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In ite  «oasi1»  pcpditton te lu g '^ n  Inai t e li
о а й а у Ы ц И  atout »  виггцривМщ fa m m  in  it e  Am b ì  fìgr wood 
U r t f l i  raqntrai bp Ih » o— truation  and ft t x iU » »  n m fte -

te  a r t ite i lgr I t e  refbraetatloa p n p w i o f  it e  m U '«  t i t e r l n b .

ani Mate o f tram . H a ftw lt e i  totefay  w ^ c o te  by dmUaplne 

M U p i  in  fla altutt  oonatruotion nalnf enei  bear i penala ta ite  

p ii— 'j ста notarli!*

I t e  tea taatnalu(,laal paini o f a lia , praad-teaad flanttm  namfeot—  
pt e— «ie I—  o f ite  jrfaatp oonatrrfnte «ooantind  in ite  paoduattoc 

a d ii n o i barai fteultur» . A apjer abavo o f ite  joinorj ftaotLona 

ao— nonta in  panal̂ teaad ftaniti—  bea tean takan oaar by ite  neo o f 
noufcn t e fla , notai or p lartir faeton—  (ante aa aov—  tra— , 
Irid a ta  ani otter аигШагу 14— ). Цоап— , itala iiijarlgna roqtdroa 
a bitter praaiaion in — Mirine gì— tiene ftr Unga arata, look arata, 
ta rA an  «1— a i, aerea bolla ani previa!—  far o tte  non m aini

Ite  «orla  oonavaptlea o f m oi notariale oouLd noi

а щ у  ani t e m i o f wood wea

no o f arai  t arai panala paodnatien, eqtfpoant in noi—  
ft— l i—  pianta —  U p d jr naA^'iaad ani aatonatai aa

Jn in ito
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■yotrao m  ir tw t r t  io  wtoh ite  Ugb lo ln a  ontputo o f ite  y ro te tte  
ponili nory. Itero io  ttarofbro l itu o  io  dlooooo on te» ptHrrlMIitio» 
o f ite Ite» o t e r t i ió  la  onte opterà MwiftntiiHne wjatei». lido pepar 
oononrno aoro « it e  teo poooiMUttoo o f qppijiag H I in fdndluro pianto 
« it e  Rbfto «n i teoio produotlra oioUany. Tfaoo» furnlturo plinto 
taileng io  teo « te li in i a rib o  olà» gm p rad nro «n d ly  finte in 
tevtiLoping oomtrloo.

Ite  ftw it o t  ìadustry in  dovoloping oomtxioo rao uouallj ttet-
mntod» aeLte^eoteot cporitLonq. fponi r ii«  « i loti io  not kaoun or ramij  
proetlood in  teooo ooratriop, Mnmfiotórlag otradirdo ero not « boA Ij  
t e m o li m i p u tte » t ia j n o orra mMocUtanli Ihno, produoto I t e  
onte «te li n i  noftliai f ln i t e t  p lratoray t e f  I t e  ano tette  io  raotte r 
•ad ite  nioponrato oro noi uuivornilly intorohopgotelo do» io  « i  io » 
odoquoto dogroo o f e«m fletiring prooliidn. Uno» oondltion« te o  tte ir  
ftmdLtwo produo to looo (n p ett^ 19 in ite  «a d ii naakot.

in  noaQP inotmooo, it e  in tnoduotlon o f «ood-teood pinolo oo •  p rin cip i! 
fa mi  turo n o ta rili, oaip lid  v ith  dio afor-lneroraing high pr iooo o f 

oolid  «ood n itorla lo , teo forood gooenewnto to  enoourago, » d  o«an 

oteoldioo, it e  «rooiion  o f wood-taood portelo p lin to rad praol -teood 

furai turo pianto, io  c o y l i p t i r j  porto o f t te ir  houoing donOopmnt

*A<y * ;iln .  ICt S S M E  iS  iW U H ) TO HUBT- « m  »nw irm g c

A. «mmi. putctss noi m PtiEL -  Rtsro m arma

In gonoral, it e  H o» prooooo fo r  pwteUteood furaituro production 

otorto « itb  ino « j o r  linoo »

1) Tte proparotion o f  oolid «ood ooteteipto % rad
2) Ilio prapiroilon o f  « o & A in i  pntel ooteomnto.

Figuri 1 t e »  ilio cpontiono Im o ln d  in  it e  moanfootmo o f pitteL- 
teood furai turo, uoing latitar, «oprar flltchoo (or t e t t i )  rad 

«ood-teood p u o i» io  Ite  principali iqpvt n otorlilo ,

Boib lte te r  rad Tonnr iip u ti boro bora ou fflolon tly drlod bofbxo 

teing proooi ood in  it e  furalturo plani. Smding o f ted i oolid «ood



)  -

ST ORAGE

neun X
Смета! flow proem» panel-baaed furniture Manufacturing



“ 4

«ad panai components is  dons belbn they sre finally assembled to 
fo n  tbs complete furniture i t « ,  lbs lost operation, o f osasi, 
is  ftnUbing (applying lioqp r, polyurethane, opotj, poly*81”  
plpu itn f paint, rad sorts otter ■"■**»£ nstsriels to provide proioe ■ 
tion in oso and «ateneo tta bonrty o f tbs rood groin psttnms in tte 
furniture).

QoMnar, in tbs erse «bars tte pmsUsnod furniture piooo is  to te  
transported in "knoefc-denm* (din sssecfcled) oondltdon, finishing is
dons on the coaponents or sub sssenliLiss of eoapononts, bates  
packing rad shipping, rad than final assembling is  dons rt tbs 
customer* s or user's location.

An examination of tbs general flgs proosss to determine situations 

for possibls ICA mpplittrtlon w ill be arts in the following sootions7 
This investigation w ill be gvidad by tte same guidelines rad genera^ 
considerations used in tbs other document presented at the seminar -

1, Objectives i

a. Improvement of product quality j
b. Better utilisation of labourj
c. Mors intensivo utilisation of materials (lower vestage)j
d. More efficient utilisation of svsllabLe machine time ; and
e. Safer operating condition» for workers,

2, Consideration» i

a. Possibility of designing» fabrlostlng and Installing 
ICA systems in ih» user's factory ;

b. lbs of available standsrd ICA ooapopsnt parts ;

c. Use of the «dating simple and basis machines ;
d. 1%», wherever possible, o f non-conventional parts 

svailahle in the factory1 s inventory stock of msintananoo 

supplica and junk p ilo  ;

o. flex ib ility  of design to allow dismantling componente 
of the ICA set-qp rad their use in another set-tp 

whenever required and allowed by feotory situations.

1/ ID/WG. 335/4
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3. P*Q «u teM  fa  IBà HwHm .

». IdantUloitign n i daflrriticn o f tt» pwUn 
Bttmttnn |

b. %loo№tigD o f AL m d l»iilt  optins io solo» 
tbe protdfln ;

c. Confir—ilon o f t i»  optimi fh »i K i la Un 
■osi praftntila anong ite  solntiona pnopoaad, 
tfcru i d i  B sljfri» par stallar stadio» ;

d. Untai, flw U n tia t «ad oosting o f t i»  D* 
aystan prapo—d io  bo adoptad j ond

»• H lM priiiL deeialon io  ad|p£ and in stali Ita»
riniùiniafif ICA oystnu

B. POSSIBmnES Of ICà ATpT.TrATTnw ip  twe 

WBMBUJDta Of SOUP UDOP CQgQM B

1, tftpj—dag Xo Boadt leagth

V  basic nachlno fior this qparation la  a aaw noixitod on a 
horisortaUjr Sliding piatita* abor» It . CatUm Is  don» by 

puLling tba mm oonoss tb» board by band, and tban pt&hlng l i  
batic io Ita originai poaltLon afiar ita» coi la  nodo, Ib is 

■achina la  iaaamrily know aa tb» faovisontal radiai 8*8.
Feedlng and off-loadixg tito boards on tb» doad ro ll oonngart 
bofioro and aitar tb» aew aro don» igr benda. % ii lo  a oary diti» 
aporatlon end raqniro# s i Inani tao ltnbor h n O v a  and on» aa* 
oparator.

With tba oso o f B *  tb» eo%vt o f ttds boalo aanhiw» oan bo 

Inoraaaod and tb» nriber o f «ortoars rodooad io  anty on», In ta l 
following nomar  s

a, lis ta li a pnam atlo cyllndar on th» Sliding piattona 

to aoi» tba sa» fianeard and lnitwartl j

b, insUQl 88 alaotrlo notar io  drlao ita» twfiaad aoiwojur  %

o. "aolaaoraAlfi” on tb» latfaad and ^ntlbsd
oonvopora, so tb ri -tha top board» o f tha lo d a r p ila
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can te  aads simps a t r lava i Which « i l i  fll«w  t i t  boards 
to  bo pteted (by settati) onte» rad o f f  ite

d. b s teU  stoppa» v ith  U n it  soitctas (o r pnm— tie  w lw e ) 
to control te » forward end adgoatee nuvanant» o f tbs

Figaro 2 lU a v tn te » Hite sduttan.

She bealo » I d è i  te  tette operation te  a stente dado «d r à  sav 

« I t e  a chéta tppe o f feed devioe» Ilio boards are fed to я к  

Ehm tee mrWna by brad.

e t osate and o f the
pachine. I t  te  -Uno obvious teiet aererai places o f  ttea anas 

width oan bo oat on teas neShtee ndgr by passing the aeno board 
several tinea thru -te» occhine.

