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An introduction to drying wood using a Solar assisted kiln.
p e (ylig0] o B sl 00 eolitwl @b (oSl Sl )Le 51 Jad ol jo 1azgF
49 WS Zolas g olessl) jiie OIS et plesy 650k 4 l) Glex e
il LolSS Ghgr e Sl gl 5 Gz lgie
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What is a Solar Wood Kiln?
9 )7 e Sllo (Jgere S5 SiS Caz oo ,sS Hle (andys5 8,55
D98 oo o3laiwl a3 sle S 5l Jnd CS g sl a4 s ol «lga (5o )T
Conventional “Heat & Vent kiln” with the heat needed for drying
supplied by solar energy rather than fossil fuels.
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In conventional wood kilns, 66% of all the energy used in produc-
ing dry wood planks is for drying alone.

Using a Solar Wood Kiln, the energy used in the drying operation
can be cut by more than 75% to £4 / m? (or less)

Solar Kilned wood has a higher value, high quality, and costs a lot
less to produce.



Water in wood wgz 4o of
LE Ry J..i....: .._,1 ‘) 03 0dy p o)’l.':' dl'“‘?}-? P> P g u_i; )| e
Over 1/3 of the volume of freshly felled timber is water

D9 7,8 Goz 5Tl O ol yaas w py Joles 4y 28l bl b b aSST 6l

To be in equilibrium with its surroundings when in use, most of
this water has to be removed.

Lot VAP 6,Leds o sl gl cogllan Cugbs, oo
Desirable moisture content values from BS 1186

ao, YA BVP > 15 8 ,las Exterior Joinery - 16 to18%
Garden furniture — 16% 2oy VP 2l plele
Internal furniture — 10 to 12% Ao, 3 VWY E Yo 3 lels

Q0,0 A digd LS 4 a8l oY1 e> Mantel pieces - 9%

As the wood dries s e Sas Gl eos
g g0 03,iSed ¢ luosl g0
As wood dries it shrinks — unevenly!

gl o MALT (Hul S b ooy, by s
Growth characteristics are amplified during drying




Drying defects o i 31 ool cyleo

Surface shake b S

2O g
Wood dried too quickly can split inside and out!
5,5 Sz 0,55 yol, UYTUP b 1>
Why kiln dry timber ?
A0 \A 5l Somly il ogbye (s 5 (b bl j0 & placgz
Wood in very humid area will not “air dry” below about 18-20%.
eloleisle jo b, IS 4 ooy wo 5l i Uilesdl ) 6 uSel> sl
Al AV LA Cugb, slls Wb RCEIPRLIN LY
To avoid too much distortion!
Wood used in heated buildings needs to be a moisture content of
9-13%.



Drying Elements o SCis ol
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Moisture movenent from centre of planks

PS5 Gled sy by sl (b >

Warm Air Flow

S5 ool 2sr Cusk) bbogzr (e 05 > plls 3o LS
Heat _ gets moisture in the wood moving.

Sugb) g Jie oz ) LyS 5098 o0 el (Fn slad awgs e (>
S o iy
Air Flow _ supplied by electric fans _ transfers heat to the wood
and takes away moisture.
198 55 S92 50 Casb) Glie - Casb,
Humidity - the amount of moisture in the air.
Cugb; Sy (5 xS oIl
Moisture Content Measurement
503l (Seig 2SIl slagicugh, SoS b ol [ AT 51 Soml sz
o,5
Wood below 35%:
Measure the electrical resistance of the sample to find the moisture
content.

Moist Air
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Wood above 35%:

Resistance method does not apply.

