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ABSTRACT

Experiments with a wood oil palm wood by microwave oven with halogen lamps
and hot air to the palm wood, which most do not benefit, so makes maximum benefit.
By designing a room the size of 50x100x100 cm’ Made of stainless steel type 316
microwave 4, heat from halogen lamps 4 lamps and heat from Heater 1 set by this
experiment will cut palm wood and select the timber from base to 3 meters. Age 20
years up. Will soaked in water before baking. And cut wood to size 1.5x2x10 cubic
inches and bring to a Hot Air Oven bake at 105°C for initial moisture content and drying
with palm wood by microwave with halogen lamps and hot air. The study was divided
into five types of experiments with a microwave bake with at 1,600 W, halogen lamp to
heat 50,70 and 90°C, hot air at wind speed of 2.1 m/s 65 and 95 °C. microwave 1,600 W
with halogen lamp at 90°C for 9 hours to bake the maximum modulus. flexibility. But
Palm was twisting and shrinkage. And microwave 1,600 W with hot air speed of 2.1 m/s
at 95°C for 13 hours to bake. The experimental results baking microwave 1,600W with
halogen lamp 2,000W- at a temperature 90°C takes a times minimum. The twist and
shrink less. The flexure modulus maximum flexibility. And use is 8.16 units less electricity

and can be used for interior or type of furniture you want.

Keywords : Oil Palm Wood, Microwave, Halogen lemp, Hot air, Drying
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WiuyuuaLAsEgha wenanfianuansavessdndueiain UV lussesnaidudu anns
Uapefinwiugainaey

E.Bakar et al. [11] @nw1 “Polygon Sawing : An Optimum Sawing Pattern Oil Palm
Stems” Tagguuuumsidessuunduiley 3 sUuuude desdin (Life sawing) \dosmanoivasy
(Polygon sawing) uazidoeleussyy (cobweb sawing) Imgmm‘umsLﬁ@ﬂﬁmmaﬁﬂ%%’%ﬁ
dessutduthifufe uluun1sidesuuuloussy (Cobweb sawing) osnundinisiudy
1¥iilesou msLé‘lasﬂmag“uLLUUI&LLmagmwTﬂﬁmmsn‘l%ﬂizimﬁqaqmmﬂLﬁalﬁﬁa&uiu%nm
TAYIOULNUNANVDIAINY

Observed patterns

Life sawing (LS) Polygon sawing (PS) Cobweb sawing (CS)
JUT 2.4 Yuuumsiaeyliiiiedeu

G.P. Sharma, S. Prasad [12] @nw1 “Drying of garlic (Allium sativum) cloves by
microwave-hot air - combination” mseulenaunssfisussausousaniuadulalasian
33nnseuwialaglfandeuinsuiuadululasay Wsniunisnnassiundunseiien 100 n3u
Viqmwgﬁ 40, 50, 60 WAy 70 srwalded ANuSaN 1.0 waz 2.0 m / s lgwdauain
lulmsiaviegesteiiiosit aow - dwsunisiuSeuiiioy nrseuuisuunaiegiafieafiugnii
a’l’m%’umsmaaau,azmsauLLﬁaﬁqmmﬁaﬁammzmmﬁaamLfJu 60 wag 70 pIALgalTyd
way 20 m /s AMNAIRU AINNLTUVDIE ANNLTe uaYTETEINaUNTTIRENILASRNIUNTTU TS
UsganS nmunsvinaureslulasnisiuiuaudouainauiou wagnIzuIunITauLisIgay
Lausssunn nseunismesaaululasnsndunisihauseutlsnisanianlunisouusieas
80-90% nMsiUSeuifisuiuNseuLiasauseusTTmLasuAmA YR AR TSN

A

G. Sumnu et al. [13] fnw1 “Bread baking in halogen lamp-microwave
combination oven” InguszasAndnvasnsinuitethnaveniseudaglnannasaslaiau
s7u fumdululasion funiseudelnanvasaeilaisuaziuseuiisuiunseuseniu
lalnsnifidenuninyes aunds Tﬂai’mmsqﬁm?{aﬁmﬁn UBnmssiwne anuutiuveile
vuntl wagvesvunth gnin Wumsiiesifinanm mseuduasiianuasnelaiay
suifurdululasrazaniiatad  INNTBULUUSITUA 75% ArmFounnlulasiavinudndu
nalndilanaulunissauiuly mﬂwaamaﬂaLauluLLdmaamaﬂszwusiamsqzytﬁmfwﬁn
nswauevunts wazen DE aewuntdly  mseusuudefuimevainlwvasnelaau
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' @ P a a a aa v o ) O - '
sSaufuaaululasniivSuiuiianizianzas wasldlndipssiuvundieunanu uansgyLas
ﬂmﬂnuazmmLLﬂumaaLﬁamuuﬁaé’qmqa

0 @ 800

Q@ ¢ O 0 9

U 2.5 MnUsgnounisiglulasnnsuiuvasneilalau

H.P.S. Abdul Khalil et al. [14] Anw1 “Optimization of bioresource material from
oil palm trunk core drying using microwave radiation; a response surface methodology
application” Anwinsiuyseavsamanmseulsiunduisiulaeldadulalasid Taed
Goulalumseuwidagidaaululasiitevanidosnsindlusl wasnsveds T3ngusvasdiite
Wannseulditidutieiy ‘qmsummi‘vlmaaqlﬁ%’umsaamwu‘lmdﬁ%‘%m‘aﬁﬂmﬁuﬁmauaum
WeUsifiunanvadd Sanusuuslunstuaunissane ban (2-10 min), fegremin (300-
1000 ¢) uagwassu (660-3300 W) Anwinioldtoulefitruauarldfuniseenuuulag
Hilrmngysumsesnuuureniiag an1sAnwnuUszansvesnsauwilenaululasianly
AsannakazmIminanuiuistudiofieufuniseusameuuisiinisasullasegns

TaifiTodfny

5UT 2.6 L@ty alifasreueu b ldlwivainiseu clifauagvadmdsnisey ol
WianmAnaINIseu
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S. Kaya et al. Ainw [15] “Hot air and sun drying of grape leather (pestil)” waldl
LLduﬁﬁé’ﬂﬁuﬁluUszmmiﬁ‘ﬁ'ﬁwmnfwag'uﬁuLLazmauLLﬁﬂﬂ&JWLWﬂﬁﬂLLUU%@Lﬁu N1TBUUTY
pestil AuNsIngoULIRAIALTOULAZAINLAN ﬁﬂ‘mmsa‘uLLﬁqﬁwau%"auﬁqmmﬁ 55, 65
Was 75 ssrniwailua Timnumundionadl 0.71, 1.53, 2.20 uay 2.86 fadluns uasiinus?
ax 0.86, 1.27 uag 1.82 m/s NaveINITBULTsTIIAN QAN WAE ANMUNUIUNY loruiy
wasnsouwiteglutisiimnzay anuiiauinadenniied e uaziaarlumaninuanes
Bonmnimseusisanou mIsueauieursianudssienisiasyiulnvesgiunid
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Frequency (Hz)
3x105 3x10° 3x107 3x108 3x10° 3x10° 3x10'" 3x10? 3x10" 3x10M
| | 1 1 | 1 1

T

Microwaves

radio
Shortwave
radio
Far Infrared
Visible light

AM broadcast

Infrared

FM broadcast radio

T
|
|
|
|
:
|
|
1

T T
107! 102 1
Wavelength (m)

I
|
|
|
:
|
|
|
Il
T
0—3

=)
&

g’

—-
S
A
°N
n
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JU#1 3.1 wavanasuveIrauivantudii

pauwwaniwiludsguanualadiaansnwaglilasnrsudralunduauwazng
Smualiidlansetulalnenisinanudeusisaduusindnlwiiluguvesladiannin
(Dielectric heating) annsauszgndldlafunnguninuivesnduusiivaninil Feeeg1sdosd
[ (Y] a ad o | e v
anfimseunquuavalniLreeduNsUIA (nfrared spectrum) lagsyuupmdinInIMle
anleegnsfesdotismnunas (High Frequency; HF) @ailnadlugag 3MH e 30 MHzuae
FAnudgan (Very High Frequency;VHF) @siinmuilugag 30 MH fis 300 MH U189
gruanuinseusulunIsitauseuveddadiaansnie 1 fe 100 MHAuvuzAlulastanldeu

A7LE 300 MH,A9 300 GH,

3.2 AAU
Adw (WAVE) 1iuusngasalnesssuypsianistagiintulddediuasiiianau

wdAssuRnszateadueannuasifineantUuiniig lasazlivunanadluses 8919910

wasfiiaunuuinazdadnasluiignazmell pdunnuln Usenausie 2 diu fie

n o

q

5U#1 3.2 AINNENVBIAGTY
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3.2.1 AAIgewRIAAY (AMPLITUDE)

Unfnansifeuduumuguadu inadeuldesuil 3.2 Arwigauesedy Tasawiidu
wisRnansadu mmgeeseduariannssduinansnduiulumuieadiumeenndulugy e
svoz n T 2 uay A U g

3.2.2 ANNETIVEIAAY (WAVE LENGTH)

AENvBIRAL Aosvervinssyninseenndunilluginsenndunil Tugui 3.2 fe
sesz9n n W ¥ udlumeufoRsninnensedufnanswesnduiigasusuvesniudnuaniy
uisgrinaniindunauuagluussaulugui 3.2 Aessezann a flaa segziiniFondn mnuen
Ay Wewnazmnlumsinnsanuagiadnuszeyan 9 i a widsinanudndu 1 gn
AU w30 1 ANENIAGY Y30 1 58UARU (CYCLE) “ A7 8131 waus (LAMDA)

SafidniAedeafundusnetne e aauil (FREQUENCY) Wumnudilumsindeudi
vawmaufisutuna lnefvuavthevesruiilugses (HERTZ) Mgolouldu“H,” Tneli
Srimmuldih “1 B3nd (Hy) fenisiiadu 1 gn vi3e 1 38U tAdBUTKIugRS19ds Tneldiaan 1
3977 Feud1ueninaui 1,000 1B5ad (Hy) B1emIINIn ﬁgﬂﬂﬁu 1,000 Qmﬂ?{auﬁmu

ansndelanieluian 1 3undl Wiesiiaiuseqvesrdutazadunduiusiuaseaunsgns

% (3.1)
A

dho F = @i (FREQUENCY) Sivinewduy 18304 (H.)
V = anudwesrduluaanie (VELOCITY)
Fawihfupnu§aiad fe 3x 105 wnseodundl (m/s)

A = uaudh wihfuemiueaau (WAVE LENGTH) Svieiduians (m)

K9t EsmsiumnLavesrdufaunsavaNeesrauls warlumanduiudns
NN MAALEAnsavauRvesraulaTuiY Wwwsmsuaudvesaaululasanly

Tumnlalasiavivindu 2,450 wineidsed (MH,) @nansamauenaulanuaunsi

7l
p
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1310 V =3x10® (300,000,000) msserund (m/s)

F = 2,450 wnetdsnd (MH,) = (2,450,000,000)

" 3x10%(m/s) _ 300,000,000

LA = =
2,450(MHz)  2,450,000,000

sidunuenady (4) = 0.1224 wns vide 12.24 lwufiuns

3.3 MswiSedvesniu
AN ORI TuASEvesrauuANE i Ey 2 wuu
3.3.1 nsuHSeauuulivilvesnounigluaasunns
nsuiSaduuuldilermeuneluaaisunnd Wuanduing nsimd lulasiav
SSBUNLEA wazuasn ey Fenaumariidusunseuadtisdes
3.3.2 AMSUNSIFULUUNN D LRDUYDIAAITUANAT
msuwiSaELuuT e peuvetaasuands taunuadansilaleran Seduwnuun S988nd
e ivhsunsefuadBialssfufalutiuaun quunisaeSidunuiniiierdn
\wadusi S lfeadvedeliiindouvieniely
ﬂ?iulu‘lmL’;W%’mLﬂuﬂﬁuﬁﬂaamﬁahiﬁmsﬁ’mﬂummw%’qﬁmﬂﬁwaeviuummw%ﬂuﬁ
1a3unaululasinusegielsifduiiedulalasivesluiiansfudunnndadandiseg
maulilaswiAdstisunsie mnlisurdulilasviuinasnnquazuiuneSeassnegenaaeg nuasly

U g2

Aslafle 8 laun9mn metavenls wanlasuraululasdnaInnan 5 WNEIRAABAIIIY

LHURLURT

3.4 anwuzvasnaululasian
raululsniidnwazUsedney 3 dnune Ae
3.4.1 nsaveuvesnau (Reflection) maululasiviledslulaulansazazviou

