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Eglana.tor v notes

A full stop (.) is used to indioate deoimals.
A oomma (,) is used to distinguish thousands and millionms.

A slash between dates (e.g., 1975/1976) indioates a orop year, finanoial
year or aocademio year.

Use of a hyphen beiween dates (e.g., 1960-1965) indicates the full period

involved, including the beginning and end years.

References to dollars (.) are to United States dollars, unless otherwise

stated.

The monetary unit in Yugoslavia is the dinar (Din). In June 1977 its
value in relation to the United States dollar was $US 1 = Din 18.35.

The following abbreviations are used in this reports:

BiH Republio of Bosnia and Herzegovina
N newton
R.O. Radna organizaoija (working organization)

The designations employed and the presentation of the material in this
dooument do not imply the expression of any aepinion whatsocever on the part
of the Seoretariat of the United Nations ooncerning the legal status of any
oountry, territory, oity or area or of its authorities, or ooncerning the
delimitation of its frontiers or boundaries.

Mention of firm names and oommercial produots does not imply the endorsement

of the United Nations Industrial Development Organization (UNTIDO),
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ABSTRACT

As part of the parent projeot "Development of the furniture and joinery
industries and oreation of a oentre" (DP/YUG/73/006) that is being carried out
by the United Nations Industrial Development Organization (UNIDO) aoting as
exeouting agenoy for the United Nations Development Programme (UNDP) in response
to a request from the Government of Yugoslavia, an expert in industrial
engineering was sent on a two-month mission to assess the state of development
of industrial engineering in the furniture and joinery industries of Bosnia

and Herzegovina (BiH) and to elaborate a plan for its further development.

The ohief objeotive of the mission was to identify the major shortoomings
of the BiH furniture and joinery industries in respect of industrial engineering
and suggest how they oould be rectified. Defiocienocies were identified in the
following fieldss

Standard of design and produot polioy at individual faotory level
Variety in models produced
Experienoce of furniture designers

Design engineering, partioularly in relation to structural details and
effioient use of materials

Management, partioularly in relation to vp-to-date management techniques

Long-term planning in respeot of faotory building and production
facilities

Internal faotory organization and plamning
Quality oontrol prooedures

Maohinery and equipment for upholstery
Marketing polioy for domestioc and export markets
Level of produotivity

Inter-factory co-operation

Baoh of these aspeots is analyzed in terms of the industry's needs and
recommendations msde as to how they may be rectified with speocial emphasis
on the requirements of both home and export markets.
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INTRODUCTION

The furniture industry in the Republic of Bosnia and Herzegovina (BiH)

is charaoterized by a small number of very large units whioh are engaged in
the manufacture of oorpus furniture, upholstery, bedding, dining room ohairs
and tables. Many of the manufaoturing organizations have assooiated faotories
for saw-milling, partiole board and joinery produotion. Most of the faotories
are members of the SIPAD organization which directs 41 faotories, employs
10,538 persons and provides baok-up services suoh as marketing and salesj
designj faotory organization and planningj researoh and development; and

management and operative training.

In 1976 the EIPAD furniture and joinery operations had a turnover valued
at Din 1,954 millicn of whioh upholstery chairs and geating acoounted for 47 per
oent. Roughly 30 per oent is exported, 19 per oent of whioh goes to oountires
with oentrally-planned eoonomies and the remainder, largely comprising dining-
room ohairs, oabinet furniture and upholstery to Western Burope, the Middle
East and the United States.

The industry has developed quite rapidly, particularly over the past ten
years, and the level of investment .in ractory buildings and production machinery
and equipment ocompares favourably with that in any of the countries with advanced
economies. The industry enjoys the advantage of being a primary producer of the
basic raw materials use’ by the inductry and has relatively abundant supplies
of first quality beech, oak, spruce and fir. The plentiful local supply
particularly of hardwoods influenced the establishment of many of the sclid-wood
processing plants, and it has beocome a national policy to retain these supplies
at home specifically for that purpose. Thus Yugoslavia has internationally
establinshed a name as a producer of dining-room chairs, and it is the intention
of the §IPAD organization to develop furiher this reputation by additional
penetration of its existing export markets and by establishing new ones.

New plants for ohair produotion are already in the oourse of oonstruotion
or are at the plamning stage. A parallel development has also taken place in
respeot of oorpus produotion and most faotories are very well equipped with the
most up-to-date machinery for panel furniture produotion and solid-wood
processing. Amnex I gives some data on the furniture industry of BiH and
the ;IPAD o1 yanization.
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The Yugoslav Government formally requested the United Nations Development
Programme (UNDP) in Maroh.1976 to provide an expert in industrial engineering
to advise and assist the SIPAD organization and the furniture and joinery
industry in BiH in the establishment of the prinoiples and the praoctice of
industrial engineering as it relates to those industries. The asaignment
"Industrial engineering in the furniture and joinery industries" (DP/YUG/73/006/
11-03/.]) began on 3 May 1977 and ended on 13 July 1977. It was part of a
large-soale projeot "Development of furniture and joinery industries oreation
of a oentre" for whioh the United Nations Industrial Development Organization
(UNIDO) was the exeouting agenoy. The government agency co-ordinating the
projeot was the Republic Assooiation for International Soientifio-technical
and Cultural-educational Co-operation. The expert's job desoription is given
in annex II.

During a preliminary disoussion with Mr. Pjaca, National Project Direotor,
and other senior engineers and executives of the ;IPAD organization, it was
agreed that the expert would report direotly to Mr. Pjaca rather than be
attached to the gIPAD Computer Centre., This was because no suitably qualified
oounterpart was available at the Centre. It was also agreed that the expert
would spend some additional time working with the gIPAD "Standard" furniture
faotory where the teohniques of industrial engineering would be introduced on
a pilot basis in respeot of oertain of the manufaoturing activities of that
faotory. His reoommendations are oontained in annex V. The expert would also
visit a representetive sele~tion of faotories, assess their product, management,
and manufaoturing capabilities, and report on the spot to each of the faotories

oonoerned.

Aooordingly he visited nine faotories whioh between them aocount for a
sizeable proportion of the EIPAD output and oonfirmed that these faotories, in
one way or another, woulcd benefit from the assistance and advioe provided to
"Standard". Other faotors also to be taken in*to oonsideration during the
assignment inoluded design and design development, training in industrial
engineering, quality oontrol, teohnioal management, design engineering, up~to-date
urholstery planning and produotion, marketing and the role of suoh SIPAD servioe
agenoies as the Design Centre and gu.maprojekt, whioh is responsible for the

design and planning of new faotories and the re~organization and development

of existing ones.

—
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§IPAD also requested thai a speoial one-day workshop on industrial
engineering for appropriate faotory and other teohniocal personnel be organized
by the expert towards the end of his assignment. This workshop was held on
6 July 1977 in Jajoe, one of the main oentres for furniture produotion and
was attended by 75 participants, including factogy directors, production
personnel, designers and representatives of the SIPAD servioe agenolies ooncerned
with the organization and development of the furniture and joinery industries.
The workshop dealt with topios oovered in this report; its programme is given
in annex III., The expert also partiocipated in the seminars on design and
oomputer programming and a synopsis of his leotures is oontained in annex IV.
The personnel direotly oonoerned with the projeot at EIPAD werei

M. Pjaca, National Projeot Direotor

M. Papo, Direotor of gumaprojekt

M. Baokovi8, Direotor of Wood Teohnology Institute
Z. Praska8, Aoting Direotor, Design Centre

T. Drakulid, Direotor of "Standard" furniture faotory and the plant
direotors of the various faotories participating in the projeot

P. Sulié, Advisor on Researoh and Development

K. Jirota, Direotor of Development Department, "Standard" furniture
faotory

N. Kukié, Engineer in Development Depariment, "Standard" furniture factory
S. Ahmedid. Designer in "Standard" furniture faotory

The organizations and faotories that co-operated with the expert in his
field of work or participated in the project are listed in annex VI.

Amnex VII .ives graded performance tests for easy chairs and settees.
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I. FINDINGS

General observations

The furniture industry in BiH is firmly and soundly established in
aooordanoe with the norms which apply internationally to an industry of this
nature. The faotories are large by any standards, employing anywhere between
500 and 1,000 persons, usually on a two-shift basis the whole year round.
Until 10 years ago the industry was mainly concernod wi*h meeting the demand

within Yugoslavia. Since the pressures for supplying furniture were directed more
towards produoction than marketing, the industry evolved a highly ratiomalized

and extremely funotional range of corpus and upholstered furniture that it

has oontinued to produce in vast quantities to *he present day. This furniture,
whioh is produced by most faotories, differs only marginally from factory to
factory and is oharaocterized mainly by the oconventional wall unit which is the
prinoipal product of the corpus seoctor, and the studio oouch, or convertible,
which is the main offering of the upholstery sector. Another main product

area is the dining-room chair, where undoubtedly the industry achieved some
degree of individuality, and thereby made the greatest impact on foreign

markets.

Factors which it is olaimed have influenced the design of these models
inolude what has been desoribed as the extreme conservation in Yugoslav
oonsumer tastes, and the living oconditions of the peocple, most of whom have

three- and four-room anrartments in high-rise buildings.

Faotories are almost exclusively production oriented and have very little
oontaot with the consumer. Products are therefore designed with production
rather than oonsumer oonsiderations in mindj; designers are reduced to the role
of draughtsmen and are engaged mainly with omustruotion detailing, and ocannot
exeroise their imaginations or talents. When a factory succeeds in winning
export orders, as is the ocase with dining-room ohairs, it is because the
ooncern has been provided with a copy of the desired model, which is oarefully
reproduced. In these oilioumstances it is diffioult to escape the conolusion
that this kind of market penetration is won on price only, and oan thus be
as easily lost whenever a rival producer offers a similar product at a lower

prioe.
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The stage has now been reaohed where the industry is experienoing market
saturation, while at the same time, and in line with its heavy investiment in
buildings and equipment, it is also harvesting the fruits of this investment
in form of a vastly inoreased output. Thus a re-appraisal of the whole
industry has become necessary and with it comes the opportunity to evolve from
a production-oriented industry into a marketing=produotion based industry where
the end product refleots oonsumer tastes and preferences, and gives the

finanoial return whioh is oonsistent with an investment of this neture.

Many of the shortoomings pointed out in this report are already known
to the EIPAD directorate and the faotories ooncerned. EIPAD itself is ourrently
undergoing a period of transition, the aims of whioh are to make it much more
efficient in every seotor of its administrative, marketing and production
strategy. Thus the stage is set for a realistic assessment of all these

functions and in terms of produot design and produotion this may be defined

as ensuring that the best possible use of all existing resouroes, whether
manpower or maohines, is made now and in the future. Only when the management
is satisfied that these resources are stretched to the utmost may

further investment be justified, Even then, this should only be done

after a most careful analysis of both present and future marketing
opportunities. Suocessful application of the prinociples and praotice of

industrial engineering provides the key to the achievement of these aims.

Produots and produot design

The ranges of furniture produced include kitohens, living and dining-room
furniture, upholstery, ohairs, bedding, office furniture and occasional tables
and ohairs., These may be divided, from a produotion point of view, into three
main areas of activity - firstly, the processing of solid-wood intermediate
and finished ocomponents; secondly, the prooessing of panei produots as used
for corpus type furniture; and thirdly, the production of seating, i.e.
of fully-upholstered suites, partly-upholstered easy ohairs (show-wood),
dining-room ohairs and bedding.

Solid-wood turniture is largely accounted for in the production of
dining-room chairs for which the excellent-quality Yugoslav beech is an ideal
medium. There are roughly two designs, traditional and modern, and as has
already been pointed out, partioularly the traditional designs are produced
on the basis of a model supplied by the ocustomer. But even the modern models

are ooples in origin.
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Structurally they are all extremely well made, and can only be faulted
in respeot of finishing and attention to detail. Naturally there are
exceptions, and the expert was partioularly impressed with the very high
standard achieved by one factory in produoing oompletely finished and ready-to-
assemble ocomponents for a traditional type "oolonial" dining-room ohair whioh
is being exported in large quantities to the United States.

The corpus or case-gocds seotor of the industry is dominated by the

produotion of the wall unit, a multi-purpose storage cabinet inoorporating

open shelves, oupboards with doors and drawers and with provision for televi-
sion oabinets and reocord players. It is almost always manufactured in a ready-
to-assemble or knook-down (KD) condition and is delivered in a paock-flat form.
This has enabled the establishment of a flowline-type rrocduction proocesses,
oalling for substantially larger production runs per component to make the
prooess economical. This has in turn oalled for a high degree of raticnaliza-
tion with the result that consumer choioe has beoome very limited, and design

oonsiderations have been almost e.iminated. Faotories are therefore competing

with each other for the sale of an almost identioal model, and again price rather

than oriteria of produot appeal predominate.

In the case of upholstery, products generaslly refleot the traditicnal
approach toc this trade, which has been abandoned elsewhere as new materials

and teohniques have been introduced.

A feature of praotically every piece of fully-upholstered furniture in the
use of the "sprung unit" as a base for seating. In the oase of the studio
couoh or oonvertible, this sprung unit is also incorporated in the back so
that when it is oonverted intoc a bed, the load may be distributed evenly
over the entire "bed" surface. To acoommedate these units it is neoessary
to enclose *hem in a heavy wooden base-like fram which also provides storage
for linen and uviher bed coverings. The result is a massive and unyielding
struoture which is almost impossible to move, once it is placed in an apartment.
Similar observations apply in the case of the traditional fully-upholetered
suites whioh consist of a settee inocorporating the sprung unit and two arm
chairs. Following the lines of the settee, they are bulky’ra.ther ugly in

appearance and not very oomfortable.

