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INTRODUCTION 

This study dealt with the  production of noi id wood furniture  such w 
chairs and tables.    Only the tops of the tables are manufactured of 
partiels board and blockboard. 

This study comprise! the  following solid wood furniture:     Hvin« vid 
dining room chairs and tables,   hotel and restaurant chairs and chairs for 
public utilities,  garden and camping furniture,   school furniture (desks 
and chairs) and upholstered furniture. 

A prior condition is the  availability of natural  woods.     Imported 
expensive materials line melanine faced boards and special lacquers will 
not be used. 

The following materials will be produced: 

for tables and chairs frames:      solid hard woods 

for table tops: solid hardwood       or veneered  chipboard 
or blockboards 

for upholstery: basic upholstery - rubber 
NOSAO springs,  polyurethane and neoprene 
foams 

cover material: soft cover (fabrics),  vinyl   and natural 
leather 

lacquer material: nitro-cellulose lacquer 
for hard-wearing table tops,   acid 
oatalised lacquer will be used 

On account of the variety of models and design,  technology and processing 
techniques,  it is impossible to elaborate a standard type furniture  factory. 

Despite this fact, by means of a simpls production programme,  with 
particular reference to developing countries,   thin paper tries to demonstrate 
• study of a solid wood furniture producing factory. 

Ths reader will become acquainted with the problems arising in the 
manufacture of solid wood furniture.    The study indicates which machines 
•ad equipment have to be ohosen because of their capacities and because 
of a specific personnel situation, the investment and installation coats, 
labour foroe and space requirements and finally capital requirements for 
a furniture factory with certain capacities. 

AM in almost all countries the dise of furniture factories is limited 
to plants with an average of about 100 employees (labourers),  examples 
ohosen have a similar sise. 

1.        PATA ATO mWUrACTJHDW PBMRaJMl PF THIS 3TUPT 

1.1.   Mmwtfacturing rrogrssms of this Study Mr a hour shift 

Chair A (Anns) 120 ohairs 
•eat and back upholstered 

Chair B (Jane) 60 ohairs 
•oat upholstered, back with 5 cross rail« 

Chair C    (Valeri) 60 ohairs 
•mat upholstered, back with 6 uprights 

msmarks:    Seat awl front parts (rails and 2 lags) of ohairs A,B and C 
arm identieal.     Variations occur only in ths back rails. 
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Chair D    (rustic styl«) 
Seat solid wood, back with 2 cross rails 

Extension table,   rectangular 
1700 x 900 mm 

Production unite per shift: 

120 chair« 

60 table« 

420 unit« 

1.2. Alternative Manufacturing Programme per 8 hour shift 

units units unit« units 

Study desk (model Erik) 
site of top 15O x 60 mm 60       162 

Pupil chair (model Lars) 120       324 
rocker chair with curved seat 

and back 

Folding chair (model Janett) 210 
folding   and stacking chair 

Upholstered chair (model Romeo) 60 
with loose back    and seat cushion 

Upholstered bench (model Julia) 30 
with loose back   and «eat cushion 

BOO 

106 

54 

Production unit« per shift 390      486   800     160 

«UBI IfemHiiÉmHmelmmmÉS MMMMMaHM. 
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Ba3ic   Information  on  th>- Manufacturing Proc<-p^e? 

Timber- Proceeding 

Organizational   feature: Tl.p diff.-rent   furnit.m 
are produced in iarge series in trip machín:"^ 
the intermediate components ntorage. Each ot 
is stacked  separately,   i.e.  franes and  front 

.•nx.re;-..- ¡it.-: 
r,f c. t ion   tnd   :>u*   in ! o 
the   different   component 

legB   of H; I   t.vp"£ 

Advantages: large quantities 
reduction  in  settin.T  time 
optimum utilization   of machinery 

Production   flow 

Tin per .stacking: 

Because   of   the  danger of decay,   hardwood   is   bound  to   ¡'rrt.uii   fe i i : n< 
and cut tins1 times.    Consequently   it  is necessary   to «tore   the    quantity- 
needed  for o   -  •'•''•  months'   production in covered  pi 1er.  for open air  dryi-i;-. 
For an  input   of Tiore  than  10 -nj     lumber per day,   the une  of -i  fe"   n\\ 
truck  is   to  be   considered. 

