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The designations emplayed and the presentation of the material in this docu~
ment do not imply the eapression of any opinion whatscever on the part of the
Secretariat of the United Nations concerning the legal status of any country or
territory or of its authorities, or conosrning the delimitation of its fronmtiers.

The Pinnish joinery standards annexed to article 18, "Joinery industry
technology”, by Juhani Jantunen, have been reproduced hers bty special permission
of the copyright owner, Suomen Standardisoimislautakunta (Finnish Standardise-
tion Commission), Helsinki, Finland, and thus may not be reproduced from this
document. Otherwise, material in it may be freely uoted or reprinted, but
acknowledgement is requested, together with a copy of the publiocation contain-
ing the quotation or reprint.




PREFACE

Two seminars on furniture and Joinery 1ndustries have been organized by
the United Nationas Industrial Development Organization (UNIDO) in co-nperation
with the Government of Pinland, %The first was held in Lahti and Tuusula from
16 Auguet to 11 September 1971, the second in Lahti from 6 to 26 Augwt 1972,
Their success was in no small measure due to the hospitality and understanding
of the Pinnish authorities a»d of the Finnish industry by granting participants
these invaluable opportunities to avail themseives of their country's compre-

hensive expertise in the field of furniture design, production and marke.ing.

The aim of the seminars was to familiarize fuctory managers in deve)uping
countries with modern plant, equipment aund production techniques tc enable
them tc up-grade their own operations and to establish priorities for such

improvement,

These seminars were attended by a total of 44 participants from 26 develop-
ing -~ountries who were, for the most part, technical managers and production

supervisors of woodworking plants.

Thie series is based on isctures delivered to either or both of the
seminars. Many of them were complemented by illustrative material that did
not lend itself to reproduction in the present form. The seminars consisted
of these lectures, plus demonstrations, discussions and visits to medium-sized
and small-goale furniture and joinery plants, plywood and lumber manufe.:turers
and producers of upholstery foams, paints and woodworking machinery as well as
vooational and technical training inatitutions.

Although these studies constitute a coharent whole, for convenience they
have been grouped intc three parts, bound separately, dealing reapectively
with inputs of materials, processing technologieas and management matters.

The preseat publication is the second of these and deels wth processing
techrology. It includes articles on such matters as furniture design, product
development, plant layout, finishing opevations and plant automation.

The previous part is the first of the series and is made vp of articles
on the materials from whioh furniture and Joinery produots are constructed,




among them solid wcud, ~omposite toards of various kinds, upholstery materials,
bonding ageats and the hardware used in assembly and trimming.

The third and last part of the series deals with managsment problems and
respongibilities in the areas of quality conirol, production management, mar-
keting and export trade, and occupational hasards and safety at work.

It is hoped that publication of the material issued in the course of the
seminars will contribute towards increasing the awareness of the results that
may be achieved when furniture and joinery enterprimes are set up in developing
countries following established, rational industrial procedurss. It is also
hoped that this material will be of use to teachers in training institutes in

Jdeveloping countries.

Readers should note that, in some instances, the examples cited and the
deacriptione given represent Pinnish conditiona that may not be wholly appli-

cable to particular developing countries.

The views expressed are those of the individual suthors and do not meces-
sarily refiect the views of UNIDO,
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11. MEETING THE DRSIGN NEEDS OF THE FURNITURE INDUSTRY
IN DEVELOPING COUNTRIES*

The intrcduction of industry into a country without industriai traditions
always brings new demands. The more developed one branch of industry is and
the more the product is scld to retail consumers, the greater the need for good
design. The more necessary export markets are, the greater role good design
plays.

Increasing consumer demand csuses new demands on industry. In many devel-
oping countries, although there is great interest in good design among producers,
the services of capabie desigriers are difficult to obtain; these people are
not only scarce, but paying them adequately is not economic because of the risk
that competitors will pirate their mc.els. .

Nass production would be a way in which to cover design expenses, but
unfortunately, in many developing countries, local congumers are very individ-
uslistic and do not like to buy mass-produced furniture. Another obstacle is

that the existing furniture factories often lack storage space.

Mass-produced furniture is always cheaper than custom-made pieces, but in
mogt devaloping countries furniture is still produced on a one-at-a-time basis.
However, local people would probabiy accept msss produced furniture just as they
accept automobilen, radios and other everyday items that thaey know to be mass
produced.

In mass~produced as well as individually produced furniture, design and
designers have very important roles to play in the development of the furniture
industry of any developing country. There are several ways to cover design
needs. The following survey shows different possidilities and desoribes each,
illustrating the positive and negetive aspects of each.

Almest al) imxmtm countries have their own astional gyetess of
donign sbrostion. In m wm, tnmsu ronsihes into the leat oemtury.




Usually the 1institutes serve several branches of industry, producing industrial
designers of all kinds. In many countries industry itself plays a remarkable
part in this education and often works under the Ministry of Industry (or
Sommerce), rather than under the Ministry of Bducation. Artistic aptitudes and
the ability to think -reatively are the main criteria when selecting applicants,
who must have a* jeast -ompleted secondary school, A two-week special selec-

tion course is usually used to sift the applicants.

Pogitive aspects

If a developing country sets up its own system of design education, it will
guarantee the future needs of 1ts industry. The tightening competition in the
world markets is demanding better design standards, and if products can have
the exvlic touch that only designers who know tradition can give, there might
well bo better possibhilities of penetrating foreign markets. Consumers are

becoming more and more ~ritical of design when selecting goods.

A design 1institute set up 1n one developing country should serve other

rourtries in the region or subregion,1f possivie.

Negative aspe:ts

Although good designers are now scarce and the naed for them will increase
over the near term, a new institute ¢vuld prcjuce too many designers after a
while. If industiry is unable to provide the new designers enough work at high
enough salaries, it is possible that talented designers wouald migrate to cther
ountries where their designs might be better appreciated. In such a case, the
tnvestment 1in their education would be largely wasted. This phenomenon is not

new in some Buropean countries; indeed, this is the problem of the "brain

drain".

A major difficulty in setting up such & asystem would be that of finding
really good, capable and up-to-date teachere. Unfamiliar local conditions,
defactive knowledge of the country and perhaps political factors could be

obhstacles to procuring such people, sven at high salaries.

The establishmen! and opsrating costs of such a design institute would be

expensive, and it would require the passage of tweive years bafore its henefits
beacome apparent.




Overssap education

All conmidered, the sending of talented young people overseas to
get their education is highly to be recommended. All industrialized countries
especially the United Ststes and most industrialized Furopean countries, have
high levela of design education. Instruction is usually given in Bnglish as
well a3 in the local language. Candidates for such training could be selected
by competitive examination and a two-week selection course, as suggested above

for local design institutes.

Pogitiv ct

As with local tra.ning, overseas training will fill future designer needs
if eacugh students are able to participate. There would be no danger of over-
production of designers, sirce it would be easy to limit the number of designers
eduoated to that needed by local industry.

The professional level of designers trained overseas would be ncticeably
higher than that of those educated locally in newly established design insti-
tutes because of the better teaching in established schools in developed
countries. It ig very important that designers closely follow current develop-
ments in industry and make contacts in .he international markets and see at
first hand the competition in them. During their college vacations, student
designere could gain experience in wodern industry. This rossibility is very
important and should be encouraged.

Upon completion of their overseas training, the new designers will be able
to tranmuit their experiences and knowledge to loocal degigners, with a positive
effect on looal industry.

Bamaiive sapecis

If design educaiion is to be financed by the Government, as it usually is,
the designer norwmally undertakes to vtay for a certain time in the service of
the stale. In the writer's apiniom, the stete oen very meldow offer work som-
weasurete with tho sducetion of thewe pacpls, sud \here iy thus s danger that
twwwwmm Wt srestive devigners. It is very importamt
that o desiguor get uttve WPl Wﬂ: Mver Minisbing his schooling in
e SoUvion OF LBNSTY) AN DR SIDOWNGEIN 1¥ 4o Dave Bim see the rusults
©f hia work and 1% WS- Hhe vy R




The faiiure of industry to employ these capable deaigners may cause thea

to remain in the country where they were trained, especially if they ses better
errning pussibilities there, unless the state demands their return. if they

stay abroad, their knowledge and ability is lost to their own countiries.

Education abroad takes just as long as it takes when given locally. In
either ‘ase, the practical results would take several years to be scen, hui
the quality of the foreign-trained designers would Le better than that of the
locally trained ones, as noted above. It should be remembered that overseas
education is very expensive, since 1t requiras long residence sabroad, the

average time being three to four years.

Importing designers

The migration of designers from one country to another has besn very
common for a long time. One reason for this is tha internationaliszation of
products. National characteristics of goods tend to disappear becsuse cf the

large-scale production that profiiability requires.

When several factories are willing to co-operate with foreign designers
the results are mostly positive. For example, co-operation between a designer
from Thailand and a Buropean furniture company has been very successaful and is

of considerable international interest in the furniture field.

Poeitive aspects

The importation of designers makes possible the creation of new saleable
collections in a moderately short time. To make btest use of the new designs
they create it is necessary to modernige factory and production methods; in
other words, increase "know-how  Tris system can be very informstive to locel

industry as regards the quality demands of modern markets.

Negative aspectis

Unfortunately, however, any designer from an industrialised country will
have difficulty in understanding local working methods. His attempts to become
accuatomed to local ways of doing things may take a long time, and his slow
progress may impair his interest in local design development. Also, if loocal
salaries are appreciably lower than they are in his own oountry, this mey have
an effect on how quickly he returns home.
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1f the imporved designer's income in paid on royalty basis, there must
be really iarge mass producticn 1f the designer is to earn 8s much ae he could
in his own couniry, since locel factory prices are much jower than in indua-
trisliged countries. IY it is a question of only few years' contract work,
hig remunsration might hardly cover hii expenses of travel, returrning and
maring & new start. Aleo, by losing contact with the main trends of develop-
ment in him field for several years, the quality of the work of the imported
designer may well decline. Being in & different climate and the break with
his norwal social life can accelerate such a decline in working capsacity. Ia
sum, it is difficult to bring in really competent designers from abroad, and

even when this is oone their long-term usefulness tends to be linited.

Importation of plans and designs

I% is quite usual tc use imported plans and designs. They can be obtained
from designers with whom an earlier relationship has been established or by

approaching internationally known designers.

Pogitive aspects

When plans and designs are imported, a salable oollection can be made in
8 reasonably short time. However, information about production possibilities
wust be piovided and the forme of payment agreed upsm. The technical level of
the local industry will progress with new demands that are made on it. 1t is
fair to say that ths industry improves as the distance between international
and local designas narrows.

Nogetive aspeciy

Tho value of imported planc and designs may decline it long distarioss and
lack of personal contacts may cause the designer %o lose iuterest, especially
if his resuneration has not been striotly defined. Such a lack of co-operation
between the parties may cause poor resuits and lead to the end of the business
relationship.

umn bas mm oqmon sad ml contime to grow
‘ n m‘m;m xmtxr. This mhod iv an economical means of
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Positive aspects

Production under licence makes it possible to produce good and well-known
models. Since the products selected are already successful in other markets,
there is less uncertainty about their arceptability in the domestic market.

It helps the effort to modernize and streamline production and may permit the
installation of new machines that could greatly enlarge production capacity.
It provides new possibilities for export to the countries where there is not
aiready a licensee. In sum, production under licence is a very economical way
to get reaily good designs if there is good faith and fair dealing on both

sides.

Negative aspe:ts

On the other hand, every enterprise should have its own target for design
development. Contimuously successful production under licence, with long runs,
will probably kill the future design plans of the licensee. Its independence
and originality will be in danger cf disappeariang. Furthermore, if the licensee
dces not have its own design policy and the licensor staps co-operating, there

will be difficulties replacing the discontinued productis.

A local enterprise has an obligation tc its community not to make too many
of its products under foreign licence. It must, in the long run, support its
own designers, and with production entirely under licenoe it will never be able

to do so.

Unless sufficiently large production volumes are guaranteed, co-—opsration
between licensor and licensee will be difricult to achieve. Alsc, the liocensor
cannot control the quality of the goods produced locally and may become dis-

satisfied.

Manufacture from the designs of foreijym ocustumers

In Finland, several large furniture sales chains and interior s;rvioe
firms have their own designers. The ohains purchase their collections from the
factories that supply their products at the best oconditions. New industries in
developing countries could compete suocessfully in this way, although there would
be problems of transportation cogts even if production costs are oomparable and

quality acceptable. Also, design offices may have difficulty when trying to
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serve their customers by using specially designed models for quick delivery.
Large factories hava planned their production for years ahead, and small ones,
if delivery is urgent, charge prices that are uaprofitably high. Local fac-
tories could help in this situation if the quality of their products is accept-
able.

Eositive agpects

Nanufacture from the designs of foreign customers involves the local fur-
niture industry in the production of goods that meet international quality
standards. PMurthermore, this obviates the need to make marketing investments
in other countriss. It provides a market for local industry and develops
better production methods. It also may lead to the purchase of new machines
to replace the old ones.

ects

If the deliveries are to be completed by an agreed-upon time, the factory's
own programae may be disturbed. Also, locel production capsbilities are not
dlways known by oustomers, and .i may happen that only a part of an order can
be mads in & given local plant. When this ocours, customers usually cancel
the entire order and place it elsewhere.

roati 1 furnit desi c itions

4 way th#¥ is often used to aoquire & new collestion of designs, especially
when & Yactory hndl that it needs some new ideas, is to sponsor an interna-
tional design oompetition. In this case it is important that the jury be
internationally rsspected. The contest could consist of several parts; home
hlrnihzn, )whl “urniture etc.  The prograsme of competition should give very
éﬁ o ¥hé production capabilities and of the materials whioch

wmwm Wtﬁ&%lﬁbﬁkﬁmﬂﬂlw in a compare-
iy m% IE°44 Bab niten1eid real 1ntarést mong able designers,
the oallieotion ¢hodld b6 Tow dnd ‘sultadie for (nteriitional markots. e new .
designe nag mﬂ wapn of muu prehaﬂen methods snd bﬂnc up—to—date
St ciomee 3 e Jout pros
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Negative aspects

A disadvantage of the international design competition is its compara~
tively high cost, not only at the time but because 1ta influence on producticn
is usually short-lived. If the prizes offered are lower than the usual inter-
national level, there will be little interest in the contest, with the result
that oid drawings that have proved to be useless in other factories will be

submitted.

If production capabilities are not clearly specified, the results could
be uncertain, since the competing designers would have no knowledge of local

industry.

Conclusions

To review all of tha foregoing, the writer presents the following as his
personal conclusions. The proposal for the training abroad of local designers
would be best when thinking far into the future, if the industry seriously
wants really capable designers. The rapid changes in modern metlL.ods and mar-
kets make it necessary for local industry to follow development. It is not
enough that the factory give work to its designers, it must also keep them on
the same level as thoso of other countries. This should be done hy sending
them regularly to follow up international events of its own branch, at fairs,
designer meetings etc, It is also very important to obtain international oon-
tacts continuously if production is to compete successfully in already difficult
markets. Discussions and contacts with buyers are always useful for designers.
Over the shorter term, production under licence should be the best way tc get
fast and useful solutions. Because local industry is, for the prement, ince-
pable of offering products of its own desix:, this way seems to give a very
natural solution. Furthermore, production under licence is an equitable arrsnge-
ment, and its costs are very reasonabls.
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12, SERVICE CCNDITIONS OF FURNITURE DESIGNERS
IN SCANDINAVIAN COUNTRIES*

The working oircumstances of furniture designers in Scandinavia, primarily
in Finland, may be said to fall into the three following categories: free-
lancers who are remunerated entirely on a royalty basis; designers who receive
both a fixed salary and royalties on products made from their designs; and
designers who work on a salary (perhape with such perquisites as housing privi-
leges or the use of an automobile), There are, of course, designers who do not
fit exactly i1nto any of these three categories; for example, an 'nterior deco-
rator may occasionally design furniture, but this cannct be considered his
profession. Nevertheless, this threefold division makes a good basis for

discuseion.

Before proceeding, a word of caution ie in order. The mobility of furni-
ture designers, in Finland, at least, is very high, 8o their distribution cver
these three oategories ohanges constantly, There is also the question of who
ocan be considered a full-time, professional designer, It is the opinion of the
author that there are only about forty active, full-time furniture designers in
Finland, although this number is only about 23 per cent »f the membership of
SI0, the 8¢ ety of Interior Designers,

L A examine thess three geaneral categories of designers and compare
their ages and diradvantages.

Fres-lauce desionare

Pmluao mwnn are remneratsl in the following ways: 1, straight
rhaps with an initial pre-pagment (sdvemce); 2, & relatively
large fou ;m s proportiohataly small rogslty; or 3, comversely, s relatively
saall foe anl & relitively large royulty; 4, & lump-sum fee for each design
scospted; wnd %) » salary for & fimed term (wuch as two years) with the obli-
@sion %o mm . mﬂd m sf ﬁmu tvm three ohairs).

. u@ta, Pinlad, (Orig-

)




From the point of view ~f the designer, arrangement | has the important
advantage of giving hm independence; 1f he receives an advance against his
royalties, he may be abjie t» devote ¢onsiderable time to a given design, Also,
if he (s working with, let us say, three different firms, the end of a working
relati.n with sne of them wr il not be -atastrophic; he wiil have jost only
about sne third f his inoome and wi1!] be free to establish new working relations,
There are, however, the disadvantages that he must pay al. of the develiopment
c2oets and bear ail of the risks before his design is Bold - if it ever is!
Aisy, there 1s a feeling among designers that, under this system, the share of

the designer tends t> be too smali,

3

Ir. system ., 1t which there 1s a relatively large fee and a relatively
sma. . royaity, the designer still enjoys a great measure ':f independence and
the empicying fim pays vart >f the development costs, On the other hand,
since the total share of the designer is still felt to be too small, he is

consequent iy felt to bear too large a share of the risk,

In system 3, where the royalty 18 larger and the fee smaller, the doeigner
b1, maintains a great part of his independence, When properly calculated,
the relation can be advantagecus to hoth parties, The difficulty is, of course,
that of setting the shares to the satisfaction of both parties; the negotia~

tins may degenerate into ra.her ungraceful haggling.

In system 4, according tc which the designer receives a lump-sum payment
for each design that is accepted, the advantugze to the designer 13 that he gets
Lis money at once, On the other hand, he will have borme all of the develop-
ment costs, Furthermore, the fee will have to be negotiated, which can result
in the same kind of unseemly haggling as in system 3} ablove, There is‘ ihe

alditional disadvantage, to both parties, that the work is discontimuous,

Finally, in system 5, if the free-lance designer signs a fixed-term oon-
tract to produce an agreed-upon amount of woiir within a given time and for a
set remuneration, he has given up his independence for the duration of the
contract, This disadvantage may be offaet, however, by the possibility of

conducting research free from immediate financial pressure.

Salary-and-royalty desigiers

To the author's best knowledge, no designers in Finland work in a salary-
and~royalty arrangement with furniture producers, Nevertheless, since arrange-
mants of this kind can be quite advantageous to both designers and producers,
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they wili probably gain a foothold in the future; indeed, there already have
been some oxperiments in this direction, These arrangements are generally of
tw kinds:s (1) the payment of a fixed salary, supplamented by royalties on
furniture des>gned during the iife of the contract, and (2) a fixed salary
plus a nomal royaity, 1In this cuse, the salary i1s nsidered as an advance
(pre—payment) deductibie from royalties, but this i1s not strictiy ~srrect,
since a designer 1n this sit.ation normally has other duties, such as partici-

pation iii exhibitions,

In the first of these systems, that is, fixed salary plus royaities on
furniture designed during the life of the contract, the greatest advantage to
the designer is continuity of incore, Bren if he wishes to change employers
or to become a free-lance designer, he will continue to draw income from his
earlier work, He can also give precedence to his own ideas »ver those of his

employer, but this could be considered a disadvantage by the employer.

The situation in the second system, name.y the payment of a fixed salary
plus a normal royalty, is much the same a8 in the first system. The principal
drawback, from the designer's point of view, is that the salary may be too
small,

Straight-salary designers
LI Ind 1)

When a designer receives a fixed salary and perhaps some perquisites such

as housing privileges or the use of a company automobile but not royalties or
other emental remuneration, it 18 provable that this salary will be rather
substantisl, Aes long as the relation continuos, the situation of the designer
is satisfactory, When it is terminated, however, he retains no rights in, or
income from, his sarlier work,

¥erking plece sud_tine

e frees)gmos designer normlly works in his own studio and at his own
pace, HNowever, hiy incoms will ted to fluctuste with changes in his produc-
tividy, ﬁ;:r&&# ﬁq asrkel, oMnges in faRbion and 0 on, Also, he may
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Salary-and-royalty and straight-salary designers

Designers who are salaried, with -r without royaities, nomaliy work at
the plant and put in the normal working hours, Thay have the advantages of
being 1 . .ose tucn with al. f the ‘ther staff and can get support from them
for their w.rk, They are ais: aware f the production methods and tie mechani-
val and ther res.arves ot the producer, Un the ther hand. some designers
find the fact.ry m: .eu depressing., Aise, they sometimes foel ‘hat thay lome
their contact with the cuter worid and become unable to see their work in

reiati»n t human 11e,

Fixed working times are particu.ariy distasteful to creative people such
as designers, With a t'me-contrc! system during regular working hours, per-
soral development and the coliection of extermal stimuli muet be done on the
designer's >wn time, There are, of course, visits to furniture fairs, but

these sccasions are usualiy brief and busy ones,

Hork‘mj relations and commissioning

Free-lance dzsigners

The free-lance designer nomally receives his commissions direct from the
management of a producer, He maintains his independence and need not limit
himself to certain types of furniture, As this relationship develops, mutual
confidence tends to increase, and exchange of information to become freer and
more open, The risks are divided between the two parties, Also, when a free-
lance designer accepts commissions from several different producers, it becomee
easier for him to propouse solutions suitable to the gwmeral situation in the
industry without tranemitting information about one supvlier to a competing one,
On the other hand, if such a long-term, continuing relation does not develop,
his contacts with sources of commissions will be incidental and short-lived,
and he will find himself taking all of the risks,

The free—lance designer thus must come to concentrate on a few producers
and therefore become deparxdent upon them to some degree, He must often guecs

e R R

at the real requirements of a client, since the latter may be reluctant to give
him information that might be of value to a competitor, Perhaps his principal
disadvantage is that he does not participate in the deoision-making process;
the acceptance or rejection of his designs is entirely in the hands of the
cliente Also, for remsons of cost, producers are often reluctant to soompl
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Trum a free-lance Jesigner a design that mipht be expectad to become a fagt
geller; the fese and/ox' royalty woild be too great, Work of this kind is

usual iy assigned to a salaried designer,

Salary-and-royalty and straight-salary designers

A designer who works for a salary, with or without myalties, ..~meily
works on a commission basis. Such a designer is usually part of the develop-
ment team of the producer. He participates ir all decisions when an item is
put into production, including the purchs . of new materials, paints and
fittings, The employer normally bears all of the risks and provides accurate
information about the requirements and capacities of the plant. In this
situation, the designer has the support of the entire srganization and will

have good possibilities tor teamwork, research and specialization.

Conversely, such a team approach is seldom successful, and the employer-
employee relation is often distasteful to a creative person such as a designer,
He will have to follow the development plan of his employer and may well find
himself involved in routine or distasteful taaks such as the modification of

designs of competing firms, and he will find it difficult to refuse to do so.

All too often, when a salaried designer comes up with a new and original
ides, it is rejected out of hand by the decision-makers, who are inclined to
deprecate the abilities of their own employees. When this happens, the

designer cannot offer the idea elsewhere; that is the end of it.

It oan be said that the employer-employee relation tands to be stultify-
ing to a desigrner, He sees and works with the same people, year after year
and comes 0 resemble tham, since he knows their opinions, attitudes and re-
actions in advamce, Purtherwore he runs the risk of beooming entangled in
the wariows intrigues that are found in mest large organisations.

Wen o freo-lamos designor is in conteot with seversl manufecturers he
o8n @ot & vide renge of informetion, Ne can thas see things from a broader
perapastive than & daniguer Wie is tied %0 one mAmtprise and oan try o look
at inge Foen e paint of view of She onWRIV,

P
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On the other hand, his actual contants with the consuming public are
usually rather slight, and the information that he receives is generally out-
dated, He cannot conduct surveys of consumers, retail salesmen or factory
representatives, suv he can have no current information of what 1s being sold

and where and why,

Saiary-and-royaity and straight-sa.ary designers

Designers wh. are in an employee relation to au enterprise have good
possibilities for vontact with consumers, Also, information becomes avail-
able directly from the market, Neverthne egs, some of this information will
be unreliable because lose °f detai! and the passage of ti- . us 1t 18 panasd
along from the consumer tu the retail sa.esman to the rete:l manager ic the
factory representative tu the sales manager and, finally, to the designer,
Also, much of the information thus accumulated is unsuited for use at the

plant and is never used,

-

Ressarch and development

To the present, research and development have had insignificant rolee in
the furniture industry. The traditioral approach has been, and ocontimues to
be, that of trial =nd error. Nevertheless, they have their importances,

Free-lance designers

If a free-lance designer conducts some research and development work of
his own, he can base his designs on it and offer them to the miterprise he
considers best capable of making good use of it, If this offer is tummed
down, he can approach other enterprisee with the seme ideas, In aotual preo-
tice, however, the free-lance designer does not have the remources to condust

investigations of this kind,

Salary-and-royal

Designers who are retained by an enterprise on a salary or salarp-p e~
royalty basis have available to them all the information om mew materials snd
other news of the furniture bremch, since all such data are firet presated
to the manufacturers. On the other hand, it is still true that most fumitere-
producing enterprises have little interest in remearch snd development, It ia
not unlikely, however, that the furniture industry, as it continues %o o lve,
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will remch & point at whioh research and development work wiil become as
isportant as they are in many other industrial branches,

Senclusion

While the standpoint of the suthor his been primarily that of the
designer, he has attempted to do justice to the interests of the manufac-
Surer. Indeed, this is as it should be; the interests cf these two parties
Are wore convergent than divergent., Both sides are,in the final analysis,
desirous of producing attrective, prectical and realistioally priced fumi-~
ture in a way that will benefit everyone,







13, FPROIUCT DEVRLOPYMENT IN A LARGR FURNITURE NI ERPRISE®

It 18 very sasy and mdem-»nuundm'g te say that product development is
market oriented, but in actua] practice the detemining factors are the pos--
sibilities »f the production plant. In the writer's company, f .r examp | e,
MaiagiTiail 4.e8 nut come int the design ffice and say, "The consumer wants
a g iden egg, 8- produce a guiden agg for him," Rather, it wiii ask, "Have
we the fac:i.tiee ¢ iay r therw.se jrdure g iden ogge?" If the answer
i8 "No!", the —uneumer & tuld that he reamily 108 not want a g iden egg, and

we try tu get nim to buy one that we —an produce,

It would thus be better tc say that product deveiopment 18 design orien-
tel, Whiie the word "design" has many mearnings, the basic one 18 technical,
that is, that someone creates a model of something, In Finland and the other
Scandinavian countries, however, the w.rd connotes something more; 1t has
ailmost & myst:c value, It .8 something :onnected with the arts 1n genera! and
with sculpture in particular. When a Finn hears the word "demign" he under-
stands that, as weli as mginesering, aesthetics are being taken intc coneidera-
tion, This i1s true of design >f any kind, be it of furniture, glass-ware,
ceremics or whatever,

IS must also be admitied that "design" aas become an advertising word,
As used here, i1t must be taken in its marketing ad sdvertising contexts
rether tham in & purely technical sewse,

Prodect dovelopaant at the writer's plant is also materials oriented in

the omnbe thet 148 privery rew material ie Finmish biroh; everything that
Mgpme at the plant is derived, ultizately, from the fact that birch is
platiful in Pinlamd, Bven vham notal, glass fidre and plastios are used,
hate teriale e Wt GPrlamts cutaide the everyday dread-amd-butter
tivity of Beking with drolemod, Bvem painting and upholstery are alwye
*aldgl 0 Nruh, On the other hamd it should be noted $hat prodwot develop-




materials are btecuming avai.ablie. We are aimost eager to experiment with them:
but we are not s eager tu invelve them in vur final production facilities
unti: : we are sure that they wiil stay in furniture production, so we have re—

mained weod-oriented even with the advent ot plastics and other materials.

It shouild be stressed that sur product development comprises all four of
the factors mentioned atove, werking hand-in-hand: marketing, design, mate—
rials and production,  Representatives of all these ~hases of the company's
workangs are included in the bocy that we call the "product development com-
mittee, and that 1 the heart " the matter, This committee meete regularly
b week and aise comprises representatives of the production and of market-

odhveied g, e tading retar ing and exporting yersonnel,  The manager of our
woodwo rraing Vact oty 1o the chaciman ol these meet ings and 18 responsible for
the continued existence of this committee, He 13 also anawerable for the

resuits,

The work of the product development committee has been divided intn two
groups, 9One 1s 'nvoived with home furmiture, and the other is involved with
ssntract (institutional) furniture. There are, of course, people who work in
voth of thece areas, and they attend mcetings of both groups. Conversely, the
peopie whu wre, in their daily routines; interested in only one or the other,
sttend niy their specific meetings, The manager-secretary of the home furmi-
ture group of the design development committee has no other job to do; he acts
as the day-to-day manager of the home-furniture development work, whereas

the chairmman oversees the workings of the entive committee,

Financially, the marketing director is responsible. He provides the
mongy for this operation even if he is only one of the committee members,

He 18 not %he committee's chairman nor does he dominate it.