Use “oven dry method”

Privileges of Solar Kiln

Privileges of Solar Kiln
Low running cost

- £2 per week

(or less)

High quality

- low degrade
Performance

- from air dry to 10-12%
between 8-12 m? / year.
Low initial cost

- about £1500 in materials for 2 m? kiln.
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Solar Wood Kiln _ Disadvantage
Ol Al peee Jlo 5lole Vo4 sgase il (Sis 4y oliiws (gl p
(Cwl oS Lo e 1988 50 (Jg ol (LK) jaiS 5o Cudgaome
Limited to about 7 months of good drying per year.
SYloszr 4 sl gaiile; g o
Management of wood supply:
liasy slaole 18 0,5 SKis g (6,15 cadad lles
Felling, milling and air drying during winter months.
2O bog 5k sloids ;00,05 10 cud i UY—L_:? (LD gjlwe yuzd

Ad S Cod Cagb Gl sl as olalas
Storing kiln dried wood in polythene sheeting or in humidity

controlled atmosphere.
S o5 (Slro 55 ()95
Solar Wood Kiln - Theory
ool Jlgds a5 slaoysS o Ol S
Temperature in a Solar Kiln is difficult to control
Y Togz Coghy s yd J5S = lga oond Cugh, 58
Control of humidity = Control of Moisture Content
e Sasb) S5 e Gl o Lo)S = ol S anld
Heat + Air Flow + Humidity Control = Wood Drying
S y93 slo,sS o Shoe (SsS
Solar Wood Kiln — How it works
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Sunrise

93 il el
Wgdso (pbg) By
Sunrise:
Fans switch on

oo bz (al 05 el g (SB35 (b
Circulating air:
Warms up

el g 0,85 o0 (o7 sloaiws Ya s ol >
ogdise Wil a5

Air flows through wood stack:

Wood heats up

o9k ly 0,88 gys ler leyS ol s 1l
3l ge Bl (WS o) (50,5

Air circulates:

For further heating up



Dgdier Jie (5,5 I jo slsr 4 Y Isz Cugh,
Moisture in wood:
Released into circulating air

Venting:
W39 50 034ES 095 (19,0 3 Slea
Cool air drawn into kiln
D9l g0 0aily gy 095 5l gl e 05 (Slsn
Warm moist air vented out of the kiln
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Cool Air In:

when cool air is heated up its humidity drops,
when mixed with the already circulating air
the overall humidity falls _ moisture content
falls

Warm moist air out
Wed 95 59 Gl pas plSe
Ngd go Ghgels Loy
Sunset:
Fans switch off




Solar Wood Kiln - Construction
Dimensions:

4.2m. wide

2.0m. deep

2.4m. high

Capacity: 2.0 cu.m.

Solar Collector:
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Box profile roof sheeting, painted matt black.

Fans:

2 x 450mm. Dia. 250w.
Orientation: South
Glazing inclination:

equal to site latitude, 56°N.




Built on a reinforced concrete slab - polystyrene insulation _ extra
thickness for perimeter walls and wood stack.

Timber frame construction —
Plywood sheathing on inside.
100mm. insulation fitted between studs.

Vent holes cut into rear wall




Rear of kiln _ showing cowlings for inlet and outlet vents _access
door to humidity control and wet/dry bulb hygrometer.

View through insulated access door during loading with 32mm.
Chestnut.

Plywood baffle: protects wood from heat of collectors,
supports circulating fans, simplifies air flow.

Level concrete floor:

helps to keep wood stack level.




“Stand alone” kiln  Jésweo Sols 5,85
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Kiln drying “for free”
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Solar Wood Kilning In the UK.

Operation limited to between April and October.

Construction quality must be very high, to withstand weather
extremes.

Insulate as much as possible for heat retention.

Kiln must be air tight, for heat retention and humidity control,
small leaks can effect humidity levels.

Manual venting is cheap and works well.

Automatic humidity control can be useful, but variables are
difficult to define.
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Solar Kiln - Measurements
Humidity:
Wet/ dry bulb hygrometer:
when inserted in air flow will give fairly accurate measurement of
relative humidity.
Moisture Content:
Temperature compensated Moisture Meter.
Insulated sensors allow moisture content to be measured in remote
parts of the wood stack.

Solar Wood Kiln _ Operation

Typical Day:

Sunrise _ timer and thermostat switch circulating fans on.

Early morning - measure moisture contents, max / min temperatures
and humidity.

