlmmﬁommﬁ-lbnmllugthb the
redisl sew, vhile those vith mmall cross-sections mey be eut on
the tilting erbor sew (or table ew) with the sid of & trimming
jubmucntﬁngotmlminmmm <
the s,

The forwerd-end-beckwerd movemsnt of the redisl s mey be

" sutometed es discussed in persgreph IFB-1 of this psper. The

feeding end off-loeding system, however, would heve to ts revised

to insure better cutiing precision end more cereful hendling to
prevent demege to the plensd surfeces of ths work-pieces,

In the case vhere & tilting erbor sew is used, eutometic feeding
of individusl pieces mey not be suscessful becsuse of the mmall
sises of the work-pieces, However, s significent increese in
output mey be stteined in this operetion by the use of trimsing
jigs, sn exemple of which is shown in Figure 4. Where the work-
pieoe is wide enough, a rubber roller feeding device can be

used to improve the output from this operstion,
Yortising

*he besic machines which meke mortioces on solid wood parts for
furniture joints are s slet, chedn, hollow-chisel and osofllating
mortisers, All of these mechines are hend fed end thus, have
1ov outputs, However, ICA mey be spplied to eny one of thess
mechines in order to sttain higher output levels, by inoressing
the feed speed, In case more then one mortise is required on
the seme vork-piecs, sn eutometed vozk sdvencing devioe may rlso
be installed, Figures 5 and 6 illustrate the sutometion system
for o ohain mortiser suggested by ¥, Kook apd ¥, lastuviks, An
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hes the following five essentiel perts 3

e, Yechine pedestsl mortising guide ;

b, Chain mortising beed vith pneumetic feed devios ; .

¢, Irensport carrisge end intermittent feed wnit ;

4, Work-piece clemp ;

o, Cerriage stop ; end

£, %mmﬂmmmmmm
externel sensors snd oylinders,

WMMhmhpmmuﬂn
other types of mortisers, provided of course, thet the wolume of
vork justifies such e move,
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The use of dowels in joining cosponmuts of pensl-besed furniture
bas grestly contributed to =implify end faciliteis assembly of
the punal oamponmats, Cost sevings aremeds vhensver dowels
replece metel fittings in joining one peasl to enother, For,
verily, woodsn dowels cost muoch 1ess then metal fittings,

Dowal holes are uswilly drilled with precise spacing to schieve
perfect fitiing betwemn the pemal componsuts to be joined,
Burthermore, s piste of psmel-besed furniture vwsuslly use meny
dowsls, so thet drilling of meny dowel loles cen herdly be
attethed with the old hend-fod nathod, Figwes 7 rnd 8 fllustrete
the eutcmated dovel huls @rilling systes suggestsd by H. P. Brion
ond W, Spatiwme, -

8

Bozing holes in pensl-bessd furniture produstion is ususlly done

by o &rill press or & router, vhichever is better for the required
sitetion, PMilot holes for wood screws on the solid wood components
of pensl-besed furniture can be drilled by the sems device used

for arilling dowal holes, In this cess, hovever, the dspth of

the hole is controlled by chenging the position of limit switoh

oy in Figwre 7.

For arilling boles on smmall woodsn pisces, like drswer fronts,
the setp flluvstreted in Figures 9 end 10 is recommended,

Where miltiple holes of different directions exre required on the .
sems plece of 30113 wood component of the furniture, use of en
indexing talile becomes more efficient, In this menner, the work-
pisce is not moved off its alemped position witil ell the required
holes heve besn &rilled, Figtwes ‘11, 12 end 13 illustrste such

e sotap,

It shoulld be noted in oIl these set.yps thet the drill is
uwully fimed, vhile the work-piece is mede to move to looste
rnother hole, The reverse situstion, moving the arill heeds on
the fized work.gieee, is herdly oondusive to aisple implementstion
in this sitmetion,
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Tmﬁngwﬂmnnmmdmhmdmhim
ey one or more of the follwing @

" o, Corner - Iooks ;
b, Tongoe end Groove 3 end
¢, Studb Temon Joints,

Thess operstions ere ususlly done on & verticsl-spindle moulder
(sheper) with speciel sttschments ; & single-end temoner or &
doulile-end tenomer, Tenoners ere preferreble for high
volwme production as they ere squipped with ssversl cutting
heeds snd sews, A doukle-end tenoner essures betier sguirensss
of the work-piece, be it solid wood or penel componsmt, It is
al®o ospahle of performing other more oomplicsted end precise
meohining jobs on the work-piece,

ICA spplicetion to e verticel spindle moulder (m) for pro-
cessing solid wood components of penel-bssed furnitures is
limited to feeding end off-loeding the work-piece. The seme
Sttuetion is trus te tenoners, FHcwever, sdditionel cutting
hesds may be instelled on the tenoner to obirin less machine sei.
ups for other milling jobs on the work-pisce, Tenomers ere elso
sesier to link vith other mechines by mesns of trensfer conveyors,

. Fodlding

Grooves, rebbets, rowmdings end other profiles, tenons end alits,
end moulding with templetes ere ususlly done en @ vertiosl
spindle moulder, However, the output of & vertical spindle moulder
can be considerehly increesed, its work quelity improved end sefer
operations better provided, if s feeding devioe is used on the
nachine,

12, m
’ Router
Routing work 1s best dons on & high speed hewvy duty/with 15,000
RPM apd higher outting speeds, The higher the outting speed the

‘better the quality of cut. The besic heevy Guty router has &
£ixed heed and & movelle-telle, The tetle is moved wp snd down
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by mechsnioal linksge controlled by a foot pedel, More sdvenced
rouier modals festure tilting hesds end/or tilting tebles,
However, their outputs do not very much from the beaic fized-heed
type of hesvy duty router es the routing speed is still controlled
by the rete st which the router operstor cen loed, move the work-
piece egeinst the router bit, end wnlord the routing jig/templete,
Output wolume, however,.osn be incressed by the nse of good
clewping devices snd routing templetes, moved by pnewmetic ICA
devioes,

Smell fumiture fectories meke more uss of the portatle router,
In this ceme, the router is moved over or eround the work-piece
to do. the routing job, As in eny type of purely memml operetion,
output end quelity in this type of work ere lov, To sttein higher
outputs end better quelity routing jobs with @ portshle router, s
device may be set yp to fix the router heed in position and move
the work-pisce sgeinst the router bit., Movement of the work-
picos is facilitsted by the use of ¢ routing jig or tesplate
fixture, '

Routing set-ups wherein the work-piece is moved eround a fixed
routing heed, 1eed to possilile eutometion, es discussed in a
1etter section of this paper,

13. Sending

Preparation of the 50113 wood component surfrces for finish
coatings 1s dome on @ wide rengs of sending mechine models, In
gemeral, we find the following sending mechines being used by
small end medizm sise furniture plents $

o, Nerrow balt senders such ss $

9) Single or double balt stroke ssnders ;