This organization is not like anything to be found in textbooks for crgani-
zing product development; it is somathing that has developed along with the
company, in response to its changing needs and in accordance with the capabil-
ities of itas staff. It is thus not a concept that has been forced on the organ-
ization in the belief that it is the way that product development must be dounej

1t 18 something that we have developed cver years of experiments, and we will

always say that it is subject to modification, It can change at any time,
when and 1f a situation arisee where a different organization is considered
better, We feel that its important feature is that product development has




roached the results that appear in our showrocm and in tne store building.
The main reascor has been that the operation has been flexible and that we
have had, as the Americans say, "feelers cut all the time", with differar:
kinds of people involved in the meetings including, for example, somebody who
knows about the American market, somebody who knows about ihe Pinnish market
etc,; finally, thaee pecple have, 1n co-operation, developed new products,

It has never been a one-man sbow; teamwork has always been the key,

But let us return to the matier of design, and in particular, to the
almest artisti. meaning of this word to the Finn, The product development
committee does not do its own designing; rather, it only looks at drawings
and prototypes submitted to it., We use free-lance designers extensively;
there are almost no staff designers to whom the committee could go and say,
"Sir, because you are getting your daily bread from Asko, du this for us,"
No, it is kept on a very liberal, a very democratic basic where the designer
can flatly refuse if he does nct feel like listening to the people from Asko,
Thie 18 very important because it enables us to get designs that the marketing
or production people ccuid never imagine, These pecple are specialists in
their fields, but they are not necessarily specialiste in design, or at least
in future trends in it, The dasigner is the person to do this work, and

therefore we use the assistance of free-lance designers as much as pussible,

Of courser, we sometimes say to them; "Our marketing (or sales) people
would like to have a chair this big and of this shape and coating only this
much,” and the designer tries to solve the problem, he also feels free to
dream up anything he feels that people would buy, and he can come to the
committee and presen* his drawings.

It would be safe to say that moet of the designs .n our collection that
have become internationally well known, well advertised, well photographed
and well publicized are demigne that we had never asked a designer to do;
rather, it had been brought to us by someone who said that he had an idea
that would fit well inte our collection.

However, there ie anoiher side to the story, Just as a kite must be
stabilissd by & tail, the creative freedom of the designer must be steedied
by the ocold, hard facts revealed by produot amaiysis, This latter function
is now performmed with computerized dit; on our past and projected performance,
based on our day-to~day operation, Thus, while on the one hand we tell the
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desi1gner, "Dream up something for us!", our operstional data can tell us
whether some of these dreams are realizable. It is this conflict that makes
the work of the committee difficult; balance and 1esults must be achieved

even though one hand 1s free and the other bowund,

Given the vast amount of computerized data that we have, it would be
very easy to say, "Gentlemen, these are the figures; you can see what will
hagpen, 30 ge and do thus and so!", but this must never ve done, The markat-
ing and technica! people may, among themselves, look at the figures and say
that 2 + @ = 4, but 1f the designer says that 2 +2 + 5, this must bs accepted,
This appreach :s very difficult to explain and is certainly avt to be found
‘n textbo.ks, Indeed, 1t may seem ! be very unbusiness like, but it is a

very Finrnish attitude and one that keeps Finlanrd's export industries growing.

Market research is mainly concerned with the attitudes of consumers to-
wards furriture, not with how much money they intend to apemd on it. We do
market research, and it 1s important for the operation of the design committee
that it have these data, We 8till ask people whether thay plan to furnish a
bedroom next year and what pieces of furmiture thay would buy for it, and if
they would like to have a bed that measures 2 x 2 m or one that measures
2 x 2.5 me We get confusing answers because people do not really understand
such questicns, but we have found how general attitudes about furniture, such
as how people feel about it and whether they would rather buy a new automo-
bile or take their vacations in the Canary Islands than buy fumniture, can be
analysed, This helps us to find our what makes the furniture a.ttragtive to

the consumer,

Let us return to our attitude toward design. We do not hold with the
concept that function is per se¢ beautiful; we consider it as an extra atti-
tude toward furniture that attracts people to it, Technical design must
often solve problems created by aesthetic dosign despite the many difficulties
that this may present, As a general rule, the aesthetice are the prime con-
sideration, or perhaps not the aesthetice but the form givem by the designer
and accepted by the product development committee, They prevail in a came

where the technical planning people say, "Well, we just cannot do this!™ It
is this diestinction that allows us to say that we are more marketing and
design oriented than production oriented, Of course, all of these oriemta-

tions must be present if the enterprise is to be succeseful,
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Our designers are paid on a royalty hasis; they receive a certain per-
centage of the gross receipts for the items they have designed. There 18 nc
down: payment, no advance on royalties, no additional allowances and no any-
thing alse, The designer thus shares the risk, There are designers who come
to us and say, "If you will give me 80 much money I will have the freedom to
do something great for you," but we do not want to take that risk and so far
we have been successful, We know that elsewhere in Burope, and especially in

Italy and France, it 18 the custom that the des gner be paid something before

he even starts talking to you, and a royalty is paid after that., We have not
&t into that system, and we feel that it is good that there be no pressure on
the designer, We feel that if we give the designer 5,000 or 10,000 Markka he
will then feel that he must produce something, and when these people feel that
they must do something they do it less well than if they feel free to do it or
not do it, I believe that this design philosophy prevails not in my company but
rather gmerally in Pinland,
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14, TECHNICAL PRODUCT DESIGN*

Technical product design is the planning and designing of a product and
1ts parts in such & way that its serial production will be as rational as
possible, that is, it will be done at the lowest possible cost. The quality
of the product must meet the demande commonly placed on the kind of product
in question; the quality must be neither too high nor too low. Serial pro-
duction is a manufacturing process in which a large number of one item is
fabricated in a single batch by performing each operation to each member of
the series at the same stage. The number of pieces fabricated in one batch
depends greatly on the nature of the product aid hence on the demand. For
example, low-priced kitchen chairs can be made in quantities of 5,000 pieces,
but expensive managers' desks can be made in batches of only about 50. The
- torage situation at the factory will determine when a given item should again

be produced.

The starting point of a technical product design is the product idea,
which may be obtained from a free—lance designer, who usually is paid a royalty
according to the number of piecas eventually manufactured. The development of
the idea to suit serial production calls for highly expert knowledge and expe-
rience on the part of the technical designing staff as regards raw materials,
construction, machining, surface finishing and so on. It is particularly impor-
tant that industrial designers be fully familiar with the sizes, dimensions and

Prices of raw materials, semi-manufactures and supplies aveilable on the market.

+ Q 1

Soms of the more important reasons why technical product design is neces-
sary in the furniture and joinery industries are the following:
(s) To maintain a competitive position on the market;

(b) The introductiom of many new materials, which has resulted in a
need to develop new forms of construoction suited to them;

(c) The impsot of new produetion methods and specisl machines, and the -
concamitant deoretme in weawal ladour;

*Paper presented 10 the ssminar by Pekks Pesvols, Lahti Technical Institute,
Lahti, Finland, (Originally issued as doowmsa’d ID/W3,105/30/Rev.l.)
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(d) The increasing importance of automation;
(e) The marked increase in export trads, eapecially from the northera

Buropean countries.

Even the smallest factories today attempt to carry out aystematic product

design or product develo ment in which every detail in the design and fabrice-

tion of a product is thoroughly considered.

Properti requi of a 18 ct

Modern serial production techniques usually place the following demands

upon a product:

(a) The produst must be suitable for the manufacturing process of the
plant in question and allow, for i1nstance, the efficiert use of multi-purpose
machires (for example, double-end tenoning machines and edge veneering machines),

{b) No manual work should be included; there should be no hand fitting
in ‘he assemb%ly phase.

(~) Surface finishing of parts should be done where possible, befors
ast ambly (a&s by curtain-coating mechine or by dippings.

(4) In countries where timber is costly and labour cosis are high,
solid wood should be replaced, as far ae possible, by various kinds of semi-
manufactured materials that can be veneered, covered with plastic sheets or

painted. The level of development of the industry and its degree of automation
are additional factors to be considered in the selection of materiasls.

(e) The constructions should, as far as possible, be collapsible, a0 a8
to reduce storage and shipping cos.s, especially in the export tradse.

(f) Similar details should be usuable as ocomponents in as many parts of
a product and in as many products &s possible.

(g) Dimensions, joints, metal fittings and so on should be standardised
as far as possible. Profiles, roundings etc. should be standardised to suit the
supply of machine tools at the factory.

(h) Products should be so dimensioned that semi-manufactures available
on the market can be used with a minimum of waste (figure I).

(i) The forms and joints of a product must be so designed that the
wachining of each part will be possible by & continuous through-feeding opers-
tion (figure II). It is a further advantage if saveral machining opsratioms
can be carried out at the same time, as with the four-side moulding marhine
(figure III).

Raw ls £

With the introduction of particle boards and many other semi-nmavfUdtupesy
many traditional constructions have been abandoned. The raw sstevisis Wl

wd
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Figure |. 3aving panei compopents from s standipd-sised
particle board o as to minimize waste

10 pleces ocbtaimed 12 pieces obtaimed




today for panel furniture s. h as -abinets and bookc-ases are ~hiafly particle
toard and various combination boards; solid wood 1s often used only for chairs,
drawers, strcbirac omponents and basea.  For export, solid wood furniture of

troptcal weods may command better prices and attract a different demand profile.

The following 1s a brief review of the uses of various raw materials in

di1fferent ~rnatractiong and ot their ~haracteristing:
al  Furnitare membters made of sne plece of solid wood are seldom more
than (o mm (0 width, Some su b furniture members are table and chair legs and

ratis, drawer parts and ~ther narrow pieces.

StV T reauce uosts, sviia wood 18 often veneered. Tne biindwood can
te f i ow juality provided 1t 1s of suffirient etrength, If the blindwood
pleces are narvow, ‘hey are usually firat glued to form a panel and then planed
and veneered., The veneered panel 1s sawn to the required pieces, and the esdges
are veneered, as shown 1n figure IV,

() ell ~onstruction (figure V) is commonly used in joinery products
doors, kitohen furmtiure); however, frame and panel consiructions are also
ssed 1n doors. In ~ell ~onstruction, the ~orners of the frame are stapied (no
oints) to keep .t together during the process. The frame is filled with paper
honeycomb and ~overed with fibreboard in a hydraulic gluing press.

{d) The most ~ommon panel constructions used in furniture manufacture
are: the solid wood panel, the veneered s»l1d wood panel, veneered particle
board and the panel with frame construction. These are shown in figure VI, The
solid wood panel ~onstruction shrinks and swells across the grain and therefore
must be fastened to, for example, a table base, in a marner that allows it to
move ("buttoning"). Shrinkage is prevented in the two veneered psnel oconstruc-
tion types, and the external dimensions of the frame in the frame construction
are also practically constant,

{e) Back panels of cabinets and bottoms of drawers are now usually made
of hard or semi-hard fibreboard, which is painted or veneered. Plywood is con-
siderably more expensive.

Joints

The dowel joint (figure VII) has rapidly gained wide use as a general
method of joining the structural members of furniture. Its principal advantages
are the following:

(a) Machining is simple and accurate with multi-spindle boring machines;
the two components of the joint always fit cloaely.

(b) The driving of dowels is rapidly performed with a special instrument.
(c) The joint is easy to assemble.

(d) The wood ie scarcely weakened by the holes bacause the fibres are
cut over a very small area.

(e) Surface finishing can be carried out with a curtain-costing machime
after boring but before assembly, since lacquer flowing into the holes does aot
affect the gluing (unless, of course, there are large open surfaces in the wur-
faces to be joined).
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Ligure 1V. id wood components
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Millimetres

L .
6 20 R 12
6 25 10 15
] 30 12 18
10 40 15 25
13 50 20 30
16 80 25 35
19 70 30 40
19 80 35 45
22 80 40 50




£ Haw materia: onmamption s reduced by use of wastewovod for dowels.

' The ume ~f jowel joints contributes to reatiomalisstion as well s
o mat maaton,

n! The fowel 1:int g the one best suilted for particie board construo-
tiome,
Of the ‘raditional ants, the Toliowing are suited fairly well to modsra
marufac-r.ring nro-esmger:  ‘he rner-iook 101at, the tongus-and-groove joint

and *ha % 'te in'; 'hey are Jliagrammed in figure VIII,

"he «tat enon 5 oant Cfigure [X) 1s & traditional furaiture joint but is
feas used 1 lay hecause (' i1s time “onsuming tc machine and, because the hollow-
*hige  mortiser makes rough i1neide aurfaces, the atreagth of the glued joimt
s reluced. Various kinds of metal fasteners (figures I and XI) are being sub-
atituted for giued 'ointe., They have the sdvantage that the product ocan be
shipped t¢ the ‘uatomer in knocked-down form, packed compactly. Ths parte
‘an he eaplly assembled at the destination even without special skill. Aa
additi1onal advantage :is that surface finishing is dome to the pearts in unsssen-
bled ~ondition. Type A in figure X] with a oylindrical steel mut implanted in
wood {1n the ra1!) has excellent strength properties and is therefore well
suited for jointing of chair and table legs to rails. The rail is guided by
two dowelis. Type B with ordinary nuts, has not quite as good properties in re-
spect to strength. Type © with nylon nut is suited omly for light loeds.

Type D .& a common fastener for table legs (guiding is net necessery).

To simplify design and fabrication, the jointe should be standardised to a
few types. The machining dimensions of selected joimts should also be standard-
ised. The recommended practical tolersnces for mortiss and temon joimte are

shown in table 1.

1
Hardness of wood Boring or mortise (mm) Dowel or tenca (m)
R

Soft + 0.05 + 0.}

(pine, spruce) - 0.0 + 0,2
Semi-hard + 0.0% + 0.2

(birch, beech) - 0.0 + 0.1
Hard + 0.0% + 0.1

(oak, teak) - 0.0 + 0.0
Very hard + 0.0% + 0.0

(rosewood, wenge) - 0.0 - 0.
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Figure X.
steel nut
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Pigure XI (continued)
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The modular dimension principle and element

furniture combinations

A module is a basic unit of messurement, all larger dimens:ions being mul-
tiples of it (figure XII), Much home, office and kitchen furniture, both
movable and stationary, are dimensioned today very generally uu ihe modular
principle. Basic pieces of furniture manufactured on the modular principle,
called element furniture, can be combined by customers into larger units accord-
ing to their individual needs and tastes. The varisty of combinations possible

is very great in many element furniture systems.

Concealing dimensional inaccuracies by structural means

Inaccuracies resulting from dimensional deviationa in raw materials, such
as variations in particle board thickness and inaccurate machining can be ren-
dered inconspicuous and practically invisible to the naked eye by appropriate
constructional designing. At the same time, hand fitting in the assembly phase
will be avoided. Some structural means of this kind are overlap of one compo-

nent and rabbeting ur bevelling at the line of joining (figure XIII).

In veneered particle board produrte, hecanse of the thin surface-venhewr,
only overlap can be used, whereas rabbeting and bevelling are particularly suit-
able in solid wood constructions.

Drawings and dimensiong

The drawings used in the furniture and joinery industries are of two
priscipal typess '

Full-gcale dravings (1:1 gosle)
(a) The dimensions are taken by measuring the workpiece against the
full-sise drawing when the machine is being set up for the machining operations.
(b) No dimsmeions are indicated on the drawing.
(o) Aoourwcy of mamufacture is poor.

(d4) Thess 1:1 drewings are not suited for modern serial production in
goverel. They ave useful, hewever, in presenting the dimensions of, for example,
ourved end complicnted detaiis of chair members, les and the like.

is made acoording




- 42 -

Figaire X11. Some commonly used ways of eXDI ‘
on o1
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. () wodular, design using inside measurements (one
eM+48

omponent)
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(b) Section drawings of detaiis (in scale 1:1) are often very illustre-
tive.

(c) The furthest development method 1s to draw esch original part-
drawing on a separats standard sheet (sise A4), which is esay to file and to
copy with modern ropying devices. Coplies are then sent to the respective
points in the factory.

{(d) The dimension figures on the drawings are decisive, not the mea-
sures obtained with a scale ruler from the drawing.

(e) Only the dimension figures need to be changed if alterations in
dimensions are necessary.

{f) An assembly drawing 1s made of the complete product, showing the
position of membars.

(g) Joint types can be indicated on the drawings by appropriste abbre-
viations and symbois.
In the drawing series of figures XIV to XVIIl, a simple product 1s presented with
one assembly drawing and four part-drawings (one of each member). The drawings
are also provided with markings for veneer quality (I1,IV) and grain direotion
“?).

Prototypes

Before the serial production of any obiect is atarted, it is neceseary to
make a prototype in order to avoid costly mistakes in the masufacturing phase.
The main points in prototype-making ars:

The prototype must be similar in sll respects (jointing eto.) to the
1ntended serial product so as to bring out any defects in comstirweotion
or fabrication

The prototype is used to examine and tewt the propsrties - diseasiome,
strength, rigidity, appearance - of the product ia service

Organinsation of techaical Rroduct RLMMSIAS

It is customary for a product desigwer with training im epplied art Ve
create an idea and submit it to a factory. The appropriste persons om Whe
factory staff develop the techmical plan of the preduct and meke & Preliotgpe,
which is submitted to oritical emmminetion and altered uatil the objeet is
either considered ready for preduotion or is rejected. The phases of the whels
of product development frem ides to mamufscture are shawn schetsbisally ia
figure XIX.
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It is more efficient to carry out product planning on & teamwork basis.
Product development is greatly facilitated when the various aspecis of techni-
cal production can be taken into consideration throughout the planning process.

Production dcsigm

Production design is one of the preliminary steps to be taken before
starting manufacture. Careful production design makes possible the seconomio
utiligation of raw materials as well as the most efficient utilisation of the
production capacity of the plant, It has as its principal task the compiling
of two kinds of lists; first, lists of all raw materials and requisites and
of dimensions and numbers of necessary pieces (piece lists for cross-cutting
and edging, for cutting veneer and particle board etc.), and second, operation
lists (that is, lists of work phases) of all machiiing, assemdbling, surface
finishing and other phases, separately for each different part. The lists
follow, in card form, the production lot through all manufacturing phases. The
operation ligte give the following information:

The machines and other squipment to bas used, listed in the order required
by the work phagses. Machines and other equipment are indicated by code
numbers. The capacities of some hasic woodworking machines are shown in
table 2

Details on each manufacturing phase (special tools, grit number of sanding
belt to be used etc.)

Completed and uncompleted work phases. Bvery phase is marked om tae oard
when completed
Production control is also ooncerned with the timing of the production so
that each production lot is completed acoording to schedule. This is of prime
importance from the point of view of competitive ability of the factory. The
following points should be taken into oonsideration when dealing with productiom
capacity:

The produotion oapacity of & furniture plant using separste detached
basio machines and equipment is determined by the so-called bottleneck
(figure xx). (Here again, ™he chain is as strong as its weekest limk".)

The production capscity of xachines caa be raised only in steps; that
is, as multiples of single machines (figure KEI).

: i
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Iable 2. Auw&%u.w
woodworking machine
c “
Machine {Cubic notrul’yur’

Cross-cut saw 2,300
Edging saw, chain fed 2,300
Surface planer 1,400
Thickness planer 4.7/mm in width .
Forr-side moulder 2,300 % 4,700
Trimming saw, singic-blade 1,400 %o 1,900
Trimming saw, double-blade 2,800 to 3,700
Band saw 2,300 %0 4,700
Vertical spindle moulder 700 & 1,400
Router 2,300
Chis~l mertising machines 1,400 %o 1,900
Horizcntal belt-sunding machine 1,900 to 2,800

3/ The values are valid in average furniture produotion
where different kinds of furniture are manufacturea from solid
wood.

The means used to remove bottlenecks in production are the following:
Procuring additional machines )
Procuring more efficient machines
Hiring more competent persnnnel
Working overtime ¢
Working in shifta
Sub-contracting some of the work 1

The removal of a production bottleneok usually means that & now on: will appear
eleewhere in the line.,

Factors a 11

The most important factors that affect proénotiou d.nim m:
Machines and equipment availatle y
Size of production lot R
Intended quality .

Raw materials and requisites available
Professional skill of the labour foroe

Figure XXII shows mchematioally the oonnexion between production M
product design and the manufacturing process.
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15« PROJECT PLANNING IN THE PURNTTURE AND
JOINERY INDUSTRIES®

Qenersl principies of investment studies

The inveatment decisior s generally the result of an investigative

chain that 1nvolves many studiee and decisions at different ievels. At the
outeet, there will appear to be saeveral equally promising alternatives, To
tdentify the most promising alternative and to permit more detailed invest)-
gations, there must be a syatem for eliminating the weaker project alterna-
tives as early as possible, Figure I shows the principle »f an 1nveetigation
chain that eliminates weaker alternatives, This chain has three phases:
project identification, the pre-feasibility study and the feas:b: ity study.
Bach of them 18 followed by a decision whether to stop or to continue
invastigations,

The purpose of such an investigation chain 18 to direct the research
potential primarily toward those objectives that would first affect the feas;:-
bility of the various project alternatives. By using this method, both money
and resources can be saved, and 1t is likely that the best altermative will
be chosen for further consideration, In the case of a large, export-oriented
concom such as & pulp and paper mill, a thorough study is necessary, but
quite large companies such as furniture plante can also be built up over time,

Tis presentation deals with project planning, that i1s, with the part
of the investigntive ohaim that has alresdy bean performel and the results
of which have indicated that the fumiture and joinery industries are most
promising project altermatives.

Pre-femsibility study

The purpose of the pro~{ensibility study is to present the teohnjcal
and ecnomic conditions of pieJeoss idetifisd in earliesr studies prepared

'!Mmmﬂhmq hr Livewaare, Jaakko P¥yry and Co,
Consulting nesrs, Nelainki, iginally iseued ae dooument

ID/wa.105/40.
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by the fumiture and joinery industries, The -ontents - f a typical study of
thie kind 18 presented in the annex tu this article, The ecunomic evaiuat: .
f aiternative projects 1@ based on a deta: ied mariet progeciion, a reason-
ably compiete raw materia] inventiry and a description of the product)on pro-
Aramme and procesdes, The economic caicuiations provide 4 vas;s for estabiigh-
i priorities between the identified ajternutives for the proeeted milis,

tndicating their approximate profitability. The e unomi risks 1nvoived in

the exe~ution of the projects are indicated through sensitivity analyses.

Market survey

The market survey should incinde a description of the histirica, develup-
ment of production, trade and consumption in the furniture and Joinery indus-
tries, Based ' this material, a projection 18 made concerning domest .
demand, future production and foreign trade, Depanding 'n the supply and
demand situation, selected expcrt marketm are covered, The analysis includes
such factors &s prices, quantities and grades as wel! a8 incentives and
barriers in foreign trade. The assessment of the competitive strength of
the project 18 the most critical task of the survey., The survey should give
a complete bruakdown of the prospective markets of the projected mill, stat-
ing total sales to each area, sales prices, markel sharee and competitive
position, The value of the project to the national economy should be pointed
out in quantitative terms (export earnings/import substitution), since this
conmideration will be important when seeking financing.

Sav neteria) resowrces

If properly performed, the resource inventory will be reasonably complete;
st least the total volume will not be subject to change., PFrequently, the
results of special investigations related to raw material avai lability (for
eZample, presemt consumption) are also accessible, Similarly, the availability
of vaneer ek wood-based panels must be carefully investigated. (Above all,
asttantion should be paid $o the possidilities of using smaller and shorter
Pieoes of wol,) The results of this survey vill serve as & basiw for the -
desiniony 0 b wds comeemning e altermative posuibilities of rew material
utiligation and eencerning Whe possibie 1agation of the mqlﬁd mtrm ,
units.  The salimt faotore detemining or, limiting the supply of rew materials
Shnld Do preaented and ovalustel in Saipiy grest deteil,




Techniosl descr iption
Nill site study. No more than two or three mill sites should be consid-

ered. The relevant site factors should be subjected to a closer sxamination

than in preliminary studies, The purpose of the study is to provide a basis
for a technical and an economic comparison of the sites, The latter compari-
son requires an estimation of the unit prices of raw materials, power and
services, The impact of the transportation of wood rew waterials on the
selection of the final mill site 18 considersd, The maximum lcads and capac-
ities of transportation elements, such as road connexions, poris and exist-
ing eqipment, are svalusted in order to calculate the unit costs of trans-
portation, Furtherwore, it is necessary to make suggesiions as to how the
investment costis for infrastructure, such as for roads and oomsunity develop-

ment, should be shared by the company and the government,

Production prograpsme apd process description. This section is intended
to provide all necessary technical information required for the establishmant

of priorities between alternative projects, and thus to serve as a basis for
a feasibility study., The progremmes should constitute a rational synthesis

of the information already oompiled. Types of mills, ed products, and capac-
ities are specified. Block diagrams, process flow shests, lists of major
equipment, and general and departmental layouis are presented. A brief writtem
description ie called for in ordsr to tie the elements together and to give
the reader, who may be a potentisl investor, & cleaxr conoept of the process
and the production lines. It is understood ths: only the kay items of the
process are studied and that ths scope is just adequate for o conparetive
economic analysis. The production programme should define, in addition to

the production rates of intermediaste and end products and their specifications,
the operating ratios of the various production lines during the first years |
of operation. As an example, the process flov in Qtﬁu.q factory is showm
schematically in figure II. ‘ o

Boonomic calculat ioa

Investnent reqailepMuil- Desed on the Yeolmical dssoripbion, P
pent requirenents by depsrtment or fumobivs aré detemined, takisip 1408 406

regional factors (co#ﬁ&{*l of &ita collected foF fhi'yﬁm‘«v' i%fﬂzs e

investoent estimates are slially vased o oosd skt obtatnel HWGHThie Detiok

=







and sometimes specifications for the main machinery can be given. The purpose

of the investment estimates is to determine the total investment requirements
of the plant at a given cost level. If required, the investment requirements
are spread over & number of periods or divided into different groups for de-
preciation purposes. Purthemore, the assumptions regarding financing are

considered.

Production costs. The annual production costs are calculated on the

basis of the production programme and the procses planned. Raw materials,
packing materials, and the costs of energy and fuel are then taken into account
as variables; wages, maintenance and administration are treated as fixed

costs.

Profitability calculation and financial statments. The profitability
calculation is done using the discounted cash flow method. Thus, the economic
life of the project is usually considered %o be fifteen years and the amnual
earnings are calculated for this period. The discounted cash flow rate is
determined before and after taxes, both on total capital invested and on
equity. A sensitivity analysis is performed for the assessment of the most
critical profitability determinants.

Planning of gro]ect financing

The financing plan is an integral part of the economic mmmou ot 5
project. It should be completed before the investaent decision is hhn;
prior to that, the schedule for the execution of the projeot Mﬁ be at
hand. The invesiment estimate indicates only the need for funds, Qm
the financing plan shows where they might be soquired. There are two ‘aspects
{n the planning of financing: that of quantity and that of time. Por -nh,
a project showing good profitability may, in the ‘l‘l" stages, w«q. Qz -
negative cash flow; in other words, liquidity is #t mtld ’d m
project may fail. Liquidity must be mtod inmll litnntim.@lo m
attention should be paid to the planning of the fiﬁlncin.. " 3‘

Experience plays & great role in financisl pm Lllgw
ing financing should be carefully weighed. qu shows M
optimism in financisl plamning, whioh is & grest w 4n 44
oan lead to situstions where the funds are M ‘I e PR
half completed or where the completed prosm lll Q m




industrial projects for developing regions must not only be technicelly sound;
they should also be economically secure. In addition, they should be able to
produce early profits to both the inveator and the economy.

B‘mgbilitx study

The feasibility study should contain all information required for making
the investment decisions. Consequently, the report should convince potential
investors that the project is technically, economically and financially viable
and, if necessary, that the invesiment climate of the country satisfies poten—
tial foreign participants.

At this stage the comparison of feasible alternatives has already been
carried out, and only one basjc solution is proposed. The work is performed
with specific investors in mind, so it also considers their concepts of the
project. In principle, the structure of the feasibility study follows that
of the pre-feasibility study, the difference being the depth of the presenta-
tion. Consequently, the report includes the same elements as the pre-
feasibility study.

Execution of the project

On the basis cf the information contained in the feasibility study, an
investment decision is made, after whirh the plamning of the exeocution of the
project proper can begin. This phase generally sturts with listing the work
necessary for the exscution o” the project. In this commexion it should be
wmphasised that it is important to the exeoution of the whole projact that
the dmsoription of the varigus work phases be as acocurate as possidble. On
the basis of the work desoription, s time schedule for the whole project is
preparal wish the. variows work grvups progremed in chromological order. The
sl Wime. oobednle 40 &mc divided into seations according to the
Rook $1agram. 4f the Ailk. Wl Shee seations are in turm divided and sub-

4 mm -l Mn neotiong and sasks.  The more speoific the
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have been paid in the early stages of the project to the so-called oritical
times, that is, to the amounts of time required for the execution of the work
sections which, when excceding the schedule, may delay the entire project. A
typical project work model is presented in figure III.

In machine procurement, the investor can use various procedures, depend-
ing on the know-how available. Normally, the easiest way for the inveator is
to order total delivery, but the easiest way is not always the soundest one,
neither economically or technically. If the investor himself has sufficient
technical and economic know-how, and possibly using the services of a consul-
tant, he can purchase the machinery item by item, acquiring the best and most

suitable machines from various sources.

For planning, machine procurement and the like, the plant should be
divided into departments according to production. Such departments in a
furniture and joinery plant are, for instance!

Mill site area

Reception and intermediate storage of sawn goods
Drying of sawn goods

Woodworking department

Pressing department

Assembly and mountiig department

Surface treatment department

Product storage and dispatch department

Power gemeration

Electrical equipment and instrumentation
Heating, water, air-conditioning and oompressed-air aystems
Social facilities

Knife-grinding &nd maintenance spuace

If the work required to execute the project is exsmined, it can be.sam
that the various steps can be placed in chronologiosl order, although soas of
the activitiee are simultaneous and their duration way vary. This is dome im
the following 1ist presented below, whioh in the main follows the Basie Informe-
tion given in the feasibility study: ‘

S0il analyses COE O ER
Technical specification of machines and equipment needed for thw yrocess
Preparation of tender requisitions snd their submission 40 :4he . vendows
Preliminary block diagrams e e e e
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Final mill-site drawing
Specification of construction methods for plant buildings

Comparison of tenders for machines and equipment, and negotiations with
vendors concerning technical and commercial details of tenders

Commencement of electrical and instrumentation layouts
Preliminary investment budget

Final preparation of block diagrame and preparation of construction
cost estimate

Purchase of main machinery and equipment

~Process description and preparation of department layouts
Preparation of specifications for buliding subcontracis
Checking »f cost estimates for buildings

Start of construction

After this, the technical details are checked during the construction phase.