Decide on optimum humidity, based on species, thickness etc.
Morning/Early Afternoon - allow kiln to heat up- 40°C to 50°C
Mid Afternoon - Read humidity from Wet / Dry Bulb Hygrometer -
open vents just enough to lower humidity to required level.
Evening / after sunset - close vents, switch off circulating fans.

Solar Wood Kiln - Graphs - Douglas Fir - May 1997



Wood Drying Quality

Very high drying quality is possible
due to:

Slow drying rate compared with
conventional kilns.

Temperature drop overnight forces
humidity to rise. Causing a degree
of “reconditioning”, a relaxation of
drying stresses in the timber.




Early morning condensation on inside of glass.

How much is a Solar Kiln

Example: for a Solar Kiln with a 2 cubic metre capacity:
Materials cost for fans, control gear, glazing, framing, cladding
and concrete base.

About £1500 to £2500

Installed cost — on prepared base, with fans and controls powered
from mains.

About £4000 to £5000

Stand alone supply (kiln drying for free!) — Typically hybrid Solar
& Wind powered.

About £800 to £2000

What we can offer

Kiln Design & Consultancy:

Design and advice on Solar Kiln installations

Essential Kiln components:

Fans, collector panels, glazing, control gear, moisture meters
Short Courses:

Find out more about the design building and

operation of Solar Kilns

Plans:

Coming soon: plans on - How to build a Solar Kiln

(1) 5 sloo,sS gl 5| gl Jln
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28m? Kiln in Belize, British Honduras.
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Combined Air & Kiln drying building
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“Nomad” kiln, assembled around wood stack.
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Large Scale Solar Kilning in Australia.
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Australian kiln made using an insulated container.
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Furniture

Furniture refers to movable objects intended to support various
human activities such as seating (e.g., chairs, stools, and sofas),
eating (tables), and sleeping (e.g., beds). Furniture is also used to
hold objects at a convenient height for work (as horizontal surfaces
above the ground, such as tables and desks), or to store things (e.g.,
cupboards and shelves). Furniture can be a product of design and
is considered a form of decorative art. In addition to furniture’s
functional role, it can serve a symbolic or religious purpose. It can
be made from many materials, including metal, plastic, and wood.
Furniture can be made using a variety of woodworking joints
which often reflect the local culture.

lizs glacllad (10,5 Folel gl a5 o)ls o)lal (5 e bl 4 olakee
Oele> 5 o) (52595 138 (oo 5 bl ((Joro Joo) (rtnits asile (L]
Ldl 6l slp eigren Gloke el oad a3 57 Sl o (Slgess Jie)
bajen wiile «enj el GV (B8] Zshaw lsiea) IS (sl enlin glisf 4o
(@lab 5 bawsd Jio Glea) slge giluepnd Gl ls (rs laje s
WAl (SSF e e o5 (Hhb Jyame SO Wl oo labis 098 o0 ool
de b (poles Bas Sy plpredy Wlg e lekee (50 Shoe 2B pogdle
wSle 0oz g Setdly G alex llse 5l 6ol 5l Wl (oo S Caens
Sinh el o8 el gz oYLl glgil 5l oolinl b ol e Ty laluo 5

a2 o Dby e



Complete the table by type of furniture .o.os” JolS oLl glgl b1, Jgo

wls3al  Kitchen | Bathroom | .5, 361 Living room | oly> bl Bedroom

cawls Cabinet o Shower e Sofa A Bed
N Cupboard S Bath oS Bookcase oL aes Wardrobe
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Wood has been used for thousands of years for fuel, as a
construction material, for making tools and weapons, furniture and
paper, and as a feedstock for the production of purified cellulose
and its derivatives, such as cellophane and cellulose acetate. The
type of wood you choose determines the beauty and strength of
the finished piece. Many varieties of wood are available, and each
has its own properties. The following sections introduce you to the
most common types of soft and hardwoods.
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Type Of Furniture
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Furnitur’s style
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Style Year Style Year Style Year
Arts and Crafts | 1860-1910 Federal 1789-1823 Modernism Late 19 - mid 20
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Art Nouveau 1880-1914 Louis 14 1643-1715 Shaker 1774-1890
chippendale 1754-1804 | Missionstyle | 1890-1930 | William and Mary 1960-1730
Barouque 17-18th First Empire 1804-1815 Rococo 1700-1760
Renaissance 16 th




