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I .  I M T R O D U C T  i o a

Etst since na i la trn td  to  ligh ton  h is work load by inventing the 

wheel, tb i world has attained in du stria l pro gross thru varying a togas 

o f  BSChAnisstion, and in  tho la s t  few lecades, automation. However, 

the world a t present is  composed o f  nations w ith economies in  dispa­

ra te  stages o f  development;, such that mec hanisation and automation 

are l i t t l e  known in  soma undar-devaloped nations; while boom dsva -  

lop in g nations, in  th e ir e ffo r t  to a tta in  a desired dsgrae o f 

in d u stria lisa tion  are already beginning to  p r o fit  from the benefits 

that mechanisation and autoaation o ffe r . The gap in  the state o f  

development o f mechanisation and automation between developed and 

developing countries Is  so bugs that, in  many oases, tiri? gap is  

measured in  terms o f technological development attained over several 

Oman generations and thru s is  able fin an c ia l outlays.

This paper la written as an effort t- share with the peoples o f less 
developed eoontati.es some aspects o f the wood processing experiences 
o f other developing nations in their effort to industrialism, in apite 
o f their financial and technological handicaps.

learning ¿Too the experiences o f highly -  developed eoonood.ee, the 
Organisation for European Economic Cooperation (now the Organisation 
for Eoonomle Cooperation and Development -  OECD) ^onaored the 
development o f a programs by vhioh w a ll and aedlua -  aimed industries 
could partake o f the benefits enjoyed by large industries through the 
low-cost, standardised, simple and flexible equipment that would be 
within their financial oapabilities to procure and vhioh would require 
e rdjpler degree of technology to Install. "DM COST AUfOMiTION" ^ICi), 
as ws knew now, is  based on its  requisite degree of *MEC HkN IZ1T1011* end



«до iniziated In thè lata 1950' a. The Hetharlsnds, in 'I960, la i in 
ths forcali ia ti on o f a national program for tha disaaalnetion o f ICA 
as part o f ita  prograaoe of industrialisation, vith тагу ancoureglng 
rosdlte. Th* nood for concentratad efforts to propagata tha applioatior 
o f ICA to wood processing, partieularly in tba fumi ter* and joinary 
industry, natarlalisad in tba aarly 19W s during ona o f tba fin ltu re  
aanufaeturing eotrrsas in Iabtl, Finlaôi, jo in tly qpcrrored by ШЛЮ 
and tha go Tannant o f FIMAiiD,

I I .  CQBCEPXS QF УД АрртугЕАТтпр

Our upariaoN during rocaat  ШЛЮ .  sponsorod oonrsas on tba salaation 
o f saohlnary and eqtdpaant indioatad that aany entrapranaurs o f dare« 
loplng oomtrias tend to T iw  ■aehanisatdxsi and auteaation In tans of 
tba aophistioatad «chinas diaplayed in fairs ae praaaatad in 
brochures. Démonstration ruas o f tbasa piaoas o f aquipaant prtnrida a 
▼ary adairahla spectacle to tba entrepreneurs, vho tban doftm -  grada 
tbair siapla and old arrhrln*" as obsoleto. They vould not qpend os tba 
old «chines to gat aore produation ont o f l t .  Qui ta a inaiar o f tbasa 
entrepreneurs ara often swayed to oonrart thodr simple type o f opérations 
to soao sophlstioatod, hifhly-eutoested operations, only to find ont 
later that they do sot under stand enough o f these oosplax aaohinery to 
benefit fu lly  firoa tbair usa. Other entrapranaurs, thoagb oonrinoed 
o f tba produetLon oopabilitiaa o f tba rophistiested aaabdnas, are 
discoursgad froa teking futbar rtaps tovard higher produetiTity boueuse 
tbair aeagar fiisab ial raaouraaa prerant ttm u Став aoquiring tbaaa 
high -  prioed aaehiinary.

A oloser look iuta tha baslo oonoapta o f and potentiel borei!ta frow 
Iou Co st Auxoastion and MeobaaintLon la tfaus indieeted. R^oognLslng 
that auteaation oan eootr aaly i f  aoaa dagraa o f Baohanlsatlor alraady 
exista, tba tara ICA sa uaad in  tfais pqpar «111 iaoluda tha fallawlng 
stages o f asohsniistion aad sutoaetl or t

s, Tba use o f sispla asabinas j
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b, The ccaplaawntetion o f jigs and firturea 
to thaaa basic machines thus obtaining 
■ora products o f batter quality j and

c, Tha eonnaotion o f darloas to thasa tools and 
machines to maka thflm Bora se lf - acting as 
raquirad by tha operations, and so on, until 
tha point just bafora Full Autonation is  
aefastfod.

This is  graphically illustrated in  Figure'' below.

\
\

;  ^  A '

FULL.
\  A U T O M A T IO N

V<3*

USE OF \ 
'  SIMPLE j
N MACHINES \

use or 
h a n d  t o o l s  \ \i

PURELY
MANUAL
OPERATION

I
/

Ï

F%ura 1. Th t toerton of LC A  in  t t f  p ro y — ion from  purity n w iia l to fu lly su tontttk  operation

Furthermore, this paper distinguiahas ICA txxm tha ■aihanltstlon and 
automation built into naohines by naohinary Ksnnfsoturers in the 
following manner t

a. ICA set-qps era designed, f abrita ted end 
installed in the near' a factory}
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b. I d  makes u m  o f  standard and rea d ily  

sva ileb le  cospcnent part* •

o. I d  Bakes use o f  ex is tin g  basic machine» j

d. Whenever p oss ib le , I d  also makes use o f  

non-conventional parts such as o ld  wheels, 

s te e l sheets end bars, c o il springs, a te ., 

which are often  found in  the junk and aerqp 

p ile s  In  fa c to rie s  • and

a. I d  i s  designed to  be very fle x ib le , allow ing 

one set-rp  to  be dis-assembled and the same 

eoaponent parts used in  another set-'qp when­

ever the situ ation  w i l l  require and/or perm it 

doing so.

I d  is  described es "KW-COST" (as distinguished from CHEAP) because 

it s  use takes in to  account the fin an cia l end technological capab ili­

t ie s  o f the user, not neoessarily to  aoheise PEHFECTICN but to  atta in  

certa in  desired p a r tia l advantages in  manufacturing operations.

Thus, the concepts o f  I d  o e lla  fo r  the mechanisation o f  those huun 

tasks (in  en indu stria l p la n t) which hare been determined to be 

noeocaarr and advantageous a t the time mechanisation is  in sta lled .

The re la tiv e  nature o f  the concepts o f I d  permits industria l firms 

to  rsohanise end automate on ly these features o f  th e ir  operations which 

are economically ju s tifia b le . The follow ing graphical illu s tra tio n  

gives a general idaa o f the r e la tiv e  coats to  automate based on F u ll 

Automation es 100% cost (see Figure Z).
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Fifur« 2. Relative coft of partrdl automation
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Since every manufacturing estafclishment has its  own set o f criteria 
for tbe eooiwmio justification o f proposed additions or changes in 
its  operations, i t  is not easy to lay down definite rules for the 
adoption o f automation which w ill cover a ll situations of need that 
nay arise in manufacturing operations. M  the moment, i t  is  only 
possible to set guidelines which w ill help entrepreneurs (or their 
managerial and technical personnel) to recognise situations in t'.sir 
factories which can he improved by the use o f mechanisation and/or 
I£A. The guidelines w ill further help the ICA proponents to evaluate 
properly the feasib ility and aoononic ju stifiab ility  o f the proposed 
ICk systems.

I I I .  MANOPACTURIMG SITUATIONS NEEDING ICA APPLIEATIOM

The hnaan factor in manufacturing operations, particularly those which 
are highly repetitive, often leads to problems which give rise to high 
rate o f product rejects, low and variable outputs, high rate o f material 
wastage, low rate o f machine utilisation, and/or high incidence 
industrial accidents. These undesirable situations arise as the worker, 
skilled though he mty be, tend to develop work fatigue. The workers 
become careless or are easily distracted by emotional or environmental 
farces. The problem is  aggravated by the poor working conditions 
usually found in factories where the workers' welfare is  given lower 
ranking in the order o f priorities set by ménagement.

The following examples of end results occur as the labourers' working 
attitude deteriorate under the above-mentioned adverse conditions of 
work }

e. Tbe log bolts are not ¿quartily out at the ends, 
giving rise to unnecessary material loss ;

b. The log bolt is  not properly centered on the 
rotary laths (veneer peelinv machine) 
resulting to lower recovery rates o f veneer j

c. Green veneer sheets are carelessly handled 
causing end splits and damage to veneer surfaces .

a. High incidence of d rift in veneer thickness 
( *thd.ck-and-thin") as the lathe operator'a
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judgeent is  impaired by work fatigue ;

a. low recovery from dipping green veneer o f the 
1st and 2nd roundings as the dipper operators 
beooee tired and tend to cere less about the 
quality and volune c f th e ir  output;

f . Inefficient use o f the ro ller driers because the 
veneer sheets are not properly fed into the driers ;

g. Faulty dipping o f dried veneer sheets vaulting 
in  excessive allowances, or et tines, no allevanoe 
et all:, for trioelng et the pend sizing seotlon j

h. Poorly jointed edges o f core veneer sheet 
for splicing |

i .  Veak aplioed joints because o f faulty glue mixture 
or poor jointed edges o f the veneer sheets j

j .  Poor core veneer lay-tp causing core gtp* or 
core laps in the esaenbled plywood pend j

and many other errors o f omission or ooamlssion which d tiM td y  
result to increased production costs.

application o f ICA. to the above-listed problens osa help baring down 
produotion costs, for in general, the use o f ICA helps ijnrove the 
following aspects o f production operations :

a. Product Quality
b. labour PtdlisatlSn
c. Materiel Utilisation
d. Machint Tins Utilisation % and
a . Industrie! Safety

IF. WHIT XS ICA

a . m  w  < w tsm &

ICA apstene make тем o f the following derioes in order to aohlere 
linear and/or notary notion in workup erforeing appliestions and 
fon oontrol o f t ' see notions eeoording to e desired soquance e f 
activities :



1. Mechanical He r ice «

2. Pneueatio Components

3. Hydraulio Devices

4. E le c tr ica l Consonants j and

5. E lectronics

The 1s t four types o f devices are used p rin c ip a lly  fo r work -  

performing motions and th eir coh trol, while e lectron ic devices 

are exclu sively  used fo r  con trol purposes.

B. MEC3AM3CAL DEVICES

Mechanic a l devices, as used in  ICA systems have the fo llow ing 

advantages :

a. High degree o f  r e l ia b il it y  can be attained ;

b. Excellent synchronisation is  possib le ;

c . Sipple maintenance needs, which can usually 

be done by the factory mrdntenance crew.

However, mechanical devices have these disadvantages s

a. t&gh degree o f  engineering s k ill is  reouired 

in  the design o f the "custom -built" parts j

b. lew degree o f f le x ib il it y ,  because the program 

is  fix ed  and d if fic u lt  to changt j

c . Since parts ere "custom -built", replacement 

o f  worn-out parts w ill be very costly  j

d. Hot economical fo r  interconnecting devices 

which aro located some distance apart ;

a. I t  is  d if fic u lt  to build in to a mechanical 

system any feature to check i f  the steps in  a 

program is  properly done (aa when a cutting 

to o l becomes du ll or breaks).

Mechanical cams (see Figure 3 ) er9 often  used i r  ICA fo r  purposes 

o f "Control Timing".



DISPLACEMENT

Another mechanical device frequently used in ICA system? is  tbs 
“screw -  sod -  not" device which translates rotary to linear 
notion, (w e Figure 4)

ROTATING SCREW NON ROTATING NUT

Figure Conversion of rotary to Knaar w ow mw t

C. PMEtMATIC COMPONENTS

Typical o f pneumatic co^wnenta ■**•_ ICA systems is  the pneunatlo 
Cylinder vhioh makes possible "back - and - forth" motion, (see 
Figure 5). Since the pletmatio cylinder is  powered by air, vhioh 
is oonpressible, low pluton speeds are d ifficu lt to control.