In addition t> the actual technical engineering, plans for hiring per-
sonnel and, if necessary, for their training, must be initiated from the very
start of the project. The training period should end when the erection phass
begins, so that the employees may participate in the erection, togsther with
the representatives of the machine suppliers. They can thus quickliy and most
efficiently acquire the special knowledge of the work, on the machines and the
equipment that they will need when the mill goes into operation.

On completion of the plant buildings, the erection of machinery amd the
general installation of electrical, water, heating and air conditioning systems
for the plant building arc started. The installation of the compressed air
system and of sprinkler and other f'ire protection equipment is also begun.

When the erection of machinery is nearing completion, the installation of
electrical and compressed air lines for the machines as well as the installe-

tion of chip and dust extraction systems can be started.

When the erection phase has been completed, & mechanical trial run and
edjustment of the machinery and the equipment is performed at the mill. Next -
is the trial ran with raw materials, after which the actual production can

gradually be begun.
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16. PLANT LAYOUT*

By the tarm plant layout is meant the general organization of producticn
and the placement of machines, equipment and working places as well as the
planning of internal transport and of the factory building itself in a way

that will provide optimal conditinns for the manufacturing process.

The following degrees of plant lsyout can be distinguished in respect to
the comprehensiveness of the tagk:
Complete planning of a new plant

Necessary changes of plant layout when moving into an existing factory
building

Rearrangement of an existing factory within a total plan

Minor rearrangements in varioue sections of a plant

The principlee of plaat layout presented below are independent of the
branch of industry ana are gener.lly applicable to any kind of plant or estab-
lishment (for example, a service etation, a farm, a kitchen or a photographic
laboratory). Plant layou! must not be understsod only as a cne-t:m3 process but
rather as a continuous activity that is necessary to maintain the ability of

the enterprise to compete,

Objects of plant layout

The main objects of plant layout can be divided into following groups:
Working metbhods and places
Tbcir placement into operating sequence
Planning machine groups and eections
Looating different seciions at aopropriate places
Designing factory buildings around machines and processes

Desigring slectrical installasions avd pipe networks (waier, heating,
stean, sewnge dispdsnl, compressed air, chip and dust extraction etc.)

Insvalistios of & povwr plant {or swpply)

i Laying out the fwotory apes

*Pager jresented 40 ks swminar iy, Pakka Pasvols, Lahti Zeohnioal
Institute, Ladii, Piglesd, (Origimally twsusd as dooument ID/WG.133/27.)
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Starti oint for t out

The bagic prerequisite information for layout planning is:
Present and pro' -‘ted production programme
Type, construction d materials of products
Desired quality standard

Desireds production capacity

exial characterisiics of groduct;on in the
furniture and joinery industries

Important characteristits of the furniture 1ndustry that affect layout
planning are the following:
The product assortment is usually large
Production runs tend to be rather small
The 1ife of most designs is short
“ontinuous production of the same models is seldom possible
In addition to solid wood or timber, many wood-based senimanufactures
such as plywoods, as well as plastics and metals, are used as raw
materials
In the joinery industry, the agsortment of products is considerably smaller
than in the furni‘ure industry. >lthough product sise is variable, aa with
windows and doors, meny products are standardiged - &. lo2st in Pinland - go
their continuous manufacture is often possible. Consequently, a joinery factory
ig oft-n easier to design than one for furniture. The life of the products
(e.g. flush doors) is long, and the principal raw material is solid wood,

Arr { 0 ol io

The following principles of arrangement can be distinguished:

Stationary working places as in the mamufacture of fixtures (tigure I)

Arrangement according to manufacturing method; for exsmple basic wood-
working machines in the furniture industry (rigure II)

Produciion lines {(figurs III): =separate working nlacas (s.2. machines)
in line according to successive work stages (top), a conveyorwoelt line
such as in furniture asaembly (centre) or semi-automaied or suto-

mated production lines (vottom), (Sequential sutomation is doamdn in
the furniture and joinery industriesy sl
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Figure 1. Produotion with stationary working place

drafting and plan table; A, boring and mortising mac.ines;
nngla—-op.nm._prul; B, moulders and routers;

oircular saw with feed table; C, ssnding machines

vertical spindle moulder with ! ns :

tilting table;

horisontal boring machinej
band say
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Pro tion ¢ 1t

In conventional production, using a set of separate machines and equip-
went, the machining or manufacturing capacity of the entire line is deteimined
by the output of the least productive unit in 1t (that 1s, the bottleneck).
This means that a machine or piece of equipment can operate at 100 per cent
sapacity while any or all of the other equipment is operating uader capacity.

The bottleneck can be removed only by the addition of another machine at this |

|
1
|

acritical point., There will be two results: firat, the over-all capacity of
the equipment will be increased, and second, the bottleneck will later appear
elsewhere in the line. Thus, in conveniional machine lines, capacity can be

increased only in multiples of the outputs of single machinee.i/

The requirements of a machine iine can be estimated either on the basis of

the number of machining hours per machine per year for a given production pro-

gramme or on the wood-handling capacity (expressed in cubic metres per year)

of the individual machines (ses table). In an automated line, however, the
capacity is the same throughout.

anm capacitias of sgome bagic woodworking machi ggag/

NMachine Cubic metres/year
Cross-ocut saw 2,300
Bdging saw, chain fed 2,300
Surface planer 1,400
Thiokness planer 4.7/mm in width
Pour-gided moulder 2,300 to 4,700
. Trimming sew, single-blade 1,400 to 1,900
Trimming saw, double blade 2,800 to 3,700

2,% to 4,705
700 to 1,400
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Production flow

In general, the flow of production takes one of the five following forms:
straight-line, zigsag, U-shaped, ring-shaped or odd-angle (figure IV).

Means and facilities for plant layout

The most important means and facilities for plan. layout are:

Internal standardization (of products, of materials, of working methods,
cf parts of factory buildinge and of factory equipment and fixtures such
as transportation pallets, storage shelves, workbenches and tool csbinets)

Operation process charts, machine operation charts, schemes and drawings
(figures V and VI)

Seale models (figure VII)

The practice of plant 1ayout

It is advisable to begin layout rlanning by drawing up, on l1-mm graph
paper, a floor plan of the plant building, showing the walls, pillars and other
construction details with limiting effects. (The ususl scale of such building
drawings is 1:50.) This done, one fills n the placement of the machines,
equipment, conveyors, passages, gtorage aren  ~“nd go on, This is best done
Wwith the aid of scale models of the variou .te . These can bs cut from
fibreboard covered with l-mm graph paper o. _ from coloured cardboard.

Wher. needed, three-dimensional models can be carved from a soft wood such as

balsa or from polystyrene foam.

In many cases the production of a factory can be divided into two distinct
parts or lines:
The solid wood line (chairs, legs, rails, drawers etc.)
The panel line (cabinet parts, table tops stc., oomponents made from semi~
manufactured boards)
A common practice that has proved advantageous is %0 place mmobines of
similar function (in respect of working primiph) into groups, s follows:
Cross-cutting saw and edging saw ‘
Planing machines
Tenoning machines

4

Mortising and boring machines
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of production flow
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Figure VII.

Scale models (1
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100) of some typical woodworking mechines
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Figure VIII. Pallet transportation in_factory passeges

(a)

(v)

Key: (a) one-way traffic flow;
éb) opposing treffioc}
c) crossing traffic.
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Vertical spindle moulders and routers
Sanding machines

Veneering machines

In the furniture industry, internal transportation is mostly done with
pallets and hand-operated 1ift trucks. This system is very flexible and thus
well suited to furniture manufacture. Roller tables and motor-operated tork
11ft trucks are also used in joinery industry. The counveyors used in surface-
finishing shops are usually of a special type and thus unsuited to other ctages
of production. The modern tendency, especially in the furniture industry, is

to do gurface finishing before assembly.

The direction of load transportation (on pallets) must continuously follow
the same direction on factory passages., CUpposing and crossing traffic must be

avoided (figure VIII).

The areas needed for storages of various kinds are always noticeably large
in furniture and joinery factorieas; roughly one half of total factory area in
many plants. Two kinds of storage areas are needed for components and products
under manufacture:

Intermediate storage between different work stages (free floor area
between machines or other work places)

Storage areas between main manufacturing stages (as for machined parts,
ugsembled products, finished paris and finished procucts)
Further storage facilities are needed for the following items:

Kiln-dried timber

Veneers

Semi-manu ed boards, plywcod, plastic laminates etc.
Glues

Fittings hardware, sanding materials etc.

Packing materials

The storage areas must be eapily accessible from the factory side by workers
and from outside hy motor trucks or railway cars. Toc centrally located storage
areas cause much waste of time owing to long distances from the remoter psrts
of the plant to its centre. It is thus more rational to place the storage areas
near the points whers the materiels in question will be needed (figure IX).

The sleotrionl inmtallations and pipe nmatworks are gemerally positioned in the
ceiling and trusues of the fae.ory building above the machines and equipment so




Figure IX. Location of stor
above are to bo
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as to facilitate later rearrangements. 3Safety must be taken i1nto considera-

tion 1n all detaile of plant layout,

The factory buirlding

The principal characteristics of modern factory buildings in the furnilure
and joinery industries are the following:

The buildings are on one level. This avoidance of vertical transporta-
tion permits ~heaper foundations and easier future enlarge~~ '3

The buildings are rectangular in form. In large bu.ldings, natural
illumination through skylights s possitle. In practice, nowever,
electrical illumination is of decisive importance

Partition walls between sections are avoided (except in the surface-
finishing section). It is especially for this reason that factories
are provided with aprinkler networks

Pillars are avoided whenever posasible
The number of corners must he kept ‘o the minimum

Future enlargemants are taken intoc consideration from the outset

Factory area

Among other things, the planning of the fa~tory area includes considera~
tion of the following details:

Pogitioning of the factory building on the lo* in such a way that future
anlargoments will ve possible. It is advantageous if the starting
point of production can be maintained in itas position in spite of
enlargements

The placement of the timber yard and outer storage areas so as to mini-
mizge transportation problems

Organigation of a traffic plan within the factory area for the movement
of peop}sy raw materials, finished products etc.

Provisig" of office space, either in the factory or in a separate
building

A good example of factory layout is presented in figure X.
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Figure X. A well-planned factory area

Key: 4, factory building) L, factory getey

B, panul storage; N, lawnj -

C, veneer storsgej X, reoroation field;

D, storage area for kiln-dried O, loading dook for Pinished
timbory producteg

E, boiler house; P, storege for fittings, Burisare

P, drying kilnst e%0.

G, timber-siorage yard; X," parmissible distanos betwess

H, offioce building} heating plant and faoterys

1, gate~keeper's booth; Y, permissible distanve buiween

J, parking for office stafl heating plant and tiabar shoregs
aad visitorsy T Stage, original luilding;

K, parking for workerss 11 Stage and III Ssage; wpeos fei

sucoesaive expansiciie of the
Tectory.
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Special features of the furnmiture industry

The products of furniture industry represeni the highest degree of refine-
ment as compared with the products of oth~r secondery wood-processing indus-
tries. The key characteristic of furniture products is that their external
appearance has a decisive offect on their ability to compete on the mark:t.

In the climatic conditions of northern Burope, the demand for furniture is
gseagorial. Furthermore, furniture sales are considerably affected by fashion,
which means that the life of a particular design is often very limited. PFurni-
ture manufacture can seldom be real mass-production, because consumers want their
homes to have individuzlity. A reflection of this is tke large rumber of wood
speciec that are used for veneering or as solid components. In many cases

they are lacquered in ratural colonr or ste'ned in different shades. At the
moment furniture pain.ed in bright colours is also very popular and fashion—

able,

The greatest production problem in most furniture factories is, however,
the great assoriment of items. In many cases the different kinds of work-
pieces in various phases of machining may be numbered in many hundreds or even

thousands.

A soludion to this problem is specialization; this means limiting of the
productior. programme in one way or other. The hasis of specialization cen be,
- for instance:
Kind of product (for example, a factory may specialize in chairs only)
Preduct group andé emd-purpose of the preoduct (home, office etc. )
Raw material and construction (eolid wood, particle board atc. )
Manufacturing method (special machines or techniques)

Ancther vary practical method is to use subcontractors from whom such parts
osn be ordered that are not suited to the production progremme of a particular
mamifuotvrer. In this caso, furniture plants are assambly oparations,

#pPspoer presented to the sewinar by Pekka Paavola, Lahtl T /1
Instituts Lahti, Pinland . (Originally issued as d>cument ID, WG, 10, 15/Rav.d )
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Node of production

Furniture is almost without exception made in series production. The
number of items made at the same time usually varies from a few hundred to a
few thousand, depending on the kind of product. The following features are
characteristic of series production of furniture:

Stock or storage areas are needed between the different phases of manu-
facture (figure I)

Transport costs make up a significant proportion of production costs

The components are ucually transported on pallets usirg hand-operated
hydraulic 1ift trucks. This method of transport is the most flexible
in series production

Belt conveyors and other types of conveyors can be used to a limited
extent only (assembly, surface finishing) because of the great variety
of items normally produced
The manufacture of furniture as a continuous process is, of courae, pos~
8ible in principle. In this mode of production, manufacturing is done in a
fixed production line without stock areas. This, . wever, would require a
large expansion of the market, In any case, a clear trend towards extended

use of machine lines and automated production in recent years can be noted.

Accuracy of manufacture

The accuracy of woodworking machines is, at the most, #0.05 mm when the
hrearings are new. The actual accuracy of working pieces in practice is 0.1
to #0.3 mm, taking into account the changes in dimensions resulting from

variations in moistuce content during the manufacturing prooess.

The advantages of a high accuracy in manufacturing are the followings
Parts of products belonging tv different series are interchangeable

A sliding fit between parts is possible without manual fitting in
assembly

Joints are strong and eesy to assemble

Manufacture in large series is possible

In order to achieve high acouracy, the following measures are takem:

The machines are regularly serviced according to their workirg imstruc-
tions

Dimensioned working drawings are used throughout. The nunerical values
indicate the riominal dimension to be achieved

\,




Pigure I. Stock areas between different stages of manufacture
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Machine A




Gauges and templates are used to control the dimensions during machin-
ing (figure 11)

Jigs are used in machining and assembly whenever possible {figure III)

Drying of timber

At present, timber is usually dried in sawn lengths before cross-cutting,
thus minimizing the loss of material owing to end checks. The drying kilns
are 1n a seprrate building or in connexion with the factory building itself.

The kiln charges are usually transported by means of wWagone on rails.

The arrangement of phases of work in machining

The order of machining phases of diff .rent parts in furniture manufacture
is generally that indicited in figurc IV.

Machining
In machining, special attention should be paid to the following points:

Whenever possible, the machining should be done in continuous through-
feed. This must be taken into account in the design phase

Protective devices must always be used
A chip and dust exhaust system is a necessity

The use of tungsten carbide-tipped tools is advantagecus, especially
when machining particle boards and very hard woods. Proper tool main-
tenance is of prime importance

The correct choice of feed speed strongly affects the qualiiy of the
finish :
Automatic feed attachments (figure V) increase the machine capacity,
quality of finish and safety

Machines with many working heads (such as four-sided moulders amd
double-end tenoners) are advantageous with large series. In swll-
scale production the setting costs are too high

Some cf the most important machining phases and their special features are
treated briefly below.

Crosgs~-cutting and ripping

Cross-cutting is done usually with a machine having a circular saw moving
horizontally. The timber to be cut is usually loaded on & wagon that osn be
lifted pneumatically or hydraulically (figure VI). The operator must pomsess &




Figure II. Gauges snd templates for various measuring purposes




Figure 1II1. Three jigse used in niture machi d

—
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Key: A, jig for wooden assembly of drawer-supporting l‘trix&l ﬁ !!M& @ -
on the 1naide surfaces of the left and right panels of the drewet uni
B, assembly jig for fixing & cabinet base; C, detail of a boring 31‘




- 89 -

Figure IV. The order of machining phases in a furniture factory

Solid wood component Panel component
Timbexr yard Particle board storage
Kiln drying Particle board sawing
Cross=-cutting | Veneer
Ripping storage
Band sawing
Surface planing Four-side Veneering | Veneer
Thickness planing moulding handling
]
AN 74
Trim sawing Trim sawing
A4

Edge veneesring
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good working skill in order to achieve small material losses (usually 5 to
20 per cent). The cutting margin varies between 10 and 50 mm, depending on

the length of the piecee.

Cut material is transported for ripping, usually on pallets, but a rotat—
ing circular sorting table or other methods can be used (figur'e VII). The
ripping saw usually cuts from above and is provided with a feed chain
and a return belt conveyor. The position of the blade is made visible on the
surface of the board by means of a shadow-line device (figure VIII). The
crogs-cutting and ripping are done according to a piece list; other raw mate~

rials needed can also be marked on the same list (figure 1X).

Band sawing

Band sawing is necessary in the manufacture of all curved parts such as
round table~tops and parts of chairs. The sawing is done either alor ra line

drawn with a template or with a jig.

Surface planing, thickness planing and moulding

The cross-cut and ripped pieces are usually first machined in a surface-
planer and thereaf"cer it a thickness-planer. The pieces emerge from these
phases with a rectangular cross-section. The surface-planer can be provided
with an automatic feed attachment, which is installed on the rear table side

(see figure V).

When more complicated profiles are machined, a four-side moulder is an
efficient machine, provided the scale of production is large enough. In the

furniture industry, such machines have a long front table for planing the
undersides of boards.,

Trimming to firal dimensions

Trim sawing is done in a furniture factory with one of the following
machines: a single-blade circular saw bench (often with sliding table), a
single-blade trimming saw, a double-blsde trimming saw or a double-end

In small- and medium-scale production, a double-blade trimming saw
(figure X) is very efficient and versatile if fitted with tilting blades. This
machine is paxtioularly suitable for trimming panels. A double-end tenoner is
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Figure VII. A rotating circular sorting table between
The _cross—cutting and oﬁié phases
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Figure X. Side and top views ol a double-bladed trimmi aw
with t11i11g blades {possible cuts are shown at lower riEhtE
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useful for trimming the piece and many other machining phases such as ‘enoning

and moulding.

Mortising and boring

The mortises necded in furniture joints can be turned >ut with “he hollow-
chisel, chain, slot and oscillating mortisers or with a dowel-hole Loring

machine (figure XI).

Hollow-chisel mortising 18 the traditional way of making the holes. The
machine is hand fed, so its efficiency is low; this method thue is poorly

suited to moderm production.

Chain mortising is mainly used in the joinery industry for making deep
mortises, 8Slot mortisers make 2 hole that ie rounded at the ends. The
tenons must, accordingly, be machined in a apecial machine in order to
achieve corresponding form. Por this reasor, slot mortisers are not used
very widely.

Mortisers with oscillating tools meke rectangular holes, as does the
hollow-chisel mortiser. By combining several such unite, the capacity can

be made quite large.

The duwel joint is nowadays one of the most important jointing methods in
furniture production. The machining is usually done with multi-spindle boring
machines where the standard pitoh usually is 32 mm (figure XII). For boring
narrow parte of chairs, dreawers etc.,, special spindle heads with fixed or
adjustable spindle centres are used (figare XIII).

Tworing

For maching cormer-locks, tongue-sand-groove boards and stub tenon joints,
any of the follcwing machines may be usedt & vertical-spindle moulder with
& special attachment, a zingle—-ewd tenoner or a double—end tenoner. The
tononers sre provided with many tool heads, and they aleo always trim the
piece to he machincd Wy length with the aid of circular blades (figures XIV
and W),

Nesg 8084ls of dowble-wsl Senchers are availsble. In addition to hori-
sontal and ﬁﬂiul working heads, there are router units that machine grooves
o8 the wrk-piewe gooe thrcagh the machine he machine can be programed to
BEke VEFIOUS CU"SOWVE Wnd SFRAT CONplICHTAS ‘Dhesss of machining.
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Fi o XI1. A multi-spindle boring machine. The detail drawing
shows the construction of a spindlea head with a standard pitch




Figure XI11. Spindle heads for boring narrow furnituge parts

Key: A - P, with fixed spindle ocentres;
G, with adjustadle spindle ceatres.
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Figure XIV. Three types uf single-end tenoners
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Figure XV. A double-end tenoning machine
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Vertical-spindle moulding

The vertical-spindie moulder (figure XVI) is sne f the most versatile
machines used in furmiture industry. It is most commonly used for making
grooves and rabbets; roundings and more complicated profiies; tenons and
8l1te; and moulding with a template. If a feed attachment s used, the capa-
city can be considerably increased, the quality of the finish improved and the
risk of accident diminiszhed, (A -considerable proportion of the ac:iderts that
occur in furniture factories occur in connexion with the careless use of a

vertical spindle moulder.)

Sapding

Sanding is the last working phase before asgembly or surface tinishing.
The quality of surface finishing depends greatly on the quality of sanding.
At present, the most important sanding machines are: narrow-belt sanders
with vertical or horisontal belts, wide-belt sanders and speclial-purpose

sand2rs such as profile sanders and curve and form sanders.

Nerrow-belt sanders with verti-a! belts are used especially for
sanding the edges and sides of assembled drawers. Horizontal-beit machines
are chiefly used for saniing veneered boards. The newest type f sanders
"ie the wide-belt sander, which has rapidly be-ome prevalent in the furniture
industry because of 1ts versatility and the go>d quality of the finish it
produces. This machine is suitable for sanding solid parts as well as
vencered boards. The construction principle for one such amachine is shown
in figure XVII,

Of the abrasives used in sanding belts, alumnium oxide is most important.
8ilicon ocarbide, however, is better suited for sanding hard species of wood.
In sanding soft woods, belts with open structure of abresive material are used.
T™he backing 18 paper or cloth (for heavy sanding).

Sanding is best douc at least in two phases, but sometimes a third sand-
ing is necessary. The coarsenese is usually selected as follows:

WL mmber

Piret sapding % 70
Sescnd eanding ghwo
Nivd sanding 120 4 140
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Figure XVII. Opontm‘ scheme of one type of wide-belt
sapding machine

py—

Sanding belts

Sanding pad

Q O,

Figure XVIII. The placemsnt of veneer sheets
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Figure XXIII. A hand-guided machine for sawing the margins
of edge venear work: A and B are guiding surfaces

S

Circular
W D 1ages
(# 45 tq50 mm)
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There is & considerable danger of through-sanding when smoothirg thiniy ve-
neered boards (0.7 mm veneer); in thie case, therefore, the grit numbers 50
to 7O should be avoided,

Vmeerig‘

The surface veneering of furniture is usually made with veneers of about
0.7 mm thickness. PFor veneering edges and for blind veneer (cross banding),
thicknesses of 1.5 to 3 mm are \ved. The veneer is cut with veneer saws or
clippers. Veneer sheets used for surface veneering are usually composed as
shown in figure XVIIT. The pieces are joined with glued tape or a zig-zag
machine. The tape must be sanded away after veneering, but the plastic thread
used in the zig-zag machine melts and is left underneath the veneer.

Urea glue is used, and tne yressing is done hot (100" to 120°C) with a
multiplaten hydraulic presa, Recently, the type of press shown in figure XIX
has become more common. The boards are fed to the press by means of a moving
steel band., PFor edge veneering, devices with pneumatic cylinders or firehose
pressure units are used (figures XX and XXI). The pressure of the compressed
air in the network ¢ a factory is usually 6 to 8 kp/cug. In large factories,
edge veneering machines (figure XXII) are alresdy quite generslly used. Some
of these machines have saveral additional working units. Small factories use
portable machines, as show in figure XXIII,

Formerly, assembly was always the next phase after machining, Today,
however, it is usual to try to complete surface finishing Lerfore assembly
whenever possible, In this connexion, the curtain-coating machine can be used
advantageously. The main phases of assembly are detail assembly (drawers,
frames, beses otc.) and firu) assembly. (Cabinet and cupboard fremes etc. are
fitted with parts coming from detail assembly.) In assembly the sdhesive
commonly used is PVAc glue, which is strong and sets repidly.

he meet iportant t00ls ad Jquipment in ssammbly are the f7liowing:
Glue spreaders (seft plastic squeese bottle or hand pump)
Bowsl-driv.ng machines

mc— fans

Assmdly jige (mes figure 111) o

Progs anl csrcans olampe (w m =

ﬁﬂ%ﬁ. Mﬂﬁiﬂﬁ j ‘




- 110 -

Because of storage space limitations, assembly series cammot usually be
as large as machining series. PFor this reason, assembling is done in mmaller
lots according to o'ders received. It is poesible, however, to ators the pro-
ducts as ready-machined parts even in the case of very large production series,
In order to improve the competitive capacity of the factory, one can in this
way attempt to shorten delivery times.

|
§
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18. JOIMERY INDUSTRY TECHNOLOGY®

Module dimensioning of joinery products

In 1960 the module department of the Nordi- Building Hegulations “ommittee
(MB)¥, formulated a system of standards -alled the Module System for the
Building Industry. The International Organization for Standardization (180)
has used these standards as the basis of a system of international recommenda-
tions. The Pinnish Standardisation Tommiseior {Suomen Stendardiscimiclauta-
kunta) in Helsinki has devsioped thim system for joinery producte and has per-
mitted the use of several of their standards to 1llustrate the present paper,

The starting point in the module dimensioning of joinery products ie that
their jcining dimensions must be competible with the dimensioning system for
the building industry mentioned above. The basic module (M) of this dimen-
sioning system is N « | du = 100 mm. The Jeining dimensions of the products
ére integral multiples of the basic module n x M, in which n ¥ 3,

This preseantation is restricted to three principal groups of juinery nrod-
ucts: doors, windows ana kitchen furniture and closets. Thay have long been
Bads in & range of standerd sises at various factories. The latest Pinnish
standards are considered separately in connexion with each of these groups of
products and are annexed to this paper. Quality regulations and structural
dats are considered together with standard dimens:oning.

dtoagtars of doors

™e Pinnisk standards for several kinds of doors, both flush (not rebated)
and redeted, are reproduced in the ammex to this paper. The struoturel re-
iresnts for Clunh doors ore given in stendard BT 210,52, Their oomponents
ore the frume, the filliag and the surfuce boards.




Phe main purpose of the zurface bouards 18 Lo give the door the desired

appearance tut, ‘ogether with the filling, they also havs a decisive influenca

an the rigidity of the structure. [f the door ia to remain straight in use,

Jte st ructure mag! be symmetri-cal, and this requirement mekes notable demandas

o the wering toar e, whih must be homogeneous both in thickneus and 1n
UA i ly. IEneray, wering boarde are of hard fibreboard or plywood, which
angwe! Chio purgose quite weil,  Doors for more exa ting use are often veneered
with oak, okoumé, ‘cak o opine,

"he f...1ng and the tramework of the door form the base on which the
wering voards are giued. The (rsmework can be aade either of golid wood or
by g iing together °f thin sheeta or pieces. Pieces are usually glued together

by astomatic finger- iointing machines. In this case, timber of quite low
jualitly -an be used, utTing away their faults and joining the suitable pieces.
Eariier, framework precez were 4 in (10 cm) wide, and the ~ornmers wers strergth-
one: with rner-locks or dowel joints, Gradually, the framework has become
narrower and . now oniy 10 to 50 mm wide. At present, fremework pieces are
Gned n.y wi't ztapies, whi'h facilitates the assembly phase. Siace the
framework has Lecome sC muth narrower, it has become necassary o0 use special
additional pleces for installation of the lock and hinges so that fastening

grrawe ~an be firxed in selid wood,

The f1lling of flush doors used to be solid wood, but blook filling hee
beome more common. The distance between the blocks varies grestly, depemding
on the demands made on the evenness of the surfsce. The blooks can be of solid
wood, plywoed, or porous or hard fibreboard. The blooks can also be used to
form gride s0 as to obtain better filling chen with blooks set in only one
dirertion. At present, paper honeycomb fillings, the best-known of whioh are
the Dufolite and Wellite fillings, are used almost exmclusively.

Paper honaycomb fillings are formed of sections. The ocapression strength
of the filling cen be regulated hy ohanging their sise and the thicknees of
the paper. Paper fillings are insspensive and provide the product with sven-
ness of surface, great bending sirength, streightness and lightness of weight.

A ssparste group among flush doors is fireproof doors for dwellimgm and

sound-ineulating doors. These differ from ordinery flush doors saly is regerd
to their filling. WVoodes doove for dwelliungs belong vo grouge C IS A ¢ 00 .




in their five-resiatance. | The numbers 15 and 30 i1ndicate the fire-regis.ance
of the doore in minutes.) The burning test s performed in a verti-al oven of
a fire laboratory according to a standard burning -urve in which the jver tom-
perature is | \UO“I after 1% minutes and 8% ¢ after 4 minutes from the :ight-
ing »f the oven. The door muet stand the heat with.ut burnang through.

The smoke furmation and surface temperature on the wLiexposed 3ide are a.s

eXamined,

The inner structure of fireproof doors an be of solid wood, .r whi-h
case a door 40-mm thick withstands burning for i®» minutes. The same result ~an
©180 be obtained when using a particle-board s'‘ructure o1 expanded ork as
filling. In fire group © 3, the struc-ture must be stronger. The required

fire-resistance 1s obiained by using asbestos or some uther special materiaf.

BSound imsulstion is required mainly in doors for hotel rooms, patient and
exmmination room doors for hospitale, classrcom doors for schovie and the outsr
doors of dwellings, as mentioned previously.

Sound 1nsulation requirements are /5 or 30 decibels (dR), depending on the
use, The degrees of insuiation are obtained by increasing the weight of the door
with thioker surface boards or with & multi-layer structure in which the inside
is often soft and sound absorbing. Particular sttention must then be paid to the
packing between the door and the frame., (This is also true for fire doors.)