2) leweiiing senders (horisontel belt senders) 5

3) Universal oscillsting velt sepders 5  end

4) Vertical belt semder for semding the edges
ond sides of drwiers,

b, Frofile senders, which use cloth.becked ssnding belts end
ere pesificslly offective for smding muwrfeces vith
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profiles or contours, snd, more recently the

c, Wde-balt sanders with @

1) Singls belt,
2) Doulle belt, end

Except for the wide-belt sender, which hes its own wechenimm
for controlling the pressure of the sending belt agrinst the

_ surfece of the work-pisce, ell the other srnders mentioned ebove

depend on hnmen judgeent end skill to obtein the correct pressure
of the sending belt egeinst the wooden surfece being sended.
This, of course, lesds to veristion in the quelity of the sended
surfece from one work-pisce to epotber, Furthermore, this common
festite of the mechines rlso lesds to ¢ highly verietle snd wn-
dependable ssnding output,

While it is herdly possiltile o design devices which will prevent
the ssndling errors dus to humen fectors, es mentionsd in the
preceding parsgraph, there are certein situsrtions where the con-

figaration of thh work-piece end the sending quelity desired
permit the use of simple ICA devioce,

The wide-belt s»nder, eside from having controls for the sanding
belt pressure on the work-piece, slso hes its own feed mecheniam,
s belt conveyor., The opening between the feed conveyor belt end
the sending belt surfece is edjustetle, Thus, the mechine is
suiteble for sanding both #olid wood end psmel components, The
mackhine is eesily linked to other production mechines, Obviously,
the mechine output is greetly dependent on how Rest the worker
oan det the work.pieces on the feed conveyor belt of the mechine,

The primery objective of this phese of prepering penel components
18 0 produce venser shests (Feces, tecks, aoss vensers end

edging strips) with definite sises, shapes snd desireble gradn
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pattern configurstions, Ths three principel operetions .
irvolved ere ¢ <lipping jointing end splicing,

Tims, the principel mechinery required ere veneer clippers,
jointers end splicers, The follewing considerstions will be
_teken during the discussion of these operstions :

‘1) Foce venesrs usurlly oome from high-priced
timber species end thus require utmost cere
~ in processing to kesp westege et o minimum

2) Fece end beck veneers ere ususlly 0,7 mm thick,
vhile cross vensers mry very from 1,5 to 3 mm
in thickness ; :

3) Cross vensers ere normelly cut to heve their

grein petterns perpendiculer to the greins of
the fece snd beok veneers ;

4) To sssure perfect sdhesion of the vensers to
the oore boerd, the vemeer compoments ere cut
ebout 5 me to 10 mm vider or lomger then the
core boerd j |

5) The core boards ere cut with up to 15 m
(meximm) excess over the finel dimensions
Vhenever the edges sre required to have
contours or profiles ; end

6) Face veneers usuelly ere sliced veneers ;
beck veneers sre either sliced or peeled
veneer, vhile croes vencers sre slveys
peeled veneers, Edge strips usuelly come
from the srme veneer sheets o8 frce vensers,

8. Yeneer Clioping

Venser sheets from ¢ set of veneer flitch heve very irre.
guler odges rnd must be cut scross nd slong the grein to
obtein rectenguler sheets, A hepdefod, preumetic sctusted,
foot-operrted veneer clipper is the mechine most comsonly
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used for the pwposs, Clipping scoursoy end efficiency on
this mechine solely depends on the etility of the clipper
operetor to properly position the venser sheet under the
clipper knife, sctuste the knife, vithidrew the venser efter
clipping e edge emd reposition the shest for successive
cuts, Thus, eutometion of the outting oycle of this type
of machine is hardly possitle without interfering with the
accurecy of the cut, Mechsnimetion of picking wp the umcut
wveneer sheet from the vemser pile ; exd piling the cut venser
sheets on enother peliet (or contsiner) is elso & hard

_ problem to solve, It hes been noted that even in some highly
industrisltsed coumntries this menusl teohmique of clipping
wvensars is still used,

Howewer, sefety consideretions require thet the chences of
the operstor cutting his hsnds or fingers during the venser
cutting oycle be minimal. A sefety device es shown in
Figure 14 vill balp minimise sccidents during the clipping
operstions, The device cuts off the syply of air to the

-Alr Cylindor
Fomeay
o
Shield
Closranse bvvlnulumj |
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Foot Contrel Veive ._.Jém
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foot-opersted velve whenaver the ssfety shield is 1ifted
(socidentelly or intentionslly) off the contect velve, thus
meking it ispossitle for the clipper knife to be sctuated,

Venser Jointing

In smell end medivh sise plents the venser clipper is
comménly used for vemser jointing operstions, Some of these
plents use the reguler hydrsulio-opersted "guillotine” for
jointing cross venser and back veneers, The mechine mekes
possible jointing of severel sheets simuiltsnecusly, Other
more sdvenced plants use s combinetion cuttertlock jointer
end splicer, All of these mechines ere hend-fed, The
opportunity for eutometion of the machines es installed is
therefore herdly possible, Sefety devioces, however, cen be
installed in the mechines to prevent sccidents,

Yepser Splicing

The besic veneer splicing mschines ususlly found in swell
end medium sige furniture plents sre very similer to, if not
exgotly the seme o8, those found in the dry venser processing
sections of plywood plents. One splicer model uses belt
conveyor to trensport the venser sheets ( with glusd jointed
odps)iohpnsudonumtalﬂghnbyahoabdcvlm
vhich cures the glus on the venser splicing joints, The
result is & continuous venser sheet which is then clipped to
desired sises by ¢ stenderd venser olipper, Apother model
leys a thresd of edhesive msteriel, in & zig-28g memner,
across the joint to be spliced or spplies spots of therwo -
plastic sdhesive merterial over the jointed edges st pre -
determined spacings. Other models use splicing tepe, which
1s sended off 1ster, sfter the firniture pensl component is
oompletely sssembled,

The splicer model using glus threed is highly recosmendsble
for splicing fece rnd bottom vensers., Wherees, the model

using & hested celender is preferreble for splicing
OTOSS Veneers,




Agein, the dexign of the mplicers using edhesive threed,
tape or laying apots on the splicing joints, require purely
memel foeding end off-loeding of the mechine. The model
vhich produces 2 coniimmous sheet provides good opportmity
for mechenized feeding end linking to jointing operstioms,

The combination veneer jointing and splicing machine is con-
sidered the best for medium size furniture plants.

