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Il"1'RODUCTIOI 

Vol..e aanuf'acturing calls for building equii-ent around product, 

rather thu aanuf'acturing product around equipment. 

The .aDT factors governing the choice betveen standard (traditional 

or basic) and special (automatic) machines involved in this concept. 

The following factors vhich enter into the picture are included: 

production rate, volume, _,.-hours, noor space, depreciation and 

d,~gree or adaptability or standard machines. Much thought and planning 

is required to detendne vhen it is protit~ble to C'perate vith adapted 

tracUtional 11aehinery, and vhen to utilize the adTllllta«es or automatic 

machinery particularly suited to the production schedule. When the 

prod'.lCts present unusual situations, as is the case or vindovs and 

doors manufacture, it is sound engineerinR practice to compare, at 

the outaet, th~ adYaDtages or both automatic and traditional machines. 

Fros these findings decisions can be made, reaulting in fever 

difficulties and greater profits. 

It is true that the concept of adapting •tanclard JMChines to 

voluae production is outmclecl; however-, there is no side-stepping 

the tact that the standard machines cost leBB vhen, and if, its 

application is practical in the setup. 

InTestigation r5hovs, hoveTer, that a 'ftllt number or Jobs could 

be 110re J'J'Ofitably bandied vi th specially built equipaent, when all 

cost factors are taken into account. In mny cases the use or spe­

cialized machinery has resul:red i.n lover initial innst•nt and 

process cost; than the use of standard N.Chinery. In the woodworking 

industry, uill especially in the manufacturing of doors and vindon, 

there is more tendency to adapt unsuited machinery than to utilize 

equipment that is "right tor the Job"; thil is probablJ' clue to a 

certain skeptid• on the part or miterpreneurs towards special 

equii-ent and, also, t.o the tact that (especiallJ' in dneloping 

countries) labour is cheaper than automatic equii-ent; although, 



in the last decade, the dramatic increases in labour coats, and 

unstable labour-aanagement relations have resulted in an inversion 

ot trends. 

Manutacturera should realize that, in competitive market condi­

tions, production, sales and protit are dependent on utilizing 

efficient production methods vhich will ensure proper quality at 

lov unit coat. 

Further, they should realize that short pay-ott and return on 

investaent theories llUSt be recognized tor vhat they are and, tberetore, 

that the idea that a macbinel'J' purchase is Justified only it it saTes 

its cost in direct labour in SOile relatiTely short period ot time, 

generally tends to work against the replacement of equipment that is 

costly to operate. 

Econoaic production of doors and vindovs, means, aboTe all, the 

most economic choice ot equipment and the successtul ?>lending of all 

the human and material rHources ot production. However, there is 

anothe~ iaportant aspect of mnufacturing which should be ct>nsidered, 

that is: vork planning or to put it more simply, vbat has to be done, 

where and by whom in or4er to transform, say, a piece Df tillber into 

a vinclov or door component, betore one cc.uld even think ot purchasing 

plant equipnent. 'l'hia paper &bould provide manufacturers ot doors 

and vindova the technical intor11&tion tor selecting 119Chinery and 

equipment. 

'l'he vork is di Tided in three parts : 

(1) Definition ot te\':bnical tel'U uaed in current 

c1oor1 and rindon 11a1tutacturing practice. 

( 2) Manufacturing meth04s tor doors and vindon , 

hence the work Hquence ot the T&rious pro­

duct ion proc••••• iDtolTed. 
(3) Outline• ot a aactf·.--siz.,4 do?r• and window t&etol'J'. 
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1.0 - DEtllITIOBS 

Before epeeit,ri.ng the subject, ve belien it vould be uef'Ul to 

define the aeaning ot the .,.t recurrent technical tenu ued in doors 

and vinclova manutacturing practice. 

1.1 - Detini.tion ot Vinclov Cc!!pcmentas 

. 
! ~·--· _ _,_,_ ____ ....... 

(a) Vinclov - 'l'be asse11bl.y ll&cle-up 

ot the casement (fixed :t'rae) 

the s~uttera (mn.ble), the 

glasses, the acceHol')' fittings 

(hi~es. handles, locking derices). 

(b) Casement - Part of the window 

which is fixed to the building's 

wall. It is the shutters bearing 

structure, otherwise calbd 

"aster tra11e" • 
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(c) Shutters - Movable (opening) parts 

ot the vindov which flap against 

the casement: they support the 

glasses and part of the vindov 

fittings. Shutters distinguish in 

left hand side and right side vinga 

(tor a 2-abutter vindov) or single 

ving (for single abutter vindov). 

.... :...::.~-· 
·. ·-.: .. -~ '"'. ,· -­

. _,._ ~. -..... 

'2-SHUT1ER W\~OOW 

Each CASEMENT is composed of the f ollowi~ elements 

- I I \Of RA\L. 

111 ~ .. 131 -..J t-- 1~1 f/) ... 
~ en l-'1 .... '~1 "' -::; cc 

.J I QI 1u 
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Bach shutter is ca.posed ot the tolloving elements: 

[ "TOP RA.\L I 
aJ .. _J 

J I-- (I) 
~ J '° ~ ~ 
~ .-z .. 
.... Ll:>TTOM UML I 0 

1,2 Definition ot door coaponents: 

• • 

(a) 

(b) 

Top rail 

Side stile 

Central stile 

Bottoa rail 

~ - The asseabl;r made-up or 

casement (fixed fraae) , the de­

con.the casings, the door panel 

(mo"Yable) , the accessory ti ttings 

(hinges, handle. lock). 

Casement - It b the door'• 

bearing trae which is fixed 

to the vall1; it ia complete 

ot lock tace plate, binges and 

cuing1. 
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( c) Door Panel - It is the m'Ying part 

of the door proper, complete vi th 

hinges, lock and latch, handle. 

There .ae senral type• of door 

pane1•; the ain types vbich are 

of interest to w are the institu­

tional doors with wood or plastic 

l mnated skins. 'l'bese ~ be sub­

di'Yidecl into tvo broad classes: 

(i) Fllll core n.uh doors, (ii) 

cut-out doors. :Both classes m81' 

be lipped and unlipped. Furthermore, 

cut-out doors mQ" be characterized 

1J7: glazed panels and/or raised 

panels. 

Some eo..>n 'l'lpe• of cut-Out Doon 

r-~--
.1 

•. 

~ ti• ., • 

'DJ !i ..... ~ 
- 1 . ..·· 

\ 2 

!Argttd: 1 - Single Aperture Glued Panel 

2 - Double Aperture Clued Panel 

3 - Single Aperture Raised. Panel 

Ii - Double .Aperture Rahed Panel 

11 ~ -
OCJ1 

4 
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! . 3 - Df.FJJIITl(ll OF BA.5IC MMllINING OPtltATIONS IN DOORS AND 
W1NIDIS MAllUFAC'IUUNG PRACTICE 

l. J.1- RIPPING - is the operation of ~ a lerwthwise 
cut through a board.· 

l.J.2-~ - .is ihe·operation of rippiiw a thick board 
to make a thin board. 

1.3.J- atOSSCmT.DIG - is the operation of sawirw through (across 
the grain) a piece of stock or cuttirw aero~ 
the narrowest dimensions of a piece of stock. 
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1.3.4 - Planing: is the operation or trueing-up the races of a board 

or a piece or stock along the voocl-grain. 'l'bere are 

tvo distinct planing operations: 

(a) Surface Planing - it is the first operation 

vhich its usually perfor9ed in 11&ehiniiog the 

savn tiabers. It has the scope of obtaining 

a plane surf'ace cut of' a roughly savn surtace. 

