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I. INTRODUCTION

Ever since men lesrmed to lighten his work loed by inventing the
vheal, tho vorld hss ettained industrisl progress ihru verying atages
of machenisstion, and in tho lest fev lecedes, cutomation, However,
the world at present is composed uf nations with economies in dispe-
rate stages of development, such that mechenigetion and automation
sre litile known in some under-developed nations; while scwe deve -
loping nations, in their effort to sttain a desired dagreve of
industrielisetion are already beginning to profit from the benefits
that mechanisation snd sutomation offer. The gsp in the state of
developuent of meohsninstion and sutometion betweon developed and
devaloping countries iz 30 huge that,in meny csses, ib’= gep is
messured in terns of techmological developwent atteined over seversl
hman genersiicns snd thru sisstle finsncial outleys,

This peper is writien es sn effort t~ shere with the peoples of less
developed econumies some sspects of the wood processing experiences
of other developing nations in their effort to industrislise, in spite
of thedir financiel end technologicel handiceps,

Learning from the experiences of highly - developed econcmies, the
Organization for European Economic Cooperstion (now the Organizetion
for Eoonomic Cooperation end Development ~ CECD) sponsored ihe
development of a progrssme by vhich amall and medium - sised industries
could parteke of the benefiis emjoyed by large industries through the
low-cost, standardized, simple end flexible equipment that would be
within their firencial ospabilities to procurs end which would require
s simpler degres of teclmology to instell, “LOW COBT AUTOMATION® (ICA),
as ve knew now, is based on iis requizite degres of "MECHANIZATION® end
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wex initiated in the late 1950's. The Netherlsnds, in ‘1960, led in

the formalisation of s national program for the disseminstion of ICA

a8 part of its programme of industrialisstior, with very encoureging
resulis. The need for concontrsted efforts to propagste the appliocstior
of ICA to wood processing, particularly in the furniture sod joinery
industry, materialised ia the esrly 19N's during ons of the furniture
menufecturing conrses in Lehti, Finlesd, jointly spezrored by WNIDO

and the govermment of FINLAD,

II. CONCEPIS OF ICA APPLICATION

Our ezperience éuring recemt THIDO . sponscred courses on the seleetion
of ssciinary and equipment indicated that mary entreprensurs of deve-~
loping coumtries tend to viev mechsnisstion en? sutcastion in tarms of
the sophisticated machines displayed in feirs oz presemnted in
trochures, Demonsirstion runs of these pisces of equipment provide a
very sdmirable spsctadls to the entreprensurs, who then down - grade
thedr simple snd old mschinss as obsolets, They would not spend or the
old mechines to get more produstion out of it. Quite a mmber of these
entreprenswrs are often swayed to convert thedr simple type of operstions
to some sophisticated, highly-automated operstions, only to find out
later that they do not understand enough of these complex mschinery to
benefit fully from their use, Other entrepremsurs, thoxgh oomvinoced
of the production cspahilities of the zophisticated machuines, sre
discoursged from teking futhsr steps towerd higher produsiivity bessuse
thedr meager fi-:ancial resources prevent fhem from soquiring these
high - prioced machinery,

A aloser look inte the basic conoepts of end potential berefits from

low Cost Auvomstion and Mechsnisation is thus indicated, Recognizing
that sutomation can ecouw enly if some degres of machsnisation alrealy
exists, the term ICA o8 used in this pesper will imolude the fellewing
steges of mechanisstion sed sutometion $ '

o, The use of simple meshines ;
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b, The complementetion of jigs end fixtures
to these basic machines thus obtaining
more products of better quality ; and

¢, The connection of devices to these tocls and
machines to meke them more self - scting es
required by the operstiors, and so on, wntil
the point just befors Full Automation is
scheivod,

This is grsphically illustrated in Figure " below.

\ SIMPLE
\\ MACHINES

use or
WAND TOOLS |\

PURELY \

MANUAL \

OPERATION \
N\

Figure 1. The location of LCA in the progression from pursly menwni to fully sutonwtic operstion

Furthermore, this pepar distinguishes ICA from the medhsnization end
sutomation bullt into machines by machinery wsrmfacturers in the
following mezner ?
e, ILA set-ups sre designed, fatriested snd
installed in the user's factery;
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b, ICA makes use of standard end readily
availebls compcrnent partis ;

o, ICA makes use of exisking besic machines ;

d, Vhensver possitle, ICA aslso makes use of
non-conventionsl parts such ss old vheels,
steel sheets snd bers, coil springs, etc.,
vhich sare often found in the junk snd scrap
piles in fectoriez ; end

o, ICA is detigned to be very flexible, allowing
one set-up to be dis-assembled snd the same
component parts used in snother set-yp vban-
ever the situstion will require and/or permit
doing so.

ICA is described as "IOH.COST® (es distinguished from CHEAP) bessuse
its use takes into socount the financial epd technological espabili-
ties of the user, not necesssrily to scheive PERFECTICH btut to attein
certain desired partial sdvrenteges in memufacturing operetions.

Thus, the conoepts of ICA cells for the mechsnixation of those humen
tesks (in sn industriel plent) vhich heve been determined to be
necesssry snd sdvaptagegyus et the time mechsnizetion is instelled,

The relative nature of the concepts of ICA permits industrisl firms

‘o rsohanise and automste only those features of their operations which
are economically justifieble., The following grephical illustration
gives a genersl idea of the reletive costs to sutomete besed on Full
Automation as 100% cost (see Figure 2),
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Figure 2. Relative cost of partial autometion
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Since svery msimfsoturing estehlishment has fts own set of criteris
for the scoromic justiriocation of proposed additions or changes in
its operations, it is not casy to ley down defini’e ruies for the
sdoptior of automation which will cover all situations of need that
nay arise in me:xufecturing operations, At the moment, it is only
possible to set guidelines whtich will help enireprensurs (or thair
nmagerial and technical personnel) to recognize situations int.wdr
fagtories which cen be isproved by the use of mechsnization and/cr
ICA., The guidelines will further help the ICA proponents to evaluate
properly the feasibility and economic justifistility of the proposed
ICA systems,

MANUFACTURING SITUATICYS NEEDING ICA APPLICATION

The lnwan factor in mermufectur =z cperstions, particulerly those wiich
sre highly repetitive, often leads to problems which give rise to high
rate of product rejects, low and varisble outputs, high rete of material
wasteage, lov rate of machine utilisetion, snd/or high incidence of
industriel eccidents, These undesirstle situatione arise ez ths worker,
skilled though he may be, tend to develop work fatigue, The workers
become cereless or are easily distrected by emotional or environmental
forces, The problem is sgerevated by %he poor working conditions
usually founsl in factories whsre the workers' welfere is given lower
repking in th? order of priorities set by management,

The following examples of end results occur as the labourers' working
attituds deteriorate under the above.mentioned sdverse conditions of
work 3

s. The log Lolts are not squernly cut at the ends,
giving rise to unnecessary matlerial loss ;

b, The log bolt is not properly sentered on the
rotary lathe (veneer peeline¢ mechine)
resulting to lover recovery rates of venser j

¢, Green veneer sheets sre caralessly handled
causing and splite end demage to venser surfeces ;

4. High incidence of drift in veneer thickness
(*thick-and-thin") as the lathe operstor's
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judgment 1is impsired by work fatigue ;

e, ILow recvvery from clipping green veneer of the -
18t and 2nd roundings as the clipper opereators
becomwe tired and tend to cere loss ebout the
Quality and volume of their output;

f. Liefficient use of the roller driers becsuse the
vepear sheets sre not properly fed into the driers ;

g. Faulty clipping of dried venser sheets esulting
in excessive allowsnces, or st times, no ellowenoe
at all, for trimming at the psnel sixing section j

h. Poorly jointed edges of core veneer sheet
for splicing ;

i. WVWeek splioced joints becsuse of faulty glue mixture
or poor jointed edges of the venser sheets ;

j. Poor core venser ley-uyp cesusing core gsps or
core laps in the assemhled plywood psmel ;

end many other errors of oemission or commission which ultimetely
result to incressed production costs,

Application of ICA to the sbove-listed problems cen help btring down
produstion costs, for in general, the use of ICA helps iwyrove the
following aspects of productiom operstions :

a, Product Quality

b, Isbour Hdlisatidm

¢, Material Utilisstion

d. Machine Time Ubilisstion 3 end
e, Industrial Sefety

. M IS ICA
A, ICA SISTRS AND COMPONENZS

ICA systens meke vse of the following devioces in order to schieve
linear snd/or .otary motion in work-performing spplicstions end
foxy control of 1 ase motd ms scoording to & desired soqunce ef

' activities :




Mechanical Ncvices

Pneumatic Components

. Bydraulic Devices

. Electrical Components § and
5. Electronics

&S W s

The 1st four types of devices sre used principelly for work -
perforning motions end their cohtrol, while electronic devices
sre exclusively used for control purposes,

B. MECHANICAL DEVXKS

Mocbsnicsl devices, as used in ICA systems hsve the following
advantages :

a. High degree of reliebility can be attazined ;
b. Excellent synchronisstion is possihle ;
¢. Simple maintensnce needs, which can usually
be done by the factory mrnintsnence crew,
However, mechenicel devices have these disadventages @

a., High degree of engineering skill is recuired
in the design of the "custom-buiit” perts ;

b, Ilow degree of flexibility, becsuse the progrewm
is fizxed and difficult to changl ;

c. Jince parts ere "cuztom-built®, replescement
of worn-out perts will be very costly

d, Not econcmical for interconnecting devicea
which sro loceted some distence spert ;

o, It is difficult to build into e mechenical
system esny festurd to check if the steps in a
progrsm 1is properly dune (as whun a cutiing
tool becomes dull or breeks).,

Mechanical csms {see Figure 3) ere often used ir ICA for purposes
of "Control Timing",
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Another mechanical device frequently used in ICA system= is the
“3orew - snd - mut" device which trensletes rotary to linesr
motion. (wve Figure 4)

/
.

ELECTRIC MOTOR

ROTATING SCREW NON-ROTATING NUT

Figwre 4 Conwersion of ratary to linear movement

C. PNETMATIC COMPONENTS

Typical of pnemmatic components i~ ICA systems is the pneumatic
Cylinder vhich makes possihle "back - end -~ forth® motion, (see
Figure 5). Since the pieumetic cylinder 18 powered by air, which
is compressible, low piuton speeds sre difficult to contral,
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FIGURE 5

PNEWMATIC CYLINDER
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This situstion erises at piston speeds below 75 mm/min, (3 in./
min.) vhere the piston moves unevenly dus to the pulsating effect
of air which is being compressed, However, a more even piston
movement can be achieved at speeds es low e8 40 mm/min. (1.6 mm/
min,) by conneoting & hydraulic dsmping unit to the pnemmstic
eylinder, as shown in Figere 6.