Niadowe and glased doors

While speace does not permit detailed discussion of the comstructiom of
windows amd of glased doors, this subject is well covered in some of the
Pinnise standards in the annex to this presemtstion. Of particular interest
in this commexion is etandasd RY 210.8),
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Jivget ' with widthe of 50U wma and OOU am, depth of 5950 =m and heights
o, \&( *mm oand 1,900 mm, plus & separates upper cupboard (480 wm).

The mairn raw materiale of kitchen furniture are particle board, plywood,
hari v iem; hard fibreboard, and aoiid pine i1n the joints and framework. Struc-
‘i & t arde are often made, .sing the honey~amb construstion discuseed sbhove
it nhsxioon with flush dhora, quaiitly reguistions are basi-ally the seme as

Tresponding ones For dours 2o that 1t 1e annecessary Lo repeat them hevre.

"he timber used in Finiand i1s generally pine, which 1s Qquite suitable for
manifa turing ioinery products, For visible surfaces of the products dealt with
Am7 et in this preeentation, unsorted top-grede ‘u/s) or emport quality woed

generaily used. The faults allowed in the timber are gnvea ia stendards
L and BT 2100,

“he ume of fir has veen siudied recently, end it has beea used to some
~xtent e.g. in door frames. Some manufacturers &lsc use biroh 1R certain parts

4 it hen furmiture.

Az noted sbove, same other rom materifls which are used are hard and
sem. hari fibrebosrd, plywood, herdboard, blockboard and verious species of
mi ried hardwoods.

Various other smwfacturing materials are aleo necdad, ouch an gluaw,
vaints, fittings amd corews.

T™e joinery industry has bagun %o use Tiager-jcimed SSuber 6 Savbania
mmounis. This hae become possibdle bevsuse waste in cutting te Weing vedivel
and tisber of lower quality is new being well. Plager-jetatsng o wnilly Geee
with kiln-dried timber that is driven threugh & rip and srege eaw Sod peenibiy
8lso through & surfese planer to & fiager-jeinting sasbing.  AFNe jeiatiag, ¢
ls cut agein to the roquired leagth. T strsaghh of the Jolat io SiSObwiaed
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Ly the length f the finger., oo tha' linger ontol Limber Al bv s

for aimost any use.

Simultanecusly with the development 1 the above timber-lenglhening '« b
nique, edge-gluing has silsc becume important; i(naeed, ! 1g aven ne essary .n
mome producta,  Rige-glued timber doee 10t twist rear: . as much &8 dow o
pleces, whi h i3 impor'ant in the manuis turs f atry * cres suh ap foor (r Ame s,
In general, dour frames wider than “ in (6.5 m) mur' "« made of edge glue:
timber. This 13 be suue wider pile e:x, when 'ut from ‘re ma. -dlismeter 'reec.
avaiiable today, contain a mixture f radisl snd tangent ia. grain dire ti s

that an suse Jdifferentia] ahrinking.

Muiomabl . aroduclion

The continuous rise in produciion comts Aas increased the .mportance of
econumy in the use 97 raw materials and of the productivity f abour, The tan
denvy 18 thus tuward greater and more ratioraiised scria. produstion, Thoo ten
demcy has also accelerated the introduction of sut-matic ma hines and machine
iined., An eEalpiec :8 the automat:: docr-manufacturing iine f a Pinniak produ
In this set-up the dour goes aut mat: &l .y from the prepe through 1 ub = end
tenoning, surfece sanding, edge sanding and the inastaliation of fittinge. After
these phaaes the doors are stacked and then, if necessary, sent i another auto

Lo

satic line where all the phases of surface finishing are pertormed sutomati aliy.

Mhese phases include base oainting, sending snd finishing, first on one side,
then on the other. Similar emmmples are to be found in the window and furmiture
samfecturing industries.

e samufacturing o' .rnitere, of coures, 1e 8ore complicated, owing to
the wider range of product . However, the newest furniture factories havs also
sdvanced _casiderably .. their Assmabdling phases. [t is now cammon tc use
apsenbling presses, frem which the furaiture items go to & comveyor where doors
are fimed sud imeids Fittings are installed. Tt should be noted that fumi-
fure pirts abe painted defore thay are assembled; it is e@sier to paint furai-
ture is partes thes & & whole supboard, for emmple. The use of assembling
e W boenght dheut changee in \ypes of jeinting. The \ype beet suited




1:3 i dip And pert ocrmde o Prrih s lids
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t oinewhere 1n this publi ‘ati1om® | 40 only a

St tAa et oatiy g it ey
vore.  The lemandis made on finished surfaces depend on

terw 0 alito A nent o one

fhe taty undinge, (et na ‘ate and other matters connected with the uss of
The arty e,

Ag & base 11 suita e tinishing, svl:d wood, venser, plywood, hardboard
bopart e foar it a0 aoed. The final appearance of the aurface depends on

' ara;  goond results  aanot te obtairned un a poor base. If

hee s Ly f e
Chee g e waet be aanded and f1ied before finighing.
B T T oy pmintet by curtaine oating sachinea
ot Coa i healing and iry cg o ens and & cooling arem. The
w o 4 x e ther o cand g WA Dinea Wit brush equipment a8 we!, a8

R VR S s otr e wr, Wi th le oW turMming equipment.

The ja1r! . ng ¢ windows 18 done with spray painting equipment either as

jarts 1 arsembiei. The temperatures f irying ovens are comsidersbly lower
‘rat wher asing softwood the resin will not boil out of the wood thus spoil-
i@ "he rainted surfae. The painte nged 1n windowa 4, 7fer aleo fram door amd

Firmiture (aonte circe they must be suffi ilently resilieat ‘v resist westher.

"he ,ain . ased are ususily based un slkyd, amine and wiea resins, whioch
At as ement.ug agents. Nitrocellulose, urethane or polysster resine are the
most . ommon ementing sgeats varmishes. All peints and varnishes are very
flasmatie, s tha' the equipment mast be desigr :d with particular stteatiom to
safety.

1t should be mentioned in this connezion that, instesd of paint, plastie
profiles are now flen used to coat door frases and windows. (a this wg »
painting is ne esaary, and timber of & lowar @ualily 2em ¥ used under the

plastic overing.

Enchablas_isbaneacaiuais
Ia Pinland, there are two priscipal outlets for jotwsey Probaatbe ik o

based on >ffars to building cazpanies, and seles through retall crgantsetitons Vo
small-scale consumers.

bee article 19 (P, £, Bietrin “Me sarfeace finishing of weld and wools
PN&B”").




The first of these is by far the iarger. Business is usually done so
that & building company sends an .nquiry concerning the |oinery product in %
question to nmeveral manufacturers in the field and de 1des Lhe pur-hase after
severs competitive evaluation in terms of price and quality. “erta,n manufac-
turere operate entirely 1n this fieid of marketing and marufa ture no peoducts
for stock at all. They are, indeed, often better abiec to ~ompete “wing to their
flexibility and prices when a special product, that 1s, one .f non-standard
aise, finish or fitting, 18 desired. Purthermore they have o inventory or
interest ~osts. On the other hand, they may not have the henefita of |onger

manulacturing series that standard produ ts assure.

The strongest retai! dealers are builders depariment stores, which have
appeared i1n recent years, They have the great advantages of the:ir specialized
staff and stock. Haidware stores have traditionally beern retai: sutiets., They
dc not, however, hold products in stock, but act as agente f marnufacturers,
thus receiving an agreed commission for their sale. Larger companies also have
district representatives all over the country, who generaliy sel! from stock

on & commission basis.

Traditionally, manufacturers operated alone with their own sales organi-
sations, but the increased competitiion t.umt forced them i1nto product rationali-
sation has led to the formation of joint sales organisations by several fac-
tories. An exsmple in Pinland is Sovi Qy, which is the samles organisstion of
thres door factories. [t divides itu orders according to an agreed principle
0 that osch asmbar company samufactures for (t 'he products best suited to
i1t¢ process ceapability.

The degres of mamufacture of joinery products has changed considerably
Guring the past fow years. Kitchen furniture is now delivered almost 100 per
oast finished and is aleo fimed to the walls, at least in new buildings. Also,
doore and vindows are incressingly vainted, provided with fittings and glased.
Builéing ccapanies have found that th.~ seves co~ts, and, when the product is
profulwiosiod the guality is 8180 better than it would be if made on the site
L8 poer ombisions with doficient nachines and cquipment. Thus, the completion
tin-Aahie for Wildiage e ncelereted, and cepitel interest costs,as well as
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Annex

REPRESENTATIVE FINNISH .JOINERY STANDARDSg/

Wooden windows and outside doors, quality

Wooden flush doors, quality

Windows, wood, instaillation

Windows, wood, fittings

dindows, wood, opening inward, double casement
Windows, wood, opening inward, coupled casements
Windows, wood, opening inward, coupled casements
Door, wood, fixing and fittings

Doors for dwellines, standard sizes

Wooden doors for dwellings, not rebated docr leaf

Wooden docrs for dwellings, rebated door leaf

Copyrighted (1968,1969) by Suomen Standardisoimislautakunta
(Pinnish Standardisution Commission), Helsinki, Pinland, Reproduced

by speoial permission.,




RT 210.8%

Suomen Standara.soimislautokunio Finlands Standardiseringskommission

WOODEN WINDOWS AND OUTSIDE DOORS,

mmm

Lumber detects

Wooden tiugh doors, Queiity

Wooden storage units guabhity

Bowrdings, selec ion of characier angd qual 1y
thgustrial tinushoag o jomery products

RT 2107
RT 21082
AT 21083
RT 2168 Ot
AT 148 037

1 CONTENTS

" Tres sugndard gaves Quality provisions for windows
and glazed doors as wel! as tor vutside and other panelied
doors.

12 The standard ancludes provisiuns tor the matenals

used the construction of winduws ana giazed doors as well
as tor outside and other panetied doors, then manufacture,

accuracy of form and appearance ot the surtaces in the white’

2 NOTATION

Notation Manutacturing oegree ot the product and quality
grade t1vpe ot nmber) and the RT number of this standard.
£9.n the white 1 pine, RT 21081

Ey panted 2 RT 210.81

3 QUALITY GRADES

The products are classitred special grade, varnishing grade
and pamnuing grade tn classification a ‘'man face’ principle
1s apphed. This means that other than main face surfaces
(p.q, suifaces seen only occasionatly) may, in the case of
the special grade and the varnishing grade be of the next
luwer grade, unless otherwise specthied.

31 Special yrade, notation E

This class comprises products, which meet highi require-
ments and 10 which the timber has teen chosen with parti-
cular care. These products are usually :ntented to be finish-
ed with varmish The sort of timber should be specified

in the order.

in grade E the frames are of grade 1

32 Varnishing grade, notation 1

This 1s the normal quahity grade for products intended to
fimshed with varnish. The sort of tumber should be speci-
fied in the order.

33  Painting grade, notation 2

This quality grade comprises conifer products meanl to be
painted.

4 PROVISIONS FOR THE MATERIALS

41 Timber

B Quality
The basis of grading softwood is the u/s quality given in
the grading rules of export timber with the limitations given
later,
For foreign hardwood the provisions in appendix 2 will be
applied.

.2 Heading joints
The joints have to be finger joints or alternating butt joints,
The length of an siternating butt joint may be at the most
one third of the width of the lengthened piece, however not
more than 50 mm. No visibie heading joints are allowed for
special grade and varnishing rade.

GFS 2458
5FS 2457

| SFS 2455

SIB A
. UDK 674.21

quoust

.3 Defects. Plugging.
Wane is not permitted in surfeces exposed 10 view. The
knots heve 10 be distributed eveniv and they are not per-
mitted in places where they might affect the strength of
the timber The plugs shall be of the same species of
wood and the direction of their grains shall be the same
a 10 the s unding wood to which they shall be firmly
fastened. 1 he phigs are considered sound knots end their
sizes shall be taken into consideration st rading.

in products useo (1 humd surroundings plugguy ought 16
be svoided

42 Piywood
Plywood shall as 10 quality, dimensioning and property
comply with the requirements of SFS standerds.

43  Blosh- and laminbosrds

Block- and laminboards shall suit the purpose as to quality
and structure.

Bosrds for use, as main faces should on both siaus of the
board have 1 + 1 veneers giued at right angles 10 eech
other and so that the gzain direct:on of the veneer adj s
cent 10 the core is running at right-angles o the grain of
the co-e.

Boards with one or two paraliel surface vensers on both
sides. whose grain direction is running st right-angles to
the grain direction of the core may be used for main feoss
only when they are faced with ¢cross-wise glued vencer,
iIaminated plastics sheet, plastics fabric or the 1ike,

44  Particle boerd

Particie board has to be a8 LA/A board and comply with
the: requirements of standard SFS 0.1V.2.

48 Wood fibrs boards

1 Hardboard should have a density of not less
than 860 kg/m3.

.2 Medium hardbosrd should have s density of
not less than 700 kg/m3.
48  Foos venewr
Facing veneer has 10 be sliced, except birch which may be
rotary cut.
Sliced veneer shall meet the requirements set in appendix 2,
Rotary cut veneer has to meut the requirements set in SFS
stendards.
47  Laminsted plastics shest
Laminated plastics sheet has to meet the reguirements gi-
ven in appendix 3,
48  Fitting
The manutacturer shall indicate in his offer the fittings he
has used.

48  Degree of drynen

The timber has to be artifically dried. The moisture con-
tent calculated from dry weight shall not exceed 12 %
during the manufacturing and delivery phases.

The moisiura content siso constitutes the besis for judging
the accuracy of size and furm,




5 PRODUCT SPECIFICATIONS

51  General

The producsand their parts hsve 10 be manutactured snd
asombiled with care and skill Ali timber joints which sre
known to be good end suit the sppesrance of the quality
grade in question are allowed.

Joints in boerds are not stiowed. In veneers joints sre not
allowed across the graing.

Adhesives should comply with the requirements of the use

of the product and should resist moisture and micro-orge-
nsms

82  Accuracy of form

Testing methads for accurscy of forin. see sppendix |
The provisiont concerning accuracy of form refer to the
moment of delivery, to the gusrantee period inspection
and to a dryness degree of the timber of 10 12 %,
The continuity of the properties of the procucts implies
that they are stored and handled on the site according to
the ganeras!l specifications for construction works, RY L
1960, RT 140.1/8, pera. B 671 and B 673.

1 Accuracy of angles {squareness)
at delivery 8t gusrantee period nspect:on
1 mm 1 mm

.2 Planeness of surface (dish or/and tw st)
at delivery at guarantee period inspection
4 mm & mm
These figures imply that the temperatures and maisture con-
ditions are the ssme in the speces on both sides of the door,

3 Evenness of surface

at delivery  at guarantee period
inspection
with 8 200 mm ruler 0,2 mm 0.3 mm

53 Panes (305 m2)!)
Quality and minimum thickness

specisl  varnishing peinting
grade grade grade

Ptywood, face

veneer rotary cut 9mm 9 mm 9 mm
AYA) HB) 1(S)

Timber Bmm 15mm 15mm

Hardboerd mtper- NOt per- 2 3 layers
mitted mitted  glued, 9mm

in all
" 1f the size of the is bigger than the given size, the
MKMMM Incresssd.
4  Matshboords
In sccordence with RT 216.0.

56  Duefusts permitind in wrfsess enposed 10 view
specisl  vemnishing mﬁm

rade grade
1 Window

COBNITINtS

142 mm x 42 mm)? ) )

Sound knots or plugs y

piecss/m not per-  2p. 10w 2p,20mm
mited 3p.pin  2p.Yewn

know and pin knots
Blue stein AOLpEr- Aot  pormitted &

—
~>
|

RT 210.81E

3 Casements
of glazed doors
(42 mm x 104 mm)*t)
Sound knots or plugs

preces/m not per- 1p.20mm 2p. 30mm
mitted 2p. 10mm 3p. 20mm
sndpin  and pin knots
knots
Checks not per- not per-  small pstched
mitted  mitted ones permitted
Biue stsin not per- not per-  permitted as
mitted  mitted miscolouring
A Stiles and
ails of outside and
penelied doors
{40 mm x 93 mm)1)
Sound knots or plugs
pieces/m not per- 1p.20mm 2p. 30mm
mitted 2p. 10mm 3p. 20mm
and pin  and pin knots
knots
Checks not per- not per- small patched
mitted mitted  ones permitted
Bilue stain not par- not per- permitted as
mitted mitted miscolouring
5  Frames
{42 mm x 118 mm)!)
Sound knots or plugs
pieces/m 1p.20mm 2p.35mm
3p.15mm 3p. 26mm
and pin  and pin knots
knots
Checks not per-  small patched
mitted  ones permitted
Blue stain not per- permitted a&
mitted  miscolouring

1) 1f sizes sre smaller or grester than the given, knots ere per-
mitted correspondingly lems or more.

G8  Finlehing of surfass ‘in the white’

R As 10 specisl grade products all main faces should
be very carefully finished. There should be no glue accumu-
lations which might me‘e finishing difficult or cause coour
defects. Defects due to manufacture may not be seen.

.2 As 1o varnishing grade products main faces have
to be carefully finished. There should be nc giue accumus-
lations, which might make finishing difficult or cause colour
defects, Minor defects due to manufacture are allowed only
in places not well adapted to muchine grinding, like surfe
ces only a littie or occasionally exposed to view,

3 As to peinting grade products main faces should
be finishad. No glue accumulations are sllowad, which might
make surfece finighing difficult. Minor defoct, due to menu-
tacture are gliowad only in surfaces which are only a littie
or occasionelly exposed 10 view.

&  MANUFACTURING DEGREE

Windows, gissed doars, outside and other panelled doors

are delivered in the white, varnished or peinted.

;Tt Ag and painting should be done socording to
1 %0 pracduon. e reeuirad inished in $0me Other way Bhie

o] Mty ss Well ss the meterisle and




RT 21081t

APPENDIX 1
Testing meothods for acouracy of form

1 Ascurscy of sngies (squorenees)

Squareness 1s measured with a square at disgonally op&
site corners The measuring points have 10 be situated

mm fram the corners or at a distance corresponding the
width if the width is tess thar: 500 mm Deviation 18 given
in millimetres with the accuracy of 0.1 mm

2 Plenensss of surface (dish snd/or twist)

Dish of a surtace 15 measured on the concave side with 8
ruler which s as tong as the surface. atong the disgonals
and 3! odges The greatest measured grade 18 decisive The
deviation 15 grven m milimetres with an accuracy of 1 mm.
Twist 15 measured Dy piacing the surtace on a level plene
50 that three corners touch the plane The distance of the
fourth corner from the panc gives the twist of the surface
to be measured

The deviation 1s grven m rrith 3 res with an accuracy of

I mm

3 Evenness of surface

Evenness of surtace 1s measured with a ruler which is 200
mm long by setting it i arbitrary directions on the surface
to be measured and using a speCial Measuring device 1O Mes-
sure the checks.

The deviation 1s given 1 mitlimetres with the accurecy of
0,1 mm,

APPENDIX 2

Quality requirements for foreign herdwoed surfosn

1 Genersl

Foreign hardwoods are imported species (e.9. 0sk, teek,
mahogeny etc.).

These provisions are also adapted 10 veneers cut of do-
mestic species.

Provisions have been given for specisi grade and vernis-
hing grade products.

2 Venewr

Veneer has to be sliced and the thickness should be the
minimum of 0,6 mm. The joints of the venser have to fit
perfectly and the vensers have to be jointed so that s uni-
form pattern typicsl of the veneer in question is achieved.

1 Special grade
The veneer should be typical of the species in quastion,
free from defects and altogether homogeneous both & to
colour snd structure. Inserts are not allowed,

.2 Varnishing grade
The veneer should be typical of the species in question.
Slight defects in colour and some other imperfections
which do not disturb the general impression are sllowed,
A smaitl amount of knots smalier than & mm (bird's eye)
are permissible. Defects which sometimes appear in veneer
such s surface wood of differant colours, blisters, decay
etc, are not allowed . Small corrections like patchings
done carefully so that they fit in with the surrounding
veneer as 1o colour and structure are aliowed,

3 Converted timber

The thickness of boards used for facing should be the mi-
nimum of 5 mm,

1 Special grade
The timber should be typical of the spacies in question
and the faces should be free from defects and shtogether
homogensous as 1o colour and structure. Patches sre not
aliowed .

2 Varnshing ¢ ede
The timber should be typical of the species in question Smail
detects silowsd in main faces Krniots smetier than 7 mm
ace altowed 10 some exwent, Surtece wood of dm-gcm‘
culours and other 1MPerfections SOMBLIMES SPNBEFING N
timber are not allowsd. Sole plugs, which sre asretully
mede and 11t i with the colour of the wood and are smsi-
ler then 15 mm are sliowed The plugs have to he of the
same specis and the grains of the plug shatl run in the se-
me direction as the grains  of the surrounding wood, i
which 11 should be tightly fixed.

APPENDIX 3
Quality requivements for laminsted plasties shes

1 Couting of desks

The coating of desks should be pyper-becked laminated
plastics shest its thickness 1 the murmimum of 1.420,1mm
and 1t has 10 meet the following requirements

Wearing strength NEMA LD 1 3.03/84 A

Impact strength NCmA LD 1-3.03/04 K

Appesrance NEMA LD 1-3.01/64 J

Changes due 10 moisture NEMA LD 1-3.03/64 H

Heat resistance SIS 245803 (NEMA LD 1.2 03/64). At
testing no trace allowed on a matt surface. s glossy surfece
may |ose some justre

Durability in boiling water SIS R 706007 (NEMA LD
1-2.02/64), no trace stiowed on the surface.

Influence of chemucals SIS 245806 (NEMA LD 1-2.06/64),
the grade has 10 be 3. The grades are 1, 2 and 3, of which
315 the best

Light resistance - SIS 245804 {NEMA LD 1-2.00/84), the
grade has to be the minimum of & Grades sre 1 8, of
which 8 is the best.

Weter sbeorption SIS 245801 INEMA LD 1-2.07/04),

the absorption may not be higher than the maximum of
500 mg/26 cm2 for sheets 1 4 mm tnick. For thicker
shests the meximum of 10 % of the mass.

2  Costing of vertiosl surfesse

The costing of vertical surfecss such s door lesves should
be paper-becked lamingted plestics sheet, thu thickness of
which is the minimum of 0.8 2 0,1 mm which has to mest
the following requirements:

Wearing strength: NEMA LD 1-4.03/64 A

impact strength: NEMA LD 1-4,03/84 G
Appserancs. NEMA LD 1-4.03/64 €

Chenges due 10 moisture: NEMA LD 14.03/04 D
Influence of chemicels SIS 245808 INEMZ. LD 1-2,08/04).
The grede has 1o be 3. Grades are 1, 2 and : 1, of which 3
the best.

®

Light resistenas: SI§ 248804 (NEMA LD 1- . The

grade has 10 be the minimum of &, Gredes ere 1.8, of
which 8 is the beet.

Water sbeorption: SIS 248001 (NEMA LD 1-2.07/84), fer
sheets which are 0.8 mm the abeorption may be the
meximum 0! 350 mp/28 , for thicker shests the mud-
mum of 12 % of the mass. |
3 Costing of thaives
mmdmmmmmm 4
dmmwb:mduto mm and te
cogting hes to mesi the foliowing

Weering strangth: NEMA LD 14.03/04 A

Impect strength: NEMA LD 14034 G
influanos of chamicale: SIS 200006 (NEMA LD 1.
64). The grade has 10 be 3. Grades are §, 2003 0f
3is the best.

mwmmmﬁwmmﬁ
tics st in his offr,
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WOODEN FLUSH DOORS, quality

s’

. SFS 2456
Stg A
uDK 674 21

Page 1 (3

Lumber defects

Wooden erindows snd L iinde doors gushity
Wooden storgge unite, Quatity

Bosrdings, sslection of character and qushity
Industrigl finshing of joimery products

RT 2107
RY 21081

RY 2186.01
nT 148 032

1 CONTENTS
11 Thus standard yves quahity provisions for fiush doors

12 The standard includes provisions for the mater sl
Jsed, the construction the manufacture of do:rs and the
accuracy of form as well as tor the appearance of the sur
faoe in ‘he white’

2 NOTATION

Notaticn Manutacturing degree of the product and qua
ity grade (type of timber) and the RT number of this sten
ded

E.g. 1n the white ! pine, RT 21082

E.g peinted 2, RT 21082

3 QUALITY GRADES

The products are classitied special grade. vernishing grade
and peinting grade  in class fication a “man tace’ principle
15 applied  This means that other than mann face surtaces
in.9. surfaces seen only occasior™"' /) may, i the case of
the sr.Cial grade and the varnishing grade be ot the next
lower grade, uniess otiwrwise specified

31 Qpesiel grede, nowtion €

This class comgx ises products, which meet high reguire-
ments and W which the imber has been chosen with par

ticular care. Thase products are usually ntented 1o be
finished with vernigh,

in grage E the frames are of grade 1

2  Vamishing grate, notetion 1

This is the normsl Quality grade for products ntended to
be finighad with veraish,

The sort of timbar for frame, lippings of door leef end fa e
venser have to b apacified i the order.

33 Peiming puth, sotstion 2

This quality grade comprises products meant 1o be peinted

4  PROVINGNS FOR THE WATERIALS
41 Tiohw

"« 1iwood is the wh given
The tasls of grasting ssMwond i the 1/l Quakity n
mwmdmmmmmr
van __
Far foroign hardwood the provisom i aipendix 2wt
be spphed.

SFS 2465
AT 21083 5FS 2487

3 Defects Plugging
Wane 15 not perrmited in surtaces exposed 1o view The
K0ts have to be distributed evently and trey are not per
mitted in plsces where they might atfect the strength of
the timber . The plugs shati be of the same species of wood
and the direction ot thesr grams shall be the same ag in the
surroundmg wood 10 which they shall be firmiy fastened
The plugs are considerad sound knots and their sizes shall
be taken into considerstion 8t grading

I products used  humd surroundings plugging ought to
be avoded

42 Piywerd
Piywood shait 88 10 qualily | dimensioning and property
comply with the requirements of SFS standards
43 Dlesk: and lominboards
Block and laminboards shall suit the purpose as tu quahity
and structure
Boards for use as main faces should or both sides of the
board have 1 + 1 veneers glued at 1ight angles to each other
and so that the grain diraction of the veneer adjaocent to the
core 1s running at right angtes to the gran of the core
Bosrds with one or 1wo paraliel surface veneers on both
sidag, whose gran direction 1S running at right-a. gles 10
the graen direction of the core may be used for main faces
only when they sre taced with crosswise giued veneer la.
minated plastics sheet, plastics fabric or the like,
&4  Parvisie boord
Particie hoard hm 1o be a L A/A board and comply with
the requirements of standard SFS O 1V 2
&4  Weed fibre boards

B Hatdboerd should have a density of not lgss
han 860 kg/md.

2 Madium hardboard should have a density of
not loss than 700 kg/m3
& Foss vonan
Facing venes: has 10 be siiced, except birch which mey be
olary out.
Siicad venesr shaii meet the requirements set in appendix 2
Rotary cut vanssr has 10 rmeet the requirements st in 5FS
soniierals

[ -

Lasninate plagtics shost hes 10 MBSt the requirements given

n apgndix 3.

Q Peoe

The manufacturer shall indicate in his offer the fittings he

Ve VU Pas 49 0 @titioatty drisd. The moisture conmnt
Ry B $haii not *xosed 10 % during
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PRODUCT SPECIFICATIONS
5%  Genersl

The product and thes parts have 10 e mario @ turedt and
Meernied weth Care @ skt AL Limbeee Gty which gre
knowt 10 be guud and sut the appaaance of 1he quahity
gade i question ae dllowed

The taces should De piywnod which is at ieast / / mm

thic s hatadboard which s at et 1.7 mm thick ot Other
boar (1 ot Cotresponding thickness The tacog boasrds shoulo
be toxed by glung to the core

Fonovts 0 {rOaf 38 @ ot atowed 1 venees s joants ate 1ot
altivwe. ) gt oss the Jrang

Pthe o sTrog furé 8 not suitable 1o foony of Hiinngs
sk wood Diocks should be provided o the stiies should
e mensonwed aecording 1o the tittings

Aghesives should comply with the requiements of the ute
ot the product and should resst mosture and Mt orga
FLSITYS

U the QoL Me IOCATE i1 IPBCES Which e CONntinuously
huemd  this has 10 be «dicated i the offer

52 Acewrscy ferm

Tasting methads for scourscy of Torm s apeendin Y
The provisions concerning accuracy of torm refer to the
moment of delivery | 10 the guarantee penod nsPecton
and to 3 drynes. degree of the nmber of 8 10 %
The continuty of the properties ot the products imgties
that they are stored and handied on the site accordng 1o
the geners! specifichtions for constiuction works RY L
1967) RT 140 1/8 pars BA71 and B 673

! Accuracy 0t angies (squareness)
41 delivery at guar antee period epection
1 mm 1 mm

P4 Praneness of surface (dish or/and twist)
at delivery ot guarantee perod INMPACLION
3 mm 4 mm
These tigures imply that the emperatues and mosture oon:
dtions are the same i the tpaoss on both sides of the door,

3 Evenness of surfece

atdelivery st guerantes peniod
HepRCtioNn

with a 200 mm ruter 0.3 mm

0.2 mm
83  Faee venewr
speciat  varnishing pamting
grade e wale
Rotary cut AllA) 1(8) 1S}
Shoed see appendix 2

84  Duefosts allowed in swrfases onpused t viw

special  varnishing peinting
grade  grade ¥ ade
i Visible

parts of door leat trame

and hppings thickness of

doors = 40 mm

Sound knots or plugs

piscas/m not siowed  not 1p. 10mm 2p. J0mm
sHowed end pin  2p. 1Smwn

xnots any pin knoty

Chacks not not sl potched
stlowed asllowed  ones stiovess

Blue stain not not sHovnd &
siowed sliowed  miscolouring

2 Framm
(42 mm x 93 mm)!)
Sound knots or plug
pieces/m 1. 20men 2p v

KT 210.8638

8  Finkhing of srfoss ‘in he white'

1 A to wpecal grade products Mt man feoss should
be very coretulty fimghod There shouild be no glue 0D
ations which rught make finghing diftficult or caute coliur
de‘ects Defects s to menutfscture may not b 588N,

2 A 10 vervighing grado products mn 19588 Neve
1) be carefully firnshed. T here shoutd e no glus sccumule-
tons which mught make firvighing giHficult of caues colour
defects Minor dafects dus to menutacture sre sliowed only
0 pHaces wivich are nOt wisl adeptad to meching grinding,
ke surfecss Only 8 hitie o otoaROnslly expossd T0 vew

3 A to peinting grede prodhucts man feom sthould
be tinished NO glue sccumuistions are sliowed  which might
make surtace finushing ditficult Minor defects due to ma
nutacture are aHowed ont v i surfaces which sre only 8
hittte or cocasionsity exposed 10 View,

¢ MANUEFACTURNNG DEGREE
Doors sre detrvered in the white, vareushed o pented. V-
mshing and pesnting shoutd be done sccording to AT 150.002.

i the prothect are "gusings fiwghall in some other way this
shavis e indicetad mparstely s wall o the moeturish ond the
rrathods *0 e vied
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APPENDIX 1

Tosting methods fer sssurssy of ferm
] Acourery of angles (squerensis)

Squaresess 5 messued wilth & square al dagonally Oppo
site corneey The megsuring pomts have 10 be situated 500
mm from the comers of at 4 distance corregponding the
width i1 the adth s iess tha 500 M Deviation s given
o rattimgtres with the acourecy of O 1 mm

2 Pionenes of surfass (dish snd/or twist)

[neh Of & surtace s messured on the concave sde with 4
ruter which s a8 (ong as the sutace  stong the diasgonals
ang st edges The greatest measurad grade s gecisive The
it 0N i3 given in millimetres with an accurscy of 1 mm
Twist s messured by placing the surtace on a ievel plene
%0 that three corners touch the piane The dstance ol the
tourth cornet from the plane gives the twist uf the surface
10 be reasured

The devistion 15 given in mullimetres with an accuracy of

1 mm

3 Svenvem of surfase

Evenness ! surtace s messured with a ruler which 1s 200
mm long by setting it in arbitrary chrections on the surisoe

10 be measured and 18ing a speCial MBEBUNING deViCe 10 Mes-

sure the checks
The deviaation s given in mulhmetres with the accuracy ot
01 mm

Quality requirements for foraign hardweed wriesns

1 Qonersl

Foresgn hardwoods are \mpor ted spectes (e.g ok teak

mahogeny etc )

These provisions are sisc sdapted 10 veneers cut of do-

MISLIC SPICHS.