(b) 'l'bickneBB Planing - it is an operation whereby 

an almost perfect parallel board surtace can 

be obtained vith ref'erence to a surface pre­

riousfy obtained by the surface planing operation. 

SURf"A.C.-£... PLAtJUJG 

1.3.5 - Jointing: is the open.tion or trueing-up or stro.:igbtening 

a board or a piec• or stock edgewise. 
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l.J.6 - RABBETING - is the operation of cutting along the edge of 

1.3.7 - >l>ULDING -

a board or of a piece of stock so as to remove a 
conier down the length of the stock. 

EMD RA88£T 

is the operation of cutting a shape on the edge 
· or face of a workpiece. 

Typical moulding CJperations most frequently encOU!! 
tered in doers and windows manufacturing practice 
are : 
a} those perfonned on the inside profiles of the 

windows canponents such as 
sills, stiles, etc. 

top rails, sashes 
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b) those performed on the door components such as : 
lipping, astragals, ornament.al casings, back bands, 
wainscots, raised panel lips, jambs, heads (as il­
lustrated below). 

1.J.8 - TENONING - is an operation which aims at reducing the 
thickness of a piece at stock's ends, in order 
that these may be fitted into the corresponding 
mortises to form thus mortise and tenon joint 
asSP.mblies. 
TJpical examples of' tenons mostly used in door 
and windows manuf actu:-ing practict:: are : 
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1.3.9 - MORT!SING - is an operation.which consists in removing 
material from the ends or the f~ces of a piece 
of stcck, in order to create a st::ating or a slot 
for a c-orresponding tenon. 
Typical ~rtises used in door and windows maruf acture 
are 

6 L-t:~·::._.:... _____ .:..._) __ 6_L_'_"1_D_M_o_R_,._,_s_E. __ t 
/ oh . 

. 1 L. _ K..P' ___________ 4=_&_L_l_"1_o __ M_o_~_,._'~---~ 

1.3.10 - PRESSING- is the operation whereby, by means of pressure 
and glue, a cored door panel is toraed. 
The pressing operation is thus the formation of 
a "sandwich panel" • 
Sandwich panels may be of two kinds 
a) 3-layer 
b) 5-layer 
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The preBBing operation is usually carried out b7 •ans of 

•chines called "presses". There are several types of presses. but 

the most CCllaOnly employed 1111¥ be diTi.ded into tvo ll&in categories: 

I - Bzdraulicaliy operated hot platen presses 

These 11&7 be turther subdivided into automatic or seai-aut011&tic. 

multiplaten or single-platen presses. 

The selection ot one or the other type of press depi?nds on the 

qu.r.ntity of doors one wishes to produce in a given tilta. Furthel'llOre. 

the pressing cycle depends, U10ngst other factors, on the thickness 

of skins. the temperature of the hot platens and on the kind of glue 

used. 

Orientatively. the following parameters may be used as guide: 

, 
Glue: Urea Formaldehyde molaBBes, viscosity 

30 to 40 poises, 100 parts by veight charged vith 

30 parts of flour (starch, rye , etc • ) , aixed vi th 

25 parts of vater and 10 parts of ba~dener solution. 

The quantity of glue to be spread over each skin 

varies betveen 160 and 220 g/m2 depending on the 

nature of the skin materi~l as vell as on the 

skeleton vood species. 

Tille/T!!J)!rature: in practice it is considered 
0 

that, at a press platen teaperatnre of 95 C, the 

pressing time should De calculated at 1 ainute per 

each ailliaeter of akin thickness; obrioual7, a 

veneering cycle, employing O,T 111 veneer owerl.81'•, 

would take around 40 to 45 seconds. 

Pressure: the press gauge preHure should be set 

'betveen 2 to 30 Kg/ca2 tor a 3-layer sand.vich, and 

'between 4 to 6 ~/ca2 tor a Teneering CJ'Cle. 

• 
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II - Cold Platen Presses 

'!bese are usuallr "single da¥ligbt presses" featuring a t~p platen 

...a .. .i.ron girder; the top platen is movable and 11&y be operated either 

hJdnulicall.y or mechanically by jack-acreva. The m.-ber or doors vbich 

can be pressed depends on the press' daylight clearance; standard presses 

do unally ha.e a clearance ranging betveen 400 to 800 -· 

'l'be pressing tiaes are relatiTely high; the glue mat co-.nly 

used bas the f'olloving foraul.ation: Urea FonlllLl.dehyde Molasses, 100 

i-rt• by weight charged vith 5 parts or starch or rye fiour aixed vith 

5 parts or ICaolin. 

Cold pressing is parti~u1arly indicated vhen door skins are or 

PYC, PYA or o'Lher aaterials vbich are susceptible to temperature or 

vben a suitable heat source is not aTailable or, at any rate, vhen 

energy earing illa7 be a predominant econOlllic factor. 

1.3.11 - ASSDIBLY: In the present cont .. xt, assembly means Joining 

all the elements or shutters or or casements 

by aeans ot clamps or frame presses tor vindov 

construction together; whereas, for door panels, 

assembly means joining all the elements or the 

door sleletons tog~~her: stiles, rails, hinges 

blocks, lock blocks, core material (expandable 

honeycoab or rigid core) by staples, nails, etc. 

1.3.12 - DIMDSIOJIIIG: Ia the operation ot tri-ing otr and/or 

mulding, rabbeting, dadoeing, edging, e,c. 

all tour edges ot shutters and doors in order 

to obtain perfect parallelisa, hence aquarenness, 

ot the manufactured edges. 

1.3.13 - BDGZIWIDIIG: Is the operation vbereby the edge• ot a door 

panel, uaual.17 the longitudinal eclgea, are cOTered 

with a lipping strip of solid voocl, Teneer or other 

l .. inating .. terial with the purpose of hiding the 

exposed edges or door skins. 
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1.3.14 - SAJmlRG: Sancling operatioaa ban the purpose of reducing 
products to correct gauge tbickneH (thickneH 

or gauge ..,..,ing) or to remo-.e any surface de­

tects prior to the 'ftlleeri.ng operation (for cloon) 

or to the nrf'aee t'iniahing operatioaa (finish 

HDdillft). Smu!ing is "plP.ni~ by abrasi~•"· 

'l'here are a lot of sanding machines, but the 

most cte a 111 onea are: portable tools, \ ·.:lt 

Hilden, disc eanclere, dna sanders. 

1.3.15 - SURFACE PIIISllDG: Ia the proceH of applying stains or 

paints on tinbbed products vith the purpose of' 

preeerring their eurf'aces rro. ve•thering effect• 

and of illparting tbell pleasant appearance. The 

characteriatic• of the finishing products and of 

their app1ication techniques are be7ond the scope 

of the present vork. 

1. 3 .16 - HAJUJWARE 1Tl'TIJIG: Includes all. operations , manual G.r 
aecbanical, vhich :bm>lft the application of 

bardvare and accneories such as: binges, knobs, 

handles, locks, gl.aasee, etc. onto the products 

vith t.he purpose of .UiDR thea tunctional and 

reaq for use. 
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2.0 - MANUFAC'IUtlNG ME'l'llODS l-1llt WINDCMS AND DOORS ------·------------- ---------------------------------.. ·-------------------------------------

2. I - WINIX*S 

1he 11am.1fz turing methods, hence the "'°rk sequence to be adopted, vary 
in accordance with the types of machines installed vi.thin the factory. 
Ve clistinguieh two cluaee ot mebinea: 

I ) ~tf oaal or Buie Machines 
II) .AlltcmP.tic Machines 

We tO.ll now descri~ the various marufacturing steps involved in the 
construction of typicai windows. 
For both traditional and aut.clmatic machines operaticn, it is ass.aed 
that the t~r· to be employed for the construction of windows has a 
moisture content ranging bet.ween 12 and 14 per cent, that it is free 
fr.- relevant defects, and that it does not need particular preaenation 
treatments. 