Ъ  n o »  « o d a » fa e to n » , rapping oparationa oapiotty te  ino»aaad 
by the usa o f a PuLttarlp a » .  ТПа овсЫло works In  tho sana 
pannar  »  tho elogio biado odgar saw, except teat tears a »  

o sa m i aaWtiUd» aotaried on ttea seno Shaft» Hite pachino feature 
a l l o »  ripping aerarli p t e c »  a t one pan  on tea oaohino.

teavarthsless, should i t  ha daairad to  teaг а г »  tbs capacity o f 
ttea xLngLe Vlada adgar sen a lte  la w  umber o f  uoaka», a •Saarry- 

go-i w i 1 aot-tp a* ahoan in  U g o »  3 « Ш  do tea job « i t e  only

3.

Tide operation te baateally intended to gbm tea «oerfc-pte» 
non illnerr ituptr or uuu a y « »  a trfao » te preparation for 

furtker nanMning opm t iona ante as edge ateping, ranting 

box-planing, sta» Tho darteli o f  tea beate rateine in vo la» tea 
o n  o f two pattap* (or bindwteaela) neonted «erttertly ana abora 
tho othar. She hand a m  hLado te aerated »  tea enter »g ratta  
o f tea two pulleys, The- b o tt» pulley te driwan by an aleotrlo





■oior. Tho Tfpw puiley is  «oiaried oc •  «ovattLe A » f t  ellowing 
« ovaiaant o f 131«  puilley nencor or ffcrtfaer tram the botto« puiley, 
tfaus mrktng i t  poetóble io obtein thè p rapar tanaion on th» bend­
ami biade,

The voibpioM  la  hend ftfd to tfaa aeafalede on a tabi« flxed to 

thè bendata eolia«» aipporting thè patlapa.

Ih » nomar  «odala o f itala «anMwa include a tU tlng tabi«, abile  

othere bave botta taiULe end aarreted ftad ra lla  drlven by
an eleetrlo «otor.

The «code loed par tipo or ab^p of cut on itala «urbine la  usually 
lem end thè alapoa to becut ire ao «m y ttaat a*U«p ooata «g r  

oTBr^rlde engr benaflta to be geinad ty itaa. ntgartlon o f itala 

operetion, Haraver, queliti md output  een ha hprovoi by thè 
uee of U r la ta  jige. Theae aewing jiga o li i  aaaare thet e li 
Work pieoea dono on thè «echino « i l i  be 01 thè acne A p e  «ad 

alee. Ite o f thè j i p  « i l i  elao apeed ip thè operatimi,

4. Snrfeoe BLentng

SnrfMe tiproveoant o f itaa «n h p ioo » la  noraeUj dono cn a 

planar, The «ftpileat tipo of planar bea a aingle outterfaead, 
In-faed and onUftad ro lla , end à telile itaat am  ho radaed (or 

lovarad) to obtadn itaa detirod thlckneaa of thè aorta-
piece.

Mora edvenoad «odala o f itala «antri na inalato in Itaair design 

itaa foUowlng fOetures *

a. Top end botto« outtarhaato- j
b, Poaered liftin g  or loaar ing o f itaa planar W A *  j 
o, "AntUdokbaoik” fHooe and o to r aeftaty davioaa j
d. InflnitoalaaLly «arietta ftal p i ai  j and
a. Sosta otbar fhatnraa itaat taw f t r  itaa i t i l i  tram  

ttaa «oxkar to tho m irine.

It  la  ttaua ohtlona itaat qpplioation o f Kd io thla oparation la  
lia itad  to itaa t o t f iw a  faadfng and off-loedlaf ptaaaaa o f tho 

planlng oparation, %  t o  titotidan «bara mdy a ting o  haad

-  8  -



planar is  m f lr t l»  toil both a r fin n  s f  the »аД »р1м » fam  to 

bo planed, о sjstra similar to ttrt illustrated in  F igp* *  3 
«111 ЬоЗр y rt up tbo operation rad reduce t o  nanppwer required 
to one m u

FIGURE 3
RETURN CONVEYOR SYSTEM APPLICABLE TO EDGER AND THICKNESSLR OPERATIONS

Fyy -  SjdQ

*hia operation ia  basically sim ilar to tbo aurfaeo planing 
operations except that the planing oaoblne in  this ease is  
equipped with an additional two vertica l cutterblocks to allow 

surfacing o f a ll the four faces o f the work-piece eimultaneouNly.
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i f *  tt » viaapolnt o f Kà application, l^irun— il on the output 
fino fida rtddo» con he aftain d  only lp  t i» un o f fiatine rad 
off-loading dori ca« .

6 . Trio barine co finti length

4da oporotlon la heaioally t i» sena aa t i» lin t  trlsedng 
operation. Ди аш , higher setting predation rad non omfid. 
uerk-pieoe handling era required in tide operation. tiorfc-piaeea 
«ifb  larga ecoaa-aaetloaB era trlnaad to lim i length t i» 
redial aav, iddi» tbeae with — П uro sa aaotjona nay Ъа «et on 
t i» tilting arbor aw (or table aw ) with t i» aid of a tainting 
jig  to allow outtiiig e f aavard vork-pieew in oa» peaa eorow
ti» aw.

4 » forward-and-beckvar d nosonant o f the rad ial aw  nap Ъа 
eutoneted aa diacoaaad in  paragraph ГНЕН o f tU a  paper. The 
leading end off-loading aystan, bowesar, would bare to he retired  

to  insure better cutting precision and non  careful handling to 
present damage to the planed eurfecoa o f the work-pieces.

b  the case whan a « lt fw g  arbor  aw  is  used, eutonetio feeding 

o f individual pieces naj not ho aueceasfhl because o f t i »  w a ll 
aiaoa o f  the vork-pieoaa. Howeser , a sign ificant ineraaw in 

output nay ha attained in  tid e operation Ip  the uee o f triaadng 
jig s , an example of-which is  aboon in  Figure 4.  Where the work- 
piece is  vide enough, a rubber ro lle r  feeding datioa can be 

ueed to i p m »  the output firm tfaia operation.

7. Mortising

?he baaie wachinaa wbiob sake nortloaa on solid  wood parta fo r 
furnltur« jo in t« ara t d iet, chain, hallow-chisel and oaof ! l atdng 
■ortiaars. АЦ o f thaw naohlnaa ara hand fad and thna, beta 

low output«. Howetar, ЮА nay ha qpplied to  ra j ono o f thaw 
machines in  order to attain higher output la ta ia , b j Increasing 

tfaa food «p«ad. lb oaaa nore than ono nortiaa la  required on 
the ease work-piaoa, an eutonatad work «drawing davioa aa j also 
ha inataUad. Figure« 5 and 6 U luatrat« the autoawtion a ja tw  

fo r a ohain nortiaar suggested Ip  К  Kotb and F, Iastuska. An
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output o f 1,000 atlots/heur wm  attained lay th is sy it—  which ' 
hats the foU w tng liv e  essential pnrfcs >

e# Nsehlne pedestal  eortLaing guide j 
b# Chain eortlslng heed with pnewetie food device j . 
e* Im port carriage end intendttmt feed w it % 
d. H utflao» ciaqp |
•• Carriage stop j end
f .  Control oonsole with pneuertlo  control systoa for 

«eternal sensors end cylinders.

S js ila r arrangments oen be dsolgasd fo r the eutoawtlon o f the 
other types o f nortissrp, provided o f oourse, that the volare o f 
work ju s tifie s  rash •  aove*



Chain mir'...**r t i 't  »hit 
— ■ —

P»«d driv*

T  ì  Piaoram ■ H°v< « »  r i* r-
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Ш  o f in  joining oaopormrto o f pnaiUM sd  
auHtrJtttU i to «Ьф Ш у and foailitote of

и Ш  Ш И п р  in  joining oon pmd. to notior. For, 
v n llj, wpofon ioM ls ooot nooh Ion  t in  notai fitt in g .

Domi halan drUlod with f iM in patting to M U m  
to bo joined.

o f

« о  subsisted domi l d i  M Ü llig  цМЮ  suggested by H. P . M m  

end U. Syattno.

Docring Daino fa p w fl Io n i ftm iltwo production io m ú l j  dono 
by о D H L pro ош or о motor, ohlohotnr Is  tetter for tin mqdmd 

oitantton* P ilot halón for wood к ш в  on the solid mod coaponents 
o f pmsl-boood fon d. Uno esa ho drilled  by ihn оспа dorino mod 

for M i l l i *  domi beino. *» Id o  earn, houomr, tbo dap th o f 
tho holn In oontmllod by tin ging t t i peaition o f U n it ooitoh 

«, in  fügen 7.

For drilling baino an n d l  späten pioooo, Uhn drawer fronts, 
tho aaUp f l ln in M  In Figoron 9 end 10 is  mooasmaded.

When naltlplo bolos o f d iffórm i dirootlons e t  roquimd on the 

orno pisoo o f solid mod oepomnt o f tbs furni ture, mo o f on 
littering tsUo hooonos noro efficient. Ъ  this nomar, ih » worb- 
piooo in  not notodoff ito  idipod position шШ, a ll tho roquimd 

boles horn bsou drU lod. Flgmm '11, '12 nod '13 illustrate suoh

It  óbotOd bo noted In till thsso sot-ays that tho d r ill Is  

mutilly fin d , uhfln the woafc-pi—  Is  nods to novo to locato 
mother hola. Ifao rotor oo situation, nosing tho d r ill hoods on 
tho Unod m b o in o . is  hardly oondmlsn to **■»'>* Inolsnmtstlon 

In this oituotion.
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FIGURE *10

петматзе сзв сш  diagram tor automatic drilling  with

FEED ADD EJECTION SYSTEM
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10« ftw n fay

Tenoning cporstLons on aollA wood oa y m t »  m  ta n  to  make 

any ono or worm o f  the following t

o. Conor -  looks | 

b. lo n e » N d Groove ) rad 

o. Stab Tenon Joints.