In dealing with design in relation to the industry's products as a whole,
two questions ariset (a) Do manufacturers kmow what good design is? (b)
Is there a oritioal and appreciative public? At present both questions must
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be answered in the negative. The industry is immune to competition from
abroad both in price - this is ensured by the import tariff - and in design.
After many years of high protection of the domestic market, most oonsumers are
quite unfamiliar with well-designed furniture. Furthermore, furniture is
purohased so infrequently that oonsumers have no opportunity to aoquire a
baokground of expertise and appreciation in these matters, This will lead

to a falling—off in sales once immediate needs have been satisfied and could

be disastrous for the industry, particulary when it is gearing itself to
beoome more productive.

The lesson is olear. If the design of the product is not improved,

the industry will face an inevitable decline and its prospects of penetrating
foreign markets will diminish. In relation to furniture design, oonsiderations
are quite specific. Based primarily and initially on a careful and accurate
marketing analysis, design must take account of the production facilities of
the firmj the skills of labour; an understandimg of the characteristics of the
materials used; and the form amd colours of the article, its tactile beauty,
fitness for purpose, and decoration and acceptability to the consuming public.
The danger of preoccupation with "imported" design, which invariably was meant
for a different combination of manufacturing facilities must be emphasized.

The remedy for this state of atfairs lies largely with the industry
itself. The view expressed by many faotories that they are simply produoing
what the publio wants, oannot be accepted. Many Yugoslavs have rarely seen
well-designed, modern Yugoslav furniture; and when the public's ohoice lies
between one poor design and another equally poor one, its decision cannot be
regarded as meaningful. An industry with a oaptive market, free of all
foreign competition, has a duty to the piblio to offer the best product it can.

There is oertainly no shortage of good designers within gIPAD organization
or in the faotories themselves. Tt is simply that the designers employed by
the industry do not, for one reason or another, enjoy the freedom of expression
escential to good designy in very many cases they are employed mainly as
teohnician draughtsmen. Thus qualified designers have little inoentive to work
for the furniture industry and most find employment elsewhere. The Republio
itself can play a more positive role in fostering good design. As the largest
single customer of the industry both as regards the needs of its own institu-
tions and other publicly-controlled organizations, it is in a position to
insist on high standards of design in the furniture it buys.
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Intensifioation of the produotion of show-wood or partly-upholstered arm
chairs and seating would widen the soope of design and marketing possibilities
for the upholstery seotion of *he industry and for the corpus furniture sector.

The produotion of offioce furniture and demountable partitioning systems would
have a similar effeot.

Produotion

Produotivity in the furniture industry in the developed economies of the
world such as the Federal Republio of Germany and Sweden has reaohed an upper
limit of 1.5 million Din per worker per annum. This is the standard by whioh
the Yugoslav industry must measure its performance, since it wishes to compete
suooessfully in those markets. This inevitably means inoreasing pressure on
the manufaoturer to produce more effioiently, and to this may be added higher

demands for quality and finish from the oonsumer, and continually inoreasing
wages and salaries.,

Fortunately the industry has at its disposal a relatively plentiful supply
of the basio hardwoods and softwoods required for production and even though
it must exeroise the greatest vigilance in their eoonomioc use, the area in whioh
the industry will find the greatest opportunity for achieving higher levels
of productivity is in the optimum use of the manufacturing faoilities available
to it. These faoilities may be summarized as the buildings, maohinery and
equipmenty and the skills of both management and workers.

Manufaoturing faoilities

It is sometimes forgotfen that buildings, as part of the total capital
investment, have to be costed into the produot not only in relation to their
ereotion costs but also in relation to their use and maintenance. They must
therefore be suited to the manufaoturing aotivity planned to be oarried on in
them, and yet be suffiociently flexible in their design to easily absorb any
changes whioh may ooour in the future.

Many of the faotories visited by the expert were found to be unsatisfac—
tory in those respeots, a faot whioh was olearly evidenoed by the followings

(a) Badly organized processing and assembly linesj
(b) Excessive capital tied up in stooks;

(o) Buildings unsuitable for modern prooessing; machinery and internal
transportj

(d) Poor space utilization and work flows

|
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(e) Poor quality standards;
(f) Exoessive waste;

(¢) Low produotivity with resultant high unit oosts.

This reans that, at the initial planning stage of the enterprises, not
all the faotors ooncerned with growth and development were taken into aooount,
and the faotory subsequently pays the penalty for this laok of foresight.

In the oase of a partiole-board or saw-milling plant suoh long=term planning
is simple, but in the oase of furniture and Joinery plants it is quite

oomplex beoause of's

(a) The multiplioity of the work proocessesj
(b) The unlimited number of designs and design combinationsj
(o) The speed with whioh technologioal changes ocoour.

It is therefore relevant to the immediate needs of +the industry to
oonsider the faotors which go into the planning of not only new furniture and
joinery plants, but also the reerganization and future development of
existing ones, so that the mistakes of the past, to whioh referenoe has
already been made, may be oorreoted. Onoe the building has oommenced, the
future possibility for flexibility has gone, which may result in high mainte-
nanoe and personnel oosts, poor utilization of maohine oapaoity and space,
high manufaocturing oosts, and unnecessarily high working oapital ocosts. The
faotors whish will allow for built-in flexibility for future requirements may
be summarized as followss

(a) Results of a ocareful analysis of the market potential of the
produot;
(b) Struoture and materials utilization of the product;

(o) High rates of produsction through optimum use of modern machinery
and equipment;

(d) High levels of produotivity per worker through better faotory
organization, and produoction plamming and oontrol systems.

Among the most signifioant ohanges whioh have ocooured in these industries
especially during the past 20 years has been the growth in space required for
manufacturing purposes. In many instances this has as muoh as trebled, and
while production space has inoreased at the rate of 20 per oent, storage areas
both for work-in-progress and finished goods have inoreased four-fold. This
is beocause the partly=- or fully-automated equipment ourrently in use sets
muoh higher 1imits on the neocessary space for storage of proocessed oomponents

and raw materials. This in turn, has made demands on the provision of
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additional space for produotion planning and oontrol, internal transport,
organization and administration.

With regard to building disposal and layout for the achievement of
optimum produotion effioienoy, it has been found in praotice that a bullding
module of 7.5 meires produces a good planning base. Many types of building
layouts have been tried in the past, inoluding E-, F- and H-type buildings,
but have in the main proved unsuitable. Experience has shown that the U=type
building with two long parallel halls oomneoted to one another at one end is

the ideal shape, making the whole produotion line in the faotory a oomplete
oirouit.

Figure I shows the layout of a typioal faotory using a "U" layout and
figure II shows the intermediate and final stages of growth to the full
utilization of the faotory site.

The production flow is only interrupted where the material is fed in
and at the point of dispatch, This layout has the following advantages:

(b) Eaoh production, storage or nontrol area, while indepenient, is
organioally expandablej

(o) Raw material supply and dispatoh oan be loocated on one sidej

(d) The immer yard is a fire lunej

(e) All expensive equipment is located in one areaj

(f) Lower building ocosts;
)

Centrally~looated main and auxiliary servioes.

The main building whioh determines the future of the building, should
therefore be oonsidered as having at least a 20~-year 1ife. Onoe this has
been determined, department layout and work-flow are produced in block form
aocording to a logiocal sequence of operations. The oriteria whioh apply in
regspeot of the various areas of storage and manufacturing activities are as
follows.

Raw material storage

This =hould be looated beside or olose to the break-~down mill, and have

the same environ:ental oonditions as the production areas,

(a) Extension is possible on three sides; '
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Figure I. Typioal furniture faotory plan using a "U" lajout
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Machining areas

Sinoe initial installation oosts are high, partioularly those for the
foundations, these should be planned so that when expansion or re-organization
ic required a oomplete removal is not neoessary. The main power and servioe
lines should be of flexible design and looa‘ed mainly at roof-truss height or
under the oceiling. Compressed air lines must be on a ring system with reserve
oonnections in each sestion. The eleotrio wiring system must be oarefully
suited to the production areas, and the lighting system must provide general

shadow~-free illumination.

Intermediate st orage

This area s’ >uld be regarded as unwanted and should be kept as small as
possible. In the case of completely knook-down (CKD) furniture it may even be
eliminated. For storage long, narrow, fire-proof buildings with a minimum
width of 7.5 metres should be used whioh should be oapable of housing both
rough and machined parts. Laoquer rooms should be on the outside of the
building because of the fire hazard.

Assembly
The investment in this area is the smallest, but it still repays to plan

aooording to the prinoiples of method and work study. Work stations for various
stages of assembly should be oarefully organized so that the operator is

enabled to work quiokly and effioiently. His assembly benoh, fully servioed,
pneumatioally and eleotrioally, should be designed speoifically to suit the
assembly prooesses in whioh he is involved and he should be provided with the
appropriate assembly aids, looation jigs and adequate supplies of other required
tools and fittings. Hof‘k delivery and disposal should also be planned soc that
the maximum amount of the assembler's time is engaged direotly in produotion.

Maghinery and equipment planning

The basio arrangement of the operation pattern in a maohining department
is as followss rough storage, break-down (rough dimensioning), pressing,
intermediate storage, sawing and outting to shape, planing, milling, drilling,
edge veneering, glueing, sanding, parts storage, laoquering, finishing, final

assembly, packing and despatoch.
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The planning should be based on the installation of the best up-to-date
equipment of maximum dimensions, even though this may initially mean that, due
to oost or work load faotors, existing old equipment will have to be used
initially. TIdentioal operations should be carried out in the same work area. The
following prinoiples apply in this oonneotion to the maohining departments
(a) The rough stores (veneer, panels or solid wood) must be looated
parallel with eaoh other;

(b) The press area must oontain all presses inoluding hot, oold and
moulding pressesj

(c) All produotion lines must be planned so as to give a minimum distanoce
between individual machines of twioe the length of the longest workpieoej

(d) For maohines whioh are not linked, partioular attention should be
glven 1o the provision of a suitable working area around the maohine, and
walting areas for oomponents awaiting processing or transport to the next work

gstation.

There should be adequate faoilities for transpsrt to and from eaoh maohine
without interfering with other work places. The ohoioce of a partioular transport
system will be influenoed by the size and shape of the oomponents being prooessed.
In general, however, it may be said that for oorpus produotion roller oonveyors
arethe most suitable and for solid-wood processing live and dead pallets or bins
in oonjunotion with hand-1lift and fork-1ift trolleys and truoks. Whatever
system is used, it should be standardized throughout the faotory. Longitudinal
and transverse passages should split up the entire produotion line into areas

whioh oan be easily oontrolled.

Seleotion of machinery and equipment

There is a vast varisty of wood-processing maohinery available to a factory
and the diffioulty often is to make the right choice not only for speoifio
operations, but also in respeot of the interrelationship between a series of
prooesses and the maohines whioh oarry them out., PFigure III shows produotion
output with related oosts for the automated produotion of dimensioned and edge-—
veneered panels, and illustrates the operating relationships between individual

maohines in a produotion line.

The prime reason for an analysis of this nature is to ensure that oongestion
does not ooour. Long transit times are mainly oaused by the need to adopt
different treatments, each of whioh brings about an element of downtime., The

result is the formation of '"waiting queuer"™, The resolution of this problem

will ensure optimum maohine utilization, With flow-line type produotion, the
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Figure 111. Comparative performance data for various processing arrangements
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trend has been towards a combination of processes, oombining wherever possitle,
and oonsequently building up long transfer times. There are two disadvantages
arising from this approaoh:

(a) The maohine with the lowest oapaoity in the line determines the

capaoity for the whole production sequencej sinoe, the machines with the
highest rates of produotion are not fully used;

(b) There is a very high incidence of interruptions, and their effect
on the line is one of multiplication, giving a high compounded loss ia time.
Thus, when a set of six linked machines fail, the imterruption, which for one
machine is only 2 per cent, becomes in the combined units 12 per oent.

Wherever possible, therefore, maohine produotion lines should be planned
so that they oan be linked in single groups. In an analysis of the manufacture
of four workpieces, it was oaloulated that 24 work proocesses were neoessary,
but by machine grouping this was reduced toc seven prooesses with oonsequent
benefits to produotivity.

Upholstery produotion

Most factories visited by the expert have upholstery- and mattress-
produotion facilities and in some oases these represent as muoh as 50 per oent
of the total produotion. Generally these sectors have heen organized almost
oompletely informally with very 1ittle attention being paid to work-flow or
job analysis. Consequently, a great deal of time and space is wasted by
operatives working haphazardly. Even without oonsidering the provision of new
and up-to-dale upholstering equipment, most faotories could benefit from a
detailed analysis cf their produotion from whioh would evolve a more logioal
work-flow, good storage and transport arrangements, the grouping of operatives
or jobs by oommon elements’ easier production and quality oontrol, and methods

simplified by a more uniform engineering approaoh.

The sequenoce of operations oonoerned with upholstering may be summarized
as followsi

(a) Fabrio reoceipt and inspeotion;

(b) Fabrio storage, handling and transport;
(o) Preparation of outting patterns;

(d) Llaying—up of fabrios;

(e) Marking and outting of fabrios;

(f) Sewing and quiltings

(g) Button oovering and buttoning;

|
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Mattress tuffing;
Foam outting, jointing and profilingj

Cushion filling and olosing;

)
)
)
(k) Springing-up and padding;
) Upholstery and bedding assemblys;
) Final fitting, e.g. movements, oastors, glides;
)

Paokaging and despatoh.

In eaoh of these aciivities up-to-date maohinery and equipment is now
available so that the itraditional approach to upholstery and bedding produotion,
with its dependanoce on ma.ual skills, no longer pertains. Indeed, well-organized
factories now resemble those in the olothing industry -there the emphasis is on
olean lines and expert tailoring. It should also be remembered that in
upholstery production by far the highest peroentage of oost is in raw materials
usage. Some faotories informed the expert that these oosts exceeded 80 per oent,
and this was olearly evident from an examination of the produots referred to.