Drying o:    the  boards up to  the fibre saturât ion point  mu; !   (>»•   ri<'-.<    it-, 
the open  air,    otherwise kiln drying would   take  too  lonr and  a n.-.K   of 
splitting would   occur.     The drying time  depends  on the  differen'   nperifs 
of wood,    thiotcness and   initial   moisture  content.     An averagt   o:      <X   iiour;; 
can be  considered  for meeting the demand  of approximateU   -    -     per-  r-.l.ift. 
Three dry  kilns,   each of a capacity of 16 m 3,   are   chosen. 

Cross-cutting: 

Jhort  components are  cut   in multiples  of   the  dem rea   .in.:fl in 
mor;;   cases   it   is   sufficient  to use a manually  operated  ov rhead   -ros:: 
saw rfith  a  roller table. 

ut 

Edging: 

The  use  of  an automatic rip  saw should be  considered  above   a   Hi!v 
input  of lumber.     After having planed  the  boards,   they   ire   traced 
and curved on  a band saw. 

Splitting: 

A  better  wood selection  is  possible   for simple  curved  partb. 

Curving: 

Curving with roller fence  on band saw. 

Planing and ThicknesBing: 

Standard machine« are preferred,  because the major quantity  of the 
partB are curved or conical and planed on two side« only.    The use  of a 
6-cutter or an edge  joiner should only  be  considered if  str.aignt   and 
parallel  parts predominate.    Conical parts may be planed  by means  oi   a 
counter jig;     turned part« are not to be  planed. 

Cutting to  length: 

The   quantity to be  cut  i« too small   for the  economic  use of   a double- 
end tenoner.     The capacity of a ero« cut saw is sufficie.-.t to  work up 
13 components per minute. 

Usually,   several  components can be  put together per one operation at 

the double croa« cut saw. 
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Turning   -    Sanding; 

The  component.-; to be   turned are worked on a semi-automatic turning 
¿atne and  randrd manually.     For a quantity exceeding 300 turned wood 
articles;  pe;  i.our,   fully  automated machines for turning and sanding 
should   :ic   provided. 

í'rvf'i i in,': 

App--'--ximateiy  three  components have to be profiled per minute.    Thia 
quantity   y.   dori" with -x double spindle moulder and a bench moulder.    For 
this open:    r     *hc parts  are fi;-id to a jig and profiled.     The tearing 
"y*   "f   -'it:   -urf'.i ;e  can be   prevented by using both sides of the countar- 
rota* in«  apindit-s of the double spindle moulder.    The use of semi-automatic 
vor fully  automa .ed)  copy   shape re can be considered for a. capacity exceeding 
five components per minute.     Large series of similar components,  however, 
ire   ¡-equi red. 

'»owe Ì hri£t 

For structural  and  fitting holes of a chair,  dowels are used.     Back 
rail;, and  crop-*  rails are   joined by tenons.    The dowel holea are to be 
drii;ed  b.    pneumatic or electro-pneumatic fed machines.    By means of 
•nul ti-P; i.K'le heads,   different patterns are drilled.    Distances between 
1 owe IK    c-jpncl on flections   of work puces. 

Cutting; lenone and Boring Slots; 

Tcnnn ¡¡oins are bored by means of an oscillating boring machine. 
The tenore   •'  profiled,   rounded off and chamfered in one working operation. 
For the example  *aker here,   single-sided standard machine« have been chosen. 
Doubie-sided machines should be provided if the capaity exoeeds 50 peroent 
ot   the present  input.    The use of automated machines should be considered 
if the capacity is three times more, but for the s«*e large series. 

¿un >• e oanding: 

fluite often standardised open belt sendere are sufficient.    However, 
it  ia advisable to sand the straight solid wood parts on a wide belt sandsr 
with two motors,   even for the  indicated capacity. 

First motor:     sanding drum 
Second motor:   sanding pad 

Sanding Curves and Edges: 

Edges and curves are  sanded on manually-one rat ed bobbin »andere, 
open belt  senders and pneumatic drum sanders. 