(shaper) n lth  y w U l  att achments | o dingl e end t raoner  or s 
double .sad tenonor. Traonere o n  preftorreiae tor h ig i 

w ln n  prodncti<m os they ere with W M nil cutting
bonds end sans, i  double end t ononsr ssouros bottor oipuranseo 

o f  tbs w r i»^ M o f  bo i t  so lid  wood or prael « a p s t a i  I t  is  
•loo capable o f performing othsr worm ooeplleetod ond prooloo 

machining jobs on tho vorfc-pieoe.

ICA application' to e ve rtica l qplndle moulder (flu per) fo r pro« 

oosoing solid  wood components  o f  psnsil-bosod fUmltteces is  

lin itod  to feeding rad off-loading tho work-piece. Tho seem 

Bitusticm is  true to  tenonors. i t r a w ,  additional cutting 

bonds nay bo insta lled  on the tononsr to obtain loss machine sot* 

ops fo r other m illing jobs on tbs woxtapiooo. Tenonors ere also 
easier to lin k  with other machines by noons o f  transfer conveyors.

11. Moulding

Grooves, rabbets, rotndLngs rad other p ro files , tenons rad f l i t s ,  

and moulding with toqplrtes are usually dons «n  a vertica l 
H indis nofldar. However , the output o f s vertios l p in A t  moulder 
osn be considerably in ereassd, its  work quality improved and safer 

operations better provided, i f  e feeding davioe is  used on tbs 

msobins.

12, Routing
Router

Routing work is  bent dons on s high ^ »od heavy dutg/with 15,000 
RIM eai higher cutting qpoods. Tbs tdgter tho cutting p w d  tbs 

better tbs qoULity o f out. Tbs heals bsovy duty router hss s
fined head and •  movable “tabLe. The tattle is p  end down
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by ■ w h a lw l lidn gB  co n tn lla i by e fbot pedal« Ksra aftwuwd 
router Models ftatnra k n tt«g  heed« rad/or t ilt in g  tables.

However, their output« do not very Much fine -Use brale fixed-heed 
tjpe of heavy doty router ee the routing «peed 1« s t i l l  controlled 
by the rate e t which the router operator ora lord , wove the work- 

piece «gainst the router b it, rad unload the routing jig/U qplete. 

Output w lua, however , een be increased by the nee o f good 
cliaplng deviees and routing templates, novod by pneuaat ic  ICA 

devices.

ces11 furniture factories i r is  wore use o f  the portable router.

In th is owe, the router is  aovad over or around -Use work-piece 
to do the routing job. As In  any tjpe o f  purely Manual operation, 

output and quality in  th is tjp e  o f  work are lew. In attain h i£wr 

outputs end better  quality routing jobs with e portable router, e 

device nay be set ip  to flat the router heed in  position and novo 
the work-pieoe against the router b it. Hovawont  o f the work- 

pieoe is  fa c ilita ted  by the uae o f e routing j ig  or teaplete 

fixtu re.

touting set-tps wherein the workpiece is  eoved around a fixed 

routing heed. Iced to possible eutonation, as dissnssad in  s 

le tte r  section o f th is pqper.

13.

Evaporation o f the solid wood covenant  surface« fa r fin irti 

coatings Is  done on e wide range o f sanding waobins eodels. la  
gsnsral, we find the following sanding Machines being used by 

"w ill end nedfai else furniture pirata t

a. Harrow t e lt  «radars snob ss *

' l )  Single or dortfle ba it stroke senders ;
2 ) levellin g  *»adras (horlsontsl bait sradsrs) j

3) % lvevM l oeeilis tin g  ed it oepders % «od
4 ) T ra tM L  b e lt sender fo r sending the edges 

end sides o f dr u ses.

b. Jfeoffl* senders, such  use d o tU M k rt  sending belts end 
ero p e e t f lw ily  o ffeo tlvo  fra  erading sra feoee with



р го Ш м  or c o n t e n d |  nor* n e w ü j  -On

c. VtdM üt J oh n  « lt t  t

1) SingLs bait,

2 ) ObuhL» bolt» and

3 ) «o n  tbm  too bolts.

Efaopt fa r tin  n ida-b ilt sender, Ofaidi boto it s  очи wschaniaei 
feat controlling tbs prossors o f  tfao sending b e lt against the 

surface o f  tbo « f f t f iM a ,  o i l  the otfaor a n te s  mentioned obooo 

depend on h— n jnflgssnt. end окШ. to obtein tfao correct pressor* 
o f the sending b o lt sgeinst t ie  wooden surf ace being Bonded.
This, o f  course, leads to  теПоИоп in  Has quality o f tbe sended 

surface fin s  one «n b ç i ie e  to another. Furthermore, ib is  conwon 

feature o f  tbe machines also lords to  e highly Tariatle end un- 

dopondsble  sending output.

While i t  is  hardly possible to  design dewiees vhich w ill prevent 

tbs —i¥*tll>c errors due to hnso footers, es mentioned in  the 
preceding paragraph, there ere certein sitae tlons where the eoo> 

ftgaration o f tbb vo rtp isM  end the sending quality desired 
poradt ths use o f simple IGA devioe.

The w ids-belt sender, eslds from having controls fo r ths sending 
b o lt pressure on tbs w rtp ia o e , also bee it s  own feed mechaniaa, 

S b o lt conveyor. The opening between the feed conveyor b e lt end 
ths sending b e lt surface is  adjustable. Thus, the machine is  
suitable fo r sanding both solid  wood and panai components. The 
mf^Mnr is  easily  linked to other production machines. Obviously, 

ths —  output is  greatly dependent on how le s t the worker 

oan set the w riupiacts on the feed conveyor M it  o f the machine.

-  2 4 -

C. w  ya im m m  w  
m m  w  p m , ч и т а в

'1. Veneer Reparation

The prisery objective o f this phase of preparing panel component# 
is to produce veneer sheets (tests, keeks, «roes veneer» and 
edging strips) with definite sises, shapes end deeirsKLe grain
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ptttem configurations. Tbs thne pinelpd. operations ( 
involved m  f ^Upping, jointing cnl slicing«

Thus, tbs principal machinery required ere veneer dippers, 
jointers end splicers» Tbs following considerations «H I be 
taken during tbs discussion of these operations s

'1) Fsos veneers usually oom fb s  hi^^rleed 
timber apsoios end thus require utmost cere 
in processing to keep wastage et e minim* ;

2) Face end led  sewers ere usually 0.7 a  thick| 
while cross sensors 1ay nay the ’ .5  to 3 m 
in thickness |

3) Press sensors ere normally cut to here their 
groin patterns perpendicular to the grains o f 
the face end bosk smews ;

4) To assure perfect adhesion o f the sensors to 
the core board, the »ew er ooqpomnts are out 
about 5 m to 10 m wider or longer then the 
core hoard j

5) The oore hoards ero out with ip to '15 m 
(weociiwwi) excess oser the find  dinsnslons 
whenever the edges are required to hose 
contours or profiles • and

6) Fees seneers usually are sliced sensors ; 
bsok sensors are either sliced or peeled 
veneer, While oroes veneers ere always 
peeled sensors. Edge strips usually cons 
from the sane sensor sheets as face sensors.

* ’  Y>n—*  Cjippiag

Veneer Wests iron • set of venesr Oitoh hass sery irre­
gular edges and met he out across and dong tbs grain to
obtain rectangular Sheets. A hand-fed, pnew etie eotw ted,

fbot-opsrated sonser dipper Is tbs ssehins most ccmonly
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ussd f i r  the purpose. Clipping scoareoy rad e ffic ien cy  an 
th is ■•ebb* so le ly  depends on tbs a b ility  o f U s clipper 

operator to properly position  tbs Tenser  sheet voder tbs 
d ip p er kn ife, eetusts tbs kn lfo, withdrew tbs tsm st » fts r  

clippingm  sdgs rad reposition tbs A s s t fo r successive 
outs. Thus, nitonst ion o f tbs cutting cycle o f th is typo 

o f «srhins is  hsrdly possible without in terforin g v ith  the 
eccacTcy o f the out. Meebenlsetioii o f picking vp the vneut 

Teneer sheet Ikon tbs Tenser  p ile  y end p ilin g  the out Tenser 
sheets on enother p e lle t (o r container) is  elao s hard 
problen to soIts. I t  hes been noted that men in  Bone highly 
iie lnntr tsl ls ei  countri es Ib is  ■ram i technique o f clipping 

Toners is  s t i l l  r o d .

Qowerar, safety eonslderetiens require that the chenosa o f 

the operator cutting b is hands or fingers during the Tenor 
cutting cycle be adninal/ ’ A safety device as shown In 

Figure 14 w ill help ■inbriss eocldents during the doping 
operations. The device out* o f f  the supply o f a ir to tbs

Cm io #

fool Coewsl Volvo

r r a  04

CUMR 8A7ITT
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DtoUpmM Tilve whenever the safety rid«ld is lifted 
(■oeidwWly or intentionally) off the eonteot wliei, tins 
raking it  impossible for the dipper knife to be eotuated.

Veneer Jpiln ĵ£

Jn well end nediue sin pleats tbs veneer elo per is 
nrwSnlj used fir veneer jointing operations. Sons of these 
pleats use the regular hjdreulio-epereted "guillotine" for 
jointing cross veneer end beck veneers. Tbs nechine rakes 
possible jointing of several sheets simultaneously. Other 
■ora edvenoed plants nee e oontdnet&on cutterblock jointer 
end qplioer. All of these wohinee era hend-fed. The 
opportunity for eutoration of the raohinew as instilled is 
therefore herdLj possible. Safety devions, however, dsn be 
installed in the ninhinas to prevent accidents.