In appearanoce, they laok eleganoe and oonsumer appeal and would therefore need
to be re-designed as well as re-—engineered. WNot the least effeot of this

approach would be an immediate and substantial improvement in produotivity.

Ragtory organization

The programming of the work-flow through a faotory so that the maximum
added value it aclieved in the minimum time, is a oomplex and never-ending task.
This is attributable to the ever-changing marketing situation, sinoe the
oustomer is continually looking for more flexibility, variation and ohange.

The production engineer has, as we have seen, to oope with a oonsiderable
number of variables, to whioh may be added considerations of quality, quantity
and often substantial variations in raw materials. For example, in upholstery
many differenoes in dimensions, shading, pattern and texture may be found in
the same roll of oovering materials; or there may be oonsiderable variations

in the same flitoh of veneers leading to matohing problems, and so on.

This means that the way in whioh work is planned, oo-ordinated, oontrolled
and monitored through the faotory has provably the most direot influence on its
potential for profitability. It must be remembered that the operative's funotion
is to produce, that is to add to the value in everything he does without taking

from the profit, while the engineer's function is to ensure that through his

plamning and supervision, the operativs is always in the position to do so.
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A produotion system must therefore be evolved to which everyone and everything

works so that there is at no stage dependance on individual skills and
judgements.

This is the task of produotion planning and control whioh is therefore

oonoerned with every activity carried on in the plant from product design to
the final delivery of the finished produot. It must ensure that:
(a) Supplies of raw materials are always adequate to the needs of the

production programme, that they are inspected on entry to the faotory and
properly stored;

(b) A1l maohines are properly maintained and set up without interfering
with the produotion programmej

(o) The production programme itself is properly balanced in terms of
work-flow, =0 that congestion never oocurs at partioular work stationsj

(d) The transport system in use is siited to the needs of the programme
a3 & whole and to individual component batohesj

(e) There is a suitable quality control system in operation with olearly
defined speoifications for materials, prooessing and finishingj

(f) A proper inspection system is in operation at various stages of the
production oyolej

(g) The reduotion of waste iz continually under review and re jects are
kept to a minimum;

(h) Adequate arrangements are made for waste disposal, partioularly in
the rough dimension mill and at the bandsawsj

(1) Components are kept ocontinuously on the move from one work station
to the nexts

(j) All produotion aids suoh as jigs, formers, measuring gauges, and
guide profiles are acsourately made from hard-wearing materials, and oarefully
stored when not in use.,

Good production planning and oontrol is most effeotively exeroised through
the right kind of dooumentation whioh will inoorporate in it all the informatior
required to ensure suooessful produotion of eaoh oomponent., Most of the
faotories visited by the expert did have some kind of dooumentation, but only
in one case did it include all the information normally assooiated with series
produotion., This information sheet, usually known as a route oard because it
aocompanies eaoh bateh through its total produotion oycle to final storage
before assembly, should inolude the followings design or model numberj
oomponent name and numberi blank size of oomponent; the number of suoh compo-
nents being produced in this series; the date and time of oommenoement of
produotion; the sequence of operations to be followeds the specifio prooess

to be oarried out and the maohine and jig or former to be used in oconjunotion

|
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with that machinej the time taken for eaoh maochine setting=up prooedure and

for eaoh processj the number of persons involved in each prooessy and the

wape rate per worker. There should also be provision for any speoific instruo-
tions related to a partioular prooess and for inoorporation of an analysis of
the costing aspeots as coon ag the oyole has been ocompleted. It iz also
necessary to include, usually on the reverse side »f the route oard, a fully-
dimensioned soaled sketch of the component showing the exaot loocation, for
example, of various fittings, or dowel holes, or indicating any proocess whioh
must be carried out on the componenti. When all processes have been completed,
this card is returned to the production oontrol oentre which is thus informed

that the oycle is complete,

In the oase of the faotories within the EIPAD organization, the production
planning and control documentation should be common to all. It is an essential
means of inter-faotory rationalization and has the added advaniage of providing
4 sound hagis for oomparative performanoce assessment in relation to productivity
and other aspects of manufacturing activity. The design of such a system should
‘hersfore receive immediate priority in any further techniocal assistance provided

by NIDO, which is concerned with industrial engineering.

The more rationalized a produotion programme is, particularly in relation
to slandard sizes and component interchangeability, the easier it is to plan
its efficient route through a factory. This, however, is only possible to a
certain degree, and oorpus furniture production offers more scope in this
respect than solid-wood processing, where there is a greater variety of models,
a greater number of processes per component. All of these faotors must therefore
be taken into oonsideration in establishing economic batoh sizes, and in addition
oonsiderations of different machine oapaoity and storage availability. This
can only be aohieved if eaoh individual faotory will carefully analyze past
results in respeot of irdividual oomponents as well as ensure that all faotors

referred to are taken into oonsideration.

Productivity
Productivity, or output per worker per annmum in fully developed nountries
ranges from a lower limit of 275,000 Din to an upper limit of 1.5 million
Din. The level of productivity is itself related to a number of factors
not all of which are strictly oomparable from one oountry to another. Nevertheless,
there is a suffioient basis for comparison in suoh as in the furniture and

Joinery industries raw materials, equipment and skills are roughly similar
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throughout the world. It is therefore towards aohieving this upper 1limit that
the industry must aim, and it will at the same time be the gauge by whioh

progress towards this tirget is measured.

Before cousidering the means by which inorzased productivity is aohieved,
it is important to aoknowledge that in the case of Yugoslavia, the ratio
between those directly enguged in produotion and those who are not is roughly
1 to 1. Individual factories are obliged to employ many full-time seourity
guards around the olock. Despite the high investment in up-to-date maohinery
and equipment, manual handling is still excessive. Whatever the reason, this
is far in exoess of the ratio ohbtained in many oountries, including for example
the United Kingdom, most other West European oountries and the United States,
where it is between 6 to 1 and 4 to 1. Although this faot has an important
bearing on the relevancy ol such comparisons, they are justified in most other
aspeots, and because this well above-average employment of non=produotive
staff is offset to some extent by such compensating factors as lower wage

rates, a longer working week and looal availability of basio raw nmaterials.

It has already been pointed out how important considerations of marketing
and design polioy are. Effioient produotion also requires adequate manufaotu-
ring faoilities in terms of buildings, maohinery and equipment and the skills
of the management and workers. A major oontribution towards an inorease in
productivity will be the improvement of these faocilities wherever it is nece-
ssary, and the expert has drawn the attention of the management to suoh short-
oomings on the oooasion of his visits to individual faotories. Most of his
oomments referred to the unsuitability of faotory buildings, poor maohinery
and equipment layout, inadequate internal transport systems, insuffioient
management oontrol, and weaknesses in produotion planning. In almost all oases
the additional effort required to overoome these diffioulties is oonoerned less
with further oapital investment than with greater attention to suoh details.
There is a lack of overall tightness of control, and this is partioularly the
oase in those faotories where buildings are generally unsuitable and the layout
poorj as a consequenoe, supervision would be expeoted to be more effeotive
beoause of these drawbaoks. Suoh oontrol will best manifest itself in oareful

produotion preparation, ease of work-flow, the absence of unreocessary aotivities

and a low rejeot rate.
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Managment

The quality of management must be judged by the tasks with whioh it is
concerned in faoing the competition of world markets. In the oase of the plant
director, he must "like ohange, be good at recognizing opportunities, be willing
to take moderate risk and have plenty of drive. He needs a very good knowledge of
business trends in the market and the relevant teohnology. He must be a generalist.
He needs to know the key points in financing a business, business planning,
finanoe, marketing, produotion and personnel without having the time toc be
expert in any one field. He oan and must reaot quickly and has little time for

anything he perceives as 1.rrelevant".1

Those responsible for planning and direoting produotion have a much more
preoise role to play, and their training and experience mist be direotly relevant
to the needs of the industry. That this is not the case is evident from their
lack of awarerees of, or incapaoity to deal with many of the problems already
referred to. There is no magio formula by whioh an engineer oan be automatiocally
inspired to deal effectively with the complexities of production in manage-~
ment. Rather it is, at the training stage, a learning process, and the knowledge
must be imparted only by those who themselves are fully qualified and experienoced

in the industry, and oontinue to remain abreast of its teohnologioal development.

The expert understands that engineers are trained at the Meohanical Faculty
of Sarajevo University. There they undergo a 4} years course leading to the
degree of Engineer for Wood Prooessing. They subsequently take up employment
in a primary or secondary wood-prcoessing faotory. Sinoe secondary wood
prooeesing is of relatively reoent origin, it would not be surprising if the
faculty tended to ooncentrate more fully in its training programmes on primary
processing, beoause most lecturers would have gained their experience in this
field.

Considering the syllabi followed, the way in which many otherwise excellent
engineers deal with spsoifio production-engineering problems, and discussions on
the subject whioh the expert held with individual engineers, it is hard to
esocape the nonclusion that muoh more could be done at the training stage to
ensure greater relevance partioularly in respeoct of the joinery, corpus and
solid-wood furniture industries, and the upholstery industry.

1/ Bolton Report on Industry, United Kingdom.
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The grade of wocd industry technician, a level of minagement which bricges
the gap belween that of the engineer and the operative, does not exist, and
therefore nc training is provided for it. Normally this individual receives
a thorough apprenticeship training, works some time as a journeyman craftsman,
and then returns to a technioal college to receive further training in the
soientific and engineering aspects of his craft. He is subsequently involved
in the technology of produotion planning, an activity for which he is best suited
by virtue of his background and training. At present the university-trained
engineer is expected to fulfill this role, for whioh he is neither trained nor
suited. Meanwhile the work in which he should be engaged e.g. industrial

engineering, work planning, work study, engineering econcmy, suffers by default.

The nature of the training required for both categories should therefore
have appropriate emphasis placed on the followings

(a) Furniture plant layout and design. Problems in industrial plant
design as applied tc furniture and joinery manufacturing, building structures,
equipment looation, spaoce utilization, power utilization, light, heat, venti-
lation and safety, materials handling, maintenarcej

(v) Wood—working equipment. Study of production wood-working equipmernt
for cutting, shaping, sanding, veneering and assembly cperations; ocapabilities
and limitations of maohines, theory and praotioe of cutting and sanding woodj
low-cost mechanization, pneumatiocs, eleotrios and hydraulics;

(c) Wood prooesses. Prooesses of drying, gluing and finishing woods
reconstituting wood as fibreboard, hardboard and particle boards

(d) Engineering eoonomy. Study of oriteria and techniques for management
decisions in relation to eoonomy of design, selection, and operation; effeots
of depreoiation policies and maohine replacement;

(e) Furniture design and oonstruotion. Detailed drawings and bills of
materials from samples and designers' sketches, In oonstruction, emphasis is
placed upon good performanoe under varying atmospheric moisture oonditions,
adequate strength and rigidity, and low oosts

(f) Furniture manufaoturing and prooessing. Study of produotion methods
in the furniture Industry, Inofu%fng production prooedures from the timber yard,
through all operations, paokaging and despatoh;

(g) Menufacturing oontrols. Development of principles, prooedures and
dooumentation for oontrol of materials, manpower and ccsts with speoial attention
to produotion and inventory oontrol, equipment utilization, work study, wage
olassification and oost reduotion programmes;

(n) Quﬁlit¥ oontrol. Eoonomic balanoe between cost of quality and value

cf quality. Statistioal theory and analyses as applied to sampling, oontrol
charts, toleranoe determination, aocoeptance prooedures and oocntrol of produotion.

(1) Upholstery produotion.

(1) holstery e ment and teochnologyt Equipment for fabric inspec-
tion, laying up, marking and outting, sewing, buttoning and
quilting, foam cutting, jointing and profiling, oushion filling
and olosing, springing up, assembling, packaging; capabilities and
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limitations of maohinesy theory and praotice of outting and
sewingt low-cost meohanization, pneumatics, eleotrios and

hydraulios;
(i1) Upholstery processest Prooesses for outting fabrios, matohing,
sewing, aprgnang, ?inishing, reoonstituting foam and other filling
. materialsg

(iii) Raw materials technologys Basio raw materials, inoluding textiles,
natural and imitation !eathers and polyvinyl ohloridess
Cushioning materials, inoluding latex and polyurethane foamsj ‘
Resilient webbing and other seating support materialsy
Quilting and buttoning materialsj
Needles and threads for various sewing teohniquesj
Spring materialsj
Stapling, nailing and fixing.
Students graduating from the university require further post-graduate
training in a variety of faotories before taking up permanent employment in one
L 4
of them. Sinoe SIPAD inoorporates a very large number of faotories, this could
be easily arranged, and the expert reoommends that this should be done not only

for newly graduated engineers, but also for others who are already working.

They should also visit factories abroad, attend oourses in speoialized subjeots
related to their industry, partioipate in study-tours and UNIDO fellowships
and be provided with teohnioal and trade literature published in Yugoslavia

and abroad.

Standard specifications and quality oontrol

Organizations responsible for the preparation of national standards and
the maintenanoe of quality oontrol for furniture are operating as effeotively
as possible, given the prevailing situation with regard to ourrent raw materials
utilization and produot design. It is obviously not their funotion to introduoe
new designg, but to subject existing produots to the performance standards
laid down. Should the industry introduce new materials and teohniques, there
is no reason why they would not adapt existing standards to suit such ohanges.

They should also be prepared to adopt existing quality oontrol and test procedures

ourrently used in other oountries.

In any event, furniture being produced for export must oonform to the
standards of the oountry to whioh it is being exported. In the case of dining-
room ohairs, the major kind of seating so far sold outside Yugoslavia, there
have been few, if any, problems regarding standards.

These national standards organizations oould, however, assist the industry
in oonsiderably shortening the time it takes, often extending well over a year,
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for a new design on the drawing-board to reaoh the oonsumer. Suoh a reduotion
in time is in the producer's and oonsumer's interest. A long produot develop-
ment oycle oan mean that by the time the product becomes a standard item, it
will have lost its sales impaoct.