However, more recent develapments in venser splicing tech-
nology hes produced splicing mechines vith a cutterhloock
jointer that cuts the venser edge sheesd of the heed thet lay
zig-zag edhesive string to produce e continwous sheet of
fece or bottom venser. This typs of splicer is recommendeble
for high voluse produstion, Furiher sutimstion of the
machine by the use of ICA is herdly possitle in this csse,

The besic mechine for cutting wood-besed pensls into amsller sise
bosrds to be used #s core meterirl for furniture prnsl components
is the “table ssw” wiih s sliding tehle extension, In some
instences the "teble sww® is equipped with ¢ tilting arbor to
e1low bevelsd cuts on the bosrd's edges, The penel is hend-fed
into the smitlede end the aliding tehie extension fecilitetes
cutting long streight edges,

Among the more sdvrnced models of pansl sevs ere the following ¢

s, Verticel frrme Penel Sew, where the pensl is plsced
in en wright position on the frems, then hald by
clemping devices, while the sew is moved soross the
board to obtain the desired widths (or lengths) by
& mouile pletform vhich is moved wp »nd down the
length (or width) of the bosrd,

b, GCentry psmel ssw, vhere the panal/s ere horisontally
1rid on the mechine bed, held by stretegically locsted
olemping device, The grntry device holds sewersl

I
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sswing units, one of which cuts eoross the boerd
¢8 the gentay is moved from one end to the other
ond of the penel/s, Epoh sew unit is sctiveted
st the precise cutting locetion by memns of limit
- switches that mtop movement of the gentry, starts
the 3w motor; end sctivetes the device thet
moves the ssw mnit elong the pensl's surfece.

In some fectories, s single-hlede edger sew, with

chein feed end wide bed, is used to cut wood-besed
penels into smeller boerds, This method requires

passing the penel severel times through the machine
to cut the desired bosrd sizes, This is possible

only if the proper type of cross.outting sewblede is
used to cut the penels, Again, the ICE conweying

system to return the boerds to the sew o8 shown in
Figure 3 is epplicshle,

3. Pane) lemipstion (Vepsering)

The veneer sheets ere leid on the core bosrd with ures type
sdhesive snd sre hot-pressed (100°® to 120° C) on & multi-opening
hydreulic press, In sssll and medium sise furniture plants, the
hot presses ere commonly losded end unlorded by hend, This
results to & low output, In some medium sise plents equipped
vith 15 0 20 daylight hot presses, loeding snd unloeding is done
by meens of sn elevetor which cerries two workers end the psnels,
Losdisig end unloeding sre both done on the ssme side of the hot
press in the following mamner :

8. The elevetor is lifted to the highest platen
level and unlopding starts from the top platen ;
b, The elewvator is greduilly lovered to the level
of esoh lower plpten to unlosd them 3
¢. The pile of hot-pressed penel are unlosded off
the elewstor at its lowest (normal) position end
& pile of laid-tp penels is pushed onto the elevator ;5

d, loeding starts st the lowest plsten, and proceeds
upverd mtil the topmost platen is loeded 5
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o. Ths elewstor is lowired to its normel position
after completion of the loeding trip.

However, if the pressing cycle is shorter than the tim: it tekes
the elevetar to travel from top to bottom platen, the elewator
stays ot the topmost pleten lovel end weits Tor the pletens to
open end the unloesding phese prooseds es described sbove,

In more modern pemsl-besed furniture plents, hot pressing is
done on 8 short cycle single-gpening hot-press, Gluing of bosrds
and pensl nu-hlyfadomontbmdotﬂnhot-yms.
Unlosding snd loeding is done repidly through » system of conve-
vors end meohenicel linkeges, This {ype of hot-press is eesily

linked to other mechines through conveyorisstion, Furthermors,

this type of press cen be used in lmineting core bosrds with
sheets of synthetic meteriel (PVC, etc.), In this cese, the
synthetic meterisl, wound on & resl, is fed into the press by
moans of rollers s#nd cut to the desired length,by s specislly
designed slither knife which travels scross the width of the
bosrd at the outfeed end of the hot.press,

It follows from the foregoing discussions of operstions of
menually loeded hot-presses thet spplicetion of ICA {0 the hot-
pressing operation itself may involve redicel chenges in the
press design itself, which small snd medimm furniture plents are
not ususlly equipped to do. However, kmowledge of the principles
of ICA will help in the proper meintensroe of the hotwpress in.
ssauch s the hydreulic system end timing ocontrols of the hot.
press sre designed under concepts similer to those of ICA.

Penal Edge Preperaticn

This operstion is done in preparstion for edge vensering or
odge sheping, A veneer trim sew is used vhenewrr the edges rro
to be vensered, In some penel constructions, however, s verticsl
spindle moulder is used to remove the excess venser off the
penel edges, This technique is specifically done swhen & solid
vood edge-bend 1is glusd to the core board, end e profile hes to
be out on the edge-bmnds, This technique is suocessful only vhen
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ths penel corners ere rounded, Vemeer edging ollows sherp
SQUSTS COTDATS on ptrels, -

The teble sy with sliding tetile extension is cosmonly used for
veneer irim sswing in ssell end wedium sise furniture plents,
This type of smy, when equipped with # tilting ertor, will
fecilitete cutting of canted edges on the boerds provided the
proels sre not too 1lerge, Autometion of this psrticuler opere-
tion mey be done ®8 illustreted in Figure 15.

TOWE 15
1CA APPLIED 70 PANSL EDGE TRIM SAVDNG
OF S VITH EXTRIS 0N TABIE
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Tn cene the edges of the prnel will be profiled, sn ICA system,
es illustreted in Figure 16, will help spesd-up the job end

' improve the quelity of work for pernels with rounded corners.

; However, en ICA system similer to the set-yp in Figwe 15 will
be more effective when the prnels heve square corners,

5. Edge Vensering

Veneer strips sre glusd to the edges of the penel vith the eid

of clemps end holding fixtures, In most situstions, the glue
i3 ellowed to set and cure while the veneer strips ere still
*" clemped to ihe prnel edges, This is e very slow process !

Glue setting end curing mey be hestensd by sdequete heating,
F:lgm'ﬂnhwghwthiacmbodomviﬁﬂmddorm
components, sn electric src-welding mechine rnd & length of

Shoper ch-\

Ele-mc tor Dtlvlu
hioing Templete
P latform -
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with Pusher

TRUWE 16

KDGE SHAPING ON VERTICAL
‘ SPIIDIE NOURDER WITE ICA SYSTEM ‘
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ordinsry fire-hose, The smount of heet generrted on tte copper
strips is reguleted by edjusting the current delivered by the
\nldingllchim.

