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FOREWORD

This brochure is one of a series of reports resulting from -
overseas technical inquiries on factory or commercial estab=
lishments, operation, management, and engineering. The
report is designed to provide only a general picture of the
factors that must be considered in establishing and operating
a factory of this type. In most cases, plans for actual
installations will require expert engineering and financial
advice in order to meet specific local conditions.

Mention of the name of any firm, product, or process in
this report is nct to be considered a recommendation or an
endorsement by the International Cooperation Administration,
but merely a citation that is typical in its field.

Industrial reports prepared for ICA undsr sgacial contract
are customarily reviewed and edited before publication.
This report, however, like other technical inquiry replies,
has not been reviewed; it is the sole responsibility of the
firm that prepared the rerort.

This brochurc was prepared in September 1957 by the George
H. Andrews Encineering Associates, Inc., Washington, D. C.

For further information and assistance, contact should be
made with the local Productivity Center, Industrial Institute,
Servicio, or United States Operations Mission.

Code Number
50
/
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ELUSH DOORS

The equipment and operating procedures desoribed in
- this brochure are intended foxr the production of
flush doors as an addition to, o> the expansion of,

an exiscing woodworking plant, wiers there ls
suffioien* demand for these products snd where such
'8 loonl cperstion would pe practicabls. The egquip-—
ment and msthods shown in thie broshure sre modern
and capabls of making all grades of flush doors,
botk interior and exterior, up to 2 feei wide an& 5
7 feet long. e

In oxrder to make rmzatia sstimates, certain w.ammpticns
must be mede, These ares

1.

2:

.

4

Se

6o

411 costs, such as those for aquipmmt,
materisles and supplies, are bassd on
prices in the United States.

The ooa%, inociuding iabor used, are
teken from the actual experience on
sizilar opsrations in the United Biates.

Adoquate powsr and water are a-.'aila.bie
st the sxisting pluit site. :

Adequate transportation facilities are
availsble at the existing plant site.

All estimates are based on one 8 hour
work shift per day, 5 days per mnk,
or 40 hours per week.

Flywood door panels will be purchased
sanded and ready for assembling,



Te Bush woodworking squipment and machinery
as & dry kiln, cutoff saw, planer, boring
machine, trim sewy; ripsaw, are slready
available in an eatablished woodworking
plant,

8. Adsquate floor space is available in the
- existing plant for the small pmount or
~additionsl equipment needed o pro&uce
fiush doors,

G, A market analysis has prOVad that arnual
sales of about 1,000 flush doors per
month is passible.

20, The following items oannot be setlmat@d
realistically: ‘

A, Freight in and ov,

B. Distribution and sales cost,

C. Tsxes, interest, insuranae sxﬁ
other burdens,

VWhile gereral estimates will be made of sach of these
items, for the purpose Jof ocompleling cost esiimates,
adjustments should be made in aoccordance with actuax
local cosise

In fact, all costs contained in this brochure should
be adjusted to conform to sctual local conditions.

PRODUCTION CAPAGITY

The production capecity of the flush door eguipment shown
in this brochure is 100,000 flush doors per year, using :
15 men in the cabinet department for assembling the desma
~ard using 20 men in the mill department to machine the
door paris.

However, the sost figures end manufacturing operations
shown in this brochure are based on a production of 1,000
deors per month, or 12,000 doors per year, using Z men in
the cabinet departrent to assemble the doors and 3 men in
the mill department to mechine the door parts,

He additional equipment would be rsquired to assemble
100,000 flush docrs per year.



Both intericr and exterior doors cen be made with the equipment
shown in this brochure, Standard sizes of flush doors are shown

’ in the following tables

PRODUCT SPECIFICATIONS

Note: ['] indicates feet; [") indicates inches,

1t 6 X 6t

X 6%

X 6t

X7t

1* n X 50
X 6

X 6t

X7

1 iom X 6%
X 6%

X 6f

X 7t

2t gn X 6%

Prefitting:

”(5}-

(®).
(c).