.
HYDRAULIC ———] ]
DAMPING [~
CYLINDER

AIR CYLINDER

4 !

AIR AIR

Figwra % Doubis-acting aw cylinder with paralis| hydraulic dampirg cylinder

The control of the piston movement (forwerd end beckward) is
schieved thru the use of snother besic component of pnemmatic
systems, the directionsl oontrol valve. Ihe velve illustrated
in Figure 7 has either two or three distinct positions, The
valve positions are sttained by mamual, mechsnical, electrical
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or pnewmatic sctustion whichever i8 most suitsble for s given
sitovation.

Figurel Three-way valve

The pnemmatic cylinder end the directional control valve are
besic pneunstic systems componeats for linesr motdon. EHotsry
motion in pneumstic systems is achieved by the use of eir

motors which may be of the vane or piston type. Eoiery motion

in vene-type sir-motors is stteined by blowing #ir under pressure
on the vanes mounted on a common skaft, thus producing s turbine
effact to move the shaft in e rotery mamer. This fature is
ususlly found in sir-opersted hend tools such as pnewmstic drills,
wrenches, screw-drivers, grinders, etc,
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Pnemmatic sutometion systums hsve the following sdventeges :

a. High.degree of flexibility ;
b, Cepable of good reguletion of foros or power ;

¢, Requires simple piping system, for there is
no need for s return line g

d, Power source is relatively sefe for the

system normslly requires eir at only 7
to 10 ata. pressure ;

e, Compressed sir devices normally cen be
stalled without demaging them ; and

f, Since the power medium is air, inter -
cornection of distent devices in a
faotory is easily acheived through sn
sdequete piping system,

Hovewer, purely pnemstic ICA system heve ths following
disadventages :

¢, The compressibility of :ir becomes s dis -
edventege where the work .uosd is veriable
end the speed is desired to be feirly constent ;

b, Compared to hydrsulic or electric sources of
energy, compressed- air is reletively more
expensive per unit energy delivery.

Because of its numerous edventages, pneumatic devices are found
to be more fevorasble snd ere commonly used in ICA systems,

D. HEIDRAU DEVICES

Compressed-air is ths medium of power trenamission in pnemmstic
systems ; QIL i3 the energy source for hydrsulic devices., Oil is
practically incompressible, which mekes possible sccurate control
of piston movement in hydreulic cylinders even st lov speeds. Tb,
incompreszible cherscteristic of oil #1so ensbles trsnsmission «f
high forcee over smsll ereas so thet hydreulic cylinders sre com-
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parstively ssaller then ppemstic cylinders of the seme power

rating.

From the viewpoint of eccnomy, e hydrsulic system is more
«xpensive then & pnemestic system becsuse of the following
reasons 3

Hydreulic devices require special individual
pumps to supply oil at the required quantity
snd pressure ; vhereas a single sir-compressor
can provide sir to seversl pnewmstic devices ;

Hydrsulic devices cpersts at grester pressuros
then pneumstic comyonents, henoe hydraulic systems
require precise end tight fitting of pipings smd
couplings. Thess cost more then sir-pipihgs end
pneumatic devices.

In gevarsl, hydrsulic devices in ICA systeas have the following
edventages 3

b,

¢,

They sre compact, yet they cen deliver lerge
fcrees ¢

Trensmission of energy over long distences is
possible thru the proper inatellstion of piping
netyorks ;

It is self-lubricating, oil bedng the medium
of power transmission j

A high degree of flexibdlity is rlso possilble ;
Shock loeds cen be ebsorbed without loss of
longevity ;

Over-loed prevention devices can essily be
incorporeted into s hydrselic systea ;

Adequste veristle speed control is possitle ;

High precision csn be schieved in controlling
speed erd positioning of loeds ;
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i. As in pnewsstic systeas, hydraulic systems csn
be essily linked to electrical snd elecigonic
ocontral systens g

j. Its opersting cost is lower then that in
pneunstic system.

On the other hand, hydraulic devices in sn ICA system heve the
following dissdvantsges ¢

e. More expensive to set yp than a prewmatic
system § snd

b, Meaintensace end inatellation is moxe
complicstsd then in pneumatic systems.

E. EIECTRICAL DEVICES

Electricsl devices become the chespest choice in situstions
vhere the energy required by work - performing devioces has to
be transmitted over considershle distmnces, The most femilier

vork-parforming electricsl device is the electric motor, which
csn be conveniently loceted wherever mein power lines exist.
Only rotery motion can be directly obteined from an electric
potor. Thus, some device, such a8 the sorew-end-nut mechenism
ilustrated in Figure 4, hes to be used to obtein linear motion
from & system povered by en electric motor, For short lineer
movements, & magnetic coll that moves a sliding iron member as
shown in Figure 8, osn be used, There sre sewversl types of
electric motors designed with distinct opersting cherscteristios
to fit particular work requiremsnts such #3 : high starting
torque, consésnt speed highly veristle speeds, eto, Electrie
motors, hovever, cen not be #talled for s prolonged period
without demsging the motor itoelf,
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Figwe § Magnetic coil for short linsar movcments

Current is usually delivered to electiricel devices thru the use
of electro - mechanicel devicis oelled reisys, where alectrinal
contacts sre ciosed, or opened, tccording to a pre-designed menner
by energising or de-sctivetion,respectively, of an eleciromagnet,
Special purpose devices such as time releys, pulse 1elays end
step ralsys belong to thds type of switch devioces,

Furthermore, electrical components such es resistors snd ospe~
citors can be used to do the ssme functions es pnemetic restric-
tors and reservoirs, respectively, in pneumetic systems.

ICA systems make more use of electriocesl devioes fwr timing control
snd less ea vork-performing uaitc.




F. EISCTRONIC DEVICES

The use uf electromic devices in ICA systems is limited mainly to
contralling the work-performing cocponents of ths system, which
may be preumatic, hydrsuiic or elestric wmits, Recent developments
in trmmsistor technology makes it possible to build campect control
devices, Transistorized moduler dewioes with specific functiuns
cen also be built with the combination of trensistors and other
electronic components,

G. ICA IANGWAGE

Like other technologicsl systems, ICA makes use of its own language
in order to be readily understood, ICA component wmits end devices
are represented by symbols, s few representetive ssmples of which {

sce shown in Figuru 9. J
@ 4 R & M
RETURN SPRING I l’] | I

WO POS ITIOH, .
STINGIE ACTING CYLINDER TWO PORT VALVE Tolgg%é)g@%zoﬁ&mm
=214 ]

SPRING RETURWED

| o i
SYMBOL. SPRING

CTAM ROLLER
DOUELE ACTING CYLINDER

|

il

MANUAL ACTUATORS

RS | PUSH-BUTTON LEVER FooT

DOUBLE ACTING
CYLIDNDER ;
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REPRESENTATIVE SAMPIES OF SYMBOLS
FOR ICA DEVICES AND COMPOMENTS




The use of these symbols is illustrated in the schcastic diagrm
of a cylinder controlled by an electiriocslly opersted pnematic
volve, Figure 10, The interconnections of these units sre illust.
reted in Cimcuit Disgrems such es thst shown in Figure ‘11, vhile
the corresponding sequence snd duration of esch motion is leid -
out in Time-Motion Disgrems, an exsmple of which is shown in the
lower portion of Figure 10.
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PNEWMATIC CIRCUIT OF CYLINDER WITH TWO
SUCBESSIVE STROKES OF DIFFERENT IENGTHS
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The reeder is referred to more exheustive and comprehensive pspers
written on ICA for s deeper understanding of the iechnicel espects
(nomenclature, design procedures, choice of ICA compunents, etc.)
on the subject (see Bitliogrephy).

V. AMALYSIS AND DECISION =MAKING ON THE ADCPTION OF ICA SYSTEMS

Adgption of ICA systems in memufacturing operstions requires intensive
and reslistic studies involving the following considerstions @

1.

4o

5.

Exact definition of the problem to be solved
and its attendent negetive effects to the
nanufac buring operstions as regsards to volume
of production, produst quelity, other elements
of production costs end industrial sefety ;

Explorstion of ell options open to menagement
to =zolve the problem g

Confirmation thru velue snelysi; (or such
other similar techniques) that ICA offers the
best solution among the options evaluated ;

Review end finaliszetion of the design of the
ICA system to be used, end final costing of
the Projeot ;

Mansgeriel decision to adopt and install
the recommended ICA systew ;

The remponsitdlity for the proper sppreciation of these considergtions
rest on both mansgerial end technical (engineer's) personnal.

A, THE TECHNIDAL VIEWPOINT

Knowing the exsot nsture of the problem to be solved, the
techniczl department of a manufacturing plant must first ascertain
the definite need for sutometion by exsmining sll possible options
to solve the problem, indlunding thoss solutions which do met
involve sutomation (such es process simplificeiion, change in
product design, etc.)
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Once the need for sutomation is confirmed then the emginser
chooses the ICA systee vhich offers the best advantage to the
operetions (pneumatic, hydrsulic, electrical, electronic, or eny
comtdnation of these devices), considering the aveilability and
cost of the required components and the cepabilities of his steff
to install end maintein the systeam,

The ICA design is then finslized, its cort determined, and the
potentisl sdventages for the use of the dusign are listed and
valuated,

The project propossl is then submitted for spproval or dis-
spproval by mensgement,

B. THE MAMAGERTAL VIEWPOINT

Oftentimes, « change in manufscturing process affectis aspects of

the entire menufacturing operstions which ere beyond the juris -
diction of the firm's technicel department. Managers expected to make a
decision on the recommended sdoption of an ICA system should thus
consider the following factors ¢

Eoonomic Ampects ;

Technicsl Rre-requisites ;
Personnel Requirements ; ond
Capabilities of Menegement

1. Economic Aspects

The universally sccepted principle in industrial ventures that
the benefits to be derived from snmy change in production process
should outweigh the cost to be incurred for such s chenge, #).80
spplies to ICA systems,

Of course, there sre ihstsnces vhere some of the benefiis are
not resdily quantifistle, e.g,, quality improvement and streng-
thening of industrisl sefety, Nevertheless, whatever is the
prinery resson for adoption of sutomstion, knowing the relstive
costs of the project propossls will still guide management to
arriving at s wise decision,
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Assming that the recision to automate will be based purely
on the econowic visbility of the project, the guiding rule for
determining the maximm investment on & proposed project is

es follows :

Maximum Allovsble Anvestment = The net change in total
production costa from the
current to the projected
volume le/els, adjusted for
the cost >f money factor,
during the estimated life period
of the proposed ICA instellstion.