' Tims the .achi.ning sequence$ are as follows : 

I ) 1fiDclov Production !!pl.~ Tradit~OD&l or Buie ~hinea 

STEP I - !o&rcl Rippin« (a) 

Croe• C\ltting (b) 

MACHINE BANDSAW <It CIRCULAR SAW 

STEP 2 - SURFACE PLANING ON n«> OR'DIOOON~ FACES 

HACHINE SURFACE PLANER Wint JOINTER A1TACll.'IENT 
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nrraow.ss PLANING ON C1111ER n«> SURFACES 

MAOIINE· : 11UCKMESS PLANER 

TENONING OF CASEMENT AND SlnrITERS' SflLES AND Riill.S 

OPEN t«>RTISES 

HM:HINE : SPINDLE NJlR.DEP TENONER C<JmIHATION KlULDBt/ 
CIRCULAR SAW 



--.....,--

STEP 5 
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K>ULDING INSIDE PROFILFS OF CASEMENT AND SHUTIERS 1 STILF.S 
AND RAILS 

L cuss-1101.DJliC S11lJP 

MACIUNE : SPINDLE K>ULI>Ell C{MBINATION MOULDER/CIRCULAR SAW 

STEP 6 : CASEMENT AND SHtmERS AS.5EMBLY : 
•• I --, 

r-----, 
I,- - __ _J 

r, r1 
I I I I 
I I I I 
I I I 
I I I I 
I I I I 
LJ LJ .----, L.,_ ___ __. 

I 

. MACHINE : FRAME CLAMP (PRESS) 
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STEP 7 : DIMENSIONING OF A.S.5E>ELFJ> Slltrl"l'EJtS : 

+ D (i.) 

2 
.. 
\ 

1 

&~OA0-5\0£.. Al="Tt.P. 

L0~6-5\0{.. f\RST 

MAOIINE : SPINDLE K>ULDER C(lotBINATION K>lJLDER/CIRCULAR SAW 

STEP. 8 : SURFACE SANDING Of DIMENSIONED SlllJT1US 

C-J ..JL,c~ = 
9%li~} =====lfF,.__. --..........-

=:& 

MACHINE : BELT SANDER DRU4 SANDER PORTABLE SANDER 
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STEP 9 SURFACE FINISHING OF DIMENSIONFJ> SHUTTERS 

MACHINE SPRAYING GUN 

S'flP 10: u,..rclvare Fitting on Shutters end casement• 

The operation consists in drilling encl driri.ng binge pi'fOt• 

onto cument stiles• drU ling end driring hinge sockets onto 

vings, driring end screwing locking mecbani ... and handles 

onto vings, drilling a..4 driring qe-bolt• or sockets onto 

casement head rails encl sills, then in testing vindov 

us•bl.7 tor good •tching encl pertonance. 

'l'be vindov gluse• are generall.7 titted at customer'• site, 

atter vindov cuement has been tixecl to building'• val.la. 

Machine: Portable Power or Pnematic Tools 

Such u drills• nailing guDB • hinge drilling end •inking 

attaclment•, acrevdriTerB. 

-1 



I 
-20-

II WIIDOV PRODUCTIOll DfPLOYilfG AUTOMATIC MA.CllIIES 

The manufacturing sequence does not ch~; vhat does change, 

instead, is the factory producti'V'ity in that, th"! use of aut011&tic 

machines diainishes the n\llber ot operations and increases production 

output, thus: 

Step 1 - Ripsawing 

Is carried out on a multiple ripsav (or gang ripsaw) which can 

cut diaension stock in aultiples up to tour staves ean be ripped-off 

in one single machine pass from a board, on 50 HP multiple ripsav vith 

300 - cutting vidth capacity, at an effective machine teed of around 

8 metres per minute, attended by tvo operators. This means, ot course 

that, due allowance being made tor machine setting-ups, tooling-up· 

and operators idle time, it is possible to produce around 14,000 

lineal aetetes per dq or stavings or, in the case or a standard 

2-shutter-vindov (1400 x 1500 -> a multiple ripsav aay produce 

sufficient stock pieces tor about 1000 vinck>vs per 8 hours ~. 

and could coatortauly feed tvo to three aultispindle moulders. 

Step 2 - Len!th Cross Cutting or Stiles and Rails 

In order to tully exploit the capacity or both the multiple 

ripsav and the machines dovnstreaa or it (tor example the aulti­

spindle moulding machines, the double end tenoners, etc.) it is 

advisable to pertol'll the croH-cutting operations (stilH and rails 

croH-cut to correct lengths), in multiples prior to the ripping 

operation; this procedure vill, also, elWnate the need to install 

costly high-capacit:J cut-ott saws between the multiple ripsaw and 

the llUlti-spindle llOUlders in that a heayY-dut7, good qualit7 croH­

cut sav, placed before the JIUl.tiple ripsaw, should be able to easily 

keep pace vith the latter machine's capacity. 
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step 3 - Moulding Inside Profiles or Caae.ent 
and Shutters Stiles and Rails 

Whereas the use of' traditional or basic machines dmands that 

prior to profiling tvo macbin:Jig operations be carried out, naaely 

surface planing on tvo ortbogona]. races (see Step I-2) and thickneH 

planing (see Step 1-3), the installation of' a suitable llulti-spindle 

tbroughf'eed mouldel", tor instance, vould enable to per fora the pro­

filing job in one single operation. 'l'be ll&in· advantages to be gained 

by th4! use of' such machiae are: higher production volUlle, higher 

vork quality and long range econollies in labour and oyerheads. In 

fact, a good automatic moulder, suitably equipped , can machine a 

sufficient nuaber or rails and stiles for about 200 standard 2-sbutt~r 

vindoV8 (liJOO x 1500 -> per dq of' 8 vorkin~ hours "-ith only tvo seai.­

skilled machine operators. 

step IJ - Double F.nd Tenoning of Casement 
and Shutters' Stiles and Rails 

The tenoning and mortising operations on the tvo extremities of' 

rails and stiles , respecti -.el7, must be performed in tvo steps vhen 

using basic 11&ehines that is: first, ve llUSt machine one end, then 

turn the piece around and machine the other end. This is rather 

avltvard vay of' doing things and does require pretty skilled operators. 

But, if' ve could pass our piece of' vork through a machine vhich does 

vork both extremities sillUl.t11U1eOualy and without need tor the operator 

to wrry about work jigs or llD1' other attachment , then not only vould 

ve reduce machining t!mes, hence increase productirlty, but a higher 

writ precision would be obtained. There is such a machine and it is 

called an "automatic double end tenoner"; aa the name vill imply, the 

1111ehines does vork both end8 or the stocks vith extremely high precision 

uul rate of execution. Al1 tbe machine operators haTe to do, is to keep 

teecling the writ to the -.chine on one end and catch it on the other, 

once the machine bu 'bee Ht-up and tooled-up. A double end ~enoner 

_,.machine up to ltooo piecn per clq, or a sufficient D\llber of rails 
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and stiles tor 500 atanclarcl 2-tdmtter ,rlndovs per 4q of 8 working 

hours vith onl.7 two ami-•kfllecl whine o-peraton. 