TABLE I

INTERTOR DOORS

1 3/8 inch and 1 3/4 inch

Q“
6"
an
10"
ON

on

6"
&
10"

G“,

gn
[

2t 4

21 g

2% 8

X 6t
X 6¢
X7t
X &t
X 6t
X 6*
X 6¢
X1
X 6¢

X6
X 6t

EX' OR IORS

8“
107
o

1 3/4 inch

3t o"

X 6!

X &t
X 6*
X7t

8«

10"

o

oM }

6"
gn
10“
o"
oY
6"

g

o™

an
10”
Otf

2t

8" X 1%

2t 10" X 6*

3t

Olt

X 6

X 6t
X 6t

X7
X 6t

X &t
X 6t
X 68
X Tt

When ordered "profit", doors shall be supplied as

o
o
gn
An
10"
QN .
ow
6u
& Bn
10"
on

All doors shall be prefit to 3/16 inch less in width
and 1/8 irch less in height than the nominal door
sizes, with a tolerance of 1/32 inch, plus or minus,

411 prefit docrs shnll have vertical edges slightly

o" | 2t O" X 6¢
an X 6t
ion X 6t
o X &t
&% X 7t
B0 28 29 X 6%
108 X 6¢
on : X 7
6" X 6t
- U X 7t
10" 21 4n ¥ 6t
o ;x 6t
gn  2t310" X 6¢
ion X 6
o X1t
followus
allowsd,
eased,

All prefit doors shall have skid blocks, scuff strips,
or other type of protection attached to the botten of

the door.



There are 3 grades, or qualities, of flush doors commonly called:
Premium Grade |

Good Grade
Paint Om a.de

"‘he follomng ravies II to X, mclumvw show the grade, size and
average fa.ctory ﬁellzng price of ﬂu&h d.a@*ﬂrs in the United Statesz

TAZLE :u:,
Paint gmde hardwood. in‘tamar ﬁuﬂh d,ocsr, 1 3/’3 imhas thick:,

hollow core:z

Width R Leng-eh,; Gy F’actaxw

Peet Inches ==~~~ Peebt  Inoches = Sales Price
2 o 6 8 3 5¢30

2 4 6 8 6,00

2 6 6 8 § 5§30

2 3 6 8 R

| 6,60
For doors 1 3/4 inches thick,"édﬁ_‘t;w each, ’
| TABLE TIT

Paint grade hardwood exterior flush doors, 1 3/4 inckes thick,
hollew cores

Widtn Length Pactory
Feet Inchse Feot Inches Sales Price
2 3 6 8 $ 7.8
2 8 6 8 8.10
3 o 7 0 9460



TABLE IV

Good grade *Lauan mahogany interior flush door, 1 3/8 inches
thick, hollow core: ,

Width : - Length Factory
Feet Inches Feet Inches Sales Price
2 0 6 8 $ 4.8
2 4 6 8 : 515
2 & 5 8 5.50
2 8 6 8

5.65

For doors 1 3/4 inches thick, acd & .50 each,

TARLE 7

Gocd grade *Lauan mahogany exterior flush door, 1 3/4 inches
thick, hollow cores C

Widtk Length Factory
Peet 1Inches Feet _ Inches Bales Price
2 & 6 8 s T30
2 g 5 8 7450
3 0 6 8 8,00
3 0 6 8

9.00

* Good grade lLauan (Philippine Mahogany),



TABLE VI

Good Grade Natural Birck interior fiush doors, 1 3/& inches
thick, hollow core: :

Width ‘ Length : ' ' Pactory

| Foet Inches . Fesh Incies _Sales Price
2 0 | 6 8 $  6.60
2 4 6 8 T+60
2 6 6 8 Te90
2 8 6 8

8.20
For dooxs 1 3/4 inches thick, add $ .50 each.
TABLE VIT
Qood grade Katural Birch exterior ﬂnsh daors, 1 3/ 4 inohaa 't:hick,

hollow corss

Width Length Factory

Peot Inghes Feet Inches 83 ce
2 6 6 8 S $ 9.60
2 8 6 8 10,00
3 0 6 8 1(.«80
3 0 1 o 11.80

Note: Marine plywood must be used on all exterior doors.