7

6
BEARING BUSH

3
BEARING CAP

i

CYLINDER
BARREL

2 BASE CAP

FIGURE 5

РНЕШАТ1Е CYLINDER



_ 'in  _

This situation  arises a t p iston apaads belcw 75 se/eia. (3 in ./  

■•in- )  vhare tba piston a oa i unevenly due to tba pulsating effect 
o f a ir  Which is  being compressed. However, a nora even piston 

ao »vaient can ba achieved a t apaads as lo v  as ifi aa/min. ( 1.6 m/ 
a in .)  by oonnaoting a hydraulic d a tin g  un it to  the pneumatic 

cylin der, as shown in  Figure 6.

OIL

Figurt <> Doubt«c«>ng air cylinder w ith pan lla l hydraulic dam pirg cy lind«

The control o f tha piston nortaant (forward and backward) is  
aohiered thru the usa o f another basic component o f pnematic 
systems, the directional oontrol valve. The Taira illustrated 
in Figure 7 has either two or three distinct positions. The 
▼alra positions are attained by nannal, aachanioal, alaotrioal
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or pneumatic actuation vhicbsvar i *  «s a t suitabla fo r  a givam 

situation .

Tbs pneumatic cylinder pud the d irection a l control valve are

motion in  pneimatio systems is  achieved by tho u h  o f s ir  

motors which may bo o f  tho tsdo or piston  typo. Botsry motion 

in  vane-type sir-m otors is  attained by blowing s ir  under pressure 

on tho Tsnos mounted on s common shaft, thus producing a turbine 

o ffs e t  to moTO tho shaft in  s rotary  mamor. This ¿feature is  

usually found in  air-operated hand too ls  such as pnounatlo d r ills ,  

wrenches, aorow-drivors, grinders, otc.

basic paetmatlc systems components fo r  lin ea r motion. Notary
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Pnewatio automation systems have the fo llow ing advantages :

a. High-degree o f f le x ib i l i t y  ;

b. Capable o f  good regu lation  o f foroe or power j

c . Requires sixp le p ip ing system, fo r  there is  

no need fo r  a return lin e  j

d. Power source is  r e la t iv e ly  safe fo r  the 

system normally requ ires a ir  a t on ly 7 
to '10 atm. pressure j

e . Coapresaed a ir  devices normally can be 

s ta lled  without damaging them j and

f .  Since the power mediun is  a ir , in te r  -  

connection o f d istan t devices in  a 

factory is  e a s ily  acbeived through an 

adequate p ip ing system.

However, purely pnevswtic ICA system have the follow ing 

disadvantages :

a. The con presa ib ility  o f > 5r becomes s d is -  

advantage where the work .uad is  variab le

and the speed is  desired to be fa ir ly  constant •

b. Coopered to hydraulic or e le c tr ic  sources o f 

energy, conpressed- a ir  la  re la tiv e ly  more 

expensive per un it energy d e livery .

Because o f it s  numerous advantages, pneunatic devices are found 

to be more favorable and are commonly used in  1£A systems.

D. EgDRAUUE DEVICES

Conpressed-air is  the medium o f  power transmission in  pneumatic 

systems j OIL is  the energy source fo r hydraulic devices. O il is  

p ra ctica lly  incoopressihle, which makes possib le accurate control 

o f piston movement in  hydraulic cylinders even at low speeds. 

incoopressihle characteristic o f o i l  also enables transmission i f  

high forces over small areas so that hydraulic cylinders are com-
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paretivaly analler than ppetaatlc cylinders o f the aasi* ponw 

rating.

Froa th* view-point o f eccnoay, • hydraulie systaa la *or* 
expensive then * pnecaatic systaa because o f th* following 
r*«aons :

a . H ydraulic devices require special individual 
pups to supply o il at th* required quantity 
and pressure ; wh*reaa a single sir-compressor 
can provide air to several pnevaatic d«vio*a ;

b. Hydraulic devices cp«rat* at greater pressures 
than pnewatic coapooents, henoe hydraulic aystaas 
require precise end tight fittin g  of pipings and 
coqplinga. These cost aore than air-pipihgs end 
pnmaatic derioes.

In general, hydraulic devices in IGA systeas have the following 
advantages :

a. They are coopact, yet they can deliver large 
forces ;

b. Transmission o f energy over long distances is  
possible thru tbe proper installation o f piping 
networks j

c. I t  is  self-lubricating, o il being tbe mediut 
o f power tranaaisaion %

d. A high degree of flex ib ility  is  also possible ;

e. Shook loads can be absorbed without loss of 
longevity |

f.  Over-load prevention devices esn easily be 
incorporated into a hydrsalio systaa ;

g. Adequate variable speed control is  possible ;

h. ftigfa precision can be achieved in controlling 
speed and positioning o f loads j
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i .  As in pnewatic systems, hydraulic systems esn 
ba easily linked to electrical and alecUronio 
control systevs f

j .  Its operating cost is  lover than that in 
pneumatic systaa.

On the other hand, hydraulic devices in an IGA systaa have the 
following disadvantages t

a. More expensive to set ip than a pnewatie 
systaa f and

b. Msintenance and installation is acre 
cosplicated than in pnmaatio systaas.

E . EIECTR3EAL DEVICES

Electrical devloes becoae the cheapest choice in situations 
where the energy required by work -  performing derioes has to 

be transmitted over considerable distances. The most familiar 

vork-parforaing electrical device is  the electric motor, which 
can be conveniently located wherever mein power lines etriat.
Only rotary motion can be directly obtained from an electric 
motor. Thus, some device, such as the screw-and-nut meohanisa 
illustrated In Figure 4, has to be used to obtain linear motion 
from a system powered by an elec trio motor, For short linear 
movements, a magnetic coil that moves a sliding iron member as 
shown in Figure 8, can he used. There are several types of 
electric motors designed with distinct operating characteristics 
to f i t  particular work requirements such as : high starting 
torque, constant speed, highly variable speeds, a to. Electric 
motors, however, can not be dialled for a prolonged period 
without damaging the motor ito e lf.



Figure £ Magnetic coif for short lii movements

Current is  usually delivered  to e le c tr io a l device* thru the use 

o f e lectro  -  nechenioal devicM  oe lled  relays, «here e le c tr ic a l 

contacts are dosed , o r opened, recording to a pre-deaignad manner 

by energising or de-activation , respectively , o f  an elerfroaM gnet. 

Special purpose devices rush as time relays, pulse relays and 

stap relays belong to th is tjp e  o f  switch devloaa.

Furthermore, e le c tr ic a l caponante such as res is to rs  and capa­

c ito rs  oaa be used to do the sene fractions as pneumatic re s tr ic ­

tors and reservo irs , respectively , in  pnew atlo ays tama.

I£A systems make more use o f e le o tr io a l davloes fp r tim ing control 

and le s s  es vart-perform ing unite.
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F. ELSCTBfllflD DEVICES

The use o f  e lectron ic devices in  I d  systems is  U n ited  mainly to 

con tro llin g  the work-performing oocponents o f  the systa®, which 

say be pnem atie, hydraulic or e le c tr ic  un its. Recent development* 

in  tran sistor technology m Xm  i t  possib le to  bu ild cco^tact control 

deviees. Transistorised nodular deviees w ith  sp ec ific  functions 

can siao be b u ilt w ith the combination o f  transistors and other 

e lectron ic  ooaponanta.

g . w  w q q y

lake other technological aystana, I d  makes use o f it s  own language 

in  order to  be rea d ily  understood. I d  component units and devices 

are represented by symbols, a faw representative staples o f  which 

are shown in  Figuru 9.

RETURN SPRING

W W W v
T-------------------

SING IE ACTING CYLINDER
TWO POSITION, 
TWO PORT VAD/E

two p o s it io n , tvo port
W jVE, PIBH BUTTON ACTUATED 

SPRING RETURNED

r

■s y m b o l

DOUEIE ACTING CYLINDER

{^OLLfc.R

MANUAL ACTUATORS

ih11
T------------------ 7

DOUBIE ACTING 
CYLINDER 

WITH CUSHIONING 
AT BOTH ENDS

(t=
PtiSfA-ßuTTO^ L E V E R

MECHANICAL ACTUATORS

s / = _
P oor

FIGURE 9

REPRESENTATIVE SAMPIES OF SYMBOLS 
FOR LCA DEVICES AND COMPONENTS



The use of these symbols is  illustrated Is the schcjwtLo diagram 
o f e cylinder controlled by an electrically operated pneumatic 
toI to , Figure 10. The interconnections o f these units are illu st­
rated in Circuit Diagrams such as that shown in Figure '11, while 
the corresponding sequence and duration o f each notion is lafid - 
out in Tln«-Motion Diagrams, an ezaeple o f which is shown in the 
lower portion o f Figure 10.
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PNEtMATDC CIRCUIT OF CYLINDER WITH TWO 

SUCCESSIVE STROKES OF DIFFERENT IENGTK3

FIGURE 11

ICL CIRCUIT DIAGRAM



The reader is  re ferred  to sore exhaustive and comprehensive papers 

w ritten  on ICA fo r  a deeper understanding o f the technical aspects 

(nomenclature, design procedures, choice o f ICA components, e t c . ) 

on the subject (see B ibliography).

V . ANA US IS AMD DECISION -MAKING ON THE ADOPTION OF I£A SYSTEMS

Adaption o f I£A systems in  manufacturing operations requires in tensive 

and r e a lis t ic  studies in vo lvin g the follow ing considerations :

1. Exact d e fin ition  o f the problem to be solved 

and it s  attendant negative e ffe c ts  to the 

manufacturing operations as regards to volxme 

o f  production, product qu a lity , other elements 

o f  production costs and Industria l sa fety ;

2. Exploration o f  a l l  options open to management 

to solve the problem ;

3. Confirmation thru value analysis (o r such 

other sim ilar technlquas) that ICA o ffe rs  the 

best solution among the options evaluated ;

4. Review and fin a lis a tio n  o f the design o f the 

LCA system to  be used, end fin a l costing o f  

the Pro jeot j

5. Managerial decision to adopt and in s ta ll 

the recommended ICA system ;

The resp on sib ility  fa r  the proper appreciation o f these considerations 

re s t on both managerial and technical (en g in eer's ) personnel.

A . THE TECHNICAL VIEWPOINT

Knowing tbs exsot nature o f the problem to be solved, the

tech n ica l department o f a man-ifacturing p lan t must f i r s t  a sce rta in  

the d e fin ite  need fo r  automation by examining a ll  possib le options 

to solve the problem, incduding those solutions which do net 

in vo lve automation (such aa process s im p lifica tion , change in  

product design, e t c . )

-  18 -
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One* the need for automation is  confirmed then the engineer 
chooses the ICA system which offers the best advantage to the 
operations (pnaunatic, hydraulic, electrical, ulectronic, or any 
combination of these devices), considering the availability and 
cost o f the required components and the capabilities of his staff 
to install and maintain the system.

The I£A design is then finalised, its  cort determined, and the 
potential advantages for the use o f the design are listed and 
valuated.

The project proposal is  then submitted for approval or dis­
approval by management.

B. THE MANAGERIAL VIEWPOINT

Oftentimes, a change in manufacturing process affects aspects o f 
tbs entire manufacturing operations which ere beyond the juris - 
diction of the firm's technical department. Managers expected to  make a 

decision on the recoamended adoption o f an IGA system should thus 
consider the following factors t

Economic Aspects j 
Technical ltre-requisites ;
Personnel Requirements ; and 
Capabilities o f Management

1. Economio Aspects

The universally accepted principle in industrial ventures that 
the benefits to be derived from any change in production process 
should outweigh the cost to be incurred for such a change, also 
applies to IGA systems.

Of oourse, there sre Instances vhare some o f the benefits are 
not readily quantifiable, e.g., quality improvemant and streng­
thening o f industrial safety, nevertheless, whatever is  the 
primary reason for adoption of automation, knowing the relative 
Oorts o f the projeot proposals w ill s t ill guide management to 
arriving at a wise decision.
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Assuming that the decision to  automate w il l  be based purely 

on the economic v ia b ility  o f  the p ro ject, the guiding ru le fo r 

determining the maximum investment on a proposed p ro ject is  

as fo llow s :

Maximum Allowable -investment ■ The net change in  to ta l

production costa from the 

current to  the projected  

volume lr / d s , adjusted fo r 

the cost o f money factor, 

during the estimated l i f e  period 

o f  the proposed ICA in s ta lla tion .