The best solution, and one that has found favour in other oountries, is
for the larger faotories to install their own test equipment. This equipment
is relatively oheap and can be operated under the same oonditions and to the
same standards as those existing in the national organizations. In this way
not only would the whole proocess of produot development be speeded up, but also
more effeotive quality control prooedures oould be adopted.

rhere is no shortage of trained personnel in the faotories capable of
oarrying ou* the ‘esting and other quality oontrol prooedures effeotively.
''hey woulu probably require no more than a short, intensive training oourse
to become familiar with all the requirements.

It is also reoommended that these institutes maintain olose relations with
other saimilar institutes abroad, partioularly the Furniture Industry Research
Association in Stevenage, United Kingdom, and the Centre Teohnique du Bois in
Paris. Both organizations have carried out a great deal of detailed research
into furniture design and produotion, the results of whion have proved
benefioial to the industry throughout the world.

it is also the responsibility of standards and quality oontrol orguniza-
tions to keep the turniture industry informed of ohanges that may have peen
made 1in national standards speocifiocations in other oountries, so that the
faotories exporting to those ocuntries may inocorporate the ohanges into their

produocts.

Annex VI contains a desoription of graded performance tests for seating,
easy ohairs and settees, that shouid be used in oonjunotion with the standards
for oorpus and other solid-wood furniture, whioh are already available from the
Yugoslavy Bureau of Standards.

Research and deve lopment

Within the orgamisation of §IPAD research and development is the responsibility
of the Research and Development Sector. It is still very much at its initial stage
and the inteation is to provide a comprehensive technical advisory service tc the
factories which will be concerned with research into existing raw materials

|
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utilization, produot engineering and the technology of glueing, finishing and
upholstery.

It therefore would be expected to play a key role in the recrganization
and development of the industry and to do this effectively it should be staffed
by experienced technologists preferably drawn from the industry. No doubt it
will collaborate fully with the reconstituted Wood Teohnology Institute, but
to be really effeotive it should become part of the latter so that it may
benefit from the proximity of other disciplines such as design, industrial

engineering and training, which presumably will be operating under the same roof.

Industrial engineering within the gIPAD organization appears tc be largely
the responsiblity of "gwnaprojekt" which provides consultancy services in respect
of design and planning of new faotories and the reorganization and development
of existing ones. The expert understands that most of this crganization's time
is taken up with the former activity, and while undoubtedly this is important,
it is perhaps even more so that existing faotories should reoeive active and
continued attention., Very often the factories are themselves unaware of the
need for reappraisal, because they are fully ocoupied with the immediate
problems of production, but, as has been emphasized throughout this report, they

have many weaknesses which need tc be dealt with immediately.
L J
"Sumaprojekt" should therefore have a speoial department tc deal solely

with this situation. It should be staffed with the most experienced engineers

who fully understand every aspect of factory organization and management as well
as the technology of production. These engineers must realize that initially they
have a "selling" job on their hands, that is, they must sell themselves as well

as their ideas tc management and thus win the oonfidence of the latter in
executing meaningful change. They must also work very olosely with the staff

cf the Design Centre because the two disciplines are so closely interwoven
technically and are alsc interdependant ocmmercially.

It muset be said that the Design Centre has so far not made any kind of
worthwhile impact on the various faotories. This is regrettable, rartioularly
when it is realized how desperately and urgently they need design. But just
as in any other kind of business, the factories have tc be convinced of this.
Up to the present this has not been the case.

Just like factory reorganization, the idea of design involvement must be
"80ld"” tc the management, whioh means that the produot has to prove its worth
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Thus the Centre oannot expect to "have its loaf and eat it" or in other words,
expect the factory to pay them in advanoe for a design, which in the first plaoe
they would not have produced without being reasonably sure of its potential suooess.
To do otherwise is to completely misoonstrue the whole purpose of design in
relation to the oommercial aspeot of the furniture market both from the points

of view of the market and as a revenue earner for the Centre. The faotories

will be the first to appreciate the sharing of the risk element in new product
design and will draw encouragment from the Centre's willingness to do so.

It must also be emphasized that "selling" design does not mean producing
a drawing in isolation from a factory and then presenting it to the faotory
for subsequent development. An important charaoteristio of various stages of
design prooedure and management, as described in ammex IV, is the total
involvement of the designer from start to finish, and that he will not be
oonoerned with one product only, but with a whole range of interrelated products
and their promotion, e.g. exhibition and fair participation, catalogue and
broohure design and house-styling. The Design Centre should ooncentrate initially
on one or twc factories, or for example, work with one working organization
(R.0.) such as "Majevica" in the development of an interrelated design
programme for its nine faotories whioh would enable it to fully exploit its
production potential. Eventually the Design Centre should beoome an information
oentre for design from whioh the aotivities of all EIPAD designers would be

oo~ordinated and where a permanent exhibition of their designs would be on view
to the publio.

Inter—faotory oo-operation
The possiblility of oo-operation between faotories in the same line of

bueiness is always an attraotive oonsideration, at least in theory, Its
implementation, however, oan provide many pitfalls partioularly if the factories
are competing with each other in the same sector of the market. In the case of
the §IPAD organization, they are already oommitted to at least horizontal inte-
gration, and while muoh has yet to be done before full implementation is
aohieved, the prospeots are potentially very rewarding, The most important
agpeot of this co~operation is the total oommitment of management, partioularly
at faotory level, to its sucoess and it will require at times a degree of
unselfishness and a preparedness to make saoritioes from whioh only the orgm-
nization as a whole may benetit.
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It will not be easy, therefore, to achieve this integration whioh has been
made more difficult, as we have seen, by the fierce competition existing
between factories making similar products. But it is preoisely in order to
avoid self-destructive competition that the whole idea of co-operation should
be avidly pursued. For example, there is little sense in two gIPAD factories
produoing bedding or upholstery individually, when by combining their rescuroes
in one faotory, not only would they avoid oompetition, but they would also

produoe more efficiently and profitably,

The expert experienced many similar oiroumstances where such co=-operation
would be to everyones benefit, and he reoommends that the following fields of
operation be investigated in this respeots

(a) Planning. Exchange of experience, oo-ordination of planning, joint
purchasing of elements, joint total purchase;

(v) Produot design. Design oo-ordination, product rationalization,
joint marketing, joint promotionj

(c) Production. Division of production range, joint production, inter=firm
comparison, product development, research and development, production documentation,
standard specifications and quality controlj

(d) Raw materials. Combined produotion, combined purohasing, standard
specificationss

(e) Administration. Commeroial prooedures, financial oontrol procedures,
data prooessing, dooumentationj

(f) Training. Common training programmes for management and operatives,
oommon traimﬁoedures for management and operatives, joint seminars and
workshops. joint study tours, joint attendance at trade fairs.

This list is by no means exhaustive and it will be found in praotice that
one form of oo-operation almost always leads to another. The oo-opeiation
itself must be ocarefully planned and oo-ordinated, and this will be the funotion
of the EIPAD Kombinat (oo-ordimting unit). In order to do it effeotively it
should appoint a full-time oco-ordinating offioer who will advise and assist
in the implementation of this work. He should be an experienced engineer

who is familiar with all aspects of factory management and one who is capable
of assessing the potential for co-operation in terms of the corporate strategy.
He should also act as a liaison officer and honest broker between the individual
factories and the gIPAD Kombinat, as well as at inter-factory level.
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Puture UNIDO assistanoce

In the field of industrial engineering. the expert recommends that further
assistance should be provided along the lines of that oarried out in the current
assignment, with particular emphasis on the implementation of the reocommendations
contained in this report. The sheer size of the industry, and its physiocal
location over a wide area made total oontaot impossible. All the factories whioh
participated in the programme were found to have many problems in oommon, most
of whioh oould only be highlighted rather than solved in a period of two months.
Should a future assignment be for a similar period, this would be best spent
by ooncentrating on assisting one working organization on a pilot basis so that
the experience gained in this way might be more satisfaotorily shared with
other working organizations later.

There should also be oloser oollaboration with "gumaprojekt", and at least
one engineer from that organization should aocoompany the expert in his field
work. If possible, the expert should also be given the opportunity of spending
some time with the oonsultatlion seotion of Institut za Drvo, in Zagreb whioch
is now working with at least one faotory within the §IPAD organization, and
intends in the future to work with others.

Young engineers would benefit from attending short intensive post-graduate
oourses in industrial engineering at either Rosenheim or Detmold colleges of
teohnology in the Federal Republio of Germany, and these oould be made available
through UNIDO fellowships. Suooessful partioipation would, however, depend on
fluenoy in either the German or Englirh languages and potential oandidates should
in the meantime reaoh an acoeptable lavel of profioienoy in one or the other language,

The expert also reoommends the holding of two study tours, one for personnel
in the joinery industry and the other for those engaged in furniture produotion,
to faotories and other relevant institutions in the United Kingdom. The purpose
of these study tours would be to see at first hand the developments of these
industries and to relate it to the speoifio needs of BiH. Aocoordingly, all
factories and institutions to be visited would compare in size and scope with
those of the developing needs of BiH.

The following outline programmes for the study tours should be followed as
closely as possible, and final details should be subject to careful planning and
liason prior to the commencement of the tours:

|
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1.

10.

1.

Titles

For whom

Period

Number of partioipants per tour

Travel

Location
Aocommodation
Tour dates

Tour programmes

Tour A - joinery

A. Joinery study tour
B. Furniture study tour

Engineers and teohnioians who are engaged
at management or supervisory level in the
produotion of furniture or joinery

From Sunday departure Zagreb or Belgrade
to the following Saturday return to either
place for eaoh tour. Tour A to be imme-
diately followed by tour B

10

External, scheduled airlines
Interaal, publio transport

Greater London area
Appropriate London hotel

Two weeks in late Autumn

Visits to faotories produoing the followings flush doors; standard

windows; off-standard joinery;
struotures.

timber-framed housing; laminated

Visits to the Timber Researoh and Development Assooiation (TRADA); the
Princes Risborough Laboratory (Building Research Establishment); the Furni-
ture and Timber Training Board (F"I‘TB); a technical college for the timber

and joinery trades; manufacturers of wood-preservation and timber-drying

equipment and of wood-processing machinery and equipment.

Study tour review and preparation of tour report.

Tour B - furniture

Visits to faotories produocing the followings oorpus furniture; ohairs
and frames for upholsteryj; upholstery; bedding; furniture inoorporating

wood bending and lamination.

Visits to the Purniture Industry Researoh Assooiation (FIRA); oolleges
for the training of furniture design and produotion management personnelj;

Furniture and Timber Training Board (FTTB); design oentre and furniture
exhibitions; mamufacturers of wood-prooessing machinery and equipment.

Study tour review and preparation of tour report.

Interpreter

Tour leader

A full-time interpreter should be provided
for each study tour.

This should be a UNIDO expert who is
capable of planning, organizing and leading
eaoh group
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II. CONCLUSTONS AND RECOMMENDATIONS

Conclusions

1. The industry for the most part is well equipped with up-to~date machinery
and equipment. Many factory buildings are unsatisfactory because they were
badly planned originally, and little provision was made for orderly expansion.
Not enocugh attention has been paid to plant layout and optimum use of all
available space, internal transport, and cheap and simple methods of reducing
handling costs. Cramped working conditions were to be found in many of the
factories visited, particularly in the solid-wood and upholstery sectors.
This was in sharp contrast to the orderliness generally prevailing in the

corpus sectors of the factories.

2. Production techniques require to be improved particularly in factory
planning, production planning, control documentation, work study, design of
production aids, work flow, design of individual work stations, materials

inspection and storage, and packaging.

3. The levels of skill practised in each of the departments are generally
good. With improved management systems and better overall planning aad

supervision, productivity could be increased oconsiderably.

4. Training for engineers and designers does not appear to be in line with
up-to-date developments in the industry,

5. The industry has plentiful supplies of basic raw materials, but some are
not always the most suitable for specific requirements.

6. The industry's deficiencies are most apparent in design, the meaning and
function of which do not appear to be fully understood. If this aspect is
not improved, the industry camnot hope to expand exports,

T. Within the gIPAD organization, the commercial sector (§IPAD Comerc),

the Design Centre and the Research and Development sector could play a more
positive role in improving design standards and developing more up-to-date

materials and structural details.

8. The future of the BiH furniture industry, especially for exports, does
not appear to lie in the use of mase-production methods, but rather in the

production of well-designed distinctive produots of above average quality.
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9. SIPAD has immediate plans for further expansion of its manufacturing
activiiies. These should not be proceeded with until full utilization has been

made of existing production resources.

10. Further investment is required,particularly in the upholstery sector

of the industry.

11. Individual factories must see themselves as competing with those producing
other consumer durables such as television sets radios, record players,

electrical equipment, rather than among themselves.

12. National standards for product specification, materials utilization and

quality control are not as universally applied as they should be.

13. Most of the factories are large enough and have a sufficient number of
trained personnel to have their own product testing facilities.

14. Closer liaison between the national agencies responsible for quality

control and standards and the factories would reduce considerably the time

taken to introduce new models to the market.

15. The training of engineers in wood processing is not sufficiently broad
in scope to be completely relevant to the current needs of the furniture and

joinery industries.,

16. There is no provision for the training of furniture and joinery technicians

in the industry. This is a category of management which is urgently needed.
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Recommendations

Design
1. Design standards throughout the industry should be raised.

2.  Each factory or group of factories should have its own design programme
distinguishable from, but complementary to, design programmes of other groups
within SIPAD.

3. Agreements by individual factories to produce "imported" models, or to
manufacture under licence, should be regarded only as an interim solution to

the problem of design.

4. Public institutions should insist on high standards of design in the
furniture they buy or the purchase of which they finance.