4‘ [} [} b4
penmaullaunsanzarulanylule
3.4.2 Maneqruvendu (Penetration) AdululAsINIZAINSANERHILTAAUIN

VY ]

windindnenszandeaidsiivenliuassssundesinudmiule JagAsdiniuuninaiersnis

Y

< %

negrurosndy Aoufiily ufmuauseu iesnsuonndou in3eafie muadou
nsvawuazwanain sy é’dﬁ?mﬁaﬁﬁa@mmﬁmﬁwLﬂui’aﬁgmiqmms A ianesazlifou
arfouamzemsvinty

3.4.3 msgmﬁu‘uaaﬂﬁu (Absorption) Adulslasimansagandulilaseims

(%
% LY

< aa o 1o Y o o & o w d A 1'% a
vieYaniitdunauvesiegrlvidunuresaiuanatly ssmasgnganauliasiaeuann
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a

WldTmg¥oudu Ingfigandundu uenainazilueimisuasundesenauaionan
U

o ~

wsestudumnilildiadouvianun eosnugfiteasestuduinnlilaindouasigng
unueviliTaniinudunsenadnienil fAeflavesniunsnidilueglugwumaiudie

dunldlumlulasnfazessiiassaudmaliianfoulume

.2
3.5 nanmsnugiulunisiianuioudaglulasion
Yanladiaansn  (Dielectric materials) vanefisiagiaauIuniiilassasnanugIums

qaneididnuasdudamaliii (Dipoles) mnufinduvathilasian 0.3 - 300 MH; uielutas

ANULIAAY 30 WURLUAT 09 0.3 Taaluns
=0

Ui 3.3 MatSeeivesan milsinnelutaglndiaaniniiobifiauylii

5UR 3.4 msiSevesanmidaiineluianladiannindletiaualuih

3.6 nalnnsszwievasitaananiagiisuutiedglalasiom
mmﬁﬂumsssmaﬁ'\aanmﬁaqﬁ%auLLﬁqﬂgu%%uag:f“fummumnaimmmmﬁu
sewindmseanuiumelutagiiazeunsisfuaeuen ndnfedanuiuresinigluian
gandrmuiuneuenian massmeiasiusgmnds Mownililasuridaiusduuingn
i Aslenufreuthege wwnranvaadivluiletanfizeuwidluduluanavenieeguuse
Fvamudvifuanudlalesion deaasndusluumuniudvesadululasimdld 2450
wnzisvdlaanavgnduilugisedululasimgasuanidhun 2450 undsioTuiuazidoris
avvesnavlalasiridnan luanasendusasnadatusiuiu 2450 undadotunii deavdma

Iiaiamsduasiiieustemindaveduanavesinilildsuanuseuiieninnadaives

143557
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Tuanaveni dwaliiflgamaiuasauiugadu uandedaudugeaniinisuenidumgliin

ANISLNEVDILNDENTINNG?

3.7 uwnasnulinaaululasnw
Tusssuvdwnasiidanaululasivinainaseinddaduunamdsnuuinlg ue

uysdieadiliannsamunuidsnlilasniidewnanaieiing suasthlugmaiiemasnu
lalasinniesssuvdtlulald asiumnaziindanulalasonluldusslevi aiesasenau

Talpsnanldies Mfliardulilesiavgnasranaingunsal 2 wuu Ae
3.7.1 wuuvaeaggyyinid(Microwave  Tube) unasiniiaadululasiaviuy

guannatliidinuedululasnesnungannnivulednany whasldsasauige)
f

Wailaasenaduliinaansaulmeensuinadululasinesndu 3 wuu fe

3.7.1.1 nasnlaaansau(klystron) iunasnuuusniinantu Maeulug
mmﬁlu’lmnﬂﬁmﬂ%’muagj 2 wuv Aelidumiideedulalasinuasdusiversaduldly
guANLE 300 WAnEnd de 30 wnzTndaslinaentluninueegevinedsoanainieves

aaiaaAnuAuLenIw
3.7.1.2 vasaunsIaaain(Travelling Wave Tube) tluviaaafiiauiuiain

Vaonlaaansau suLilesannInluranalraansaulinuunlsUBIAANLATNNNUSENN 1 - 8

alie A o o a a ca v X P o |
LB LU LY DWAIUININT WA DALNSLIAR AN LUUNITNINVU IULﬂiﬂﬁiUluiﬂin‘Vﬂ,ua']u

s

WBnduvudldveedyanaduaanimudygiaressuulnianuiaukazsinnidnduuunldvens

v

Adammgavheluszuudeasaiiieunasisns
3.7.1.3 nasawunilnsou(Magnetron Tubes) [Wunnasiilnnaululasiangn

¥ L

yinndanliidsnusenuigean Jegdunasauuninseuausnlinidsau Out Put lagegn

v &

84 40 wngdnd Nseduamuaneing 50 Alalias o Aud 10 Wwneiding 1ieaa1nynves

P [ a

LLmnﬁmsaummmLaﬂLLasﬁmﬁanLﬁaLﬁauﬁ’uﬂisﬁmﬁmwwqq Wwuldlumlulasivuagle
Jushderduisandeenty

3.7.2 wuuleAnaan(Solid State Microwave Sources) Liasnansieiaindiaua
Enwasii gl mswanauannsald ulaaiaud bilasimudy ﬂ’]’iﬁdﬁ’)ﬁ’lmﬁ’]ﬁlﬁﬂgﬂ
yiunuiivasslulasnwluduildsumdsnusaudaidsnuuiunan wuldiuiullalen

(Gunn Diode) Wusndiaaudlulasnnunurasnlragnsou wainiaseanuInIUszunu 10w

neimsauiia 1 Yndf Juegivgunsaliiendes fullaleagnihluvszgndldiduasasiie

anudlulasin Tunmsdesumaululasianiidaanusi Wusansveerisa Wesaniuulalond
UsganSaawan Tlusuidesnisioninngaldls FafinnsWaundunnluduunnlalen

(ImpartDiode) vilsildenvinngstis 4 - 5 s luguanuidnduvud wdstannlaleatungnis
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Wanmsndanesildaulugwlulasmiliinseeshdsnumesinueinnesnluligedy
Sminluldluasasduqlugruanudlulasinlauindugy dluldluiasueqiaines

(Modulator) 2935AuBgawma3 (Demoduletor) 29asiiniees (Mixer) 2ashinAmes (Detector)

3.8 wuniinsau(Magnetron)
uwuninseuduiiifardululasivvdanddenldoglumlulasnnuagisns nsn

)}

]
a o

Q’wﬁmm'11uiﬂmmn?jﬁaL'?'aaﬂl%LLunﬁmiauﬁ;JuLméqﬁ'}LﬁﬂﬂﬁuluiﬂsLawLﬁaamﬂqmauﬁ’mm
vianeUsenns Aedvunadnusliseansaimgs fiafsamlunsheuiiradiideaniss Tu
Hagualalasiviyndesuundnsouszainammd 2450 + 50 wngindidelnaninisia
ﬂisLLaqw%'aﬁqrrszLLaﬁ"mm Fuuniinsousinsadrsmmideudind asdiuldinnninadu
Remarmtosann Waifeutudummindniiahsduerefianaraiies + 50 wneding ity
Fanshananvesmuiidnatesmnsenisiewns deflvesuuniaseu feadreie s1agn

duilesaingunsnianelutiosinn

3.9 Tas9a519vaeuntingau
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218017
o Tuawm
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L 3d b4
l¥anaua

U9 3.5 neluvsauniinseau

21n3U% 3.5 neluvesuuniinseu WHunsunandiiiunisluveswuniinseuuas

De

3

2M157 Feuunilnsoudnuanevatsiues Tullagiuifilassairandeutuniendiofuiuesi
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Angde Filameant
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nuTaau rnaon wia unlm

JUT 3.6 Tauelun

nguin 3.6 Fauelun Fniuduesulavsseiiuaueluaduuenvislumualnaluasenanian
Seneiuiiin uslusinu (Anode Vane) Undsinagiisuauasududiuavy lnsiidossewinensu

<

ZeniuAin (Cavity) msflwaammnﬂmauﬁmuqmmwmﬂ G'haflEJmmﬂQnGiaagjﬁﬂ%Uduulﬂ
dnilawazeongneusnlaerhugeanas (Dome) Fevdunuafuaiseainiadeniuiidees
winilnseu luitifae tuelun auaumdinyhdewsfisseainuatevesas eanidmileuny
FulU 1wviifumnanssnszusnanasausnasmi

1dvaan (Filament) aiiuiniivnldnasnsuuensaniuldanees (ChokeCoil) wa
sewinainanldvaonie 2 11 eflangmerumoulnuigoIvlinilang (FeedThrough) AMUsEINN
470 — 500 WEanmnesimesa saneumuesuardansedivifidesiuadulilasianan

Anguazdt Geenafivztuanfulnihied (AQ) wnsumuuniaseulyivhoniienarnls

a

U7l 3.7 Weilnszuarinundf (Cavity)

9In3U7 3.7 Wedinszuanuain (Cavity) fnsuayhmadtaluvnalnuazdaule
SEMINATU 2 ASU 2EVNAGIEAIULALLEES aTuTaunadn (L) serunuiunsuaulees (C) v

THNENI5UWIieA (Tank Circuit) F9as1aaudnuinensia

3.10 ¥ANNITVNUVBILUNTATOU
AsYhaTuTeILLninausuantd@vasn (Filament) %aagjmaﬂmwmLmnﬁmaulé' Su
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mvyuuduisnauvedidinnseuneliifnnszuaaduiululngs Cavity vesuelun Wi
SiEnaseundeusdnlnddiuladrundesening 2 Cavity Bidnaseuazimiisadnenszquan

anueluanu (Anode Vane) Fuandlugudl 3.11 mswilenhueszquinvesdianasey

sU#l 3.11 mswilenhieszquanvesdlanaseu
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U7 3.13 msindeudivesdidnaseuliungs
Aaulilasndunauiitienuases 300 — 10000 wingBsnggadugiunninewin a1n
1533y AaululasaniiTianasaLs 500 — 5000 wnelEsngduszdnsawmangaulunis
Sunldstaaugeu wilueseslilasiwldanugd 2450 wnedindidosainnsideaunil
anunsavilenmsdilngantdnmsuazandiluinislusedumuanned (Penetration

Depth) safuluaiadlulasviinlufaidliiianud 2450 winzidivg
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Hoaling
" oee
| FEauRnNIoN
\J‘\ 4
|
|
!

ot
ATHED
CALGRIES

L LE

DEFTH
1

iy
.

T t

500 500D MHz
FREQUENCY AIHI

g‘d‘ﬁ 3,14 AUdUTUSI¥INg Depth, Heating, Degree, Frequency

N3UN 3.14 ANUENWUS32M379 Depth, Heating, Degree, Frequency AINENY8Y
miwza‘mmzéﬁ’waaqm‘mgﬁﬁuaamm%’auLLazmmﬁazwuiwmmﬁﬁﬂﬂ'msﬁmwzqmwaa
AduldEnndn wiaUpesasinTuduilesanmuieusiiniriimugendtianilunis

Upomsagfininiesnnldfuanuieusnnndi uimsvegrasiu
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3.11 fomarssedelunisldmnlulasian

_ agihdwesianlnldinendiindqusedrdumlulasvinennuamsizonaagin
ThAansszlnladneg

- ansldusdleminnmlulasnnglureveaiissyilugieindufuniringieia
anunsaunnangldunldsulalasion duduanlalasinluldluaugeamnssuuaziies
Uji@nsiaennua

_ eghnsganwaenlduis d1 vieTandalweulumilulasinlaedauin lindsti

q

wiaavaumude TnsawzechBadedinseanunanadinvietagialnireiduduusznouly

ASVIN0YNT

LA
v a

- funasediinsudesliidnldimlalasinlaedwis visdgairasaoslvduusinuag

Auapg1alnadn

e ingiidulavennedadilulumllasom

- t’fwi’mqﬁagjm&J‘lumﬂsﬂmn%lﬁmlﬂﬂ%u’aLL'ﬁﬂmﬁu%aﬁwﬁm‘%aqLLazﬁmL‘Umc\hm%‘aa
amifulsiguazulnilellinszudlnihidumalatasi

- domsszdtlunisusiveavias savpaviaatughliienltiiu fuwsHgeaaiuey
\Fomiiiugaiiionudaninim s?iqmsﬂﬁﬂ’amu%aLLuzﬂwﬁmalﬂfT