This relationsh ip  is  expressed in  more d e ta il mathematically 

by the fo llow ing formula :

where :

T̂aax - maximum allowable investment

i m current in terest ra te on money 
(percent per annum)

n m depreciation period (years^

N ■ number o f  operating hours per year

m current hourly output

«2 m projected hourly output to  be 
produced thru the in s ta lla tion  
o f ICA

a m fix ed  hourly machine cost including 
overhead

w m d irec t hourly wages

P m proportion o f in d irect labour 
coat (percentage o f w)

V1 • variab le hourly machine cost at 
output Q-|
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?2 • variable hourly machine oost at
output Q2

2. Technical Prs-reouiaites

The benefits expected from the installation o f an automated 
iyst«m m&7 not be fo lly  realised i f  the machine operators and 
maintenance crew are not yet ready for each Ten tore into 
automated process. Thus, the Manager who is  expected to make 
the final decision whether to automate or not should be aware 
o f the following cooperative changes in the qualitative and 
quantitative requirements for technical personnel when ha
decides to go into automation :

Function
Number o f 
Employees

Skill
Beotdred

Direct Production Fewer lower
Maintenance More Higher
Transport Fewer Higher
Engineering More Higher

3. Cenamlitiea o f Management

The introduction of automation in a factory increases producti­
vity, which brings with i t  greater demands for raw materials, 

more ccoplicated scheduling, more precise technical requirements, 
and such other requirements needed to sustain the level o f 
productivity.

In general, automation makes more complicated the inter -  
relationships among the elements o f production (men, materials, 
machinery, time and money). I f  management is  not fu lly pre­
pared to handle the increased demands on its  managerial capa­
b ilities  i t  w ill be prefarrsble to delay going into any higher 
degree o f automation. It  is reoomaended that a coapany start 
with the siaplest type of automation and gradually advance to 
more complex types as its  management capabilities improve.
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C. SAMP IE ANALYTICAL APFRCftCH TO ICA

1. The Case o f the Bottom Sander 

Situation :

A plywood factory  producing 3.6 me x  4 f t .  z  8f t .  

plywood panels accepted an order fo r  90,000 panels o f 3.3 am 

x  4 f t .  x  8 f t .  panels, 3-p ly , both face and bottoa surfaces 

sanded, to  f i l l  in  th e ir production capacity during the aleck 

season fo r  p re- fin ished panels. The ex is tin g  sending lin e  

consisted o f  a bottom scraper end a double v id e-b e lt top sender. 

The plan was to use the v id e -b ilt  sender to  sand both top and 

bottom surfaces. This was to be done by sending the bottoa 

f ir s t ,  bring the panels back to the sender and sand the top 

surfaoe. In th is  manner, i t  was expeotad to produce 9,000 

panels per day o f  3 work-shifts and complete the order fo r  

90,000 panels in  10 working days.

Problem :

Production fo r the f ir s t  day was 8,000 panels. Qn the 

second day only 7,000 panels war* produced. Indications v «.e  

that the output would s t i l l  decrease in  the follow ing days as 

the frequency o f  changing the sanding b e lts  was 30£ above 

normal, and s t i l l  increasing the incidence o f  machine Jdovn -  

tim e".

Analysis from the Production Department

The sanding b e lts  were clogging-tp too fa s t because the 

o s c illa tin g  device o f  the sanding machine was not functioning 

properly, end should be Immediately replaced by e more sensitive 

unit, possib ly one using s ph oto-cell.

Analysis from the Engineering D^artment

The pneumatio o s c illa tin g  device on the v id e -b e it sender 

was functioning properly. The dust exhaustion system was also 

Working adequately. The w ide-belt sanding machine was working 

properly, in  general, and Should be able to  sand a t le a s t 8 
panels per minute. The problem is  not in  the mach ine 1

i



A task fo re « coiposed o f representatives from the 

Production, Equipment Maintenance, Quality Control end 

Industrial Engineering Departments was immediately set \p 

w ith instructions to  fin d  •  solu tion to the problem within 

24 hours, or e lse  -  -  ------------ .

Task Force* a Findings

Tests conducted on the m aterials that clogged the 

sending b e lts  showed a mixture o f  sending dust and dried 

glue. Incidence o f  sending b e lt  clogging was high when 

sanding bottom surfaces. However, clogging was almost NIL 

when sanding panel top surfaces only. Since the bottom 

veneer was peeled o f f  a wood specie more porous than that o f 

the top veneer, glue "bleed -  thru" was more prevalent on the 

bottom surfaces then on the tCp surfaces o f  the panels. This 

situation  was the cause o f  excessive clogging o f  the sanding 

b e lts .

Solution Adopted end Hesults

The v is co s ity  o f  the glue mix was adjusted by cutting 

down on the water content but without im pairing the spreading 

and adhesive properties o f  the glue mix. Incidence o f adhesive 

"bleed -  thru" became ■■firt-l and production went tp to 

14,000 panels per working day (10 panels per minute). The 

order fo r  3.3 n  panels was completed in  tim e!

lesson Pram the Problem

People are oftentim es so h igh ly ijp ressed  by the production 

capacity p oten tia ls  o f  advanced automation so that they fo rge t 

to look deeper in to the cause {s') o f  th e ir production problems, 

explore other availab le options; and recommend, without hesi­

ta tion , the use o f h igh ly automated devices.

The Case ftf  the &>n«r DrH«r Feeder Device

frtapaganep't1 s Action

Situation t
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A plywood p lea t was planning to increase it s  output o f 

3.6 am x 4 ' x  8' plywood panels from 15,000 panels/day 

(160 cu. m./day) to 20,000 p#nels/d*y ( 21^ cu. m./day).

Among the problems to be solved was the required increase 

in  the o p a c ity  o f i t s  ven ser drying fa c il it ie s ,  cooposed o f 

3 b a tteries  o f r o lle r  track d rie r , to meet the present

projected  increase and allow another ‘10Í  to Zo% availab le 

capacity fo r  further future expansión. Hanagoaent has agreed 

to  purchase a 3-deck continous d rie r to  dry top and bottom 

veneer sheets, together w ith the corresponding veneer ree lin g  

system provided that the output o f  the r o lle r  d riers fo r  core 

and bottom veneer components (clipped  from 2nd and 3rd round- 

in gs) is  Increased to match the drying capacity o f the conti­

nous d rie r . Engineering studies indicated that the outputs 

o f  the r o lle r  type d riers can be improved by in s ta llin g  ade­

quate veneer feeding d evice! to the d riers . A t present, only 

one battery o f ro lle r -d r ie r , double deck, is  equipped w ith an 

adequate mechanioal veneer feeding device. The other two 

b a tteries  o f d riers are manually fed. Inquiries from machine 

suppliers revealed the fact? that such venae." feeding devices 

are not being produced anymore. Instead, a more sophisticated 

pnew atic type o f veneer feeding device was o ffered  by one o f  

the s ip p lia rs .

A va ilab le Options :

1 )  Bey and in s ta ll the more sophisticated 

pnew atic type o f veneer feeding device, 

and atta in  a d rie r oapacity ‘150Í  o f  the 

projected  to ta l future requirements',

a t  a to ta l cost o f $15,700.00.

2)  Fabrícete and in s ta ll a mechanioal type 

o f  veneer feeding device, sim ilar to  the 

ex is tin g  veneer feeder on the twin deok 

ro lle r -d r ie r , and atta in  95^ o f  the current 

proposed increase In  o p a c ity , and o f  

the to ta l programmed future capacity.
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This option may be sccosplished by :

p. Fabricating the veneer feeder in 
the plant's own engineering shop 
end installation work being done 
by conpeny mechanics end electricians,
•t e total cost o f $8,900.00.

b. Contracting the services o f * 
local machine and foundry shop 
to fabricate and install the device 
at a total cost o f $10,000.00.

3) Design and fabricate an improvement on the 
existing veneer feeding device by installing 
a simple ICA system, using alectro-pnepmetic 
gadgets in the mechanical feeder, thus 
attaining a 125/6 output over present feeding 
capacity. This option was estimated to cost 
$11,500.00.

Management* s Viewport

From a purely economic point o f view, i t  appeared that 
fiption 2~a, sipported by the plant' a Engineering Department* a 

assurance that their shop can do the fabrication end installa­
tion work satisfactorily, would be the most edvaitageous among 
the options explored. However, Management entertained serious 
doubts over the Engineering Department's claim that the esti­
mated 5$ deficit for the current proposed edacity increase 
and the 15$ defic it for the programmed total future capacity 
oan be overcome by :

s. Operating the drier«* for 20 work 
shifts/veek (coapered to the present 
18 work shifta/week) ; or

b. Revising the teeperature tones of 
each drier battery to allow a 10$ 
to 15$ speed-\p of the rollers.

-  25 -
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Management then examined the option to purchase the sophis­

tica ted  pzm oetic Yeneer feeding device, Although h igh ly 

progressive in  thinking, Managwent found out that the tech­

nologica l le v e l o f  i t s  Engineering Department was not y et 

developed ip  to a poin t where adequate operation and main­

tenance o f coaplicated electronic-pneuaatic devices could 

be assured.

The option to fab rica te an ijp roved  version  o f  the ex istin g  

veneer feeder was found to he more a ttra c tive  fo r  the 

fo llow ing reasons :

a. The proposed inprovmnent assures capacities 

which w ill meet the projected  imnediate 

and near future increases in  veneer drying 

e d a c it ie s  • end

b. The adaption o f  ICA t o the design (see Figure 

12) o f  the improved veneer feeder would provide 

asple, yet r e la t iv e ly  inexpensive, opportunity 

fo r  the p la n t's  engineering and production 

personnel to develop th e ir knowledge o f  s isp le  

automation. Management viewed th is  

opportunity as an important step towards 

modernising th eir plywood p lan t, considering 

that more recent developments in  plywood 

machinery designs involve more and more o f

the automation features that are required 

in  high volume plywood production.

Manpigqmant's Decision

A check with lo c a l suppliers o f  ICA components showed 

that they are s u ffic ie n tly  knowledgeable o f the ca p a b ilities  

o f th eir products and they have a cempetont technical s ta ff 

to  guide th e ir customers in  the design and fabrication  o f  

devices using th e ir  ICA systems components.

Management approved Cation No, 3 fa r immediate imple­

mentation 1
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V i. APPLICATION OF ICA TO PUCWOOD MANUFACTURING

The plywood market has tr ip led  in  s ise during the la s t  two decades, 

w ith increased acceptance o f  laminated panels in  housing and construc­

tion  a c t iv it ie s . This increase in  market was matched by a corres­

ponding increase in  the s ise o f plywood manufacturing p lan ts. I t  is  

now a common thing to hear about plywood plants producing 50,000 panels/ 

day (178 cu.m ./8-hra.). In fa c t, some plywood p lants in  South Korea 

and Jqpan are rated a t the astounding capacities o f 100,000 panels/day 

(356 cu.m ./8-hrs.) and higher.

The giant s trid e  in  plywood manufacturing technology was made possib le 

by the use o f  automation b u ilt in to the machines and extensive mecha­

n isation  o f  m aterial transport equipment by th eir manufacturers. Thus, 

opportunities f 0r  the application o f  ICA in  such b ig  plywood plants, 

under the guidelines enumerated in  Sections X I and V o f  th is paper, 

are very lim ited .

This paper, therefore, is  concerned more w ith the opportunities o f  ISA 

application  in  plywood plants w ith capacities o f  25,000 panels per 

24-hours (approxim ately 90 ou.m ./8-hrs.) or le s s . These ¡snail plants 

usually have basic and simple veneer production, drying, glum spreading, 

hot presses, trim  saws and ss.iding machines, and are r e la t iv e ly  more 

labour intensive than the giant plywood p lants. Thom, these small 

fa c to ries  provide anple opportunities fo r  the in s ta lla tio n  o f  ICA 

systems to disprove product qu a lity, reduce m aterial wastage, increase 

product output and improve indu stria l sa fety  conditions.

A . FLOW PROCESS AMD OPPORTUNITIES FOR ICA APPLICATION

An examination o f the flow process in  small plywood fa c to ries  

(90 cu.m./8-hra. or lower capacity ) (see Figure 13)  and the analysis 

o f a c tiv it ie s  and practices observed in  each phase o f  the production 

operation« fa r  possib le additional mechanisation and IGA application 

revea l the follow ing :

(Note : The operations described in  the fo llow in g paragraphs

is  a composite p ictu re o f the most eonon practices 

in  a number o f  small plywood fa c to ries  v is ite d  by 

the w riter in  the Ph ilippines and abroad.)
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1 .  l o g  H a n d l i p f

I t  is  a common practice to dump the logs o f f  a truck or tra ile r  

by running the rear wheels or one side o f  the hauler over a wedge 

rasp to tip  the logs over the other side o f  the truck chasis.