Provisions have been given for special grade end vernis-

hing grade products.

2 Venew

Venser has to be slicesd and the thickness shoutd he the

minirmwm of U8 mm. The joints of the venesr heve to it

perfectly and tha veneers have 1O be j0intd 0 that § uni-

form pettern typicel of the venesr in quetion is achieved.
1 Special yrade

The vaneer dvauld be typical of the apecies in question,

2 ]
m-mmwmaummm
Stight defects in colowr and some othar imperfections
mmammnm impression sre sliowed.
A sreall gt of en M&m&kétm!

e purminipie. Delecty AP in WOeSr
WQWM#MM blisters, decey
. 0 Smalt corepcticam by patching
chosws curhlly s Vit they 1 i it the Bifrounding
VR R o et ik s ore llomed.

3 Conwrid Sedaw
xmmgmmﬂummuﬁm
nireasin ¢ B .

J  Vamshiog grade

The timber should be typicat Of the species in question Smah

detects owed o man faces K nols smatter thae 7 mm
are showed 1o some extent Surtace wood of different
COlGurs and Gther mpete: Lions sometimes appearing in
Lmber are nut aliowed Sole Dlugs which are caretutly
il it Lo wath the codoar oF The wood and are smal
ior thar thmm are allowed  The piugs have 1o be ot tre
sarme species and the grains o the piug shatl run i the sa
me duechon # the gans of the surroundng wood o
et 1 should be tghtly foxerd

APPENDIX )

Quality requirements for laminated plestios theet

1 Conting of desks

The codating of desks should be paper backed laminated
plastics sheet 118 thickness s the minmmum o1 14 ¢ 0 1 mm
and it has 1o meet the following requitements

Wear:ng strength NEMA LD 1 303/64 A

impact sirength NEMA (D 1 303/64 k

Appearance NEMA L1 1 303/64 |

Changes due 10 mossture NEMA LD 1 303/64 H

Heat resistance SIS 245803 (INEMA LD 1 2 03/64) At
testing no trace alfowed on a matt surface a glossy surfece
may lose some lustre

Durabitity in borting water SIS R 705002 INEMA (D
1-2.02/64), no traoe aticwed on the surface

influsnce of chemicals SIS 245805 (NEMA LD 1 2 06/64),
the grade has 1o be 5 The gradies are 1 2 ard 3, of which
315 the best

Light resistance SIS 245804 INEMA t.D 1 2 06/64) the
gracke has 1o be the minimum 0t 6 Grades are ! 8 of
which 8 s the best

Water absorption SIS 246801 (NEMA LD 1207/64).

the absorption may not be higher than the maximum ot
500 mg/25 cm? for sheets 1.4 mm th.ck For thicker
shests the maximum of 10 % of the mass

2 Costing of vertiesl surfasss

The coating of vertical surlaces such as door ieaves shouid
be pape: backed lamingted piastics sheet, the thickness of
which is the mnimum ot 0.8 £ O 1 mm which has to meet
the foliowing raquirements

Wearing stiength. NEMA LD 1-4,03/64 A

Impect strength. NEMA LD 1-4.03/84 G

Appearsnice NEMA LD 1-4.03/64 E

Changes due 10 moisture: NEMA LD 1-4.03/64 D
Influence of chemicals $!S 245806 (NEMA LD 1-2.05/04).
The grade has to be 3. Grades are 1 2 end 3, of which 3 is
the best.

Light resistance. SIS 246804 (NEMA LD 1-2.06/84). The
gracle has 10 be the minimum of 5 Grades are 1.8, of
which 8 is the best

Weter sheorption: SIS 245801 (NEMA LD 1207/84), for
shaets which are 0,8 mm thick the sbsorption may be the
maximum of 380 1mg/26 cm3 | for thicker sheets the maxi-
mum of 12 % of tha mes.

3 Costing of dheivs
The thicknus of lasrminated plastics sheet used for costing
of ghehvan his t0 be the minimum of 0.8 £ 0,1 mm and the
mmnmmhﬂw:w requirements
strongth. NEMA LD 1 4.03/84 A
w MEMA LD 1-4.03/84 G

of chemisply: $15 245806 (NEMA LD 1-2.08/
Mmtwobe 3 Grades ere 1, 2 und 3, of which

8&1&

¢ ﬁvmmnm

B My S8 e Mbricdmciend or other iaminated plas-
; e o the ts Of the previously
el WA mwwwwmm
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Window wood 1tings (AN __FF
¢ MNBAAL
O This RT . sheet dmcram the numbsr snd loastion of
oo 1 fixing poiny of trarms of wosdsr werlows.

0 The frame of the window 1 shaiys fined by @ -
m,mevm.mmmu 12 dm,
ore fingd also by their head and vill. See poimt 12,

1 NUMBER AND LOCATICN OF PIXING POINTS

" Ws and tocation of ting powts wn the yermbe,
tig. 2.5

; The gisuances are massured from the corner of the relees,
) of the treme, g 1.
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AT 090.208

~No

0 Mumber snd locstion of fixing poinms in te hesd
O 3N membens of the frame, fig. 8 and 7. The distenom
&% massured irside rebates.

Whun the nomingl width of frame i < 12 dm no fixing
by head and sill members is necessery

8 Loostion of fixing points in the direction of depth
ieshown in tig. 8.

B o M . Ak A A A s o

|
i
|
i




WINDOW, WOOD, F1TT1008 we AT 860.23
" xim
JOX GD.OI.2t B4
g | W

L wyoup  RT
Wingow wood rewienen  RT 0D 22

® BeahaAL
s This RT.ghpet inciuliis e pasition of Nages sng S mame
S ond posrtion of sesre and coupling T r ]

1 QDTN OF Y

The anwe of hingss is massured from e caraer of the

e coermant, o fig. 1.

] Nuemier of henges, e AT 81

Mi:mpmu”ﬂnmm

l The srengsh of thy cusermant must net be leenes. Thasy
thould e | mm dislence betvwesn ctuging elpNNEnYg.

T e of sils hung windows
111 Side hung windows with two hingm, fig. 2 and 3.

X | Y




V12 Suie hung windows with three hingss 119 4 and
12 Mingee of wp hung windows

121 Top hung windows witt rwo hunges hg 6 and 7
122 Top hung windows with: thrae ringes hg 8

13 Hingn of bottem hung windous

The hinges of BOHIOM bur g winidows are oaad 10 the

bottom member 81 plaoes COFresPoNding 15 the poLIOn
of the rungms of 10p hung windows




LAN i

1«18 ém

Lo

The pastson of the aanire 0f the how for catch harlie &
meEured from the corre of the ey csement . g9e Ny, 1.

3% Cotuian of siis taung windonn, figwes 6, %0 ang 1%,

1 the NOMIngl wrdth of & ude hung window & & 18 dm
there thould b one camch i the muddie of both the W
o the Bottom members . addition t0 the aptohes = the
stile,
211 Masting stim

SN CEIsMIN 5 Should have CpapPOlSting with
L ang end aaning.
The rumiier and gosction of the side femninge of supay-
nOlsts 15 the s0me & the number and positson of the
WPN OIS COLCHES 1 wnvdows of 0OF hoight.
The hanviie of sapignotstim s 10 the cantre of vhe stile,
whon the normngl Mesght of the mingow ¢ § 14 om, sne
G600 mm from the Bottom cormer of the CaEmBIt wiven
e nomingl hewght 4 > 14 dm,
212 Venthghts provided with doors
Ore comh with pormansn s enough for & ventighvt
aoor, whass nomingl height is & 8 dm.
 the nomingl haight is > § dm, eupagnoiottes are used.
The apagnolenes should hew s fesanings. For the
fumber ond gosition of fatenings and e position of
andiss, e poiet 211,




2 Cowhs of wp hung windoun, Ng. 13, 13 andd 4.
23 Conshuie of betim hung windows

The: catchms of Bottom hung windows are fixed » top

ik btium oumambenrs (v such DISOE 88 coTrespond (o the
uositior of the ovtches of 109 hung wandows
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Suomen Standardisoimislautakunta Finlands Standordiseringskommission

WINDOWS, WOOD, OPENIi«G INWARD, DOUBLE CASEMEMNT t SFS/ RT 86‘ .42'
! S8 X(31)
LUDK 68028 21 674
: Page 1 (8)
Windows, nomenciature SFS/RT 880 00
Wooder windows and outside doors guanty SFS/RT 21081 - 1: el g ———

1 Contents

11 This SFS/RT standard nctudes modular wood windows
with nwar ds opening double casements.

12 The standard gives the outer sizes of the trame, the

size 0! the frame and the casement members  and the ‘ g ! i
clearances as well as the standard sizes, glazing rebate ok ! i Ii
sives and sizes of panes and hinges of one hght windows . s | i

designed according o a honisontal module of 3M ‘ ~ :
2 Notation '
The ncmunal sizes ot the standard windows is given in dm,
width x height

Notation name of window, nominal size and the number
of this standard.

b.g One-light window 15 x 12 SFS/RT 861 42
Manufacturing degree and quahity class according 10 stan
dard SFS/RT 210.81 has to be mentioned with the order.
3 Dimensioning besis

Basic modute M = 1 dm = 100 mm

The co-ordinating sizes ot the windows are n.odutar sizes,
integer muitiples of the basic module. Dimensioning imp-

hies that the moisture content of the :mber calculated trom
dry weight 15 S 12 %

4  Dimensioning
The principie ot d:mensioning is given in 1ig. 1.

41 The outer sizes of the trames are 10 * 2 mm smaller
than the corresponding co-ordinating sizes the windows,
Figure 1,

42 Glazing rebate sizes of one-light windows are 156 ¢

« mm smaller than the corresponding co-ordinating sizes
of the windows  Figure 1

43 The basic sizes of the panes ot one light windows
are 160 mm smailer than the corresponding co-ordinating
sizes of the windows

SO S —— . F Y R L R
e i i e e e Pl Of TEREB N xM - 10 2 2

44 Sizes of profiles, see figures
46  Sizes of cleuranves are vahid for untinished windows

provided with hittings i i

Clearance Outer casement Inner casement At it - -
at the hanging stiie 2 mm 2 mm

at the closing stile 3.4 mm 3 .4 mm :‘}wm

at the top rail 25.35mm 25 .35mm - mber

at the bottom rail 3.56..45mm 3.4 mm " 16 80 integer nu 23

G

L———-—————G!tﬂﬂ.rMMﬂ\hnuM-- tutl-——-————J

i Width of freme n x M ~ 10 £ 2
i

[
‘
’
.
'
]
’
'

- Co-ordinating size of window n x M
|
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5  Standerd sizes of one-light windows

in the tabie the ha' ched ares includes the recommended
sres ut one hight wadows The standaid sizes that as to
ther width are based on the mndule 3M are shown as
framead squares The norn nal gizes of the standard wn
dows as well as the hasic overall sizes are gven glong the
top ard lett edges ot the table The corresponding giass
siz6s ate given along the bottom end night idges The

L1809

»
-
b
o

L J

Hasght of trame mm

,_‘
<
=3

- 190

10 990

Ramirgi tenght ot trarme am

12 0

14 1300

fig. 2.

Nominal width of {rame dm

SFS/R1 8B€1 42t

thickness of the glass i1 given at the bottom of the table
and as a biack dividing hine on the 1able tsett The num
ber af runges s shown oy ditterent hatching and dimen
s10ns for top hanning apove the 4ot and dash bine A dash
line shows the «wea wihin which side hing windows shalt
be provided with a ghding gear

3 [y 9 12 18 X ] n
Width ot frame mm
190 590 890 14% ) + 790 2090
B ) l o i sonedoen | 240 g
d H S w—
: R 1 by
o+ f b t ' z
9 B u N = B 3:“:1 ....E.‘:lwv
. e P PR iaaas s TIRIEIEPINES e -»'1- —-—. 1 kY
IR , ¢
b bl e ede A aeem
. ! 1
: ! : ‘% 840
: + ' 3_”.'?4“'. lr
‘ ; ] N 1040
4 ; . ~p—
: 1240
; 1440
b~ ~ - ”““T‘ ,,,,,, —
t , ; 1640
N S ‘ ;
| i
i |
; } -
. . U N
'@ i : ) |
. | ! . i
] 1 L ] L [ i 1
146 480 0 1040 1340 1640 19.40
Width of pane mm
[
i‘hicknn-o! pane mm L —— Gilding geer
— I g - oo & A Qlees- .}r' 5 mm glam
¢  Comlthwd windown 2 hinges
Window rc & of two o more-lights can b formed by
joining togother one-tight windows, Thes types of win- 3 hinges
mmmm:mmm-mm;n
; ' sizes

i
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Finting of mesting stiles ond of 0ossment members 1o mullion sndd wransem members

SFS/RT 861.42¢
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402

405 406

il L

Basic sizes of frame onil cussmems momiiery : . i
Permissible devistions for the main messurements of Whe mpmbery i £ 1 e : “fﬁi
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WINDOWS, WOOD, OPENING INWARD, COUPLED CASEMENTS ws RY 86)1.46e
8 X{(31)
VDK 00.028.21 874
Pags 1 ()

Windows nomenclature SFA/RT mm T

Windows " @oup AT 881

Wooden windows 800 outnde doors quetity  SFS.RT 21081 P T T g T T

0 Geners!

01 This RT sheet includes moduial wood winaows with ‘r“‘

Nward cpening coupled casements

G2 The outer sizes of the frame, the sizes of the frame
and the cisement members and the clearances ae given, as !
weli a5 the standard sizes, glazing rebate sizes snd sizes of

panes and hinges of one-light windows designed according
10 @ horigontal moduie af IM

1 Notstion

The nominai sizes of the windows s given n dm_ vadth x
height

Notation name of window  nominal size and the number
ot this RT sheet

E g one-nght window 15 x 12 RT 861 46

Menutacturing degres and quaiity cClass according 1o suen-
dard SFS/RT 210.81 have to be indicated in the order.

2 Dimensioning basle

Basic moduie M = 1 dm = 100 mm

The co-ordinating sizes of windows are modular sizes.
integer muitiples of the basic module Dimensioning imp-
ies that the moisture content of the timber calculsted from
dry weight s $ 12%

3 Dimensioning

The princ ple of dimensioning the window 15 seen 1n frgure
1

31 The outer sizes of framws are 10 £ 2 mm smakier then
the corresponding co-ordinating sizes of the windows.
Figure 1.

2 Glazing rebete sizes of one-light windows are 156 ¢

1 mm horizontailly and 1668 £ 1 vertically. Figuie 1. |
33 The basic sizes of the panes of one-light windows

are horizontally 180 mm and verticsily 170 mm smelier .

than the corresponding co-ordinating dimensions of the
window

M Sizes of protiles see figures

3 Fzes of lesrances are valid for unfinished windows
provided with ‘ittings.

Co-ordineung siss of window n x M
Hoght of frasme nx M - 1022
Gloging rebese haoight 0 x M —~ HIB £ § — e e

Clesrance Outer and inner cassment
8t the hanging stile 2 mm
at the closing stile 3 .4 mm
st the top reit 25.35mm
#t the bottom rail 3 .4 o

§

|

, )
Ll i

!

Claning rabats wigh v x M — 10§ 41 "

%4

e

Widith of framee nx M -~ 1022
Co-ordinating sian of wislow & x M

e




4 Sendard sines of one-light

In the table the hatched ares includes the recommended
sizes of one ight windows. The standard sizes that as to
theit width are based on the module 3M are shown a
tramed squares The nominal sizes of the standard win.
dows as well 83 the besic overall sizes are given along the
top and left edges of the table The corresponding glass
wzes are given glong the bottom and ngth edges The

150 Nominsi width of frame dm

] . L] "
Width of frarme mm
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RT 861 46¢

thickness of the glass 1s given at the bottom of the table
and & 8 black dividing-line on the table itself. The num-
ber of hinges 15 shown by different hatching and dimen-
sions for top hanging sbove the dot and dash line A dash
hine shows the ares within which side hung windows shall
be provided with a gliding gesr

1] n

172 2000
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GLAZED DOORS, WOOD, OPENING INWAHD, COUPLED CASEMENTS ws RT 862.464
S8 Y(3n
UDK 69.028.23874
Page 1 (5)

gluod doors. nomenclature HT 862.00

1azed door f RT 86
Wooden wm:!ows and nutside doors, q::‘v'::;up SFS/RT ?!(2)91 I
The window for this door s RT B81 48
— a

01 This RT sheet describes y' «zed wood doors, with
onupled inward opening casements.

02 The RT sheet giws the manufaciuring sizes of the
width of the frame, the frame and casemer ' members,
and the ciearances of the casements

) DIMENSIOMN' NG

The dimensioning 1mplies that the moisture content of
the umber 1s not greater than 12 %, caiculated from the
dry weight.

11 The co-ordinatirg size of the width of the frame ot
glazed doors 1s 3 madular size 9 x M = 900 mm.

The manutacturing size of the width 0. the frame is 900
-10t2mm =890t 2mm Fig 2

12 Aglazed door afjacent 10 a window ought 1o be
dimensioned vertically so that the upper members of their |
frames will be at the same level. A deviation of £ 2 mm
1s permitted {or the vertical manufacturing size

13 Sizes of cross-sections, see figures .
Normal permissible deviations for the main manufactu-
nng sizes of frame ard casement members is £ 1 mm

14 The sizes of clearances are valid for assembled doors
provided with iranmongery but withnut surface treatment
Clearance c
at hanging stile 2mm

at closing sti'e 3 4mm
at top rail 2 .3mm
at bottom rail (inner casement) 4 . 5 mm

18 The thickness of the panes used in glazed door is the
minimumof 5 mm.

2 COMBINATING GLAZED DOCRS AND WINDOWS

These glazed doors and windows fit to be joined with them
are joined together according to fig. 3.

3 APPEARANCE OF DOOR

The sections of the casement members shown on this RT- T
sheet are designed for glass panels only

s

G

i
=
—il

e

i
I

Fig. 2

i
|
!
|
|

| —

A e T T T e -

lL . Menufacturing width of frame 890 £ 2
]
' .- - Co-ordiniating width 9x M

Pig. 3 Modular joining of giazed door and window
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S RT 871.05¢

Suomen Standardisoimisioutokunta Finlands Standardiseringskommission

DOORS POR OWELLINGS, STANDARD SI218 ' SFS 2483

S8 X(32)
UDK 59028 1

Page 1 (1)

! Coneon

This stengard comprisss the standerdi 2ed nominel sizes of

1 Coenriingting dmensions. Newmtions for doar shum
Door = frame + door lesf

The co-ardmating dimensions of the door determing the
WANection of the door to the wali The co-ordinating

dimansions of the door height are messured from the fi-
nighed foor surface.

The co-ordinsting dimensions of 8 modutar door are mo-
Guler siane, integral muitipies of the basic module. The

bmic modhie is M = 1 dm » 100 mm

28 Ag nowtions for daor sizes, theyr CO-Ordinating siae
# uanl (width and if necasssr v aiso hewght).

As notations for stenderdsized doors for dwellings, offi-
% Sc. is adopted the co-cordingting size of the width ex-
premend in dacimotres, 9. (door) 9

A coMpiem NEMtion gNersily CONLINNS SVIrS COMPONSNts
10 SXprUN th various guelities of a door |

3 Gosic vioss of stansined doers
The basic »am of doors for dwatiings are n x M, in wivich
figuale:
witth hoight
n
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WOOUDEN DOORS FOR DWELLINGS, NOT REBATED DOOR LEAF

{hase s e sn s Dt e R cro00
Dhrors Tore dhwetiange shrwdared sises RIG7106
hrars N group RI N

Wik o wanlows e outade 0o, Quadily AT 270 8}
Wousdes s froah dlonors guabity RT 210 82

1 CONTENTS

1 Ttus R shect desuribes s1andard size wooden doors
with not rebated ~dges for davetings, offioes etc.

12 The outer sizes of the frame, the sizes of the frame
members the sizes of the doOr leaves and the clearsnces
are given

2 NOTATION

21 Notation for doors
Name of door, size of door (swe RT 871 .05), depth of frame
hn mum) | indication if sill ROt reaured, the number of this
RT-sheet.
eg.  Flush door 8/92 RY 871 21

Panelled door 8/92 without cilt RT 871.21
Quality class according to standard RT 21081 or RT 210.82
and manufacturing degrce have 10 be mentioned in the order

22  Noution for frames and door leaves when ordersd -
perstely
Notation for frame. frame, size of door, depth of frame, if sill
not required indication thereof, number of this RT gheet.
eg. Frame 9/32 without silt RT 871.21
Frame 7/68 RT 871.21
Quality class according to standard RT 21081 or RT 210.82
and manufacturing degree have to be mentioned in the order .
Notauon for door les( door leaf, size of door, number of this
RT-sheet.
og  Flush door ieaf 9/RT 871.21
Leaf for panelled door 8/RT 871 .21
Quatity class sccording 10 standard RT 21081 or RT 210.82
and manufacturing degree have 10 be mentioned in the order.

ODOOR 9

I

e RT 871.21¢

818 X(32)
UDK s.?.mm
Page § (

3  ODIMENSIONING

Co-ordinating sizes or doors, see RT 871.08.
3 Manufacturing sizes of door frames are 10 2 2 mm
smaiter than the corresponding co-ordinating size.

32 Sizes of frame members, see figures.
3 Manufscturing sizes of door leaves, e figures.

M Door clearances wre welid for assembied doors fitted
with ironmongery, but without surface trestment

Clesrance

st jpmbs totaling 2.6 mm
ot heads 1.3 mm
st uilly 2.4mm

3B  Dimensioning implies that the moisture content of
timber figurod of dry weight is S 10 % for flush doors snd
S 12 % for penelied doors.

4 SiLL

The sill for standacd doors is 100se. It may aiso be left out,
in which case this must be mentionsd in the order.

OOOR 10
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DOOR, WOOD, FIXING AND FITTINGS

—

wo RT 870.22¢

S8 X{32)
UOK 00.028.11.674
Page . (2)

Doors for dwaltings, ste.wderd sizes AT 871,08

0 GsNERAL

01 This RT shest indicetes the number snd position of
foung points for door frames and the position of fittings.
1 NUMBER AND POSITION OF FIXING POINTS

11 Position of flxing peines in the jembe, g 1.

The pleces of fixing points sre measured from the surface
of finished floor. A door fitted with two hinges should be
fixed st the lowset and the two topmast points of fixing;
a door with thres hinges st esch point of the jembs.

- ] Posttion of fiming points in the dirsstion of depth of
frome, e fig. 2, Sand 4.

For oll frames, whose depth is 2 118 mm, the fixing points
are ot the middie of the depth.

o8¢

A

Fravvan of not reeted door




2 NUMBER AND POSITION OF FITTINGS
tiutnber of hinges, sue RT 140.1/X, pera. X{32).15,

21  Position of hingss, see fig. 8.

22 Poditien of losk

The lock should be positioned so that the centre of the
hole for the pin of the handie is 1020 mm from the bottom
of the door lesf, see fig. 5.

If the cantre of the handie and the key hole are symmetri-
cally placed in relation to the horisontal centrel line of the
lock case, the lock can be positionsd so thet this cantrai
line is 1020 mm from the bottom of the door lesf,

23 Position of ietwrpiew, fig. §.
M Position of doorbell

The doorbetl shouid be placed symmetrically in relation
10 the lock.

680 mm £ v 35 000 mm
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WOODEN DOORS FOR DWELLINGS, REBATED DOOR LEAF

(10018 nOMWNCiMture RT 870 00
Doots for dwellings, sisndard sres RT 82105
Doors mgroup RTYB? .

wooden windows ant outsde doors. Gualily AT 21081
\wooden flush doors, quatity RT 21082

1 CONTENTS

11 This RT-sheet describes standecd wooden doors for
dwellings, offices etc, with rebated door iesf.

12 The outer sizes ol the frame. the sizes of the frame
memburs, the sizes of the door ieaf and the clearances are
gven.

2 NOTATION

21 Notction for doors
Name of door, size of door {see RT 871 .05), depth of frame
(in mm), if siil not required indication thereof, the number
ol this RT shect,
eg:  Flush door 9/92 RT 871.22
Panelied door 8/92 without siii RT 871 22
Quality class according to standard RT 21061 or RT 21082
and manufacturing degree have 1o be mentioned in the order.
22  Notation for frames and door lsaves when ordered se-
perately
Notation for frame. frame, size of door, depth of frame, if uill
not required indication thereot, number of this; RT-shoot,
eg.  Frame §/82 without sill RT 871.22
Frame 7/88 RT 871.22
OQuality class according to standard RT 210.81 or RT 21082
and manufacturing degree have 10 be mentioned in the order.
Notation for doos laaf . doer teaf, size of door, number of this
RT-shaet.
eg:  Flush door lse! 9/RY 871.22
Leaf for ppnetied door 8/RT 871.22
Quality class sooceding 1o standerd RT 210.81 or RT 210.82
and menufecturing degres have 10 be mentioned in the order.

0CoRY

OOOR 9

1969 RT 871.22¢

SIB X{3))
UDK 69028 11 /4
(P 113

3 DIMENSIONING
Co-grdinating sizes of doors, see RT 871.06

31 Manufacturing sizes of door irames are 10 £ 2 mm
smatier then the corresponding coordinating tize,

32 Sizes of frame members, see figures.
33 Manufacturing sizes of door leaves, see figures.

M Door clearances arc valid for assembled doors fitted
with ironmongery, but without sw face treatinent,
Clearance

at jambs totalhing 2 .6 mm
al heads 1.3 mm
atsills 2.4 mm

36 Dimensioning implies that the moisture content of
umber figured of dry weight is S 10 % for flush doors and
S 12 % for panelied doors,

4 SiLL

The siil for stendard doors is loose. It can also Le left out,
in which case this must be menticned in the order.

v
DOORA 10
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19. THE SURFACE FINISHING OF WOOD AND WOODEN PRODUCTS*

A multiplicity of materials is presently available for the surface fin-
ishing of wood, and there is alsc a great variety of methods for applying
them, Furthermore, there are aiso many different species of wood, so the
problam facing the wood finisher is a really ~omplex one. That the beauty of
any wood surface depends upon its finish, and that it takes time and patience
to obtain a good finish are, of course, truisms. The materials and methods
used must be suited to the wuod. Some species have large poies, others have

small ones. Sometimes large porees are emphasized to achieve desired effects.

The finisher must always know for what purpose an article - a piece of
furniture, a window-frame, a door - will actually be used., If he does not ,
it will be difficult, or perhaps impossible, for him to select the proper

finishing material. When in doubt, he siould check with his suppliers.

Paint is a formulation that includes a vehicle or binder, white or col-
oured pigments, molvents and various additives. In air-drying painte, the
additives may be derivatives ot lead, cobalt or manganese. Linseed oil ''as
formerly the most impnriant vehicle, but the alkyds (algo known as the “syn-
thetics"), have cvertaken it. Some other vehicles are ihe polyvinyl acetates
(PVAO) and acrylates, which are ueed in water-dispersed paints, and the poly-
urethanes, polyesters, epoxies and combinations of various resins ;n the more
conventional paints. At present, titanium dioxide is the widely used white
Pigment. White spirit is still widely used as a solvent, but in many modern
Paints sironger solvents such ae xylene, toluene, acetates, ketones and aloochols
are required,

ation of th fao or finisghi

Proper preparation of the surfece is of great importance in wood finishing.
Tne Tinish oost will not, however, cover defects; on the contrary, it will mag-
nify them. DBefore finishing begins, the surface must be clean and smooth.