- yanideansldnsusiinuay

_ pumaamanewiudumlslasuagidasiistoulilumlalasia

- wa"’amﬂmsﬂ'a;ammiﬁaﬁﬁ’ﬂ%ﬁaLLé’amsmuﬁnﬂ%”'wﬁqﬁauﬁmwuzaaﬂmmm
lalasin

_limsthienlanuienasugshumlulasiw

_ sgnhenmsiignussglunisugesnanniulasi@onasiianissudale

- lsimsﬂqqmwwﬁﬁmmwmuﬂwuaaﬁwﬁaa o771 i sty Fenlnuan uazwuamne

_limssaaugennafunaiiissylilugile

- mseugilewnlulasiwneuldiy

- mﬁqmﬂmsﬁjummsé’w%’uLﬁﬂu,ﬁa@zum':fﬂuﬁﬂﬂﬁma%faudau%ﬂﬁlﬁﬂ%ﬂiz‘mu

- pgthegnuaindilulunlilasinnszensazansle

- msldgafionnaSuileviennivuzesnannlulasiaw
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3.12 szuurinausauaqelulasian

Power morntcr

Processing material
7/

N

Applicator

—» Incident wave

=== Reflvvied wave

(n)

M agnetron +
Pow clr supply

\ Cicuhtor  Tuner

¥ aveguile

¥ ater bad
(]

Ul 3.15 aeduszneuniuguvasszuuphmufeumnelulasian

93U 3.15 uunilnseu (Magnetron) fiRmsauuvieiaay (Waveguide) vmthindu

]
v @ =

frninnaululasrrieafmdsnubilasnlulasvezindeunikiuviedinaul s ianh
Wunsunsguaunsiiegneluadn (Cavity) vsowewndiAnes (Applicator) WA

lLalnsnvidngianudrduiuenwileannisgadu (Absorbed Wave) Tnedfiiageziiuisdiud

o/ =

yigaru (Transmitted Wave) Sequazaeiiunsdiniiasvioundy (Reflected wave) lu%sdnan

(%
=< 1 1 wa)

wasawlulasnnasyieunduasiuegnuanueEsy

Y

FaquazandnuugUszinivedianesnauaziouiiinanmsagviounduresadululasiow

Indlannsn (Dielectric Properties) 984

vavuivTanervvilifddanaulilasaideneld (asawzssuuildlulasaninbeg)

(% ' '
v v o 4 A A

KafulnerlussuululasovasiaresainaduniefiSoniludieesqaimes  (Circulaton)
(E;Uﬂiﬂiv‘l’ﬂﬁﬂﬁuluiﬂiL'JWLaulﬁmaLﬁa’a)iwdwéhﬁwLﬁmﬂ?iuLLasﬁaﬁmﬁuLﬁaﬂaaﬁ’ums
L'ﬁawmﬂc?faﬂa’nuanmmfué’aﬁmé?&qﬂmzﬁﬂ%’uwa'm?iuL'ﬁaﬁ'ﬁ]zamwé’muazﬁauné’uﬁim81‘8’
gUnTalf3unin Matching Tuner mamf?]u’ﬁwdwviaﬁﬁﬂﬁ'waw%nmﬁwm’m%auqﬂﬂmiﬁuﬁ

Wimihivsulvedululasoniinsgedulusiiagldftulnefinsasieurespauiina faganad

dwavhliszuululasiinuilssdntnmgege

1 d 1
Usuuanudaunie lusenianieusuing

Q=we, &' E*=27-f-&,-¢.(tan 5)E’
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Q = YSunaannudeunmeluseniiandigdsuing
E = W@z fe unUaaniuauiiis
f = manudvesmaululasim

O = msndamvesraululagiam
g, = relative dielectric constant FeventepmantRvesinglagfisduneiia

AnanansalumIgadudsu uararieundwnuanduiiuaunsliihveshiy

Tulasian
€, = Dielectric Constant 989810 = 1

tan® = Dielectric Loss Tangent Coefficient FeusniemNauIalung
wsiasundanuiitangeduidundsnuauiou

Aramanlunismzanearwseszasmsiiauulvihvzqiiilula

1

DP
TG o 53

v 2
v 2
D = s (3x10° m/s)
f = fhmudveseaululasi
8‘, = relative dielectric constant

tanO = Dielectric Loss Tangent Coefficient

F119819N15ATUINU
1

Dp =
1 E {5.61264}((\) (14017252 }—1}

(21)(2.45%10%) |
ax10%2 2

= 0.09572Lun3
= 9.572 | YUALUAT
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3.13 #aoa Tungsten Halogen
PN Y] o a Y v ' v do v
Huvaeafiendenisindauasainanuieulasnmslinssualvaniuldnasanyinne

Faauauou udidiateenin wudeatuvasaincandescent safumsaiiiinisussgans
nsznaglatau laud lelodu nasiu, IvsﬁuLLaszaa%'uaﬂwamLLf’w"Jﬁﬁwé’wmaw% ansi
Fudluiasdesfunissuiiaivesdvann dahauiiguugiigeszana 3000-3400 o9
\eiu Baelivannilongeniuutiundinasn incandescent 31 2-3 i1 fie 1500-3000 Falug

Uszandnaganivaen incandescent Uszanad 12 - 22 Im/w LAz AVDIEINAIVIININADH

Z0

amQiiaysEINQ 2800 BIALARIY Vinlwiirnaudinanugneieavesdigetia 100% UnfAviaanasdl

Q.nc)

v @

Snwauzenns uafiisunsiegeduileliunziudnuaznuiisieiu wWuvasaildlu wses

QN INAsYe viawnsesavalamdufu

—=s
- 154

sUN 3.16 LENIE N ULUDINADAEI ALY
nsleudesdansneluneaudnsunasnalaaulagiang tedesiudunstenazinany
nsslU1zuAy feanALtuLas MU ansz sk laense aalaufinuliuialusansfagy

Felihendulrugule Taseadwmelu unubihsiulaeemeldiunasntiine1ins

W ~ Tungsten motecule
3 = lodine molecule
A = Catalyst
Lamp wall temp. 250" C min
Wih+A Ll

At Wiy == W+ 206A /\/

\
W 21 +A \
\ -

O
Ceramic

N

[
\‘Wﬁﬁg 2 \ Foil seal 350" C max
1 Filamﬂn:suppon

Tungsten filament

JUN 3.17 wanilassadieaaasnalalay
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3.14 wé‘a’nn'ﬁv‘l’w\wawaaﬂaﬂa bAU

sUfl 3.18 uanwdnnsvihauvemaonglalau

1. lefinszualnasinldvasn Teanuazyhanudignmgiigeszana 3000 saminaiu nelu
vasaufmend filgamaiilirandt 470 ssrunaiu sihlieumevesisatnusziiineenanid
1aen

2 sewiileumavesisainudedou \nasuiivinaanldvasn Aassaumiueuniavieluana
vewselany Wendeuiidilndrifuiamendinntu Aezsamiveyninvesaiseilaiay
Bty

3. TwanafiineinnissauiuvateyniariamuLayanselaiay dogamagiimassznaneidu
Tuanailifiafiesnm uazdadnnldvaos sewisiadnldvasnouniavesasanlaiauay
wenshoenanlananaluajidesanaueu

0. \ilouhlndnasninniu syniavesanselauiszuaniaanluaun deusieun1nved
veawou WluTuildnaen

othilsinnamuiimendunninzidvasateseymassamfuluagdliaiuaue ¥
Tdvmeatuunaluviiy duiitomnadnninedaasumugenidiusu gumgll o Qo
Agendn msziindannna auldvasavinainiu Jorvowasariaiife s
guunaena1gn1sldaugendmasn incandescent yialu Taedien LLD Usganas 0.98 71 90%

waeeyslday veUsvana 0.94 - 0.95 iongnisldnuiiimun

3.15 damrsszdslunisldvasnailaau
1. vaenglaunuszan naldfewandufvaeniiain frduudadeddiuiazennyy
¢ v o v ' Y Y e a v va & v a a0
weanagedidalii uwiiudesluds Seamnsadaldnulifiasdunsziizuniginansuan
Unnuuas llanansaldladnsely

2. vudunasnungldanuilosaIngumgiigan
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3 paongilalaunsIruailduseiy 12 vie 120 Taavt sndudealdvdouuas dusadun

[

viaealnsuanudeudasgeninfidivun agvilivasnegdu
0. Tay downlight dmSunaenelaimunsssumilsiivdoudaifanunndonainlssnu sng

Aoranavieutas vuihunauuazliifinnstesiuiiine nsenafivilitinisalenavhliiin

5. athaasmasaglaulndtutaglilweu fuwes, wudu vieagilseniuiou
6. viniasansduauuazieunasmewmasnalau tiedesiulilians Dichroic Wdeme
7. nsldgunsaivisnumasnenlaiuenavilivaenengduas Visimdeyaiiuldanuaas

U3t fionaiidoriun nisldgunsalnilneeiu

3.16 A1u3BY
aufeudundanusunidauisadelouninunasidgunginludumed i

v
(2 } %4

aMAIF NEINUANLTEUBIAYAIUIINNAINUFUBY nazlun19nauny Na9IIUANUSDU

9 Y

annsocvasuludundanuanusaula

3.17 A3NYARNTOU

ansansvdatuiiannuansaiunieaendsnuaiuseuldraiu uazisisonawas
swmnudeuiviilviansvlaniadigamndifisdu 1 uiied Augaawdeu(heat - capacity
) %aﬂmimﬁmﬁ?ummm‘ﬂuixwLaalaLﬂus]aGiamaﬁu (J/K) Imaﬁﬁhmmqmmgawmmi
Fenami uenanazdnatulumuiavesdsud ddiuiurefeUiinasviewaa suddiuiu
Tandnge duuddimngiedldmammnanufeusesansivodunasidmiuiouiiou 1
Snefosanamansviaiiudieuiu Idldmemanganudousenionisemavesansuny

wasiSenUIunauiainaniin mnuganudeusine (specific heat capacity “c”) vose1siu

{ a

Toefiminelussuuiealodugade (Rlansu-inaiu) “JrkeK” wivsiinna iy muieu

= g

§uwe (specific heat “c”) FeRAeUSunanfeiuiuies uenainil lunsiiffesnisnaalv

3

Futustuswaulua (n) vesans fagldrmanugmiuieusiolua neiiendt arwgarwseulu

an$ (molar heat capacity “C”) vesansiufifie C/n uazivieilugaselua (J/mole) luszuu

19ale

'
a a

Sensyllanisfigamgiivindu AT waiu Tnefindsnuamufounlisuiu Q a

gl
Q = C(AD = mc(AT) = nC (AT (3.4)
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3.18 MIa1EWANUSDY

¥ 1
= =)

nsenenANNToY Lﬁmml,uaqmﬂmmLmnﬁhwaqqmwgﬁimaﬂaw%@u%Lﬂﬁauﬁmwn
ﬁﬁﬁqmmﬁqﬂﬂé’aﬁﬁﬁqmwgﬁﬁw Auuanavesguniifuaimniivih Whiansdiewm
Anasdou SeBunnasinswesgamgiiiin wssdudu (driving force) Usinmenufouniednsinis
fhomaudouszndudndiulagnseiuussiiufu wasdudadiunnduivanuduniunents
aeLAILToU

nalnansiadeuivesaudeuningn nisluddngaviaudsldidu 3 8fe nmi
N15WY wazN 1SS TAgNTEUIUNSANELMIAIILEEUYNNTEUIUNTNNNDINAIFEIBLNIAIY
Yauliin et et evangissaufiunla

3.18.1 m3thadau (Conduction Heat Transfer) nsieufeuduismsiirny
%’aumﬁ'auﬁ’luﬁanmaLﬁmmﬂﬁmmLLmndﬂamaaqmwgﬁﬁaﬂawﬁmaLﬂuﬁaﬂamﬁmﬁ’u w38
Fanasininiienaaginmu mstharwdeuintulussduluiana ASoUILLARBUTINY
Tuianavesaansnlutananiiddiluanatialy

3.18.2 nswAdeu (Convection Heat Transfer) lavasivaduiiariufavesingiiil
qquﬁLmnm"mﬁuﬁ%ﬁmmaﬂquTa"wwé’mumm%’auiwdwwaqlwaﬁ’u’a’mq NIPUIUNTS
wanasuaadeuilisenin namemarudeulagnism vienismanuieu mmemay
oulaunism Waemswausoud wseenléidu 2 dnvas fe