In the case where the logs f a l l  to the water in  a lo g  pond, 

damage occurs to the logs as they f a l l  one on top o f  the other. 

Worse damage is  possib ly su ffered by logs dropped onto the hard 

ground o f  a lo g  yard where there is  no waiter to  absorb part o f 

the shock stresses as the logs  f a l l  on top o f one another. 

Internal stresses sustained by the lo g  p ieces during dragging 

and/or yarding operations in  the fo res t are thus considerably 

m agnified. These damages become evident in  tbs peeled veneer 

sheets as sp lits , cracks, stress marks e tc .

A single type o f  A-Frame h o ist, operated by the dram-mechanism 

o f a discarded double-drum yarder (from the logging operations) 

pod powered by a second-hand d iesel-engine (see Figure 14) 

o ffered  a solution which c o «t less  than h a lf the cost o f a 

40-ton crane.
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2. W  DahwHng

ia  countries where labour is  s t i l l  very  cheap, i t  is  almost 

impossible to ju s t ify  the use o f  a lo g  debarking machine. 

Current p ractice in  the southern Philippines is  to farm out 

th is job on contract basis a t le ss  than ^>$0.10 per cubic 

meter. This was also found to  be the practice in  plywocd 

plants in  other developing countries where labour is  cheap.

3. log Backing

M aterial loss  in  th is  operation dim to UNSQUAEE-end cuts a t 

both ends o f  the lo g  b o lt is  oftentim es unnoticed. A d r if t  

o f '1 inch (25.4 mm.) when bucking each end o f  a p iece o f  lo g  

resu lts to  a m ateriel loss  o f  O.dl cu.m. fo r  every lo g  b o lt 

cut from a lo g  p iece w ith a t le a s t 60 cm. diameter. This means 

a d a ily  lo g  loss o f  approximately 10 cu.m. based on 978 pieces 

o f  4 f t .  and 8 f t .  lo g  bo lts , the required input to produce 

90 cu.m, o f  plywood every 8 hours. At current p rice  o f  export 

grade logs ($130.00,cu.m.) th is  means an estimated annual 

m aterial loss  o f  $403,000.00. This lo ss  does not even include 

the losses due to lower veneer recovery from lo g  bo lts w ith 

UNSQUABE ENDS.

The magnitude o f p o ten tia l m aterial savings in  lo g  bucking can 

ea s ily  ju s t ify  some degree o f mechanisation and automation in  

th is operation.

4. Lip Stealing

This operation may not be necessary when the plywood p lan t has 

a lo g  pond fc r  lo g  storage. However, in  p lants, where logs 

are stacked in  lo g  yards, steaming nay become necessary, 

p a rticu la rly  i f  the logs becomo too dry fo r pealing purposes 

because o f  long storage periods.

Normally, plants which steam the lo gs , have adequate lo g  hand­

lin g  fa c ilit ie s  (h o ists on mono-rail tracks, or the lik e ) end 

teapereture control system In sta lled  even at the s ta rt o f 

p lant operations. N0thing much can be contributed by the 

in sta lla tion  o f  ICA in  th is operation.
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5.  P e a lin g  Q p«r»t.-inng

a. log  Centering end lathe Charging

I  v e i l  centered axis o f  ro ta tion  on both ends o f a 

lo g  b o lt leads to high veneer recovery rates in  peeling 

operations. Optical centering is  usually done in  snail 

plyvood p lan ts, while lo g  b o lt charging on the peeling 

lathe is  fa c ilita te d  by the use o f  an overhead travelin g 

h o ist w ith gripping hooks, which transports the lo g  b o lt 

to the peelin g machine and holds the lo g  in  place u n til 

the la th e spindles (chucks) are located on the centers 

chosen a t both ends o f  the lo g  b o lt. This is  normally 

doxie by two men, who also clean the lo g 's  la te ra l surface 

o f foreign  m aterials such as stones, sand p a rtic les , 

p ieces o f  metals, etc .

In developing cod itr les , cost o f  labour is  generally low. 

Hence, i t  is  usually inpossib le to reach an economic 

ju s tific a tio n  fo r  the acqu isition  o f  the more modern 

combined lo g  centering end lath e charging machine. In the 

case o f those factories  where the high volume o f work and 

cost o f  labour may ju s t ify  the use o f an automatic lo g  

centering and lathe charging machine, i t  is  wise to be 

reminded that such en acqu isition  requires more e ffic ie n t  

and inmediata equipment maintenance a c tiv it ie s , fo r  then 

the lathe w ill  be la id  id le  whenever the lo g  centering and 

lathe charging machine breaks down.

Nevertheless, even a non-circular lo g  end can be w ell 

centered with the use o f  a l i t t l e  mechanisation and s isp ie 

ICA device, as shewn in  Figure 15.

b. loft PaeUwg

Conventional lathes usually requ ire two men to operate.

One man operates the lath e i t s e l f ,  while the other man 

operates the veneer transport systems linked to the la th e. 

Modem peelin g systems incorporate the controls fo r  lo g  

centering, lathe charging and m aterial transport devices



with the controls fo r  operating the lathe i t s e l f ,  thus 

requ iring only one operator, where four men ware form erly 

required. Veneer p eelin g  is  a precision  operation. 

Correspondingly, the controls which allow such precision  

in  the veneer lathe operation should not be tap ered  w ith. 

In  the event that more advanced automation is  desired to 

he added to the conventional la th e, i t  is  best that the 

la th e manufacturers be consulted on the B etter.

Nevertheless, knowledge o f  the basic p rin cip les  o f &Д 

w il l  g rea tly  help in  the sore e ffic ie n t  maintenance o f 

the la th e 's  automatic control sj items, as these controls 

are designed under the same p rin cip les  o f  pnaw atios, 

hydraulics and e le c tr ic s  vised in  1£A.
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TKiurat 15

РСЛТАВИ LOG CSHTERra; ПЕЛ ICE
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Continuous Veneer Sheet»

Peded continuous veneer i s  best handled, by a reelin g  

system «hereby the continuous veneer sheet is  wound on a 
veneer re a l (or bobbin). The speed of reelin g  is  to n a lly  

■ etched to the peripheral speed of the logs being peeled, 
in  order to prevent breaking o f the continuous sheet of 

peeled veneer. A plywood p lant with adequate — 
end n etel fab ricatio n  equipnent can fabricate a veneer  

reelin g  system sim ila r to that shown in  Figures 16 & '17, 
which involves lim ite d  mechanisation and automation.

Veneer Round-tbe

A good portion of the eoreatook requirements o f a sm all 
plywood p lan t i s  normally obtained from the '1st and 2nd 

ro v d -tp s  produced in  peeling operations. This i s  aug­
mented by the m aterial peeled from lo g  areas about '1 inch  
«way from the periphery o f the log core. These ooreatock 
m aterials come in  mmwrous trapesoidal and parallelograaio  

pieces with w idely varying widths. Thus, handling and 

storage of the m aterial can become e problem which may ad­

versely effect plywood production output.

The round-qps and la s t  peelings from a log piece hove to be 
clipped to obtain roughly rectangular pieoes in  order to 
allow e ffic ie n t drying end fa c ilita te  s l ic in g  la te r  on in  

the manufacturing operations. The d ip p in g  rate should 

match the peeling rate to prevent e p ile -q p  o f green veneer 
before the d ip p e r and veneer stn eg a fixture w ill he 
required. Otherwise, green veneer storage before the 

d ip p e r machine w ill be necessary.

Sinoe the e ffic ie n cy  and qpeed of clip p in g  Is  p rim arily  

dependent on the d ip p e r operator1 a ju d ^ a n t, i t  i s  

imperative that the d ip p e r be provided with devloes which 
allows marinon d ip p in g  speed, and at the sane time protect­

ing the nl leper operator from aooldentally cutting h is
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Figure 16: Veneet reeling system.



Figure 17



Reeled bobbins storage
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fin gers or hand daring the c lipp in g operation.

Veneer c lipper knives ere no re a lly  actuated by compressed 

s ir  v ith  cu tting cycles as short as 1/20 second. This 

fa s t clipp in g ra te  requires more responsive Jafety features 

on the machine, p a rticu la rly  clippers where the veneer is  

fed  manually. The curren t ultim ate improvement o f the 

machine is  by feeding i t  thru a veneer conveyor system and 

hooking—up an "OPTIMIZER11 which scans the veneer surface 

fo r  uqpassahle defects end signals the c lipper knives wbeh 

to cut o f f  these d efects. In th is  manner, there is  no 

contact possib le between the operator's hands end the 

c lipper kn ife.

A sinple sa fe ty  device fo r  a manually-fed, fo o t operated, 

conpressed-eir powered veneer clipper is  shown in  Figure 18.

H

[-7/.if C/I'f.ácf

J

FIEME 18

masa clipptd catz:y :sjict.
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Horeally, snail plywood plant* o m  ven*er p a lle t*, H at 

trucks or d o llies  Boosted on swivel wheels to store clipped 

green veneer. To cope with the larger outputs o f conveyor- 

fed veneer clipping, a "ZIG-ZAG* veneer storage conveyor 

system (figu re 19) Bay be insta lled . In factories where a 

large percentage o f the log  iqput is  o f less than 50 c*. 

diets»ter, the "DECK" system o f storing veneer pieces is  

recommended. Both the "ZIG-ZAG* and "DECK* systems save 

on factory floo r apmce.

Figure 19: "Zig-zag" veneer storage conveyor
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7 . Veneer Drrlng

Continuous n nw r sheets are dried In  oontinnous (endless) 
т ю и г  d rie rs vfaieh are equipped with sutoaetlo feeding aysf »  
hoaked-qp (and synchr onised) w ith the wepssr  reeling aystaa. 

Henoe, except for p ossible i^rw esM n t o f the temperatura asá 
a ir  d raft oontrol devices, oontlnuous d riers offer weary 

U n ite d  oppo rtun it y  for further JppUoetion o f I d .  Even i f  such 
iqprovesent is  thought o f to he necessary and p o ssib le , the 
d rie r manufacturera should be oonsulted on the proposed Improve­

ment as th is  м у  sffe o t the other ch aracte ristics o r ig in a lly  
designed into the d rie r.

B o ile r track d riers are u su a lly  e a n m lly  fed, as in  the ease 
where f u ll  sheets (4' z  8 ')  are fed in to  the d rie r. The need 

for a feeding device a rise s when " o ff-site *  weaver  pieces 
( i.e . pieces d ipped fin »  roundings, narrower or shorter than a 
f u ll  sheet) are to be dried on r o lle r  track d rie rs. Fau lty  

positioning and h ig h ly "variable rate  o f feeding the veneer 
pieces lead to in e ffic ie n t loading o f the ro lle r  track d rie r.
To atta in  the id e a l u t ilis a t io n  o f the drying area on ro lle r  
track d rie rs, the veneer pieces should be la id  end-to end end 

edge-to-edge occupying the f u ll  width o f the d rier opening thus 
leaving no void in  the availab le  drying surface o f the r o lle r  

tracks. A d rie r feeding device as Shown in  Figure 12 w ill help 
a tta in  esxieuB use o f the drying qpeoe in  к ro lle r  d rie r when 

drying " o ff-s ise ” veneer  sheets.

8 . Dry Veneer Section

a . Cam-Hnnmai Vapaer bine

The output of the continuous veneer  d rie r i s  no re a lly  

clipped to the desired width (or length) on an eutonetio 

clip p e r, ectlwated by a U n it  switch Ideated at e pre­
determined distance tram  the clip p er kn ife. A switching 

darvloe le  aleo conneo ted to the clip p er controls to allow 

aenoslly controlled clip p in g . Veneer aeotions w ith un­

acceptable de feote ere d ip p ed  o ff by activatin g  the d ip p e r  

■ anual! y . The clipped f u ll  sheets are than tram ported fay
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b a it conveyors to a grmding-and-sorting deck, where sheets 

good fo r  plywood taps (fa c e s ) era segregated from thoaa 

which are good on ly fo r  plywood bottoms (backs). Top 

(fa c e ) vanaar sheets ara further segregated according to 

co lo r, as the ease eay be, and p iled  on p a lle ts  or d o llie s . 