5. The Design Centre, in executing designs for industry, should involve itself
more closely with individual factories. Design fees skould be on a royalty

basis. There shculd be a permanent exhibition of new designs at the Centre.

6. The Design Centre should investigate the needs of the home market,particularly
in respect of furniture which is suitable for present living conditions in

apartments in high-rise buildings, and design new ranges of furniture accordingly.

7. Additional product areas should include demountable partitioning systems,

show-wood eesy chairs and seating'and bathroom furniture.

Product Development

8. Since there must always be very close collaborstion between the drawing
office and the prototype workshop, the two should be located in adjoining
areas in the factory.

9. Prototyping facilities should in general be improved, and prototyping
should not be done in the factory proper.

10. 7Prototyping should also include the design and production of all processing
aids such as master parts, formers, jigs, measuring devices and fixtures.
These items should be made from materials which have particularly good wearing

properties.
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Raw materials

11. At least one of the particle-board plants within the SIPAD organization
should produce a board finished with a pigmented melamine coating. This is

urgently required for kitchen and bathroom furniture production.

12. Home manufacturers of raw materials such as furniture fittings and foam

and springing systems should improve the quality and variety of their product:.

13. Considerable savings in raw materials utilization is possible by the
applicaticn of the prin-ziples of design engineering and value analysis to the

products manufactured.

Production and productivity

14, Greater attention should be paid to factory planning, work planning,
machinery layout, job analysis, production planning and control, materials

inspection, storage and handling, and internal transport.

15. Production planning and control systems and procedures should be fully

documented and the documentation should be uniform in all factoriss.

16. The volume of batch or series production should be more carefully
calculated on the basis of factory capacity, so that congestion in work flow

is avoided at all times.

17. There should be siricter supervision of the work flow, particularly in

confined areas and supervisors should also act a8 progress chasers.

18. Work should never be permitied to accumulate around individual work

stations.

19. The design of work stations,particularly in the machining, upholstery and

assembly departments should be improved.

20, The principles and practice of work study and low-cost mechanization should be

a permanent feature of production co-~ordination and supervision,

21. All products should be subjected to an assessment based on value analysis
and appropriate design engineering techniques.

22, Quality control should be made more effective and the reject rate reduced

substantially by establishing written quality control standards and specifications

and by improving inspection systems.




23. Lighting throughout many plants should be improved and this improvement
maintained. Because of the problems in variation of patterns and colour
shading, veneer preparation, finishing and upholstery processes should always

be carried out in artificial lighting because of its uniform intensity.

24. The"housekeeping" in most plants should be considerably improved. Exhaust
systems should be dust-escape proof, floors should be kept clean, gangways
clearly marked and kept clear, and waste bins provided where waste or offcuts

normally accumlate.

29. In order to achieve an acceptable leve. of productivity, specific production
targets based on capacity and known performance, should be set in advance

of produ-tion and monitored daily.

Munagement and workers

26. Job specifications and responsibility levels should be clearly defined

for all management and supervisory personnel.

27. The calegories of furniture and joinery technicians should be included in the
nanagerial structure of each factory. Reponsibilities of such technicians
should include all technological aspects of their craft.

28, Before taking up a particular management appointment all personnel should

undergo a period of induction and training. In the case of production engineers,
-

this should include periods in other factories within SIPAD so that they can

understand better the relationship tetween individual factories.

29. There should be weekly production co-ordinative meetings between production
engineers in the various departments. There should also be weekly meetings
between the plant directors and their engineers at which all aspects of production
including raw materials, supplies and progress in achieving targets would be
discussed.

30. Engineers should understand and apply such management techniques as
work study, production planning, production oontrolling, quality control,

work programming, machine loading and waste reduction,

31. Supervisors and engineers should realize that there is no substitute for
direct and personnal supervision. They should therefore spend much of their
time on the factory floor.
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32. The level of skills should be further upgraded by the application of

strict supervision and quality control.

33. The job of the operative should be to produce and that of management to
ensure that he has all the facilities necessary to do so,

Training

34. In-plant training programmes should be immediately established as a

L 4
matter of policy for all plants and all grades of management within SIPAD and in
the other plants in BiH.

35. While the training content will take various forms, according to the subject
matter and grade of management or worker, it should be uniform throughout BiH.

-

36. SIPAD should appoint a full-time training engineer to plan and implement
the various training programmnes.

37. The training of engineers at the Faculty of Mechanical Engineering in Sarajevo
should include & greater degree of relevance of its syllabi to the needs of
the furniture and joinery industries.

38. Engineers should spend some time in other plamts in BiH before working
permanently in one of them,

39. Special courses for the training of furniture and joinery techniciaas
should be organized at the Technology Imstitute Sarajevo.

40. In the training of production workers particular emphasis should be placed
on the achievement of akill apd craftsmenship. A section of each plaat should
be set apart for this purpose.

41. Training should also include the following: the organization of study tours at
home and abroad; attendance at trade fairs for processing equipment, raw

materials and end-products; participatioa in UNIDO workshops and seminars;
fellowship for special categories attendance at full-time and part-time trade and
management courses.

42. Personnel should be enocouraged to study at least ome foreign language.
German or English would be the most appropriate in order to acquire the
technologies used by the furniture plants in the markets they wish to eater.

Standard specifications and quality coamtrol

43. National stamdard specifioations for furmiture of all types should be
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adopted as a matter of policy, and should be fully excercised by each

individual plant.

44. Each factory should have and use a copy of Minimalni uslovi kvaliteta

-
namestaja, the Yugoslav handbook on quality control and furniture testing.

45. As part of their quality coatrol systems each plant should have some

performance testing equipment, particularly for dining-room chairs, which

would be operated in collaboration with the Yugoslav Bureau of Standards.

This should help considerably to speed up product development to the stage
when it will be ready for the market.

46. Management should ensure that quality comtrol is everyone's responsibility,

and that such standards apply in all oircumstances.

47. Quality control specifications and procedures should be uniform thyoughou
the SIPAD organisation.

Research and development

48. The Research and Development Sector of ;IPAD Kombinat should be located
in the Wood Techmology Institute and should work very cloeely with the other
departments there, particularly in relation to raw materials replacement and
utilisation, product development and the techmologies of glueing, finishing
and upholstering.

49. 1t should, as a matter of urgency, examine the posmeibilities for the
production of melamine-faced particle board for kitohen furaiture production.

50, 1t should also assess the suitability of smuch materiale as furniture
hardware and fittings, upholstery fabrios aad cushionimg and upholstery
epringing systeme,

5%. It sh.ild provide a oompreheneive teohnical information and advisory
service to induetry comcerned with every aspect of produotion technology .
This should be in the form of a well-produced and well-illuetrated techaical
bulletin.

52, The staff of the Research and Development Sector should alsc work closely
with the factories and should visit them frequently.

L 4
53. Sumaprojekt, in providing a service of induetrial enginesring and
factory planning, should plaoe greater emphasis on the re-organisation and

development of existing factories. This assistance is urgently needed.




Inter-factory co-operation

54. Co-operation should begin at working organisation level and should be
concerned, at the beginning, with those areas of activity where it can be
most easily implemented. This should include product design aad marketing for
export, promotional activities, participation in trade fairs, repreaentation
abroad, and shipping.

55. Later it should develop into other areas of activity including design and

product rationalisation, production rationalisatiom, quality control, researoh and
development and training.

56. There should be a joint committee appointed to Plan, promote and implement
inter-factory co-operation and there should be a representative of each plant

on this oommittee. The committee should be advised and assisted by at least
one full-time senior engineer who will be responsible for planning, implementing
and co-ordinating this work,

l
I
!
!
!
!
!
I
l
I
|
l







-
|
| s
l
l Annex I
DATA ON THE FURNITURE INDUSTRY IN BiH
l SIPAD BiH
Total factories (mumber) 41 49
l Furniture ' 25 i
Joinery 16 18
l Service organizations
Wood Technology Imstitute
' Forestry Institute
Design Centre
l gamaprojekt
Computer Centre
Total loyment (mumber of persons) 10.538
l Corpus and upholetery produotion 4,573
Selid-wood production 2,81 apprux. 4,000
' Joinery production 3,154 approx. 3,500
Value of production (million Dinars)
' 1970 416
1976 1,954 s/
I 1980 (agiiinat >} 4'150
Type of production in 1976 (%)
Corpus 28
l Solid wood 24
Upholstery 23
' Joinery 25
Productivity in 1976 (Dinars/person)
' Furniture average 208,000
Corpus and upholstery production 458,000
l Solid wood production 166,000
Joinery production 156, 500
' Exports (%)
To centrally planned eoonomies 19
‘ Market economies 81
-

a/ SIPAD's contribution to total produotion
- in BiH is approximately 77 per cent.
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Annex II

JOB DESCRIPTION
DP /YUG /13 /006 /11-03 /3 (31.7.A)

Consultant in industrial engineering,
Two months,
As soon as possible.

Sarajevo, with travel in the Republic of Bosnia and
Herzegovina ,

To assist in the development of the furniture and joinery
industries of BiH, and “he crution of a Centre,

The expert will be attached to SIPAD central comtrol
organization and will be responaible to the National
Project Diregtor, He will, in coliaboration with the
appropriate SIPAD techmical personnel, assess the state of
development of industrial engineering in the Republic's
furniture and joinery industries and advise the management
of these plants on the development of modern production
technology, design practice and process and quality
control. Specifically the expert will also be expected
to:

1. Survey the present level of industrial engineering
in a representative sample of the Republic'as
furniture and joinery plantai

2. Advise on its further development with specific
reference to product design; factory planningj
organigation of production; productivity; standard
specifications and quality oontrol; researoh and
development; indvstrial trainingg

L 4
3. Auog the consulting facilities offered by Sumaprojekt,
the SIPAD jlanning and consulting agency and elaborate

plans for its further development in terms of the
immediate and long-term needs of these industries.

The expert will also be expected to prepare a tachnical
report, setting out the firndings of his mission and his
recommencations to the Goverament on further aotions
which might be taken,

Indnstria)l engineer with high level experience in
consulting t0 5 large range of indus‘ries. Experience
in furniture and joinery industries Ade¢siradle.

Foglishi French acceptable.,

I
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Backrro.nd
information:

The furniture and joinery industries in BiH contribute
about 8 per cent to the Republic's gross national
product, and represent over 4 per cent of its exports.
An ambitious five-year development plan is being
implemented to double the production of furmiture to
attain Din 2,000 million and increase the work force
from 6,000 to 9,000 persons. This plan calls for an
investment of Din 800 milliom. Joinery production will
increase from Din 200 million to Din 650 million and the
work force will treble to attain 4,500 persons. Investment
of Din 950 million are foreseen for joinery plants.

IPAD, a co-operative integrated forest industry
organization, consisting of 126 factories and employing
55,000 persons, accounts for 65 per cent of saw-milling
and 85 per cent of the final products of the wood industries
of BiH. The Government of BiH and the SIPAD organization
have decided to oreate a "Centre for the Development of
the Furniture and Joinery Industry" to cater for the
38 existing furniture and joinery plants within the
organization, and have requested UNDP/UNIDO assistance
in the development of this industrial sector and the
establishment of this Centre. It is to have the
following departments: techmology; quality oontrol and
documentation; design, marketing and engineering; and
orgugintion servioes.

The SIPAD Computer Centre is to be incorporated in the

above Centre once it has been established. It has

presently a staff of about 30 persons, all engaged in
oomputer services. Industrial engineering is to be
inoorporated in the Computer Centre in order to oreate an
integrated function in engineering and organisation services
and computerisation of the furmiture and joinery industry.
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Annex III

WORKSHOP IN INDUSTRIAL ENGINEERING
Prog;a.mmo

Industrial engineering in furniture and joinery,
Hotel "Jajce", Pliva Lake, Jajce.

6 July 1977

08.00 - 10.00 Introduction by M. Pjaca, National Project
Director and lecture by D.P. Cody, industrial
engineer and UNIDO consultant.

10,00 - 10.30 Coffee

10.30 - 12.30 Lecture (continued)
12,3 = 14.00 Lunch

14.00 - 15.00 Lecture (contimued)
15.00 « 16.00 Panel discussion

Products and production potential

Part 1: Organiszation of production
Productivity

Management
Part 2: Product speoialization and qnality control

Research and development
Industrial training
Marketing

Inter~factory co-operation
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SYNOPSIS OF LECTURES GIVEN BY THE EXPERT
AT THE DESIGN AND COMPUTER SEMINARS

Co=ordination of desi roduction and
m;rEetig, or design management 37
The question of design is so fundamental to the furniture industry
l that it would bte difficult to exaggerate its importance. Yet much of the
industry throughout the world still lacks any understanding of the place and
function of design in relation to its products. In many oases, design, where it

is given any attention, is thought of exclusively in visual terms, as something
to be added to or subtracted from the final appearance of the product im order

to distinguish it.

It is necessary therefore to define what is meant by design in relation
to furniture. Design must take aooount of the production facilities of the
plant, the skills of its work force, an understanding of the nature and
characteristics of the materials used, the form and oolour of the article, its
tactile beauty, its fitness for the purpose, its decoration and its acceptability
to the consuming public,

l

|

|

!

|

Design will therefore play as important a role in the function of

l Management as any other managment teohnique. It must, however, be preceded
by what is known as the produot polioy of the firm, that is, the range of

l produots for which the firm was originally established. This may be the
manmufaoture of kitohen furniture or offioe furniture or a partiocular kind of

!

!

|

l

l

upholstery, and within that general category, a specific design range will have
been evolved whioh gives the firm a particular identity on the market.

It is the function of management to ensure that all these oonsiderations
are given due prominence when a new or oontimiing design programme is being
evolved. This is most effeotively exceroised through the establishment of
a design management team which comprises the major elements of design
oontribution. It would include the designer, the marketing executive and
the production executive. The plant manager will often find himaself acting

L 4
g/ Lecture given at the Seminar on Design held at the SIPAD Design Centre
in Sarajevo on 16 May 1977.




as chairman of this team, ensuring that the sometimes confliciing views and

ideas of the other team members are eventually reconciled.