Premium Grade African Mehogany inte:i’ier ﬂush doors; 1 3/ 8 :umima
thick, hollow cores :

Width . Lemgtn o " Faotory

Feet Inches . Fee} ;__ng;hés. es Price
2 o) 6 8 §  13.00

2 4 6 8 1482
2 6 6 8 _15.50

2 8 6 8 16,00

3 0 6 8 47,30

3 0 7 0 18,30

F‘or doors 1 3/4 insckes thick, add. $1.00 each,

- Por each additional 2 inches in height over 7 feetr, aeid. 31900 mbn L
For each ad.ditiofzal 2 inches in mdt over 3 :E’eet, add QQ.OG mh. :

TABLE X

. Premium Orade Afrioan Hahogmy exterior flush doo*‘s, 1 3/4 mcheﬂ
thiok, hollow ocoTEL , E

Width " Lemgth  Pactory

Feet Inches Peet Ir___g"j ~ : mes Prloe

2 O 6 8 s 1‘3050 ‘ ’
2 4 6 3 1740

2 5 6 8 18,00
3 0 é 8 19.50

3 0 7 0 20,80




TABLE, X

Premium Grede Exterior Flush Doors, 1 3/4 inches, solid core:

Width

,Fbat Inahen

Factory
Sales Price

~Length - White or Afriocun
Feet Inohes #1 Gume Birch Red Cak Mahogany Walnut

OO WM O

8 $17.30  $20.70 322,80 ' $21.30 £25.00
8 19,30 22,70 25,10 23,80 2750
8 20,00 23.40 26,80 24,60 28,80
8 20,70 24,70 28400 25460 30,00
8 22,00 264,70 2940 27.80 32,00
0 23,00 27«.76 30040 28080 : 3‘3»00

- NOVONNOY |

CCARS

There are many types of cores usel in the making of flush doors.
Iilustrations of some of the cores now being used in the United States
- are shown on Pages 8 to 11, inolusive.

The kind of core used should be governed by such factors ast

1.
2,

3.

4e

5

The qualiity of the product,

The kind of scrap wood available from the woodworking
operations of the plant

The kind of woodworking machines available to machine
the core materials,.

The sisze of the door.

The end use of the door. For example, a closet door
ias not used as much as most other doors.
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MANUFACTURING OPERATIONS

The door frame parts includes

2 atiles

1 top rail

1 bottom rail

2 lock blocks
ocre meterial

The exact method used in machining the above parts will depend

upon the machines available in the plant. The following sequencs
of operations is recommended:

MTLI OPERATIONS

l. Kiln dry the lumber to from 8 to 10 percent moisture
content,

2+ Plane 2 sides to size.

3. Rip to sige.

4, Cut to length, eliminating defects.

5. Re~rip defective material into 3/8 inoh core strips.

6s If enough core strips ocannot be secured from mill scrap
or defective lumber, then good lumbter will have to be
planed two sides to size and ripped into 3/6 inch core
ﬂtﬁp Se

7+ Trim to length on double outoff saw or trim saw.

8. Notech all parts for core and ventilation.

9+ Bore dowel holes.

Note:t For ohkeapser doors, ataples or corrugated nails
may be used instead of dowels.



CABINET OPERATIONS
1. Glue dowels into stiles.
2s Glue lock blocks to ~tiles.
3. Assemble and glue up frame complete witk ocore in form or jig.

4. Pass frame through the glue spreader, gluing 2 sides with one
pass,

Se Place bottom caul on glue up table.

6s Place 1 vencer panel on canl, fece side down.

7» Plaze assembled door frame on veneer panel,

8. Place 2 veneer panels on door frézne, face sides together,
9. Place another asaembled docr frame on veneer,

10. Place 2 more veneer panels on door frame and cortinue until
enough doors are glued up for a press load,

1l. Place caul on top of glued up doors.

12, Load glued up doors into press and apply pressure. The nreasine~
time to securs a good bond will depend on the tyne of glue used
and may be as low as 30 minutes,

13+ Remove doors from press,

14, Trim sides and ends for size and squareness,

15. Inspect.

16, Bepair and sand any defects.