Furniture of Living room
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Bedroom plan
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Armchair | >l Joo

Bed Olgss
Pire glass Pyl s
Nightstand 55k




Office furniture
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Reception area Conference center | Break area | Unisex restroom Elevator
Sl G oS 38 e slndy o il s syl
Desk Conference table Elevator room
27 5o S 5n ool 3

Chair with arm

Sl Jus

Office table

S e

Conference table
OlAS e




Type Of office furniture
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Desk RS e Podium 9
Desk with right hand return | e, (555 b o5e Round corner 3,5 asgs
Desk with right hand return | > 20,5 L 5 500 Desk mat a0 59y N
Cubicle desk P 09 (0 Paper tray 3l
Rounded desk ECTUSTA Chair with arms Joazas Jazo
Reception desk Sy e Side chair without arms aLwd g il Jaio
Corner surface WS amino Side chair with arms Jodins il Jaio
Flat file s LG Multi_chair rectangular table s degeze b Julaies jo
Wor e R .
Credenza (JgoaiS) ¢l LS i Multi_chair round table Jaio acgezma b oS e
Bookcase S Multi_chair boat shape table Pato degeza b JSE 5,6 5ee
Sofa Jee backboard g a5
Lateral file odigyy (il Cunls Marker board 3,9 aly
File cabinet 0 il Chalkboard 75 s
Storage unit SIS g screen inles amio




Office EQuipment
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Telephone il S Office lamp sl oy
Fax Se Projector 555
Desktop pc SamalS 30 Projection screen 55559 Linles axio
PC e e A Plasma pannel Lodly dxior
PC Manitor Jresin Cash register B3 Gearo
Keyboard oS asmio Xerox oSy
Tower PC SgualS Copier =5 oK
Mouse osle Table lamp 55 oo
Modem o Paper tray a8
Scanner S| Waste can b Jaw
Printer Sl Square waste can e dll; Jhaw
Plotter b Coat rack XN
Duccument shredder oSe > &ls
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Isometric Plan
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s 361 Bedroom 45551 Kitchen #L> Bathroom i 361 Sitting room
Stand cabinet Vanity cabinet
lyscos Bed (,Ul5) =S Bench
ooliws] copnls Shyy Camls
R— Wall cabinet Stand cabinet J—
=55 |, Nightstan 2>, Joro Armchair
el &l s osligl s Sl
Corner cabinet
4L k= Stool 5o Table
abeS culs
Stand cabinet Table and chair
00k Couls’ dlesg s

,sl,o Drawer

sl e TV table




Home furniture structure

SOFA STRUCTURE 8 MATERIAL PHOTO
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Classic furniture frame
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Top back Top win Front win .| Frontarm Arm .
P . P . 9 9 Top arm rail .| Front rail
rail rail post post stretcher rail
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Back
Corner . Back . . Back leg
Back rail .| stretcher Side rail
block stretcher rail post
post
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Type of furniture frame
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Wooden jont
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Mortise and thenon ab; 5 o8
dowel s
Half lap PULIPIPOY

thenon and Open mortise ab; g 3

Mitre Joint ol Jlasl
Hailf Lap oo
Dovetail alxl> oo

Finger Joint Sl s

Cross Halving ko Jlasl
Housing joint s Jlas!




Furnitur’s hardware

Butt hinge Brusso Hinges Piano hinge Einvisible Hinge
Cabinet hinge Strap hinge Knife hinge overlay hinge
Cabinet door lock | Hydraulic Gas Strut Lift Handle Cabinet Drawer Slides

S JelS 1 Jgaz 5 0,5 (gomais |y (3l 53lece

Cabinet hardware

Other Hinges by plo Sels @l
Butt hinge (e o5lus (&Y Cabinet Drawer Slides ColS 5928 )
Brusso Hinges sy &Ys) Hydraulic Gas Strut Lift Sdgep 65 ax o
Piano hinge (599 sily oY) Cabinet hinge (558) exlS’ 5V
Einvisible Hinge (o 28 (aii (6Y) Cabinet door lock ConlS atpcad
overlay hinge s, Vsl Handle JRoR
Strap hinge PRSI
Knife hinge