This relationship is expressed in more detail msthematically
by the following formula :

. N 1% .
%nax {:-1+5%6(n+'1)‘l1_a;'1><m+w(1 +,-1-§3)+V1> o(V1 - 1J2)

L

Liex = meximm alloveble investment

i = current interest rete on money
(percent per enmm.)

n = depreciation period (yesrs}

N = nuber of operating howrs per yeer

Q4 = cwrrent howrly output

Q = projected hourly output to be
produced thru the installation

of ICA

a = fixed hourly mechine cost including
overhead

v = direct hourly weges

P = proportion of indirect labour

sost (percentege of w)

V4 =  verishle hourly machine cost st
output Q4




¥y = variable hourly meshim cost at
output Qo

2. Techmical Fre-requizites

The benefits expected from the instsllstion of sn eutometed
tystem may not be fully realised if the machine ocerstors and
meintenance orevw are not yet resdy for such venture into
sutomated process, Thus, the Mansger who is expected to meke
the final decision whether to sutomate or not should be aware
of the following comperative cheages in the qualitetive and
quantitative requirements for :iaochnical personnel when he
decides to go into sutomation @

Mumber of Skill
Function Employees Required
Direct Production Fevwer Iower
Maintenance More Higlar
Transport Fever H sher
nginsering More Hi gher
3. Capapalities of Mupagement

The introduction of automstion in a factory incrseses producti-
vity, which brings with it grester demends for rew mstetiels,
more complicated scheduling, more precise technical requirements,
and such other requirements needed to sustain the level of
productivity,

In general, sutomation mskes more complicated the inter -
reletionships emong the elements of produsiion (men, materislc,
machinery, time and money). If mensgement is not fully pre-
pared to handle the inoresssd demsnds on its msnageriasl cspe-
tilities it will be preferrshle to delay going into eny higher
degree of sutomation, It is recomwended that a company stert
vith the simplest typs of sutometion snd gresduslly edvence to
more complex typet as its mansgement cepabilities improve.
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Ce ANALYT ICA GACH TO

The Case of the Sottom Sander

Situation @

4 plywood factory producing 3.6 me x 4 ft. x 8ft,
plywood panels sccepted sn order for 90,000 penels of 3.3 mm
x 4 ft. x 8 ft. pepsls, 3-ply, both fece end bottom surfsces
sended, to fill in their production cespacity during the slack
sasson for pre- finished penels, The existing sending line
consisted of 8 bottom scraper end a double wide-belt top sender.
The plan wes to use the wide-lLatt sander to ssnd both top axd
bottom surfeces. This wes to be done by sending ths bottom
first, tring the penels back to the ssnder and send the top
surface, In this memner, it ves expected to producs 9,000
penels per dsy of 3 vork-shifts end complete the order for
90,000 penels in 10 working days,

Prohlem

Production for the first day wes 8,000 penels, On the
second day only 7,000 penels werv. produced, Indications we.e
that the output would still decresse in the following days as
the frequency of chenging the ssnding belts was 30% sbove
normal, snd still increesing the inocidence of machine “‘dowm =
time",

An Pr

The sending belts were clogging-wp too fast because the
oscilleting device of thes sending machine was not functioning
properly, end should be immediately repleced by & more sensitive
unit, possibly one using a photo-cell.

Analysis from the Engineering Departmepnt

The pneumstic oscilleting devioe on the wide-belt sander
Vas functioning properly. The dust exhsustion system wes elso
Wworking adequetely. The wide-belt sending meachine wes workirg
properly, in genersl, and should be able to Band at least 8
penels per mimute, The protlem 1is not in the machine!




A task force composed of reprssentstives from the
Production, Equipment Maintensnce, Quality Control end
Industrial Engineering Depertments wes immediately set wp
with instructions to find a solution to the problem within

2/, hours, or 6188 « - = = -~ - - .

T‘ak Force's Findings

Tests conducted on the meteriels the® clogged the
sending belts shoved e mixture of sending dust and dried
glue, Incidence of srnding belt clogging was high when
sanding bottom surfeces, However, clogging was slmost NIL
when ssnding penel top surfaces only. Sinze the bottom
veneer wes peeled off e wood Specie more porous then that of
the top veneer, glue "bleed - thru" wes more prevejent on the
bottom surfsces thesn on the tép surfeces of the pemels. This
situstion was the ceuse of excessive clogging of the ssnding
belts,

Solution Adopted end Resultis

The viscosity of the glue mix was adjusted by cutting
dovn on the wster content but without impeiring the spreading
and adhesive properties of the glus mix, Incidence of adhesive
"bleed - thru" beceme minimel end production went wp to
14,000 paneis per working dey (10 penels per minute). The
order for 3.3 rm penals ves completed in time!

lesson From the Problem

People sre oftentimes 30 highly impressed by the production
ospacity potentisls of rdvenced sutometion 3o that they forget
to look deeper into the ceuse(s)of their production problems,
explore other availstle options; snd récommend, without hesi-
tation, the use of highly eutomated devices,

2, Tue Cose of the Foller Driar Feeder Device

Situstion @
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p A plywood plent vas plaming to increese its output of
3.6 mm x 4' x 8' plywood psnels from 15,000 panels/dsy
(160 cu. m./dsy) to 20,000 penels/day (214 cu, m,/day).

Agong the problems to be solved wes the required incresse

in the cspecity of its venzer drying fecilities, composed of
3 batteries of roller track drior, to meet the presemt
projected increese end sllow emother 10% to 20% sveilstle
capscity for further future expension. Msnegement hes sgreed
to purchsse 2 3-deck continous drier to dry top and bottom
veneer sheets, together with the corresponding veneer reeling
system provided that the output of the roller driers for core
and bottom veneer components (clipped from 2nd snd 3rd round-
ings) is increesed to metch the drying cepecity of the conti-
nous drier. Engineering studies indicrted thet the outputs
of the roller type driers cen be improved by installing ede-
quate veneer feeding devices to the driers, At present, only
one battery of roller-drier, double deck, is equipped with an
sdequete mechmical veneer feeding device. The other two
batteries of driers ere manually fed, Inquiries from mechine
suppliers revealed the fect that such venee- feeding devices
sve not being produced amymore, Instesd, s more sophisticated
prematic type of veneer feeding device was offered by one of

the sypliers,
Availsble Opti, :

1) Buy and instsll the more sophisticeted
pneumatic type of veneer feeding device,
erd sttain a drier cepscity '150% of the
projected totel future requirements,
st 8 total cost of $15,700,00,

- 2) Febricete end install s mechmicel type

of venser feeding device, similer to the
existing veneer feeder on ths twin deck
roller-drfer, and sttsin 95% of the current
proposed incrssse in cepecity, end 85% of
the total programred future ospecity.
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This option mey be sccomplished by :

¢, Febricating the wveneer feeder in
the plant's own engineering shop
end installetion work being done
by compeny mechamics snd electriciens,
st o totsl cost of $8,900,00.

b, Contrecting the services of a
locel mechine end foundry shop
to fabricate snd install the device
at s totel cost of $10,000.00.

3) Design and febtricete sn improvement on the
existing veneer feeding device by installing
e simple ICA system, using electro-pneymetic
gadgets in the mechenicel feeder, thus
attaining a 125% output over present feeding
cepacity. This option wes estimeated to cost
$11, 500.00.

Mapsgement!s Viewpoint

From & purely economic point of view, it eppesred that
Gption 2-a, supported by the plent's Engineering Department's
sssurance thet their shop can do the fabricetion end installe-
tion work setisfactorily, would be the most sdvehtageous smong
the options explored, However, Mansgement entertained serious
doubts over the Engineering Departmeni's cleim that the esti-
mated 5% deficit for the current proposed cepecity incresse
ond the 15% deficit for the progremmed totel future cepscity
oan be overcome by :

o. Opereting the drier- for 20 work
shifts/veek (compered to the present
18 wark shifts/week) ; or

b, Reviaing the tempersture sones of
each drier basttery to allow a 10%
to 15% speed-up of the roliers.




v
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Manegement then examined the option to purchase the sophis-
ticsted pneumstic veneer feeding device, Although highly
progressive in thinking, Management found out that the tech-
nological level of its Engineering Department was not yet
developed up to 8 point where sdequate operation and main-
tenance of compliceted electronic-pneumetic devioces could
be assured,

The gption to febricate sn improved version of the existing
veneer feeder wes found to be more attrective for the
following reasons :

*. The proposed improvement assures cspacities
which will meet the projected immediate
end peer future increeses in veneer drying
capecities ; end

b. The sdeption of ICA to the design (see Figure
12) of the improved veneer feeder wovld provide
wple, yet reletively inexpensive, epportunity
for the plant's eggineering snd production
personnel to develop their knowledge of simple
automation. Management viewed this
opportunity es an importent step towerds
moderniging their plywood plant, considering
that more recent developments in plywood
machinery designs involve more snd more of
the sutomation festures thet are required
in high volume plywood production.

Manngement's Decisiop

A check with local suyppliers of ICA components showed
that they are sufficiently knowledgeshle of the cepabilities
of their products snd they have a competert technicel staff
to guide their customers in the design end fesbtricetion of
devices using their ICA systems components,

Mans gement spproved Option No, 3 for immediste imple-
mentation!
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APPLICATION OF ICA TO PLYWOOD MANUFACTURING

The plywood merket hes tripled in size during the lest two decedes,

with incressed scceptence of lemineted psmels in housing »nd construc-
tion sctivities, This incresse in market was matched by & corres-
ponding increase in the sisze of plywood menufecturing plants, It is

nw e common thing to heer sbout plywood plants producing 50,000 panels/
dsy (178 cu.m./8-hrs,), In fact, some plywood plents in South Kores
end Japan ere reted st the estounding cepacities of 100,000 penels/day
(356 cu.m./8-hrs,) end higher,

The gisnt stride in plywood memufescturing technology wes mede possible
by the use of sutometion built into the mechines snd extensive mecha-
nisation of materirl trensport equipment by their msnufecturers, Thus,
opportunities for the spplicetion of ICA in such big plyvood plsats,
under the guidelines emmereted in Sections II and V of this paper,
ere very limited,

This psper, therefore, is concerned more with the opportunities of ICA
epplicetion in plywood plents with cepacities of 25,000 penels per
2/~hours (spproximetely 90 cu,m,/8-hrs,) or less. These =mall plents
ususlly have basic and simple veneer proluction, drying, glue spreeding,
hot presses, trim ssws and ss.ding mschines, snd sre reistively more
lebour intensive then the gisnt plywood plents, Thus, these small
factories provide smple opportunities for the instellstion of ICA
systems to improve product quality, reduce meteriel westsge, increass
product output and improve industrial sefety conditions,