Bottoe (back) vanaar sheets w ith Minor defects ara p iled  

separately from the good sheets, and are sent to the veneer 

repa ir section . The good sheets ara sent to the Plywood 

Assembling Seotion.

Again, proper maintenance o f  the automatic clipp in g device 

requires knowledge o f  the basic p rin cip les  o f  automation, 

p a rticu la rly  pneumatics.

b. Clipped Cpreatock end Bottom (Bsok) Y en s » Pieces

S ea ll plywood plants are usually equipped w ith separate 

eachlnes fo r  jo in tin g  and sp lic in g  veneer. A "GUILUHIBE” , 

powered by s hydraulic cylinder, is  coemohly used fo r  

jo in tin g  several places o f  veneer (p ile d  ons on top o f 

another) s t  s tin e . S p licing glue Is  brushed aenually on 

one jo in ted  edge, while the veneer p ile  is  s t i l l  compactly 

pressed by the jo in te r  damping device. A problem usually 

encountered in  th is procedure la  that o f maintaining ths 

squareness o f ons jo in ted  face o f  the veneer p ile , while 

se ttin g  the jo in te r  to  cut the other edge. Faulty jo in tin g  

produces venear sheets w ith parallalognm  or trapesoidel 

shapes and resu lts in  Sneky-edged sheets when aplieed.

These sheets further slow down lay-up a c tiv it ie s  as I t  

becoaes more d if f ic u lt  to  a lign  ths veneer Sheets haring 

irregu lar edges.

A number o f  types o f  venear  sp lic in g  machines are ava ilab le. 

One modal has a ro ta tin g  heated oalend«r which presses on 

and o^res ths glued jo in ts  o f  venasr  plsoes fad in to the 

calendar by a feed conveyo r . The output is  a continuous 

sheet which is  clipped by e c lip per in sta lled  in  tandem to 

the sp lice r. This c lipper Is  autom atically operated In  e 

manner sim ilar to the clipper located a fte r the continuous
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(endless) d rie r, discussed in  Section 8 -a  shore. There ere 

sp lic e r models which le y  s length of glue strin g  in  s 

■Z IE-ZA.G" meaner ecross the jo in t . Other antLcers qpply e 

thermo % * le stic  type of adhesive in  reg u larly spaced pre­
determined qpota over the jo in t . A more advanced model, 

known as the Automatic Veneer Cg^pgser (AVBC) combines the 
jo in tin g , s l ic in g , gjudng (or taping) rad clip p in g  opere- 

tio n s, producing f a l l  sheets o f predeterm ined widths rad 
lengths.

The in sta lle d  b asic jo in te r, qplieer and d ip p e r o f e m a ll 
plywood p lan t would probably be from differen t manufacturers 

and hare d ifferen t infeed and outfeed ch a ra cte ristics. A^y 

plan to automate t ills  section w ill therefore hare to synch­
ronise the output ^>eed o f the jo in te r to the infeed q>eed 

of the ap lio erj and the output y i d o f the sp lic e r to the 

infeed ^eed  o f the clip p e r. In  p lants where the 
"GUILLOTINE” (knife type o f jo in te r) i s  used, automated hook­

up o f the jo in te r to the qplloar is  hardly p o ssib le. Auto­

mation of the two operations i s  more feasib le  wham a cutter­
block type of jo in te r i s  availab le . In fact there ere 
automatic jo in tin g -a p lic in g  machines availab le  in  the equip­

ment market where the jo in tin g  operations is  done by e 

cutter H o ck. Thus, ones a way is  fotnd to hook-tp the 
jo in te r to the sp lic e r, further automation oan be attained  

by connecting the ^ lio a r  to the d ip p e r in  the sunner 
described in  the preceding paragraph.

9 . Vanaer Sheets Uv-tfe and Hvwood InseehUmr ^aeration»

The m aterial iqput o f th is  section is  supplied from various 

sections o f the plywood p la n t, namely : Top and Bottom Tenaart
from the grading and aorting deck after the continuous dryer 
clip p er' bottom veneers rad corestock sheets from the veneer 

rep air and patching aeotdonj and bottoe veneer  and corestock 

sheets coming from the veneer sp licin g  lin e . Plywood ooaponants 
are u su ally  p ile d  on p a lle ts , eeeh p a lle t containing only one 

type of coaponent (top veneer sheet only, or core stock only or, 
bottom veneer sheets o n ly).

J
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» la  eoarantional 3-ply construction, only the ooreatock is  

passed thru a douhle-roll glue tpreader. The eorestock, glued 

on both surfeces, is  then la id  by hand over a sheet o f bottom 

renew , ^hen, a sheet o f top renew is  la id , also by hand, on 

top o f tbs oarestoalc renew . To hasten Tenser lay^rp opera­

tions, e ooqposlts p ile  o f  top, bottom, top, bottom, e tc ., 

sheets is  made flrem a p a lle t o f top sheets sod a p a lle t o f 
bottom sheets. Tfane, e ftw  the '1st eoraatoofc sheet is  glued 

end ls ld -tp  on the '1st bottom sheet, e pair o f fop and Bottom 

shoots is  pulled o f f  the eo^ostte p ile  and la id  on the open 

surfaoe o f the glued oarestoek sheet. Toe prooess is  repeated 

u n til the p ile  o f laid-q> panels is  b u ilt to s height matching 

two loads o f tbs hot press, la  some plants, where cold pre­

pressing is  done, the lald-ty> panels ere p iled  on top o f a 

3/4" (19 mm) thick wooden caul la id  on a wheeled p a lle t to 

permit easy transport o f  the p ile  trcm the glim spread«* area 

to the cold press, thence to the hot press.

- 4* -

large modem plywood plants use automatic lay-qp and gluing 

systems, sim ilar to  the model shown in  Figure 2o. Use o f the 

automatic lay-qp system is  made a necessity by high vokume 

production, or when producing large sise panels, whose conponent 

p lies  are hard to handle manually.

Figure 20: Automatic lay-up and gluing system

J
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The two production systems discussed in  the preceding paragraha 
represent the extremes in  lsywvp and gluing technology. The 

f ir s t  system is  purely menu*! *nd is  thus h ig h ly labor intensive. 
I t  also requires a largo arse of factory fle e r qpece. There i*  

only one piece o f s l^ le  machine to m aintain t The double r o ll  
glue spreader. However, i t s  output i s  low. The vepesr p lie s  

and the gluad-«p panels are mere «posed to possible damage as 
a re su lt of the extensive by bammm hands.

Op the other hand, the automatic system is  almost f u lly  sutome 
ted. I t  requires only one mam to operate . The production out­

put i s  very high. The veneer p lie s  and the glued-ep panels 

ere le s s  asposed to m stsrlsl dsssge. The system earn
produce large sise  panels (5' x  K ) ') , But the le v e l o f 

technology required to keep the meehines rad m aterial traw pert 

aocessorles in  good operating eondition is  also high.

D e fin ite ly , the equipment complement of the niumal system costs 

such le s s  to acquire, in s t a ll and maintain than that of the 

automated system. Thus, ju s t ific a tio n  for automation o f th is  

section of the small p lan t i s  hardly p o ssib le.

'10. Cold And Hat Press-Lay

Cold pre-pressing i s  done on e hydraulic p ress. In  m a ll acd 

medium plywood p lan ts, loading and unloading Is  done manually.

A pplication o f automation to the operation finds lim ited  
opportunity for the hydreulio presses sire in sta lle d  complete 

with the desired controls.

However , adjple mechanisation by way o f ro lle r  conveyors (deed 

or liv e )  aay be In sta lle d  to f a c ilit a t e  loading and unloading 
the press sad rmduoe the ehanoes of accidents occurring during 

the transport o f gLued-tp panels.

M ulti-opening hot presses In  sme ll  plywood plants are u su ally  
manually loaded and unloaded. Automatic loading and 

unloading of the panels into the prase platens beooate necessary 
«hen the pressing capacity requirement reaches 20,000 panela/day
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(70 cu.n. /8-hrs.) or do re . Automation allows maximum u t i l i ­

zation  o f the hot press and saves on factory  flo o r  space.

Since hot presses are s p e c ific a lly  designed and b u ilt fo r 

e ith er manual o r automatic loading and unloading operations, 

i t  is  hardly possib le to  convert a manually operated hot press 

to an automatic loading and unloading one.

However, knowledge o f  ICA systems w ill help \ ep the automatic 

controls o f the hot press in  good operating condition.

11. Pawml TMmmlr** (frerat.-ion»

» .  Panel Trimming lin e

The basic machine fo r  trimming the edges o f  plywood panels 

is  the trimsaw with two c ircu la r sewblades mounted on the 

same shaft and set apart a t the desired width or length o f 

the panel to be cut. There are usually two o f  these machines, 

one fo r  trimming the plywood panels to the desired width 

and the other, fo r trimming to the desired length. These 

machines are usually equipped w ith feeding devices which 

keep the panel adequately pressed on the machine bed as i t  

is  pushed against the sawblades. Without conveyoriration 

between the two trim s«! machines, feeding and unloading 

each triosew is  done manually by two workers a t each end 

o f the saw. Thus the two saws require a m in im i o f 8 workers. 

Panels are transported to and from the machines by a-'tas o f 

wheeled d o llie s  or p a lle ts  moved by a mobile h an d -lift.

b. Sending Operations

The basic machinery fo r  sanding the trimmed plywood panels 

are usually a double b e lt top Sander and a double d m  

bottom aander. In some plants, the bottom surfaces o f  the 

panels are scraped on s scraping machine, rather than sanded. 

Feeding and unloading the machines are done manually oy 

two men a t each end o f  the machine, thus a t le a s t 8 men are 

required to  operate the whole sanding lin e , in  e ith er ease.



The foregoing set-тр o f  the panel tr in d n g  end sending 

lin os  provide ample opportunity fo r  the application o f 

mechanization end erutoamtion, p a rticu la rly  in  the labour 

in tensive feeding and unloading aspects o f  the operations.

In fa c t, w ith automation and corrveyorisation, the trim  

saw lin e  can be hooked-vp to  the sanding lin e , and arrive  

a t a system which w il l  require a t most 3 man. This step

in  modernisation o f  the two lin es , without rep lacing the 

machines w ith  new equippent is  discussed in  more d e ta il 

in  a la tte r  section o f  th is  pqpar.

12. Panel Grading. Sorting end Crating

Grading sanded panels is  done by s i g h t ;  while sorting end 

orating ere e l l  manually accomplished. Again, th is  section 

o f a small plywood p lan t, being h i^ ily  labour in tensive, 

provides p o s s ib ilit ie s  fo r  the application o f  ICA.

With the oonveyorisation o f  the sanding lin e , a powered conveyor 

extension can be connected to the output end o f the la s t  sanding 

machine (Top Sander) end grading a c tiv it ie s  can be conducted 

v isu a lly  while the panels move along the conveyor. A h igh ly 

advanced improvement would be to use a scanning device, sim ilar 

to  the "OPTIMIZER", discussed in  paragraph V I-A_6b and r ig  4? 

a combination so rte r-p ilin g  machine. Crating can be done by 

a machine espec ia lly  designed fo r  the purpose with b u ilt- in  

s tee l strapping devioe. Transport o f the p iled  ppnels from the 

so rte r-p ile r  to  the crating machine can be fa c ilita te d  by 

oonveyorisation.

Once more, the economic consideration fo r  automating th is  

phase o f plywood manufacturing, would g rea tly  outweigh any 

other factor, to ju s t ify  the move to modernise.

V I I . APPLICATION OF I£A TO SMALL FIBHEBQABD PIAMTS

About ten years ago, i t  was o f general acceptance in industrialised 
countries that the minimum economic sise o f a fibre board plant is 
100-tons per day (30,000 tons/year). With the recent increase in the
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costs of equipment, labour rod raw m aterials, i t  can be prestated that 
tbs mininm eoonosdo si* «  has increased beyond the 100 tons/day le v e l. 