Butt Hinge Anatomy

(00lw) i Yol o095 LT

Barrel (five knuckles) Ay S
Pin Jre
Paint clearance Yyl Sl
Leaf S,
End play |
Length Job
Countersunk holes for screws s a3l ge
Pitch o5
Knuckle length amy Jsb
Leaf width Sy o
Hinge width Yol oye




Cabinet unit

AS gamaiws 1) Cauls Codg gls!

Base cabinet Loy S Wiall cabinet Solps conls
Single door e Single door s
Double door Ry Double door Ry
3 drawer i8S Y Double door corner PRI SRR
Single door tall cabinet a0 S eals Single door half tall Al des 0 SO
Double door corner absS 10 90
2 drawer 8§ go
Pentagonal open corner asgS b o s
Base and cabinet b




Type of kitchen layout plans examples
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S5 Jplese L_shaped layout

S8 g ploasx U_shaped layout

(43, 93) (593,55 plesex coridor layout

slopiz glesx island layout

Gloysz axi jlayz  peninsola layout (5]

b plaz straight layout




Cabinet unit frame

Solid wood drawer front

P osz 5l 25 sles

Soft door bumper

P sk

Stainless adjustable shelf bracket

el B il o

Plywood shelving with edge banding

Obz ad b Vs s jldib

Solid wood door frame

Pl ooz 5l s B

Mortise and tenon joint

ailj g plS” Ll

Solid wood raised center panel

Pl sz jlass

Euro style concealed hinges

(e S99, sV

Plywood drawer botton

FONRVEIE N PRARULY

Corner block

i

Dovetailed thick drawer box

545 dar alnl> ps L

Soft close drawer undermounted full access

(553 plas) JalS” (oo b iy ol 6525 o)

Hardwood face frame

Sp ok ez il i OB

Matching interior finish s el esls
Thick plywood side panel s Yoz 459 | Ay axio
reveal Mz




Type of Euro Hinge

g Sl y Ceons Jgor )0 1) G Cuos Jg0 syl (o )l8 6L
— please write translation in table

Euro hinge (9,9) Comls” (Yol
Wide — opening Ey (S Nigb
Diagonal o
Glass door slaias yo
Narrow stile So,L o
Zero _protrusion PPN
Standard o lastewl
Blind corner (e AlgS
Bifold sl
Angled s agl;




Hand Tools e 3l

A hand tool is any tool that is powered by hand rather than a motor. Categories of
hand tools include wrenches, pliers, cutters, striking tools, struck or hammered
tools, screwdrivers, vises, clamps, snips, saws, drills and knives.
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HAND SAW HAND PLANE CLAMP
FILE COMPOUND SQUARE MEASURE
HAMMER Stapler Adjustable square

g 993 (egate Gy ;0 | o )lnl el

GrSojlsl i DS YTl 3Lige Izl
2o MEASURE s ol Hand saw s 6.5 CLAMP
5530 slssS Adjustable square s 035, HAND PLANE s> HAMMER
S o sLiss COMPOUND SQUARE olegw FILE o 45 Stapler
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Woodworking machine Gz 89y ) b il

These machines are used both in small_scale commercial
production of timber products and by hobbyists. Most of these
machines may be used on solid timber and on composite products.
Machines can be divided into the bigger stationary machines
where the machine remains stationary while the material is moved
over the machine, and hand_held power tools, where the tool is
moved over the material.

A Woodworking machine is a machine that is intended to process
wood. These machines are usually powered by electric motors and
are used extensively in woodworking.
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Hand_-held power tools

Biscuit joiner Domino jointer Chain saw Hand_held circular saw
(SS9 59 O sy Jlas! Sy eyl S s 9,5 o)
Electric drill Jig saw Miter saw Nail gun

Sr e 20y o)) 2 8 o) 255 G S5

Hand_held electric
plane

S (B o,

Reciprocating saw orbital sander Router
a8 ,bbgs o) ey ool S 5y




Stationary Machines
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Panel saw
().3 J.»L' a)l)):\ Ao c)|

Edge bander
Ol &

Band saw
S)lg o)l

Planer
..\5) iy o..\.?)