1. svnadeutuUBase (free convection) wssiivhlvuaslvanmstaaenlmves
mswwmm%fauquﬁaszﬁu’ugﬁmmﬂmmu,mﬂﬁhwaaqmmﬁmﬂuﬁau‘uaalviaijaammﬂmsﬁ
vadlyadudatuinvesingiitlgumaiunnsaiu awilinusaesiatu feg1ewesnism
amudeunuudasHE 1A mstemenufeusswhaiimdovdartuiiintubuiuitlil au
#n mMsmanufeunelumdumhiifivaaasliienaieu wienseemaimisuaniivesi
Aurudeuiilsinannaseiindlutaeiliilauin

2. A SeuiuUTiedy (force convection) mamruSsuiuulsduazifinty

(9]

Seflussmeuenundeiulivedvandeuiihuiinimgiiouniiaifunii deswinnislvaves
ArwaaSeunuuSiAUTa g UBasy Fedugvnnaruuansnsuesgaumgiil
YA W9 ulkan mswmnudeunuuTifufiasdisnsmameanuieudigandn udliihendy
wauouuuUluieny sadlaunsdmsumsnansmaaseuiieglugures ngniadud
we3tfU (Newton’s law of cooling)

3,183 M3ungidnuseu (Radiation Heat Transfer) msaemanuioulagnsudsed
sinslUannnsti (conduction) wagnsmamdeu (convection) insnelisnusesend
Fanan msghemanudeueisitunumadylunssuaumsviuieruinssuaunisli

AnuSoukazrasulunngaaMnIy
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3.19 Saas (Heater)

Lﬂuqﬂmm"lﬁmm%auLLﬁ%umu‘luIimuqmammsm Tngldndnnsaenszualniilva
uaandati (faanudunu R) Swdwaldandaiiinnusouindy Tnoundsingliansn
1@ fusasiu 220VAC wae 380VAC vilvigldanunsaldsudnnes (Heater) laheuavaznin
desnnmsldausnmes (Heaten duannsadilandnmsianldiie Sduiagdulssny
gaamnssudulvgfisuiuunlddnnes (Heater) gt ilesanniaign uazdawune
JUNSe uazdndlinuanuions Tneduusenavdnilngvesdnnes (Heater) figtal

3.19.1 awuuuniiBeuenled (Mg0) aniautifidaunhmaludieh usthaawsou
1aann dimindidunansseninaindahdnnes (Heater) fudasnlane iedesiulallid
nszwasa (Leak Current) 9 naadnmeseaniudainlans qmﬁﬁzyﬁaﬁmﬁmm%u’tuamu

v Wesannagyiliaaauhinihgadu 331sudlemenisungamad (Heater) luauluimn

pUNDlaAINUTU

3.19.2 wanuaa (Stainless) uldlun1snandnmes (Heater) flognateviln st
agvilnasiinuautfuansiiaiuly ol

- Stainless 304: IﬂquuﬁéfaqmiﬁugmﬁamimﬂLwiq‘lﬁaamm anunsadesiuatule
Juoeed

_ Stainless 316: gnesnuuulidesiuadulFifiuognd annsaldlusugaamnasumdn
LLasamumﬂé'mLaﬁﬁﬂ’mwﬂuﬂim-mqqa

_ Stainless 430: Wuuasulaafldlasdioududmusznou 100% waziilonainady
Souninuesd 300 FaEnuaaLUUEdEIsnAnuAseTy

319.3 andnwas (Heater) 29138031 aam Nikrothal 80 w38 R80 laeusdiunauvesll
\Aa 80% uazlasidlen 20% Feanunsovugungigeaalsii 1400 ssmigadud lnelinnauls
wile wasnuanuioulsasdia 1400 asrmiaalded sawmasgnuvseeniluiasiieg audnvaey

k4 a ' v ‘;’
A LN UNLANFN UG

'
a

_ Sawnadunis (Cartridge Heaten) WlmnufouruYaniduvowuds iwu wén uaslans

sineq Fragramsliinu wu suussgiiuve nudugunanadin

- anesA3u (Finned Heater) uag Bmmasvionan dlianusouiuennie wu 14l
Woauwi Tumeu

- Fama$3u (Immersion Heater) ¥38UN#IBENI1 Fnnasduildlianuoutures
wiaannile fegresnisldanuidu s - dunsu nusesans

- yauiudnmes (Bobbin Heater) Iél¥imnufouveunainilousninesqu

_ Sounasdunsusa (nfrared Heater) Mdlsfennusouduinglaelidosdudalagnss Ll

Ao v o P

wingiuTngiitdnaginliemninginlsiinuadiasiouuds ilvildanaunsagadu
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Lasunsiseldesuiuildfanduanau vie wilomoundwesla

_ Souneidavie (Band Heaten) Tiliimwdsuivreauvmiviegluviensedgunsinizuen

Tagsanauuen
_ Saumesus (Strip Heaten) TWlimnfeulasuuuiuinglaenssansnsneenuuylmiy

sunsdlaqiild

aumiﬁﬂuamwuﬂmwawﬂafmm'\u%w (Heater)

Q = mc,AT (3.5)
aumsﬁ'\u'ammé'm'lms‘lwaL%qma (m)
= TRV (3.6)
Tho T
Te = ——W2 - (3.1

Q =8nmmsdewmauiou (Ind)

M = danslvadans Glanfudeiuni)

AT = uarsgamall (earivaidos)

0 = emmuuiugsieine (Alaniudegnuierians)

¢, = mmmgauseudime (Flagasentands 9aAYALTYE)
T = gamgiiads (ewmiwaidus)

T, = gomplisuduvesernia (@sriwalda)

Ty = guugiiniguen (erniwaited)

q

A78819N1TATUI
85427
TS = T; = 56 °C
m = pvA
LS 2
= (1067X18.4)(5 0.0635%)
m = 0.06217 kg/s
LUNUAN Q = (0.06217)(1.009)(85-27)
= 3.6383 kJ/s
Q= 36383 W

YUPYBAAAALS UGl EIYUIAWINAY 5 KW
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3.20 gnniamsﬁme‘i
answl'mmé Qﬂnsw‘i'\ﬁaUmiﬁaﬁ'}lw“ﬂﬁﬁliﬁaﬂaaﬁ'ulai‘lﬁﬂﬁut,t.aimﬁﬂlw%

wgAaDAEDNINNNEUDNLA desmndesesminegnnssiifivunamiunitestesannitmiu
g1edulalasion eauddliannsoaenihueeninuaslidannsaznegnsaiiiu laglafin
Sunendasiiaeulaensisvessfuauituvesiidsunsiilvaveslalasim Ao linas

a 2 k% "a 2 U lﬂl 1 a a
AU 1 mW/cm wazAaeliiiu 5 mw/cm TRedANSLaERIe 5 LYURIATIINNIUDNVYDIAIDY

Tulasian

JU# 3.19 A3 09n5193unI5vavesmaululasiw (Microwave Leakage Detector)

3.21 @NUWIUAILAYS
anenusnasaduaienuiadeuiineiiesnasaianldaulaelateivassinaves

aemuazsevuiingiefu Wdmsuaune faniduuuisiuuazuurainides (Fuuazas)
Freghanmssnnsanennuades Saldimusenaundn 5 danldun
1. @a1enu (Belt) Lﬂudauiaa%ui’amudwLLazv‘h’lﬁ’?ﬁq‘uudwaﬁagjuuawwwuﬁ?u
indeuimuaienuludie
2 Qﬂﬂ’g\‘i (Idlers) ifushsasiuanemudniinds Qnﬂayaf:%ﬁ 2 ¥iln A
2.1 qnﬂgx‘lﬁﬁuﬁ’naaﬁaq (Carrying Idlers)
2.2 gﬂﬂgqﬁwuaﬂawwunﬁu (Return Idlers)
3 Zoanevnu (Pulleys) WWussasiu fumemuuazauauusandluaenu

[

4. yadu (Drive) Dumdesidedulsfudeaemuiteduaenuuas Jaguud el

LAABUN

p—y
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5. lasea3ns (Structure) Lﬁud’suim%’uLLaz'%’ﬂmum‘Uaaqnﬂga (Idlers) uagavaneNIUy
(Pulleys) LazsoedulAtetuaEnIL YN IN@IUUTENBUNENVBITEUUANENIUG A
fanandneuuda Sudlaunsaliaednldun

- gUnsniuFuamAsaneniu (Belt take - ups) Hwuudalusifuazuuuldauusu
- gUnsnlviiAuayenn

- gotlosiuanerudemelisialoudag (Tramp - Iron Protection)

- fhdaTaneen (Trippers) LazATBINA (Plows)

- szyutasnuaninena (Weather Protection)

5UTl 3.20 udnsdnuazmfndsgUnsalinenLEzen

3.22 msldauuazdadane
aenugndoanrivsslondlunsvusieianUszianes (Pulverized) Lda(Granular)

v

wazdanou (Lumpy)isiedleusinafasuudesinaneisgnduruuazidumslunsvunieeg

9 9

Y 1

Tuinssuuvieanides Guuazagdediinvesanemudids laun
- gaumaiidedligeainauiliaewiulnd
- puanaidsssealifuiuluauiliianaeuluaas

- szEENeveIaAudnans (Center's Distance) aspngnelutisBafvosmeniud

nsangudaulasanenudndeaielddmiuingussasdiiasuagnisinaneniy
Ei’m‘%'emLsﬁ'ﬂsﬁmu%mﬁ’uqﬂnszﬁ?iu%ﬁﬂﬁawswwua”]L’Smﬁﬂiz‘lwﬂﬂ%amwﬁuﬁaLﬁuﬁ%’m“lu
JugnamnssuneainuazgRaImMnssumiles MINNNT0ONKUUYNABILMINTENLAZ NI
Yodrin LLé"sﬂﬁ’mﬁfmaai’aqaé'}ammzamuumawwuﬁwﬁmammnﬁmﬁ’uﬁamnﬂhjd"ﬁmﬂu

g Al TULLE Bty anamTeuuUnaY Tgadeianeen Tagazfognasasul
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qﬂnizﬁé’%ﬁm‘uﬁﬂﬁugndaLﬁﬂlﬂé’aquﬂ'sm“luﬂszmumswﬁmwﬂizmw?agﬂdu%amuﬁlﬁu
Snweg gy |
n3eeNLUUAIUERBULAZANS IR BsaewIud L ssiindnnnsUfURTreuds
wiueu sglsimunisesnwuunstoudan midﬁaqaanu,asm'iLﬂﬁauﬂﬂiﬁwqwuﬁasﬂizau
anudsalatuegifuussaumsal muisdanauazanutnsfnyssivguesdoonuuuinslv
Apwud LAY ueteiUssinEaudaedesdisumisuiminussyneginansanenu
waslusaniasiauedaznanimeazdealunendailimsddeaiizuuuuiigniesia
Fouflindeatoutanuaznisianansesteuiaguarsuin lnsdlngjudrssuuaeniu

'
[ v =2 v

Sideignsuiagme Jusiutaguangunialoumdesindugusaussyn (Trucks) vae

9 3

salw (Trains) gunsalmartiasfusndeudensvudssewisunasianfussuuaemudnidios
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Yanfounaz Tanusld Tnetanaglieglndvavaewnauiulilasiomennaduluvesssdou
a9 (Loading Chutes) LazszersTinausuiy (Skirtboards) AosnnweiiTanuuasieazk1u
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A1n1501189U89 CEMA
BeltHP = {L[k, + (K, + K W, +0.015W,)]+ K LW, + HW,}x 3—3*;% (3.8)

= AU (W)

P E ST
I

SYHTENVBIENENIY (W)

W, = twitinvesanewiu (Usudsanue1ianewiu 1 W)
W, = thwiinvesianuuene (Ueudserueniaeniu 1 W)
s = anuFianenu (Wadeuri)

K, = unawmosgamadl (Lifimiae)

K, = UAwasanusimumIunIsyugnna
K = wlamesAnuEIunsiadeuivssaenuas Tas (Wlinuae)

CEMA 155@1/‘1’%%@%@3@'15%\1?11LLWﬂma%Kt, kuay K iluniade Belt Conveyors
for Bulk Materials

dunsigesiesaiewiu (Belt Horsepower) musnnsgiu DIN 22101 eh

H [} o w v a
N= g]2(_’>.6G,,1V+Q,)+ LGN hy tddhasdn (Ps) - (39)
270 270

(3

13l € - LLWﬂLGlE]'SVi%uEJgJ:ﬁUﬂ’J’]ﬁJEJTJmEJW’]u

f = mmflmﬁammuqﬂngq

L = ANugmasniuy (1unsg)

Ge = ﬁ’uﬁwﬁﬂmawwuﬁ”hmmmﬂﬁwﬁﬂgﬂﬂéﬂﬁamﬂ Alansumanewid 1 5ns)
V = anuisianewiu (lWnsABIUNT)