This s is s  of p lan t, with a l l  it s  advanced mechanisation and automation 
b u ilt  into the production machinery and transport equipment could not 

be economically ju s t if ie d  in  developing countries which vented to manu­
facture fibreboard to complement the need for panelling m aterials in  
th e ir bousing program s, in  apite o f the re a d ily  »ra ila b le  low cost 

raw m aterials end cheep lab o r. However, i t  was proven in  the middle 
1970* s that, fa r proposes o f domestic oosuqptlan in  developing countries, 
flbreboerd plants w ith cap acities below 50 tons per day (6,000 tons/year) 

are v ia b le . Flbreboerd p lan ts with cap acities of 12 tons/cay (3,600 

tons/year) end 24 tons/day (7,200 tons/ymar) were successfully  in sta lle d  

eul operated in  A frican countries by native labour, under the stp er- 
v is io n  of expatriates from developed countries. The main features o f 

these sm allsslse fibreboard p lan ts ere t

a . Batch system o f production j
b . Wet process o f flbreboerd manufacture, Which 

does not require the use of bonding agents 

hardly availab le  in  developing countries j

c . Use o f beslo aachines wherever allowed by 

production constraints ;

d. Manual transport systems for m aterial s - in -  
prooess and finished goods.

These m a ll flbreboerd p lan ts offer opportunitie« for tbe application  

of I d  in  order to  »

« . Reduce lebmur Cost %

b. Provide Better In d u stria l Safety Features and ;

o. Sava on m aterials waste or damage during 

transport In  between operation.

This paper therefore discusses the p o s s ib ilit ie s  o f adopting I d  in  

auoh small fibreboard p la n ts.
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A . FI£W-PROCESS AMD SITlIkTIOtS FOR POSSIBIE ICA APPLICATION

Figure 21 shows the flow-process involved in  s 24 tons/day, batch- 

type, wet process fib  re board p lan t in  Kenya. The operations en -  

closed by the broken lin e  are performed with the use o f machinery 

and transport equipment sp ec ific a lly  designed and constructed fo r 

the type o f  process and rated production capacity o f  the p lan t. 

Hence, th e ir  controls are b u ilt in to the machinery and equipment.

I t  is  best that the machinery supplier be consulted on any proposed 

a lterations on these machines. The operations outside o f  the 

enclosing broken lin e  ere those which use sinple basic machines and 

equipment, do not need special design and, thus, may be sxpplied by 

other manufacturers. These are tbs operations where ICA finds 

better chances o f application and shall be the focus o f  the d is­

cussions in  the fo llow ing paragraphs. A b etter appreciation o f  the 

operations involved in  th is -type o f  fitarebosrd p lan t is  given in  

the p io to r ia l flow  process shown in  Figure 22. (Che raw m aterial 

preparation operations, i . e . ,  lo g  debarking, lo g  bucking and 

s p littin g  are not shown in  the p ic to r ia l diagram.)

'1 . log Handling

log handling fo r  purposes o f  fibreboard panels is  not saddled 

with the constraints found in  plywood manufacturing. Further­

more, the lo g  input o f fibreboard plants are comnonly smaller 

then those in  plywood p lants. H ^ce, lo g  handling in  fib re - 

board plants lend i t s e l f  b etter to  more manual operations. I t  

has Deen observed that mechanisation o f  lo g  handling in  fib re - 

board plants becomes more o f  a necessity when the lo g  volvm» 

to he handled is  b ig  enough to ju s t ify  the acqu isition  o f 

mechanised lo g  handling equipment.

2 , log Debarking

Small volunes o f lo g  iqputa, as in  the 24- tons/day fibreboard 

p lant which requires 1.65 tons o f logs fo r production raw 

m aterial and 1.25 tons o f fu e l wood fo r  every ton o f end- 

product, could hardly ju s t ify  the use o f debarking machines 

p a rticu la rly  where labour is  very cheap. Hanee, manual de­

barking is  recommendehle at present.
i
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3. lo p  B a d r is  and S n U tttm r

Where the lo g  sqpply comb w ith lengths too long and/or dia­

meters too la rge to be handled by the d ip p in g  machine and 

it s  feed conveyor system, preparatory bucking and f l i t t i n g  

have to be done on the lo gs . Furthermore, the logs are washed 

before they are fed in to the clipp in g machine to remove d ir t  

and other foreign  m aterials which adversely a ffe c t clipp ing 

operations.

The lo g  irpu t o f  the fibreboard w ill come mainly from wood 

waste by-products o f  other wood processing a c t iv it ie s , hence 

on ly e  sn a il portion o f  the m ill' a irpu t have to be bucked or 

s p lit . This a e e ll volxse to  be bucked can not ju s tify  tbs use 

o f  an automated device. Hand-operated chain sews are more 

adaptable to  th is  operation.

Where the lo g  diameters are too la rge  to allow safe sp littin g  

by hand, a hydraulic operated lo g  s p litte r  is  used. Again, 

the volume o f logs to be s p lit  is  so small to ju s t ify  further 

mechanisation or automation o f  the operation, ^w ever, sa fety 

considerations require the in s ta lla tion  o f  a. p ro tective  device 

which prevents the worker from sp littin g  h is hand (o r  fin gers ) 

together with the logs.

4. Cfrfet-tons

к drus type chipper reduces the logs in to chips. (D isc-type 

chippers вшу he used i f  the input does not include small 

residues from sew m ills  or plywood fa c to r is e .)  log p ieoes are 

la id  by band on a b e lt conveyor which feeds the lo g  pieoes in ­

to  the feed ro lle rs  o f the chipping machine. The chips 

produced are exhausted onto sp ec ia lly  designed b e lt conveyer 

which eaptiee it s  load in to chip bins. Igedlng o f  wood 

p ieces on the In-feed b e lt conveyor is  oon lrolled  by the workers 

assigned to  do the job.

The problems that may possib ly arise in  th is operation are :

* . Unnoticed inclusion o f m eta llic  ob jects with the

wood irpu t o f the machine w ill damage the chipping knivesj



- 51 -

b. Clogging o f the chip v e i l  a t the fo o t o f  the 

chip conveyor whan the la tte r  malfunctions or 

stops, while the chipping machine continues 

to rtn .

A magnetic metal detector in sta lled  on the in feed b e lt conveyor 

which stops the conveyor when m eta llic  ob jects are detected an 

the conveyor w ill  help solve the f i r s t  problem c ited  above.

Clogging o f  the machine izgnrt opening may he preven ted by 

in s ta llin g  •  warning device which autom atically stops tbs 

chipper when over-alse wood p ieees ere poshed ageinst the 

sensing component o f the warning system.

Clogging o f the chip w e ll can be prevented by in s ta llin g  a 

mechano-electric device which w il l  simultaneously stop the 

chipper motor and in feed conveyor.

5. D igesting. Defibra tin g . Pain Washing. Consistency 

Regulation. Sheet Forming rod Pressing Qaorationa

As mentioned in  Sac,VH-A o f  th is  peper, the coaponent machines, 

equipment end transport fa c i l it ie s  in  these operations o f  the 

amali fibreboard p lan t were designed to  the particu lar capacity 

and type o f process fo r  the p lan t. Correspondingly, the 

controls have been b u ilt in to the machines and equipment to 

assure fa c i l it y  in  atta in ing a desired balance in  th is series 

o f operations. Any plan to  rev ise  some operating features o f  

one machine may adversely a ffe c t the performance o f the other 

machines in  the series . Hsnoe, i t  is  v is e  to consult the 

equipment s ip p liers  before any such a ltera tion  is  introduced 

in to  the system.

Narvmrtheiesa, proper maintenance o f  the con tro l« o f  these 

machines w ill be fa c ilita te d  by a good knowledge o f IDA fo r  

these control systems are designed under the same prin cip les 

used in  IDA.

6. Hast Treatment

Rest treatment o f  tbs pressed boards is  done in  a steam-heated
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charter for 4-hours. The boards «re loaded in  m ulti-opening 

trey trucks, which sre then pushed into the heat treatment 
chamber. Each truck daylight can carry two thin  boards or one 

th ick board. The trucks, «ousted on wheels, are manually 

pushed in  and out of the treataent ohaaber.

Except for the iayrovaaent  and aaintenance o f the temperature 

controls o f the chamber, i t  appears that application o f ICA 

to th is operation i s  hardly possible without re d io slly  changing 
the in sta lle d  equipment and the conoept of the heat treating  

operation aa used in  th is  p lan t.

7 . H a id ifio stio n

The beat treated boards are then hum idified by spraying water 

on the rough-beok-alda of the boards. This operation i s  deemed 

necessary to prevent warping of the boards when in  use. The 
moistened boards ere then stacked in  a p ile  for sometime to 
allow norm alisation of moisture content over the whole th ick­

ness of the boards.

The machine vised in  th is  operation i s  o f vary staple design 

(sae Figure 23).
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To provide b etter handling o f  the boards (end prerant damage 

to  the boards) e t both the in feed  end outfeed ends o f the 

machine, i t  is  possib le to in s ta ll hydraulic operated "SCISSORS. 

LIFT” at each end so that the board-in-process can always be 

made to  r is e  (o r  f a l l )  to  the sees le v e l as the machine bed.

This makes i t  possib le fo r  the in feed  worker to ju st s lid e  a 
board in to the ro lle rs  o f  the machine. The same ease is  achieved 

a t the outfeed end o f  the machine, where the board is  made to  

s lid e  from the r o lle r  bed onto the p ile  supported by the 

s c is s o rs - lift . Both scissors—l i f t s  can be raised or lowered 

by a foo t-con tro lled  hydraulic va lve .

8 . Panel Tr-inm-iny Operations

Trigging the boards to  fin a l s ise is  done on a gm try saw 

equipped w ith three sawblades mounted on the tra ve llin g  gantry. 

Two saw blades mounted on the seme shaft out the hoard edges 

as the gantry trave ls  from one end to the other end o f  the 

machine. The th ird  saw is  suspended from a movable base which 

is  made to  tra ve l in  a lin e  perpendicular to  the cuts made by 

the twin saws. The th ird  saw is  activated at the beginning o f 

the cycle to cut one end o f  the board, stops autom atically as 

the cut is  completed, and then re-activa ted  to cut the other 

end o f  the board (to  a pre-prograsmed len gth ), a fte r the twin 

saws have couple ted cu tting the board to  the desired width.

The boards ere fed in to and unloaded from the machine by hand.

Obviously, th is  am is  purposely designed fo r  batch type 

operations. A t le a s t two men are required a t each end o f  the 

machine. Nevertheless, i t  is  possib le to adapt ICA to  automate 

the operations, together w ith a properly designed conveyor 

system fo r  the machine.

This can be done in  the fo llow in g manner :

1 ) In s ta ll a "S c is s o rs - lift” a t the in feed  end j

2 ) in s ta ll a pneumatic feeding device fo r  the 

p ile  o f  boards on the s c is s o rs - lift  j

t



3 ) Curtail a w ide-beit conveyor on the a»china 

bad, such that tha conveyor w ill ba ao tiv ited  

a fte r  a signal fr o «  the feeding dervioe j

4 )  In s ta ll a lim it  switch at the discharge end 

o f  the machine bed so that the w ide-belt 

conveyor is  stopped and the cu tting cycle is  

started when tha leading end o f  the board 

h its  the lim it  switch ;

5 ) In s ta ll a switching device which w ill activate 

the v id »-b e lt  conveyor again a fte r  coapletion 

o f the cu tting cyc le , so that the trimmed board 

is  discharged in to another "s e is s o rs - lift " . The 

wide b e lt conveyor is  autom atically stopped a fte r  

the board is  com pletely discharged o f f  the 

naohine bed.

6 ) The gantry is  then autom atically moved to the 

feed end o f  the machine, and the whole cycle 

is  repeated.

I f  sorting, p ilin g  and crating operations are desired to  be 

hooked-qp autom atically to  the trimming operations, the 

s c is s o rs - lift  a t the discharge end can be elim inated, and a 

l iv e  conveyor system in sta lled  in  it s  p lace, sim ilar to that 

discussed in  Sections VUL.11 and 12 o f  th is paper (Plywood 

manufacturing operations). A sorting, p ilin g  and crating 

system, sim ilar to that discussed in  sim ilar operations in  

plywood manufacturing can be in s ta lled  fo r  th is purpose, 

provided the factory situation  ju s t ifie s  the Improvement.

V I I I .  APPLICATIONS OF ICA TO PART ip BnARp PTfNTS

The development o f  equipment fo r  the manufacture o f  particleboard 

during the la s t  two decades has been d irected  to the reduction o f man­

power requirements, as • vetpctwle the high wage le v e ls  in  industria­

lis e d  countries. Thus, we find the out-dated p a r t ic le  board plants 

being sold to and in sta lled  in  developing countries where the cost o f 

labour is  low. Nevertheless, we may find situations in  these old 

plants fo r  the application  o f ICA to  achieve the follow ing :

-  5 4 -
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a. Improvement of Product Quality •
b. Increase in  Board Production ;

c . Reduction o f  Rejects ; and

d. In general, reduction o f  un it cost o f  Production.