Veneer S»n «rf«g

The besic veneer Slicing mehines usually found in n i l  
and radius else furniture plants ere very similar to, i f  not 
eaceetly the sene si, those found in the dry raneer processing 
sections of plywood plants, fte aplioer nodel uses belt 
conveyor to transport the veueer sheets ( with ¿Load jointed 
edges) to be pressed on e ratal platen by e heated calender 
which cures the glue on the veneer qpllolng joints. The 
rasait is e continuous veneer sheet which is then clipped to 
desired sises by s stenderd veneer clipper. Another nodel 
leys e thresd of edhosive ratorlel, in e rig-zeg Banner, 
moeoss the joint to bo m>lleed or applies qpots of thorno • 
plestie adhesive material over the jointed edges at pro • 
determined specings. Other nodals use splicing tape, which 
is sanded off later, after the furniture pend component is 
completely ssewbled.

The m>licer nodel using ¿Lue thread is highly reooraendeble 
for slicing face and bottom veneers. Vhsraas, the nodal 
using a hoetod calender is preferrahle for splicing 
erosa veneers.
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Again, the design o f tho ^ lio e rs  ueing r ftM if»  tim ed, 
tip s  « r  l^ fin g  ÿ o ts  on tte  s lic in g  jo in ts, require parody 

■ram i footing rad o fflo a d in g  o f tho nacMne. Ifat lodd. 
which produces t  e n ü n m i d in t provides good opportunity 

fo r noohmlmd footing ond link ing to  jo in tin g operations.

The combination veneer jointing and spllclag rachira is con­
sidered the best for radios sise forai twee plants.

Hw w ir , ram  recent dewalaprants in  veneer s lic in g  tesb* 

nology has produced s lic in g  ■anhinas with a cutforhlook 
jo in ter that cuts the yenaar edge ahead o f the hoed H ist la y  

zig-zag adhesive strin g to  produce a continuous shse t o f 

fooo or botton voraor. th is  tppS o f qp lim r is  roroonwindatle 

fo r high volrao producti on. Further onto—tidn o f the 
nonhino by the urn o f m  is  hardly possible in  th is ease.

2. forasrstfon o f Coro Boards *nm Wood-Based Panels

The basic rachine fo r cu tting uood-beasd panels in to m ailer siss 

boards to  bo used os core notaria l fo r f urn iture panel ooaponants 

is  tbs "table sow” w ith e a lid ing table extension. %  bom 

instances tho "table saw” is  equipped with a t ilt in g  arbor to 

allow bawled cuts on the board's edges. The psnal is  htaod-fed 

in to tho srahLade and the a id in g  table extension fa c ilita te s  

rattin g long straight edges.

*rang d s  nora advanood nodala o f panal saws are the follow ing *

a. V ertica l frn a  Panel Hw, wharo tbs panal is  pltoed 

in  an tprlgfrt position  on the firm , then bald by 
A lly in g  devloos, while the saw is  soved aoross the 

board to  obtain the desired widths (o r lengths) by 
•  rab ile  p la tfom  Which is  raved tp and down the 

length (o r w idth) o f tho board.

b, Gontoy panel a m , where the pand/a arc borisoutally 

la id  on the ssehlno bed, hold by s tro teg ied ly  located 
P la c in g  dovioo. The gantry devise holds several
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w ring TnitB, oni o f vfaioh outs ratoss the bond 

i t  the gnrixy 1«  nowed firm on* end to  tto  ofhw  

end o f tho penal/s. Each sew unit is  so t its  tod 
s t tho prodso cutting location  by Mens o f l ia it  

suitchos tbst atop aowM nt o f tho gentry, stsrts 
tho sew wotor, end activates the device tbst 

■owes the sew n i t  ¿Long the panel's surface.

In sons factories, • singLe-bleds odger sew, w ith 

chain feed end wide bod, is  n od  to cut wood-besed 
panels in to awellwr boerds. This aethod requires 

passing tho prael several tines through the aanhins 
to  cut tho desired boerd sises. This is  possible 

only i f  the proper type o f cross-cutting sewhLede is  
weed to cut the panels. Again, the IC t conveying 

system to  return the boerds to the saw es shown in  
Figure 3 is  eppliceble.

The veneer sheets ere le id  on tho core boerd with uree type 

edhoeiTe end ere hot-pressed ( 100* to 120° C) on s aulti-opening 
hjdreulic press. %  M U  and oediue else furniture plants, tbs 

hot presses ere coweonly loaded end unloaded by bend. This 
resu lts to e low output. In aono aedivw else plants equipped 

with 15 to 20 daylight hot presses, loading end unloading is  done 
by weens o f an elevator which carries two workers end the panels, 

loading end unloading are both done on the sane aide o f tbs hot 

prows in  the follow ing wanner :

e. The elevator is  lift e d  to the highest platen 
le v e l and unloading starts from the top platen %

b. The elevator is  gradoiUy lowered to the le v e l 
o f ewoh lower platen to  unload than %

e . The p ile  o f hot-pressed penal are unloaded o f f  
the elevator wt it s  lowest (nornel) position  and 
w p ile  o f ladd-tp panels la  pushed onto the dlevator ;

d. loading starts a t tbs lewsst platan, and pnoooeds 
qpward u n til tho topaoat platan la  loadod j



poaitlflna. Ih » d M ito r  is  lo v m d  io  Ita  nomai 

ifta r  oo^ ltU im  o f tee Inedtng t r ^ .

Hawm r, i f  ib i pn u dog o jo le  is  Shorter D m  te » it e »  i t  ta te» 

te » «3 .«f»ta r io  i r m i  tea » top io  bottoa platón, te » «leva tor 
» top » * t  tte  tcpnost platón l« * d  end « t it a  te r te » píeteos io  
open end te » tnloading ph»»e proooeds ea daacrlbed otee».

te  »o re  nodarn penaL-besed I t o ttn e  pianta, hot pressing la  
dona on a short cyd e fringl» ya rin g  hot-prese. QLulng o f boaria 

and penai aaaentilj la  don» on te » inteod end o f te » hot-proas, 

%Loadlng «od loeding la  dona n p i f l j  a ayaten o f oome-
*w o  ond —ohopicol linkagea. Ib i» tpp» o f hotpreaa io  on Ì3 y  
linked io  otear «o M n o i t e lo n i convoyoriastio n. Furtherrare, 

te la  type o f proaa oen ho usad In  la iw it fa g  coro boarda « i t e  
dhaata o f atynteotie a e te rle l (WCf e tc .). In te la  cese, tee 

ayntbetic ee ta rla i, wound on a rea i, la  ted lu to tea presa by 

eesna o f roU «ra  end eut io  th » daatead length.by a apeoially 
desìgned a lith ar knite vhioh travela aoroaa th » vidth  of te» 
board a t th » ouifeed and o f te » bot-pross.

It  follow s teon ih » fbxegoing discussione o f operetions o f 

■yim tiiy loadad hot-prosaes that q ip lieetlon  o f ICA to tea hot- 
pressing operatton lta a lf nay lnvolva rad ioel chenges in  thè 
presa design lta a lf, vhich M a il and nadina fim i ture p irata are 

not uanaUy equipped to  do. However, knooledge o f tea prlnolplos 
o f ICA « i l i  ha3p in  teo proper nelntannsoe o f tha hot-press in - 

a«neh  as tea hpdretiUe ayate« end tbring oontrola o f tha hot- 
presa era designad radar concepta a ja ile r to  teosa o f ICA.

%, Pandi Edra frraaretion

Ib is  operetion la  dono In  preparetlon ter odga vsnearlng or 
adge shqplng. A vanear t r i »  se » la  used wbanarv «ha adgaa era 
to ho veneered. Ih sona penai conatrrati ons, benaver, a v e rtio e l 

eplndh» nouldar la  usad to  renova tea «mees «m ear o ff tea 

panai adgaa. Bue teebnlque la  sp ec ifioa lly  dona dhan a solid  

«ood adga»hand la  ¿Load to tea aoro boerd, and a p ro fila  haa to 
b# eut on thè edga-bmds. Ib is  taofanlqua la  suooeeffùL only aben
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the prissl c o n i»» era rounded. V«a n r  adding allows A n p  

square corners on p iodB .

The tattle saw with tattle extension is cc— only used ter
Tenser trie saving in avail rad eadiis aiss furnitupe p ira te. 

This type of bn , Then equipped with e tilting arbor, w ill 
teeilitrta cutting of canted edges on the hoards provided the 
praeis ve not too large. hrtaatioD of th is particular opera­
tion nay he done ee illustrated in figure 15.

IC i 1FPUD SO liU n  B B  901 SW2K 
oa aw  v s b  m a i n  xasa
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& era» the edges of the prati. «H I he profiled, »n ICA eysteo, 
»e iUwtarated In Figaro 16, «131 help epoo&ap the job nd 
ip iw e  the q tflity  o f work fhr pnals with xovnded corners. 
However, on ICA eystew alniler to the set-qp in Figure 15 w ill 
ho noire affective tfhen the praols hove square oorners.

5. Edge Veneering

Veneer stripe ere glued to tin edges o f the ponti, with the old 
o f djaps end holding fixtures, % nost situations, the gLue 
is  allowed to set and sure while the -veneer strips ere s t ill 

r  deeped to the prati edges. Ibis is  s -very alow process t

<3tue setting and curing way be hastened hy adequate bee ting. 
Figaro 17 shows how this can be done with the aid of HJA 
coepocspts, an electric arc-welding nerbine and a length of

Sfcsfer
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ordinary fire-hose. She amount of hoot generated on the copper 
strips Is reguleted by adjusting the current delivered by the 
voiding nechine.

The desired pressure on the veneer strip is  attained by control­
ling the enount of air delivered to the fire hose thru an 
adjustable pressure switch. length of pressing tine is controlled 
by the timer connected to the voiding machine.