Q. = Usuaauang (Fusadalu)

H = Szezenuasasniu (Wns)

L+ L
Il

g e A1n15U99 DIN agadnefivaunis Goodyear

H) o -
BeltHP = L(L—+L°—)x(3.6GmV+Q,)+ _ i (3.10)
270 270
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L+L ey
BeltHP:Z(—i—O)x(O.OBGmV+Q,)+ O A MIYBINAY (3.11)
990 990

LoLi‘JumLLWmma%mmemLﬁaULviwmw;Ims?fﬂﬁﬁm'mLﬁammumﬁ‘umﬁamﬂwmﬁ
Foudn Wewinldanansadimaaeznsm dwsuAuamesaudeamuss Aldlunsud
aumsr ey CEMA wag DN thanussqBiluiidld wissfimsanmsmidahaewuazuseils
anenulagldisvues Goodyear Handbook of Conveyor and Elevator Belting Fald
as1adeyadeendnunguanangniudasaduIunIn agldmouiiamasiunisuiannis
LRz uieanaue e nlunsinadmivimnsauudndudodinaianm
LSeRAEIueEuniIgieiy  Goodyear  3aldWmunITwasnninnninsesenu

ALENTRENEN LAY Beayldnanafieaunnsves Goodyear lnvazidunsaluil

§3n19 Goodyear

P, L. K55
Aagun = £ X0 | Accessories (3.12)

33000

Wlo T. = wsansldeaunsoussisanenuaoaeniuly (Uoun)

C = uwiAwasaudsau
L = eilemenenuadideinn) @Earuenasving gagudnaisesaaaet)

Lo = AMEIWBUWN (We)

Q - wimmesthwiinUeuddessezuutny 1 v wansiadinyesEud
\AheLTIvaENIUA LGS

T - Smmwusishort Tons Aedalus vide 2000 Veusisedalu)

S = mnuSEnenuGindeuni)

H = 53o3eniuveinisaiesun)

10078 2o v .
o 1IN NINENUITYNBYUUEIINIUY (Voudsonm)
dmSumiaeiuesn

T = fusetalus

Q = NlansuraLung
H, L = A3

S = WAIADIUW

Te = Nlan3u
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Flaly @1N15989 Goodyear Fenaneilu

&
S e 515
L C, {Q+36SJ ( 3.6SJ S
I, xS

N (HP ) = + Accessories

3.25 ﬂ'ﬂm"mqé’m%’uuﬂama%ﬁmﬂ’mtazﬁwﬁ'nmﬂwm
mLa?{EJ’um‘fmﬂnmaww (Bw) LLazLLWﬂLmaéﬁmﬁfn Q) ﬁm%ﬁummn%amawmuw%u
(Ply - Type) wuwmmaqﬁamm‘ﬁ A 2uAnAaRsd M Umem UL FauAwaniisdlinas
dlldfuanemusuuaInmin (Steel Cable) Liasaniisdn (8,) wag Q lnemaluazgandunn
N1SAWIUMAT Q ﬁgﬂéfawzﬁaﬂé’%’umiﬁmsmﬁamauaiunﬂ‘]ﬂsiﬁimmawwaéw?ﬂuﬂszﬁ
sieluil
- 539‘1”11%\1@%305%;1"1aﬁe?}wmﬁu,saﬁqmawmuazﬁﬂé’aﬂwﬁLﬁﬂ‘fu‘luﬁ’muﬁmﬁmmn
ANUEEANIY
_ aunanenuiivilieUssinnees Q wag B, Wisuwdadluanneniuriaienn
unsdiidivinessesmeniuidenidunnisnimdniadedsiuAundt 20 %
TuasuAn Q wasAnnmALIaREIe Ul
- gunsaivuineildanewuainman (Steel Cable)
A Q mmimﬁwmmﬁwé’m%’ﬂ%’ﬁ’umEwauLLazQﬂﬂa?y\ﬂé'ﬁaﬁ
028 Y Z + E (3.14)
Il 12
b Q = uawasiwiin (Weuddenm)
B,, = Wmiinanewy (Ueuddan)
W,W, = ﬁ;ﬁ%ﬁfﬂmaa%uﬁwﬁmmmqnﬂﬁyaﬁﬂLﬁadLLazQﬂﬂﬁyﬁmné’U (Uaun)

L, = Tveyhevegnnasiideuazgnadsunauusasyn (Wn)
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3.26 awtuluian
sy Fovsinamenhiiteglutanuiinauenatulutas anusaudndls 2 wuuio
3.26.1 mw%ummg'mLTJﬂnMwbIﬂaﬁulﬂﬂ%mmmaaﬁwﬁﬁaeﬂu’;’aqauuﬁa%
ﬁmﬂugﬂmaqé’miwdauﬁuaaﬁfﬂsiamaﬁ”’wmﬁuﬁal%’mamaqi’aq%ulﬁummgwumaamsﬁmmmﬂ"]

ANuFuTadunismanuduinsgnaten

5 Y L 'E'a'.-ri'ﬁ‘.'%:rj Anwy —inrints Aseay
Wesidurauuunsgiuden = - X 100 (3.15)

dhurdndaanauay

3.26.2 AANTULIATTIUTH M, aunasguutemavesamtuluan
siamiwmamaaszai’a@uﬁﬂunizmumsauu:ﬁfamamaﬁaaﬁu%mﬁ'wmagjmaaﬂnm Fatu
%’qtﬂumiasmﬂﬂdwﬁazid?uaamaai’a@u;ﬁaLﬂummsmmsgm’l,umsﬁmmmmm%ummgm
Wik mw%u‘lummgmﬂUﬂ%ﬁﬂ'ﬂlajLﬁu%aaLU@%LGTJW?La:uaﬁau’bﬁﬁ’uﬁ"ﬂﬂmNmsmwmuas

29N5EUAANT UKL LI R TgILLTI199s A Au sa e dudl ATl dlunsiiasisid

NPUIUMTOULIILUVNING Y

shwdndganauey —Uiedndeausay

X 100 (3.16)

\WasSLIURnIUALNINTTIUNS =

Fremdn Tanusay
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U¥ 4.1 ddsgneusiegrennseteuliurdumsnaulilasivsuiunaensilany

Lagausau
1
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2 = uanas1i|lay
3 = fnausau

UM 4.2 ununwasaasesevlditrdumeraululasnsutunasnsilaay uazaudeu

4.1 N15BBNUUY
4.1.1 vinsaululasian
aonuuusiasaululasviduresdudsuuuin 50 x 100 x 100 gNUIAALUALRT v
a a a 2% 1 J dl a ﬂll
M FRURATUA 316 UT 1 TaAWRS LAUADINLYDIAWRLVUIN 12 X 12 LQURUAS 7
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5UN 4.3 vinsaululasi

4.1.2 lulassan
v oo a v ' ° P a
l4inToslulasiov 89 SAMSUNG gu MS103HCE $1uau 4 1aTed AuA 2450 MH;
Taw@nsalulasandudne 2 1A5a9 wagauuy 2 139 Weliraunsyanlevne lngesnuuuy

Waveguide eldiluriathadusgvinuaseslulasiovidrgioseululasiow

, : N, .
JUN 4.4 dumisnasnslulasianias Waveguide
4.1.3 viaanglaau

lilaunednlast 8% Micron M-113 500W finnaen Tungsten Halogen %o PHILIPS
Halogen 500W §1u3u 4 waen Wity 500 W laefianaasnslaiauiuuunaisdou ol
ANLIBUMNVRBANTTANETIFOU
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4.1.4 Yarausou
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gowiranfou 19 Heater yu1n 5000W findsluviosuna 2.5 T sefuluanes Bve
MANDA MDYA-80 Uaneviotdumsefistiadmasuyhainusvawauaanun 1 asmns el
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JUN 4.7 shuvtanmsnsgadhausou

JUT 4.8 uslupSuegiiley

4.1.5 FgWIUE AL

aewwdidsaeziduiidnbelidhgieseu avanewuddesilivieindsaan
sgfideuivuinnianiae 90 wuiwns Feanunsmindilulasianlfuagnuainudeusn
vaealwglaaulidindmednsluaeudiy  Tasgagnnastumdouaeniugidsadivuin

Wumindn 4 i wangnndsiliensiedundugnTuiivuin 32 Saduns

JUN 4.9 anemuandes
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SUTl 4.10 grgnnAsduindouaneniugides

4.1.6 yaduinRBUATENIY

%ueLmes 3 wla 8ve CAE, Type Y100L1-4, 3 HP, 2.2 KW, 50 Hy, 1420 rev/min {u
ﬁuﬁwé’ﬂumisﬁ’uLﬂﬁauciﬂuvvvLdéLLaxawwwu'ﬁaﬁLﬁﬁﬂgﬂﬁa%wmau Type TKB70 Ratio 1:60
nnieufesvasey 14 #u L‘ﬁﬁ@iLW@W@x‘iQﬂﬂéﬂ 46 #iu Ineldleidushiundou Tnsannisne
seuanunazvhlignnasiuindsuaewiuduidssinnuda 5 rev/min Feaansonuaule
memnuddeuadeuilumneuaselilngld Magnetic Contactor AUANMINEURFYNG

YIUDLADS

@ o

4.11 YATULARBUANYNTUA UGN

7

U

4.1.7 Yasszuielaun
Y o ] d' al' ::4' ¥ d' ¥ ’o‘ A
”Lﬂmﬂ'mmmﬂuﬂjaaamaawmmaa@aulmiﬂmwLwa’l‘ussmsﬂau'}mmmm

ANSEUIUNTIU Iﬂa%ﬁwLwiuqﬂnsaWﬁﬂLméuﬁJﬂma‘dmLﬁ@lu‘lﬁﬂﬁu%'aaang;mauan
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5UN 4.12 Yasszungleh

4.1.8 gunsaldnedasiunisilnavesndululasineangnieuen

pankuulneldununsoss @iulu) ?Jmﬁu’uwmLﬁi’haanmmé’lmiﬂimw‘lmum
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gonlimdululasiannsanle
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4.2 vénnsinnurauaseseulfiuiduderavluTasneiagneniugite
1. 1¢lfsvnadreanies
2 neeindlimenwdndeddlidinelugeu Weldidngdeulusumisisosnisudana
angnenanENIY
3 USuseRundanuiildeuuaznandigeniseuls
3. 1mssumglulasiv USussiundsnululasnuasnanfigesniseufinses
Talasiv awnfunmﬁu STARTWlolulasvvhauasessdadeusou

3.2m3sumigvasngnlalay Uiusedugamgifiseiniseuuug Control nailnlwags

Irluansviaongnlatauriay
3.3mspumzaniou Yiusdugungdfidesniseuuug Control iUnadindruaslua

183
4. @ovhmseuiaiauds naaladliaenududedioonaingey

S.aulﬁ%undmzlé‘lﬁﬂﬁmm%uaéswdw 12 - 20.%
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wansengamginnelugeu

4.3 msnaassaulduidunleasasauliividusisaaululasianiuiurasn

g1lalu azausou

v

1. dapurauanlaugetululadifu 3 s

3 % %

7

JU 4.17 dasuurduanlaugaululiiu 3 wms

2. deeliiludnwag cobweb sawing

JU7 4.18 Anwaiznsidoeuuy Cobweb Sawing

3Uil 4.16 ¢ Control muAumemudndss wawnes vaeasilaau yahanieu wage
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3. WIUINBUNISNAADIDU

3U 4.19 nsudldnounisvaaes

4. @egldlilevunn 1.5x2x10 anuIandy neudideu

3UM 4.20 liaunn 1.5x2x10 gnuneiia fildveaes

'
a a

5. ouUlsise Hot Air Oven Migaumgil 105 °C 72 $alus itoyaudusuduveslss

JUT 4.21 nseuliiiitemannuduisudu
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6. auvinldinauniseu

JUN 4.22 Fahwinlineunseu

7. auldmensesauliurdumendululasiav vaensilawu wazaudau

7.1 sulffhdumendulilasin 1,600 W (#aaz400W) vn9 20 Wil vinnstadimiin
uazingvninaa Ll

3UN 4.23 nsaulisheraululasiam

7.2 suliiundusneviaenenlainuiioamgdl 50, 70, 90 °C sudeiu N9 1 Flus viy

(Y a

msgadmrinuag Ingaumg el

JUN 4.24 nseuliimendunasnenlaiau
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7.3 suliiundumeausounnuisian 2.2 m/s Mgaumadl 65, 70, 90 °C muedu ynY

1 flass vinmstahvidnuag SngaumaiRalsl

= ° v v P v ¢ v = ')
3U% 4.26 msadeslidnieseulihdumeniululasin vasnelawy uwazaudou