Step 5 - Aa l!!bJ;r ot Shuttera 

In a modern vindov :f8C'tor7 the ua-1>17 operation ~ represent 

a serious bottleneck it adeqmte u•-1>17 tacilitiea are not proricle4 

t'.>r. There are tvo ,,.. ot apeecling-up the usably process: 

(a) b)" inatal.lhg a nitable nlmber of fr- claap•• 

thus emplo7fng log of people to c1o the Job• or 

(b) b)" inlltalling a ~cally operatecl ~tic 

true preH uaistecl b)" autcmatic glue spreading 

equii;ment in order to apeecl-up operations and 

maintain tbe nmber of labour to a llinima. 

step 6 - Di!@naioni.ng ot As• hlecl Shutters 

A properl7 tooled-up autcm.tic double end tenoner aenea 81.o tbe 

JNl'POH of dDenaioning the abutters that b, it rill tria and rabbet 

the vinp of shutters in onl7 tvo machine operation•: long dclea encl 

broad aides. Apart tram the adftlltage ot hal ring the ..ount ot machine 

operations - tvo on the double end tenonen u against tour on tbe basic 

aachines - other ad~tages are: 

greater diaensiODlll control; 

good and splinter-tree llUl'tace tinishe•. owing 

to the poHibilit)' of equipping the whine with 

aeTeral vork atatima an4 vith autmatic relish­

ing tool heada; 

elnatecl proclucticm capmcit7; up to 6oo etuulard 

shutters per 8 boan shift - equiftlent to 300 

atandarcl 2-ebutter wlndon - can be c1Deneioaecl 

on an autcmatic doallle act teaoner attended bT 
ODl7 tvo open.ton. 
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step T - Surface Sanding of' Dimensioned Shutters 

Oving to the high producthe capacity of' the uchines upstre-. 

~t is logical tp uame that the traditional 11a11ual sanding operations 

pertormct in vorksbops equipped vith basic -.chines, vould constitute a 

serious bottleneck in a modern factory. So, in order to get a balanced 

production process, it is nece•8U'J' to insta11 a surface sanding unit 

capable to cope vith the situation: this is usually an "autoatic 

onrhead vi.de belt sanding machine" which cwi pertol'll, in tvo steps, 

the sanding operations needed prior to the aurtace finishing ot the 

•hutten. 

---·-- ---------- - --------
----------

------

I ' 

~-

-·----.-----------------·---...--
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'l'b~ sanding taehine -.,. be equipped vitb tvo sanding units: 

a sanding cylinder and a pad, thus enabling to perfon. both the 

abrasin planing and the pre-painting surface preparation Ofler'&tions. 

'l'be automatic vide belt sander JA7 surface-sand two faces ~bing 

up to 600 standard shutters in 8-hour shirt (that is, 300 standard 

2-shutter vindoVB per day) and requires only tvo seai-ekillecl vorkere 

to do the job. 

Step 8 - Surface Finishing ot Shutters and Casement ea.ponente 

In Step 5, the assembly ot casements has not been menticmecl at all: 

this has been done on purpose; there are special reat.ons behind this: 

hinge titting will be done by automatic -.cbies, 

hence, it is not practical (it not difficult) to 

lay-in thE hinges on cuabenome frames; therefore 

the hinges should be driven-in after the painting 

operation, 
it is auch easier and more paint-saving to finish 

a single component than the vhole casement aeseabl.7, 

it is much easier to carry arolDld the tacto17, sq, 

tour unassembled stock pieces, than a cU11beraome 

casement traae. 

'l'bus, the surface finishing equ.ipM!nt should be cbaracterizecl b7 

a moulds' painting lfne and by a shutters' painting line, suitabl7 

dimensioned and sufficiently •chanized to •et the tacto17 production 

requireaents. TJpical finishing equipient may be: 

a stain dipping tank, 

an overhead transportbg conY87or, 

a vater-vuh aprqing booth vitb apr&7ing ~·, 

a paint curing OYeD, 

sa.- sanding benches, 

a moulcla automatic sprqing machine, 
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a profile automatic sanding machine, 

a moulds paint curing oven. 

Step 9 - Hardvare Fitting on Casement Co!!ponents and on Shutters 

The hinge fitting operations on both caseaent coaponents and on 

shutters, are usually carried out by an automatic universal hinge 

Loring and inserting machine. A great variety of such machines e:dst 

on the market depending on the type of hinges., on size of vindovs and 

on production quantities to be achieved, ve Jl&Y" select one, tvo, three 

or four-aggregate binge inserting machines whose capacity ll8Y' vary from 

tvo up to six hinges being inserted per minute. 

The fitting of hardvare accessories other than hinges, such as 

s?:::itters locking mechanisllS, handles, eye-bolts, glasses and any other 

accessory that may be required, is usually performed manually on special 

assembly ben~nes equipped vith suitable jigs and fixtures. 

Step 10 - ~asements Assembly 

This is usually carried out by means of hydraulically operated 

horizontal frame presses equipped vith glue-spreading facilities and 

suitable tools for the assembly of hardware accessories characteristic 

to the product. 

2.2 - DOORS 

As mentioned earlier (section 1.2 - q.v.) a door assembly is 

composed basically of a casement, decorative casings, door panel and 

some accessory fittings. In this section ve vill briefly illustrate 

and describe the construction details and the manufacturing sequence 

of each door component , employing b:>th basic and automatic machines. 

In both cases, it vill be aHumed that "i.lte tiaber species to be used 

have a moisture content ranging tram 8 to 10 per cent and are tree 

troa 11Clevant defects. 
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2 • 2 • 1 - DOClt CASE.'IENT CONS'IRUCTION 

• 

·-

i 
• 

! ! 
• i 
. . _; . 

: FAC£. Pl.ATE 

• 

: ' 

CYLINOIUCAL 
50CJ{£T 

.~P __ _ 
9 - .. ~ ••• 

·JAMB'. 

RABBET JOINT· 

The important features of the rabbet-joint in combination vith 

bolt end •ocket are: 

ease of machining, 

ease of ua•bl7 • 
the cu..ent can be 4elivere4 in Jmock-dovn 
fora to the customer• vbich re•ulta in conei4er­

able aaringa in tran9J>0rt coats. 



I 
-21-

I - MAOllNING S~E FCR DOCR CAS91ENT EMPLOYING BASIC MACHINES 

a) Rip rough sawn t:iJlber,kiln 
dried. at ben4- or circular ..... 

b) Cross-cut to COi rect length 
at bencla- or circular RV 

(detecthe enc1a 'tr1-cl oft). 

c) Plane four faces to ~rrect 
cross-section at nrtace pluer 
with jointer attacJmlllt uad 

thicbeH plaDer. 
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d) Machine with rabbet. 
0

at spindle 
moulder or ccabination mouliier/ 
ieircular sav. 

e) Machine end rabbet on one end of 
jamb only (i.e. the end which 
joins· casement head) at spindle 
moulder, ccmbination moulder/ 
circular AV, teDODer. 

f) Machine end rabbet on both ends 

of head : 
s'Dioclle 9Dulcler. ccmbinat.inn .oulder 
circular aav, tenoner. 

g) Drill two through holes on jamb 
end for joining with head, and 
three on rabbeted face for f ixinc 
casement to bu.i.lcli,_ clrill preH, 
portable ctowl ~ bench clrill. 



' 
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aep bliDcl mlu -·- -· ....: _ ~ 

h) Drill two deep blind holes and two 
through holes on each end of head 
for joining with jambs, and two 
through holes on rabbeted face for 
fixi~ t.o building : drill preBB. 

l)M"table drill • _bench drill. 