The next step after gluing the veneer strips to the board edges 
is  to level the veneer edge to the surface of the pmel and make 
• blight chamfer on the edge strip to break the shop edges. 3h 
mail and median plants this operation is coanonly dons vith the 
use o f > shaper (vortical spindle moulder).

In more modern plants the edge veneer gluing, levelling sod 
chamfering operations are done successively on one machine, the 
edge banding machine. There ere single-edge and double-edge 
banding machines currently available in the market.

6. Mecbjjajag

Machining operations on the panel consonants ere similar to those 
for the solid vood components, except that the machines required 
for penal components machining require bigger vorfc-tables or 
platforms. Hence, the ideas of automation discussed in connection 
vith machining operations for solid vood components are also 
applicable to machining operations for panel components.

Special reference is  made on the matter of making cut-outs on 
panel components. This operation is  usually done by hand on s 
heavy duty router. It is a slow operation, particularly vhen the 
panels are thicker then 19 nm. Moreover, the quality of routing 
job varies firom one panel to another vhen the vorker develops 
fatigue. This situation calls for improvement thru the use of 
ICA systems. Figure 18 shovs how this may be done, vith simple 
ICA devices. When the router vark loed for making cut-outs on 
panels is lsrgs9 i t  mey be justifiable to automate the router 
mpeeiflcally for making out-outs, as in tbs ossa of tha aaoond
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iU nstn tii» «maple in -Oils paper. The original steel-bed 
work-table of the heavy duty router is replaced by • steel frame 
which holds the pneuaetie cylinders, rrlves and lim it snitches 
that control the movement of the penal under the router bit.
The basic penal movements ere lefb-to-rlght nod forvard-and- 
beckwerd of the router bit. Other cut-out stupes can be routed 
by adjusting the design of the ICA system to f i t  the desired 
shepe.

Caution ; This type o f cut-out routing w ill elweys 
give rmnded corners on the cut-out. The 
acuteness of the rounded corners depends 
on the sise o f the router bit used.

StndinemJSSSB»

Snail and medium panel-based furniture plants coneonly uae narrow 
belt sanders (single or double stroke senders) for sanding panel 
components. As discussed in a previous section of this paper, 
this operation is  rather alow, end requires s high degree of skill 
on the worker. Incidence of veneer sand-thru on the panel edges 
is high.

More modern plants uae wide belt senders, usually double belt 
models. While other plants use dnm senders with drum oscilla­
ting mechanisms. These modern sanding machines have their own 
feed mechanism end can bo easily linked to other operations in 
tbs plant.

Edge sending panel oaaponants in  small end meditm else plants 

is  usually done on a universal sending machine with o sc illa tin g  

mechanism fo r the sending b e lt. Some models o f th is type o f 
Sander have tables which can be inclined to allow sanding o f 

panels with eanted (O oping) edges. The panel surface to be 
•ended is  pushed by hand egeinat the moving Maiding b a it.
Again, a oertsin degree o f sk ill is  required o f the worker in  
order to reduce sanding rejects to a nindmaa. Automation o f 
this operation la  hardly possible without interfering with the 
working wofthanlma and dpulgn o f the machine.



FlmiLa with profiled edges ere edge.—ndad on t  Vmtoor sender" 
using • —  cloth-becked sanding belt. The key to sob— b in 
this sending operation la the proper dupa of the pad et the 
beck of the sending belt, which should nets properly with the 
profile o f the panel edge.

D. POBSTBTMTIES OF ICA АРРЫСАТИШ TO 
ASSEHBUMB ОДВ1ТДМБ tw ИЖТ.. —ЯКП 
У1ЯКГГЖЕ мыиистдшв

the basic tools and tiplanenta, enong others, in ssaeshling peneL- 
besed ftamiture ere :

1) Sores Jrl vera ;

2) G-dfaps end for dspa ;
3) Toggle daps ;
4) stapling bools •
5) Gloa applicators ;
6) Assembly jigs and fixtures ; end
7) Erase end carcass deeps.

Tha key to efficient and rapid asaesbling operations is tbs use o f 
adequate jigs and fixtures equipped with clwps or other fonts of 
woHc-plece holding devices. Separate jigs and fixtures ere needed for 
tbs avb-assaaibly of drawers, special aheivinge and oebinet partitions; 
appliques on doors and draser fronts, eutosetlo drawer e-loddng- 
neehaaLsns, eto. Modular assembly jigs end fixtures oan be designed 
end fabricated for the assembly of tbs peneL-baaed furniture оегоам, 
aiding*, tap, baok and bottos. This aethod leaves the front open for 
easy воем to the inside sroes of the cabinet. In sose oe—a, the 
top panel la last to be a— bled, particularly in ftomiture itaws 
whore the top panel edges protends over tbs aid— and firont o f the 
furniture, suoh as In night tables, dressers, and tbs like. There 
are other instanoos, however, where the book panel w ill be the last 
tô jftssenbled, like in stereo феакаг unite, oonaole type o f radio • 
phono eabinata, etc.

1, Drawer Ass—¡Ызг
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Whottar tha panhL-bssed furnitur* i t —  ia  «hipped in  the a— bled



or % n ocM m 11 state, ftrw w  ere d iM ja  u a«U L «d  te ftn  
fin ish ing. Modern ftam itise dsetpn oa&le far drawer fronts flush 
w ith tfai cabinet finoot surface, s&UIcb the old cabinet detipB 
where drawer fronts eve presi ded w ith lip s  which overlap the 
front fees o f the drawer francs, cowering the eleerenoee between 

the drawer end tbs drtwca frews. Ijn s , the drawers should bs 
eseaet&ed as aqu erd j ss passible in  ordar to attain  the dsafrad 

f i t  with -0» drawer frews. This oonstrelnt imposes striet ed- 
teeenes to  w oU idag tolerm oss o f dra w  and drawer frews 
ooapenents, so that perfect equwcnces is  attained when ssaasfeiLlng 

drawers. BarfSot am awnws in  eecsadfn^ drawers is  better 
attained through the use o f natal aesaohltng jig s  and pneuew>tio 

eotneted «¿Leaps Which w ill hold the oap a wnta fire fly  in  place 

w i l l  the adheaiwe applied to  the Joints has set, or n tH  
frstanars have hews put in  plane to  ft s  the drawer  ooaponwats in  
e squarely eeaentasd fbm . F igm  19 illu e tre tee  such an aswasflbly  

J ifi.

- 3 8 -
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Too mob gLxs or too l i t t la  gins dose notgiss BMd M W toling 
(M elts. % o—  gLm lseds to  ¿Los « рм и  outs cod wmmmj 
gluing job , GLuo-otorfod jo in ts  m  mok os thoro is  loss sd» 
hosion to  мко tbs jo in t strong onongh, Н и м , fb r precise gLue 
•ppUestlon requirm ents, s dselo* operated by IGA. osgnorts 
slsd ler to  tbs systso illu stra ted  in  Figaro 20 way fadp s tts in  о 

sstisfSotory gLuing job* lbs m a t  o f bLm  dhpgsiiod on lbs 

noodon pisoo Is  oontnoillod ty  tbs siss o f tbs iwid M  oat tbs 

qpssd tjS td ob  tbs no о dm pisoo is  pushed v d v  tbs ¿Ins повйез

GUS А Р Р Ш Ш  VZZB Ш  С0ПЮ18

With prop or also push holso  ̂ wood screws css bo usod to sttsch 
htrdvars end othor fittin gs to pomOU-besed ocsponents o f the
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ftw Ltan . *be tafW| itough, art—  ftw  taming the nrw 
■or* then whet fht wood autotnii  ocn total, tins destroying d s  
holding power o f th i aerew threads to the woodtbesed panel. Suoh 
ssreev W M riv in g 1 frequent ly  oeev with the use o f eebhanioal 
swon dr laera. The use o f pnaunrtle aoias tel ien  equipped v id i 
adjustable dutch devioe vUL )s ^  reduoe rejects due to Vvero 
driving11 uoodsarews. The elutoh dsvloe oan be set to notch the

4« Modular i — ilin g Jins and Fixtares

Modern designs o f ppneiL-beeed furniture Itans are basioaUy 
rectangular or square in  du pe.lh is fto tv e  nahos i t  possible 

to  device nodular rsaenbly jig s  tor jo in in g the carcass o f the 
penal-bseed component  m3 also fo r join ing the pm al to the 
carcass. Figure 21 atom  P. Faavole' s suggestions o f such an 

assanhLing jig  which allows assembly o f two cabinets at a tin e. 

The j ig  Uses a fire-hoae with a ir paaped in to i t  to  d n p  the 

doaponant; In  place d d le  the sssenbllng a ettv itioa  go on«

For ssaeatilng cabinet doors, a device suggested by H. Orion 

and W. SontLano, Figure 22, alao nekes u n  o f a fire-hoae and a 

pnem stlo oyllnder with qpproprlate control valves to  attain tbs 
doalrsd preasure on the parts being put together.