R Q .
“Paper presented to the seminar by F. A. Bistrbm, Tikkurilan Viritehtaat,
Tikkurila, Pinland. (Originally iesued as dosument ID/WO.105/32/Rev.1)




Rough spots on the edges and elsewhere must be smoothed by sanding, planing

ete,  Also, the wood must have the proper moislure content. The effects of

moisture 1n woodworking are discussed im considerable detail elsewhere in this
/

bl ~ation,~

Mcst of the wood is vulierable to attack by bacteria and fungi. Sometimes
their affa:: will be only a shange irn colour, such as blue stain, but sometimes
they may -ause rot. Not only the wood, but also the paint film can be attacked
by bacteria; 1t has been observed that micro-organiams living between the
paint film and the wood gurface can have an injuriocus effect on the adhesion
of the paint film. The appearance f a painted surface can very often be

lestroyed by mould even when the paint film 1s still fully intact,

Toinery factories in Finland use varicis wood species, the most important
of ithese being pine, spruce, oax and birch., However, quite a lot of tropical
species such as mahogany and teak are also used. Few of these mpeciea can with-
stand the elements without surface finishing; an exception is teak, whose
mechanical properties do not decrease with weathering, aithough the surface
will turn grey in a short time and lose its attractive colour under the

influence of rain and suniight.

Pine and spruce must be protected against bacteria by brushing with or
dipping in wood preservatives. Oak and mahogany do not nesd this preparation.
Some tropical species such as teak contain agents that can make their surface
finishing difficult., For example, they can prevent an alkyd lacquer from
drying. FEven when the lacquer has dried after a long time, the adhesion will
be very poor, snd there will very soon be blistering and peeling.

Before such species can be finished, their surfaces must be washed with a
solvent such as xylene or a thinner for nitrocellulose lacquer; this treatment
will ensure good drying and adhesion. However, these agents remain within ihe
wood, and from there they can emerge to the surface and attack the paint
film. Prolonged investigations have shown that the best results can be achieved
by priming tle surface with products that prevent these agents from coming into
contact with the surface wOo=-CUmpousnl pulyureibans produets emd
some special acid-catalysed laocquers are useful for this purpose., After swch
priming the final finish can be done with urethane or alkyd lsogqvers,

1/ Ses part ons, article 1 (Pekks Poawls “Solid wood as tew NateN
for the furniturs and joinery industries®), : ;
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Although much stress has been given here to the influence of moisture on
painted suifaces, painting is a very important part of the preparation of
“ome wood products, such as window frames. In an investigation in Sweden on
the durability of paints on window “rames, the conclusion was that 20 to 80 per
cent of such frames had failures in their lower parts within one year of their
installation, 80 1t is clear that this question is really important. Of ~ourse,

this problem is not encountered wiih indoor joinery products.

Sagding

Sanding is very important in preparing wood for finishing. It must be
done to remove defects in the surface and t. smooth it so that the reflective
properties of the finishing materials will bring out the full beauty of the
wood grain. If sanding is done properly and unhurriediy, using rorre-t proce-
dures and the proper grades of abrasivea, finishes of truly professional appeanr
ance and quality can be achieved. It should be notad that when glossy finish-
ing materials are used, especialiy in dark colours, quite small defects in the
surface can be observed very easily. Always use a fine sanding paper {(No. 150
to 240) for the last sanding; and not only will the work be good but the cost
of finishing materials will be reduced in the long run. True, using a fine
sanding paper will take a little more time and may cost a little more in sand-
ing paper but the finishing materiales will have the best chance of producing
top-quality articles. Always remember to do the final sanding aiong the
grain.

Eatohing

Before applying any finish, all nail holes, open joints, twig holee etc.
should be filled with a non-shrinking plastic wood. Fill them slightly more
then full and send the surface smooth when the filler has dried. If commercial
plastic wood is unavajilable, it oan be made up, as follows. Take a piece of the
Same apecies $hat is to be filled, and sorape it to meke as fine a powder as
pmibh. tm;m 1% with & binder such as nitrocellulomss lacquer. When the
marfece iz %2 32 fi5iahsd wish & pigaenied maierial, any iype of fiiler can be
ﬂﬂ!ﬁ M withetand the eolvents in the finishing aystem. Poly-
or & ofver % "‘\M ﬂili lﬁ high pigeented one-component putties

; "ﬂ mfm After the primer has been applied, it
m and put {n soms more filler, if need
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Bleaching and staining

Although wood 18 bleached chemically in some countries, this is not done
in Fintand, because (t 18 very difficult to get constant results. Instead,
spe-ia! primer lacquers that do not wet the surface too much are used. Some-
times small amounts of a white-pigmented product (0.5 per cent) of the same

binder type are added, i1n this way giving an impression of whiter wood.

Staining 1s normally done with water-soluble products, but a more modern
method 18 *to put a -uloured solution in the primer lacquar and thus apply both
colour and primer in one operation., The colour soiution must, of course, have

an excellent resistance to light-induced fading.

Industrial painting and varnighing

In Finland's furniture industry psinting and varnish.ng on an industrial

scale has long been done. This is also true of such joinery products as kitohen

equipment, doors, and window frames.

In recent years many factories have invested much in equipment for finish-
ing. There are still factories that use brushes and rollers, but the more
advanced ones use spraying techniques with air and airless guns and curtain-
coating machines. The increased use of machines in industrial painting has
increased ihe demands on the paints and lacquers. Por axample, it has been
possible to speed up the drying properties of the finishing products so that
coated articles can be stacked or packed directly and passed on to storage or
trangported to the customer. Despite this quickness of drying, the quality of
the finish must be first class, and it must be schieved with as few applioe~
tions as pomsible,

In the board industries such se hardboard and blookboard, the surfaces
are increasingly being finished by the producers. Blookboard is puttied on
roller coaters with products normally based on alkyds. These putties contain
volatile solvents, and at least two applications are noreally needed.

The modern tendency is toward tie use of polyester putties. Thay are w0}-
vent free, and boards coated once with them are completely smooth and have ote-
pact surraces. The drying process is forced by ultreviolet (i) rediesion;
drying time in special ovems is only 15 to 30 seoonds. Ous can lﬁﬁimﬂ, ot
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excellent finish with only one application on such surfaces. Acid-catalysed

paints ars normally used.

Hardboards can also be precoated with UV polyester putties, but the usual
mcdern practice is to use pre-coating with an acid-catalysed primer and then
an acid-catalysed finish paint. Often, it 1s enough to use only one finish

paint. Application is done by spray or with curtain coating machines,

Pigmented finishes

Several procedures for painting of furniture, birch kitchen furniture,
doors, and hardboard or blockboard are discussed below.

-3 d t

Holes filled with sllgd putty. Coating is done with an acid--catalyzed
primer, 80 to 120 g/m

Sanding

Smoothing with alkyd putty

Sanding

Top-coating with an acid-catalysed finish paint, 80 to 120 g/m2

The primer is applied with spray guns or curtain-coating machines. After
drying at room temperature for at least 2 hours (or for shorter time at higher
temperature) sanding is done by machine. If defecis remsin in the surface
after sanding, they are filled manually with aikyd putty. This material
should dry fast when applied in thin coats, permittiing repairs to be sanded
within & few minutes. The final coat is applied to the boards by & ourtain-
coating mechiae or with & spray gun

Kitohen fumiture is sprayed with an air or airless gun after asseably.
The inside surfwoes and the shelves and cutside surfaces that are not ssen ars
norsally asd puitisd. Inside surfeoss can be given a eingle coat of the primer
+ Dbberr, the final ocosting weteriel.
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UV-putty-acid-catalyged system

This system has three steps: application of UV polyester putty (80 to
120 g/m“, depending on the quality of the blockboard), sanding, and top-coating
with an acid-catalysed paint (80 to 120 g/l?'). It 2hould be noted that the

use >f !V putty is possible only on wood-based panels.

Polyester system

Thiy 1s also a ihree-step systea: application of UV polyester putty (80
to 120 g/ms, depending on the quality of the blookboard), sanding, and top-
coating with polyester paint.

Dipping method for emall components

An easy method for finishing furniture components such as cabinet legs is
to dip them in paints based on nitrocellulose, alkyds or alkyd/melamine (acid
catalyzed)., With the last-mentioned type of paint it must be borne in mind
that the pot-1ife of the mixed paint is only 8 to 12 hours,so that the sise of
the batch to be dipped must be big enough to justify the mixing of a paint
bath.

Some procedures for lacqucring of furniture, kitchen cabinets, doors etc,

ara described helow.

Lacquers for light-coloured woods

With light-coloured woods, wher it is desired to keep the surface as
light as possible, the following procedure is advisable. Pirst, apply a primer
lacquer that will keep the wood light, that will not wet the surface too smuch
and that contains a preservative against UV radistion. Next, give the work a
light sanding. For the top coat, apply either the same lacquer or a noreal
acid-catalyzed lacquer (mat or glossv).

Laogqyers for dark woods

S

primer lacquer, sanded, and then finished with an acid-catalysed top ;mm.

Dark woods and stained light woods ghould bs costed with sa agideostelysed
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Although water-based stains are still used, the present practice is to use a
ooloured solution mixed into the primer lacquer before application. In this
way both staining and priming are done in one operation. The pigment is dis-
solved in a solvent with excellent light fastness.

Teak

Teak nhould be given two coats of & thinned acid-catalyszed lacquer.

Rogewood

This wood must be primed with a special primer lacquer; normal lacquers
usually take on a greenish colour. The top coai should be an acid-catalyzed
lacquer.,

¥indow fr rog conife WO

¥ood preservative gystem

Treatment is with a clesar wood preservative based on lingeed oil. The
best application method is dipping. One or two coats of a coloured wood pre-
servative oan be applied later.

Alkyd system

Pretreatment is as above. Any holes should be filled with an alkyd putty.
(Do not use putty on the outsides of frames.) Prime surface with a quick-
drying alkyd primer. Smooth again with an alkyd putty before sanding. Apply
an under-coating with & quiok-drying o' «yd paint and sand again., For the top
goat, ume & quick~drying aliyd paint, with an air or airless spray.

9”4” m also ho;ku uith tmtwuu with & wood preservative. Next,
holep Are filled with an alkyd putty. Pri.lin‘ ia done with an scid-catalysed
. m; %ﬁm artiole is d with alkyd putty, sended, and finally given
The mm-onuynd paints should
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Polyuret han st

Treatment begins with the application of a wood preservativs or a special
primer lacquer. Next, all holes are filled with an alkyd putty, and a poly-
urethane primer 1s applied. Afier sanding, the articie is given & top coat

with a polyurethane finish.

Some comments on paintg

Alkyd paints

The alkyd resins used in the production of alkyd paints are made by
heating mixtures of higher alcohols such as glycerol or pentasrythritol with
dicarboxylic acids such as phthalic acid anhydride and fatty acids of drying
or non-drying oils. The properties of the resulting resins depend on how the

heating is done and which raw saterials were used.

Nitrocellulose

Nitrocellulose is otill a very widely used material for wood finishing
because of its mpeed of drying. Nitrocellulose products dry because of the
evaporation of the solventas. At room temperature or higher, drying can be
speeded by gcod ventilation. Nitrocellulose products have very lov flash
points, so precautions must be taken agsainst fire and static electricity. Mar-
thermore, these produts have a very low golid content, so several (3 to 6)
coats must be applied before articles finished with them can be marketed.

Acid-catalyzed productg

This is the largest group of industrial wood-finishing sateriale in Pinland.
The acid curing products are norsally based on urea formaldehyde-molamine—-alkyd
combinations. The alkyd is of & non-drying type. In the presence of the ocsta-
lytic acid that is mixed in befors the paint is used, the wws resin rescts with
the alkyd to form a rather hard film. The film has good resistance to sbrasion
and againsgt alcohol and other household chemioals.

Do not combine an acid-catalysed top coat with a primer based on lingeed
oil or alkyd. Normally such an underlay is too soft for the top oomt, Qll |
there will be cracking within a short time. Murthermors the film of an Nold~
catalysed paint will be harder if the relative huaidity of the atr te tow b
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the time of ouring. The risk of cracking of the paint film increases as the
relative humidity rises. BSome modern paints oan stand changes in the relative
humidity from 20 to 80 per cent without craoking. Do not apply more than two

coats cn the same day unless oven drying 1s used,

Aoid-catalysed products can with~tana a dry heat of 100°C. Algo, they
do not burn easily, so shipyards are using boards finished with acid-catalyzed
materials for the interiors of vessels. Metal surfaces can be finished with

acid-catalysed paints, but they must be pretreated with an etch primer.

Eolyurothaneg

Pigmented or unpigmented polyurethanes can be used on outdoor furniture.
To date they are little used in Finland, bui these paints are very sophisti-
cated products and are still in the process of development. Polyurethane films
have high ohemical and moisture resistance. Normal polyurethane products con-
sist of an isocyanate component and a component with two or more hydroxyl
groups. When these two components are mixed, & chemical reaction begins and
@ film is produced by cross-linking. The isocyanate component is very sensi-
tive to water or moisture; if the can is not closed tightly, there will scon
be a gelation of its contents. This is caused by the isocyanate reacting with
the hydroxyl groups in the water.

Po 4

These finishing materials were mentioned above in connexion with the sur~
face ooatings for indoor furnmiture. These products are little used in Finland,
and thea mostly in some smaller-series such as tables and television receiver
cabinets. They also consist of two components and must be mixed before use.

The pot-life of normal polyester products for air spray is only a few minutes,
so they are difficult to use. With forced heating thess products cam also te
used on the curtaia-coating machine by using another hardener oomposition that
gives a longer pot-life to the mixture. Thers is also special air-wpray equip-
ment on the mesket. In these, the ocomponents are mixzed together in the soray

o,
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curtain-ccating machines, dipping devioes, roller coaters and spraying devices.
Which equipment or painting method is Lest depends on the article to be coated

and on the most economical way to do the job.

In air spraying, the surface-finishing material is transported from a pres-
sure container (0.5 to 1.5 kp;"cmz) through a hose to the gun and atomized by air
at 0.5 to 4 kp/cm?. In airless spraying the paint or lacquer passes through a
hydraulic pump (air preesure: hydraulic pressure = 1:75 to 1:40) and is atom-
ized on passing through the nozzle of the gun. Differant ncvzlees that give vary-
ing amounts of finishing material per time unit at constant pressure and with
varying spray angles are available. Air spraying is mostly used on small items
or when extreme smoothness of the surface is desired. The normal practice is
to use a well-thinned paint or lacquer and spray it at as low & pressure as
possible, Airless spraying is used on laerger flat surfaces and on items such
as cupboard interiors. For the latter, air spraying causes a considersble

increase in consumption because of rebounding.

The application of paints and lacquers on wood with electrostatic spray-
ing equipment is also possible. The paints and lacquers should have a flash
point higher than 23°C. The moisture content of the wood should be 8 to
10 per cent, and the grounding contacts should not be too far apart (50 to
60 cm). The method has advantages on small items, where the overspray with
other methods is rather high. However, investigations of the possibvilities
of this spraying technique should always be oarried out before investments are
made.

When considering investments in equipments for the application or drying
of paints, consult with their manufacturers - and with more than one of them -

before you make your decision.

Drying of applied finishes such as acid-catalysed paints is accelerated by
high-temperature ovens in many factories. With modern equivpment, curing time
can be reduced to about 40 to 60 seconds. Special care should be given to the
adhesives used to ensure that they can witketand high temperatures. The paint
on coniferous woods iz difficult to dry at high tempersture becsuse the resin

is forced out. For such species, drying temperatures of 50 to 60°¢C will
suffice,
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Two advantages of the curtain-coating machine and the roller coater over
all othe: paint-application equipment are that the film thickness is easily

conirollable and calculation of the painting costs is thus simplified.

The air conditioning and ventilation of the paint shop is very important
to prevent the content of solvent vapours and paint dust in the air from rising
to dangerous levels., Poor ventilation increases risks to health and of fire
and affertasurface finishing negatively. When there is an excess of solvent
vapours in the air, the explosicn limits are approached, These limits are dif-
ferent for different solvents; eome of them are presented in the following
table.

Flagh points, explosion limits and MAC valueeg/
of gome important solvents

Solvent Flagh Explosion MAC
pgint limits valuo7
"c) (vol. %) (em3/m>)
Butyl acetate 2 1.4 - 7.6 200
Bthyl acetate -3 3-19 1,000
White spirit 10 0.7T -4 500
Xylene 23 1-6 200
Toluene 6-10 1.3 - 6.7 200
Trichlorethylens - - 100
Turpentine 39 - 100
Acetone ~-10 2.1 -~ 13 -

&/ MAC = maximum air concentration

The degres of vontilation depends on how big the paint shop is and on
the painting method used. In Finland the law requires that the air be changed
30 times per hour in a shop with spray application. The efficiency of the ven-
tilstion depends not only on how many cubic metres of air are blown in or out
but aiso upon the placement of the ventilator,

Over-all wentilation of the paint ehop is insufficient. In places whare
the sclvent vaporetion is high, 8.1n sprey booths 80 ia She meighbourhocd
of mmt ol mﬁmtmm bs arrenged. In planning the ven-

tilstion b A% mu m m mm m are heavier than
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20, TLOW-CO3T AUTOMATION IN THE WOODWORKING INDUSTRTES#*

Since the concept of luw-cost automsztion is new to many developing coun-
tries, the purpose of this preeentation is to provide some general outlines on
why and how to automate. The term "low-cos. .utomaticn” has two connotations:

(a) automation to achieve low production costs, and (b) automation at low cost.

!ﬂl automate?

Before considering how to set up automatic operations, it should first

be determined why and in which cases it would be advisable to do so.

In the furniture and woodworking industries every manufacturer encounters
production difficulties at some time. These are sclved in one way or another
but not always economically or altogether satisfactorily. If there is enough
very skilled staff at the manufacturer's disposal, he can manutacture parts
with complicated shapes or cross-sections. A skilled joiner or upholsterer
can, perhape after some experimenting, develop a method that would produce the
desired result as regarde shape and accuracy, but his method will, all too
often, presuppose very great vkill, ability to concentrate and, above all, a

disproportionately large expenditure of time.

It is difficult to recruit skilled joinera in sufficient number for
industrial production, and their wages are higher than those of normal,
efficient but unskilled workers. Thus. in the furniture and uoodworéing
industries, the machines and methods used must be automated to a degree that
would perait both the ure of unskilled labour and the production of articles
of good quality.

When planning low-cost automation in the assembly of products made in ;
parts, it is absolutely necessary to manufacture each part so accurately that &

no finishing will be nece

Bt

ing. Conversely, msome vomplivaied
shepes may be impossibla to make without automation if all of the pieces pro-
duced ars to de identical and thus fulfil tke requirements for asseably by

sass-produoctic.. methods,

*Paper presented to the seminar by Jubs Haskana, Buva Oy, lLahti, Pinland.
(Originslly iseusd as doowment XD/WG.105/45.)
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One result of low-cost automation is the avoidance of human error; even
the most careful operator cannot always concentrate so intenmely that no mis—
takes occur. Human fallibility can result in an excessive number of faulty

parts, with consequenti difficulties at *he assembly stage.

Perhaps s%ill more important in estimating the value of automation is the
fact that it reduces the number of accidents, thus reducing injuries tc workers
and damage to tools and machines. The controlled power feed of the toole and
materials not oniy increases cutter or tool life, as the applied loads remzain
constant, but aisc makes possible consistent machining quality. The smooth and

rapid flow of materials in automation ensures maximum output.

Materials feeding often begins rather far frum the machine, in which case
the material must be brough% tc it quickly and fed to it with ro reduction in
machining speed. With automation, these speeds can be set 1o the ideal values,

and a.l movements can be programmed to occur in the proper order.

While it is often aporopriate to put the material into the jig by bhand,
the fixing of the workpiece in the jig autcmatically is more efficisnt, saves

time and reduces strain on the cperator.

Particularly worthy of consideration is the way in which the operator
receives the material., If he must reach for every workpiece or evéen leave
hie station to bring new loads from a distance, low-cost sutomation should be
considered. The coupling of two cr more machines with mechanical conveyors is
the correct method fur saving factory floor space by eliminating unnecessary
intermediate storage. Such ccupling normally requires that the outputs of the
machines in question be about the same, but it is of courss possible to couple

two Blow machines with one with about double their speed.

The removal of material from the machine or from the jig can often be
done advantageously by low-cost automation. Here again, time saving and work

safety are ihe prime considerations.

Recause of the influence of the guality of machined components on the
quality, marketability and selling price of the final product, sutomation
should be developed to the extent that the operator will have time to control
the quality and, if necessary, io remove defective pieces. In this manner ithe
~umber of acceptable pieces will be sufficient without tha need to stock very
nary reserve pieces, and defective material will not take up space in

intermediate siorage. If the operato: has time o control continucusly the
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dimensions of the machined pieces, he will be able to note, in good time, when
the toole are worn enough to need sharpening or readjustment, thus preventing
variations in quality and precision. If there is no automatic conveyor, labour
costs can also be reduced when the opsrator is given time to stack machined

pieces o1 pallets.

Degrees of automation

Tn any case, the apjropriate degree of automation must he determined
sarefuily. When the costz of supplying, mounting and using the automatic
device are known and the savines in labouv costs have hren estimated, it is
possible to calculate whether the investment will be profitable. There are
certainly many arguments for automation, such as the improved and uniform
quality of machined pieces, savings in tools and skilled labour and avoidance
of accidents. These conmiderations are difficult tc reduce to =xact monetary

terms, but they greatly iafluence the decision.

On the other hand, caution is always advisable; complete auwtomation
should be postponed until .1l favourable and untavourable resulte have been
carefully analysed. The start should be made in operations in which a reduc-

tion of costs or other savirgs can be achieved.

fhe effect of automation on the workers is another important consideration.

If the machining of a pisce of material is so completely automatic that the
operator must only see that everything happens normally, he will £oon become
bored with hie task sod get no satisfaction from it. Craftemen with years of
experience may have diffioulties in learning the indus{rial pattern of think-
ing. Por instance, a joiner on a building site who equips windows or doors
with fittinge may be quite satisfied when completing twice as many as before,
even if automation enould make possible a tenfold increase without undue
exertion. The inculcation in workers snd their supervisors of positive atti-

tudns in regard to automation is therefore highly important.

~ , How to automate

The basic rules for low-cost automation are the following:

e component meachines mut be of cheap, atandard types that are simple,
flexible and easy to set up and maintain

pt Ve &asy o 11d arocund one machine and later to modify
te of time or money
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The most commonly used automatic operations are:
Transferring the material into the machine
Clamping material into the operating condition
Feeding the material into the operating machine
Taking the processed material from the machine
Stacking the processed material

Trensferring the material back to the cperator for refeeding

In many casee it is poesible to build closed-control loops to be sure
that all movements happen at the right moment and in the proper order. It
should always be borne in mind that good maintenance of the automatic devices

is needed to ensure the anticipated results.

Very many kiads of experimental automatic components and systems are
available. Some machines have automatic controls inoorporated in them from
the beginning; others must be equipped with them afterwards. In some casos
the machines, such as doubie-end tenoners, have many working heads. In small-~
scale production, the prices of +' ;8e machines and the setting costs are too
high in relation to the length of the production series. Whem there is need
for information about possibilities and standard equipment for low-cost auto-
mation, the easiest and cheapest way to get it may be to contact the manufao-
tucers or sellers, who are often willing to giv.e technioal help. However, to
reap the full benefit of the flaxibility of such automatic components, it is
very sdvantageous to have, on the plant staff, a person with extensive thec-
retical knowledge of - and practical experiemce with - elaoctrical, hydraulic and
pneumatic systoms, because equipment for automation can be divided into these

three categories or ccmbinations of them.

The most usual elements of pneumatic squipment are the following:

Cylinders for movements in one direciion (pushing, pulling, pressing and
the like), depending on mechanical srrangements

Rotary actuators to effect torsicnal sctions

Valves and other devices for regulating the above-mentioned devices

In principle, the same kinds cf vomponentw are used in hydraulic sysiems
a8 in pneumatic ones. lowever, it is easier to achieve accurately regulated
speeds and more force with a sraller cylinder hydraulically than pneumatically.
In many cases, however, a hydraulic system is more expensive than & pnewatic
one, particularly when compressed air is already avsilable.
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A typical example of pneumatic equipment installed to operate a router ie
presented in the circuit diagram of figure I. Compressed air is fed from the
mains through a shut-off valve ( 1) and filter-reducing valve-lubricator unit
(2). When the foot pedal in cormexion with the valve (3) is free, the router
head (9) is in the upper position and the clamp (12) is opened by the spring
in the cylinder (4). The tatle-moving cylinder (8) is held in plunger-out
poeition by the spring return valve (6). When the operator presses the foot
pedal, the cylinder (4) closes .he clamp to hold the material on the right
poaition on the table (11) while the router head is moving down.

When the router head is at the proper height, the adjustable cam (10) on
it strikes a roller opcrated spring-return valve (5), which sends a mains air
signal to reverse the va.ve (6). The double-acting cylinder (8) pulls the
table with the clamped maierial past the cutter. The speed of thre table move-
ment is controlled by the .ne-way restrictors (7). The table iravel is limi-
ted by adjuetable mechanical stops.

Pigure II shows a basic circuit diegram for the operation ¢f a hydraulic
cylinder. Pressure for the system is imparted by the motor (M) to a pump (1).
When valve (2) is over to the left, the cylinder (3) pulls at full speed
according to the pump capacity. The return 0oil flows freely through the
filter (4) to the oil container (5). The relief valve (6) protects the pump
against a too-high counterpressure. When the valve (2) is over to the right,
the cylinder (3) pushes, controlled by the adjustable flow-control valve (7).

Some applications of pneumatic circuitry are presented in annex I, some
simplified symbols of hydrsilic and pneumatic cirouitry in annex II, and some
for control mechanisms in amnex III.

™
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Figure I. Diagram of a pneumatic circuit for a router
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Pigure 11. Diagrem of an hydrsulio oirouit for oylinder operation







Annex 1

SONE APPLICATIONS OF PNEUNATIC CIRCUITRY
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Annex 11

SOME SIMPLIFIED SYMBOLS OF HYDRAULIC AND PNEUMATIC CIRCUITRY y

CYLINDERS

2 Paths, one port closed

and

Provisional recommendation RP .3 of (BTOP (Buropean 0il Hydrsulio
oumstio Committes) Prenkfurt e Nain, Federsl Repudblic of Germany.
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2/7 Iivectiona) control valve

3/2 Directional countrol valve

5/2 Directicnal control valve
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Anoex 111

SONE SINPLIFIED SYMBOLS FOR COWTROL MBCHANTSMSS/

Mannal control 1

Without indication of method '::
| By push-button Qﬂ:
‘ .
r By lever {:
o A
Mechanical control
: By plunger cll::
By apring N\{:
By roller {

i
¥

V By xoller trip ; ﬂ




- 190 -

Prescure_contyrol

Direct control

Indirect control - - -E:

Corhined control

By solcnoid and pilot valve

Chsok valve
¥ii ook Thaek prossare O
Wiih back prossore ____.OW_.

Shuttle ve

™e inlot under pressure

ig connected to the outleat :

and the other inlet is closed oy ;
Floy-oontyol velve

Without control

With wanual control

OR-MNL RegtTie el

Yalve allows free flow in one
direction and restrinted flew
in the othar,



Fiew line
Working and return
Pilot control line
Drain line
Plexible pipe
Line junction

Crossing lines (not

Lilter of streiner

Wnier_Sred
kubrioator
Naiant X ]

(Binplificd) i
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21. MAINTENANCE OF MACHINES AND EQUTPMENT*

This presentation is limited to the machines and equipment that perform
primary functions in middlie-sized and small industrial plants. Thes: func-
tions comprise:

Maintenance of machines and tools
Advance service and lubrication
Erection of new machines and equipment
Alteration work of various kinds

Generation and distribution of electricity, steam, ~ompressed air ctc.

The so-called secondary functions in maintenance work comprise:
Cleaning
Handling of trash, waste etc.
Experimental work, building of new machines and equipment
Certain stocking functions

Plant security and fire protection

These secondary functions must be accomplished as a centralized part of main-
tenance in a large-scale plant if it includes several shops or if it deals
with ssveral fields of the woodworking industry and not only with joinery
products,

The amount of maintenance work in industry has continially increased,
and the same tendency may be expected to continue. At present, the number
of msinteance workers in the mechanical wood processing industry is 10 to
15 per ot of the total number, and in the particle board industry this
nusber {5 even greater,

The contimual increase of maintenance work results from the following
Cirounstances 1

e repid and ocontinual increase in mechanisation, sutomation and
PNl developiant of the industry which have greatly refuced the
wnber of production workers ia sotmal indwiry

Nt connidevadle inarease ia facilitios and t00ls for maintenance

v T (T TR LT
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The relatively decreasing importance of worker absenteeism and increas-
ing importance of machine downtime

The increasingly capital-intensive nature of industry, with the con-
comitant need fur continuous operation, in other words, for two- or
three-shift work

The increasing spesds, pressurss, temperatures, capscities of machines,
resulting in more rapid wear

Cunsumer demand for higher precision of machines and improved quality
af products

Need t. rearrange machines and =quipment

Safety at work, air conditioning, industrial hygiene and other circum-
stances cailing for new tasks

The increased awareness .f the sccia! and economic p; blems related to
the treatment and dispusa; of industria! wastus
With the increasing amount of t 18 Work, the demands for craftsmanship re-

quired fur maintenance have ais. cont.nualiy increased, egpecially as regards
instrumentat . r and automation which mak quit: new and difficult demands.
The use and handiing of new materisls, such as plastics, contribute to this
trend.  Previous.y, and - ven now, to some extent, maintenance meant simply
repairing, in other words: action taken when someth ing broke down. At pres-
ent, loWwever, therc 15 4 etrong tenden:y towards preventive maintenarice,

which must te - neidered 4s a fairiy advanced form of maintenance.

Equ.pment s tecoming s omplicated and ite ma ntenance and repair are
beginning . a,. f r workers with such great professional skill that only few
industriai plants  w aftrd to employ them; nly very big concerns are self-
sufficient i1n this respect. Other enterpr.ses must resort to apare-part re-
placement arrangements, even for complete machines. Damaged parts are sent
to a special factory or shop for repair. Importers or licensed manufacturers
give information on such special repair shops. By making annual o1 other
long-term agreements it can be ensured that the special repair shop will
always have spare parts or machines in readiness for the customer.