1385 9.
7 7 (%

Alilas i viinndieu Iﬂa‘lﬁlﬁﬁmm%wé’qauagjswa’w 12-20 %

oo
o)
ho)
20
2
=~
>
b=
=b.
=)
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5.1 wamsnnassauldurduaieadululasian vasnsilaau wazaudau

5.1.1 mamsvaaeathldidrevlugeumendululasion

L600W

W&Mw&
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a1 (1)

JU# 5.1 samsvaasailiditheulugauie Andsnu 1,600 W (iaag 400 W)
NAFUN 5.1 Weavhnstadaviln ving 20 Wil wuatanuduvesliiavanaasen
WATEIWAT 120-240 Wi anuduvesidazanasednsnii lnefivnan 280 unil AU
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3UA 5.2 ievihnnstadividn yng 1 lus nudiauduvesliizanauies
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5.1.3 sanmsvaassthlifitieulugeumeauseu Ainusay 2.1 WasaeIund
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5.2 nansunassauliiundudlsaaululasianiuiunasagnlay wazauiau

5.2.1 wamﬁmaaaﬁﬂﬁtfi"nauiuﬁauc’hsmﬁul:uiﬂinWa"auﬁ’waaﬂaﬂaquu

—s—Microwave 1,600W+ Halogen 90C

= 100

N
o O

0 1 2 AN\ g 7 N 9
a1 (1n9)

35U 5.9 nansnaassthldidrevludeudeaiululasion 1,600W R N B G AL

gl 90 BsALTaLTYa

wnglil 59 levianisdatmiin ynq 1 dale wudianuduveslifvzananiien ]
QunseTiiign 1-2 talus Anutuvedkiazanast1aninig lnofinan 9 Talug AMNTUVDIlel

fiAnegsening 12-20%

5.2.2 mansvnaesiliidhevlugoudentululasinnsuduauseu

200

180
S 160
< 140
-2 120

2 100
80
60
40
20

=== \icrowave 1,600W+ Hot air 95C
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NINNTH
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a1 (F119)

3U# 5.10 nansnaaenhlfidhouludeudeaaululasiaw 1,600W Jhufuauseau

gaumgll 95 srvallid
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1NFUN 510 dievinisdadaviin ynq 1 alus nudiauduredliazanasiesq
UNTENTNET 1-2 Falae Auduvesiitzanategasiaisa Ineiian 13 971U ANuTuYes

ligieegsenin 12-20%

200 g H alog en S0C
180 s Halog en 70C
160 g H alog en 90C
° i H ot aic 65C
s: 140 seniBirencen Hot air 95C
'VE 1 20 sy Microwrave 1,600 W+H ot aie95C
=3 100 g Microwave 1,600 W+ Halogen90C
x‘; 80 swsniibss Mierowave 1,6000
= 60
=
40
20
0
0 2 4 6 8101214161820222426283032343638404244
nan @ i)

JUN 5.11 anuduedesenailunseulimenisseululasinsiuiuvaenslaiay uazau
ou

a

U7l 5.11 msaushenedeseulifthdushendulilasvsmiumesnailaiou wazauiou
auldmnuduaden 12-20% mssuseglulasinifiniud 1600w saufurasnglalau2,000W
figamail 90 esmwaldua 1fiaan 9 §alue wagniseuseaaululasandieawd 1,600w
ufvaufoudimmiian 2.1 m/s Agunal 95 ssmueaidea Idnanlumseudl 14 dalus

WS ULiguNuUMSaUanLA

53 Ansgiamlfifiiiuniseu lnendesganssaiBianaseululasalay (SEM)

531 nanlifeusenaulalasian 1,600W

500 x {156 mm 15 00 kVIETD PSU-

JUN 5.12 vieddiesdmasainniseu (lalassan)



mag || WD HFW [spot] HV | det
100x (162 mm!128 mm! 30 |15 00 kv/ETD

JU# 5.13 dnuaugidsulivasainniseu (ulasim)

5.3.2 mmanlifieumevaengilaoy gamgdl 50 swnisalded

mag @| WD !HFW pot
100x [17.0mm!1 28 mm! 3.0 11500 k!

sUN 5.15 anwaidgulivdaninmseu (masnanlaiau)
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5.3.2 nwannliileusie Hot air oven gaumail 103 serivaldea

sU# 5.16 vieadeaunnadannniseu (ausou)

Y

| % 1% ca & o o v 4
nMsdesndesganssaudianasoululasalay (SEM) idvuvedldneumenay
lulasianl uaz Hot air oven Jawdiealy Fevililinouveda wazdnse uadeulditunseu

menasnalalaudsmaaniney luinn1stnse Sevinlslineumenasnslanuliiinn1son

99 wardanInaneeny

31.11‘/1 5.17 lieudhendululasian Andsnu 1600 W (¥hag 400 W)

3UT 5.18 Wiloushevaanelaiau 2,000W (Masnaz500 W) fignmgii 50°C
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o

C

gﬂﬁ 5.20 lfiflousenaanailalau 2,000W (Baenaz500 W) ﬁqmmﬁ 90°C

Y

o ool v ) P a
JUT 5.21 lieuseaniouirruanuidiay 2.0 m/s aamgll 65°C |

i val 1% o a
Ul 5.22 lifeumeanseuiaruanuiian 2.1 m/s gamgdl 95°C
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(0]

Ul 5.23 ieusheedulalasion,600w Safunasaelaiau 2,000W figamgdl 90°C

3U# 5.24 Lifisusaaiiululasiinl, 600w Taufuauseusinnuanudaa 2.1 m/s igamgilios’C
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ﬁ'a:UNaﬂ'li‘Vlﬂaas‘iLLEI%"{J’EJLE‘NGLLUZ

6.1 d3Unan1snnaes
AINNINAABILATEUNRE NN 18UBN IUIRLNEIN1TaU WUIIn15aulsl

a

Udushemaulalasionisziundanu 1,600w Whnatlunseu 280 unit wililosninniseud
sesfundanutiosnindegldinanlunisevuiy uasiissdundenusnnndrivilside g
dnuwazaeueniinsafuazuai Wesnidanmsmemnuiuneluieliogasniiniiim
won Avesliivrauaudin n1seulsiundudaevasneilaiay 2,000W ﬁqmmﬁ 90°c aglaaalu
meulirduddosiign Ineldiam 21 Falas dnuvarmeuenliduiansinfuazuados
inn Fvesliundufuiimasouunuuns nseulirdudoaufouanuiaay 2.1m/s 7
gungil 95° axldhaanluniseutfosiian Tneltinan 29 dalus Snvazmeuenldiianisda
uwazvnsitiesann Fvedliundunain nmseuliiundusendululasim 1,600W rufunase
enlalaw 2,000W figamgll 90°c Maailuniseu 9 dalus dnvawmenenlsifinnsdnsuay
wastfosun Avesliivrdududiinmasounniune wazmseuliudussaiululasion
1,600W $anfiuasiSounaniniaau 2.0 m/s figamgil 95° Mnailunisev 13 $alus dnwae
meusnliifianstamuazvaiitesunn dvaslirdunaiy

NNNINAdeUANELTRLTNAlasNMINAgB UM IFIULSIRaNeRdaE avgunuIInsouls
Ududendululasnm 1,600W saufunaensilaiay 2,000W ﬁqmmﬁ 90°c JAINITAIULT
Anegaabangugan Ao 4474.846MPa MINAABUNIFLLTISAULITU Y WUTnsey
Liundushenaululasiiwitssfuwdasn 1,600w fiinsiuusdamnuuIudsugsan e
18.983616MPa  N1INAADUNIIAUMNIULTISALUAR s AEBUN U NVl dudenEy
Tulasiifsedundsau 1,600W fifntsshumuussduuaiearnideugean fe 3.01MPa uay
nsveEsUMIIUMILIteuTMEEY wuimseuliunduseraulilas s U s
1,600W ﬁfi’m'ﬁéhumuLLiaLaammuL?Tauqqqﬂ A 18.983616MPa

oty mnmiwmaaqaqﬂwalé’dwmiauﬁaaﬂ?{uluiﬂmw 1,600W S3uniuviaanslaLau
2,000W figamgdl 90°c Mhanluniseuties iinmstnfuasnadatesunn frnanusumy
wsssinuegdabavdugegn wazldnissliiiniosiian Ao 168 i WewSeufisuiunis
vraedu) fannsnthlvldouldlunussananussngluniemumestinesiigeinis ms
FULseRn 1wy 5179l wie sutiule duliunduiteudiendululasian 1,600W L9989
Lﬁmmnmswmaa‘uqmamﬂ'ﬁL%aﬂawudwmmm%’uLLiaﬁﬂlumehqﬂgaﬁmﬁauﬁumsmam
Tuwwvdug Feanmsailldnulilunuussianlaseasanesines lassaievosglsl

Dudy
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A151991 N.1 HAN15BURIY Hot Air Oven 71 105 “C tiemIAINTULEHAY

#2089 - - ﬂw‘ﬁﬂ(ﬂ%}u)- - ALY
Odalus | 24 Flus | 48 9l 72 gl

1 414 220 142 134 208.9552
7 402 208 134 130 209.2307
5) 434 226 144 140 210.0000
q 416 222 146 140 197.1428
5 420 228 1552 146 187.6712
6 396 204 130 124 219.3548
7 450 244 166 160 181.2500
8 428 232 158 152 181.5789
9 460 248 170 162 183.9506

mm%um%‘a 197.6815
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A15190 n.2 iamsnaaeailifidreumendululasinlugeunn q 20 uril waseu 1,600 W

(¥az 400 W)

s Suin gaunaiaalil ATy mﬂﬂ:‘ﬁu
A g e 2 e e 2 g e Al
PUNL | U2 [ JUN3 | YUl | JuN2 | Bun3 | dunl | qun2 | W3

0 518 | 516 | 406 | 261 | 260 | 258 |197.6815 | 197.6815 | 197.6815 | 197.6815

20 | 506 | 506 | 396 | 49.1 | 514 | 473 | 19531 | 195.7052 | 195.1562 | 195.3905

4 | 476 | 486 | 376 | 546 | 56.2 | 57.6 | 188.858 | 191.5087 | 189.7028 | 190.0231

60 | 446 | 460 | 370 | 59.6-| 60.9 | 51.1 | 181.538 | 185.5076 | 187.9518 | 184.9991

80 | 414 | 434 | 352 70.4. | .66.5 /| 732 | 1725607 | 178.7875 | 182.3406 | 177.8963

100 | 376 | 406 | 344 | 751 | 70.1 | 70.8 | 159.9155 | 170.5879 | 179.6582 | 170.0539

120 | 340 | 378 | 328 | 846 | 764 | T7.8 | 1453286 | 161.1736 | 173.901 | 160.1344

140 | 302 | 346 | 288 | 812 | 724 | 77.2 | 126.1583 | 148.5486 | 156.7093 | 143.8054

160 | 270 | 320 | 262 | 86.8 | 79.5 | 825 | 1058296 | 136.4315 | 142.7197 | 128.3269

180 | 246 | 284 | 222 | 87.6 | 857 | 87.2 |87.11239 | 1159914 | 114.7986 | 105.9675

200 | 224 | 250 | 200 | 87.3 | 839 | 765 | 664315 | 91.2815 | 94.6815 | 84.1315

220 | 200 | 218 | 188 | 81.6 | 823 | 766 | 386815 | 60.98425 | 81.72405 | 60.46327

240 | 198 | 202 | 162 | 1034 | 883 | 90.8 | 3606534 | 42.23596 | 47.06422 | 41.7885

260 | 194 | 194 | 150 | 101.3 | 96.2- | 102.2 | 30.67119 | 31.70212 | 27.01483 | 29.79605

280 | 186 | 188 | 144 | 993 | 927 | 985 |19.18688 | 2321341 | 15.73706 | 19.37912
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A19190 1.3 mansvaaenilifitheudenaenslaulugeuyn 9 1 dalus Andau 2,000 W