E. POSSIBILITIES OF ICk APPLICATION TO 

FM3SH1EB OPERITIDNS B , W  BASED 

FgnrePBE

The baslo operations Involved in  d ea r fin ishes fo r wooden furnitarw 

nay be scssunrloed aa follow s t

a. S«p staining or fu ll surfaoo staining %
b. F illin g  f
c . Seal coating j

d« Souff sanding ( i f  naeaasary )  
a« lop coat application > and 

t ,  bu sh ing (b u ffin g ), i f  naoasaary.
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1. Staining Cboratione

Tlda (pan tion  is  n o w llj don» by «praying, using conventional 

eixwqpray gens. Tb» prinary objaative in  Mp staining is  to 
doapon tta  ahada o f eqpwood n a n  on tb » face aenawr and aria» i t  

■ M t the attar  anas o f tb » penal fn a , M L  aarfl aa staining 
•ins to  awn out tb » depth o f colour tone on the prael surface, 

particuLarly in  la nar  out fr o » wood apeeies which exhibits 
"bet—t r l—"  (aone d»gre»  o f d iffteen ee in  tb » absorption and 

re flec tion  o f lig h t) between the ti^rfc rad loose aides o f the 
earner  sheet» ha other oases, fu ll staining is  used to deepen 
the abode or glee the panel surf ace another co lor. I t  is  thus 

obvious that the suooses o f th is operation is  p rln efoa lly  de­

pendent on the a b ility  o f the Inara 090 to detest the areas which 

need sure stain o r to  detem ino the w a nt o f stain to  bo sprayed 
on the penal n r fra . The operation therefore is  hardly possible

The ooanon prise eaterial in this operation is  the wood-filler 
with e quick-drying o il. The objective is to peek the pores of 
the veneer surface with fillin g  eaterial in order to get »  anooth 
surface after the tap coat is applied. The key to success in this 
operation involves the use o f devices which era effectively puah 
the particles into the wood pores. Air-operated recipro­
cating eechinee with fa it pedded-ahoes are ctssonly used in this 
operation. The sechine is hand-operated and has its advantage 
and disadvantages. A notary-type filler-padding anchine has shown 
better results then a reciprocating type o f padding machine. This 
operation is discussed in detail under Illustrative Example "C",

3. sTf1T  ^  4—

This operation is  normally done by hand «praying. However, in 
some osdira-sise furni turerpirata, ssalsr coats are applisd with 
the rae o f the pressure curtain coster. With a sealer material 
properly fosmleted for the machine, s tremendous amount of 
savings la attained in the form of reduction o f materiale oon- 
atsption and labour raaga. Since only two Adges of the panel,
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in  » M l t l on to  tin  top ean bo ooated in  n o  p M  t t n
the u o h la i, • d n in  vhldk v t t l  return tin  costed p n d . to  t o  
fo od .wad o f the —nMwa i t l l  p w iil j  hdp p n te tto n ,
Flgore 23 ahcwe such •  a jst— w ith ra ta w M  p m d  device.

Sealer ooot qppliDttioB on oonwhlod furniture itono is  dons by 
p n jb e . Should tho o d w  o f npreylng job ju stify w iliw l ton 
o f this cpwvtion, i t  is  poMihLo to design an ndwo t to ^preying 
system with tho use o f deflate. Soo Figaro 24.

Sono soolor notoria l formulation roisos iho nibs on tho wood 

surfaoe, tfaos requiring lig h t sanding qporotians to  oat o f f  the 
nibs. This is  best dons noxnoUy. Autonation o f the cpor e t ion 
is  not rooooonnlod!

B y Coot

This oporotion is  also " « H i y  dons by qprsying. Tho oothodo 

and devices roeoawondod in  tho paragraph on sed er ooot oporotion 
ooe also applicable in  th is oporotion.

F is h e d  Surface PidiaMna

This operation helpa to  hoightan tho gloss o f flniOhad o g ftc w .

A portoblo air-operated or e lo c tric  ootor driwan buffing naoMno 

with 0 rotating disc paddad with o bonnet nado o f lahb's wool 
is  boot used fo r assonbiod furniture. Howowar, in  systems Whom 

tha panels are finished p rio r to ssseatUng, 0 hasay duly- bvffln g 
machine is  usually used to  pollah panel surfaces. This machine is  
equipped with a cylin d rica l head which rotates on ito  sods s t 0 
predeterm ined qpoed. The rotating head is  padded w ith fin s  
Woolen material which poliahes tho panel surface, M  other models, 
tha rotating head is  equipped with eGLossil̂ psoiBsd strips o f fin s 
woolen m aterial Instead o f one Sheet wrapped around tha buffing 

cylinder. The panel surface is  brought in  contact w ith the 
buffing m aterial by moans o f s platform  Which is  raised or lowered 
manually. hi some models, s lim it switch devise is  in sta lled  

to  prevent the platform  from moving beyond s certain distance 
nearer to  tho buffing head. This feature helps prevent homing
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of the finished surf MO »8 s result o f owr-faoottng.

Application o f XCA to this operation is  possible in the esse of 
the horsy duty huffing machines. A device orn ho installed vhioh 
w ill autaeetleally raise the buffi.^ pletforo to i  desired 
level, move the panel fotvnd until the resr edge is polished, 
end maintain oontect between the rotating huffing heed rad 
pend surface for e pre-detendned length o f tins, rad lower the 
buffing plrtfhras thereafter. lording rad unlording the platfom 
cen rlso be rutoarted. See Figure 25.

F . P0SSIPTLTPTE5 OF ICA APPUC/TTOH TO
HiTERHIS-Ifr-PROCESS IftKDUHG AMD TRANSPORT

It  w ill be recrlled thrt the foregoing diseussions often indicated 
success of automating operations in the manufacture of prael-b*sed 
furniture i f  this Is sided hy rn adequate handling end transport 
system for tbs mrteriais-in-process. Has rpd apace do not allow s 
detailed discussion o f the hmdling and transport system devices which 
can be set-ip for etch of the operations covered in this prper. %w- 
ever, illustrrtive axrsples o f such devices are presented in the 
following paragraphs in the hope that the reader w ill be motivated to 
^ply such devices, wherever possible, in his own manufactOBing 
operations.

The design o f materlals-in-proccss hmdling and trrnaport system 
should be guided ly  the following considerations s

s. Ssfe transport o f the n ataria l or pxoduot ooeyonent  

from one operating station to another ;

b. Speed in  transporting the m aterials or furnlStme

o. Adequate quantity to he traimported so that continuous 
operations is  assured in the succeeding operating 
station | and

d. Cost of fabricating, installing and operating the 
handling and transport devices is  justified ty the 
benefits to be derived from their use.

»
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1. Hpohiac Feodlnr frohnlnnos end Pevicea

^  *och end F. lestouvk* prevented t ntnher of eechise feeding 
technlq»« end devices, elded ty hopper feeds òpere ted ty ICA 
ftyateai, applicable to solid wood or praaL coupcnants. Figures 
26 to ¡9  ere schenetie diegrens o f such hopper-feed devices.

г л и к г б
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2. r f  ^ iriTg

Ctrtoin situations require that panels transported on e lite  
conveyor bo turned 90° or 100° to fballltete feeding o f ttao next 
machine. Figaro 30 illustrates haw such o device eon bo installed 
in lisa oonvoyur system.

3. <Hher Devices

Horfc-plece holding and clawing system often produce 
better results i f  toggle-clasps, air cylinder operated clasps, 
eccentric clanps ,etc> are used, This la pertisulirly so
in operations where vibration of the work-piece leads to poor 
machining quaHtj. Sows o f these doping aeoessories ere aixmn 
in Figure 51» It  w ill he noted that each type of claq> has its 
own apedflc nods o f use.

H I. TTfIKTMTTOE SAMPIE PR0BIB6 AND ICA SOLDTIDHS

Ifae following illustrative eomples o f aono problem encountered in 
nedl f  aiae panel-baaed furniture manufacturing plrnta ere given in the 
hope that the reader w ill gain ana» idea on bow ICA helps in the solution 
o f nenufecturlng problem, and, also servo as a guide in situations where 
a decision h**s to be nade as to whether to automate or not.

A . THE CASE Of ROUT IMG CUT -  OUTS ON BftKEIS 

“t. Situation-

*  panel-baaed cabinet factory currently producing 400 units par 
week Intends to double its  production within the naoct 24 months, 
with the following conditions t

a. The feotory floor area under the expanded operations 
program w ill ho reduced to 2/3 o f the present area, to 
provide qpsoe for another lino o f product to bo pro­
duced under the expansion program j and

b. Production operations w ill s till ha restricted to 
one 0-hour ih ift per working day, but only '5 working 
deys/voek w ill he allowed, instead o f the current
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6 working days per ifinVr

Jn abort, production output w ill fan* to bo increa—d 2i&% 
the present capacity. ¿nong the potential bottleneok operation* 
studied wea the routing operations in the pnA  Machining eentffei. 
There were two heavy duty routers available, both M U il]y>M  
end of the fixed-heed end elevating-table type. Current routing 
work load on the two nschinea is  about 60̂  o f available eeddne 
tine, excluding nachine set-19 tins. Farther investigation showed 
that 90% of the routing tine is  taken vp in routing out-outs on 
two o f the panel oowponantw o f the eaUnt^

2. ftfoblen

Qow to attain tta ?Jfi>% inereewe in production output end stU l 
comply with -the two nejor constraints on floor apaee allocation 
and working hours per weak7

3. Nations

a. Replace the two routers with apedelly designed, worm 
advanced nodels featuring sutonati e noving routing 
fixtures. It w ill take about 6 souths to put in 
running condition Ikon date o f order for the nsehine.
This option w ill increase routing capacity to 300%

*

o f the present capacity and 00 st H5$^8,000.00, in sta lled  

and operating.

b. K«ep the present routers and run than 3-ahifts. This . 
option w ill roquiro( an additional 4 router operators,
4 noro naintenanos technicians (2 electricians and 2 
mechenios) and 2 fbrenen. Furthemors, the diesel  
electric generating set w ill be run 24~faows per day.

• Replace the present steel table o f the existing 
routers with routing fixtures equipped with an 
appropriate ICA pystee that w ill aove the work- 
pieoe to neks the desired out-outs on the pends 
and allow perforesnoe of other routing jobs, and 
sirplify loading and. unloading tbs routing fixtures

o
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« I t t  1bi w  o f pasm stie л1 ц в  setastsd «o to - 
M tioáU y ani position  ite  woitepiso* o o rn eU j 

w ith roqpoot to  tho «water h it. b l i  cption io  
• fo o te d  te  iw im ii routine rapac ity  to  275$ o f 

•unou l oqpaoity i  rsqotns t o  м м  a t e «  o f 
w k w  no o M i o t prasrat ani ooot u pw ria aM y  

*$10,000.00, M d a tM , in s ta lls ! and aporot lonai.