Thicknesser

Drum sander

Bench grinder

Radial arm saw

S ond, e ool adllts Ko (&l ) Lol o)
Wood lathe Mortiser Press drill Elit boring
bl (S PGS o S5 Joyo el o5 &g
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Woodworking Machinery
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Do g L olas

Belt/ Disk sander S (5 g5 o0l Tool chest Syl ax
Router table S 50 Cutoff bin Sluls gols 18 e
Chip collector sz 05,5 0aiSe | Furnace/water heater o5 S ol
Dust collector 0,5 5, 00iSa Lathe bl
Jet OSS bla> i Grinder ool
Band saw Solg o)l Drill press S Joyo
Sub panel Gy o5 Planer 8,
Table saw Sis o)) Joiner %, UGS
Assembly/Outfeed table 5ge jue Bench 35 e
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Upholstery tools

Scisore Webbing Stretcher Staple remover Upholstery hammer
3 S5l O A &S ws) Sz
Sewing machine
) g ) ) Needle Needle Upholstery skewers
b eSes oetle oS 439, O .. RPN
L#L»-" [« 290 LI QI [ 29) VI
Air compressor Nailer gun Pnumatique stapler gun| Hand Stapler gun
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Upholstery Materials
S 49 gl Slge
Pocket spring Coils pring Band
Sb 2 Jd 4 dod b lgs
Nail Upholstery fabric Sinus spring
G sheosy 420k (S15525) g 5
Upholstery nails Nailhead trim Upholstery yarn
5S4y P Soge Jlse; 5S4, &
Foam glue Foam Staple
P8 o po aSie 5jgm




Wooden house frame
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Collar beem S Outrigger e
Celling joist b 4> 5 Cripple
Roof rafter s s 5 Peak ops Sg
Header Sl Common rafter s 55
Fascia o Cornice S YL 3!
Jack stud S g Strut al
Header joist S a5 Tie beam S 5
Doubling o555 g Top plate b eoly
Door bucks 5 osz ol land Rough sill 2 58
Anchor bolt e 050 Bottom plate ) Sy
Sill plate 8l Stud P
Comer post S5




Finishing
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Scraper Orbital sander Belt sander Gravity feed gun
oo Ol ool &,lg ool YU 55 Ay
Syphon feed gun Sand paper Belt sand Sanding block
Ol o3Pe Aty oolew elS ool Hlgs ool Sols - ool aiss
Putty spreader Brush Electric Spray Gun Steel wool
Wy S8 yo oo o Sy - Spb SIS | (g988b me - 3V oy
- Mil gauge measure- Mask Air-Purifying
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Holztechnik fachkunde: 23.Auflage2013.1s3N:978-3-8085-4047-3.

E. Sjostrom., Wood Chemistry Fundamentals and Applications; Academic Press: San Diego, p 293,
(1993).

J. Sturm., Method of waterproof wood and associated composition,United States patent 5968294,
(1994).

H. Gholamiyan., A., Tarmian., A and M. Azadfallah., Gas and Water Permeability of Poplar Coat-
ed with Paints and Nano-particles. Journal of Forest and Wood Products (JEWP), Iranian Journal of
Natural Resources, Vol. 63, No. 3, pp.281-291, (2010).

V. Tazakor rezaei., A. Usefi., M. Soltani., Wood protection by nano silver against white rot. Sth SAS-
tech 2011, Mashhad, Iran. May 12-14, (2011).

Robert J Settich, choosing & installing Hardware, The taunton press, (2003).

Graham Mc Culloch, The woodworker's illustrated Encyclopedia popular woodworking books, (2008).

Steve cone, Upholstery Basic Plus, Creative publishing international, (2007).

Sam Allen, the wood finisher's handbook, Sterling publishing, (2006).

Yeung Chan, Classic joints, Lark Books, (2002).
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