1) Machine face-plate slots on one 
jamb {right. or left., depending on 
sense the ciuor ~ns) : portable 
router. drill preBB. chain and 
chisel mortieer. 

m) Paint. visible &urfaces of jambs and 
he2.d (edges and rabbets) : manual 
spraying gun. 

n) Insert hinges on Jmb opposite 

to Jmb titted vith face-plate. 

Fit face plate on other Jmb. 

Fit cylindrical. eocket and re­

lathe bolt• to ende ot head: 

portable drill, portable •crev-
4river vith hinge driring 

attaclment. hand •crevdriftr. 

-, 
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II - MAOIINING SEQUENCE FClt DOCll CASEMENT tMPLOYING Alrr<JtATIC 

MAOIINES 
,..._.,_'" .I.A.~-....--\ 

The great adYIUl'taga iD •in« .me-tic mchinn are: 

- operations {c-) and (d) can be perforwed sUultaneouslY 
on one machine pass; if the w;idth of jallhs and heads al­
lows it, then in .any instances"ev'en operation (a) can 
be performed sUu.1.taneausly with {c) and (d); 

- operations { e) , ( £). (g) , {h) and { l) can be perf ol'9ed 
on one single .achine in mie pass; 

- ·operation {m) can be performed very quickly on an autcr 
raatic im>Ul.ds sprayirw lli1Chi.ne 

· 1be machines employed on autcmatic operation are the fol­
lowi~, in chronological order of process : 

~ Autcmatic ~ .. -eat Saw: it cross-cuts stock to conect. 
jamb .and head ,. lerwth and trim ott clef'ectb• enc1a. 

- Aut~tic Multi-spindle lfbroagbt'eecl lloulcler: it machines 
the jambs and heads to conect. finished cross _sections and, 
if a wrl.versal spindle is available, it is possible to work 
two pieces at a time, then split-up on the end, ttus : 

i I 
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- Autmat!c Doubl.e End Tenoning ad Boring Machine: it 
_si.nultane<Ju.sly trias-off the ends of jambs and heads 
to correct finished l~h, it .achines the end rab­
bets, drills hol~ Cl:' ends and on faces, automatical­
_ly drives-in cylindrical sockets (optional aggregate 
-but r.ot always advisable before painting operations), 
J"'O.ltes face~plate slots. 

- Aut~tic Profile• Sprq Painting and Varnishing Machine: 
it aut0111atically paints jambs and heads on edges and 
rabbets. 1bis .achine has a high production capacity 
typical machine feeds range fraa 0 to 80 ml/minute. 
'Ibis operation, of course,presupposes the installa-
tion of a paint curing oven for maul.dings down-stream of 
it and, depending on degree of surface fini.shing,sane­
~faee aa "autaaatic profile sanding machine" is instal­
led upstream of the spray painting machine. 

- ~ut~tic Hinge Inaerting Machine: the hinge fitting 
operation on door carrying jamb is perfonaed automatica! 
ly by the~ drilling-inserting machine. Depending 
on. production volume, such a machine can be equipped 
with Gne or more drilling aggregates with relative hi~ 
ge feeding magazines so that, all the operator has to 
do is load-and-wtl.oad the workpieces • 

. 'l1le face plate fit.tire operations on the other jamb is 
~-· usually perf orwed maimally byvtbe operator. 
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2.2.2. - FLUSH DOOR CONS'IROCTION 

' I 

/~A/6 !>T1U1' 
- ...l.P.P:Zl~.!:i/A:._._J_ - -

STILE. 

--------~----

SL.oat:S 

F~1te~p7~-

11'7""-bob HA ooD o.e 

N.I). - An alternative core 11aterial would be expandeable lloneycallb 
core; however, despite its .any advantages, this kind of ~ 
terial is not:. available everywhere. Hence the choi~e of us­
irw rigid core. 

-------
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I - MACllTNING St:QtJEXCE RR Fl.USU IXJORS EMPLOYING BASTC MAr.IHNES 

a) Rip rough sawn tini>er kiln 
dried at 8.:o.t0%l. huaidit:r: 
bulclaav or circular sava. 

b) Plane and strighten ripped 
staves on three faces : · 
surrace planer vitb Jointer 
attachment• thicJmeaaing planer. 

c) Machine ventilation grooves 
on fourth face of planed 
staves: •pindle moulder. 

d) Cross-cut staves to correct 
lengths of stiles, rails, hinge 
blocks and lock blocks : 

bulclaav or circular •av. 



I 

Tr8D8vereal slit 

] 'i' ur:-ur-u_·_ 

e) Rip fibrt..•board, or chipboard, or 
plywood (or hardwood st.rips prt: 
viously planed) to correct width 
(equivalent to core frame thickness): 
aircul.ar aav. 

f) Cross-cut core slits to correct 

length: 
bandaav. circular aav. 

g) Machine kerf on longitudinal arxl 
transversal core slits : 
circular sav (radial ana aav vith 
terf spacing attacnent). 
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-- ------- ---- --- --

h) Cut skin panels t.o size {lengt.h-'-"isc 
and cross-wise) of door allowi~ sunc 

excess material: diaension circular 
sav. double end sav. 

N.8. In case of cut-<lllt._doors, it is advi­
sable to ROUTE apertures on skins prior 
to the pressing operation. 

1) Clip veneer overlays to size : 
knife guillotine. 
{Optional operation to be performed 
in case of veneer upgraded door panels) 

m) Splice veneer overlays together to 
size little over door size: portable 
tape veneer splicer or portable 
tbre&ct Teneer splicer. 
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-:------
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Assemble door skclelor!,i .e. fit 
t.ogct.lacr stiles, rails, hince hlu<k-.., 

lac~ '-£~:ks and core slits by 
P" .. aplea: aeaeabl.y bench and 
portable stapling gun. 

· p) Spread glue over skin panels: . . . 
d.ue bench plus brush or squeegee 
roller. 

q) Asserwible door sandwich on workbench 
and load into press, in following 
order : 

Place first door skin on bench 
ensuring that glued surface of 
skin is facing upwards. 

- Place assembled door skeleton 
on skin. 

- Place second door skin over door 
skeleton, ensuring that glued sur­
face of skin is facing downwards. 

- Load assenbled sandwich into press. 
r..old Press - Hydraulically or 

Hot Press - Mechanically Operated 

N.B. - After pressing operation, allow door panel to CW'e, prior to 
pErformi.ng next operation, for at least 8-hours (depending on 
type of glue). In case of veneer upgraded door panels, prior to 
perform the veneering operation at the press, it is advisable 
to gauge-sand both surf aces of door panel just fonned by using 
either portable 1&Dder, belt 1ander or drum sander •. Then, lay 
first veneer skin on workbench, apply glue on first surface of 
door skin; lay door panel over veneer skin (glued surface should 
be placed facing first veneer· skin. Hence, spread glue over se­
cond door skin (now facing upwards) place second veneer skin over 
door surface just glued-up and load the lot into press. Allow 
glue to cure before conmencing next operation. 
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r) DiJDcnsion door panel lengthwise 
and cros~-wisc {machine eventual 
rabbets on long edges) : 
cli.aension sav vith scoring sav unit, 
cOllbination spindle 110ulder/ · 

circular sav vith scoring unit. 