(^tton  3 (b ) о м  oot M id i oaUarl^it Ьм ом » i t  did not oonfbm 
to  woridng-hofuro oonstrciat not tgr “ a i i i— il ^ o  

oaoparntivo analysis faitean f^ttena 3 (a ) and 3 (• )  w a

i*  Bote ^ ttca i w ill roquixw tho паша ñatear o f m etan  

rad мам акШ  lovai o f Wortes«.

Ъ. San aodUloatioas rad m iètei to ho dono on t e i 
rooters radar Cation 3  (о ) in  ondar to am ilo  te i

e. Amar and air oonauaptisn o f tea sorblnas in  

bote Cations ars shoot tea sana.

d. Tfas oonvwralon job ràdar Catien 3  Co) r ogato—  notariais 
white aro am llaUa looolly. <hly s fini o f tes Uik 
so^onrats n e  bras te ho Imported by ths looal и рпмп -  
totivw o f tfas namtootmlng ften.

s . HalntsaanPi raprlrranti o f tea nsofajms in  bote 
Cations aro about tew warn.

f .  Iba proasnt «waters sen ho sold i t  *$ 2,73№Ю sote, 
InolpdHng tes ftwqiHDOy ebwnfjnç walte.

f .  Bath Ottona asst tea apandad oapsoity «wgatoanaats.

6. lho quantitativo 00at mop prison tataora tew two Cations ara
•• floillons »
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OPTOH v optmi a .(e)

Book ? • !»  o f ftoeent 
beohlne

HMhfnt A e^ d iltin  m i
Installation Cost —  №$18,000.00

Machine Modification
C o o t -----------------  750.00

Total Costa---------------№$18,750.00

loss : Be-—Jo Trios

■at Cost №$13.250.00

№$4,500.00

№$ Q.ooo.oo 

№$13,500.00

№$13.500.00

Ite t  considerations indicate that Cation 3 ( * )  « i l l  be

■oss advantageous. Ths fre t that tbs orpseltios o f tbs nsrMnes 
enter Cation 3 (* ) sae»ad the expansion rerutr—sata by 6o%,
«tails those under Cation 3 (o ) give s lower excess capacity o f 

359C did not ■attar sign ificantly iua—unh as both eseess cap»- 
e itio s  wore « « ill above ths required aachine capacity.

Urnegneent than cede an inquiry as to  «bather the capabilities 

o f tbs shop personnel  and the available ■eotains shop fa c ilit ie s  
aid adequat e snooze to do the conversion job on the routers v ita * 

out in  any vey adverseBy eftooting ourrent production ouiputa. 
Their findings, together v ita  the schedule o f conversion «ark 

fo r the two rout er s, proved that the job oan bo done satisfacto­

r i ly  in  the eoapemy'a nsohine ahtap.

7. Menecenent's Decision

Considarlng a ll tbs available data and findings sufaadttad bgr ths 
evalustion ooandttaa, Management deoidad to  adopt Cation 3 (o ), 
to oonvart ths present routers to aore ►utoaatic operations. Ths 

■Light (S$250.00)  advantage o f  Cation 3 (a ) «as considsrsd too 
■aall as ooaparsd to ths knowledge to ba gained by the eoapany* s 
persoonal in  eutasetlng their old ■adtalnss.



It  w ill be noted thet Krwgwot did not .even bother to detendne 
vtatiMP tbe JVoject Cost is  within w itep  allowehle imwetwnt 
levels tar the single reeaon thet the factory apace required by 
the routers w ill be the stoe as thet of the present spece. And, 
thet eny other option can be considered only i f  the fectory apece 
required by the Option w ill be less then the present apede 
occupied by the two machines, eside fires being economically jus- 
tifleble.

8. The ICA ays tea adapted for the conversion o f the present routers is 
illustrated in Figures 32, 33 end 33 (»)•

B. THE CASE OF TBE SPECIAL RAHEL SAMPER

1, Situation

A fectory producing panel-based cabinets was having problems with the 
top panels final sanding operations. Daily p*«*l rejects rate 
due to veneer sand-thru was averaging 6£ since the start of ope­
rations. However, these rejects at times would go as high as 
12$. Six workers have already been successively trained and 
assigned to the sanding job, yet Management feels that the 6£ 
average reject is becoming to be unbearable as a result of the 
increasing costs of materials and labour. The final sending 
operation is  done on e double-belt stroke sender, using firs t a 
180-grit belt, then finally, e 240-grlt sanding bait.

2, Problem

How to improve the final sending operations by significantly 
reducing the reject rate, or possible totally ellsinatlng 
rejects st this operation.

3, Analysis o f the Rroblea

a. The OMpsny loss as a result of the veneer sand-thru 
rejsots was oaleiflsted st H3$6,093#00/ysar.

b, A performance check on the sin workers who were 
assigned to the stroke Sander showed no 'ppreolsfcle
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N*t«i ф mork* opproxlmoto locotlont 
of Limit Switch#*

FICTO, 32: AUTOMATED HEART DOTI ROUTER
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PICURE 33 (a): ELECTRICAL CIRCUIT DIAGRAMS FUR AUTOMATED ROUTER
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variation in their individual n jtvts n t»,

c. 100$ o f the rejects «ere feas—1 **wiid timi1" on 
the edges o f the praáLs.

d. Tbs firs t eroding prss are tried  « ith  »  ЯОО-g r lt 

eroding M t  i the second bolt «ith  280-grlt 
Banding b o lt. Production output dropped to
75$ o f the standard for the operation, «b ile the 
reject rote dropped to 4$. Ibis reçoi t  «ев s t ill 
unecceptebLe to Hrorgeeent.

e. A thorvqÿ analysis o f the strebe smdiat oporotions 
indicsted tbst 90$ o f the rejects ow v daring the 
following pesióte o f the drily cock opale o f the 
archine operators z

t ) Us ■’ Ab-bour period following the start o f 
eech «orHng dry f

2 ) The i/fc-bour period sftsr erch break period j
rad

3) The i/2-hour period at the rad o f the work shift.

These findings indiorted the following z

1) It  tekes ebout 1/2-hour for the coster to 
regeln bis ra ill to «pply the ourrect 
pressore on the stroking psd sftsr ray 
resi period i rad

2) Work fatigue st the lest half hoir of the 
work-shift etess the «ester loss his 
"touch" of the archine.

f . The Industrial Engineering importerai гопошопЛоЛ the 
acquisition or fabrication of a prafll srnding machine vhioh 
ora apply «tifosa pressure of the sending bolt on tec panel 
surface regardless of tbs condition to work o f the acetrino 
opra »tor, both physically and aratrlly.
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4* -htima

The folloving options war« found available :

a. ^port, install and operate a double vide-belt 
sander, with feed mechanism and the necessary sanding 
belt pressure control st » total cost of TC$9,500,00,

b. Design and fabricate the special sanding machine 
in the cocpany* s machine shop at *• total cost of 
US$9,750.00, operational.

c. Design the machine at the company1 s Engineering 
Department and have i t  fabricated by a local 
machine shop rod then instrlled by company 
personrsi, at a tori cost of US$9, 500.00, operational.

5. Value Analysis

-r. Option 4 (* ) « i l l  take 6 months from date of placing
an order for the wide-belt sander to put it  in operation, 
or an additional loss of US$3 ̂ 046.50, before the veneer 
"sand-thru" problem is solved. The machine will also 
require an additional wt.ker at the panel discharge 
end of the machine. However, the skill required of the 
working feeding the machine w ill be less. The mac dne 
is expected to cospletaly solve the "srod-thru” problem. 
The eroding capacity w ill be increased ifiO% of the current 
output.

b. Bath Cations 4  (b) and 4 (c ) w ill take 60 days to put 
in operation and are expected to reduce the reject rate 
at levels below '1%, a ll minor repair rejects. Only one 
worker is required by the machine in the two Cations, 
Sanding capacity is expected to lnoreaae '150% of 
current capacity. The rtclll level required of the machine 
operator is two levels below the present operator.

The economic aspoote of the proposed solutions are reflected
in the following cooperative tabulations t
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H a Qstdon L (a ) Qation A (b) Qatfon 4(o)

Costs : (Baaed on 5 Tears
Depreciation Period

Machine Acquisition and
9.500.00

6.200.00

DS$ 9,750.00 

3,100.00

«5$ 9,300.00

3, 100.00

Sanding Belt Cost, 5 Trs. 9,500.00 6,500.00 6,500.00

Power and Air Cost, 5 Trs, -— 4,500.00 2,700.00 2,700.00

Other Maintenance ¿implies
Cost, 5 Tears------- ■ ■.... 3.200.00 2.850.00

Total 5 Terrs Cost —...... — 900.00 900.00 rar?4,900.00

Benefits :

Savings in Repair and "Bead 
Cull” losses due to 
Rejects ——— 6,093.00/yr. «5$ 5,077.00'yr* 5,077.00/yr,

Total V̂ tue of Materials
Savings in 5 Tears — — re$30, 465.00 HS$25,385.00

6. Pav-back Period

To check i f  the proposals conply with conpeny policies requiring 
a BKXtonsn of two years pay-back period for such projects, the 
following pay-beck period were obtained t

Option l  (a) fottoa k (b) teflon L (fi) 

Pay-back Period '1 year -  7 months 2} months ?3 months
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7. Hrajmai Allenata • ftr +ht Pmalect

where:

I

1

n

«1

*2

■

w

P

■mriiM allowable Investment

current Interest rate on money 
(percent per annia)

depreciation period (years)

nuaber of operating hours per year

current hourly output

projected hourly output to be produced through the 
installation of LCA

fixed hourly machine cost including overhead, 

direct hourly wages

proportion of indirect labout cost (percentage of v) 

variable hourly machine cost at output

The maximal allevatole Investment for tbs project is  ocqpvted 
as fallows based on current interest rate of '14# per ramai 
end a depredation period of 5 TMrs, 310 working deys/yesr.
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Present Sanding Proposed Sanding
Qaeretjons Operettnna

Q - hourly output ——............  - — 23 praals 25 panels

s fixed hourly sechine cost •
including omterd ----------  ®$o.295 US$0.30

w - direct hourly wages ---------- -  ®$0.30 OS$o.2 3

P . proportion o f Indirect labour
cost to direct labour -— ■ 35 ? 35?