A, FLOW ESS AND OPPORTUN FOR ICA LICAT ION

An exsminstion of the flow procuss in mmall plywood factories
(90 cu.m,/8-trs, or lower cepscity) (see Figure 13) and the enalysis
of sotivities end prectices observed in esch phsse of the production
operstions for possitle sdditionel mechsnisstion end ICA epplication
reveal the following :
(Note : The operstions decoribed in the following peragrephs
is & composite picture of the most common prectices
in s mmber of smell plyvwood fectories visited by
the writer in the Philippines and slbiroced.)
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It is & common presctice to dump the logs off & truck or trailer
by running the resr wheels or one side of the hauler over a wedge
ramp to tip the logs over the other side of the truck chasis,
In the cese where the logs fall to the water in a log pond,
damage occurs to the logs as they fall one on top of the other,
Worse dsmage is possitly suffered by logs drcpped onto the hard
ground of & log y»rd vhere there is no veber to sbsorb part of
the shock stresses ss the logs fr11 on top of one another,
Internrel stresses sustained by the log pieces during dragging
and/or yrrding operstions in the forest sre thus consicdersily
magnified. These demrges become evident in tilw pesled veneer
sheets as splits, crecks, stress merks etc,

A simple type of A-Freme hoist, operated by the drum-mechanisa
of a discarded douhle-drum yerder (from the logging operations)
end powered by » second-hsnc: diesel-engine (see Figure 14)
offered a solution vwhich cost less then helf the cost of a
40-ton crene,
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2, Log Deberking

In countries where labour is still very chesp, it is slmost
impossible to justify the use of a log deberking mechine.
Current prectice in the southern Philippines is to farm out
this job on contract besis at less then 55%0,10 per cubic
meter, This wes s1lso found to be the practice in plywoci
plants in other developing countries where labour is chesp,

2. log Bucking

Mpterial loss in this operstion due to UNSQUARE-end cuts st
both ends of the log bolt is oftentimes unnoticed, A drift
of "1 inch (25.4 mm.) when bucking esch end of 8 piece of log
results to s materiel loss of 0.01 cu.m, for every log bolt
cut from a log piece with at lesst €0 cm., diemeter, This meesns
& daily log loss of spproximetely 10 cu.m, besed on 978 pieces
of 4 ft, and 8 ft, log bolts, the required imput to produce

90 cu.m. of plyvwood every 8 hours, At current price of export
grede logs ($130,00/cu.m.) this meens en estimeted annusl
meterial loss of $403,000.00. This Joss does not even include
the losses due to lower veneer recovery from log bolts with
UNSQUARE ENDS,

The megnitude of potential meteriel ssvings in log bucking cen
essily justify some degree of mecheniretion and sutomstion in
this operation,

4. log Stesping

This operation may not be necesssry when the plywood plant has
8 log pond fcr log storege. Hawever, in plents, where logs
ere stecked in log yerds, steeming mey become necessesry,
pearticularly if the logs becomo too dry for peeling purposes
becsuse of long storege periods,

Normelly, plents which steem the logs, heve edequate log hand-
ling fecilities (hoists on momo-rail tracks, or the like) end
tempereturs controcl system installed even et the stert of
plant operstisns, Nothing much cen be contributed by the
installstion of ICA in this operation,
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5. Peeld i

X well centered exis of rotstior on both ends of a

log bolt lerds to high veneer recovery rates in peeling
operstions, Optical centering is usuelly done in small
plyvood plants, while log bolt charging on the peeling
lethe is fecilitated by the uSe of en overhead traveling
hoist with gripping hooks, which trensports the log bolt
to the peeling mechine snd holds the log in plsce until
the lathe spindles (chucks) are loceted on the centers
chosen at both ends of the log bolt, This is normally
doue by two men, who #180 clesn the log's leteral surface
of foreign meterials such as stones, ssnd particles,
pieces of metels, etc,

In developing couhtries, cost of labour is generally low.
Hence, it is usually impossible to reech sn economic
justification for the ecquisition of the more modern
combined log centering end lsthe cherging mechine, In the
case of those fectories where the high volume of work eand
cost of 1abour may justify the use of sn sutometic log
centering sand lethe cherging mechine, it is wise to be
reminded that such en ercquisition requires more efficient
end immediste equipment meintenence sctivities, for then
the lathe will be 1sid jdie whenever the log centering and
leathe cherging meschine bresks down.

Nevertheless, even » non-circuler log end csn be well
centered with the use of a little mechanigstion and simple
ICA device, #s shown in Figure 15,

b, lLog Peeling

Conventionsl lsthes ususlly require two men to operste,
One man operstes the lethe itself, while the other men
operstes the veneer irsnsport systems linked to the lathe,
Modern peeling systems incorporate the controls for log
centering, 1athe charging and msterisl trensport devices
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Q with the controls for operating the lathe itself, thus
requiring only one operator, vhere four men were formerly
required, Veneer peeling is s precision operstion,
Correspondingly, the controls which sllow sush precision
in the veneer lethe operstion should not be tempered with,
In the event thet more edvenced sutomstion is desired to
be added to the conventional lathe, it is best that the
lathe memifecturers be consulted on the metter,

Nevertheless, knowledge of the basic principles of ICA
will greetly help in the more efficient maintensmce of
the lathe's sutomstic control systems, as these controls
ere designed under the seme principles of pneumatios,
hydraulios end electrics used in ICA.

s
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6. Green Vepser Handling Facilities

. Contimuous Vepger Sheets

Pealed contimwus venser is best hendled by & reeling
system vhereby the oontirmous venser sheet is wound on a
venser reel (or bodbin), The speed of resling is usually
matched to the periphersl aspeed of the logs being peeled,
in order to prevent treeking of the continuous sheet of
peelod veneer, A plywood plent with edequete mschining
end metel fetrication ecuinment can fabricete & venser
reeling system similer to that shown in Figures 16 &'17,
vhish involves limited mechenisetion snd sutomation.

Venesr Roypd-Tg

A good portion of the corestock requirements of a small
plyvood plant is normally obtained from the 1st exnd 2nd
round-ups prodused in peeling operstions, This is aug-
mented by the materiel peeled from log areas sbout 1 inch
avey from the periphery of the log core, These ocorestock
materials come in mumerous trepesoidal end parallelogrmmic
pieces with videly varying widths, Thus, handling end
storage of tho meterial can become & problem vhich may ad-
versely effect plywood production output.

The round-ups snd last peelings from a log piece have to be
clipped to obtain roughly rectangulsr pieces in order to
allov efficient drying end facilitate splicing later on in
the msnufsoturing operstions, The clipping rste should
utcix the peealing rete to prevent s pile-up of green venser
befors the clipper ond venser stoi'sge fixture vill be
required, Othervise, green wenser storsge before the
olipper machine will be necesssry.

Sinoe the efficiency end speed of clipping is primerily
dependent on the olipper operator's judgment, it is
imperstive thet the alipper be provided with devices which
allovs mexisum clipping spesd, and at the seme time protect-

ing the alipper operator from eccidentally outting his
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Venee1 reeling system,

Figure 16:
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Figure 17:
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Reeled bobbins storage
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fingers or hand during the clipping operation,

Veneer clipper knives sre normelly ectueted by compressed
eir with cutting cycles es short as 1/20 second, This
fast clipping rate requires more responsive sefety festures
on the mashine, particularly clippers where the veneer is
fed menually, The current ultimete improvement of the
mechine is by feeding it thru a veneer conveyor system and
hooking-up &n "PPTIMIZER" which seans the veneer surface
for umpasssble defects end signels the clipper knives wheh
to cut off these defects, In this menner, there is no
contact possible between the operator's heands end the
clipper kmife,

A simple sefety device for e menuslly-fed, foot opersted,
compressed-sir powered veneer clipper is shown in Figure 18,
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Formally, smell plywood plants uses veneer pallets, flat
trucks or dollies mounted on swivel wheels io store clipped
groen veneer, To cope with the lsrger outputs of conveyor-
fed veneer clipping, s "ZIG~ZAG" veneer storege conveyor
system (Figure 19) may be installed, In factories where »
lerge percentage of the log input is of less thsn 50 ca.
diemeter, the "DECK" system of storing veneer pieces is
recommended, Both the "ZIG-ZAG" apd "DECK®" systems save
on fectory floor space,

Figure 19: 'Zig-zag' veneer storage conveyor
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b 7. Yepsar Drying

Contimmous venser sheets sre dried in contimmous (endless)
vensear driers vhich are equipped wvith sutometic feeding systems
hooked-up (end synchronized) with the veneer reeling system.
Henos, except for possitls improvement of the tempersture end
eir draft control devices, comtimmous driers offer very

linited opportmmity for further spplication of ICA. Even if such
improvement is thought of to be necessery end possible, the
drier munufacturers shnuld be oonsulted on the proposed improve-
ment o3 this mey affect the other charscteristics originally
designed into the drier,

Roller treck driers sre usually menually fed, ss in the case
vhere full sheets (4' x 8') ere fed into the drier. The need
for s feeding device arises vhen "off-sise" veneer pieces

(i.e. pieces ciipped from roundings, nerrower or shorter them e
full sheet) are to be dried on roller treck driers, Faulty
positioning snd highly verishle rete of feeding the venser
pieces lead to inefficient loading of the roller treck drier,
To sttain the idee)l utilisstion of the drying sres on roller
track driers, the venser pieces should be leid end-to-end end
odge~to-edge ocowpying the full width of the drier opening thus
lesving no woid in the sveilahle drying surfece of the rollear
tracks, A drier feeding devioe es shown in Figure 12 will halp
sttain mexizmum use of the drying spece in & roller drier when
drying "off-sise" venser sheets,

8. Dry Vegeer Secticy
s, Contimoys Vepcer Line

The output of the continuous venser drier is normelly
clipped to the desired vidth (or length) on en sutomatic
clipper, ectiveted by ¢ limit switch loceted at a pre-
determined distence from the clipper knmife, A switehing
devioe is slso connected to the clipper oontrois to allow
memally controlled clipping. Veneer sections with un-
acoeptable defects ere clipped off by ectivating the clipper
samuelly, The clipped full sheets rre then trsnsported by
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belt conveyors to & grading-and-sorting deck, where sheets
good for plyvood tops (feces) ere segregrted from those
which are good only for plywood bottoms (becks). Top
(fece) veneer sheets sre further segregsted according to
color, s the csse msy be, end piled on palleis or dollies,
Bottom (beck) veneer sheets with minor defects ere piled
seperetaly from the good sheets, end sre sent to the venser
repedr section. The good sheets are sent to the Plywood
Agsembling Section,

Again, proper meintenance of the sutometic clipping device
requires knovledge of the besic principles of sutomation,
particulsrly pnewmetics,