The desired pressure on the veneer strip is ettrined by control-
ling the smount of eir delivered to the fire hose thru an
edjusteble pressure switch., length of pressing time is controlled
by the timer connected to the welding mechine,

The next step sfter gluing the veneer strips to the boerd edges
is to level the veneer edge to the surfece of the prnel end meke
® Mlight chemfer on the edge strip to breek the sherp edges, In
smell rnd medium plents this operetion is commonly done with the
use of & sheper (verticel spindle moulder),

In more modern plents the edge veneer gluing, Jevelling end
chemfering operstions ere done successively on one mechine, the
edge bending mechine, There sre zingle-edge snd dguble-edge
bending mechines currently svaileble in the merket,

Mechining

Machining operations on the penel components ere similer to those
for the solid wood components, except thrt the mechines required
for peral components mschining require bigger work-tebles or
plstforms, Hence, the idees of rutometion discussed in comnection
vith meohining operstions for solid wood components ere elso
eppliceble to mechining operetions for penel components,

Special reference is made on the metter of meking cut-outs on
penel components, This operstion is usuelly done by hend on »
heavy duty router, It is & slow operstion, perticulerly when the
penels sre thicker then 19 mm, Moreover, the quelity of routing
job veries from one penel Yo enother when the worker develops
fatigue, This situetion cells for improvement thru the use of
ICA systems, Figure 18 shows hov this mey be done, with simple
ICA devices, When the router work loed for meking cut-outs on
penels is large, it may be justifisble to sutomete the router
specifically fcrnk:lnggnt-ontl, o8 in the cese of the seeond
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1lustretive exsmple in this psper. The ordiginal steel-bed
work-tehle of the hesvy duty router is repleced by a steel freme
which holds the pnewmetic Sylinders, velves end limit switches
that control the movement of the penel under the router bit,

The besic penel movemsnts ere left.to-right end forwerd-end-
beckwerd of the router bit. Other cut-out shspes cen be routed
by sdjusting the design of the ICA system to fit the desired
shepe,

Ceution : This type of cut-out routing will slweys
give romded corners on the cut-out, The
scutensss of the rounded corners depends
on the size of the router hit used, |

Sprding

Seall spd medium penel~bssed furniture plentc cosmsonly use nerrov

belt senders (mingle or douhle stroke senders) for sending penel
components, As discussed in a previous section of this peper,
this operstion is rether slow, end requires » high degree of skill
on the vorker, Incidence of veneer send-thru on the pmnel edges
is high,

More modern plents use wide belt senders, usually double belt

models, While other pisnts use drum senders with drum oscille-
ting mechenisms, These modern sending mechines heve their own
feed mechenism end cen be eesily linked to other operstions in

the plant,

Edge sending prnel components in small end medium sise plants
is usually done on e urdversel sending mechine with oecilleting
mechmism for the sending belt., Some models of this type of
sender heve teliles vhich cen be inolined to ellow sending of
ponels with cented (aloping) edges, The penel surfece to be
s*nded is pushed by hand egrinst the moving ssnding belt.
Agadn, s osrtzin degres of skill is required of the worker in
order to reduce sending rejects to s minimm, Autometion of
this operstion is herdly possible without interfering with the
vorking mechanism end design of the mechine,
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Pemalls with profiled edges sre edge-ssnded on & “oontowr sander®
using & nerTov adloth-becked ssnding belt, 7The key to sucoess in
this sending operetion is the proper shepe of the ped et the
beck of tho sending balt, whioh should mets properly with the

profile of the pemel edge,
D, POSSIBILITIES OF ICA APPLICATION TO

—

ASSEMBLING OPERATIONS OF PANEIL - BASED
FUBKITURE MANUFACTURTNG

T™he bezic tools end implements, emong others, in sssembling penel-
based furniture sre @

1) Sorew irivers :

2) C-clemps end Ser clemps j

3) Togcle clemps :

4) Stepling tools ;

5) Glue appliostors ;

6) Assently jigs end Fixtures ; end
7) Frame snd cercess clemps.

The key to efficient end repid sssembling operstions is the use of
edoquate jigs end fixtures equipped with clsmps or other forms of
work~piece holding devioss, Separste jigs snd fixtures sre needed for
the sub—assestly of drswers, special shelvings end cabinet pertitions;
sppliques on doors end drswer fronts, eutometio drswers-looking-
mechenisus, otc, Moduler essembly jigs end fixtures cen be designed
and fabriosted for the essembly of the prmel-besed furniture cercess,
sidings, tep, beok end bottom, This method leeves the fromt open for
easy scess to the inside arees of the osyinet, In some ceses, the
top penal is lest to be sssembled, perticulerly in furmiture items
where the top pemel edges protamde over the sides snd front of the
furniture, such 88 in night tebles, dressers, end the like, There
sre other instences, however, where the beck penel will be the lest
to‘:nmhlod,lminsmn spesker units, console type of redio -
phono cabimets, ete,

1, Drswer Assembly
" Whether the penel-bssed furniture itss 1is shipped in the eseemhled
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or "tnock-Am® stete, drevers ere alweys essembiled before
findshing, Modern furniture dexign cells for drswer fronts flush
vith ibe cabinet front surfcs, wnlike the old cehinet designs
where drewer fronts ere provided with 1ips which overlep the
front feoe of the drswer fremes, covering the clesrenses betweesn
the drever end the drwer frems. Thus, the drewers should be
essexhled o8 squerely o8 possihle in order to sttein the desired
fit with the drever firsme, This constreint imposes striot ed-
herence to mechining tolerenoes of drrwer end drever freme
components, so thet perfect sgquarensss is stieined when essembiling
drevers, Perfect squarensss in sssesliling drswers is better
etteined through the use of metel essembling jigs end prews-tic
ectusted clemps which will hold the components firmly in plece
wtil the sdhesive spplied to the joints hes set, or mtil

e squarely ossemliled form, Figwre 19 illustretes such sn essesbly
Jig.

~ Clamping Air Cylinders g

YIRS 49
DRAWER ASSBMBLY J15




2. Glue Mppljostion

Too much glue or too little glus doss notgive good sssembling
results, Exoess glus leeds to glus agqueese-outs exd messy
gluing job, GClus-stsrved joints ere wesk es there is less ed-
hesion to meke the joint strong emough. Hemoe, for precise glue
epplicstion requiremnts, a device opereted by ICA components
siniler to the system 111ustreted in Figure 20 mey halp stisin o
satisfectory gluing job, The emoumt of glus depjiited on the
wooden pisce is controlled by the sise of the noszles snd the
spesd by which the woodmn pisce is pushed under the glues noszles.