(Vigeumdl 50 99 LYaLTed)

dwiin MY ALY

i e e e —— — — o
Junl | Jun2 | Iun3 | FJui 1 Jun2 | Funs \aay

0 504 504 504 | 197.6815 | 197.6815 | 197.6815 | 197.6815
1 496 492 492 | 196.0686 | 1952424 | 195.2424 | 195.5178
2 472 466 464 | 190.9018 | 189.5269 | 189.0608 | 189.8298
3 448 442 434 | 185.4020 | 183.6543 | 181.5524 | 183.5362
4 418 408 400 | 1771073 | 174.1520 | 171.6815 | 174.3136
5 400 394 382 | 171.6815 | 169.7627 | 165.7443 | 169.0628
6 390 384 372 | 168.4507 | 166.4315 | 162.1976 | 165.6933
7 378 372 358 | 164.3482 | 162.1976 | 156.8993 | 161.1484
8 366 360 344 | 159.9766 | 157.6815 | 151.1698 | 156.276
9 358 350 334 | 156.8994 | 153.6815 | 146.7833 | 152.4547
10 | 344 336 324 | 151.1699 | 147.6815 | 142.1259 | 146.9924
11 33 328 314 | 146.7833 | 144.0229 | 137.1719 | 142.6594
12 | 29q 318 306 | 142.1259 | 139.1909 | 132.9756 | 138.0975
13 | 318 312 296 | 139.1909 | 136.1430 | 127.4112 | 134.2484
14 1 310 302 292 | 135.1008 | 130.7940 | 125.0787 | 130.3245
15 | 300 294 284 | 129.6815 | 126.2529 | 120.2167 | 125.3837
16 | 294 286 278 | 126:2529 | 121.4577 | 116.3865 | 121.3657
17 | 28 282 270 | 121.4577 | 1189581 | 111.0148 | 117.1435
18 | 278 272 262 | 116.3865 | 112.3873 | 105.3150 | 111.3629
19 | 270 268 260 | 111.0148 | 109.6218 | 103.8353 | 108.1573
20 | 260 258 254 | 106.7724 | 102.3326 | 99.2563 | 102.7871
21 | 262 256 250 | 1053151 | 100.8065 | 96.0815 | 100.7344
22| 250 250 246 | 99.2563 | 96.0815 | 92.8034 | 96.04707




i ATy ATy

o} i e e N e S e PR o
Junl | Junz2 | IJud Jun 1 JUN 2 Tun 3 Laay

23 250 244 240 96.0815 91.1241 87.6815 91.62903
24 246 240 234 92.8034 | 87.6815 82.2968 87.5939
25 242 238 232 89.4170 85.9167 80.4401 85.25793
26 234 232 226 82.2969 | 80.4401 74.6726 79.13653
27 228 228 222 76:6289 | 76.6288 | 70.6544 74.63737
28 226 222 218 74.6726 | 70.6544 | 66.4888 70.60527
29 222 220 216 70.6545 | 68.5905 | 64.3481 67.86437
30 218 216 216 66.4888 | 64.3481 64.3481 65.06167
31 216 214 212 64.3482 62.1674 | 59.9456 62.15373
32 212 208 206 59.9456 | 55.3738 | 53.0213 56.11357
33 208 206 204 55.3738 | 53.0213 | 50.6226 53.0059
34 206 204 200 53.0213 | 50.6226 | 45.6815 49.77513
35 202 200 198 48.1765 | 45.6815 43.1360 45.66467
36 196 198 196 40.5386 43,1360 40.5386 41.4044
37 194 196 194 37.8876 | 40.5386 | 37.8876 | 3877127
38 192 194 192 35.1815 37.8876 3571815 36.08353
39 190 192 190 324183 S¥1815 | 32¢W3 4 433 33937
a0 186 188 186 26.7137 29.5963 26.7137 27.67457
qa1 186 188 186 26. 7137 29.5963 267137 27.67457
q2 184 186 184 23.7684 | 26.7137 | 23.7684 24.75017
43 180 181 180 17.6815 19.2284 17.6815 18.19713
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A15190 A4 mansvaaesiliildreusmevasnelanulugeunn 9 1 Falus indasu 2,000 W

(Ngaunndl 70 parLvaiTea)

i gaunnRaaLe AT mwﬁu

LI0). e o e e s oo B iy
PUN 1 | BUN2 | Bun3 | WUl | Jun 2 | JuA 3 | TJun1 | Jun2 | TuN3

0 | 508 | 500 | 518 | 263 | 263 | 263 |197.6815 | 197.6815 | 197.6815 | 197.6815
1 | 472 | 472 | 484 | 628 | 559 | 57.4 |190.0544 | 191.7493 | 190.6567 | 190.8201
2 | 434 | 434 | 446 | 726 | 623 | 665 |180.6308 | 1824741 | 181.538 | 181.5476
3 | 404 | 406 | 420 | 79.7 | 684 | 69.8 |171.9389 | 1745288 | 174.3082 | 173.6053
4 | 374 | 376 | 390 | 864 | 745 | 75.4 | 161.8526 | 164.7028 | 164.861 | 163.8055
5 | 350 | 354 | 370 | 868 | 715 | 755 | 1525386 | 156.4386 | 157.6815 | 1555529
6 | 334 | 338 | 354 | 882 | 78.0 | 843 | 1455857 | 149.7525 | 151.3538 | 148.8973
7 | 314 | 320 | 334 | 929 | 826 | 84.1 | 1358981 | 1414315 | 142.5917 | 139.9738
8 | 298 | 302 | 320 | 826 | 832 | 846 |127.2117 | 1321186 | 135.8065 | 131.7123
9 | 282 | 286 | 306 | 91.1 | 83.1 | 834 |117.5397 | 1228563 | 128.4005 | 122.9322
10 | 270 | 274 | 292 | 919 | 785 | 81.4 |109.5334 | 1151997 | 120.2842 | 115.0058
11 | 260 | 262 | 280 | 953 | 87.3 | 89.1 | 1022969 | 106.8418 | 112.6815 | 107.2734
12 | 250 | 254 |- 272 | 937 | 871 | 924 | 944815 | 100.8311 |/107.2403 | 100.851
13 | 242 | 242 | 262 | 1002 | 91.6 | 952 |87.76414 | 91.06993 | 99.97158 | 92.93522
14 236 236 256 97.1 88.9 93.0 | 82.42726 | 85.81709 | 95.33775 | 87.8607
15 | 224 | 224 | 244 |.100.2 | 92.9 | 91.0 | 70.89579 | 74.46721 | 8538642 | 76.91647
16 218 216 238 9252 86.5 88.2 | 64.65398 | 66.20002 | 80.03444 | 70.29615
17 | 212 | 210 | 230 | 962 | 91.0 | 98.1 | 5805886 | 59.58626 | 72.46411 | 63.36974
18 | 208 | 206 | 228 | 108.0 | 988 | 101.3 |53.45073 | 54.96305 | 70.48852 | 59.6341
19 | 200 | 198 | 222 | 107.2 | 953 | 102.8 | 43.6815 | 4515625 | 64.30817 | 51.06197
20 | 198 | 192 | 214 | 96.1 | 929 | 98.6 |41.11584 | 37.26483 | 55.62543 | 44.6687
21 196 190 214 89.8 89.9 98.1 | 38.49783 | 34.52361 | 55.62543 | 42.88229
22 194 186 210 106.0 954 102.8 | 35.82583 | 28.8643 | 51.01483 | 38.56832
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- gaungiinaldl A AIUTY

FUILS e o i = S e e o sy BEH
JUN L | TuUN2 |JuN3 | TuA 1l | Jun2 | Jun3 | Jun 1l | FuA2 | TUN3

23 192 182 | 208 | 1022 | 928 | 1018 | 33.09817 | 22.95623 | 48.64304 | 34.89915
24 190 180 | 206 | 1071 | 949 | 1004 |30.31308 | 19.90372 | 46.22519 | 32.14733
25 188 176 | 202 | 1063 | 970 | 1038 | 27.46873 | 13.59059 | 41.24586 | 27.43506
26 184 174 196 | 1081 | 101.0 | 1087 | 2159454 | 10.32518 | 33.39579 | 21.77184
27 182 174 194 | 1060 | 996 | 1062 | 1856062 | 1032518 | 30.67119 | 19.85233
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A99i .5 wansvaaesihlfidieusmevasnstaaulugeunn q 1 4alus Andsaru 2,000 W

(Mgl 90 A aLTya)

i iRl Aty ﬂ’mﬁu

LOiE mees i e S o e e e PR LAY

FUN L | JUN 2 | FUN3 | TuN 1 | BuN 2 | BuN 3 | Jun 1 | Junz2 | TUN3

0 | 578 | 574 | 572 | 241 | 239 | 239 |197.6815 | 197.6815 | 197.6815 | 197.6815
1 532 | 532 | 526 | 68.0 | 658 | 65.6 |189.0349 | 189.7868 | 188.9363 | 189.2526
2 | 488 | 486 | 480 | 757 | 766 | 76.2 |179.2389 | 179.5745 | 1785148 | 179.1094
3 446 | 442 | 438 | 845 | 77.2 | 824 |168.0851 | 167.8172 | 167.0879 | 167.6634
q | 414 | 410 | 404 | 90.7 | 828 | 87.2 | 158068 | 157.6815 | 156.0973 | 157.2823
5 386 | 378 | 378 | 962 | 932 | 959 |147.9406 | 145.8296 | 146.3587 | 146.7097
6 | 362 | 354 | 350 | 1035 | 985 | 102.6 | 138013 | 1355346 | 134.2529 | 135.9335
7 340 332 330 107.5 | 100.5 | 108.5 | 127.6815 | 124.7899 | 124.3482 | 125.6065
8 | 322 | 314 | 308 | 113.2 | 103.3 | 1082 |118.1784 | 114.879 | 111.9672 | 115.0082
9 | 306 | 294 | 292 | 1155 | 108.2 | 109.2 | 108.7926 | 102.4434 | 101.7911 | 104.3424
10 | 292 | 280 | 278 | 1163 | 109.0 | 111.8 |99.73629 | 926815 | 91.9261 | 94.7813
11 | 278 | 266 | 264 | 1160 | 1130 | 112.4 |89.76783 | 81.89203 | 81.01483 | 84.2249
12 | 270 | 254 | 252 | 118.4 | 1118 | 113.3 |83.60743 | 71.69725 | 70.69737 | 75.33402
13 | 260 | 244 | 242 | 1232 | 1152 | 120.4 | 7537381 | 624356 | 61.31786 | 66.37576
14 250 232 232 116.4 | 114.3 | 106.1 | 66.4815 | 50.26771 | 51.12978 | 55.95966
15 | 262 | 224 | 224 | 119.1 | 1100 | 112.2 | 5883852 | 41.4315 | 42.32436 | 47.53146
16 | 236 | 216 | 210 | 123.6 | 1175 119.2 | 5276625 | 31.94076 | 25.30055 | 36.66918
17 232 212 204 1273 | 1199 | 129.2 | 48.54357 | 26.92678 | 17.28934 | 30.9199
18 228 208 202 130.3 | 122.3 | 132.0 | 44.17273 | 21.71996 | 14.51318 | 26.80196
19 226 206 200 129.9 | 1199 | 128.0 | 41.92929 | 19.04072 | 11.6815 | 24.21717
20 222 204 200 129.6 | 1249 | 132.0 | 37.32114 | 16.30895 | 11.6815 | 21.77053
21 | 218 | 204 | 198 | 1319 | 1254 | 131.2 | 3254389 | 16.30895 | 8.792611 | 19.21515
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A15197 1.6 wan1svaaeailiidieumeanseaulugeuyn 9 1 Falus Aerusan 2.1 m/s

(Ngeundl 65 peAvaLTYa)

WIUUN qmwgumlu ANNYU Ay
L’ga’] Y ik Vs v ' v ' [ ' 1% ' 1% ' v | =
JuN PYUN 2 | VUN 3 | JUN L | TUN2 | FUN3 | FuN 1 | Tun2 | Jun3 R0l