N.B. - If lippings arc required fit. lhem on after dimensioning then 
trim horns off at circular sav vith scoring unit. 

s) Mortise lock slot, handle and kt:y 

holes : 
chain and chisel mortiser. 

t) Fini sh edges and surfaces 

brush. s-c>ra..vin• ~. 

u) Assemble hardware such as : 
hinges, lock, handles or knobs, 
key-plate : 
aa•eably bench, portable drill. 
acrevdriTer vith hinge inaerting 
attachment. 

N.B. - In case of cut-out doors, the apertures should be tri.nmP.d-off 
after the dimensioning operation by means of portable router, 
oortable aav. trettin« uv. 
'Iben, the hardware assembly operation should also include raised 
panels (or glasses), fittings, decorative moulds fitting by means 
of hamer and tacks or port.able tacking gun. 
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II - MAt!lllllG SIQUEllCE POR P'LUSB DOOR DPLOYlllG AUTOMATIC MA~ 

'l'he uaE ot special machines in modern door manufacturing practice 

doe• not change substantially the manufacturing eequenc~; it doe•. 
however reduce the nuaber ot operation• and. consequently• tbe number 

ot -terial bancllfng operation• in tb&t on a special machine ~ be 

perfol'S!Cl several sequence• eiaultaneouel7. Jl'urthe1"'80re • since 

special machines are. broadly speaking. equipped vith work-feeding 

units. it is poseible to achieve great aaringa on labour and production 

times. Tbe machining sequence. vben aut~tica are installed. is as 

follOVB: 

Step I: 

Step II: 

Step III: 

Step IV: 

CroBS-cut rough aavn timber• kiln clried to 

8 • 10% moisture content• to correct stiles 

and rails length at the automatic cross-cut 

sav. 
Machine to correct cross-section stiles and 

rails in zultiples. thus obtaining alwo YeDti­

lation grooye. Thia operation Ila!" be clone on 

an autt:>matic throughteed 5-spindle 11Dulder 

equipped vith a gang ripaav &ttacbllent or 

unherslll spindle titted vitb gang ripaav 

ar'!>or. 
CroBB-cut to correct lengths binge blocks in 

multiples (the lock blocks vill 'be mule from 

multiples of hinge blocks to required sizes); 

the right cross section of ataYes tor hinge 

and lock blocks v:ill ban been obtained during 

step II. Suitable croH-cutting machine• tor 

this step operation c1epen4 9D qU&Atities~ 

Multiple croH-cut sav (4rua t.71*). ~Uc 

crou-cut sav vith ~tic stoc~ re«.. ro­

tating pl.&tfol'll croH-cut sav. 

idize skin pant!ls and eore-stripa to correct 

4iaendons on autc.atic panel sav. 
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Ste:p V: 

Step V!: 

Step VII: 

Step VIII: 

Step IX: 
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Clip veneer o..erlaya lengthwise and crosswise 

on automatic Yeneer guillotine (slicer). 

Join veneer oYerl~s on ~ut011&tic -veneer splicer. 

Asseable door skeleton, i. e., tit together stiles, 

rails, hinge blocks and lock block.a by aeans or 

aut011&tic traae composing 11achine (there are 11&chines 

ot different capacities ranging tram 50 to 150 frames 

per hour, so select one that is moat suitable for 

factory capacity) • 

Asseable core by means of automatic kerfing and 

core composing 11&ehine. In this case, also, the 

right capacity machine should be selected as there 

arP- variou.s types which may produce from 20 up to 

80 cores per hour. 

Form door sandwich on pressing line. A pressing 

line may be automatic or aemi-aut<>11&tic. The 

automatic line install~ ~on sh~uld be contem­

plated vhen daily production exceeds 300 door 

panels per vork shirt and veneering or doors is 

required. Such a line is generally made by •eana 

of the following machines all connected together: 

- 4-roll glue spreader {automatic feeder, optional). 

- powered edge-knife disc convey~r, 

- sandwich ~reparation belt conveyor, 

- press feeding conveyor, 

- hydraulically operated bot platen press 

(this may be of the short-cycle type or 

single daylight, multi-daylight type vith 

2 to 6 hot platens), 

- press outteed conveyor with automatic 

staeking unit optional. 

A seai-aut011&tic pressing line vould be composed 

ot the tolloving machines: 
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St~p X: 

Step XI: 
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- 4-roll glue spreader, 

- idle e~e-knire disc con..eyor, 

- sandwich preparation bench, 

- hydraulically operated hot platten press 

(this should not ha..e more than 6 daylights 

although presses vith only one daylight are 

also used). 

Ir veneering operation is required, the dDC>rs should 

be thickness sanded or gauge-s11Dded on both races be­

fore returning to the press, 11Dd the B11Dding operation 

should be pert'o:r11ed at least eight hours after the 

door panel has been discharged t'rcm the press. De­

pending on quantities, the s11Dding operation 1181' be 

done on a top and bottc:a autc:aatic vide belt s11Dder 

(over 400 doors per shift) or an o.erhead vide belt 

sander (up to 400 doors per shift). 

Door dimensioning is carried out either on dngle 

side automatic tri.-ing and edging machine -

maxilla production l!&pe.cit7 about 100-150 doors 

per shift, depending on operator's skill; or on 

double end automatic tru.ing and edging machine -

maximum cape.city around 300-350 doors per shift; 

or, lastly, on aut011&tic edging line consisting 

ot' 2-double end automatic tr1-ing and eclging 

machines connected b7 llD aut011&tic panel turniDR 

derice long-to-broad aide. Such 1111 edging line 

1181' machine about 700-Boo doors on fo1D' eclge8 

per shittvork. Its machinin1t potential ~ be 

turtber increased up to 1000 - 1200 doors per 

sbiftvork if autc:aatic f'ee4er and stacker are 

connected to the line. 

(optional) - Vben doors b&ft to be titted vith 

aolH voocl lippinga or with ftDftr edges to 

cOYer up the exposed edges of' akin• (tor high 
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Step XIII: 
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quality doors) use is aade of automatic or seai-

autcaatic Edge banding aachines. 'Dlen. even for 

these aachines the arg•ents outlined in step U are 

valid. The double end autmatic edge-banding aachines 

aay be ir.atalled in line with the autoaatic double end 

tr1-ing and edging aachines. thus foraing an integra-

te«: process line of very high productive capacity. 

Door finishing can be carried out in several ways. de­

pending on production voluae and on degree of surface finish 

required and. also. on the kind of paints ~nd varnishes 

required. 'Dle choice of surface finishing 1.:quipment and 

facilities should always be carri~d out by specialists 

in this field because the quality of the aanufact depends 

principally on goocl surface finishing. Generally. the 

aachines and equipment required can be thus smmarized: 

- Lacquer spraying booth and spraying guns 

- Autceatic lacquer sanding aachines 

- Automatic roll coating machines 

- Paints curing ovens (infrared. ultraviolet. hot air. etc.) 

The hardware fitting operations (hinges. locks) are 

carried out autmatically on machines capable to 

aachine aortisea • drill holes. insert hinges and 

locks silUltaneously. 'Dlere are two aain calsses of 

hardware fitting aachines: semi-autoaatic and automatic 

ones. The ••i-autmatic ilachines differ fr• the 

automatic ones in that they are not characterized by 

automatic feed of the vo·.ckpiece and. consequeutly they 

require aore aanual labour. The choice of one or the 
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other class or -chines depends' or course. on 

production YOlume; semi-aut~tic machines are 

suitable for a production capacity of up to 200 

doors per hour, vhile aut<>11&tic ~hines range 

f'roll 30 to 120 doors per hour. Dovnatreaa of 

the hardware fitting 91lchines, a suitable nuaber 

ot assembly benches are usually installed for 

glasaea,raised panels, mouldings, door handles; 

the benches are suitably tooled-up vith portable 

pover tools. 