FIOIRE 29
GLOE APPLICATION WITH 1CA CONTROLS

5, Sorew Driving Togls

With proper sise pilot holes, wood screws can be used to sttach
herdwere wnd other ntﬂnptopwwwﬂn
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funitwe, The danger, though, srises from turning the sorew
more then whet the wood substrete cm teke, tims destroying the
holding power of the screw threeds to the woodtbesed psnel. Such
sorew “over-driving" frequently occur with the use of mechenicel
sorew-drivers, The use of pneumrtic screw-drivers equipped with
sdjusteble clutch device vill help redune rejects due to "overo
driving® woodscrews, The clutch device csn be st to metch the
" soreu-driving limits determined for esch type of pensl-substrete
and sorew sise,

4, Yodulsr Assembling Jigs end Fixtures

Nodern designs of prnsl-besed furniture items ere besiocally
rectanguler or squere in shape.This festure mekes it possible
to devise moduler essembly jigs for joining the cercess of the
pensl-bessd cosponent rnd elso for joining the proal to the
cercess. Figure 21 shows P, Peevole's suggestions of suoh en
asseatiling jig which ellows essembly of two cebinets et a time.
The jig uses » fire-hose with eir pmped into 1t to clemp the
Sosponent ; in plece while the sssembling sctivities go om,

For sssexhling cebinet doors, e device suggested by H. Brion
snd W, Sentieno, Figure 22, slso mekes use of & fire-hose end @
poowmetic oylinder vith eppropriste control velves to ettein the
desired pressure on the perts being put together,

The besio operstions involved in cleer finishes for wooden furnitvve
sy be sumerised es follows 3 ‘

s, Sep steiping or full sufece steining 4
b, Filling

to Sesl costing s

4, Souff sanding (if necessery )

s, Top cost applicetions md

£, Falishing (uffing), 1f necessery,
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1. Steining Gperetions

3

Thds gperetion is normelly done by spreying, using conventionsl
rir-sprey gas, The primery otjective in sep steining is to

M%Mofwdmnontbbeommvhit
metch the other srees of the pensl fece, Full surfece steining

eims to even out the depth of colowr tone on ths prnel surfeoce,

perticulerly in venser out from wood species which exhibits

"metamerisn” (some degres of difference in the sbeorption snd
reflsction of 1ight) between the tight end loose aides of the
venser sheet, In other crses, full steining is used to deepen
the shede or give the proel surfece enother color. It is thus
obvious thrt the success of this operrtion is principelly de-
pendent on the sbility of the nmen eye to detect the srees which
need more stein or to determine the smount of stein to be spreyed
on the pensl surfrce, The cpereiion therefore is herdly possible
to euvomets,

Filling Gperstions

The common prime meteriel in this operstion is the wood-filler
vith e quick-drying ofl. The objective is {o peck the pores of
the venser surfece with filling meteriel in order to get s amooth
surfrce efter the top coet is spplied, The key to success in this
operation involves the use of devioces which cen effectively push
the filler perticles into the wood pores, Air-opersted recipro-
ceting mechines with felt pedded-shoes ere commonly used in this
operstion. The mechine is hend-cpersted end hes its edventege
end dissdventeges, A rotery.type filler-pedding mechine hes shown
better results then ¢ reciproceting type of pedding mechine, This
operation is discussed in deteil under Illustretive Exemple "C",

Seeler Cost Applicstion

This operrtion is normelly dome by hend spreying. IHowever, in
some medium-sisze furniture:plents, seeler corts sre spplied vwith
the use of the pressure curtein coeter, With e serler meterirl
properly formileted for the mechine, & tremendous smownt of
Sevings is atteined in the form of reduction of meterisls oon-
swption end lebour usege, Sinoce only two édges of the prnel,
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in sddition to the top surfece, cen be coeted in one pess thoru
the macliine, » device which will return the coxted pxsl %o the

fosd-and of the mechine will greetly halp speed-up produstion,
Figure 23 shows such & system with sutoneted pensl turning devios,

Sesler cont spplicstion on sssembled furniture items is done by
spreying. Should the wolume of spreying job justify sutometion
of this operetion, it is possitie to design en rutomrtic spreying

~ system with the use of ICA devices, See Figure 24.

4. Scuff Sgniing

Je

Some sesler meterial formuletion reises the nibs on the wood
surfros, thus requiring light sending cperetions to cut off the
nibs, This is best done menmslly. Autometion of the operstion
is not recommended!

Zop Cost Avplicetiop
Thi'wﬂonisallommnydmbyquymg. The methods

end devices recommended in the persgrsph on seeler coat operstion
sre also spplicsble in this operstion, '
Finished Surfece Polishing

This operstion helps to heighten the gloss of finished surfeces,
A portable sir-opersted or electric motor driven buffing mechine
with a roteting disc pedded with & bormet made of 1smb's wool
18 best used for essemtled furniture, However, in systews vhere
the penels ere finished prior to essembling, ® heevy duty buffing
mechine is usuelly used to polish prnel surfaces, This mechine is
equipped with e cylindricsl heed which rotetes on its exis st »
pre-determined speed. The roteting hesd is pedded vith fine
woolen materislvhich polishes the penel surfece, X other modals,
the rotsting herd 1is ecuipped vith closely.pecked strips of fine
voolen meteriel insteed of one sheet wrepped eround the buffing
sylinder, The panel surface is brought in contect with the
buffing meteriel by meens of ¢ pletform which is raised or lowered
manually. In some models, ¢ limit switoh device is instelled
to prevent the plstform from moving beyond e certein &istence
nesrer to the buffing fiesd, This festure helps prevent burning
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of the finished surfece =8 ¢ result of overheating.

Applicrtion of ICA to this operriion is possible in the cese of
the heevy duty buffing mechines, A device esn be instrlled which
will rutometicelly rrise the tuffi.. plstform wp to » desired
level, move the penel forvard until the reer edge is polished,
end meintain contect Letween the roteting buffing hesd end

penel surfrce for & pre-determined length of time, rnd lower the
buffing pletforns theresfter, Iording rnd unloeding the nlstform
cep #18o bs sutometed. See Fipure 25,

F. POSSIPILITIES OF ICA APPLICATION TO

It vill be recelled thet the foregoing discussions often indicerted
success of -uto-pﬁng operrtions in the nrmufecture of prnel-brsed
furniture if this is rided by sn sdequrté hendling end trensport
system for the meteriels-in-process, Time rpd spece do not ellow o
deteiled discussion of the hendling rnd trrnsport system devices which
cen be set-up for eech of the operrtions covered in this prper, How-
ever, illustrrtive exrmples of such devices ere presented in the -
following peregrephs in the hope thet the rerder will be motiveted to
epply such devices, vherever possible, in his own mrmufectuming
operations,

The design of mrteriels.in-process hrmdling end trrosport system
should be guided by the following considerrtions :

s, Safe trensport of the meterisl or product component
fron one opereting stetion to enother ;

b, Speed in trensporting the meterisls or furnimwe
components 3

o, ldequete quentity to be trensported so thet contimwus ’

operstions is essured in the sucoseding operriing
strtion 3 mmd

4, Cost of febriceting, instelling rnd operrting the
hendling end trensport devices is justified by the
benefits to be derived from their use,
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teciniques end devices, rided by hopper feeds opereted by ICA
systems, spplicsble to s0lid wood or penel components, Figures
26 % 29 sre schemstic diegrsms of such hopper-feed devices,