In general, such external help in repair work will obviously become more
usual, particularly since, by this means, it will be possible to gt special-
1zed Bervice for tasks that cannot be done within sasll organisations. e
diesel motor for trucks or for other mechines is a good exmmple of orwsh &
changeable part. This motor is ususlly ohanged amd taken tc & special shop
for repair and where a new motor is in resdiness if some danage coourw. Wais
Arrangesment is very suitable for lwber and log yerds. Nowever, it sheuld W
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reisembersd that, when the work machines are bought their motors should be of
the same type and at least made by the same manufacturer, even 1f the machines
are of different makea.

Ormization of maintenance

The organization of the maintenance has changed very decisively over the
years. Pormerly, all repair work was done by only one man, but a modern fomm
of organization has gradualliv developed. The vosition of maintenance in an
enterprise has also changed decisively; having earlier been subordinated to
production, it is now becoming equal with it and will be directly accountable

to the higheat management.

In connexion with the reorganization of the maintenance and with argani-
sation in general, tihe following circumstances should be noted:

(a) If the field of tasks becomes wider, technical and economic know-
how should be added to the supervision of maintenance. In general, when the
amount of work increases, the number of fitters and other workwen is also
increased, but nct the number of engineers and technicians., If the >ffice
staff is inadequaie, the mainienance supervising persomiel must often d much
mechanical and routine work, to the detriment Jf planniug contral, etc, Tt
is often forgotten that increasing the number of persons and the am unt of
labour always calle f r .dditional staff for suparvision, contr:! and routine
work. If tachnical staff is lacking, foremen can be designated in certain
areas, leaving supervisory personnei to control larger groups.

(b) The use of too many unekilled workmen must ba avoided; the number
of such auxiliary workers should not exceed 20 per cen' of that .f craftsmen.
The maintenance depariment, however, should not become a niace for super-
annuated persons, nor shculd the repair shop become a museum >f outdatea sood-
working machines. Securing new and skilled labcur calls for *rain.ng, but the
training should not be done in such a way that a young man goee from year to
Yyear helping an older cruftsman. It should be done under the leadership of
competent trainurs,

(c) Purthermore, it should te noted in budgeting and in future planning
thet, wntirely new tasks and departments are coming into the maintenance
organisation, as for instance, separete departments for previntive maintenance,
sorepping and rejair, plastics, and instrumentation and automation (possibly
oven. slesbeunio),

In penera)] within the over-all maintemance organisstion, thers are so-
called drcentralised mnd cemtrslised systems. In the former, the maintavamoe
S0 are divided into gl groups all arcund the factory md are often ik some
My mboriisstied to the loonl produciion supervieion, whersas in the latter,
muk 0 direstel foup one point and 16 suboriineted %0 centrelised supervision.
Db omteme dowe Ahedr bapefive od dlsslvmtages. The mppropriate ayste
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should be selected separately in each particular case, taking into considera-
tion circumstances such as the nature of the working process, the coast of down-
time per minute, the number of interruptions in work, the degree of mechanisa-

tion and antomation and the general development of maintenance work.

As a rule, centrai:zation should perhaps be striven for in small enter-
prises. However, when the factory area becomes so large that unnecsasary (and
time-consuming) waixing 18 becoming a considerable cost factor, it 18 advia-
able to consider at least a partly decentralized orgwization. It is, however,
advisable tc try to retain centralized supervision. The same applies to auto-
mation and the situation where expensive basic machines with high capacities
{for 1nstance a paper machine or, in joinery industry, a painting line) are in
operation.  In such cases it 18, 91 course, worth having maintenance workers

to contrcl the operation and condition of the equipment.

Nevertheless, the following functions should be centralised, nearly with-
out exception:
Planning work

The generation and distribution to production areas of electricity, gss,
steam, compressed air etc,

Maintenance of elevators, cars, trucks etc.

Care of the sprinkler fire-extinguishing system, pneumatic conmveyors
and air conditioning

Machining works

The major part of wood-based pane' plants
Building and repair shops

The internal telephone network

Assignment of auxiliary labour power

In principle, each manpower group shculd be led by a foreman of the same
occupation. It is thus insdvisable, fcr instance, to make maintenance workers
subordinate to production leadership. It would be advisakle, howsver, to sub-
ordincte decentralized maintenance groups directly to the maintemamoe leader-
ship, as far as the craftsmanship is concerned but, as regards sssigiasmt of
work, they should be subordinated to the productiom lesdership.

¥oiatsaies oard Lilee

The proper organisation of maintenance is not possible without seme re-
cording, that is to say: without card files. It i{s almest impousible eve ™
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begin preventive maintenance without repair statistics made over several months,
and preferably, over several years, for vach individual machine. It is very
easy to record data on a machine card, when it is at hand, such data as the
numbers of bearings when the machine i disassembled aid the numbers of belts
before they are worn out and the weight of a machine when i1t is t» b seen on
the bill of lading.

The objects ithat should have file cards are almost the same 1n various
industrial plants. However, it is worth thinking aboul which objectas shouid
have such records and which do not need them. For instance, in the joinery
industry, the otjects for filing are woodworking machines, presses, conveyors

and certain hand tools such as sandera, etc.

The basic card also serves ag a list for fire and other insurance. If it
includes sufficient data on belte, bearings, lubricants and the like, it makes
an excellent starting point for the standardizstion of maintenance procedures.
Cards have sometimes been preparel separately fcr each machine type, but at
least in the joinery industry, such differentiation is of little value. In
practice, it is the data that are common to different machires that are most

generally needed. 'Thus, a single form with plenty of room for notes 18 gene-

raliy conaidered quite sufficient.

The card for electric motors might be mentioned as an exception. This
form may be of small size and should usually be kept in the electrical repaire
dspartment. Only basic electrotechnical data such as motor type, serial number
and revolutions per minute are entered on the card. For practical reasons,
data on repairs and amintersnce ars enterod on a separate blank form, which of
ocourese can be kept together with the machine card. Data on repairs accumulate
s0 quiokly that the columna of the basic card would be filled too quickly. Tt
is aleo difficult to provide, on the basic card, space enough for detailed
work descriptiona, data on spare parts used etc. The basic card and repair
card as such can also be used for time schedule control (inspections of pre-
ventive service, lubrication service etc.).

T™he numbering of sachines for the machine card file can be done in various
wage, but ¢ ¢ sOBt wsual ones are a rwning mmber arrenged in the buying or
arriving order, or a certain mmber series for eesh machime type. A thind
sltermative ie %o Mave & separete siriee of mubers for the sachines of each

¢
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Preventive maintenance

Correct preventive maintenance should cover the entire plant, including
the factory building and iis transportation linee and utility mains and not

merely ihe machines and equipment.

In general, the nature of maintenance is still passive, this function
normally begins only when the machine breaks down. It should be active, how-
ever; by inspection and service lubricating, and continuous observation of
the condition ¢f the machine; the basic repair, carefully planred, .should be

wade at the appropriate time with respect to production.

Preventive maintenance iz nct a new idea. In some fields, as for instance
in 1ifts, aircraft, railroads and pressure chambers, regular inspecticn has
been scandard pra: tice for decades. It is a very extensive function. Among
its elaments are:

Inapection of machines and devices

Minor repairs, adjustments, cleaning and the like performed during
inspections

Complete overhauls planned in advance and work done during shutidowns

Lubrication service

Investigation intc, and selection of, new parts and raw materials

Investigation, comparison and recommendation of varjous preotective

devices and coatings

Prevertive maintenance naturally involves some costs, so the objects and

sccpe of maintenance should be carefully planned. In the joinery industry,
maintenance should be extended to painting and laminating equipment, repidly
rotating bearings, drive beits, chains and chain wheels.

Before an exteneive maintenance programme is begun, the persons ooncerred
should be charged only with this work and with nothing else. The following
documents and data will then be essential:

Card files on all machines nd devices

All dcouments, instructions etc. for each machine

Drawings on machines and devices, particularly on large oues

Statistics on breakdowns A
Data on repairs ‘ AR R 2
Disgrams of all utility lines - Al B
Arrengment of a relisble spare perts servics, L P
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Purthersore, it ia importent thei the preventive service group consist of

eager and active workere.

The inspection activity includes two different functions: routine inspec-
tion and maintenance, and inspection according to the programme for each par—
ticular mnchine. In joinory and other indusivies, ths formcr functions should
be applied to:

Eleciric moturs

Power transmiscion devioes

Piping, valver and pumps

Conveying equipment, eslevators and 1if't tables
Air-conditioning a&nd dust--guction davices
Lighting devices

Office machines

Instruments and autometion devices

As examples of inspection periods, the latter functions could comprise:

Weexly inspsction of soales, cooling equipment, photoelectiric cells,
toole with sleciric or compressed air motors, and spraying and air-
oconditioning devices for paint shops

Inspeotion every second week of belts, couplings, starters and elactric
motors; instruments and electrival control devices; &and of air com—
pregsnrg, pumps and air-conditioning equipwent

Morthly inspection of blowers and beit, pneumatic and hydranlic con--
veyors; water-treating plants; lifting devices and elevators

Inspection every thiree months of chargers for accumulators; boilers
and lighting, welding machines and transformers

Inspection every six months of fire-extinguishing equipment, water tanks
and their fittings, piping, power lines snd heating apparatus

Yearly inspection of small slectiric blowers and normally opersting ball
boarings
A good axasple of preventive maintanance is the observation of the bearing
of & knife shaft that operates at mors than 9,000 rev/min for a high-speed
machide suoh 88 & single-spindle shaper. A Lroken bearing may csuse the break-
down of tia eatire mschine., Ry cbserving this bearing regularly, it will be poe-
sitle to determine the right mowent for replecing it and thus avoid the dsaage.

The sbove listinge serve only an exisiples, because same equipment nay
TeRaiie avveenl am wﬁm periods, sush es &aily cleaning, weekly
w, WORNY ‘SoupueeLon of opesetion anl aewal overheul, Correct
R WW*W W’W Wt WBto »aquiressnt for & sucoesa-

" a2 m w inapsction is wasteful

{
i
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'f labour and money; too infrequent inspection jeopardizes the machinery. The
perioda between inspectiocnn must be changed to conform to changed conditions,
and by -bserving the changes that have occurred, it is possible to adjust theee

periods.

The inspections may take place either when the machines are operating or
wher they are not. In the first case, this is done when abnomal vibration,
wear, lubrication faults (oil leakages), excessive heating, poorly fixed parte,
play of shafts etc. can be observed. However, it should he noted in this
connexion that, in the joinery industry, a knife in poor condition may cause
some of these abnommal-ties, so that the intervals between knife repimcements

in woodworking machines should be observed carefully.

When machines are not operating, the inspection possibilities are of
seurse considerab’'y greater; experience has shown that at least every third
inspection should be made in this way, since inspection and measuring of
shai'ts, bearings, gear wheeis, slide eurfaces, belts and flanges, a8 well ss
of tensions, wili then be possible. Machines producing such sawdust and chips
should especially be inspected when idle, becausc parts not nommally visible
can then be checked., Por inapection, the dust anld chips should be removed from
the machines, In iropical conditions, the thicvknesses and protectiveness of

grease ccatings should be ascertained at the same time.

Preventive engineering

Preventive engineering is the investigation and selection of raw materials
and various prote.tiong, so that the need for repair can be aveided or reduced.
When the preventive maintenance programme has develuped, some causes of various
breakdowne and repaire are discoversd, and in many cases constructions, rew
materials and protections have been found to be inadequate. Much work is needed

in this area.

Here the first task is to investigste repair statistits and analyse the
most essential sud frequent repair jobs. The second t4#k {» to detersine
whether changes in construction, raw material or protéstion wonld ipwéve the -

situation.
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labrication maintenance

The primary purpose of lubricatior is to reduce the effects of friction.
Successful lubrication has the following advantages:

The machines are kept in condition

The lifetime of machines is extended when wear is reduced
The efficiency of the machines is increased
Accident hazard is roduced

To attain these advantages, it is essential to use the proper lubricant at the
right place and time.

All of the following considerations are importart in lubrication:
The assortment of greases to be stocked should be as small as possible.

The lubricants chosen should be included in the factory standards and
warked with the same sign as on the lubrication points and tools.

All lubrication points should be lubricated correctly; *hat is to say,
«he lubri.cetion must be done according to & plan drawn up by an expert.
0il companies distribute such plans fres of charge.

Lubrication should be accomplished at the right time, but unnecsssary
lubrication must be avoided. It has been asicertained that over-
lubrication is more frequent than under-lubrication, especially where
ball bearings are concerned. In general, a small or medium-sized
bearing in normai use and with usual rates of rotation will need lub-
rication only once a year.

The amount of grease in one filling can be calculated approximately from
the fcllowing formula:

DxB
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wherei
0 » amount of grease required (in grams)
‘»';- asjor dismetor of the bearing (in millimetres)
e vidth of the besring (in unm:m)

o Mn on hmmm mu m& ] w rlieble Isbrication,

s st el oo

B R



0ils that have been used once or even several times should not be dim-
carded; efforts should be made to clean them, In general, waste oil is
taken to special cleaning olante, If this is nct posaible, a filter arrange-

ment can be oeasily built, using waste wool.

Privention of corrosjon

Most damage to machines and other equipment used in indusiry is caused
by corrosion. While this is always a problem, it is particularly severe in
warm and moist environmente. For instance, the speed of rueting of steel is
directly pronarti mal tn the torperature. Most usually, corrosion is cansaed
by water or oxygen. Oxygen 18 an especially difficult factor, because the
gtrength of the metal in some cases calls for its presence, since it causes
the formation of a protective film of oxide on the surfacs of the metaly

sometimes, however, it greatly contributes to corrosion.

In principle, the prevention of corrosion is rather simple. By proteci-~
ing steel surfaces, for example, the speed of corrosicn is reduced, sither by
mechanically preventing the surfrce of the steel from coming into contact
With oxygen or moisture or by inhibiting the rusting process. In practice,
the following methods of »reventing corrcsion are used:s

Making constructions in ways that protect corrodable materials froa
air, warmth and moisture

Changing the environmental oonditions

Covering vulnerable materials with corrosion-resistant zaterials

(paints. plastics, rubber, ceramic materials), glasing or using pro-~
tective boiler masonry, metal ccatings or platings

Cathodic protection
Use of inhibitors of :'me reactions involved in corrosion
Using materials that i not tend to corrode in the given circumstances

The above listing shows that, in very many cases, the corrosion prevent-
ing methods require a considerable knowledge of chemistry. Ii is also to be
seen that action on the first point seldom can be undertaken on the site;
usually this is done by the manufacturer. When the machinery is ordered,
however, the purchaser can influence the matter and try to ob’hia ' Y emtm-
tion solution suited to the conditions of use. '

On the other hand, it is possible to alter conddtions according to Ahe
sccond point:

The air of the factory hall can be cleansd and mu. P
dioxide content can be reduced ‘ :
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If the prcblem concerns piping or conduits, flow speeds can be reduced

Ventilation may be improved

The protective mez 3ures listed in the third point above are tte most
usual and have been in use from very early times. With painting, the three
following practices should be followed: the surface should be clesned thor—
oughly, & corrowion-inhibiting primer should be used, and a tight and cover-
ing paint should be applied to the surface. Twc excelient traditional primers
are red lead and zinc yellow, Among the surface paints, bitumen paints, re-

action lacquers and paintis, and silicone resin paints should be mentiored.

Among the plasiic coverings there is a wide range of painis, iscquers,
pastes and solutions., They are now used very widely and have proveal their
value in protective and wear-resisting applications.

Rebberising can he considered for tanks, pipes, conveying rollers, glue
rollers and gluing machines in genersl. Rubberising should be dome only by
8 fully competent vulcanizer to ensure that the rubber will hold fimmly to
the surface to which it is applied.

Boiler masonries, glazing and ceramic coatings should be used only in
places subject to very high temperaiures.

Netal coatings and platings are not always intended to protect gainst
corrosion but are sometimes used for protection against wear or to give gloss
to the object in question. The hot-dipping, spreying sl electrolytic methods
are the most usual. &inc, chromium, nickel, aluminium, tin and lead are used
%8 covering ayers.

The other methods listed are of little importance in the joinery industry
sxoept of suok plants where mstal fummiture parts sre used. In ths lest-
aepiionad cases, there should be @ axpert in this line available, so that
suoh parts will be treated corredtly and with the right materials.

Pinslly, the wo-calleld provisional protection, whioh means the use of

saterinls that inflrance the -mmm AL: or the use of mimm rﬁn
m » m ‘ ‘
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Stuciks [vi meiplensive

The matervals to be hed in maintenance stuck are mainly the following!
Paris »f standard nature: pipes, nuts, bolts, fuses, bearings stc.
Parts for separats machines: apecial bearings, spare paits etc.

Spare assemb 1es: motors, pumps, condensere, couplings etc.

Genera! aupyp 1#8: packing materials, lubricants, paints etc.
Machine . s: kmiver, Arilis, grinding wheelr etc,

Hand t . .s: wrenches, measuring gauges, compressed air tocls, elec~
trica: t 3 eto.

The ever-increasing mechanisation and sutomation have alec contributed
to the capital value of maintenance stoock. The increasing costlimess of dowm-
time hes hadi the same tendency. Revairs sust be accomplished an guickly s
possible, and there should be sufficient spare parts in stock tc pessit this,

There are tw opposing factors to be comsidered in relation to main-
tenance materials, On the one hand, to expedite repairs and reduce dommtime,
increaging amounts f apare parte and devices for the most essential machines
shouid be held irn 3atock. OUn the other hamd, however, whem cepital and stock-
ing co8te are considered, the mtock should be kept a8 small a8 poresible. In
general, the fina!: sclution wust be some kind of compromiss.

If the factory 18 located far from the country whers its machinmy ie
produced, as 18 the case in most developing coumiries, the spare part stook
shouid be rather iarge ao as to ensure continuous operetion of the factery.
However, the spare parts that will probably be needed should be noted vhen
the machine is being ordered, and a list of spare parts o wmeure the opete-
tion for two years, and for some machines evem for & loager pertiod, should be
ordered. Murthermore, 1t is worth while to disouss the neeeseity of each
particular spare part with other users of the machines, empscislly when these
parts are expensive.

Standardisation should alse be striven for; feor twtamwe, all e
machines and machine parts, threadd, holes, Besrings ot3., hould be 1IN Whe
metric system; mneasurmments in inches should so sveided.

It is eamy to keep the stoak wp % date if it 18 kept in opder and She
cards duly filed. The so-culled "alare 1imit" or reguired tige of ordering Whounld
be marked on as many cards or poseible, 50 Whet an opder my Ve plaved tamets-
n.uumaummumummamﬁm‘ﬁﬁ




the use of & goods card .1 spare part card 1 helpfu.. With regard t. smna
machinea, only the most essential spare parts sare written n*c the ma hine
card. With standard spare parts that are us»d 1in many machines a summary
must be prepared for departments and for the who'e plant to indicate their
total number. Such parts are, for example, beits, ~hains., motors and bear-
ings. The summary list forme a base for acquimition, #storking and interna.
standardization. In all such liutings, spare parts are usumaliy identif:ed
by number or letter code. The spare parte .ist and ts rec.rd aho.id be kKept
up to date in an orderly fashion sc that needmd items an be found without

loss of vaiuable time.

Aa the maintenance function svolves tc mest changing needa, repaird cen
be made with increasing repidity. Om the other hand, thay entail costs, and
Shere is inevitebly a limit thet it is uneconomic to exceed. It ‘s thus ad-
visable %o calculate in sdvance how much cepital should be tied up in spare
ports for the more essantial machines; altermative methods should be costed
carafully. The example givem beiow concerms a large, essent:al electric
sotor in three—shift operation. Its dowmtime cost has been -wicuiated ut
wk 200/kour. When 1t is time for the regular servicing of this sachine, th1s
Wwrk oan be dome in any of four wage: (a) complete overham)! with no replace-
nmt of parts; (b)) complete rewinding etc.; (c) replacement of the entire
rotor; and (4) replacemant of the amtire motor. The costs of these four
sethods wald coupare o sliown in the following table. Inspection of this
teble revesis that the third of these wags, nwmely the replacement of the
™Wr, is the nethod of aheice, amd it is therefors esconomic to koep & com-
plate petor in reserve.




Bounting \he Bachines

Ba o ma boivie musd o ow vl Wit grest are, simoe ipoorrect v feaity
CEA RUARL 11 aral o lamager 0 perati . fefore mounting e begun,
criru tiong tha' o A .y are ls vered with the machine should be care
ty o Atudied, inde=t, wher 8816, e, thege instructions showid be spdered
sl reeived bef 1o Cn mahine .8 jelivered, Bver though the wagys of sount-
hE the BOSt uua @ o TRing %8 bhines 1 el s tums iy 1iffer gremtiy, it .
Wit W e s T e nes weBalyY t # arvl arrangemerts in the castructione
&k part ioar ma b ne Thor 7 mp rtant som f the mich.ne i f &

W AT R el ause des e T s hones wsl 1ev) es hange fregumnt.y.

3ome heav.ier machines sk a8 wide-beit senders, wide plaming amd Yhiok-
neSsing sa-hines an be mounted i1n pisce withowt famtening. Lo swak o owss,
A vibraty n-damp ing rabber sal shouid be piaced delow the sashine. Nowwver,
Thik meth d o mounling Tequires &n abeciutely even amd straight Tioor jevei,

v any sée, n matiter what the machine (s, the sounting -an b+ dome Wwith
faBtoniing o rews. WHher the site f the sachines have buen fined, seavitien for
the frundat: @ o rews shouid be mmdes 1n Whe Tiocr ar, f the piant 10 wier
onstrection, the required hoies can be icosted ot an sariy stage. These oies
o cavitien sust confore sbec lutely to the dramings of the mamufacturer; ia
o ase et the hole or cevity for the Boit be smalier e the druming ind!
atws, ; the fastening boit wil: work isose as soon a8 the apabine is
started,

In the inatallation, the mmchine is placed emnetly, and the foundation
screws are inserted intc the holes of the frame and prejort Srummed foen D
inte the hoies or cavition in the floor. The aashine is than Moiotsd foen the
floor (about 20 to 25 sm) by seame of metal welgee, lend plates or the lihe
betwean the frame and the floor level. The welges should be placsel a8 nesr
o8 possible %o the fasteming Acles. (AV this time. & epirit level should b
enploysd 40 cheok the norisontal positien of the mashine.) e sorew eavities
are than fillet with cement grout. Wham it Mas Jaslened, e fomistion
rcromm are tightemed. At this stage, care should e e YAt % Senllel &0
created in the machine, in other wrds: (he soPvus BUSS B0% epwrt & Dublng
or \wisting effect an the frame, Wiioh oam csowr if the ameltee 5 wob tuabtly
or horisomtelly placel. Toreion and bending hinder Whe Punsttusing oF ety
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Whan the placement of the machine :» T aned, the nesded ejetr; ab e,
rampressed air end hydraulic pipes, and dust-evacuation ducts must te
provided,

The remcve; 7 samdust and w4 at Avinge . oa matter of prime omp ortan. s,
If this i mot properly done, the offi-iancy, as we. an the hea th and aafety
of the worers, w1l be impaired. Purthermore, the maintenance f a dusty
Sachine in sasily negiected, There 10 ainc & in reased fire hasard, ainoe
drive mctores ebedded in wood shavings and chipe fter, bacome varheatesd, and
their windings bum, with fonsequent rimk f major damage. Pinai .y, ! shouid
B¢ stressed that a2 | ean factory produces more and better goode in Tewer work-
ing Bure per product unit, sad that it rans with minima. sai1ntenance - gts,

e dest vy to ope with shavings and sedust s to remove them pneu-
Msticslly from the cutiorhend Wnife, where they originate. ™o pneusmatic
having-suction systen gust b extanded to the whole factory hall and to each
wrking sachine. The advantages of suck a centrelised aystem are not limited
‘o safery amd clemmliness; the waste thus thered “an be used further in
particle-board or celiuicee wills.

e fitting of such wood-wmste ductwork in oid buildinge may present diffi-
cultion aml extre comte. Dut thay are not wuaily disproportionate. In such
ween, duwts Maging frea e seiling are oftean hs only solution. In new
plants wmlar plamning or construstion, 1% ie poseidle %o provide floor
mmmmm»mmmmuﬁ»ﬂnrmu
NPt nte Isies %o bo Syunmperied oy,







WOOTMORK [ NG MACHINE TOOLS AND THEIH MAINTENAN E*

When ontempisting the manufacture f furni'ure and  oinery proda ts on
are nduatr Ml & A+, The [ lanners mus' have g0 un woadge f mahine * oin
fr woodw PR g Al f "he,r (rqer mAin’ i e T Cp oo omert [ i
Pl ated and iy, R ('S L1 @ e@ile o I ETAT L T AT RAL N ALAN v oW
be vital t - the su- wess f “he opsratin. Pt oim o Theae cemE ns That fhe

nature, mode f Hperation and proper upkeep of some f 'he more important typ.r

1 woodwo King sechinery are considersd here in some deta) .

let 1o hagir hy fre ameing ame machine * olr uzed £ ‘0ing. As zhown
tn figure |, 'here are three ways in whi:h logs and umber an be aawn: |,
perpendicularly to the grain (“ross-cutting); /, paraiie! ' ‘the grair r.j-
ping) and {, parallel to the grein Wt soving acrose 11, The tuois used to
perfors these aperetions sust be designed accordingiy.

SACRLAE atm-hiades
Circular seawe 288 be cbtained with tooth shapes esu "abie for sither rip-
Ping or oross-outiing. The standard tooth forme and anglee are shown 1n
figure [I. The sav sust de wel! balanced when ruaning and, in order to secure
ite sstiafactiory and steady rotetion, the cestre portiom muet be hammered ia
advance pretensioned so that it receives an exiemaiom corvesponding ‘o that
produced in the saw ris vhen remning at full epeed.

The ooe are baiamced and tensiomned correctly whem received from the
samufasterer, bt cxtting comdi! tioms will ommse them & lose temsiem, which
antt be reneand by wperien-~ peresune).

Sermally the spoed o4 the periphery is agproziostely 3" u/sec. Ria apeeds
highor or Louwer than aermal reguire sdjusteent of the temsiom; higher spovds
roguire "leotser® tensiens, and vies verse.

It to vy \mportant et Do Mades Do Sdecivtely even and flat vhen
rotattay ok 60 G0k Guviete BAVS tham & eouple of ‘atde of & Billigetre frem
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Stee. qualities for saws usualiy have an even hardness of approximately
46 H, with no sigeable deviations. For the saw-blades to do good wcrk it is
ne essary that they be filed and set ~orrectly and that correct tooth shape,

with suitable angles, be maintained by the saw filer,

The saw-blade is mounted to a shaft which exmctly fite its centre holas.
The shaft is usually driven by pulley drive, but direct drive by the motor

shaft 18 used on some smalier machines.

'. sawing, the log 18 fed towards the saw-blade on a speparate table cr

tvg carriage. Manual feed i1s used still in old-fashioned sawmillas.

In joinery shops and similar industrial plants, smanusl feed is common,
but rolls or bands are alsn used. The sawing of logs with circular saws is
‘heap as regards machine -usts, but the exactness of the sawn timber is often
nit good, owing to the difficulty in supporting the ssw-blade mechanically.
sorrect tene.oning and levelling of the saw-blade are very important.

No sorting of the working ma erial is necessary except to remove logs
that are too large. 1In certain countries so-called twin saws are uged for
sawing big loge. This twin saw consists of two saw-blades, one placed above

the - ther in such a way that the saw-curves meet in the kerf.

“ircular saw-blades are not economical, as much wood is lost in the form
of sawdust. These machines are therefore gradually disappearing, sspecially
for log sawing. Instead, band-saws and carbide-tipped ociroular sews will take
over more and more of the market share heald by the conventional smaller oircu~

lar saw-blades.

Carbide-tioaed oireu

Carbide-tipped circular saw-blades are gaining steadily in popularity.
The introduction of more stable machines, designed especially with osrbide-
tipped saw-blades in mind, and better understanding of the use and omre of
these blades have resulted in incressingly improved soonomy .

The wood-products industry in Sweden has undergone thorough reorgamisstion
ln recent years, and efficiency measures heve been widely odepted: Imoreus-
ingly stiff oompetition has forced most companies o sy to om !ﬁtl
efforts on & limited range of products, reculting in lomg rums. In e -
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oourge of this development the previously used universal machines nave lost

ground in favour of specialised machines of great precision and capscity.

When acquiring these frequently expensive specialized machines it is
necessary, however, to see that the tools used with them permit the full
exploitation of the machines' potential. Cuarbide-tipped circular saw-blades
play an important role in this context. Because of their high durability, it
has been possible to raise output and reduce manufaciuring costs per urit.
Huowever, the optimum performancs of carbide-tipped blades can be achieved

only under certain definite operating conditions.

Sytting speod

43 a rule, machines of older types used in the wood-products industry

sre not adjustable for different speeds. They frequently have a speed which, {
with ordinary blades, gives a cutting speed of approximateiy 47 m/sec.

(155 ft/sec., ses figure 1II). When & switch is made to carbide-tipped blades,
& maller di .eter oan be employed because, with such blades, the diameter
reduction will amount tc no more than about 5/8 in (15 mm) during the life of
the saw; in other words, much less than for an ordinary blade. Given these
circumstances, a cartide-tipped blade in an older-type machine will give a
much lower cutting speed than the conventional blade, which means in many cases
that it oannot be used in the most economical way .