It is always difficult to predict how successful any particular design
is going to be, but experience has shown that this approach has the best
chance of success. Competition in the furniture industry is particularly keen,
and it would be no exaggeration to say that in Europe, at any rate, there is
probably an over-abundance of fur~iture factories. The consuming public is
therefore faced with an enormous variety of merchandise from which it can
choose, and it follows that the chances of success of any particular design

are thereby lessened.

To this may be added the problem of lack of production versatility,
particularly in the more recently established furniture plants. A fully
automated panel-producing plant may give high productivity, but the furniture
produced from it will always have a basic box-1like structure and will onmly
achieve a degree of individuality by the addition of special finishes and
fittings. This further emphasiges the need for highly-trained and imaginative
designers whose success in producing a saleable design can only be measured in
terms of their ability to overcome these difficult obstacles.

Design as a tool of management must be costed into the product just

like any other production or marketing process. While every effort will therefore

be made to allow the designer freedom of expression in executing his designs,
his activity must be carefully monitnred so that realistic results are achieved
within a reasonable time. This is only the first stage, because the design
mist now be prototyped, and finally put into production on a trial=batch basis.
It is expected that during these stages some amendments will need to be made to
the original drawing, but those should be minimal, because an experienced
designer, who is fully acquainted with production techniques, will have
anticipated most problems of this nature at the drawing-board stage. Naturally
this control of the design function will lead to considerable cost savings
which may be further added to by applying the techniques of value analysis

and design engineering, particularly in relation to materials usage.

When a furniture plant contemplates the oommissioning of designs by a
designer who is not a member of the plant's permanent design staff, the
same principles concerning design management should apply. It is essential,
however, to ensure that the designer in this instance is properly briefed




by the management, so that misunderstandings at a later time may be avoided.

The designer must familiarize himself with every aspect of the plant's product
policy, production facilities, pricing structure and market sector, and then

he must be presented with a brief which shall ensure that he brings together

all these elements in a product which can be made efficiently and sold profitably.

Considerations of standard specifications and quality control are other
integral parts of any design programme. Performance testing, as part of the
initial marketing strategy, will further ensure the success potential of any
product., To these may be added the principles and practical application of
ergonomics and anthropometrics culminating in a range of products in which

attention to detail is always clearly evident,

Computers and production management E/

Electronic computers first became commercially available only 24 years
ago. Now computer usage has grown to the extent that over $850 million . are
spent annually in computer departments in the United Kingdom alone and

applications range from space flight to choosing a marriage partner.

This may give a false impression of computers and it is necessary to
remind ourselves that they are merely machines for automatically sorting,
storing, combining arithmetically and printing information.

A computer is impressive in the way it handles information only because
it works very quickly and consistently and because it can be programmed to

proceed automatically through a long and complicated sequences of operattions.

A computer can be compared with an automatic factory machine. Sorting,
storing and processing information is like cutting, planirg and processing
timber. A machine, like a linked double-end tenoner, combines several
Operations in precisely the same way that a computer does. In both cases
advantage is taken of the opportunity to delegate the control of frequent
and repetitive operations.

In fairness to computers it should however be emphasiged that the
flexibility of a computer in controlling different sequences of operations
far exceeds that of any other machine.

Before discussing the role that computers can play in assisting

production management it is necessary to examine the procedures involved in

———————

A 4
Q/ Lecture given at the SIPAD Computer Centre in Sarajevo on 9 June 1977,
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planning and controlling production and identify the information processing
requirements. For simplicity, a single-stage manufacturing process will be
considered, in which timber and other materials are purchased and converted
into products in a mill. Stocks are held both of materials and products,

80 as to allow economy in batch purchasing and batch Production and to enable
rapid delivery to customers.

The organizational structure is made up of several interrelated
management control loops, each loop being the responsibility of a different
department. The purchasing manager will be responsible for maintaining a
stock of material 8, the production managsr for maintaining a stock of
products, and the sales manager for maintaining a demand for ths products., In
each of ths control loops there are thrse main elements:

(a) Recording,in which performance of the factory is measured;

(b) Planning, in which the psrformancs is oomparsd with the targsts and ,
1
e

new plans devsloped;
(c) Instructing, in which ths execution of ths plans is begun.

Figure IV shows the thres control loops corrssponding to materials managemsnt,
production management and sales managemsnt. The loops are shown without any
links betwsen them and ars apparently opsrating complstely independently.
Though this is a potsntially dangerous situation, thsrs ars many factoriss
opsrating in this way. 1In Mmany cases ths only interdepartmsntal communications
ars informal, except in timss of troublss, such as shortages, when they become
highly formal and oftsn ovsr-heated.

In the absence of any communication between departments, the management
of materials and produotion can only be based upon replenishing stocks. This
method of control, in which materials ars purchased to replace those withdrawn
by production, and products are mamufactured so as to redlace sales, give
rise to two potential dangsrs: firstly ths items drawn from stock may not reflect
ths true demand if thasrs is any possibility of substitution of materials or
products; 8scondly changes in demand for & product taks some time to reach ths
Production manager and a considerable tims before reaching the materials

manager,
The solution to thess problems is to ensure that sales orders are analysed

and information fed immediately to ths production and matsrials manager. This
additional information channel is shown in Figure V.
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Each of the control loops operates in essentially the same manner.
In the case of production management the steps involved are as follows:

Demand anal ysis

Production plans are based upon an analysis of the present and expected
future balances of product stock. The records used in this analysis are:
the current product stocks, the planned addition to stock from production,
the stocks allocated to existing orders and the expected future demands arising
from orders which have been forecast. This imformation is combined to

estimate when further production will be required.

These records must be kept up to date by adjusting them whemever a
production batch or series is completed, when a new series is programmed
for production, when further sales orders are received or when a new forecast

is produced.

Requirement analysis

Having found when further production batohes will be required, these
must be broken down into demands for materials, machine time and labour.
These requirements will depend upon the batch sizes, which can be chosen at

this stage, to be the "Economic Batch Size:',

To perform the "transition" (or explosiom) of product batches inmto
materials, maclLincc and labour, reference must be made to product specification

recorde,

Comparison of resource requirement with availability
The possibility of producing these batches of products, by the

required time, can now uLe checked. Records showing the free balance of
material stocks can be consulted to cheok for shortages and reoords showing
the free balance of machine time and labour oan be checked for under- or

overloading.

Production glamig‘

If shortages do occur, or if machine and men are badly loaded, adjustments
must be made by changing batoh sises, arranging overtime or shift work,
suboortracting etc.




Production progummig‘

Having finally decided which batches will be made and in what quantities,
some attempt may be made to sequence the batches and the production operations
involved, so that the work will flow amoothly. In some ocases it is impractioal
to plan this programme in advance; instead the entire production plan for
each planning period is released as a single factory order and it is left to
the production supervisor to decide which work to do next in the light of the

circumstances at the particular time.

Production instructing

The material requisitions, route oards and job oards may now be issued,
either as a batch or, if the work is formally programmed, individually.

Production monitoring

As the programmed operations are completed the instruction documents
are returned, perhaps with notes added to them explaining any departures
fron the instructions. In some factories the return of one document may be
used to contrsl the release of the next. In all factories the returned
documents will be used to note the completion of the activity or process
instructed and to update the relevant records. It will be noticed that the

flow of information in this production control loop very much resembles the

flow of materials, but in a reverse direction. It will also be noted that there

are several references to files containing records. The production management
system depends heavily on good information files and records in these files
must be kept up to date by a good work recording system.

Computer aided production management

All too frequently there are no "'maltcr files" in a factory. Instead
records are dispersed throughout the faotory, and in some cases do not
exist except in a supervisor's personal notebook, or even in his head. It
is impossible to apply successfully computers to production ccatrol without
collecting all relevant sources or files of information and introducing
formal eystems to maintain these files. The discipline obtained in this way
is one of the two main sources of improvement when using a computer. The
other improvement results from speeding up the flow of information. In
most factories a very significant part of the production lead time is the
time taken in processing the information necessary %o plan and instruct the

production.

-
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The files of information required in a production control system are:

(a) Product stock records: showing for each product the current
free balance, the quantities expected from production already programmed,
the quantities allocated to existing orders and the demands for each of
several future planning periods;

(b) Product specification records: showing for each product the materials
required and the production sequence;

(c) Production planning records: showing for each work centre the free
and allocated capacities in each of several planning periods;

(d) Materials stock records: showing for each material the current free
balance, the deliveries expected from suppliers for each of several futurs
planning periods, the quantities allocated to production and the expected
future demand arising from forecast orders. If production is pre-planned, a
further file or record similar to the production~planning file, tnt showing
muich greater detail, will alaso be required.

It should be emphasized that the computer has not been assumed to take
over complete control of production. The computer analyses the situation and
presents management with the necessary information, and when fed with a plan
of action, it translates this into instruotions, and monitors the execution

of the instructions. The planning decisions are and must be left to management.

Will the benefits of using a computer justify the ocosts?
The computer-aided production~control system already described could in

principle be operated in an in-faotory computer or a bureau computer. In
either case the costs will not be just those of buying or hiring a computer
or computer time. Systems must be redesigned and staff irained ir their use;
programs must be specified and tested; and information must be oollected
to generate oomputer files.

It is difficult if not impossible to say which application should be
considered first and to quantify the costs and benefits of suoh applications
without making reference to a particular sector of the wood industry, and
even to a particular factory. Many factors must be taken into account and
a full study of the particular circumstancss should be carried out before
a decision is made. In considering the process of arriving at this decision
it is useful to return to the comparison of a computer processing information
and a machine processing timber.

N .
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Supposing that a factory is examining the case fcr introducing a
new machine which will combine several existing operations into one single
operation, the first consideration will probably be whether or not the volume
of work in the factory will provide a reasonable load for the new machine.
If the utilization would be poor there may be the possibility of contracting
this paricular work to another company which specializes in work using
the new machine (e.g. a company owning a Zuckerman automat). An associ- ted
consideration will be the machine setting-up costs. To operate the new
machine economically it may be necessary to operate with larger batch sizes,
which may increase work-in-progress and lengthen the production lead times.
Another consideration will be the extent to which the methods of the new
machine are expected to improve the quality of the product and reduce the
losses due to faulty processing. A oconsiderstion of extreme importance will
be the costs of implementing the r.ew production method. Product designs
may have to be modified and machine settings worked out. The transition
period, during which the new methods are tested and unexpected problems
found and solved, can be made less painful by careful planning but will
unevitably involve additional costs. A further consideration is the way in
which the new machine will fit in with other developmente in the total
production system and perhaps open up possibilities for new developments such
as more automatic flow lines.

These same considerations apply to decisions regarding implementation
of computer systems. The information~processing work-load must be examined to
aesess whether an in-factory oomputer would be reasonably well used or
whether a bureau service should be saught. The data volumes for individual
runs must be examined to compare the eoconomics of batching data over long
periods against the disadvantage of processed information being less up to
date. The value of processed information being more accurate and complete mist
be assessed. The costs of designing the system, writing programmes and
implementiiag the new methods must be estimated. Finally, the future development
of the total information system must be oonsidered to ensurs that the first
step must not hinder progress.

In deciding whether to make use of a computer, which application to
select first and how these should be tackled, all of the considerations

referred to must be taken into account.

_J




Annex V

RFPORT ON SIPAD "STANDARD" FURNITURE FACTORY, SARAJEVO

Introduction

This factory was established about 20 years ago, employe 800 persons on a
two-shift basis and manufactures corpus furniture, uphol stery (mainly fully-
upholstered suites) and bedding. It is sited on the outskirts of Sarajevo.,

The expert was requested by the Director of the factory, T. Drakulid,
to advise and assist the factory engineers in solving the problems of poor

internal transport and unsatisfactory work flow. He was assigned two engineers,

K. Jirota, Director of the Development Department, and N. Kukié, Engineer
in the Development Depariment. Later, S. Ahmedié, Furniture Designer, joined
the teanm.

I" was agreed that the work would be carried out during the full period of
the assi nment, and that the expert would make a series of visits - about two
per week - during which each aspect of the work would be examined, and the
procedures arrived at for reorganization and replanning. The engineers would
subsequently complete the drawings and relevant specifications, which would
then be ready for the next visit of the expert,

Faorory assessment

A preliminary survey of every aspect of the mamufacturing activities
of the factory was made and this indicated that, in addition to the shortcomings

originally discussed, the following areas also needed attention:

(a) Product policy design and rationalization

(b) Unsuitable buildings for production;

(c) Organization of processing and assembly sectionss
(d) Space utilization and work flow;

(e) Quality controlj

(f) Excessive waste;

(g) Unsatisfactory internal organization,

It was not expected that all of thease could be dealt with satisfuctorily
during the time available, but at least a start could be made, and the

engineers concerned would continue io deal with the remainder after the
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departire of the expert. During his assignment, however, all efforts would
be concentrated on the replanning of the following:

(a) Panel production and solid wood processing;
(b) Upholstery production
(c) Work flow and internal transport.

During the course of this work it was intended that many other problems,
particularly those concerning product design, design engineering, value analysis
and quality control would be dealt with at the same time. It was further
agreed that the findings and recommendations of the team would be submitted to
the management committee of the factory at an all-day workshop, which was
convened in the factory on 7 July, the day before the departure of the expert .,

Recommendations

Corpus production

Figure VI (in the pocket) shows the existing layout of the factory and the
location of the various departments which are comnscted by a cemtrally=located
corridor. This corridor was intended for ease of oommnication and internal transport.
Between sach factory "bay' there is an open area which, apart from providing
light to the adjoining buildings, is wasted space. The resulting lack of
usable space has required that processes, normally carried out in one area,
have to be split up, and carried out in seperate but adjoining arsas, which
adversely effects efficiency and productivity. It is quits clear that this

situation cannot be remidied except by carrying out major structural altsrations,
and the objective therefore would be to endeavour to make the best use of the
existing space. The areas most affeoted were solid-wood processing and venser
pressiig, veneer preparation, panel dimensioning, eige veneering, sanding and
jointing.