C £ V 8

Smell plyvwood plents are ususlly equipped with segprate
machines for jointing end splicing venser, A "GUILIOTINE®,
povered by a hydreulic cylinder, is commonly used for
jointing s¢versl pieces of veneer (piled ome on top of
snother) st a time, Splicing glue is brushed menuelly om
ones jointed edge, while the venser pile is still compsctly
pressed by the jointer clesping device., A problem usually
encountered in this procedurs is that of meintaining the
squereness of one jointed face of the venser pile, vhile
setting the jointer to ocut the other edge, Feulty jointing
produces venser sheets with parallelogrma or trepssoidal
shepes snd resulis in sneky-edged sheets when splioced,
These sheets further slow down ley-wp ectivities es it
becomes more difffoult to align the veneer sheots having

irregulesr edges,

A mmber of types of venwer splicing mechines sre svailshle,
One model hes @ rotating hested calender which presses on
and o ~08 the glusd joints of veneer pieces fed into the
calendar by s feed conveyor, The output is s contimmous
sheet which i3 clipped by s clipper installed in tendem to
the splicer., This clipper is sutomatically operated in a
manner similsr to the clipper locuted sfter the continmous
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(endless) drier, discussed in Section 8-a sbove. There are
splicer models whioh lay s length of glue atring in a
*ZI~ZAG" meliner scross the joint. Other silicers spply e
thermosplestic type of edhesive in regulerly spaced pre-
determined spots over the joint, A more sdvenced model,
known as the Autometic Venser Compaser (AVEC) combines the
jointing, splicing, gjuing (or teping) end clipping opers-
tions, producing full sheets of pre-determined wvidths snd
lengths,

The installed besic jointer, splicer and clipper of s small
plyvood plant would probsbly be from different msnufscturers
end have different infeed end outfeed cherscteristics, Any
plen to eutomste this section will therefore have to synch-
ronize the output speed of the jointer to the infeed smpeed
of the splioer; »nd the output speed of the splicer to the
infeed speed of the clipper. In plants where the
*GUILIOTINE® (knife type of jointer) is used, sutometed hook-
up of the jointer to the splicer is herdly possible, Aute-
metion of the two operstions is more fessible vhen 8 cutter-
block type of jointer is svailable. In fect there sre
sutomatic jointing-splicing mechines evsilable in the equip-
mont market where the jointing operetions is done by &
cutter tlock., Thus, once » way 18 found to hook-wp the
jointer to the splicer, further sutomation cen be attsined
by connecting the splicer to the clipper in the menner
desoribed in the preceding psragreph.

V. S As

The material imput of this section is sypplied from various
ssctions of the plyvwood plant, namely : Top and Eotiom vensers
from the grsding and sorting deck after the contimwous dryer
clipper, bottom veneers end corestock sheets from the venser

repair snd patching section; snd bottom veneer and corestock
sheets coming from the veneer splicing line, Plywood components
are usually piled on pellets, esch pallet contsining only ome
type of component (top venesr sheet only, or corestock only or,
bottom weneer sheets on'l.y).




~42 -
In conventional 3-ply construction, only the corestock is
pessed thru & double-roll glue apresdsr. The carestock, glued
on both surfeces, is then 1leid by hend over a sheet of bottom
venser, Then, & sheet of top veneer is laid, #130 By hend, on
top of the oorestock venser, To hasten veneer lsy-uwp opers-
ticas, » composits pile of top, botiom, top, bottom, etc,,
sheets is made wp from s pellet of top sheeis and & pallet of
botiom sheets, Thus, efier the 1st corestock sheet is glued
end laid.yp on the “ist bottom sheet, & peir of %p end Bottom
shests is pulled off the composite pile end leid on the open
surfaos of the glusd corestock sheet. Tue process is repeated
until the pile of leid-up penals is built to & beight metching
two loeds of the hot press., Ia soms plents, where cald pre-
pressing i3 done, the laideup penels ere piled on top of &
3/4® (19 mm) thick vooden ceul laid on & wheeled pellet to
permit essy transport of the pile from the gliw spresdet sres
to the cold press, thence to the hoti press,

Lerge modern plywood plants uses sutomstic lsy.up end gluing
systems, similer to the model shown in Figure 20. Use of the
sutomstic lay-up system iz made & necessity by high vokume
production, or when producing lerge sige penels, whose component
plies ere hard to handle mermelly,

‘ “'*. T“;'.\'

Figure 20: Automatic lay-up and gluing system
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The two production systems discussed in the preceding parsgrshs
represent the extremes in lsy.up and gluing technology. The
first system is purely menusl #nd is ‘hus highly labor intensive.
It also requires p lergo sres of frotory floor spece, Timre is
only one piece of simple machine to meintain : The double roll
glue spreeder, However, its oufput is lowv, The veneer plies
and the glusd.up psmels *re more «iposed to possihle drmsge ss

& result of the extensive handling Ly hxmen hends,

On the other hend, the rutomstic systes is slmost fully sutoms-
ted, It requires culy one men to opersts. The produstion cut-
put is ‘rery high, The venser plies rnd the glusd-up pensls
are less cxposed to meterial hendling demege., The system can
produce large sise penals (5' x '10'), But the level of
technology required to kesp the mechines end msteriel trensport
accessories in good opersting sondition is also high.

Definitely, the equipment complement of the menusl system costs
much less to soquire, instell end msintain than that of the
sutomsted system. Thus, justificetion for sutometion of this
section of the small plent 18 hardly possible.

Cald And Hot Pressing

Cold pre-pressing is done on s hydrsulic press, In amell erd
rediuvm plywood plents, loeding snd unloeding is dons manuslly,

spplication of sutometion to the operation finds limited
opportmity for the hydrsulic presses are instelled complete
with the desired conixols,

Eowever, simple mechenisstion by vay of roller comveyors (dead
or 1ive) may be instslled to feoilitete loeding end unlosding
the press snd reduce the chances of accidents ocowrring during

the transport of glusd.up panels,

Multi-opening hot presses in smell plyvood plants ere ususlly

manually loaded and unloaded. Automatic loading and
mloesding of the panels into the press platens become necessery
when the pressing cspecity requirement reaches 20,000 panels/day
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(70 cu.nm, /8-hrs,) or more, Automstion allows maximm yutili-

zation of the hot press end seves on fectory floor space.

Since hot presses ere specifically designed end built for
either manuel or eutometic loeding snd unloading operetions,
it is hardly possible to convert s menually operated hot press
to en sutomatic iosding end unloading one.

However, knowledge of ICA systems will help X sp the automatic
controls of the hot press in good opereting condition,

11, Popel Trisaing axd Sending Qperations
8, Penel Trimming Line

The basic mechine for trimming the edges of plywood panels

is the trimssw with two circuler sewhledes mounted on the
same sheft and set spart at the desired width or length of
the penel to be cut. There sre usurlly two of these mechines,
one for trimming the plywood panels to the desired widih

end the other, for trimming to the desired length, These
machines sre usually equipped with feeding devices which

keep the psnel edequately pressed on the machine bed as it

is pushed sgeinst the sswhledes, Without conveyorizetion
between the two trimsew machines, feeding snd unloeding

each trimsew is done manually by two workers st esch end

of the ssw, Thus the two sews require & minimm of 8 workers.
Penals ere trenasported to and from the machines by n.zas of
vhealed dollies or pallets moved by & moWile hand-lift.

b, Sendin ati

The besic machinery for sending the trimmed plywood penels
ere usually s double belt top sender and a douhle drum
bottom sander., In some plants, the bottom surfaces of the
penels ere screped on 8 scraping mechine, rather than sanded,
Feeding snd unlosding the machines sre done menuslly oy

two men at esch end of the machine, thus st lesst 8 men are
required to operste the whole sanding line, in eithsr case,
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The foregoing set-up of the penel trimming snd sending
lines provide ample opportunity for the spplicetion of
mechenization end sutometion, particulerly in the lebour
intensive feeding and unloading sspects of the operetions,
In fect, with autometion end conveyorisstion, the trim
sav line cen be hooked-up to the sending line, end arrive
ot 8 system which will require at most 3 men, This step
in modernization of the two lines, without replacing the
machines with new equippent is discussed in more detail
in a latter section of this peper,

12. Panel Grading, Sorting end Crating

Grading sended penels is done by sight: while sorting and
crating are all menually sccomplished, Agein, this section
of a small plywood plant, being highly labour intensive,
provides possibilities for the spplication of ICA.

With the conveyorisetion of the sanding line, s powered conveyor
extension cen be connected to the output end of the lest sanding
machine (Top Sander) end grading activities can be conducted
visuelly while the panals move »long the conveyor, A highly
sdvenced improvement would be to use a scenning device, similer
to the "OPTIMIZER", discussed in paregreph VI -A-6b snd rig wp

s combination sorter-piling mechine. Crating cen be done by

e mechine easpecielly designed for the purpose with built-in
steel strspping device, Trenaport of the piled penels from the
sorter-piler to the crating machine cen be fecilitated by

conveyorisation,

Once more, the economic considerstion for sutometing this

phase of plywood manufacturing, would greatly outweigh any
other factor, to justify the move to modernise,

LICAT OF ICA TO FIBREBOARD PIANTS

About ten yeers ego, it wes of genersl scceptsnce in industrielized
countries that the minism economic siss of a fibreboard plant is

100-tons per dey (30,000 tons/year), With the recent incresse in the
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costs of equipment, lebour end rew meterials, it can be preswmed thst
the minimum economic Sigze hes incressed beyond the 100 tons/dsy level,
This sise of plent, with all its edvenced mechrnisation end sutomation
built into the produstion mechinery end trensport equipment could not

be economically justified in developing countries which wented to memu-
facture fibtreboerd to complement the need for penelling meterisls in
their housing progrmme, in spite of the resdily svajleble low cost

rov materiels end chesp labor, However, it wes proven in the middle
1970' s that, for purposes of domestic cosumptiion in developing countries,
fibrebosrd plants with cepacities balow 50 tons per dsy (6,000 tons/yeer)
are vishle, Fibreboard plsnts with cspacities of 12 tons/Cay (3,600
tons/yesr) snd 2, tons/dsy (7,200 tons/yesr) wers successfully instslled

" end operated in Africen countries by native labowr, under the mper-

vision of expatristes from developed countries., The main festures of
these small-sisze fibtrebosrd plants sre @

a. Bastch system of production ;
b, Vet process of fibreboard menufscture, which

does not require the use of bonding agents
herdly svsilable in developing countries j

c. Use of besio machines wherever sllowed by
production constrasints ;

d. Menual trensport systeme for msterisls-in-
process »nd finished goods,

These mmall fitrebosrd plents offer opportunities for tle spplicetion
of ICA in order to @

e, Reduce Lelpur Cost ;

b, Provide Better I dustriel Safety Festures nd ;

o. Ssve on materisls weste or demage during
trensport in between operetion,

This paper therefore discusses the possibilities of adopting ICA yn
such suall fitreboerd plents,
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A, FIOW_PROCESS AND SITUATIONS FOR POSSIBIE ICA APPLICATION

Figure 21 shows the flow-process involved in 8 2/ tons/dey, betch-
type, vwet process fitrebosrd plent in Kenye, The operations en -
closed by the uroken line are performed with the use of mechinery-
end trensport equipment specifically designed snd constructed for
the type of process end rated production cepacity of the plent,
Hence, their conrtrols ere built into the mechinery end equipment.
It is best that the machinery swpplier be consulted on any proposed
slterstions on these mechines, The operetions outside of the
enclosing broken line are those which use simple basic machines end
equipment, do not need speciel design and, thus, may be supplied by
other memufscturers, These ere the operations where ICA finds
better chances of spplication end shell be the focus of the dis-
ouseions in the following psragrephs, A better sppreciation of the
operstions involved in this type of fitreboard plent is given in
the piotorial flow process shown in Figure 22, (%he rsw meterial
preparstion operations, i.e., log debsrking, log bucking end
splitting ere not shown in the pictorial disgrem.)