17 Psckage ard ship.
CAULS

Cauls are plywood boards slightly larger than the door and about 2
inches thick. The cauls are used on top and bottom of eack stack of
doors which are placed in the press. This helps to keep the preswure
even on the doors and to keep the press clean. While it is entirely
possible to press the doors without using them, it is recommended
that oauls ts used,



GLUE

INTESICR DOORS

For intericr doors, a water resistart bond is reguired, Tre hond
must retair practically all of its strencth when occasionally
subjected to 2 thorough wetting and dryinge. Polyvinyl, urea and
extended pkerslic resins =re suitable adkesives.

EXTERIOR DOOR3

For exterior doors, *he bond must be fully water-proof. Tre tond
must withstand full weather expnsuvre. It st not he affected by
micro-organisms, The use ¢f phenolic resins, melamine and
rescreinel adhesires are suitable,

Althouesh the cost of such rlve is fairly hir, it is considered
sconontieal for use where a 004 bond is -eauired. The cogt of
glve nf this guality for interior docrs will amount “¢ abrut

$ .10 per door, or an arrual cost of apprcximately 1,200,

T'sirg the above glues r a cecld press, the bonding time required
in the press will vary aczording to losal conditions,

The compeny furnishirg the glue will provide fvll information and
inatrictions for its use, These instrustions will include, how

{0 mix the pglue, how to apply it, hew lons to leave it in the nress,
under vhat conditions and in what quantities ~ztenders, such as low
grade flour, clelk ard other addi*ives may be used, ard other
rertinent informeticn,

It is recommerded that these instructions e followed cemrletely.
¥o attempt should he made to chanre ithe rmix, shorten the press time,
o in any way to deviate from *he instructions of the company
furnishirg the glue.

An annuel volume of 12,000 doors requires a production of only 4€
doors per day, tased on 5 working days per wuek, 0 weeks per year,
Therefore, the doors may be left in the press for lony periocds of
time, if necessary.

15
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VATERIAL COST

Plywood Door Paneis at $ .12 per
square foot

Stiles = 6 1/4 feet uf lumber,
including waste at $60 per thousand
board feet

Raila,,g top ard 1 bottom, = 2 feet
of lumber, including waste a% $60
per thousand beaprd feel

Lock Blocks = 2 feet of lumber,
including waste at $60 per thousand
boari feet :

Long Mesh Strips « 4 feet c¢f lumber,
ineluding waste at $60 por thousand
beard feet

Crose Mesh Strips = 3 feet of lumber,
including waste at 960 ner thousand
board feet ,

Dowel s, séndgaper and other

MNue

TOTAL ANNUAL COST OF MATERIALS

$ 51,200
4,500
1,440
1,440
2,860
2,160

380

1,200

365,200



BOUIPEFT RFQHTEEHENTS

The following equipmert is Te~vired %o assemkle and
rress flush doors. When operated & hy:i»g per day
with a crew of 15 workers, this equipment has a
capacity of 100,000 doors per year. However, tte
production operations, costs, and the estimates
shovn in this brochure are pased on 12,000 donrs
Der year.

(<]
N .
8

Door frame forms should be made 2t plant

Weod cavls, about 2 inches thick, should
also be m2ie at plant - 100
Clve mixer ) AGG
Glue spreader, wate. cocled doctbr rolls 2,700
Cold press, air operated , ‘2,100
TOTAL COST OF EQUIPMENT ~ K 5,500

Hote: It is reccmmended that, fer 2 mueh larrer DPro=
duection, a corbination avtomatic door edrer and trimmer
be used., A picture of this equipmert is inalod% here:
The cost of this ecuipment is abeout 87,000

DEPRECTATION

The annwal depreciation of equipment, based on a life of
15 years, will amount to 83567,

21
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;oo FEET e R ol ©

CABINET DEPARTMENT

EXISTING MILL DEPARTMENT

—1334 09

A,
Be
C.
D
E,

Form for frame and core assembly.,
Glue Mixer. g B
Clue Spreader,

Stacking Table.