3 - OU'rLI1IES OF A MEDIUM-SIZED DOORS AllD VIllDOVS FACTORY 

In the preceding chapter, ve have exaai.ned the manufacturing 

methods tor vindoVB and doors and in a certain vay, ve haft 11e11tioned 

the successiqn of the various operations (routing) necessary to manu­

facture the end-product. This last chapter of our vork shall be 

devoted entirely to the basic engineering problems associ•ted vith 

the layout or a manufacturing plant tor doors and vindovs, vi th a 

particular emphasis on a medium-sized factory. 

Before the factory layout tor a nev installation can be coapletely 

developed, the equipment must be selected - type, capacity, nuaber or 

units, type or make, size, drive and other factors. For this purpose, 

it is necessary to: 

(1) Obtain drawings or sketches, bills of 

material and specifications of the products and 

then list and analyse the materials and parts 

required. 

( 2) Establish the volume and rate of product­

ion to be considered. 

(3) Obtain and develop operation sheets tor 

the parts, sub-assemblies, and tinal asseably or 

useablies. 

1 
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(ll) List operations according to the type or 

equipment on which they vill be performed. 

(5) Obtain estimates on the unit times of 

operations, allowing for the use or ji,;s and fixtures, 

acceptable aetbods of processing and the introduction 

of semi-auto.a.tic or automatic machines. Calculate 

the daily capacities or the kinds and sizes of machines 

vbich, it is assumed, vill be installed, and detendne 

the amount of each type of -.chine required. 

( 6) Select the types or makes of machines vhich 

appear the most suitable for the installation. 

(7) Develop layouts for the proposed installa­

tVa; if the equipment has to fit in an existing 

building, the 18.J'outs vill have to ~ adjusted to 

tie-in vith other 11&Chines and departaents. Floor 

loads lmlBt be calculated for heavy machines and some­

times such machines -Y han to be taken out of their 

desired location and placed on the ground floor vhere 

separate foundations can be put in. 

(8) In"Yestigate the poSBibility of expanding 

production which may require certain machines vith 

greater capacity, or may call for a modified l&Tout 

vith excess area available for later occupancy. 

( 9) Establish manpower and energy requirements. 

In the present context, only pof.nts (2), (3), (~), (5) 
and (9) vill be examined as point (1) has been already 

tultilled in chapters (1) and (2), vhile points (6), 
(T) and (8) are beyond the scope or this vork. 

3.1 - Volm1e and Rate or Production 

'1'be t&eto!'J' Ye propose to lqout should produce the following 

quantities: 

A - 25.000 CUement 2-Shutter vindovs/year 

B - 25.000 Plush Doors/year complete vitb CaHMnts. 
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Products vill comply to the following specit'icationa: 

(a) All vindova should be treated against degrading 

and a«eing eleaents (insects, mold, veatheriDR) and finished 

vith gloss paint. 

(b) Fit'ty per cei:.t (50%) or the doors vill be cut-out 

vith a single aperture raised panel, Yeneered and finished 

vith mat paint. The re11aining 50% vill be t"Ull.y cored vith 

plastic pre-laainated skins and bardvood iippia«s on tvo 

long edges. Core material viil be obtained out of hardvood 

strips, and door skeleton vill be or sot'tvood; the cut-out 

doors vill be edge-banded vith veneer skins on long edges only. 

( c) Door casements vill be or good quality hardwood, 

painted like the cut-out doors, and to be delivered in knock­

down form. 

(d) , The rav 111aterial for vindovs vill be "Douglas-fir" 

tiaber. 

(e) Doors and vindovs vill be delivered coaplete vith 

hardvare and accessories, but vindov panes will not have to 

be assembled at the factory. 

(f) Average vindov dimensions: 

finished sections or all components: 

thick, vith glass-holding strips. 

1,4m vide x 1,5• high; 

68.. vide b:y 54 .. 

(g) Average door dimensions: 0,8a vide x 2,la high 

b:y 45- thick, vith finished section of casements 105-
vide x 70.. thick. 'l'he factory vill vork 250 days/year 

on a single shirt of 8 houra/da:y. 

3. 2 - ()perat ion Flov Sheet 

On the basis or data aY&ilable troa (3.1) above and fol.loving the 

work or cbaptara (1) and (2), an operation now sheet can be drawn up, 

hoveYer, tor lack of apace, ve vill •rely drav up a General Procluction 

now Diagna, vhich •~iz•• and illustrate• the content or the o~ra­

tiou now .~et (see fig. 1). 
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3.3 - Machine Loading and Estimating 

Baaed on data troa chapter (2) - Routing - and on General Produc­

tioa Flov Diagram, the following list or operations (machine loading) 

is dravn up: 

I - Cross-Cut Saw: Cuts all solid wood coaponents for 

vindovs, door core. door lippings and raised panels, 

decorative mouldings to length. It also trima off 

defective ends. 

II - Multiple Ripsaw: Machines to correct cross section 

all solid wood cQllJ)Onents, in multiples, such as: 

window casement rails anti stiles, abutters' rails 

and stiles, door skeleton rails, stiles, hinge and 

lock blocks, door lippings, mouldings, door casements 

jaa'lls and heads, door core strips. 

- Machine capacity 

- Required output 

- Humber of machines required 

10,000 m/day 

7,000 m/day 

1 

III - !!!!!_t~-spindle Moulder: Machines to correct the crosa­

section or all solid wood components as follows: 

window casements' stiles and rails; shutters stiles 

and rails (also R].ass holding strip being parted-oft); 

raised panels decorative mouldings (astragals) in mul­

tiples; door casement Jambs and head (tvo at a time). 

- Machine capacity • • • • • It ,000 m/day 

- Required output 3,000 m/day 

- lumber ot machines required • • • 1 

IV - Double &id Tenoner: Machine tenons and open mortises, 

on windows component•, machines rabbet Joint on door 

casement Jaaba and bead, 41-naiona door panels length­

wise and widthwise, 41-naiona vindov shutters lengthwise 

and vi4thvise. 
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- Machine capacity 

- Required output 

- lluaber of machines required • • • 

2,800 pea/day 

2,100 pcs/d97 

1 

V - Frame Press: Aaseables vindov shutter coaponents; it ie 

serviced by a workbench and glueing facilities. 

- Machine capacity J;oo pcs/dq 

- Required output 300 pcs/day 

- Bumber of machines required • • • 1 

VI - Surface Sander: Sands vindov shutters on both faces, 

door panels on both faces prior to -.eneering operation. 

- Machine capacity • • • • 1,200 a/day 

- Required output 

- llumber of J1&Chines required • 

1,350 a/day 

1 

VII - Prof'iles Finishing Line: It is composed of the following 

11achines: 

- Profile sander, 

- Profile painting and varnishing machine, 

- Hot air paint curing oven. 

'l'he line vill c011pletel7 rinish vindov casement stile• 

and raUs, door jaabs and beads, shutters glass holding 

strips and doors mouldings in two passes. 

- Line capacity • • ~,000 a/day 

- Required output 3,000 m/dtq 

- BUJDber or lines required 1 

VIII - Window Shutters and nush Doors Finishing Line: '1'be 

line is COllJIOBed ot the following equipment: 

- ImpreRD&tion dipping tank tor vindov shutters, 

- Oscillating guns automatic painting and 

Tal"ftishing 11aehine, 

- Hot air curing oven. 

'l'he line vill C011Pletel7 finis~ edges and surfaces 
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or vindov shutters. flush doors and raised door panels 

in four passes. 