Pre-assembly of Solid Components 

Back and front parts  of the chairs are glued in pneumatic or 
hydraulic  cramping table« and cleaned off.    Subsequently these part« 
are stacked into the intermediate components storage.    This pre-glueing 
is advisable beoau«« thus the bending and twisting of the •sail «ingle 
components of back or front part« oan be prevented. 
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Panai Processing, 

Panel Breakdown: 

Tabi« top material: 

Mat a rial for chair« i 

Material for back top-ralla» 

ready veneered particle- or blockboard 

plywood,  10 mm 

plywood, 6 mm thick  composed of    two 
3 mm plywood pieces   to be glued in   the 
moulding presa 

Blockboards, chair seats and plywood for moulded back rails of 
standard panels are cut  on a dimeni ion saw with wheeled  tabic. 

Mould Press: 

Moulded back top raila may be glued in multiple widen either m a 
simple  spiral prese with a pressing matrix or in a moulding pre3,3 with 
resistance heating.    Suitable ¿lues for cold glueing are  polyvinyl acetate 
glues,   for hot glueing urea formaldehyde glues.    When glueing using the 
cold method,  several back rails can be stacked on top ut* each other and 
pressed within one form. 

Curving.  Profil log.  Boring. Edge Lipping: 

After pressing, the moulded baok raile are pre-curved on a band saw. 
After these operations they are profiled on a spindle moulder with a jig. 
Dowel holes are bored by means of a vertical boring machine and edges are 
roundes, off on a curve sender. 

Table TOB - Plus ina- Edges. Mie Profiling.  Edge Sanding   Surface 

The edge* of the table tops are glued in a single-sided edge banding 
machine of simple construction,  out, equalized and sanded.    Wie components 
are sanded on an open belt sender with roller table and subsequently 
checked and trimmed. 

Intermediate Component Storage 

Organisational feature: Baok rails and front  legs of the chairs 
are glued in the solid wood pre-assembly 
department.    This  results  in the 
following advantages:    no distortion 
of the components,   less single parts, 
consequently better storage. 

Organisational feature: 

AViweataflsst 

The daily requirements are taken from 
Storage of components.    Small series 
are assembled according to customers' 
orders. 

A well assorted stock in the component 
storage increases the preparedness for 
delivery.    The assembly of several models 
which are similar in smal.V  series shorten 
the setting periods at the asetmbly cramps. 

The frames of the ohairs sod tables are glued on a hydraulic frame 
press and the joints are cleaned off «ad sanded by hand. 
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Surface Treatment 

Staining and Drying! 

Glued parte are dip-stained Manually,  eoftened and equaliaed by 
meant? of a brush and sponge and put on pallata and roller oonvnyors, 
pushed forward manually, passing the  flash off wall.    A »ore sophisticated 
conatruction would be feasible.    It would be a faotory-aaie drying tunnel 
with heating radiators and good ventilation;    transportation would be 
as above. 

Base Coat Spraying and Drying« 

Spraying ia done at a water curtain epray booth on turning tablas. 
The  frames are put on a pallet (in double width) and roller conveyora, 
pushed manually through a factory-aade drying? tunnel.    Table tosa ara 
laid onto  .acquer drying trolleys (drying moka). 

Intermediate Sanding: 

After the drying of the base cent, the ooaponents are aaadad to 
smoothen the surface for the application of the top ooat.    If suitable, 
hand sandsrs can be used. 

Top Coat Spraying and Drying! 

In principle eia i lar to base ooat application. 

Pinal  Asseably 

Organisational feature i Vinal aaasably according to oust asters' 
order« and forwarding instruct1< 

Upholstered seats and top back rails ara aaseablad to the already 
lacquered frames.    Table fraises and table top* are aaaeabled.    Use of 
hand tools,  electric tools and work banohea. 

Checking: 

Checking for oonforaity of the types and quant itlee aooordlag to 
order.   Quality control inspection (oolouro and surface quality). 

Ready Oood» Storage» 

Ready for dicpatoh, eventually packed. 

Upholstery Department 

Cutting oover Materials and foaej ia aevaral layara by aaaas of a 
straight knife out ting aaohlae. 