V . variable hourly sechine cost —-  œ$o.97 US$0.83

5 x  6 »  510 |/2ç \ Ì  \
■ U / .  't KT“ - 1|1 0.30 + 0.3 Cl ♦ 0.35) + 0.971 + Î3.97 - OJ»)

/ V  /

<^17.034.72

Th» actual net invcstnant is  tb» ftojsct Cost isss tbs rs-s»ls 
value o f tbs stroke Brader which is  t

For Cfetion 4 ( » )  Œ$9, 500.00 «  US$4,800.00 -  CB$3,730.00
" " 4 (b) 05$9,750.00 -  œ$4,800.00 .  Œ$4,950V0O
" " 4 (ft) œ$9,300.00 • Œ$4,800.00 - Œ$4,500.00

Hamas, a ll three CptLona were well within the Halts for 
Hexham Anount o f Jneestseut allowable for the Reject.

8* Msnegaaect1 s Pee4«f̂

An Inquiry fresi the Contrai Bude on current regulations oowerlng 
opening letters o f credit for the Importation of ssnhiasry 
brought out s recently enforced circular requiring s deposit of 
.50? o f the fooe value o f letters o f credit. The value o f sonsÿ 
to the ooapany is shout 80? par mam. Hence, Inspite of tbs 
pppsrant eoononlc advantage o f Cation 4 (ft), m  Illustrated in 
the preceding seetlons, the actual frojeot Cost for Option 4 (ft) 
v ili he increased by the sonsy the Compaq ootijd salsa on His 
snoot deposited for opening the letter o f credit, i f  the new t 
deposited were evaUftULr fo r the eospany1 s disposal far the six*
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■onth period, which would be about ^$475.00. Hence, the eetoel 
iatestnent In Option 4  (» )  would be ®$9,975t00. Thus, eenegwent 
narrowed down the choice between Cations 4 0>) rad 4 (°)< 
difference In Project Cost is US$450.00 in fSror of Cation 4  (o). 
Howewer, tfanegeneat fe lt that this is » sncll noorat i f  weighed 
egsinst the opportunity of his engineering personnel to lean 
how to sutoeete eeehines in the factory. Thus, Mn^gmot decided 
to hpLesst Cation 4 (b).

Figures 34 rad 35 illustrate the H I solution under Cation 4  (b).

s E S i ' " I

Psaweaflc 
Cfreslf Die# n

Z
;z

s

s
Time 9*4 Metlee Mefreei

rstn 5 4

LCi S O U T H » TO SANDING PROBUM AND CCRHI3P0NDIJB 
T M  «  MOT JON DIAGRAM
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F2GHB 35

ED5CTB0KC CnCUR DHGBAM OF 

SFBC3U. FUEL S U N S

C. THE CASE OF THE FTLLIHG LINE CREW

The filling line of the finishing Dcperboent of e peneiL-besed 
furniture fectory ves wanned by 8 men, Including the filler 
g rayer. Current output wee '180 penals per 8-hour with ecoopt- 
ebie fllllsig job« Menegenent inelete that the filling line 
een be aanned by et moot 5 vorkere incltdlng the filler greyer, 
i f  sone method on be developed to qpssd y  the filler pfdding 
pheee of the operations« The Engineering D^orhnent wee 
directed to solve the protten lnwedletOly.

Vote s The filling operations is eraoerised ee fbllowe i
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a. %>ray fille r  mixture on pens! surfaces rad edge«, 
1 min needed ;

b. Allow fille r  to flsslfeoff, no mo needed j 
o. Hesssge or ped fille r  by bend, throe sen ;
d. Wfp« eseees -filler o ff the filled  panel, 2 m  ;

nd
e. liupeet filled  penile end r«peir/toucb-ip 

when neoeuny, 2 non.

2. BrohL—

Oetsrnine the bottleneck in the fillin g  line end fapsulnte 
e solution to erase tbs bottleneck.

3. Technics! Analysis of Hie ftb tle i

The Industrie! Engineering Section conducted e lee end -otlon 
Study of the idne operations end found the following erees 
o f low output 1

a. The fille r  messaging,̂ )adding operation j end
b. The erases fille r  wiping operations.

Ecperlnenis showed that the aost effective pore-filling action 
wee given by the combined podding end sheering notion o f e 
mediunv-hsrd fe lt ped neteriel over tbs wooden surface to be 
filled . The sheering action generated by passing the workers' 
pains in s circular notion across the panel surface was not 
eoougx to push the fille r  pigssnte deeper Into the popes of the 
panel surface. Consequently, the penal surface was loaded with 
excess fille r  which bee me herd to wipe o ff the surface once 
the fille r  started to set. 3» their efforts to clean the penal 
surface properly, the fille r  wipers unintentionally dialodgsd 
sons o f the fille r  particles out of the filled  pores. Thua, 
about lfi$ o f the panada ware sent back to the fille r  qprayer 
to bo done dll over egeln*

jtettsasJntttilft

a. Sport e fille r  rotary padding nechine at a total coat o f
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K>$450.00, installed end operational. %Ls option «as 
aqpeoted to reduce the w ifa g  line ere« to 5 am and 
increase the fillin g  output by 30$.

b. Fabricate a portable, air-operated rotary fille r  padding 
dafvioe at a total cost of U5$40o.OO, installed and 
operational. This option is  sip acted to reduce the 
fin ing Une ore« *leo to 5 an  and increase the 
fillin g  output by 25$.

* •
5. Value

The iaported rotary fille r  padding machine could be put operational 
six months Ikon date o f order, vhlle the locally mads machine 
could be put in operation within 6o days. The difference In cost 
«as only US$30.00. Mpnagcnont could not «a it for 6 months to 
save DB$30.00. Instructions «ere given to the Engineering Depart­
ment to proceed with the design and fabrication of the rotary 
fille r  padding machine.

6. Maxim» Aili«»cMc IwoeBtqapt for the ft-oieot

For record purposes, the Engineering Department vent ahead with 
the calculations for the eoonomle justification of the proposed 
machine. The metxienm allowable investment for the project was 
calculated as follows :

i  ■ 14$ par annum
n ■ 3 years
N ■ 310 days x hours/dey ■ 2,480 bours/ysar

■ 120 panals/day ■ 15 panels/hour
Q2 ■ 150 panals'day • 10.5 panels/hour
m • 0, since no machine is currently being used
v ■ U5$o.30/hour, the average direct hourly

«ages of the fillin g  line ora«
P -  35$

• US$o,'18/hour 
Vg ■ U5$o.26/beur
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,  !  J 1»  * 1)  ( °  *  ° 'x  (1 *  *  o-18)  *  (o-18 *  "• *>

05$  ̂126.88

(to jw t oost o f ФЗДо.ОО is  ssii below tbs 
•ИотЫ » investment fbr ttas Project.

7.

tgsin, fbr rsoord pmposs^ th» pry-brck period vrs 
dstsnrtnsd и  fbllom «

Costs (t lo s r s )  анВВВк PraoomA

Msohlns cost, ss instellsd end
qpsretloiial —---------------  . . .  . t5$ 400.00

Direct Jefcour to s t----- -------- . . .  H5$2,332.00 ®$1*395.00

Power rad «ir  cost ■■■■ ■■ - ■ 840.00 970.00

StppUss rad лраге ports c o s t----- —  220.00

Afednistrstlv» met —------ —-----  i .'166.qq 696.00

Total c o s t-------------------- Ю$4,33в.00 ДБ$3.763.00

Hot ¿«finge t ®$4,338.00 - «5$3,763.00 -  CS$575.00/ 3 yesrs or

^B$l91.67/yssr

Psy-bsck period t ostieo.oo
«3$1*».67 2.3 уытш

^SÍCH flL ■ ° «Ш т

HjnSf SUt  gsvs sors weight to ths sssll mlas of iRfSStmant 
infolfsd end wsiTsd ths ooqpmy policy setting 2 ysers ss 
pspwbrsk ported, fbr this prrtioulrr projsot. It  further 
oonflrssd its in ltis l dsolslon is go sherd with ths frbriostion
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o f t ì »  rotery f i l l e r  puttiflg ■eehlne,

Figo* JS show« thè design o f thè peddlng sechine end thè 
pmoetio Circuit hnolTtd,

rr. f i S U M à S I

Thia piper et tu te li io preaent aituetlona in i  penel-based forniture 
namiftotariig plent vhich oouLd he poasihljr mtowted to edeentege.
It  bea elao sede suggestiona on sose eoceaaorlea vhioh m j prore useftiL 
in thè design of eutosetad avete*. Tino end ^eo» did not pendt thè 
diaeuaainn'-of nero osMplee. Howmr, it  la fe it thet thè three 
Uluatretlre «raplea giren in Seottom IH  o f 'Oda p^tr, together 
sith pointera on eutosrtlon giren during thè enelyaia of sose of thè 
ategea of thè senufaeturing operetlona v ili help thè reedsr reelise 
thet there ere benefita to be gelned fino* Id , prorided thè deoiaion 
to eutosete la besed on fectual enelyaia o f thè problan et hend.

ooooodooooo

t
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