2
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2. Trensport of Prosls

Certain situetions require thet penals trensportsd on a live
conveyor be turned 90° or 180° to fecilitete feeding of the next
mechine, Figure 30 illustretes how such e devioe csn be instslled
in live oonveyor systems, /

3. Other Devices

Work-piece holding and clamping systems often produce

better results if toggle-clamps, air cylinder operated clamps,
eccentric clamps ,etc. are used. This is perticulasrly so
in operetions where vilretion of the work-piece leeds to poor
mechining quelkity, Some of thess clemping eccessories ere shown
in Figae 31, It will be noted thet esch type of clemp hes its
own specific mode of use,

III, TRATIVE IE IRMS ARD ICA SOLUTIONS

The following illustrrtive exemples of =ome problems encountered in
medius-size penel.besed furniture menufecturing plents ere given in the
hope thet the reeder will gein some ider on how ICA helps in the solution
of menufecturing problems, snd, rlso serve es » guide in siturtions where
e docision hrs to be mrde 8 to whether to sutomste or not,

A, THE CASE OF ROUPING CUT ~ OUTS ON PANEIS
1. Situetion-

A penel~besed cebinet fectory currently producing 400 units per
week intends to double its production within the next 24 months,
vith the following conditions $

e. The factory floor aree under the expended operstions
progrem will be reduced to 2/3 of the present aree, to
provide spsce for enother line of product to be pro-
duced under the expension progrem ; end

b, Production operstions will still be restricted to

one 8-hour shift per working dey, but only 5 working
deys/week vill be allowed, instesd of the cuwrrent

|
|
|
|
|
i
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6 working days per week,

In short, production output will bheve to be incressed 24072

the present cepscity, Among the potentiel bottlensok operetions
studied wves the routing operstions in the penel mechining section,
There were o heevy duty routers eveilstle, both mermelly-fed
erd of the fized-heed end elsveting-telile type. Current routing
work loed on the two mechines is stout 80% of sveilstle mechine
time, exoluding mechine set-up time., Further investigetion showed
that 90% of the routing time is trken up in routing out-outs on
tio of the perel components of the cshinet,

Frohlem

How o ettsin the 240% incresse in production output end still
comply vith the two mejor oonstreints on floor spece ellocetion
end working hours per week,

GOtions Aveilshle

e, Replece the two routers with specislly designed, more
edvenced models festuring sutometio-moving routing
fixtures, It will teke sbout 6 monthks to put in
ruming condition firom dete of order for the mechine.
This option will increess routing cepecity to 300%
of the present cspsoity end cost US$18,000,00, instell
end operating, y

b, Keep the present routers end run them 3-shifts, This .
option will require sn sdditionel 4 router cperetors,
4 more meintensnoe technicisns (2 electriciens end 2
mechenics) snd 2 foremen, Furthermore, the diesel-
electiric genereting sest will be run 24~hours per day.

¢, FReplece the present stesl tehle of the existing
routers with routing fixtures equipped with an
sppropriste ICA system thet will move the work.
piece to meke the desired out-outs on the penels
end ollov performence of other routing jobs, end
simplify losding end wnlosding the routing fixtures
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vith the use of poewmetic alwmps sctusted suto-
mtionlly end position the work-piece correctly
with retpect to the router bit. This option is
empectad to incresse routing especity to 275% of
owrent ospecitly 3 require the ssme mmber of
vorkers 8 used st preswnt snd cost spproximetely
U5$10,000.00, febricated, instelled and operetionel.

5. Yolue Anglygis of Goticps

Gption 3 (b) wes set eaide out-right becuess it did not conform
to working-hours constrrint set by Mensgment. The following
conparetive snalysis betwesn Qptions 3 (a) exd 3 (o) wes
ovelusted, -7

a, Both Gptions vill require the ssme mmber of workers
ond same akill level of workers,

" b, Some modificstions rrd needed to be done on the
routers under Qption 3 (o) in order to enshle the
mechines to perform other routing jobs, sside
from meking out-outs on pemals,

¢, Power end sir conmmption of the mechines in
both Gptions ere sbout the seme,

4. The conversion job under Qption 3 (s) requires meterials
vhich ere aveilstle loocelly, Orly s few of the ICA
components pay heve 46 be imported by the 1ocel represen -
tative of the memufrotarring firm. )

e, Maintenmoe requiremsnts of the mechines in both
“mmm*”.

£, The present routers cen be sold st US$2,75),00 eaoch,
inolpding the frequesney shenging units,

& Boﬁfbmmttbvqw otpecity requirements,

6. The quntitative cost oouparison betusen the two Gptions are
es follows ¢
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oPTION 3 (p) OPTION

Book Yelus of Fresent -

Meohine w$;,, 500,00
Maohine Accuisition emd

Instellstion Cost — US$18,000.00 ——————
Vgohine Modificetion

Cont 750,00 5% 9,000,00
Total Costs o —-—— .US$18,750.00 US$13, 500,00
Iess : Re.sale Vrlue

of Fresent

Fet Cost 1&512‘250.00 . tB$13.5m.oo

Pure econoads considerrtions indicsts thet Option 3 (o) will be
more edventageous, The frot thet the cepecities of the machines
wnder Gption 3 (s) excesd the expension recuirements by 0%,
vhile those under Option 3 (o) give & lower exvess cepecity of
35% did not metter significently insswuch es both excess cepe-
cities were well sbove the required mechine cepscity,

Mensgement then mede en inquiry as to whether the cepsbdlities
of the shop personnel end the. sveilehle mechine shop fecilities
sréd edequate enough to do the conversion job on the routers with.-
out in eny wey edversely effecting curremt production outputs,
Their findings, together with the schedule of conversion work
for the two routers, proved thrt the job oen be done setisfroto-
rily in the compeny’s mechine shap,

Vensgement' s Decision

Considering sll the svsilsble dets end findings submitted by the
evaluation ocommittes, Menegement decided to adopt Option 3 (o),
to oonvert the presnt routers to more rutometic operetions, The
slight (S$250,00) sdventege of Oytion 3 (8) wes considered too
small o8 compered to the knowledge to be geined by the compeny’s
persomnel in esutometing thedr old mechines,
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Tt will be noted that Mensgement did not.even bother to determine
whether the Project Cost is within mslimum alloweble investment
levels for the single resson thet the fectory spsce required by
the routers will be the seme es thet of the present spece, And,
that eny other option can be oconsidered only if the fectory spece
required by the Option will be less then the present spede
occypied by the two mechines, ezide from being economicelly jus-

tifiable,

The ICA system sdepted for the conversion of the present routers is
{1lustreted in Figures 32, 33 ama 33 (»),

B, THE CASE OF THE SPECIAL LS

Situetion

A fectory producing prnel-based cebinets was having problems with the
top penels finel sending operstions, Dﬂly pmel rejects rete

due to veneer send-thru wes eversging 6% since the stert of ope-
retions, However, these rejects et times would go es high es