A . FlflW PROCESS AMD OPPORTUNITIES FOR ICA APPUCATEM

The basic a taps In  the production o f particleboard fo r  a system 

vhoae iqput is  coaposed o f  logs , slabs, branches and faggots is  

illu s tra ted  in  Figpre ?4. The opportunities fo r  the application 

o f ICA and mechanisation, lik e  that in  the manufacture o f  fib re - 

board, is  confined to machines and transport systems which are 

basic in  design and u n iversa lly  used fo r  the particu lar operation. 

I t  was further discovered that application o f  ICA to espec ia lly  

designed and engineered machines and corresponding m aterial trans­

port systems is  hardly possib le without a ffec tin g  performance o f 

the machine i t s e l f  in  re la tion  to  the balance o f  CLow fo r  which 

these machines and transport systems were o r ig in a lly  designed.

In cases such as these, the ob jectives o f modernisation may be 

achieved by the replacement o f  the present machine with more ad­

vanced models. As explained in  the beginning o f  th is  paper, th is 

method o f modernisation is  outside the scope o f ICA application 

as conceived in  th is paper.

1.  M aterial Preparation A c tiv itie s

In particleboard p lants where the raw m ateriel input is  in  the 

form o f lo gs , the prelim inary operations perforated are sim ilar 

to  that in  the manufacture o f  fibreboard. logs and branches 

are cut to appropriate lengths. Over-sisa logs  are s p lit  to 

sm aller sixes which can be fed to the chipping machine.

2, Fl.»Vinp to  Mat Pressing and Cooling d era tion s

The succeeding operations, from FIAKD8G to MAT PRESSINĜ  are 

done in  machines espec ia lly  designed fo r  the particu lar process 

and capaoity, together with the corresponding m aterials 

transport system which maintains the balance o f  flow . In 

out-dated particleboard p lants, Increase in  production capa­

c ity  in  these particu lar sections o f the process can be
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»cbisTsd by cdditicr of similar units or thair r*plac«s»er>t 
by nore units vith larger capacities.

The opportunity to install IGA in these operations is thus 
very limited.

3. Glue Mixing and ParticJe» Blinding

This is considered the heart of a particleboard plant. Product 
quality is controlled by these operations. H. Dressier has 
compiled the progress in the developoent of g~> na-mMp-m-Wwg 
machines end it  is indicated that efficiency in blending glue 
and chips can hardly be achieved by automation of the existing 
machine, but by its replacement vith e more advanced model.

4 , Trlmlng and Sanding Operations

These operations in a particleboard plant are basically the 
same as those operations in a plywood plant. Hence, ^plication 
of IGA to these operations, as discussed in Section VI .  A .  i  1 
of this paper also applies to the manufacture of particleboard.

IX. illustrative: KZ/MPIFS of ica application

Time and apace constraints do lot allow the illustration of IGA 

application to a ll the situations discussed in the preceding parag- 
raphe. Thus, the IGA solution to a only few representative problems 
are discussed below. The presentation of the solutions follow the 
guidelines enumerated in Section V of this paper.

A. LOG BTCKMG FOR SQUARE ENDS -  (PUWOOP MANUFACTtttDS)

1 . Situation

log bolts for pealing era out at a floating log house (about 
20 meters from the shore) by a gasoline fueled chainsaw 
Mounted on a metal be. anchored to the floor of the log -  
house. A lever mechanism allows the chainsaw to be raised 
and lowered vertically in an arc. The log to he out is gripped 
tightly to the edge of the log-house floor by means of grappling 
hooks bald by workers while the log is  being out. The product
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of this operation are log bolts 8 ft . -6  in. ( 2,590 meters) 
end 4 ft . -6  in. (l.3?3 meters) long. of the log bolts 
do not have square end cuts.

Production engineers calculated that a material savings of 2 

in. (0.051 meters) per log bolt can be had by reducing the 
peeling length allowance from 6 in. (0.1524  meters) to 4 in. 
(0 .10 16  meters), provided the log bolts are cut squarely st 
each end. This means an annual potential materials savings 
ef 4,340 cu. m. or approximately U3$564,200.00 at log prices 
current at that time, for the 25,000 penel/day plywood plant. 
This can be attained by arrangements with the logging operations 
people to bring down logs already cut in multiples of 8 ft. -  
4 in. or 4 ft . -4  in. or a combination of the two lengths. In 
this manner, a better balance in the production of TOP, C0BE. 
STOCK end BOTTOM veneer sheets can be attained. Furthermore, 
the log ends arising from the log bucking operations at the 
plywood plant w ill be minimised.

Problem

What davice or system to construct and install which w ill 
assure square-end cuts on the log bolts?

Options Available

'1 ) To help keep the sea-water more or less smooth and 
prevent undesirable relative movement between the 
log end the log-cutting-house, it  was proposed to 
build a V 1 km. breakwater (causeway) around the log- 
house area at an approximate cost of ^$ 110 ,000.00. 
There w ill be no change in the log bucking operations.

2 ) Another proposal was to build a concrete log-cut ting- 
house about 15  meters from the shore (as allowed by 
tide considerations); and mechanise log loading on 

the cutting platform. A ll other phases of the cutting 
operations w ill be the same as before. This pro­
posal w ill require two men/shift less than the original 
log-bucking'work orew. Furthermore, it  w ill mean an



annual savings of 1E$6,000.00, In tans of maintenance 
sad rap air of the log-house. It vas estimated that 
the proposed system w ill be at least 80Î  effective.
The proposal vas estimated to cost Q5$175,000.00.

3) A third proposal vas to build the concrete log-house 
5 meters from the shore; Install a cable-winch to tow 
the logs from the log>ond to the log cutting house; 
mechanise and automate the le g loading, length measu­
ring and log cutting activities. The proposal also 
includes the installation of a conveyor system to 

transport the log holts from the log-outting-house to 
the log-well located just before the peeling section 
of the plywood plant. This proposal w ill reduce the 
log-busking and trlnaport crew by 10 men/shift; save 
®$6,000.00 per year on maintenance cost of the log­
cutting house; assure better the squareness of log- 
ends; maintain the desired length allowance of 4 
inches (0 .IOI6 meters) on each log bolt; provide better 
safety to the workers and require log-bucking operations 
for only 2 ahifts/dey, even during rainy weather. The 
proposed system was expected to tos 95? effective. The 
proposal vas estimated to 00si 275,000.00. Other
costs resulting directly from the automation and 
mechanisation aspects of the proposal are as follows :

a) Training of enginser in IGA systems----- ®$2,500.00

b) Training of ana technician to
operate IGA system as installed
in tbs log-cutting-house —--------- -----  Œ$1,500.00

c) increase in maintenance cost of
equipment ■■ ■ --------— - BS$ 450.00/mo

d) increase In salaries of 5 bey
personnel due to added skills ——— —  500.00 m̂o

4 ) Value Analysis of the Available Options

Cation Ko. 1,- to build s break-water around the log-
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cutting-house area, vas rejected at the outset since 
there vas no tangible assurance that smooth seas 
around the lo g—cut ting—house w ill result to squareness 
in cutting log holts.

On the basis of an average 1 ,0^0 log bolts to cut 
every day, 310 days per year, 5 years equipment dep­
reciation period, Options 2 and 3 were coopered.

The results were as follows :

a) Total Volt*» of logs to Cut in 5 Tear Period, 
et 50% Recovery :

5 Trs. x 310 days/yr. x 2,675 eu. m./day ■

4.^46,250 cu. a.

b) Operating Coats :

Coat Item Qjtion No

labour Costs (5 Sea.) Ho. of Men

Engineer (Additional) Nona
Supervisory level 3 men
Skilled Workers 3 men
Unskilled Workers ¿2  men

T o t a l s  ----- 48 men

( 2 ) MftijifoMgiiW Cpsfo (2_zrs-)

Building and Structure 

Machinery and Equipment

T o t a l s -----

2

Besio P«y No. of Men

1

Besio Pev
■T5*5t

'1 man

(5 W  

$12 ,000.00

$ 18,000.00 2 men '16,000.00
12 ,400.00 2 men 10,333.00

121.520.00 '12 men 24.720.00

$151,920.00 '17 men $73,053.00

$100,000.00 $127,000.00
125.000.00 152.000.00

$225,000.00 $279,000.00

( 3 ) Fringe Benefits for Ieboiar 
(By lev and Opepanv Policy)

us$ 57,730.00 o s$  27, 760.0038% of the B«alo Pay
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U ) Power and Fuel US$ 12,000.00 0S$ 18,000.00

(5) Depreciation of Buildings 

end Equipment US$175,000.00 US$275,000.00

(6 ) Administrative Costs IB$ 50.000.00 US$ 54.000.00

Total Costs for 5 Year Period ^$671, 650.00 US$726,813.00

c) Material Savings Asoect

Option No. 2 QptJLoa **0. 3

Efficiency
Value of Materiel Savings

80 %
US$451, 360.00

95 *

us$535,990.00

d) Summary

Total derating Cost for 
5 Year Period US$671,650.00 US$726,813.00

Average Annual Operating 
Cost 134,330.00 145,362.00

Expected Annuel Materiel
Savings 451,360.00 535,990.00

Net Savings Per Year US$317,030.00 US$390,628.00
i n i w e e a e e  ■ M e M B f U f l a S »

The foregoing analysis indicates that Caption No. 3 
offers tbs best solution among the options evaluated.

5) Msodinm AHovablo Investment

At the then current cost of money of per annum, 
the maximum allow able investment for the mechanisation 

and automation project of the log-bucking operations 
under Option No. 3, was determined with the condition 
that it  w ill be acceptable only i f  the pay-back period 
does not exceed 2 years, according to coiqpany policies.
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• )  М дйии ДЦ^м«Ъ1« b i » » W  -»n Option Но. 4 t

Tb» e im u t (b»for* aeebeaisation rad eutoaetion) 
oost picture is  an fo llov» :

Ci) labour Costs For 5 leers

Stperriaory, 3 rao •  $2,000.00/ y r . -------- -- $ 18,000.00
Skilled Workers, 3 вон 0 $2.67/day .... .. 12 ,400.00
Cbddllsd Workers, 4$ een t  $1.87/day-------- 138.880.00

T o t a l s ------- 54 ran ----------------- $169,280.00

( 2 ) Malntaneaoe Cost

$ 87.000.00
Msoblesry sod Equlpaent ------------------------— '10 .000.00

T o t a l  ------------------ $ 97,000.00

(З) Pringa Benefit,

38 % of Basie fty ----------- ----------------- $ 64,326.00

(4) frwsr end Fuel — ..................... .............. $ 5,000.00

(5) Depredation, BnUdlnga, Structure
sad Equipment . . . . . $ 40,000.00

(6) Adsinistratise Costs —..... ........... ...... $ 35,000.00

then :

\ mx 5 (535, 990) -  ($726,*13 -  $4Ю ,6об)

$2, 363, 743.00

Thus, the estdaeted Project Cost for ^tion  Но. 3 o f 
$275,000.00 la s t il i  bolos tbs Madras Alloveble 
lneestnsnt for tbs Project.
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(Hot* x Another equivalent fora of the l**x fonaU  
14 nMd la  this m m  In view of tho abaanoa 
of data In tho Cam required by tho original 
fonaxla given In Section F -  B -  '1 of this 
p^par.)

b) "Pay-back* Period :

Ho. of Jeers $275,000.00 m 0.704 yasrs or
*0 pey $390,628.00 8-1/2 aonths

>̂tLon Ho. 3 was approved for lxpleaantatLon. Tho 
eutanated and eechmised solution is presented in 
Figures 25 and 25 (a).

B. MECHAH17ATTm 1TO SITTOMATIDN OF PANEL TBM4DC 

AND SIND MG OPERATIONS. (PIIWOQD PIAMT)

1 . Currant SitaMi«»«

M«iaganent of a plywood plant ratod at 20,000 penals/day, 
vlsbas to increase its capacity to 25,000 panala par day. 
iaong the production areas to be improved are the Panel 
Trladng and Sanding Seotions. Although the ar^Mnv are rated 
to produce 20 panels per ainote, currant production la only 
12,000 panals/day (8.33 panals/einnte).