Cold Press for Flush Donrse

The flow of production is straight line A to B with no back-tracking.

1NCAV INVId



PERSONNEL REQUIREMENTS

Since the flush door operations are to he

conducted in a woodworking plant already

established, management, supervision and

clerical personnel will be available with=-

out additional cost. ™he cnly additional

direct mill cost will be the machining of

the door parts. Tnis will require 3

additicnal men at $1.50 per hour, or an

estimated annual cost of $ 9,000

Two men at $1.50 per hour will be required
for assembling and packaging 40 doors per
day, The annual coat of thess assemblies

will be —. 52000
TOTAL ANNUAL LABOR COSTS $ 15,000
SAFETY

If first aid facilities are not =2lready established in
the nlant, it is recommended that a first aid room he
maintained witr the usual first aid kits available and
that ons member of the office staff be appointed to
administer first aid when recuired, It should also be
his responsibility to have everythirg neceassry fer
first gid treatment in stock at all times,

The glue spreader should always be opened wide for
cleanirg to avoid accidents. A brush should be used,
gince a cloth cculd pull a paison into the machine.

The spreader should be cleaned immediately after it is
used. There are safety attachments on the glue spreader.

23



SALES

The descriptions of manufacturing operations and the cost
estimates inrnlnded irn this Prochure are based or nroducing
12,000 ~nod crade 7 ply flvsh 5nn*§, 2 feet 8 inches wide
Ty 6 feet & inches long by 1 3,4 inches thick, using an
egg=-crate, or mesh core, and natural birch panels, as
shown in Table VI, Page £,

The factory selling price of this door is $8.70. On this
basis, the annual sales wculd amount to 3%104,400,

Since the doors are to be produced in an existing wood-
working factory, it is assumed that a sales organization
is already established. However, $3,000 is provided for
the possible need of an additional clerk in the sales
department.

FECAPITULATION OF COST, SALES AND PRCFIT

ANNUAL COST OF 'ATERTALS 8§ 65,200

ANNUAL COST OF LABOF 15,000
ESTIMATED ANNUAL OPERATIN” COST ¢ 80,200
DEPRECTATION OF EQITPMENT 8 367
INSUPANCE 200
UNFORSFEEN EXPENSE 2,523
SALES COST 3,000
PROFIT BEFORE TAX 18,000
ESTIMATED ANNUAI PUTRTEN COST 8 24,200
ANNUAL SALES $ 104,400

24



SUMMARY

The 2dditiorn of equipmert to an existing woodworking plant
to produce flushk doors, in accordance with the assumptions
made in this brochure, would be a profitable undertaking.

There are some thlrgs, howerer, that should be determined
before a decisiorn is reached to add flush door enuuipment

tc a woodworking plant. Amorg the necessary determinatiors
to be made are those with respect to the following items:

SALES

Will the potential anruzl sales =2zount to 12,000 flush
doors?

COSTS

After revising the estimate 5 costs and earnings shown in
this brochure so they conform to actusl local costs, where
it is proposed to produce flush doors, will a profi*able
operation be indicated?

- COMPETITION

Is there potential competition which will reduce the revenue
below a profitable level either by lowering the price, or by
reducing the volume of sales?

PLYWOOD

Will a dependable supply of plywood door panels of suitable
guality be assured at a stable price?

FLOOR SPACE

Does the existing woodworking plant have sufficient floor
space available to accommodate the addition of the flush
door equipment and produciion cperations?

Flush door equipment, such as described in this brochure,
when installed and operating in an existing woodworkin
plant, will serve as a good nucleus for a much larger
operation.

When a greater production is justified, the equipment shown
in this brochure is capable of producing 400 flueh doors in
one 8 hour day.

25



NOMENCLATURE AND DEFINITIONS

The definitions below give the meaning of the various terms
used in this brochure:

CORE. =~ The innermost layer of veneered door construction,
enclosed by the faces, stiles, and rails,

OLLOW COPE. == A core assembly of sirips or other units of
wood, »f a wood derivative, or of insulation becard, which
supports the outer plywood faces, with intervening hollow
cells or spaces,

ECC=-CRATE or MESH CORE, == A hollow core composed of strips
of wood, of a wood derivative, or of insulation board, so
joined andfor interlocked as to form a nesh, lattice, or
grid throughout the core area, with air cells or spaces
between the strips.