Table 1 gives recommended cutting apeeds for various types of material.
The !uttiuzspood for eech gioup oan be given only within relatively broad
limits, because of the differences in workebility betweern wood species and
wood-based panels. At the upper limits, it is necessary for the mac’ - to
be stable encugh to ensure vidration-free :lade runnirg. If the feed per tooth
is %00 low, no proper ohip will be formed, the iooth edge merely acting abra-
sively on the um-ua. with exceneive wear sq s result. To reduce wear it is
,;J,jim edge wear is principally dependent
,&M w the msterial. If excessive feed mpesd is
' P90 3%¢ 1he sintered oarbide in the
~of the seotion will always




Figure III. Cutting speed (m/sec) as 3 function of blede speed (rev/min)
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Tsble 1. Cutti of carbide-t
oirouler iﬁ zﬁ ﬁ%fizsnt matgriclg

—Cutting speed
Naterial n/sec. ft/sec.
Softwood 60-90 200-300
Hardwood 50-70 160-230
Plywood 60-80 200-260
Hardboard T70-90 230-300
Chipboard 60-80 200-260
Venesred board 60-90 200-300

Tegd cpoed

The feed per tooth should be between 0.002 - 0.012 in (0.05 - 0.30 mm),
sccording to the material being worked and the standard of finish required.
It can be calculated using the formula:

Pae

nxs

feed/tooth in mm

total feed in m/min.

* rev./ain, ,
= sumber of teeth working on the meotion in question

The hook engle of standard catalagued oarbide-tipped blades is usually
dasigned for & blads beight over the work of 3/8 - 5/8 in (10 - 15 mm).
Pigure IV thm how the m‘l‘ m of the tooth ageinst the material
x; other words, it is possible to
hent by varying the overhang.
sstic laminates or vensers.
? mn M orror in each
- m worse uill be the

where:
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cutting path through the material, meaning less feed force and, in theory,
redu.>d edge wear. The latter case, however, results in smoother blade rum-

ning and therefore a better finish in the cut.

les

The clearance angle is kept between 10° - 12° (figure V). Thorough
studies have shown that increasing the angle above this range will not lead to
reduced cutting forces but may well weaken the edge. The tooth point angle
should not be less than 45°, for the sake cf strength. The hook is determined
by the specific cutting properties, workabi.ity and hardness of the work. Nor-
mal values lie between 0° and 300, the largest angles being employed for rip-
ping softwoods and the smallest for cross-cutting and for trimming.

In ripping, the wood tends to separate ahead of the saw, which reduces the
cutting forces. It is therefore possible to increase the hook without any risk
of overloading the edge. Increased hook results in lower feed forces.

The tangential clearance angle is normally between 3° and 40. The redial

clearance angle is kept between 1.5° and 2°. If the blade tends to pick uwp
deposits. however, this angle should be incressed to 30.

Front bevel is used on ordinary carbon steel blades with tooth shapes P
and G, this being about 15° (see figure II). On carbide-tipped blades fromt
bevel is employed for mitre cutting and aleo for plywood and veneered boards
where a clean cut is required. In these cases the angle is never greater
than 5° in order not to weaken the edge. Back bevel is currently festured
on must carbide-tipped blades. Compared with & blade havimg striight teeth,
a blade with back bevel requires less power and lese feed force. The angle is
between 5° and 15°.

As a rule, alternate teeth have left- and !‘w-m |
to both front and back bevels. This practice resmlts in & rhor
than if all teeth were bevelled alike, although this m 'M‘bﬁh i-
cases for the sake of a good finish in the out.

Dimengions
Swedish standards (SIS) governing the di.lmléﬁ Of Qi"
with carbide tips have racently been established. Swedish staidai
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‘onteaine a dimension schedule comprising dismeier series, three tooth-width
series and tooth-number series for pitches of 15, 49, W, 19, 14 and 10mm,
S 171 sete forth data for ross— utting oi-:ular saw-blades and M8 2377 for

ripping saw-blades.

The thickness f 'he hlade 1t1self has not been standardised. lNcrmally
it iz mbout I/4¢ - /64 in (] =m) jess thean the width of the sutting edge. In
ither worda, the hlade has a ~learance of about 0.02 in (2.05 mm). ‘

Blades with extra-narrow cutting edges are sometiimes made with a clearance
f only 0L0L8L in (U.: mm). ! is therefore necessary to pay erirs atteation
to the setting-up f =such bisdee and to take particular care in sawing. Blades
with ~arbide tips are usually somewhat thicker tham ordinary carbon steel
blades for the sake of steady running and to provide s good bresing sttachment

for the arbtide tip.

In order to relemnse the siresses which arise in the periphery of the
tlade, which result mainly from the heat generated in sawiag, oardide-tipped
tisdes feature expansion slits and pimholes, as shown in figure VI. Theee
slite are found on al: ~lose-pitch blades and on those used for comtimmous
sawing.

grad Q

Since 1959 sintered carb des have been described hy the Iatermstiosal
Organisation for Standardisation (I80) designations with regard to ohip~
forming machining operations. Thers are threes sain growge, 8 shewm in.
figure VII. The arrows indicate the directions in which durshility and tough-
ness, respectively, incresass. I[n woodworking, sintered carbides reveal the
abrasive wear picture shown in figuse VIII. Wis type of wear is Enowm as
flank wear.

The grades of sintered carbids Mliing 9iihia growp X (see figure VII) are
particularly resistant to flank Wil S0l a0y Yeefore emplaped in cireviar
san-biedes. The grede used depesiis 4R $he Gealh of the blade iteelf amd the
material to be worked. It is inportait ARt She sintered emrbide be sulffi-
clemtly tough to resist breaking down of the odge during sowing. Tenghmess
and strength are mainly related to the kind of oarbide, She oobalt coptent and
the grain structure. Thus an inorease in the cobalt septent and & cegpeer

grain structure result in greater toughness but less dwrability.
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Srindiag

A frequent error 1s to regrind a carbide-tipped blade less froqueatly
than i1a necessary t. secure optimus results. Flank wear should be studied se
A guide tc the most economical time at which to regrind. The wear should not
exceed O.00K in (.. mn) (see figure IX). The simplest way to check this wear

18 with & measuring magnifier.

Wher regrinding, for which s diamond whee! should be used, grind the
leading edge firet and then the back one. As shown in figure 1K, wear arises
quite & long way down at the working corner, despite the radial clearance
angle. If grinding 18 confined to the back only, a relatively large amount
of the ~arbide tip must be removed to restore the edge to full sstisfaction.

For ~oarse grinding, 8 150-grain wheel is recommended, and for finishing,
a 400-grain whee.. The grinding machine must be stable and the blade securely
fixed, preferably with a support close to0 the poimt of grinding.

Summary

The usa of carbide-tipped bledes is inureseing steadily. The introduction
of more stable machines, speoially designed with the use of carbide-tipped
blades 1n mind, and better understanding of the use amd care of carbide-tipped
blades have resulted in increasingly improved econoty. New patterns and new
grades of sintered carbide, suitably composed for various eawing conditions,
will increase still further the potentialities of the carbide-tipped blades.
It ims, of course, desirable that the standards governing dimensions be

observed wnd applied as far as possible.

2and-son blades

Band-saw blades are normally toothed on one side only, but a limited mmber
of them are toothed on both sides. The distance betweem tooth points (pitch)
varies depending upon blade dimension and use. The sime and typs of saterial
to be .out also affects the tooth pitch. Band-saw blades are exlvsively wsed
for ripping. Wider dimensions are used at savmille and narrowsr éimensions at
joineries and eimilar wood industries. .

(lenerally speaking, saw-blades up to 70 mm wide are Mﬁ!‘“ - m.
and those wider than 70 mm as wide. Band-sew blades for ewéting lege are

usually more than 150 mm in width,
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The band-sew machine normally operates in a vertica! position, but hori-
sontsl machines are gaining ground, especially in smaller sawmills. The
machine consists of two wheels, held together by a rather steady body, around
which passes a toothed, endless metal band, the saw-blade. The bottom wheel
is driven by a motor and the top wheel by the saw-blade, which acts like a
transmission belt. In a vertical machine the band-saw blade always cuts in a
downward direction, and all teeth work,

The purpose of tensioning, that is, the elongation of the middle of the
blede by roller, is to make the blade fit the band wheels properly over its
entire width during suwing, with normal friction and heating and with suitable
strain in the machine. It is very important that the toothed edge be suffi-
Ciently stretched during sawing; otherwise the blade will not cut straight.
The stretohing of ihe blade is done by pressing the upper wheel upwards. This
stretchirg should not be confused with the tensioning of the saw-blade centre.

Band~-saw blades are normally purchased in coils, cut to size, and the
the ends joined, preferably by welding, although it is done by brazing in
some sawvmills. A log carriage is used for log-breakdown saws but other
forms of log feeding are usual, for example a table-~feed machine with saw
guides above and below the workpiece, The upper or.e can be moved verti-
oally and adjusted as cloge to the workpiece as possible, which makes it
sasier to cut straight.

The rims of the band wheels are convex, sc as to prevent the blade from
wandering back and forth on them, provided the blade is correctly tensioned.
Large machines with wide blades, for instance in the United States of America,
bawve flat wheels, as the large surface contact is considered to give sufficient
oontaot support without any extra measures.

Band-swring gives the mallest possidle sawdust losses, and sorting of
’*ﬁ' wconting iﬁ Mﬂlu mot necessary. Band saws of various types are
ppogloal machines for MM& and resawing.

.

LR e N S
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Nachiba kniysa

Most machine knives perform either reciprocating or rotary Botions om
discs, drume, shafts and the like; other knives remain stationary in the
machine and the stock (workpiece) performs the necessary reciprocating cr
rotary motion., There are also single Knives and knives that shear in oconjuno-
tion with one ancther,

Machine knives can be ~lassified by their cutting action, as followss

rotating units, such as revolving cutters and chipper knives, and statiomary

units, such as veneer knives and surface scrapers,

Rotary cutters

In its simplest form, the individual rotary cutter knife cuts principally
along its face (cutiing edge). Its furction is to remove the surface, flat or
curved, rather than to reduce the larger board intc smaller unite, whiok is
the function of the saw. The action of such a devios is showm in figure X.

Stationary knives

In many instances the knives for cutting wood are relatively stationery.
The wood either revolves sgainast the knife, a8 in a veneer lathe, or recipro-
cates across it as in a veneer slicer. Another example is the surface soreper,
where the wood is fed across a rigid knife, with a slightly turned edge to
remove a thin (about 0.006 in = about 0.15 mm) shaving. BSuwe examples are
shown in figure XI.

Chinper knives

Chipper knives are of two kinds: compound and oase-hardened (figure xI1).
The writer's company (Sandviken) uses the case-hardening technique for chipper
knives. The raw zaterial! (steel) has a low carbdoa content (arcunmt 0.10 per
cent) and is consequently not hardenable. The ocarbon comtent in that part of
the knife that is to be hardened is increseed to & suitebls peroentage W@ o
carburisation process that penstrstes to the required depth. DNorisg subseguint
hardening, only the carburised ssction becomes fully hardonsd. The tsoujhises
of the low—carbon steel is retained in the body of the knite: The transitiom
from hard to soft material is progressive, with ne sharply defingd limise thad
could reise stress undar certain conditinms. g EEES S e
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At preaent, the wpany imes only high-chrmium stesl for ohipper knives

te dume & <dmrn Rippers peraite al very high speeds and capacities, and the

e edge temperature AN rime to 457" Por these machines it is therefore
eceggAry ! have $rife amter-al with & high annsaling tempersture. Thin
krjves Are all hardened, bu! the thicker ones are high-frequency hardensd.
"he nardneses onfiguracy n s practioally dentical to that obtained with

‘spe-hardening.

Elﬂ Lnives

Hog machines are used primarily for reducing waste wood and bark iato
pireces f szmall mise suitable for boiler fusl and are emploped for this pur-
prse by nearly all veneer mills and many other woodworking plaats. Also, heg
machines t r ‘unverting bark . fuel are used by many sawmille that have &
debarke: and a steam plant, and by & number of pulp smills. Other applications
include the processing f pitch-pine stumps for productioa of turpemtinse;
*hipping oak for tanning in extraci plants and the preparstiom of fertilising
material for potting piants, Machines now in use include & large variety of
models from twenty or more manufacturers. Between 10 and 36 knives wesmally
are required fur a set. Olher machines of this general iype, known as "hammer

hogs" and "pulverisers"™ do not use knives,

Since there is hardly any quality requirement on the product from sost
hog wachine applications, and plant procedures on handling waete freguestly
peruit metallic and other foreign materials to go through the hog, the knives
regularly receive much moro abuse and careless maistensnce tham Ruives of Aher
kinds. Thus, it is a common belief that the cheapest knives obtainadble prob-
ably are adequate for the purpoes and most sconamiocal in the long rea,

This theory cen be valid omnly within certain limiss. I% is self svident
that knives which stay in use longer during normal use, before segrinding
becomes essential, and which havs equal or superior resistames $o donegn fren
l1ooss aetal must offer worth-while extrs value in reductice of Wsfe conpupp~
tion and maintenance ocosts.

Scme hog knives are made of very low allay stesl with s soutend Vo
peruit hardmess in tho range of about 47 to 54 MG (Reswm}l *}t M
grades of ordisary oommercial steel are wasld to Pésliis ¥he 1&@@ ‘
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prices sc 88 to satisfy the preveiling theory of buyers. 3ince the knivos
are fully bardemed by conveational methods, and properties f the low-grade
stes]l cen provide only moderate toughness, the hariness must be kept rela-

tively low to avoid excessive breakage during use.

LI INT

During the years, Sandviken has manufactured a ‘ase-hardened veneer knife.
e knifs is sone hardened, which means that only a part of the knife (the
outting edge) has full hardness (%9 to 60 WRC). The performance f this knife
has proved tu be very satisfactory with both softwood and hardwnod.

About two years ago Sandviken introduced a veneer knife of s new quality.
It is & low-allqy steel knife, high-frequency hardened. ite ~onstruction is
ideatical to that of the old case-hardened, sone-hardened type. Its edge
hardness is 59 to 61 WRC. The edge-holding sbility of this knife 1s very goody
{t staye sharp very long. In cese of minor edge damages, ‘aused by stones,
nails, hard kmots amd the like, the edge can easily be restored in the lathe,
In oase of & bend, the edge can be straightened by using a hammer and then
touched up by homingi if there is & nick, it can be corrected by filing and
honing.

Crenmirs hAFS

Pressure bars are usod oa both venser la'her and veneer slicers. On the
former, ihere is either a roller bar or a solid pressure bar. The most usual
wWPe of pressure bar is sasufectured with & stellite odge, whioh gives it good
olgo-helding and veur prepeviics. However, maistensnce of this bar is expen
stve £F it 1o Gamaged Wy & foreign item such as & stesl mail. Often, the bar
st ¥ SR to & speviel ehop for repair.

wmmﬁm, partioularly ok, ere pesled or sliced,
= ‘ 199, & 81] ained venssr i Wisle. To wwoid such steining,
“iﬁ*iﬁm wﬁmmhmuu




‘ustomers are able to maintain the bar themselves, and in certain cases the
edge-hulding and wear properties are just about the same as in & stellite bar.

‘areful sharpening of dulled knives results in improved outting proper-
ties, longer life and a corresponding reduction of costs. Not infrequently,
however, the sharpness of a reground knife is inferior and of shorter duration
to that of a new one. In many cases, the reason for this is to be found in
faulty regrinding, which has often given rise to unjustified complaints and
may be prejudicial to the good-will built up between the manufscturer and the

customer,

Knivea should therefore be changed and reground before the cutting edge
has become too blunt. If this precaution is taken, it is only necessary to
remove very little matsrial when regrinding, whioch saves both time and costs
for this operation snd lengthens the life of the knife. 4 oorrectly ground
cutting edge should bte clsan ll;d straight along its whole length and free
from burrs, burnt spots and grinding cracks.

The quality attained when sharpening machine knives is dependent upon the
following main factors: the grinding machine, the grinding wheel, the grinding
method and the grinding performancs. They are considered separately below.

The grindiog maohine

In most cases the m-chines used for grinding straight aachime knives are
surface grinders with horisontal spindles and reciprocating tables, fitted
with mtp— or cylinder-type grinding wheels. Small machine knives are fre-
quently ground on surface grinders with vertical spindles and oup wheels.

Generally speaking, the machine knife igs fixed by & magnetio chuok or Yy
clamping it to the reciprocating table of the grinder, whioh moves PO Pro-
oally in front of the stationary spindle that carries the rotating grinding
wheel. The quality of the grinding machine is of the grestest isporteane for
the results obtained in grinding. It must be vibrationless amd in good com
dition to ensure a unifors bevel and a clean, sharp outting . In MaNines
that are lest rigid, partioularly where no ocolamt is emplaped, m "t

be done with the greatest care.
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Ihe gripding wheel

It is extremely ilpor‘f;ﬂt to select a wheel cf the proper grade and
grain sise for the job in hand.

Orede (herdnegg). The degree of hardness calle tor specisl attention.
A wheel that is too moft will not retain its sise, particularly at the rough-

ing stage, owing to its quick loss of shape its life will also be unduly
shortened. On the other hand, a wheel that is very hard will give unsatis~
factory working results. Suoh a wheel will rapidly become glazed and dull and
will require repeated dressing. A glased and dull wheel will tend to burn and
rin the knife.

The grade of the wheel should be selected in accordance with the compo-
eition and hardnees of the knife material. 'The type and condition of the
grinder, the shape and speed of the wheel as well as the cooling are also very
important. It is preferable to try out a wheel that is on the soft aide first,
and then proceed gradually to a harder and more economical wheel.

Grain. Wheele with finer grains have oome more and more into use for
machine knives. In certain instances a No. 60 up to No. 80 grit is smployed,
these being correspondingly softer than coarser ones. The finer grains, being
emaller and sharper, will peneirate the hard surface of the knife more readily
than will the coarser grains. A finer yrit wheel will therefore cut with less
pressure and less risk of burning, and in addition, will produce a better sur-
face.

Sciadiax whesl recommendation
- The gensral rules applying to the selection of hardness and grain sise
are sy follows:

Bl vhesls. 'heels of harder composition are uged for soft material,
m conaot m. grester depths of cut and with grinders that are rot

% whotls are usedj
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Standardiszed symbols. The system of symbols used for grinding wheels is
internationally standardiged; a grinding wheel designation contains sll the
data relating to the quality of the wheel.

Wheelg for machine knives. For grinding machine knives o¢f tool steel,
high chrome alloyed steel, or high-speed steel Alundum vitrified wheels are
generally used. As a rule only a vitrified bonding agent is used in wheels
for knife grinding. Th2 grain siges, grades and structure of wheels 'for

grinding machine knives are presented in table 2,

Teole 2. Optimal characteristics of grinding wheels

for machine knives

Grain Hard- Struc- Wheel I
Type of knife size ness ture shape n/sec /s8¢0
Veneer knives 46 H 8 Cup 18-23 59-175
Chipper knives 46 H 8 Cup 18-23 59 -17%
Planer knives
(high-speed steel) 60 J 8 Cup 20 -25 66~ 82

The combinations presented in table 2 apply only tu stable and vibration-
less grindesrs; for machines that are less rigid, wheels with one or two more
degrees of hardness should be selected. Similarly, lower peripheral speed
necessitates harder wheels, and higher speeds need softer wheels than those

recommended.

Segmental wheels. Where a segmental wheel can be used in place of a solid
one (particularly of larger sizes), this should be done, as the air oirouleting
around the segments during rotation contributes towards more rapid and cooled
grinding. In addition, the removal of chips is more effective and the working
capacity greater than with the solid whesl.

Truing and dressing the whesl. If the grinding wheel ezhibits a tendendy

to burn, it must be dressed immediately. A newly mounted wheel must alvags be
trued in order to get the grinding surface running evenly. The wheel smst ulso
be dressed from time to time to kesp the cutting face clean, sharp asd free
cutting, thereby minimising the danger of burning the edge of the knifs.

A special dresser for sharpeaing by hand, whioch is supported aguinst the
table and clamping plate, is recommended both for truing and dressing. A
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diamond tool may also be used but not an abrasive stone (such as a piece of a
grinding wheel) as it is difficult to hold it sufficiently steady. An abra-
sive sione is also unsuitable on sccount of the fact that it is likely to pro-
duce a glased surface instead of cleaning the wheel face and rendering it
sharp and free ocutting.

Th: gripding prooedure
Partislly hardened knives. The grinding of selectively hardened machine

kuives (such as high-frequency hardened cnes cr compound steel) must be regarded
s a very delicate job, as the grinding wheel must work on goft and hard mate-
rial simultanecusly. The s.ft material easily tends to stick to the wheel,
which is then very likely to benome glased and to burn the material.

Pire hoiding of the knife. The machine knife must be firmly held by a
magnetic chuck or clamped to the table; it must never be held by hand. 1t is

very important that the oontact surfaces be free from projecting burrs, dirt
or the like. The chuck should be rotaiable to enable different angles of the
outting-edge to be obtained according to the type of knife. Where no suitable
olamping device is available, the knife should be placed on an adjustable
table with a stop agsinst the rear edge of the knife.

WM' Machine knives should always be
ground towards the cutting edge. By grinding towards the edge, the wheel
retains its sharpness and the danger of overhesating the edge is reduced.

If grinding is done in the opposite direction, the wheel draws the softer
materisl of the bevel townrds iho ocutiing edge, csusing the wheel to become
cm ‘s lose its m

Orimu is, hovever, mmuo- oarried out agoinst the periphery of a
oylindrica) wheel, A hollowwgreuad bevel oen be cbtalzed ky this method,
whioh pay b9 an sdvapiage im carisin oemess . It is sdviasble here not to employ

L Y m ﬁa we mx s Mer vhioh will produce to¢ deep & hollow and thus
- ndin is m tlio mlm u&onld bo turnnd or,
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ceases. In this way a bevel with a smoother surface is obtained and honing
is simplified,

Orinding speed. The speed prescribed for each wheel should be carefully
observed, as the maximum cut will be obtained at this speed. If the speed is
tco low, the wear on the wheel will be excessive, but cn the other hand, a
8peed that is too high will produce such a heavy grinding effeot that the out-
ting edge will be burned and ruined. As mentioned earlier, however, an incor-
rect peripheral speed can be counteracted by seleoting a suitable whesl hard-

nass . L]

Maximum speed. It should be noted that, for safety's sake, the maximum
speed given for every grinding wheel should not be exceeded. Generally speak-
ing, the speed of the feeding table should be 18-24 o/min (60-80 ft/min).

Feed. The feed must be small and should not exveed O.002 in/stroke
(0.05 mm/stroke); this also applies to roughing. If the feed and speed of
the tatle are too great, the knives may easily be ruined. The best results
ére obtained by taking a light cut with a moderately rapid table feed.

Detrimental heating of the knife. Heating at the point of oontact between

the grinding whoel and knife aay exercise a detrimental effect on the proper-
ties of the steel. If the original tempering temperature for the knife is
exceeded, the stesl will be annesled, with a consequent loss of hardness. If
the temperature rises high enough, the cutting edge will be ruined by unsuit-
able hardening, ac it will beoome brittle.

An infallible indication of detrimental heating of the knife is the
4ppearance of the tempering ooslours. As long as no colours are visible, no
conversicn of the stmel has taken place. Tempering bugins with siraw (yellow)
colour at 250°-300°C (480°-570%F)and inoremses over blus at 300 °.350% (s70°-
660°F)tc blue—grey and grey at 350°-400°C (660°-750°7). At the last of thess
temperatures the cutting edge is ruined, so that the danaged prart must \l
entirely ground cff.

Cocling (wet) gripding. MNachine knives of amy kind m

ground wet. The flow of coolant should be direotsd st the point #mb '
tween the wheel and the knife or close above; in order to MW e
knife. A certain clesning of the whesl is obSained st tha m e
The tank for the ciroulstion coolant in & cooling system shonld i&
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Eficiem
sosling

unsatistacter,
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t allw a minimum r-ulation time of 10 minutes, which oalls for a capacity
% litree 44 galione). The use of a filter in the cocling system is a
Zreal agvartage, a8 i1t prevents steel chips and fragmeats broken off the wheel
from rea hing ‘he grinding point, where wmpurities of this Kind may ~ause demage

tn the f .rm ! - rat hee - the bevel .r edge of the knife,.
Tos tittie g intermittent cocling is worae thas noae at all. To direst
the ‘oolan’ agairst the knife when i! be ames hot 1s & sure means of damaging

Toeven entore.y ruining the knife.

osant.  Clear water may be empluyed as coolamnt, 1a which case plenty
t it musl be used; 1.e. absut 20 litres per minute \“ gelions) at least.

The -ovlant must not cause rusting of the knife

T the machine. When using water a rust-preventing ageat should be added.
Tis may be modium -arbonate, 1n proportion of 4 kg/100 litres (8.8 1b/22 gal-
long'. A large number Hf 011 emulsions aisc available on the sarket are very
suitable ae colants, as they gemerslly possess the emsellenmt property of
facilitating the production of perfect surface.

Honing. After grinding har been completed, the cutting edge must be
honed before the knife 15 ready for use. Not even the best grinding wheels
are capabie of producing a ground surface smooth emough for aa entirely satis-
factory knife edge. Scratches are alwags formed, resulting in & rough amd
uneven cutting edge that will soon become dull owing to the fact that the tops
betwesn the s ratches on the edge are rapidly worn down. In order to obtain &
satisfactory ~tting edge that will retain its shearpaese over & long period
and permit the knife to work accurately, the wire or “sether odge iaveriably
left on the steel side by the grinding wheel! must be honed oy completely.
Thorough honing has & direct imfluence on the life of the Enife, the quality
of ite out and on its operating econany.

The following description may ssrve as o guide for homing the odges of
sachine knives:

Support the knife in & vice or on & bench 8t a couvenient hoight and
with sufficient light on the edge

T™he oilstone must be perfectly even and should de pplisd agningt the
bevel with a light pressure over the whole bevel gmz aids o pyo-
vent the formatiom of & rounded edge (see figure 1I¥)

Noning of the stesl side of the knife should be stopped as som 08 My
vire sdge has disappesred ur been straightoncd o
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Noning should not be forced and should be carried out with a wort of
rotery sotiom slong the bevel. It can be carried out quickest and best
Wy first rough honing the edge with a coarse oilstone. Use a thin
sachine 0il on the stons and reduce the pressure gradually

Continue honing in lhe same way with & finer O:lstone

Pinish honing with & fine-grain hard oilstone on both sides of the cut-
ting edge. Por this purpose the stone should be tipped up siightly
sbout 7 mm (1/16 1n) from the heel of the bevel

Bxomine the edge with a magnifying glass (l0-power, for instance) to
ensure that it is free from all burre and nicks
One way to tell if a knife has been honed properly is to draw & piece of
writing paper slong the edge. It will cut the paper easily, but any uneven
apots will inevitably cause slight but clearly perceptible vibtrations of the
paper. Such spots must be marked for further honing. After honing, the knife
should dbe carefully wiped clean and dry.

inserisd-tooth cutter

e inserted-tooth cutter is & new tool intended for planing and milling.
IS is based on earlier designs used in the wood industry but has made use of
and feribher developed the metal industry's advaanced technique for mechanically
clamped indexable inserts.

The new tool is constructed on the changeable-insert principle with the
iutention that the insert Le diacarded instead of being reground after becoming
worn. (Ses figure XV.)

e niller body (cutter-head) is 25-ms thick (1) and st this writing is
available in the five i lowing stendard forems

Getaids diameter Centre bole Babew of

L _ —

e &
B - o

10 . ®

L 2 B W R !

o cutver omn 4o wesd 16 811 \pes of GRiti-outting, teble-silling
(sptatio-amiter) st temen-sutting smsbiame. [n he fires of theve, swversl




Figure XV.
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Construction of the inserted-tooth cutter
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millers can be joined to form a wide cutter (2), while in the latter two, the
cutter can be used either as a single-too! or a multi-tool unit (1 and 2}.

The purpose of the clamping system (3) is to locate and firmly hold the
inserts; it consists of a flat bearing surface (4) ani a cylindrical seat (5).
The shape of the insert is & semicircle (6) with cutting edges 26 mm long (7).
Bach insert has thus two cutting edges. The ends of the inserts (8) can also
be used for cutting purposes in rabbeting and grooving applications.

The inserts are clamped by a steel ball (9) and a screw (10) at right
angles to the insert. The ball thrusts the insert against the seating and
clamps it there firmly. The chip-break (12) in front of the insert breaks up
and gildes the chips away from the cutting sone.

The recesses (13) in the circumference of the miller—bvody facilitate the
adjustment or change of inserts when the tool is used as a multi-unit cutter
(2). 1In order that the inserts of a multi-tool unit can be changed, an aper-
ture is provided on the body lying alongside to permit access to the clamping
system. Precise relative location is ensured by & pin and hole in each miller-
body. One advantage of this mounting system is that the inserts take a spiral
form, which can de very useful from many points of view. In order to prevent
the ocourance of length—-wise ridges in the material when utilizing a multi-tool
lagout (2), the inserts have been made l-mm longer than the milling cutter's
breadth. This oreates ths ovorlapping necessary to overcome this problem.

The steel used for the miller-body is SIS 1672, apart from the component
thet forms the chip-breaker; in order to reduce woar which chip-removal cre-
astes, steel quality SIS 2140 is utilised for this latter component. By this
means it is possible to supply the miller-body without the necessity of special

hardening processes.
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T™he following studies on various uses of wood have been
prepared by the United Nations Industrial Developmert

Organisation:

10/10

Production Teohniques for the Use of Wood
in Housing under Conditions Prevailing in
Developing Countries, Report of Study
Group, Vienna, 17-21 November 1969

(United Nations publication, Sales No.: 70.II.B.32)

1D/61 Production of Prefabrioated Wooden Houses,

by Keijo M. B. Tiusanen

(United Nations publication, Sales No.: 71.II.B.13)
/72 ¥ocd as s Packaging Mateiial in the

Developing Countries, by B. Hochart

(United Matione publiocation, Sales No.: 72.II.B.12)
/19 Production of Panels from Agrioultural Residues,

Report of Expert Working Group Neeting,

Vienna, 14-18 Decamber 1970

(United Nations publioation, Sales No.: 72.II.B.4)
UNIDO/LIB/SER.D/4

Guides to Information Sources No. 4t Informstion

Sources on the Purniture and Joinery Industry
1108 Purgiture and Joinery Industries for

Developing Countries:

Part onet Raw material inputs
Part thres: Nanagewent oconsiderstions