1. log Handling

Log hencling for purposes of fibreboard penels is not seddled
with the constreints found in plywood menufecturing, Further-
more, the log input of fibreboerd plents sre commonly smeller
then those in plywood plents, Hence, log hendling in fibre-
bosrd plents lend itself better to more menuel operstions, It
hes veen observed that mechenization of log hendling in fibre-
borrd plents becomes more of & necessity when the log volume
to be hendled is big enough to justify the acquisition of
mechenized log hendling equipment,

2, Iog Debarking

Small volumes of log inputs, es in the 2/-tons/dasy fibreboerd
plent which requires 1,65 tons of logs for produstion rew
materisl and 1.25 tons of fuel wood for every ton of end-
produst, could herdly justify the use of deberking machines
perticulerly where latour is very cheep, Hence, mermsl de-
barking is recommendesble at present,
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3. log Bycking and Solitting

Where the log supply comes with lengths too long end/or dis-
petars too lerge to be hendled by the clipping mechine end

its feed conveyor system, preperstory bucking and splitting
kave to be done on the logs. Furthermore, the logs sre weshed
before they are fed into the clipping mechine to remove dirt
snd other foreign meterisls which sdversely affect clipping
operstions,

The log imput of the fibreboerd will come meinly from wood
veste by-products of other wood processing activities, Hence
only & smsll portion of the mill's irput hsve to be bucked or
split, This omell volume to be bucked can not justify ths use
of an eutomsted device, Hend-opersted chsin ssws sre more
sdspteble to this operetion,

Where the log diemeters are too large to ellov safe splitting
by hand, a hydrsilic opersted log splitter is used, Agein,
the volume of logs to be gplit is so smell to justify further
mechsnigation or sutometion of the operation, However, safety
considerations require the instelletion of e protective device
vhich prevents the worker from splitting his hend (or fingers)
together with the logs.

4. Shipoing Goerstions

A drua type chipper reduces the logs into chips, (Disc-type |
chippers mey be used if the imput does not include smell

residues from sav mills or plyvood fectories,) Log pieces sre

1aid by hend on @ belt conveyor which feeds the log pieces in-

to the feed rollers of the chipping mechine, The chips

produced sre exhsusted onto speciully designed belt convey-r

vhich empties its loed into chip bdrs, Igeding of wood

pieces on the in-feed belt comveyor is controlled by the workers

sssigned to do the job,

The problems thet may possibly erise in this operstion ere 3

8. Umnoticed inclusion of metsilic objects with the
vood input of the mschine will demege the chipping knives;
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b, Clogging of the chip well st the foot of the
¢chip conveyor when the latter malfunctions or
stops, while the chipping meckine continues
to rm,

A pegrwtic metel detector installed on the infeed belt conveyor
vidch stops the conveyor when metallic objects sre detected om
the conveyor will help solve the first problea cited above,

Clogging of the machine ingut opening mey be prevented by
instaliic; « warning device which sutomstically stops the
chipper when over-asise wood pieces ere pushed ageinst the
sensing component of the werning system,

Clogging of the chip well can be prevented by installing a
mechsno-electric device which will simultansously stop the
chipper motor end infeed conveyor.

Digesting, Defibreting, Pulp Weshing, Copsistency
Reguletion, Sheet Forming end Pressing Operstions

As mentioned in Sec,VII-A of this peper, the component machines,
equipment snd trensport fecilities in these operetions of the
anell fibreboerd plant were designed to the perticuler cepscity
end type of process for the plent, Correspondingly, the
controls have been built into the mechines end equipment to
sssure facility in stteining a desired balance in this seeies
of operations, Any plen to revise some operating festures of
one mechine may sdversely affect the performsnce of the other
mechines in the series, Hence, it is wise to consult the
equipment swpliers before eny such alteration is introduced
into the system,

Nevertheless, proper meintenance of the controls of these
mechines will be facilitated by & good knowledge of ICA for
thess control systems ere designed under the ssme principles
used in ICA,

Hoat Trestment

Heat trestment of the preszed boards is done in a steem-hested
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chamber for 4-hours, The bosrds sre losded in multi-opeming
trey trucks, which sre then pushed into the hert trestment
chamber. Eech truck daylight cen cerry two thin boeards or ome
thick board. The #rucks, mounted on wheels, sre manually
pushed in and out of the trestmant chsmber,

Except for the improvement snd maintenance of the tempersture
controls of the chember, it eppears thet applicetion of ICA

to this operetion is hardly possitle without redically changing
the installed equipment and the concept of the hest treating
operetion a8 used in this plent,

Bawidifioation

The best treated bosrds are then midified by spreying weter
on the rougb~beck-side of the bosrds, This operetion is deemed
necessary to prevent warping of the bosrds when in use, The
moistened boards ere then stacked in @ pile for somestime to
allov normalizstion of moisture contemt over the whole thick-
ness of the bosrds,

The machine used in this operetion is of very simple design
(see Figure 23).
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To provide better hendling of the bosrds (end prevent demege

to the boerds) et both the infeed snd outfeed ends of the
mechine, it is possintle to instell hydrsulic opersted "SCISSORS.
LIFT" et esch end so thet the boerd-in-process cen alvays be
mede to rise (or fell) to the sems level as the mechine bed.
This mekes it possible for the infeed worker to just slide a
bosrd into the rollers of the mechine, The same esse is echieved
at the outfeed end of the mechine, where the board is made to
slide from the roller bed ontc the pile sypported by the
scissors-xift. Both scissors-lifts cen be raised or lowered

by 2 foot-controlled hydraulic velve,

P Trigmi etions

Triming the bosrds to finel sise is done on & gantry saw
equipped with three sewbledes mounted on the trevelling gentry.
Tuo sewbledes mounted on the seme sheft out the bosrd edges

es the gentry trevels from one end to the other end of the
mechine, The third ssw is suspended from ¢ movahle bese which
is msde to trevel in a line perpendiculer to the cuts msde by
the owin sews, The third sew is sctiveted st the beginning of
the cycle to cut one end of the boerd, stops sutometicelly es
the cut is completed, snd then re-activeted to cut the other
end of the borrd (to & pre-progrsmmed length), efter the twin
sews heve completed cutting the board to the desired width,
The boards ere fed into snd unloaded from the mechine by hand.

Obviously, this ssw is purposely designed for vatch type
operstions. At lerst two men sre required st esch end of the
machine, Nevertneless, it is possible to edept ICA to sutomete
the operetions, together with & properly designed conveyor
system for the machine,

This can be done in the fallowing memner :

1) Instell a "Scissors-lift" st the infeed end ;

2) Instell s pnewmetic feeding device for the
pile of bosrds on the scissors-lift ;
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3) Install s wide-belt conveyor on the mechine
bed, such that the comveyor will be ectivited
after a signel from the feeding devioe

4) Instell s limit switch st the discherge end
of the machine bed s0 thet the wide-belt
conveyor is stopped and the cutting cycle is
sterted vhen the leeding end of the boerd
hits the limit switeh ;

5) Instell e switching device which will sctivate
the wide-balt conveyor egein after completion
of the outting cycle, so that the trimmed board
is discharged into snother "scissors-1lift". The
vwide belt conveyor is sutomatically stopped efter
the board is completely discherged off the
machine bed,

6) The gantry is then sutomatically moved to the
feed end of the machine, and the whole cycle
is repeated,

If sorting, piling snd crating operations ere desired to be
hooked-wp sutomaticelly to the trimming operations, the
scissors-lift at the discharge end cen be eliminated, end s
live conveyor system instslled in its place, similar to thet
discussed in Sections VI-A-11 epd 12 of this peper (Plywood
merufreturing operations), A sorting, piling end creting
system, similer to thst discussed in =imiler operstions in
plyvood menufecturing cen be instelled for this purpose,
provided the factory situetion justifies the improvement,

VIII, APPLICATIO T

The development of equipment for the msrufecture of psrticleboard
during the 1ast two decedes has been directed to the reductivn of men-
pover regquirements, 88 a response *~ the high wage levels in industrie-
lised countries, Thus, we find the out-deted perticlebosrd planta
being sold to end installed in developing countries where the cost of
lebour 12 low, Nevertheless, vwe mey find situstions in these old
plents for the application of ICA to schieve the folloving $




o, Improvement of Product Quality ;

b, Increese in Bosrd Production ;

¢, FReduction of Rejects ; smd

d. In genersl, reduction of unit cost of Production,

A, F AND O IT TION

The besic steps in the production of particleboerd for » system
vhose imput is composed of logs, slebs, brenches »nd faggots is
illustreted in Figmre 24. The opportunities for the spplication
of ICA and mechamizetion, like that in the menufecture of fibre-
board, is confined to machines end trensport systems which ere
basic in design snd universslly used for the particuler operstion.
It wes further discovered thet spplication of ICA to especially
éosignod snd engineered machines and corresponding materisl tresms-
port systems is hardly possitle without affecting performance of
the mechine itself in relstion to the balence of flow for which
these machines end trensport systems were originally designed,

In ceses such 93 these, the objectives of modernizetion may be
schieved by the replecement of the present mechine with more ed-
venced models., As explsined in the beginning of this peper, this
method of modernizetion is outside the scope of ICA spplication
a8 conceived in this peper.

1., Material eration Activities

In psrticlebosrd plents vhere the rew meteriel input is in the
form of logs, the preliminery operstions performed sre simiier
to that in the menufecture of fibrebosrd, Logs end brenches
ere cut to sppropriste lengths, Over-sise logs sre split to
smeller sizes vhich cen be fed to the chipping machine,

2, Floking to Met ssing end erstions

The succeeding opersiions, from FIAKDG to MAT PRESSING, ere
done in mechines especirlly designed for the perticular process
end ceproity, together with the corresponding meterials
trangport system vhich meinteins the belence of dov. In
out-dsted perticleboard plents, increese in pmdmtioﬁ cape-
city in these particul»r sections of the process cen be
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achdsved by sdddtion of similer umite or their renlscemant.

by more umits with lerger cepecities,

The opportunity to install ICA in these operstions is thus
very limited,

3. Glm d P 3 3

This is considered the hesrt of & psrticleboerd plent, Product
quality is controlled by these operstions, H. Dressler has
compiled the progress in the development of glue-ship-mixing
machines and it is indicsted thet efficiency in hlermding glue
and chips csn herdly be schdeved by sutometion of the existing
machine, but by its replacement vwith a more advanced model.