LADDER CORE, ~— A holliow core composed of strips of wood,
of a wood derivative, or of insulation board, running either
horrizontally or vertically throughout the core area, with
air cells aad/or spaced between the sirins,

TMPLANTED BLANKS CORE. ~-~ A hollow core composed of a series
of blanks, forms, ard shapaes of wood, or a wood derivative,
or of insulation board, which may or may not be joined to=-
gether, implantedi between and ~upporting the outer faces of
the door, with air cells or spaces between the blanks,

CROSSBAWDING, -— The veneer used in the construction of
filvsh doors which is placel beneath the face veneers, with
the direction of the grain at right angles to that of the
face venser,

FLISH DOORS:

FIVE~PLY FLUSH DPOOR has iwo plies of wveneer on
each side of the core,

SEVEN~-PLY FLUSH DOOR has thres plies of veneer
on each side of the core.

26



¥ILN-DRIED, == Dried in a closed chamber in which the
removal of moisture is controlled ry artificial heat and
usually by controlled relative humidity,

RAILS. -=- The cross, or horizontel pieces; of a door.

BOTTOM BRATL., -~ The bottom cross or horizontal
pieces of a door,.

TOP PAIL, =~ The top cross or horizontal piece
of a door,

STILES. == The upright or vertical outside pieces of a
door,

PLYWOCD PACE, — The side of the plywood usei for the
face of the door,

ZLOCK BLGCK. =— A solid block of wood the thickness of

the door stile, attached to the inside edge of the stile,
into which the lock is fijted,

27



ENGINEERS

The services of professional engineers 2re desirable in
the design of a flush door plant, even though the
proposed plant is small. A correct design is one which
provides the greatest economy in the investment of funds
and establishes the basis of operation that will be most
profitable in the beginning and will also be capable of
expansion without expensive alteration,

The addresses of professional engineers who snecialize in
industrial design, some of whom may be willing to under-
take such work on low cost projects overseas, can be
secured by reference to the published cards in various
engineeving magazines, They may also be reached through
their natioral organizations, one of which is the

National Society of Professional Engineers,
2029 K Street, Northwest,
Washington D, C.

Manufacturers of industrial equipment usually employ
engineers familiar with the design and installation of
their spesialized products. These manufacturers are
usually willing to give prospective customers the benefit
of technical advice by those engineers in determining
the suitability of their equipment in any proposed
industrial project, The equipment manufacturers also
xnow and can recommend professioral engineers in private
practice, who are willing and able to provide appropriate
consulting services,
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JIBLINTRAPHY

Federal Svecifications LLL = D -~ 581, Doors, Exterior and Interior,
Wocd, Flush Type, Veneered, Price 10 cents.
General Services Administration,
Seventh and D Streets, Southwest,
Washington 25, D, C.

Veneer, Plywood, anl Laminated Wood,
Forest Products Laboratory,
Madison 5, Wisconsin.

A Treasury of Hardwood Plywood,
Hardwood Plywood Ianstitute,

600 South Michigan Avenue,
Chicago 5, Illinois.

Commercial Standards CS 200 -~ 55, Hardwood, Veneered, Hollow=Core,
Flush Doors, Price 10 cents.
A recorded voluntary standard of the trade.
Superintendent of Documents,
U. S¢ Government Printing Office,
Washington 25, D. C,.

PERTODICALS

Progressive Architecture,
Monthlys Reinhold Publishing Corporation,
430 Park Avenuse,
New York 22, New York.

Hew Yo ber Trade Journal, ‘
Monthlys New York Lumber Trade Associstion,
5624 Grand Central Terminal,
70 East 45th Street,
Kew York 17, New York.

Southern Lumberman,
Bemi-monthly; Je. He Baird Publishing Company,
2916 Sidco Drive,
Nashville 4, Tennessee,

29