12, Six woriers heve rlresdy been successively trrined end

essizned to the sending job, yet Mensgement feels that the 6%
sversgereject 1is becoming to be unbesrsble 3 » result of the
inocressing costs of meterisls and lsbowr. The finel sending
operstion is done on ¢ double-balt stroke sender, using first e
180-grit belt, then finelly, & 240-grit ssnding belt,

Frobles

How to improve the finsl srnding operstions by significently
redusing the reject rete, or possitle totelly eliminating
rejects ot this operetion,

Anelysis of the Protjem

8, The compeny loss »8 ¢ reslt of the venser send-thru
rejeots wes crlculeted ot US$6,093,00/yesr,

b, A performence check on the six workers who were
essigned to the stroke swnder showed no epprecistle
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100% of the rejects were venser "send-thru” on
the edges of the penals,

The first ssnding pess wrs tried with ¢ 200-grit
sending belt ; the second belt with 280-grit
sending belt, Production output dropped to

75% of the stsndsrd for the operetion, while the
reject rete dropped to 4%, This result wes still
unecceptatle to Menegement.

A thorough enelysis of the stroke s*nding cperetions
indioceted thet 90% of the rejests occur during the
following periods of the drily work cyels of the
mrchine operriors @

1) The */2-hour period following the stert of
esch working dey ;

2) The 1/2-hour period efter erch brerk period ;
end
3) The 1/2-hour period »t the end of the work shift,

These findings indiceted the following ¢

1) It tekes sbout 1/2<hour for the worker to
regein his skill to epply the correct
pressure on the stroking psd ofter eny
ros) period ; nd

2) Vork fatigne st the 1lest hslf hour of the
vork-shift mekes the worker lose his
"touoch® of the mechine, .

The Industrial Engineering Depertment recommended the
scquisition or febricstion of e prnel sending mechine whioh
cen spply wniform pressure of the sending balt on the prmel
surface regrrdless of the condition to work of the mechine
ope stor, both physicelly rnd mmt-lly,
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e Jotions AE#_‘_;‘-
The following options were found sveiletle @

e. Import, instell end operste » double wide-belt
srnder, with feed mechsnism end the necesssry sending
belt pressure control et » totsl cost of US$9, 500,00.

b, Design rnd febricrte the special s~nding mechine
in the comprny's mechine shop et r totel cost of
US$9,750.00, operstionsl.

¢, Design the mechine et the compeny's Engineering
Depertment rnd hrve it febriceted by e locrl
mechine shop rnd then instslled by compeny
persorrsi, &b e torl cost of US$9, 500,00, operstionsel.

5. Velus Anelysis

f, Ortion 4 (e) will tske 6 months from dete of nlecing
en order for the wide-belt ssnder to put it in operstion,
or en edditionel loss of US$3,046,50, tefore the veneer
"ssnd-thru® problem is solved, The mechine will rlso
recuire »n edditionel wc.ker st the prnel discherge
end of the mechine, However, the skill remuired of the
vorking feeding the mechine will be less, The mec'dine
is expected to completely solve the "srnd-thru" problem,
The s~nding cepecity will be incressed 400% of the current

output,

b. Both Options 4 (b) snd 4 (c) will trke 60 drys to put
in operetion end sre expected to reduce the reject rete
st levels below 1%, »1l minor repeir rejects. Only one
vorker is recuired by the mechine in the two Options,
Sending ceprcity is expected to increese ‘150% of
current cephcity, The skill level recuired of the machine
operetor 18 two levels below the present operetor,

The economic espects of the proposed solutions sre reflected
in the following comperative tabuletions s




Hem tong (o)  Gtong (b))  Qtion 4(c)

Costs : (Besed on 5 Yeers
_ Depreciation Period

Yechine Acquisition end
Installetion Costs e T 9, 500,00 w$ 9,750.00 w3 9,300.00

Production Iebour Cost 6,200.00 3,100.00 3,100.00
Sending Belt Cost, 5 ¥r8, ———  9,500,00 6, 500,00  6,500.00
Power end Air Cost, 5 Yrs, -.— 4, 500,00 2,700,00 2,"700.00
Other Meintenrnce Stpplies

Cost, 5 Yesrs 3,200,00 2,850,00 2,850,00

Totel 5 Yeers Cost —e—e—eee IE$3zlgoo.oo Mﬁ;m,w t’_'»&'?»?l,!%o'.‘oo

Benefits ¢

Sm.ngs‘ in eir end "Deed
Cul1” Iol.:za due to -
Rejects ®$ 6,093.00/yr. $ 5,077.00/yr. ©3 5,077.00/yr.

Totel V,lue of Materiels

Sevings in 5 Yeers ——-— 5$30,465.00  [S$25,385.00 _US825,385.00

6. Poy-back Pericd

To check if the proposels comply with compeny policies requiring
e meximm of two yeers pey-back period for such projects, the

following pey-beck periodsvere obtsined ¢

Stion i (o) Silons (k)  Sidons(c)

Pay<bsck Period ‘1 yeer - 7 months 23 months 23 months
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20 [T

- l1lllm+w @+ —)+V_ . +{V -V

max 1+% (n+1)J|_Q1 100 1/ 1 2
.
where:

I-n - maximm allowable investment

1 = current interest rate on money
(percent per annum)

n = depreciation period (years)

N - number of operating hours per year

Q1 = current hourly output

Q2 = projected hourly output to be produced through the
installation of LCA

n = fixed hourly machine cost including overhead.

v - direct hourly wages

P - proportion of indirect labout cost (percentage of w)

V1 - variable hourly machine cost at output Ql

The meximum sllovetle Investment for the profect is computed
88 follows based on cuwrrent interest rete of ‘4% per ermm

end s deprecirtion period of 5 years, 310 working deys/year,
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Operetions Sperations

Q = hourly output 23 prnels 25 penels
n = fired hourly mechine cost ) .

including overhetd —meeeeee-  B5$0,295 0S5$0, 20
¥V = - direct hourly wsges US5$0,30 US%0,23
p = proportion of indirect lsbowr

cost to direct lsbour 35 % 35%
V = verishle howrly mechine cost —  US$0,97 0S$0.83

- 5383310 25 i
b 1+% 523 T
%00

1)( 0.30 + 0,3 (1 +0,35) + o'.'9'l) + {397 - 0,83)

- 05$17,03.72

The actusl net investment is the Project Cost less the re-ssle
valus of the stroke sender which is

For Gption 4 () US$9, 500,00 ~ US$4,800,00 = US$3,700,00
"o 4 () 15$9,750,00 - US$4,800,00 = US$4,950,00
" " 4 (0) IB$9,%0.00 - m’m.w = WJOO'.OO

Hemos, all three Options were well within the limits for
Veximm Apount of Investment sllowstle for the Project.