4, Trimming end Sending Gperetions

These operations in s perticleboerd plsnt sre besiceliy the

sems ss those operstions in s plywood plant, Hence, spplicetion
of ICA to these operetions, as discussed in Section VI - A - 11
of this peper also espplies to the menufecture of particleboerd,

X, ILLUSTRATIVE EXAMPIES OF ICA APPLICATION

Time snd space constrsints do ot #llow the illustretion of ICA
spplication to e1l the situations discussed in the preceding persg-
rephs, Thus, the ICA solution to & only few representative problems
ere discussed below, The presentetion of the solutions follow the
guidelines emumerated in Section V of this paper,

A, I0G_BICKING POR SQUARE ENDS ~ (PLIHOOD MANUFACTIRING)
1, Situstion

Log bolts for pealing ere out st a flosting log house (sbout
20 peters from the shore) by a gesoline fueled cheinsew
mounted on & metal bs. sanchored to the floor of the log -
house. A lever mechenism sllovs the chsinsew to Ve reised

ond lovered verticslly in en erc. The log to be cut is gripped
tightly to the edge of the log-house floor by mesns of greppling
hooks held by workers vhile the log is being cut. The product
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of this operation sre log bolts 8 ft.~6 in. (2,590 meters)
and 4 ft.-6 in, (1,37 meters) long. 65% of the log bolts
do not heve squsre end cuts.

Productior. engineers cslculsted thet e meterial ssvings of 2 '
in. (0,05 meters) per log bolt cen be hed by reducing the
peeling length sllowsnoe from 6 in. (0,152 meters) to 4 in,
(0.1016 meters), provided the log bolts ere cut squarely st
each end, This mesns en =nruel potential materiels sevings

of 4,340 cu, m, or epproximetely US$564,200.00 at log prices
current st thet time, for the 25,000 penel/dsy plywood plent.
This can be sttrined by srrangementis with the logging operstions
people to bring down logs slready cut in multiples of 8 ft. -

4 in, or 4 ft.4 in, or a combinetion of the two lengths, In
this menner, a better balsnce in the production of TOP, CORE.
STOCK apd BOTTOM veneer sheetis cen be attained. Furthermore,
the log ends erising from the log bucking operations st the
plyvwood plant will be minimized,

Problem

What device or system to construct snd install which will
assure aquare-end cuts on the log bolts?

Options Aveilelle

‘1) To halp keep the ses-water more or less amooth end
prevent undesirsble relstive movement between the
log end the log-cutting~house, it wes proposed to
build & 7,1 km, breskvster (cruseway) sround the log-
house ares st en approximete cost of US$110,000,00.
There will be no chenge in the log bucking operations.

2) Apother propossl wes to build s concrete log-cutting-
house sbout 15 me.ers froa the shore (es allowed by
tide oconsideretions); end mechrnise log loeding on
the cutting pletform, All other phases of the cutting
operstions vill be the seme ss before, This pro-
posal vill require twc men/shift less thsn the originel
log-bucking vwork orew, Furthermore, it will meexn an




3)

4)
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anmal savings of U5$8,000.00, in terms of maintensnce
and repair of the log-house., It wes estimeted thet
the proposed system will be st leest 80% effective,
The proposal wes estimsted to cost US$175,000.00.

A third proposel wes to build the concrete log-house

5 meters from the shore; instsll s cable-winch to tow
the logs from the logpond to the log cutting house;
mechenize and sutomete the 1lcg loeding, length meesu-
ring end log cutting sctivities. The propossl slso
includes the installetion of e conveyor systea to
trensport the log bolts from the log-cutting-house to
the log-well 1lorceted just before the peeling section
of the plywood plent. This propossl will reduce the
log-bucking end trnsport crev by 10 men/shift; ssve
US$8,000.00 per yesr on meintenance cost of the log=-
cutting house; assure better the aqmereness of log-
ends; maintain the desired length allowence of 4

inches (0.1016 meters) on eech log bolts provide better
sefety to the vorkers end require log-bucking operations
for only 2 shifts/dey, even during reiny westher, The
proposed systea was expectad to be 95% effective, The
propossl ves estimsted to cosi US$275,000,00., Other
costs resulting directly from the sutometion end
mechsnisetion sspects of the proposel sre es follows :

@) Training of enginear in ICA systems —-- US$2,500,00
b) Treining of one technicien to

opsrete ICA gystem a3 installed

in the log-cutting~house

— US$1,500,00
¢) Incresse in meintensnce cost of

equipment 0S$  450,00/m0
d) Incresse in seleriss of 5 key
personnel dus to added skills —— - US$ 500.00/mo0

Volus Anelysis of the Availehle Optioms

Option No. 1, to build s bresk-water sround the log-
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cutting-house sres was rejected st the outset since
there wes no tengitle sssurance thet smooth sees
sround the log-cutting-house will result to squareness
in cutting log btolts,

On the besis of sn sversge 1,000 log bolts to cut
svery dsy, 310 days per yeer, 5 yeers equipment dep-
reciation period, Options 2 end 3 were campered,

The results were as follows @

a) Totel Volume of logs to Cut in 5 Yeer Period,
at 50% Recovery :

5 Y¥rs. x 310 deys/yr. x 2,675 ou. m./dey =

4 152!2% cu, m,
b) Opersting Costs :

Cost, Tteg Option No, 2 Stion No, 3
(1) labour Costs (5 Yrz.) No, of Men %s;l,c Pf‘ No, of Meg B{‘*% ”3‘
£ 1rs 5 Irs
Engineer (Additionsl) None S 1 men  $12,000.00
Supervisory level 3 men $ 18,000.00 2men  '1b,000,00
Skilled Workers 3 men 12,4,00.00 2 men 10, 333.00
Unskilled Workers 42 men 121,520,00 ‘12 men  __24,720,00
Totals —- _48 man $151=9zo.oo ’47 men $'73‘o53.oo

(2) Msintenapge Costs (5 yrs.)

Building end Structure $100,000.00 $127,000,00
Mechinery and Equipment 125,000.00 '152,000.00
Totals —— $225,000.00 $279, 000,00
sESewsssewwwe BRERTRROEPRER

(3) Fringe Banefits for lebowr
(By Lav ond Compeny Polioy)

38% of the Besic Pay Us$ 57,730.00 ws$ 27,760,00

|
}
i
|
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(4) Power snd Fusl

(5) Depreciation of Buildings
end Equipment
(6) Administrative Costs

Total Costs for 5 Yeer Period

w$ 12,000.00

5$175,000.00
% 50,000,00
S$671, 650,00

c) Material Sevings Aspect

Efficiency
Velue of Meterial Sevings

4) Swmery
Total Operating Cost for
5 Yesr Period
Aversge Anmusl Opereting
Cost
Expected Annusl Material
Savings

Net Savings Per Yeesr

Qgtiog No, 2

8o %
US$4,51, 360,00

US$671,650.00

134,350.00

5$417,030.,00

wS$ 18,900.00

US$275,000.00
US$ 54,000,00

US$726,813.00

95 %
US$535,990,00

US$726,813.C0

145,362.00

535,990.00
US$390, 628.00

The foregoing snelysis indicstes that Gption No. 3
offers the best solution smong the options evaluated,

5) Maximm Allowstle Investment

At the then ourrent cost of money of ‘4% per smmm,

the maximum sllowable investment for the mechsnizstion
end sutometion project of the log-bucking operstions
under Option No, 3, wes determined with the condition
thet it will be vcoeptable only if the pay-back period
does not exceed 2 yesrs, sccording to compeny policies.
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o) Meximy Alloveble Tveatment in Option o, 3 ¢

The owmrent (before mechenization end eutometion)
cost piocture is as follows :

(1)  labour Costs For 5 Yours
Supervisory, 3 wen @ $2,000.00/yr. ———— $ 18,000,00
Skilled Workers, 3 men @ $2,67/day 12,400,00
Unskilled Workers, 48 men @ $1.87/day e 138,880,00
Totals — 500 —eeemee—— $169‘280.oo
(2) Meintenspos Cost
Building «nd Struoture $ 87,000.00
Machinery and Equipment —10,000,00
T [+ t [ 1 S —r———— . $ 97;0«).(” ‘

(3) Fringe Benefit,

38 % of Besic Pay $ 64,326,00
(4) Power end Fusl $ 5,000,00
(5) Depreciation, Buildings, Structure
wd Equipment . $ 40,000,00
(6) Administrstive Costs $ 35,000.00
then ¢

fax = [.1 "'L‘,‘.;L(;”)] [5 (535,990) - ($726,813 - $410.606)]

Thus, the estimeted Project Cost for Gption No, 3 of
$275,000.00 is still below the Maximum Allowehle
investasnt for the Project.




1.

(Yote : Another equivelent form of the Ingx formmla
16 used in this case in view of the absencs
of data in the form required by the original
forsmla givem in Seetion V - B -1 of this

peper.)
b) “Pay-beck® Pegiod :
Yo. of Yeers A $275,000.00 _ 0,704 years or
to Pey $390,628.00 g8-1/2 montha

6) Mensgeegt Degision

Option No. 3 wes spproved for irplemsntation., The
sutometed and mechanised solution is presented in
Figures 25 and 25 (a),

B, ‘ I OF PANSL TRIMMING

AND SANDING OPERATIDNS, (PLIWOOD PIANT)
Curpent Situation

Management of a plywood plant rated at 20,000 penels/dsy,
wiches to incresse its capascity to 25,000 penels per dsy.
Apong the production ereas to be improved are the Panal
Trimming and Sending Sections, Although the machines are rated
to produce 20 pmnels per minute, cwrrent production is only

12,000 penals/dsy (8,33 panels/mimite).

This low output wes snslywed to heve been csused by manumal
feeding end off-losding of the trimming and sending mechines,
Furthermore, tresnsport of pemels between mechines is by
whealed flat tzucks (trolleys) pushed by two men,

The owrrent merpower complement of the tmo lines ere as
follows ¢

Panel

Teotnioien 1 Man/Shif¢
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First Trim Sew 4 Men/Shift
Secord Trim Sew 4 Men/Shift
Materirl Hendlers between

Trimning line and

Bapding line ———— _2 Men/Shift

Totala-— ‘11 Mn/Shift
.. . -]

Production Output eewee 500 Penels/Howr

Sending Line
Technician 1 Man/Shift
Bottom Sander 4 Men/Snift
Top Sender & Honlshift

Materisl Handler between
Sanding line and Panel
Inspection Section =e-—- _ 2 Men/Shift

Total-— 719 Men/Shift
SETSTRTE TSRS

Production Output ——=-= 500 Pensls/Shift

2, FProblem

Solution is sought to obtein the meximum possible output
from the trimming end sanding line,

3. _O_Etions Aveilsble

s, Conveyorise the transport of penels between the tao
trinming mechines ; conveyorise trensport of penels
between the two sanding mechines ; end instell “Scissors-
Iift" at both ends of asch of the conveyorised lines,
This zove will reduce total manpover requirements of the
two lines to 1, men/shift, The proposed conveyorisstion
vill cost US$8,500.00 end increase the output to 900
panels/hour, However, this jropospl uses only 80% of
the svailsble trim sew espacity end 70% of the svailstle
ssnding line cepecity. To attein the production tmrget




b

~d

of an average 150,000 penels per week it wes proposed to
operate the line for 359 deys per yesr, instesd of the
normel 310 working deys/yesr.

b. Conveyorise fully the transport of psnels from the first
trim sew machine to the Top Ssnding machine; end instell
*Scissors-lift” st both ends of the conveyorised line.