As han been emphasized elsewhere in this report, the absence of the
provision for orderly development at “he planning stage can cause numerocus
and often serious problems later, and in this respect the "Standard" factory
is no exception. In the long run, the only real solution would be to rebuild
much of the factory and in the short term, to attempt, at minimum cost, to

re-plan each area taking into account, and possibly amending, product and
production requirements.
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The over all impressions in these areas are ones of congestion and the
absence of strict control of work flow. The congestion is ocaused by an
excessive build-up of work-in~progress which, taken in conjunction with the
limited space available for machines, work and storage areas, and cl earways
for the free flow of materials, indicates that all the facilities available
are not adequate to production requirements. The absence of strict control
manifests itself in undue delays at particular work stations, high rejeot
levels, and the build-up of waste materials throughout the departments

concerned.

Figure VII (in the pocket) ahows the proposed layout of the machining and
storage area. This appears to offer the best interim msolution because it can be

done at minimum cost and without unduly affecting production. Preliminary estimates
indicate an increase in throughput in the order of 20 per cent, which, if

taken in conjunction with a more rationalized approach to product design,

could eventually he substantially higher.

The major recommendations concerned with this part of the reorganigation

are as follows:

1. The relocation of' the panel-sizins -.._unine in the area ourrently used

for storage of particle board. Only dimensioned stock would be delivered to the
machining area, and *I.s would be stored on "dead" roller conveyors in the

area vacated by the panel sizer. The primary storage of the particle board
sheets should be replanned for easy access, thereby eliminating double handling
at the point of entry. The additional roller conveyorigation will allow for
seperate storage of differently dimensioned stock.

2. The removal of machines currently not in use and the relocation of
others to a more appropriate area. This will allow for the establishment of
clearways throughout the factory, as illustrated, and the use of a suitable
fork-1ift truck arouna every work station.

3. The provision of sdditional access to the cross-cut saws for the
delivery of #0lid wood with sufficient internal storage for at least one

day's use.

4. The provision of additional storage after pressing which will optimige
the use of the veneer press, and subsequent conditioning of panels hefore

further processing.
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5. The consequent removal of veneered panels from the interconnecting main
corridor linking the voneer preparation, pressing and panel finishing areas.
This will immediately improve the flow of materials in both directions and

reduce substantially collision and damage hazards.

6. The full linking of the panel dimensioning, edge-banding and multiple-
boring line and the provision of a clearway and additional roller conveyorization

in the same area.

7. The readjustmsnt and layout of the machines in the vsneer preparation

gection.

8. The provision of specially designated parking areas for finished panels
awaiting lacquering. Each line of rollsr conveyor is to be used for storage of
one specifically dimensionsd panel batch.

9. The rslaying of the floors, particularly in the clearways, so that
pallet-trucks and fork-lifts may move easily.

10. The redesigning of pallets and stillages to suit the various components.
For example, long, flat, castorized Logise for venesr and panel transport,

and specially-constructed mobile bina for small solid-wood components.
Figure VIII is a flow chart of the machining area.

Upheletery produotjon

Figure IX shows the existing layout of the upholstery halls, one of
which, upholstery assembly, is looated on the ground floor and the other two,
spring-making and cutting and sewing are loocated side by side on the first
floor,

Again management must recognige that there should be a more rationaliged
approach to production not only in respect of product design and technology,
but also with regard to its involvement in certain types of component
production which are not strictly justified by both, space and availibility of
oquiﬁmont. Thers is also the need to have proocessss whioh are interdepsndant
to be carried on as close as physically possible to each other. Product
design must, as well, reflect in its make-up the considerable advances which

have taken place in recent ysars in upholstering technology.

Figure X shows the proposed relayout of the upholstery department
and the following major recommendations are made:
1. The factory should disoontimue the mamufacture of mattresses, since it
is not realistic to produce them in such limited quantities.
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2. As a consequence, the factory would discontinue the production of

springs and spring units, and should buy its requirements for upholstery.

3. The factory should make greater use of resilient webbing and serpentine
gprinsing as less expensive and adequate substitutes for the traditional

spring unit currently used.

4. The space occupied by spring production will be used for upholstery

production, and laid out in accordance with figure X.

Se The area on the ground floor currently used for upholstery production
should be used for inspection and storage of fabrics; storage, cutting,

jointing and profiling of foam, foam storage and storage of finisked goods.

6. Delivery of frames and component® to the second floor and delivery of
finished items to the ground floor should be by means of existing elevators.

These should be properly serviced and be manned all the time.

T. Intermediate storage for inspected fabrics, and arrangements for marking,
cutting and sewing of fabrics should be improved by greater attention to the

planning and design of these work areas.

8. The assembly area should have three upholstery lines for studio couches,

gsettees and armchairs.

9. The factory should discard the existing upholstery benches and replace
them with work holdera and work presses which are more suited to modern

upholstery production.
Figure XI is a flow chart of the upholstery section.

Product rationalization

Drawings A to I of figure XII illustrate changes which are recommended in the

redesigning of basic elements of a wall-unit system. The criteria applied
include the principles of design engineering and value analysis, without
affecting the visual appearance of the product. For example, 16-mm particle
board would be used for all components normally made from 19-mm board; overall
dimensions would be based on a common module which would allow for inter-
changeability of components such as carcase ends, shelving, door and drawer
fronts; common drawer-elements tops and bottoms would be used. Some dimensional

details have also been altered allowing for ease of comstruction and fitting.

Table 1 gives comparative data showing materials savings resulting from
such changes.
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Table 1. Materials savings resulting from redesigning of wall element
Solid wood| Hardboard|Particle board|{Face veneer |Balancing veneer
) | @) () (n®) (n°)
18mm 0,053847 | 16,75285 | 0,911789 64,5556 45,717
16mm 0,037737 | 16,7209 0, 767753 57,5596 41,001
Total saving 0,016110 0,03195 | 0, 144036 6,9960 4,716
Percentage saving 29,9% 0,19% 15,84 10,84 10,324
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Annex VI

ORGANIZATIONS AND FACTORIES CO-OPERATING
WITH THE EXPERT

Organizat ions

SIPAD Kombinat (Co-ordinating Unit)
glmaprojokt, Sarajevo

Design Centre, Sarajevo

Wood Technology Imnstitute, Sarajevo

Computer Centre, Sarajevo
Factories

"Romani ja', Sokolac
"Ssandard", Sarajevo
"Konjuh", Zivinice
"Radnik", Bosanska Graiiska
"Una", Besanska Krupa
"Vrbas", Banja Luka
"Namjo:ta:]", Grada;:xo
"Srebrenik'", 3rebrenik
"Br¥ko", Br¥ko

"Bosna", Br¥ko




Annex VII

GRADED PERFORMANCE TESTS FOR EASY CHAIRS AND SETTEES

Performance tests are graded into three categcries of severity of use.
The same methods of test for seat, back and arms and for the drvop test are
used in each grads; but the megnitudes are increased from grade to grade,i.e.
for the static and impact tests the weight of the load, the drop heights in
the drop tests, and the number of applications of a fixed load in the fatigue

tests,

The separate static load tests for seat and baok (tests 1 and 4) may
be combined to give a representative cyole of seat load on, back load on,
back load off and seat load off under statio oonditions. Tests 2 and §

(for the fatigue loadings on seat and back) may be similarly oombined to give
a representative cyole of seat and baok load under fatigue conditionms.

The article to be teasted is submitted in turn to each of the 14 tests
described below. The force and number of applicaticns, appropriate to the
grade for which it is being tested are shown in table 2 or ‘table 3 (pp. 86 and 87).

Moisture content and temperature of
the article during testiug

If the article contains items made of materials whose properties
depend significantly on moisture content and it is suspected that the
moisture content is unduly high, it is conditioned before testing in an
atmosphere at 20°C (22°C) and 65% (25%) relative humidity. Since the properties
of some plastics are strongly dependent on temperature, a record of the
variations in temperature and relative humidity should, if possible, be

taken in the long-term fatigue tests on plastic articles. The moisture content
and temperature during the other tests are recorded at ths time of test.

Initial inspection
Immediately before testing, each article is thoroughly inspected. In
the case of upholstered articles, as much of the cover on the bottom is
removed as 18 necessary to allow a thorough inspection of joints etc. Any
apparent defect is noted, so that it will not be attributed to the test
loadings.
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Tests for chairs and easy chairs

Tagt 1 - Seat static load test

A downwards force is repeatec.y applied 10 times at a rate not exceeding
4) times a minute by means of a 200-mm diameter loading pad, faced with a
25 mm thick layer of hard polyether foam, at right angles to the surface of
the seat to any positi’n along the fore and rear centre line of the seat likely

to cause failure.

As it may not be clear which position is most likely to cause failure,

several positions, up to a maximum of three, may be loaded 10 times.

The magnitudes of the load to be applied are those specified for test
in table 2,

Test 2 - Seat fatigue test

The test is carried out as test 1, except that the magnitude of the seat
fatigue load and the mumber of applications are those specified for teet 2 in
table 2 and the centre of the seat loading pad is 175 mm forward of the

intersection point of the centre lines of the seat and back surfaces.

Test 3 - Seat impact test

The seat impact load is appliel by allowing a seat impact pad, weighing
25 kg and having a 200-mm diameter 8triking surfaoe of leather or similar material
filled with fine, dried sand, to fall freely through the heights and for the
mimber of times specified for test 3 in table 2. The impact load is applied
anyvhere a person is likely to 8it, at the position most likely to cauee

a failure up to a maximum of three positions.
Test = Back etatic load test

The load, a rectangular loading pad of 200 mm height, 2%0 mm width
and faced with a 25-mm layer of hard polyether foam ie repeatedly applied
10 timee at a rate not excseding 40 times a minute, at right anglee to the
surface of the back. The centre of the pad is at a distance above the
intersection poirt of ths oen‘re lines of the seat and back msurface ecqual
to 230 mm for soft seats; 265 mm for medium seatsj 300 mm for hard seate; or
100 mm below the top of the back, whichever is the lower, except for back reete
less than 200 mm in height, when the centre of ‘he load pad is at the centre
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of such back rests. The article is prevented from moving rearwards by
stops placed behind the rear feet or castors. During this test the seat is
loaded by a conrtant force specified for test 1 im table 2 by means of a
200-mm diameter loading pad applied at right angles to the seat surface
anywhere along the centre line of the seat but not more than 250 mm forward

of the intersection_ of the centre lines,

The test is performed “y the repeated application n~f the back load of
the force specified in table 2 for test 4 with the seat load in the position
that just allows the front feet to lift away from the floor except at the
rear of the base. If the article tends to overbalance with the seat load 1
in its most forward position, the back load is reduced to such a magnitude
as just preven's rearwards overbalancing, and the actual force is noted.
The back load is not to be less thamn 620 N and the seat load, in its most
forward positicn, is to be increased above the value specifisd in table 2
for test 1 if necessary to prevent overtalancing, and the actual force used

is noted.

Test 5 - Back fatigie test

The back load in this test is applied as for test 4, except that the
magnitude and number of applications of the back load are those specified
for test 5 in table 2. The article is prevented from rearwards movement
by floor stops behind the rear feet or castors, and overbalancing is prevented
by a comstant seat force of 1,000 N with the centre of the seat loading pad
at 175 mm forward of the intersection point of the centre lines of the seat
back surfaces. If the article temnds to overbalance, the back load is reduced
to such a magnitude as just prevents rearwards overbalancing, and the actual
force is noted. When the article is fitted with a spring rocking action
base having a tension adjustment, the tension is reduced, so that the maximum
possible rocking movement is obtained without causing impacts on the rocker
stopa. When the taest is applied to a stool without a back rest or with a
very low one, the backwards force is applied horisontally to the front edge

of the seat.

Test 6 ~ Back impact test

The article is placed in its normal position with its front feet
prevented from moving forwards by means of stops. A weight of 6.5 kg is
allowed to estrike the centre of the top of the outside of the back in a
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forward direction. The weight has a striking surface of 100 mm diameter, is
S1itably padded so as not to damage the surface, and strikes the article
llorizontally at the speed specified for test 6 in table 2. The article

18 allowed to rotate freely forwards about the front feet. This is carried out 10

times at a rate of 10 times a minute.

If the article has wings, the test is repeated with the mass striking
the outside of the top of the wing at right angles to its surface and in a
position most likely to cause failura. If tha ariicle has a swivel Luse, then
the direction of the impact force muet pass throigh the vertical aris of the
swivel. To prevent movement of the article across the floor, the stops may he

moved to the side feet.

Test ] ~ Sideways arm static load test

A pair of horizontal outward loads, of the magn:tude given in table 3
for the appropriate grade, is applied repeatedly 10 times by means of 100-mm
diameter losd pads to any position along the insides of the uppermost part
of the arms most likely to cause failure. Since it may not be clear which
of soveral positions is most likely to cause failure, each of the positions

up to a maximum of three may be loaded 10 times.

Test 8 - Sideways arm fatigue test
The test is carried out as test 7, except that the magnitude of the

load is 110 N and the number of applications is as specified in table 2 for
test 8, The point of application of the load is 50 mm behind the front adge
of the arm. The direction of the pair of loads is inwards if the inside arms

are €55 mm or less apart, but is outwards if the inside arms are further apart.