- Line capacity 

- Required output 

- Number of lines required 

3 1 200 a/day 

2,Coo a/day 

1 

IX - Mitre fiav: Cuts orr. to correct len~h and an~les 1 

shutters glass holding strips and raised panels holding 

strip$ (astragal.s). 

- Machine capacity 

- Required output 

- Number of 111&.chines required • 

1,800 pcs/day 

l,6oo pcs/day 

1 

X - Radial Arm Sav: Machines kerrin~s on doors strip cores. 

n 

Ill 

XIII 

- Machine capacity . . . . 
- Required output . . . . 
- NUJ11ber of machines required . 

- Double End Panel Sav: Cuts skin 

- Machine capacity 

- Required output . . . . 
- NUl'lber or machines required 

panels 

1,200 cuts/day 

750 cuts/day 

1 

to size. 

~a3/day 
1,5113/day 

1 

- Veneer ~lipper: Cuts to size sorted veneer skins. 

l,300m2 /day 
2 

250. /day 

- Machine capacity 

- Required output 

- Number or machines required • 

- Veneer Splicer: Joins veneer strips to 

- Machine capacity 

- Required output 

- lluaber ot 11aehines required 

1 

suitable door sizes. 

650.
2

/day 

250.2/day 

1 

XIV - Singl.e Side F.dge Bander: Applies lippings and/or 

veneer edges on doors. 
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- Machine capacity 

- Required output 

- KUllber or 1tachines required • 

1,000 m/day 

laoo m/day 

1 

XV - Hot Pressing Line: The line is COllpOSed or the rolloving 

machines and equipaent: 

- tvo roll ~lue spreading machine, 

- idle edge - knire disc conveyor. 

- sandwich preparation bench, 

- hydraulically operated 4-daylight 

bot platten press. 

- Line capacity • • • • • • 

- Required output • 

- Humber or machines required • 1 

XVI - Automatic Router: Mat!hines door cut-o~ts and door 

raised panels. 

- Ma.chine capacity 

- Required output 

- Humber or machines required • 

200 pcs/day 

100 pcs/day 

1 

XVII - Universal Drilling Ma.chine: Drills holes on door Jaabs 

and heads and on vindov casement rails ror vater drain­

age and lock-rod. 

- Machine capacity 

- Required output • • 

- Number or 11&Chines required • 

800 pcs/day 

500 pcs/day 

1 

XVIII - Universal Chain and Chisel Lock Mortiser: Machine lock 

slots , key and handle bores on fiush door panels ; machines 

face plate slots on door Jambs, J1&Chinea slots and bores 

tor locking 11eebani1D1S on vindov shutters. 

- Machine capacity • • • 200 pea/day 

- Required output • • • • 300 pcs/da7 

- lullber of machines required • 2 
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nx - Binge Drilling and Inserting Machine: Prepare holes tor 

and inserts hinges in aut~tic cycle/sequence on door 

jmbs, door panels, vindov casements end vindov shutters. 

- Machine capacity • • • • • • !Joo pcs/dq 

- Required output • • • • • • 6oo pcs/dq 

- Iuaber ot machines required • 2 

:a - 1'ull1 Tooled-Up Workbench: Workbench equipped vith 

portable pover tools such as: screvdri-.er, drill, 

nai1ing gun, i.-r, etc. It is used tor pertonrlng 

llinor manual assembl.7 operations on doors, vinclovs and 

casements prior to deli-.eJT. 

- lluaber ot benches required 

XXI - Material Handling !quiJ;Ja!Dt: Suitable number or pel.1et 

trucks, torklitts, containers end roller conveyors and 

trolley-a to llOTe rav -terials, seai-tinished stock 
• • I and finished products around the tactoJT t1oor. 

3.IJ - Manpower and Factorz Serrices Requirements 

Bariq defined the tn>es and quantities or machines and equip­

ment needecl to get est1-ted ractol'J' outputs, tables 981' be drawn-up 

to sbov manpower requirements and tactol'J' aerrices requirements 

(power, lighting, ccmpreHed air, heat, dust and chips extraction, 

water, tool sharpening. facilities, maintenance facilities, indirect 

-terials such as abraeb·es, tools, glues, paints and eo1Tenta, etc. ) • 

'!bu, troa (3.3) the tollaving requir.-nte renl.t: 

3.a..1 - llanpo!!r Requirements 

'!be labour required to man the ractorT is thua sub-di Tided bJ 

c1egne ot akilla uul nmber: 

- Skilled labour • • • • • 
- Seai-akilled labour • • • 
- Unskilled labour • • • • • 

T 0 T A L . . . a.o workers 
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1'rcm the abo"fe anal711ia • w cma caacl.lllle ti.t 'the ~ ia 

ot the "batch-prod.uction tne•. 'Ille ~rill be ba..a on the 

proceae. '1'he ll&in ad~ ot tlda ~ are: 

(1) Extre11e}7 tl.mdble. 

(2) High whine utilhation with corree­

pondingJ7 lov capit&l inwa• •t. 

( 3) IndiYidual operator'• etticienq ten4s to 

be high, since operators are reqa:irea to be YerB&­

tile and haw 11011e degree ot aill. 

( 1) Substantial. pre-pro(lactian planning 

required if' whine loec1ing ie to be high. 

( 2) Control ditticult. 

3.~.2 - Energr Reguiremeata 

l'roll the list ot mchine!'J' 11114 eqaii-nt propoeecl. the tol.l.ariDg 

enera requirements can be calcalated: 

- Power • • • • • • • • • • • 250 D 

- Compreaaed air at 6 • 8 Ma ~.ooo n/ldn 
- Dust and Chip Blttnction • • 35 9000 a3/h 
- Beat (hot vatei: at 

8o • l00°c) • • • • • . . . 250 .ooo Ieal/h 

It should be noted that: 

(a) Power in~ludM the power to nm the proc!Detion 

mchin9!'J', the air CGllPftUGN• tile an ...a cb:lpa a:­

tnction tans and a -11 boiler pl.mt tor bot Wllter 

genvation. 

(b) Power .... bea cal.nlatecl •ing - Oftl'&1l 

operating tac'tor of o,6. 
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3.5 - Conclusions 

1fe haw set down the toundationa tor the cieeip ot an econOllic 

mc1el tacto17 for doors and vinclov1I procluction ot -aila pbpical 

di..,,•ioaa, but with a relatiftl.7 high return an capital. inwet11e11t. 

Ia tact, upon emining the procluctint7 ot this t'acto17 we would 

mee tbat each vorker vill produce 2,5 casement vindon plus 2,5 

t!.usll doors per dq. In teras ot money (usuaing current prices 

..a labour coats situation in ltal.7), this lle8DS that each vorker 

11D111lcl procluce: 

- 2,5 Vinclova x £2IJO.OOO • t.6oo.OOO/dq/voner 

- 2,5 Doors x t. 90.000 • 1225.000/da;r/voner 

T 0 T A. L • t.825.000/U,/worker 

'lllat is, based on the cWTeDt costing situation in the business 

ot Doon and Vind<>Vll \lallUf'acturing, a worker vould pel'cl about 7 times 

it.a cost walue. Ot course, this doc?s not take into fUll. account such 

teetara u mehineJ'7 and equii-ent depreciation, interests on invested 

capi'tal, macl other cost item.. But ve haYe us,_a that these items 

ot con, u vell as rav -teriala and indirect 11ateriala should be 

pntt7 ftl.1 coTer~ by the sales prices ot the products and by labour 

..t.. 
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