This low output was analysed to have been oeused by eanual 
feeding and off-loading of the trlaadng and sending naohlnea, 
Furthanaore, transport of paaels between aeohinea la fay 
wheeled flat trucks (trolleys) pushed fay two nan.

The ourrent asxpower naylaaant of the two lines are as 
follows x

Panel Toting lino

Technician "1 M*n/Shift
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4 Men/Sfaift 
4 M*a/Shift

first Tria Sew —  ------—
Ssoond Tria Sgy ——————
Materiel Hendiera between 

Trimming Idee and 
Banding Idas --------- ■-----  2

T o t a l ---- M«n/SkLft

Production Output -■■■ 500 Pansis/Homr

Sendtnp lina

Technician ■ ■■■ —  -
Bottom Sander —
Top Sander —-----— ■—
Material Handler between 

Sanding line and Panai 
Inspection Section

’1 Man/Shift 
4 Kan/Shift 
4 Man/Sbift

2 Men/Shift

T o t a l  —  

Production Output ——

il Man/Shift 

500 Penels/Shlft

2. Problem

Solution is sought to obtain the maxlmoa possible output 
from the trimming rad sanding line.

3. Cbtions Available

a. Convayorisa the transport of penal8 between the two 
trinmin^ machinas ; conveyorise trenaport of panels 
between the two sanding machines ; end ins tell "Scissors- 
lift "  at both ends of each of the conveyoriaed lines,
This move w ill reduce total manpower requirements of the 

two lines to 14 man/shift. The proposed conveyor!satdon 
w ill cost BS$8,500.00 and increase the output to 900 
panels/hour. However, this proposal uses only 80% o f  

the available trim sew eapeoity rad.70  ̂of the available 
sending line capacity. To attein the production target



of an average 150,000 panels per week it  was proposed to 
operate the line for 359 days per jpeer, instead of the 

normal 3^0 working days/year.

b. Conveyoriae fully the transport of panels from the first 
trim saw machine to the Top Sanding machine* and install 
"Scissors-lift" at both ends of the conveyorized line.
This proposal w ill require re-location of the second -trim 
saw and the two Sanders end w ill cost IE$44,500.00. On 
the other hand, the completed line w ill have an output 
capacity of 18 p anal a /minute or about 26,000 p»nals/day j 
and further reduoe the manpower requirements to 6 men/shift. 
This solution also facilitates :

b)  Oonveyorisetion and automation of the transport 
of panels from a Hot Press with automatic loading 

and unloading device* which is planned to be 
installed within the nest 2 years ; and

bj Cooveyorisation of the Panel Inspection line 

after the last wide-belt Sander.

4 . Value Analysis

Proa the maintenance and work fatigue viewpoints, it  appears 
that Cation (a ) w ill ha hard to implement. Although higher 
in project costs, Cation (b ) adequately assures satisfaction 
of the production targets without unduly straining the work 

capacity of the workers.

Fjnal Design of the Canvevnrimed line

The oonveyor system design as finalised is shown In Figures 

26 and 27.

6. MmJscti Allowable Investment F0r the fipojeot

The Projsot la principally direoted to an Increase in production 
capacity. In so doing, Cation (b ) indicated also a significant 
reduction In personnel requirements.
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The maximum «¿lovable investment for the project is 
coeluted ea follows :

Pertinent General Data *

i

n
N

q2 -

m ■ 

v ■

P •

*1 -

V2 -

Current Cost Of Money -----—
Machine Depreciation Period — 

Member of derating
Hours/Temr —---- --------------

Output before mechanisation 
mid ICA — —— ——— —

Output after mechanisation 
and ICA — ....... -  - ■

Fixed Hourly Machine C0s t -----
Direct Hourly Wages, Average - 
Proportion of indireot labour 

Coat Average — ------------

Variable Hourly Machine
Cost at Qf — — ----- -----

Variable Hourly Machine 
Coat at Qg - - - - - - -

14 % per annua 
5 Tears

7,440 heurs/year 

500 panels/hour

1,080 panels/hour

£E$1.75/hour 
IB$o.28/hour/man

38 i  of V  

®$o.o8/hour

H5$o.12/hour

i  * . .
"  *  '1'j ^1.75 ♦  0.28 <1 ♦  ^55 + O.OS)j+ to/ )8-0 .’ 2)J

592.00

7. Pfcv-beok Parted

Management1 a policy cello for a madras pay-back period of 
2 years for projects of this else, Thm net savings (loss) 
per year for the Projeot la ccaputed as follow a t
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1 ) Direct labour Cost 6 Men - IS$43,650.00/yr. 18 Men -  DB$1l ,900.00/yr.

2 ) labour Fringe Benefits,
38 % of Direct 
labour Costs '16,587.00/yr. 4,522.00/yr.

3) Power Costa 2, 500.00/yr. 3,200.C0/yr.

4 ) Machine and Equipment
Déprédation Cost '13,500.00/yr. 22,400.00/yr.

5) Maintenance and Production
Supplies Costs 4,500.00/yr. 6,200.00/yr.

6) Training of Technicians '1,250.00/yr.

7) Administrative Cost 2.800.00/yr. 2.450.00/yr.

Total Coat« lB$8l,237.00/yr. ^ $ 5l , 922.00/yr,imuramai

Nat Savings ■ 

Payback Period

CB$61,237.00 «

US$29j 3l5loo/yr

$51,922.00 -  ®$29,3l5.00/yr.

'1.5 2  yaws or approximately 
18 months

8. Management* a Daolslon 

Implement Cation (b).

C. LOG SPLITTING OPERATIONS. (SMALL CAPACITY FIBREBOARD PLANT)

The volime of work In this operation la too small to justify any 
sophisticated form of oonveyorisafelon and automation. However, 
the risks to biman safety is too great to ignore the need for a 

safety derloe for the machine,

1. Current Situation

Two men plok-tg» a pieoe of over-si33 log (already cut to the 
desired length) from the log pila near the hydraulic splitter
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machine. The two men position the log piece ipright under 
the blade end hold the log in position while » third nan 
pushes the control button to rot the blade along the axis 
of the log pieee.

2. Options Available

*. Design and install a log grappling device which 
will hold the log in an tprlght position while the 
splitter blade is  rammed against it. The device 

is loaded on the grappling device by two men, one 
of whom operates the splitter as soon as the log is  
set in piece. After the first split, the grappling 
device (with the log) is  pushed by hand nearer to the 

Splitter blade and another split on the log is made. 
The process is repeated until the log piece is reduced 
to smaller pieoes good far the chipping machine.
The grappling device is estimated to cost TC$570,00, 

installed. It oan split logs at BO% of the time it  
takes to do so by the current preotioe.

b. Design and install s device whioh w ill piok ap the 
log pieoes from a log conveyor and position the 

log pieoe tpright tinder the blade. The grappling 
devioe is  also worked in the same manner as in 
OjptiOL 2-e, but the movmeant of the log and the 
grappling devioe is pnewetioally automated. This 
devioe w ill require only one man to operate the 
log oonvayor, the log grappling and positioning 
dovloe and the hydraulic splitting machine. It is  

estimated to oost DS$2, TOO.00, installed. It 

oan qpllt logs at 70% of the time it  takas to do 
it  at present.

2. Analysis

Tbs oést of production in options 2 (a ) and 2 (b) v ili  
be affected by the following cost items only (a ll other oost
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factors being the same) :

Cost Item Present (fetion 2(a) Cbtdon 2

Direct labour Cost $1,500.00 $1,200.00 $1,150.00

Depreciation of
Added Devioe None $0.0153 $0.0457

Additional Power Cost None None $0.012

Total Costs $•»,500.00 $1,200.00 $1,150.00

Net Savings per
Ton of Product $ 298.98

On purely «concole basis, it  appears that the devioe in 
Option 2 (b ) is  oore advantageous to install.

4. Msarl»» A H n yh lo  .w i Oth.r- » tìi.

Inasmuch as it  is hardly possible to valurte the increase in 
safety of tbs two devloes proposed to solve the probi«, other 
considerations v ili have to be used as the basis for the 
selection of the systee to be adopted ; considering further 
that the level of safety offered by both devices is the seme.

A survey of the three workers esrlgned to the log qpllttar 
shoved that none of them has the aptitude to be trained in the 
more couplez procedures of operating the device proposed in 
Option 2. Furthemore, government regulations require that 
the preeent operators of the machine should be given priority 

in training for the new job.

5. Management1 s Peoiaion

In spite oi  the larger savings offered ty Cation 2 (b), 
management decided to install the device proposed in option 
2 (a) Figure 28 shows a schematic drawing of the device.

I
I



Hydrau lic  P u m p S y i f «

FIGURE 98

SAFETY DEVICE TOR U30 SPLIT?3BD KACEHB
(solutioi to sampis pcobisi *>. j)



-  75

X. OTHER FACTORS AFFECT IMG THE DECISION TO AUTOMATE

The preceding illu strative examples bring out the fact that the 

decision to mechanise end automate may not be solely based on purely 

economic considerations > Some situations tend to lay more emphasis 
on the technological aspect o f the problem, while others ere highly 

influenced by government lews end casgtany polic ies. The assignment 
of values to these factors also raises another factor to consider, 

i .e . ,  the capability o f management to properly weigh these faotors 

and cane vp with a vise decision.

Adaptation o f ICA into a production system does not end with the 

installation o f the ICA device. Proper operations o f the ICA -  

equipped machine and it s  adequate and regular maintenance are required 

to obtain maximum and effective utilisation  o f the machine and elso 

prolong its  l i fe .  The following pointers w ill help to make a good 

decision to automate.

A. THE IABOUR FORCE

The installation o f ICA on a maohine reeuires proper training o f 

the machine operator on its  use. Hence, a training program should 

ba set-ip for the purpose.

B. THE MAINTENANCE GREW

ICA adds more precision to machine operations. Thus, i t  requires 

a higher degree o f maintenance technology. It  iz  wise to have at 

least one men among tlje maintenance crew trained in  ICA systems.
In plants where a^>loyment o f competent engineers Is  hardly 

possible, a well-eaperJ «need mechanic or electrioian can ba 

trained in ICA systems,

C. KNIFE -  GRIND IMS AHD SAW -  FILING A C IM IB

With Increased production output brought about by the installation  

o f ICA systems in a manufacturing plant, the demand for better 

maintained cutting tools (knives, bits, sava, a te .) is  also 

increased. Before ICA Installation, n a i l  errors in cutting-
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tools maintenance may not significantly effect production operations. 
ICA systems demand »  higher quality in cutting tools maintenance 

in  order to :

1 . Avoid frequent down-time to change cutting tools •

2 . lengthen the l i fe  o f the cutting tool ; *nd

3 . Attain good quality cute and surfacing on the product.

D. SOURCES OF ICA TECHNOLOGY

I«ck o f technology to design, fabricate, in sta ll, maintain or 

operate automated and more mechanised systems as presented in the 

preceding sections of this paper, should not deter management frop 

making a decision to automate or increase the mechanisation in  

its  factory. ICA technology may be acquired through the following 

sources !

1. Machinery sippliers •

2 . Training centers in industrialised countries ;

3. Manufacturing plants which are already using automated 

systems ;

4. ICA consonants manufacturers and suppliers j and, i f  a l l  the above 
f a i l , you cau aj-ways contact

5. UNIDO

E. INVENTORY COSTROI-

Inoreased production through the use o f ICA systems w ill not be 

possible i f  the operations is  not supported with adequate raw 

materials, machine spare parts, production supplies, etc. Thus, 
i t  is  required that the material and supplies control system of a 

manufacturing concern he also included in  the considerations to 

automate or mechanise plant operations fui-ther.

n .  S U M M A R J

T' is  paper hat outlined the steps to be taken in e factory’ e program« 
o f improvement thru further mechanisation and automation o f its  

operations. The nature end'conoepts o f ICW COST AUTOIATIDH vere also



discussed. Guidelines vers provided to help management decide on 

WHAT, WHEN pnd HOW to automate. Time and apace constraints allowed 

only •  number o f the nuaerous aspects involved in  mechaniration and 

automation to be discussed in this piper. Sorely, there sire others 

which become i^ortan t to consider in certain factory situations 

other then those discussed in this paper. Management is  advised to 

be on the look-out for these factors, as they may outweigh the other 

factors at hand.

Nevertheless, the maEjjement o f an out-dated wood-processing plant 

should not despair, for this paper has shown that aside from financial 

benefits there are other things to be gained by the use o f more 

mechanisation and automation in its  factory.
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