Test 9 -~ Sideways arm impact test

The test is carried out as test 6, except that the impact blow is
applied in an inwards direction to the outside fac~ of the arm at any position
most likely to cause a1 failur.:, 10 Limee in each position up to a maximum of
three. The article is placed in its normal position with a pair of side
feet prevented from moving sideways by means of stops. If the article has
a owivel base, then the direction of the impac* force must pauss through the

vertical axis of tre swivel.
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Test 10 - Downwards arm static load test

A vertical, downwards force of the magnitude specified for test 10 in
table 2 is applied repeatedly at a rate not exceeding 40 times a minute,
10 times to tue upper surface of one arm by means of a 100 mm-diameter pad
to any point along the arm most likely to cause a failure. A counterbalancing
vertical force of 750 N is applied to the seat, if necessary, to prevent
overbalancing.

Test 11 - Downwards arm fatigue test

A vertical downwards force of 340 N is applied simul taneously to each

arm by means of a& 100-mm diameter pad, at a rate not exceeding 40 times a
mimu*~, for the mumber of applications speoified in table 2 for test 11.
The point of application is 50 mm behind the front edge o." the arm.

D-sts for settees and similar articles

For articles intended 1o seat more than two persons, tests 1 to 6
inclusive are applied to seat units seleoted by the test operator in acoordanoce
with the following: if the mumber of seating units is not obvious from
inspection, the srticle is to be regarded as oonsisting of a number of equal
units, each being not more than 560 mm in width at the front and not less
that 380 mm at the rear of the seat.

Tests on seating units of settees
Static loading

The load is applied, in turn, to one end position and to a oentral
position, while eaoh of the other seating units supports a oonstant vertioal
force of 750 Ny exoept for a two-seat settee, when the central loading is
not acoompanied by any additional load.

Fatigue loading

Half the speoified number of applications are made first to a oentral
position and the remainder of the speocified number of applioations to an
end position.

Impaot loading

The loading is applied to an end position and to a central position.
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Tests on backs

Static loading

A double back static load is applied by means of a pair of back
loading pads situated with their centres 500 mm apart with a corresponding
pair of constant seat forces. For two-seat settees the double back static
load is applied to positions equidistant from the ceatre of width. For
settees with three or more positions the double back static load is applied to

two adjacent positions at one end and then to two positions equidistant from
the centre of width.

Fatigue loading

Half the specified number of appliocations are made to a central position,
the remainder to one end position.

Impact loading

The load is applied to an end position and to a ocentral position and
also to a wing if one exists.

Other tests

The other tests applied to arms and bases are performed as described
for chairs.

Tests for irs settees
t 12 -~ Drop test

For ohairs: The ohair is supported so that the impact is on one foot and
the line joining that foot to the diagonally opposite foot is inclined at 10°
to the horigontal, whilst the line joining the remaining feet is horisontal.

The chair is lifted up and allowed to fall freely on a concrete floor. The height

of fall is that specified for test 12 in table } appropriate to the grade.
The chair is dropped in this way 10 times onto & front leg and 10 times onto
a rear leg.

For settees: The settee is lifted up at one end and allowed to fall
freely so that the impacting feet or castors strike a oonorete floor at the
same level as the non-lifted feet or castors. The heights of fall are
those specified for test 12 in table 3. The settee is dropped in this way
10 times,

|

P
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Test 13 ~ Diagonal base load test

Two opposing forces of the magnitude specified for test 12 in table 3
are applied simul taneously to diagonally opposite legs or corners of the
article, as near as possible to the lowest point. Application of these forces

is made in an inwards direction 10 times at a rate of about 20 times per minute.

Test 14 - Swivelling test

For an article with a swivel action, a vertical downwards force of 1,000 N
is applied to the scat by means of a 200-mm diameter pad with its centre
175 mm forward of the intersection point of the centrs lines of the seat and
back surfaces. The seat of the artiole is to be rotated 45° relative to the
base at 30 X 10 cycles a mimite for the number of cycles specified for test 14
in table 3.

Conditions for acceptance

As a oonsequence of the test the article shall not develop any of the
following defects:

(a) Fracture of any member or joint;

(b) Fracture or extensive cracking through the thickness of any part
of a structural shell;

(c¢) Loosening, which can be detected by hand pressure applied to
members or joints intended to be rigid;

(d) Loosening of the underframe or base inserts moulded into a struotural
shell relative to the shell surface, deteotable by hand pressure applied to
the waderframe or base.

Any free movement in the back, arms or legs of the article found in the

final inspection shall not be notioceably greater than initially.

No part of the artiole shall develop any deformation that will adversely
affect its function, nor shall any oracks develop that will spoil ite
appearance.
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Figure VI. Existing layout of machining departments
at Standard, Sarajevo

1. Rough mill, panel sizing and Yeneering
2. Tool sharpening and compressor
3. Maintenance
4. Panel finishing
5. Veneer section
6. Auxiliary pamel fimishing
7. Panel joining
8. Polyurethane section
9. Lacquer-coating section
10. Polyester section
11. Assembly section
12, Upholstery section (groumd floor)
14. Store-room for finished products
15. Power station
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| CSECTION
]
1
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T

. Panel-siring machine

. Panel-sizing machine

. CaliVrating machine
Calibrating machine
Single-end edge bander

Panel wenheeri

7. Glue spreader

. Simgle daylight press
Glue mixer

Glue spreader
. Multiple daylight press
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Rough mill

Cut-off machine
Rip-saw

Jointer
Thicknesser
Multiple rip-saw
Copying machine
Tathe

NN W N -,

C,

Panel fini shing

Double-end tenoner
wo-gided edge bander
Double-end tenoner
Two-sided edge bander
Dowel-hole boring machine
Dowel-hole boring machine
Spindle moulder
Router

- Hardware recessing machine
10. Wide helt-sander
11. Vide belt-sander
12, Semiautomatic belt-sander
13. lable
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Venec«r section

1. ‘utting table
2. utting table
3. ‘utting table
4. 'eneer cross-cutter
5. ‘eneer pack-jointer
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Auxiliary panel finishing

Deuble-e2nd tenoner
Double circular saw

Two-sided edge bander
Edge sander

Spindle moulder

Router

Dowel-hole boring machine
Wide bel t-sander
Belt-sander
Semiautomatic belt-sander

Assembly section

Core-glueing machine

Preparation of corpus parts
Assembling /clamping

Assembl ing /clamping

Assembling /clamping

Preparation of face elements
Assembly of corpus and face elements

vezter section

Lacquer-coat ing section

1. Intermediate lacquer-coat san

2. Belt conveyer

3, Stain roller-coater

Belt conwveyer
Drying channel

Curtain coater
Belt conveyer

. Drying chamber
10. Low channel

11. Low channel

12. Returm conveyer
13. Return conveyer
14. Low channel

15. Low channel

16. Cooling ®one
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Accelerating conveyer

17. Intermediate lacquer-coat s

18, Belt conveyer
19. Curtain coater
20, Exit conveyer
2. Chain conveyer
29, Rack trolley
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Lacquer-coating section

1, Intermediate lacquer-coat sander
. Belt conveyer
. Stain roller-coater
. Belt conveyer
. Drying chanael
. Accelerating conveyer
. Curtain coater
. Belt conveyer
9. Drying chamber
10. Low channel
11. Low channel
12. Return conveyer
13. Retura conveyer
14. Low channel
15. Low channel
16. Cooling rone
17. Intermediate lacquer-coat sander
18. PBelt conveyer
19. Curtain coater
20, Exit conveyer
lements %1, crhain ronveyer

Lt

2
3
4
5
6
7
8
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Panel-siging machine
Panel-sigzing machine
Calibrating machine
Calibrating machine
. Single-end edge bander

Panel vegeeri

T. clue spreader

2. Single daylight press
3. GClue mixer

4. Glue spreader

5. Multiple daylight press

BN -

Rough mill

1. Cut-off machine
2. Rip-saw

3. Jointer

4. Thicknesser

5. Miltiple rip-saw
6. Copying machine
7. Lathe

8. Band-saw

9. rore production

10, Spindle moulder

11. Double circular saw

12, Frame clamp

13. Router

14. 'Iwo-sided boring machine
15. Horigontal boring machine
16. Spindle moulder

17. Dowel-glueing machine

18. Frame clamp

19. Band-saw

20. Dowel-hole boring machine
21. Precision circular saw
22. Router

Panel fini shig

Double-end tenoner
Iwo-gided edge bander
Double-end tenoner
Two-gsided edge bander
Dowel-hole boring machine
Dowel-hole boring machine
Spindle moulder

Router

fardware recessing machine
+ Wide helt—gander

11. VWide belt-sander

12. Jemiautomatic belt-sander
13, Tuble

Veneer section

1. futting table
2. ‘utting table
utting table
. Veneer cross-cutter
« Veneer pack-jointer
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Veneer pack-jointer
Splicer
Splicer
. Veneer jointer amd glue spreader
10. “hecking table

Upholstery sectiom (ground floor)

1. iress for arm chairs

2. Tress fop settees

_ ‘roduction of armchairs and asettees
4. L3sembly of armchairs and settees
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Auxiliary panel fini shing

-

Lacquer-coating section

1. Decuble-end tenoner 1.
2. Double circular saw 2,
3. Two-sided edge bander 3.
4. Edge sander 4.
5. Spindle moulder s,
6. Router 6.
7. Dowel-hole boring machine 7.
8., Wide belt-sander 8.
9. Belt-sander 9.
0. Semiautomatic belt-sander :(1),
12.
Assembly sectionm 13,
1. Core-glueing machine :‘;
2. Preparation of corpus parts 16.
3. Assembling/clamping 17'
4. Assembling/clamping 18.
5. Assembling/clamping 19'
6. Preparation of face elements 20'
7. Assembly of corpus and face elements 21:
, 22,
Polyester section 23,
1. Automatic sander 24.
2. Semiautomatic sander 25.
3. Buffing machine 26.
4. Edge sander
%. Buffing machine 1.
6. Checking table 2,
7. Router 3.
8.

Checking table

Intermediate lacquer-coat sander
Belt conveyer

Stain roller-coater
Belt conveyer

Drying channel
Accelerating conveyer
Curtain coater

Belt conveyer

Drying chamber

Low channel

Low channel

Return conveyer
Return conveyer

Low channel

Low channel

Cooling gone
Intermediate lacquer-coat sander
Belt comveyer
Curtain coater

Exit comveyer

Chain conveyer

Rack trolley

Drying channel
Drying channel
Drying channel
Drying channel

Spraying booth
Curtain coater
Drying racks
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16.
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18.
19.
20.
21.
22.
23.
24.
25.
26.

Intermediate lacquer-coat sander
Belt conveyer

Stain roller-coater
Belt conveyer

Drying channel
Accelerating conveyer
Curtain coater

Belt conveyer

Drying chamber

Low channel

Low channel

Return conveyer
Retuyn conveyer

Low channel

Low channel

Cooling gone
Intermediate lacquer-coat sander
Belt comveyer
Curtain coater

Exit conveyer

Chain conveyer

Rack trolley

Drying channel

Drying channel

Drying channel

Drying channel

Spraying booth
Curtain coater

Drying racks
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Figure VII. Proposed layout of machining departments
at Standard, Saraievo
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ouble circular saw
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MAINTENANCE

VFNFFR SFCTTON

1. Tatle

2. Tables

3, Jeneer ~ross-~utter
4. Veneer pack-jointer
] Splicer

£. “heckinge table
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MACHINING SECTION I

Rough mill
1. Cut-off machine
. Rip-saw
Jointer
Thicknesser
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Multiple rip-saw
Rand-saw
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MACHINING SECTION 1
Rough mill
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. Cut-off machine

Rip-saw

'ointer

Thicknesser

Multiple rip—saw
“and-saw ——
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Panel siging
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Panel-sizing machine
Calibrating machine
Glue spreader

Press

Glue mixer
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AUXILTARY MACHINING SECTION

1. Double-end tenomer

. Double circular saw

. Fdge bander

Fdge sander

Spindle moulder

n,  fouter

7. Jowel-hole boring machime
2, Wide belt-sander

9., lelt-sander

1, JSemiautomatic belt-sander
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"able

"ables

Veneer crosa-cutter

Veneer pack-jointer

Splicer

Checking table

Splicer

Checking table

Veneer jointer and glue spreader

CHINTING SFATION TI

Double-end tenoner

Fdge bander

Board turner

Double-end tenoner

Fdge bander

Dowel<hole boring marhine
Dowel-hole boring marchine
Spindle moulder

Router

Hardware recessing machine
Wide belt-sander

. Semiautomati~ belt-sander

13. ™able

o
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MACHINING SECTION I

Rough mill

1. Cut-off machine

2. Rip-saw

3, Jointer

4. Thicknesser

5. Multiple rip-saw

6. Band-saw ~—

7. Core production

8. Double circular saw

9, Horigontal borimg machine
10. Router

11. Frame clamp

12. Spindle moulder

13. Two-sided boring machiae
14. Spindle moulder

15. Spindle moulder

16. Band-saw

17. Frame clamp

18. Precision circular saw
19. Dowel-hole boring machine
20. Single-end tenmoner

21. Router

22. Dowel-glueing machine
23. Lathe

24. Copying machine

2%. Belt-sander

26. Drawer sander
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MACHINING SECTION I
Rough mill Panel sieing
1. Cut-off machine 1. Panel-siging machine
2. Rip-saw 2. Calibrating machine
3. Jointer 3. Clue spreader
4. Thicknesser 4. Press
5. Multiple rip-saw 5. Glue mixer
6. Band-saw ——
7. Core production
iop 8. Double circular saw
9. Horizontal boring machine
10. Router
11. Frame clamp
12, Spindle moulder
13, Two-sided boring machine
14. Spindle moulder
15. Spindle moulder
16. Band-saw
17. Frame clamp
18. Precisiom circular saw
19. Dowel-hole boring machine
20, Single-end temoner
21. Router
22, Dowel-glueing machine
23. Lathe
24. Copying machine
2%, Belt-sander
26. Drawer sander
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