This proposel will recuire re-locstion of the second trim
sev end the two senders and will cost US$44,500.00. On

the other hend, the completed iine will heve an output
cepacity of 18 panels/minuts or ebout 26,000 penels/day ;
end further reduce the msrpower requirements to 6 men/shift,
This solution slso fecilitates :

8) Conveyorizetion and sutometion of the tramsport
of panels from s Hot Press with automatic losding
- and unloesding devices which is plemned to be
installed vithin the next 2 years ; end

b) Conveyorisetion of the Penel Inapection Line
after the lest wide-belt sender,

Value Anplysis

Fronm the maintensnce end work fstigues viewpoints, it sppears
thet Gption (a) will be herd to implement, Although higher
in project ‘costs, Option (b) edequately assures sstisfection
of the produotion tergets without unduly streining the work

capacity of the workers,

Finsl Degign of iha Conveyorised Lins

The oonveyor system design es finalised is shown in Figures
26 end 27,

Yeximm Allowstle Investment For the Froject

The Project is principally directed to an incresse in production
espsoity. In so doing, (ption (b) inddceted slso & significsnt
reduciion in personnel requirements,
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The meximum sllowsble investment for the project is
corputed es follovws :

t G H

= Current Cost Of Money —e———= 14 % per ennm
e Machine Deprecistion Period --- 5 Years
= mber of Opersting

Hours/Year 7,440 bours/yeer
s Output before mechenigation

snd ICA 500 peanels/hour
= Optput after mechanisation

and ICA 1,080 penels/hour

= Fixed Hourly Mechine Cost ———  U5$1,75/hour
« Direct Hourly Wages, Average —-  1S$0,28/hour/mm
=« Proportion of indirect labour

Cost Average 38 % of "
= Varisble Hourly Mechine

Cost st Q4 B$0,08 /hour
= Varisble Hourly Mechine

Cost at Q, B$0, 12/hour

Ty = | —22 k0 I/ 1080 _.1) ) 18 ) o
li”%'b‘“*”J %00 (1.75 0,28 (1 + 755 + 0.08))+ (0.08-0.2)

Management's policy calls for s maximum p&y-bsck period of
2 yesrs for projects of this sise, Thh net ssvings (loss)
per yesr for the Project is camputed es follows 3
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Cost Ttan Prepent System Sidon (b)

1) Direct labour Cost 6 Men - 05$43,650.00/yr. 18 Men - U5$11,900,00/yr.,
2) labour Fringe Benefits,

, 38 X of Direct
Lebowr Costs "6, 587.00/yr. 4, 522,00/yr.
' 3) Power Costs 2, 500,00/yr. 3,200.60/yr.
4) Machine end Equipment
Deprecistion Cost 13, 500,00/yr. 22,400,00/yr.,
5) Mgintensnoe and Production
S\ppli.t CO'“ 10, 500.00/yr. 6,200.00/yl‘.
6) Training of Techniciens 1,250,00/yr.
7) Administrative Cost 2,800,00/yr. 2,450.,00/yr,
Total Costs Is$e1,237.go£g. IB$51‘922.004;£.

Net Savings « 5961,237.00 -~ $51,922,00 = US$29,315,00/yr.

Payback Period = US$

®$29, 915.00/yr = 1,52 yesrs or epproximately

18 months

€, Mansgemept's Degision

Tnplement Option (b).

C. 10G SPLITTING OPERATIONS, (SMALL CAPACTTY FIBREBOARD PIANT)

The volume of work in this operstion is too smell to justify eny
sophisticeted form of oconveyorisstion emd sutomstion, However,
the risks to umen safety is too great to ignore the need for a
sefety device for the machine,

1, Current Situstion

Tvo men piock-up & piece of over-sizs log (slresdy cut to the
desired length) from the log pile near the hydrsulic splitter
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mechine, The two men position the log piece wpright under
the hlede =2nd hold the log in position while & third men
pushes the control button to rem the blede along the sxie
of the log piece,

2, Options Availehle

». Design snd instell a log greppling device which
vill hold the log in an wright position vhile the
splitter blade is remmed egeinst it, The device
is loesded on the greppling device by twc men, one
of vhom operstes the splitter #s soon as the log is
set in plece, After the first split, the greppling
device (with the log) is pushed by hand nesrer to the
splitier blede end emother #plit on the log is made,
The process is repested until the log piece is reduced
to Smeller pieces good for the chipping machine,
The greppling device is estimsted to cost U5$570,00,
installed, It oen split logs et 80% of the time it
takes t» do s0 by the current prectics,

b, Design erd instell s device which will piok wp the
log pieces from s log conveyor snd position the
log piece wpright under the hlede, The greppling
devios is 2130 vworked in the ssme manner es in
Optior 2-3, but the movement of the log snd the
greppling device is pneumsticslly sutomsted, This
device will require only ons men to operste the
log conweyor, the log greppling end positioning
dovios and the hydrsulic splitting machine, It is
estimated to cost US$2,700.00, instelled, It
cen mplit logs »t 0% of the time it tekes to do
it ot present,

2, lnalyets

The odst of production in Gptions 2 {») end 2 (b) will
be affected by the fallowing cost items only (all other cost




factors being the ssme) :

Cost Item Present Option 2(e) Optdion 2 (v)
Direct Lebour Cost $1, 500.00 $1, 200,00 $1,150.00
Deprecistion of

8dded Device None $0.0153 $0.0457
Additionsl Power Cost Nons None $0,012
Totel Cosis $1, 500,00 $1, 200,00 $1,150.06
Net Sevings per
T ; ——
on of Product $ 298,98 $_249.9%

4.

Se

On purely economic basis, it sppesrs thet the device in
Option 2 (b) is more sdvantageous to install.

Meximm Alloveble Tnvestment eod Othar Considerstiions

Inammwh as it is herdly possitle to velustie the incrssse in
safety of the two devioes proposed {0 solve ths problem, other
considerations vill have to be used as the basis for the
selection of the systes ‘o0 be sdopted ; considering further
that the level of sefety offered by both devices is the asme,

A survey of the three workers ss—igned to the log splitter
showed that none of them has the eptitude to be trained in the
more complex prooedures of opereting the device proposed in
Option 2, Furtheruore, govermment regulations require that
the present operstors of the mechine should be given priority
in training for the new job,

Manegement's Deoision

Tn apite of the larger sevings offered by Gption 2 (b),
menagement decided %o install the device proposed in Option
2 (o) Figure 28 shows & schemstic drewing of the device,
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OTHER FACTORS AFFECTING THE DECISION TO AUTQMATE

The preceding illustrative exmmples bring out the fsct that the
decision to mechsnise snd rutomrte may not be solely besed on purely
economic considerations, Some itustions tend to lay more emphasis
on the techmological espect of the problem, while others ere highly
influenced by govermment lews snd compeny policies, The assigmment
of values to these factors slsoc raises enother fector to consider,
i.e., the cepability of mensgement to properly weigh these fectors
and come up with a wise decision,

Adsptation of ICA into & production system does not end with the
installation of the ICA device, Proper operstions of the ICA -
equipped mechine and its sdequete ernd regular meintenance sre required
to obtein meximum end effective utilisetion of the mechine snd #lso
prolong its life, The following pointers will help to meke & good
decision to sutomete,

A, THE IABOUR FORCE

The instellstion of ICA on s mrohine recuires proper treining of
the machine operstor on its use, Hence, a training progrem should
be set-up for the purpose,

B. THE MA E C

ICA adds more precision to machine operstions, Thus, it requires
8 higher degree of meintensnce techmology. It iz wise to have at
least one men smong tie meintensnce crew treined in ICA systems.
In plants vhere amployment of competent engineers is hardly
possible, a well-experisnced mechsndc or elsctricisn can be
treined in ICA systeums,

C. ENIFE - GRODING AXD SMW - FILDI ACTIVITIES

With incressed production output trought sbout by the instellstion
of ICA systems in & menufscturing plent, the demsnd for better
meinteined cutting twols (knives, bits, sews, etc.) 1s slso
inoreesed, Befors ICA instslletion, smsll errors in cutting-
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tools meintenenoe mey not significently effect production operetions.,
ICA systems demend & higher quelity in cutting tools meintenance
in order to :

1, Avoid frequent down-time to chmnge cutting tools ;
2, ILengthen the 1ife of the cutting tool ; »nd
3, Attein good quelity cuts end surfecing on the product.

D. SOURCES QF ICA TECHNOIOGY

Iack of technology to design, febricate, instell, madntein or
operste sutomated end more mechsniged systems es presented in the
preceding sections of this peper, should not deter menegement frog
meking a decision to eutomete or increese the mechenigetion in |
its factory, ICA technology msy be scquired through the following
sources $

1. Mschinery swpliers ;
2, Treining centers in industrielized couniries ;

3. Msnurecturing plents which ere elreedy using rutomated
systeus

4o ICA components menufecturera snd suppliers j and, if all the above
fail, you cau aiways contact

5« UNIDO

E. INVENTORY CONTROL

Iroreased production through the use of ICA syatems will not be
possitle if the operations is not supported with adequate rew
meteriels, mechine spere perts, production supplies, etc, Thus,
it is required thet the meterisl snd suplies control system of »
meyufecturing concern be slso included in the considerekions to
osutomete or mechanize pleant operstions fiun-ther,

IX. SUMMARJZ

™-is psper hes outlined the steps to be irken in a fectory'e progremme
of improvement thru further mechsnizestion snd sutometion of its
opsrstions, The netwre end-concepts of LOW COST AUTCGMATION were rlso
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discussed, Guidelines were provided to help menegement decide on
WHAT, WiEN end HW to rutomste. Time snd spece constreints rllowved
only & mmber of the mmerous espects involved in mechenigetion rnd
sutometion to be discussed in this peper., Surely, there sre others
vhich become importsat to consider in certrin fectory situstions
other then those discussed in this peper, Mrnagement is advised to
be on the look-out for these fectors, s they mey ouiweigh the other
fectors et hend,

Nevertheless, the mapsement of en out-dated wood-processing plent
should not despeir, for this peper hss shown tnat eside from finenciel
venefits there are other things to be geined by the use of more
mechenigetion snd eutometion in its fectory.
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