•soprano adheoiTe should to provided,    applleatlan by BMM of a 
spray gun near a wall in waioh an aahaaat fasi baa baan iaatallod. 
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i     *    Ì 
. •  4     i -- 

»    2)    JO 

77 
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3.3 Summary   of   lobour   HoOjUJrtmontt 

according to ma i llaga of machaniaatton 

Fo». 
1 Simple Machinory 

Faraona 
li   Intvratdifct« Technology 

Machinery 

1 timbar procowing 55 45 

2 5 S 

3 uwimbly 6 5 

4 lurfoca trootmtnt 11 7 

5 flnat OMOmbly 6 4 

6 uphclitary dot. 15 II 

in production 105 77 

evorhoad labour 10 • 

mbtlttutot for hoiidoyt and 
itlflOM t * 

•ubtofol 124 91 

f0f9fHSfWI/  CHBfflBnUHO 

»MMf IpTtwCMMI MpM»n«VbMl 

MVCaWnllJfl 

landing 

•Matty 

^fooatro^nt •apartmaot 

^^ - é 

fa.tarym.Mf» 1 

TJJTTIJL 
S 

• 

«AND TOTAL 131 1* 

assaoBgm 
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3.4 Building»   ( oftoi   ond   coitt ) ond  Slf of 

Poi. luildtng*                              I 
(»impl« eomlrucHon wllH- ! 
out hooting ond asocial 
hoot tntulotlon )                  | 

•2 
i 

i 

Prlco aar 
Unit US | 

Total 
US   t 

1 Mochinory Shop 1.900 100,- i to.000,- 

2 Storage Room 1.400 75,- 103.000,- 

3 Auxiliary Room» 340 140,- 73.400,. 

4 Chip Silo (built in accor- 
dane« with safety rulti) 40 1*3,- 7.000,. 

3 Garagot and »Imi lor 
(ealcuiorad Incl. 1«wiling 
and foundation) 

120 70,- 0.400,- 

Total for luHding» 1 4.000 1 90.000,- 

6 + othor ooth : planning 
foot poyafal« 
15 porcont 

roa* and • 

i to iooat 
Uta prapa 
•war Mpf 

ration 
4y 

$f .000,- 

Total caita «xcludinf load I plot 443.000,- 

Roouirod SU« of 1—4 

approxiMtoiy >0 yoara). 

Sii« of   plot     far 
SM of   plot     far pooriblHty 

of 
of 

• tfMlas» 
IHMJ 

14.1 
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9.9       Tatal  Capital   Raqwlr amant  («MI« 1MM«  twclualng working 

2  

Modtt 2 «odei H 

US   f US   | 

1.1 

9.2 

9.4 

ma «Miliary 

ISa.t»,- 

»éé.OOO,- 

40.000,* 

M. 
190 

•îaafliftas »0.000, 

911.300,. 

293.200,- 

445.400,- 
40.000,- 

510.000,- 

IJB.éZO,' 1.9*2. 300,- 

1#4 ailuaa 
l» 

2,1 ai11ta« 

2,59  ailUm 
* I 

9« 19  all Um 
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4.2. Criteria frr »«Iteti«« On» «f tha Tve altcraaUvec 

flM «Mili«« atowt the liw,  the i»vee«aent and the lafcewr 
mojmlwa««« ef an ladwat rial unéertaklaf la to to coaaldered fron 
two pelata af vlewt 

(•)    ff,M ff f,tf fí IHMIift 
There la the «anead ta alee arcata warte peata alami taneeuely 

with tha ematina af a factory, ana ta preface with a «ini««* ef 
lnveeted capital and « larga MM aar af lafeavrere. 

Par eevaleplaf cavatrice Alternative I haa toen eheaen 
IM af «he fallavi»* cenalacratlenes 

(l)       tha aiaialeatie« ef tha lavante* capital, 
tha afmipaaat af tha «achina«,  lutailatlana 
ani toildlnf« have toe« kept in a alatala fana 

(il) tha la« lavai af educatie« ani tna la« lavai «f 
vajee af tha laaeurara avail ahi a la ta to takan 
lata aeeewnt. 

(»>  fttn tf *.f¥ fi Ifitulrm 
It ha« «a to faamatee« that tha fanda lava at«« will to ueed 

efficiently ta lnereaae pmtaatlvity ana tha capacity ta eeapete 
ani «ha pmfltabiiity ef «ha c—pany. 