g, Mens 'g
An inquiry from the Centrsl Bapk on current reguletions covering
opeuing letters of credit for the importetion of mechinery
brought out 8 recently enforced circuler requiring s depesit of
50% of the face velus of letters of credit, The value of money
to the compeny is sbout 20% per snmm, Henoe, inspite of the
pyperent eoonomic sdventege of Gtion 4 (e), es illustreted in
the preceding sectiors, the sctual Project Cost for Gption 4 (»)
vill be inoreased by the money the Compeny oorjd mele on the
smount deposited for opening the letier of oredit, if the smomnt
deposited wvere svailalle for the oompemy's disposal for the six-




- 67 -

- month perdod, which would be sbout U5$475.00. Henve, the sctusl
investment in Gption 4 (o) would be U5$9,975.00. Thus, menagement
nerrowed down the choice between Gptions 4 {(b) end 4 {c). The
difference in Project Cost is US$450,00 in fevor of Gption 4 (o).
Hovever, Menagement felt that this is » smell emount if wighed
sgeinst the opportunity of his engineering persommel to lesn
how to sutomate mechines in the fectory, Tms, Menegement decided
to implement Gption 4 (b).

Figures 3, end 25 illustrete the ICA solution under Gption 4 (b).

—=
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PIIBE 35

EIECTRONX CIRCUIT DIAGRAM OF
SPECIAL PANEL SANDER

C, JIHE CASE oF THE FILLDNG LINE CREM
1. Situstion

The fllling line of the Finishing Depertment of & penel-besed
funiture fectory wes manned by 8 men, including the filler
sprayer, Current output wes 120 penels per 8-hour with ecospt-
ohle £illing job, Mensgmment insists thet the filling line
csn be manned by ot most 5 workers incleding the filler sprayer,
12 some method cen be devaloped to speed-wp the filler pedding
phase of the operstions, The Engineering Department wes
directsd to solve the probles immedistely.

Note ¢ The filling cperations is sumserised es follows 3




8, Sprey filler mixture on pemsl surfeces snd edges,
1 mén needed ;

b, Allow filler to flash-off, no men needed ;
o. Massage or ped filler by hend, three men ;
d, Wipe excess filler off the filled penel, 2 men ;
end '
e. Inspect filled penels end repair/touch-uwp
vhen neosssery, 2 men, -

2. Frohlen

Determine the botilemsck in the filling line end formulate
® solution to erese the bottlensck,

3. Technicel Anslysis of the Prohlem

The Industriel Engineering Section conducted 8 ime end otion
Study of the line operstions snd found the following aress
of low outpuf $

a. The f£illwmr messeging/pedding operstion ; end
b, The excess filler wiping operstions,

Experiments showed thst the most effective pore-filling sction
was given by the combined pedding and shesring motion of @
medium-hard felt ped meterisl over the wooden surfros to be
fi1led, The shesring sction gensreted by pessing the workers'
pelms in o circuler motion ecross the penel surfece wss not
enough to push the filler pigments desper into the poses of the
penel surfsce, Consequently, the penel suwrface wes losded with

! excess filler which beceme hard to wipe off the surfece once
the filler started to set, In their efforts to cleen the penel

' surfece properly, the filler wipers unintentionslly dislodged
soms of the filler perticles out of the filled pores, Tmus,
sbout 40% of the penels were sent beck to the filler spreyer
to be done all over agein,

4o Options Mysilstle — ;
¢, Import s filler rotery pedding mechine st a totel cost of




s

-70 -

5$450,00, installed and operstionel, This option wves
expected to reduce the filling line crew i 5 men and
incresrse the filling output by 0%,

b, Fabricete s portebls, eir-gpersted rotery filler pedding
devioce st s totel cost of 5$480.00, instelled snd
operetionsl, This option is expected to reduce the
filling line crev rlso %o 5 men end increese the

£111ing output by 25%,
Velue Analyeis

The imported rotary filler pedding mechine could be put operstionrl
six months from dete of order, while the locally meds mechine

could be put in operstion within 60 deys. The difference in cost
ves only U5$30,00, Mensgement could not weit for 6 months to
seve 5$30,00, Instructions were given to the Engineering Depert-
ment to prosceed with the design end febricetion of the rotery
filler pedding mechine,

Yeximm Alloyehle Invesiment for ihe Project
For record purposes, the Engineering Depertment went eheed with
the celculations for the economic justificetion of the proposed

mechine, The meximum slloweble invegtment for the ‘:rojoct ves
celculeted es follows ¢

e

i « %% per enmm

n = 3yesrs

N « 310 days x hours/dey = 2,480 hours/yeer
U = 120 pendl,’doy s 15 pmds,’hom' '

Q2 = 150 penels/dey = 18,5 pmels/howr

m = O, since no mechine is currently being used

v = US$0,20/mowr, the eversge direct howrly
veges of the filling :um oreN

p = 35%
Vq o US$H0,18/howr
72 s B30, %M
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Inax * = 1 ) .
.1’%(’*‘1) (%-_1 (0+0.” €1 +%)+0.18)+(o,18-o,26)

- 126,88
The estisated project cost of 5$480.00 is well below the

neximm slloweble investment for the Project,

7. Pap-beok Perjod

‘cl:in, for record purposes, the pry-beck period ves |
determined es follows ¢

Costs (3 Yoars) Presegt Proposed
Mechine cost, es installed end .

operstionel — US$ 480,00
Direct Jsbour cost US$2, 332,00 US$1,395.00
Pover end air cost 840.00 970.00
Swplies end spere perts cost —oeee . 220,00
Adainistretive cost 1,166.00 — 08,00

rom o8t m’mow m’.%’om

Wet sevings ¢ U5%;,328,00 - US$3,763.00 = US$575,00/ 3 yeors or
1531%.%’;:

Pay<beck :
el -%3-%"- o 2.5 yors

8, Yensgement's Decision
Hmmtmmmwtothomlwlm:ofimmt
inwlved and weived the compeny policy settiing 2 yeers a8
pay-brak period, for this pertio:ler project, It further
confirmed its initisl decision to go shesd with the febricstion
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of the rotery filler pedding mechine,

Figure 36 shows the design of the pedding mechine ond the
pnowmetic circuit involved,

. SUMMARYI

This peper attempted to present situwstions in ¢ penel<besed furniture '
nequfecturing plent vhich could be possibly sutometed to sdventege,

It hes also mede suggestions on some sccessories which mey prove useful '
in the design of eutomated system., Time end spece did not permit the
discussion'of more exsmples, However, it is falt that the thres

illustrative exemples given in Seotion IIT of this peper, together

with pointears on sutometion given during the anelysis of some of the

stages of the menufecturing operetions will help the resder reelise

thet there ere benefits to be grined from ICA, provided the decision

to esutomete is besed on fectunl enelysis of the problem et hend,

W
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