Ito ejMMt af fmaae lavaste* depende a« tha lavai ef varna 
af tha laaatiaa whara «ha factary will ha amatad. 

If ana cannarne tha «««al fwade invested ani tha labour 
femee ef al «ama« iva f«e««ry I ani altana« iva factory II 

Alternative faatary I 

Altaraatlva faatary II 

la 

Ititi fìmlf In• tifi 
Wtt    1,337,620 

OH   1,561,300 

151 

116 

a ce* fin« tha« in al ta mat iva faatary I tha invested capital 
223,6êO «ami    however 33 UM pa mana ara eapleyed.   Oa tha 
la« that a« «pplleat a« «f high «nality lnatallationa (altarnativa 

faatary II) ehaald aitartiaa «ithi« fe»r yaara with an interact pâmant 
•i «api tal «f «a« pama««, «ha aaaaal «wrplas charge af alternativ« II 
weald ha UM 63,000. 

Ma»* ahaaalaéT alternativ« II, the pa 
ly ey thla 

1 eaata have ta to 

leee «ha« alternative I. 

Alternative I «towld ha «haaaa 1« aaaaa wham tha «amai aaata 
«f « laasamr am tola« ON 1,900.   I« aaaa theae aaata exceed 
Oaf 1,900 par mar eaaslfterahl/, alternative XX shewld to i«plcaw«ted. 

Alternative II entplajr« 33 9» 



- #- 

CONCLUSION 

Ths example« used in this stady «à*! *»• e«»fifcMii»i *»1«> 
of tasks and job« for »Ianni»« » f»r»i*w fa*t«iy. 

Ths fi rat building phas« of » *•« f»«t«»y i« O* •*>< •«•»•» 4*»» 
because of tht important investments wiiieh »seam •••••••IT» *•» 
instane«> 

• it« d«v«lopm«nt with road«,  wat«r ani «lMtri« «sp»ijr, 
tran«form«r station,  boiler »•»•• (if »•••••M7) »*i •* 
plant,  «ilo for shavings ani «teat SXASMSI, aa»i»U1rsU«« «- 
we 1 far«  room«. 

Those investments for« th« tesi« f«r »11 fw>rt«*r faefry —É 
capacity «xt«n«ion«. Th« firtt buiidin« »à**» •»•»li *••••••• m 
that an organic development and ertemi«* will *• •—1»U a*. «•# 
tim«.    Firm» sp«cialis«d in th« industrial planai»« »awr 
know-how for this task. 

Important «tudi«« must b« earn«* «it b«f«r» »lamia« • fasrtafy, 
for example: 

«arket surveys 
analysis of choic« of sit« 
analysis of industriai st me tur« 

To this belong ««tails like ls«»tis« «f %*• •**• •**» -—v- 
th« main traffic, raw «atarial soure««, markst«, pff*ri«iaf •** Y 
forças and traini»« of employee« ani «iailar HMMIMIÌMI. 

Only specialised consultants «Muid s» «»tuff* wl<» * 
as ws 11 as product planning and th« ••ii«M»s»UM ,r**f*^ *• 
la/«»t planning,  installati«» plans (•lMtria,  s•»•!«••• i «ir, 
an« dust «xhaust syst««,  iat«r»al tr—sfsrl, •*•.), mjrmmam «f 
posts,  instruction of personnel and tsHiNlMllf •* *»» tm%tf. 
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êênéMâ§9Migeh W9fk9tikk 

1   kn*t,hrm*W* «"* *m**m***.*4\*% 

2   Ifr^n'umayro wl «*  ^^ 
fermiti  mtl feiwMnt »•**»» 
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44£^r%-3»¥W 

Schnitt A-B 
tic » i on 

L_ 

i. J 
AW« IT 
upholstering  of  chair - «tat»  in  a rubber  mtmbran» 

*fì«Hr 
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•pMtel fmk fr Chair« 
«7/1* 

I 
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Sectional tteel 
supporting structure 
in opprox. 3 metre interval! 

^\^ 
St»     - 

duct fer power end 
compri wed eir supply 
(covered if desired) 

power resp. compressoci ok connection 
n 5 metre Intervols 

Ajwxn 
Cnetgy Supply totipotent Fer Assembly Une 

Cor« 

rmm* 
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