0 472 450 452 25.6 24.8 24.9 | 197.6815 | 197.6815 | 197.6815 | 197.6815

1 438 416 418 48.2 49.3 46.8 | 189.9189 | 189.5084 | 189.5475 | 189.6583

2 414 394 394 515 511 50.2 | 183.6718 | 183.4683 | 182.9607 | 183.3669

7 394 376 376 56.6 56.2 54.1 177.8845 | 178.0006 | 177.4687 | 177.7846

4 376 358 360 §6.1 54.9 557 | 172.1496 | 171.9832 | 172.1259 | 172.0862

5) 362 344 344 55.4 54.2 53.4 | 167.2948 | 166.8675 | 166.2862 | 166.8162

6 340 330 332 55.0 54.0 55.6 158.858 | 161.3179 | 161.5369 | 160.5709

7 334 320 320 54.5 55.2 54.3 | 156.3641 | 157.0565 | 156.4315 | 156.6174

8 326 308 310 56.8 59.5 590 18 152:896 7"[41.51. 5476} [k 151.875 152.1163

9 314 302 300 58:9. 58.1 58.2 147.363 | 148.6749 | 147.0148 | 147.6842

10 306 292 290 60.2 59.4 60.1 143.4331 | 143.5719 | 141.8194 | 1429415

11 298 284 282 59.4 58.8 59.7 | 139.2922 | 139.2308 | 137.3978 | 138.6403

12 292 278 276 60.2 59.5 60.3 | 136.0377 | 135811 | 133.9134 135.254

13 282 268 270 62.4 OZT: 61.4 | 130.3056 | 129.7711 | 130.2741 | 130.1169

14 274 260 260 61.8 61.2 61.1 | 1254187 | 124.6046 | 123.8353 | 124.6195

15 270 256 256 62.8 61.5 60.5 | 122.8667 | 121.9003 | 121.119 121.962

16 264 250 252 63.8 65wl 62.5 | 118.8936 | 117.6815 | 118.3164 | 118.2972

17 256 240 242 63.7 63.6 62.4 | 1133065 | 110.1815 | 110.9046 | 111.4642

18 250 236 240 63.5 63.7 62.8 | 108.8815 | 107.0035 | 109.3482 | 108.4111

19 246 234 236 63.8 66.1 62.2 | 1058116 | 105.3738 | 106.1561 | 105.7805

20 242 226 228 64.1 66.8 63.9 | 102.6402 | 98.56646 | 99.43589 | 100.2142

21 238 222 226 63.8 64.8 67.8 | 99.36217 | 949788 | 97.6815 97.34082

22 252 218 222 64.6 64.2 62.7 | 94.23322 | 91.25948 | 94.0779 93.1902
| e |
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e ﬁwé’ﬂ bl qm?qa?ﬁalyy | . ﬂj’]ﬂJ"?}Iu L mni%’u
FUN L | BUN2 | TUN3 | Fun 1l | Tun2 | Jun3 | Funl | Jun2 | Jun3s \aay
23 228 214 218 | 65.6 | 64.9 | 63.1 |90.66396 | 87.40113 | 90.34205 | 89.46904
24 224 208 214 | 655 | 659 | 63.1 |86.96721 | 81.33535 | 86.46655 | 84.92304
25 222 206 210 | 632 | 629 | 65.0 |85.06889 | 79.2349 | 82.4434 | 82.24906
26 218 204 208 | 659 | 64.8 | 622 |81.16774 | 77.09326 | 80.37381 | 79.54494
o7 216 200 200 | 65.1 | 64.2 | 632 |79.16298 | 72.6815 | 76.11287 | 75.98578
28 212 196 202 | 64.8 | 651 | 621 | 7503999 | 68.08966 | 73.91912 | 72.34959
29 208 194 200 | 65.7 | 658 | 632 |70.75842 | 6572274 | 71.6815 | 69.38755
30 204 190 196 | 655 | 651 | 64.0 |66.30895 | 60.83939 | 67.06926 | 64.7392
31 202 186 194 | 659 | 652 | 637 |60.01813 | 5574602 | 64.69181 | 61.48532
32 | 900 184 192 | 657 | 653 | 60.0 | 616815 | 53.11628 | 62.26483 | 59.02087
33 198 182 190 | 554 | 651 | 643 |59.29766 | 50.42875 | 59.78676 | 56.50439
34 196 178 186 | 65.6 | 654 | 643 |56.86517 | 44.87251 | 54.67075 | 52.13614
35 194 174 184 | 657 | 642 | 621 | 5038253 | 39.06081 | 52.02933 | 48.49089
36 192 172 182 | 66.6 | 660 | 645 |51.84817 | 36.05359 | 49.32985 | 45.74387
37 190 170 180 | 639 | 639 | 635 |49.26045 | 3297562 | 46.57039 | 42.93548
38 188 168 178 | 645 | 61.7 | 639 |46.61767 | 29.82436 | 43.74892 | 40.06365
39 186 168 176 | 633 | 63.1 | 64.2 |43.91806 | 29.82436 | 40.86332 | 38.20191
40 184 164 174 | 652 | 647 | 639 |41.15976 | 23.29126 | 37.91139 | 34.1208
a1 182 162 172 | 64.1 | 654 | 63.4 | 3834084 | 19.90372 | 34.8908 | 31.04512
42 | 180 162 170 | 627 | 629 | 61.3 | 3545928 | 19.90372 | 31.79915 | 29.05405
a3 178 160 168 | 63.8 64 63.9 | 3251296 | 16.4315 | 28.63388 | 25.85945
aqg | 176 160 166 65 64.6 | 64.9 |29.49968 | 164315 | 2539234 | 23.77451
45 174 158 164 | 642 | 641 | 654 |2641713 | 12.87137 | 2207174 | 20.45342
a6 [ 172 158 162 | 639 | 647 | 651 | 232629 | 12.87137 | 18.66915 | 18.26781
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as19i 0.7 manmsvaaestilfidrousheanieuludounn 9 1 Falus Anrmisian 2.1 m/s

(Joeunndl 95 peFLYALTYE)

Y

- QRN R AR AT mm'%”u

b menTeE o e e e e e s bEl

FuR 1 | FuR 2 |Fui 3 | Fuii 1 | Jui2 | FuA3 | TuA 1 | Fun2 | VN3

0 520 | 298 | 512 | 257 | 255 | 255 | 1976815 | 197.6815 | 197:6815 | 1976815
1 a66 | aa2 | 462 | 684 | 636 | 64.3 | 186.0935 | 185.0118 | 186.859 | 185.9881
2 432 | 406 | 422 | 757 | 7135 | 719 | 773111 | 1750214 | 1763545 | Mie099
3 400 376 398 80.1 76.5 75.5 | 167.6815 | 165.2347 | 169.0383 | 167.3182
4 380 | 352 | 3767807 | 795 | 77.83migR394 | 156.2042 | 161.5113 | 159.5183
5 354 | 326 | 350 | 834 | 815 | 82.8 | 150.7888 | 144.9208 | 151.3958 | 149.0351
6 336 310 352 84.6 81.2 82.7 | 1429196 | 137.0363 | 143.4646 | 141.1402
7 322 | 296 | 316 | 80.8 | 825 | 81.1 |136.1908 | 129.4383 | 135.6562 | 133.7618
8 308 | 280 | 300 | 884 | 843 | 86.1 |1288503 |119.8244 | 127.0148 | 1252298
9 294 202 284 89.1 86.6 90.2 | 120.8108 | 114.5933 | 117.3998 | 117.6013
10 286 260 276 87.2 85.1 86.9 | 115.8633 | 106.143 | 112.1743 | 111.3935
11 | 270 | 246 | 262 | 909 | 882 | 833 | 105.0889 | 9524248 | 102.2617 | 100.8643
12 264 240 256 88.9 87.2 85.4 | 100.7118 | 90.1815 | 97.6815 96.1916
13 | 252 | 232 |- 242 89.1 | 873 | 867 |91.33229 |8302633 | 86.11125 | 86.82329
10 | 208 | 222NN2% 9} 880 | 856 847 | 8a.886Y5 W1a35718 | 80.73235 | 79.55209
15 238 218 228 90.8 90.6 85.4 | 79.19411 | 69.24113 | 73.1201 73.85178
16 | 232 | 212 | 222 | 85.0 ™=Bosjmmimeg®T | 73.54357 | 62.77584 | 67.05087 | 67.79009
17 226 206 216 90.8 90.1 89.2 67.593 | 55.93393 | 60.64446 | 61.39046
18 222 202 212 92.1 90.6 87.5 | 63.44727 | 51.14685 | 56.17207 | 56.92206
19 214 196 204 91.6 90 87.1 | 54.69085 | 43.59987 | 46.70111 | 48.33061
200 210 [ 190 | 202 90 89.2 85 | 50.06245 | 40.98047 | 44.21615 | 45.08636
21 208 192 200 87.4 85.4 86.7 | 50.06245 | 40.98047 | 44.21615 | 45.08636
22 204 190 198 88.9 84.5 86.9 | 42.77954 | 3557624 | 39.09564 | 39.15047
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AT gounguralal AT m"ﬂ{‘?‘flu

S0 £ 1 o) B o R BN SRR 1 v e =E g w \ndy
Fui 1| Fufi 2 | Jufi3 | Aunl | Jun2 | Tui 3 | Fui 1 | Fuii2 | VN3

23 | 202 | 188 | 194 | 91.0 | 89.8 | 88.0 |40.25576 | 32.78788 | 33.76397 | 35.60254
24 202 186 192 93.9 92.8 90.6 | 40.25576 | 29.93956 | 31.01483 | 33.73672
25 | 200 186 192 | 892 | 886 | 850 | 37.6815 | 27.02933 | 28.20782 | 30.97288
26 | 198 184 190 | 831 | 805 | 821 |35.05524 | 24.05513 | 2534107 | 28.15048
271 | 194 182 186 | 857 | 831 | 850 |29.64026 | 24.05513 | 22.41268 | 25.36936
28 | 19 180 184 | 901 | 853 | 885 |23.99729 | 21.01483 | 19.42063 | 21.47758
29 | 1188 178 184 | 927 | 894 | 909 |21.08576 17.90622 | 19.42063 | 19.47087
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A151497 n.8 nan1sveassildidieusmeadululasian (1600W) yn 9 20 uil Sfunaenala

Wy (2,000W) Tugeumn 9 1 49lue (igaumgdl 90 sseniwaldea)

Svin QR AT mﬁ{‘?}lu

a7 o el Ry e o e s e B r 1ade
Fun 1 | TuA 2 | Jun3 | Junl | Jui2 | Jun3 | Jui 1l | Junz | TUN3

0 546 | 534 | 560 | 283 | 284 | 287 |197.6815 | 197.6815 | 197.6815 | 197.6815
20 | 536 | 520 | 550 | 54.5 | 458 | 50.9 | 1958158 | 194.9892 | 195.8633 | 1955561
40 | 508 | 496 | 532 | 60.0 | 55.8 | 52.6 |190.2012 | 190.0202 | 192.4183 | 190.8799
60 472 470 510 67.8 68.3 60.0 | 182.0035 | 184.0645 | 187.8776 | 184.6485
80 444 444 482 67.1 67.3 63.4 | 174.7085 | 177.4112 | 181.4989 | 177.8729
100 410 414 448 68.2 68.2 64.5 | 1645108 | 168.696 | 172.6815 | 168.6294
120 376 390 420 70.3 66.9 68.0 | 152.4687 | 160.7584 | 164.3482 | 159.1918
3 332 | 350 | 374 | 787 | 724 | 742 |133.2237 | 1451101 | 147.9489 | 142.0942
4 296 | 316 | 334 | 823 | 750 | 77.6 | 113.222 | 128.6942 | 130.0168 | 123.9777
5 268 280 300 85.0 81.5 83.6 | 9395016 | 106.9672 | 111.0148 | 103.9774
6 242 | 244 | 254 | 906 | 854 | 86.7 | 7206167 | 7882904 | 77.20906 | 76.03326
7 222 | 222 | 220 | 91.8 | 865 | 87.8 |51.73555 | 57.14096 | 43.13605 | 50.67085
8 204 206 210 95.9 92.6 93.6 | 30.03444 | 38.4582 | 31.01483 | 33.16916
9 188 | 200 | 202 | 97.1 | 945 | 96.8 |7.255968 | 30.6815 | 20.45378 | 19.46375
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A n.9 mansmaaesilfidreuseadululasia (1600W) NN 9 20 I Sfuanseun

aian 2.1 m/s Tudeunn 9 1 dalus (gaumgdl 95 esriwaiius)

S gl ALY mm.s?'}’u

2 NS Epemn peommtn semR eRme T o D R B T o \ndy

Fufi 1 | qudio | gudis | Fuil 1 | Audi2 | Tun3 | Fud 1 | Ful2 | TUN3

0 492 | 550 | 544 | 292 | 295 | 29.9 | 197.6815 | 197.6815 | 197.6815 | 197.6815
20 480 544 530 519 50.2 55.2 | 195.1815 | 195.8433 | 195.04 195.3549
a0 | 450 | 520 | 508 | 61.7 | 56.6 | 60.0 |188.3482 | 191.143 | 190.5949 | 190.0287
60 436 474 470 68.8 59.9 68.9 | 184.8375 | 180.8039 | 181.9368 | 182.526
80 | 400 | as56 | 456 W20 | 704|767 | 170W8IBNI76.1903 | 178.3833 | 176.4183
100 384 432 422 76.5 70.3 76.2 | 169.5565 | 169.4408 | 168.7715 | 169.2563
120 352 414 372 80.0 71.0 76.2 | 157.9088 | 163.8651 | 151.4449 | 157.7396
3 328 | 378 | 348 | 726 | 751 | 763 |147.6815 | 151.1207 | 1413597 | 146.7206
q 310 338 312 86.4 86.4 76.6 | 1389718 | 133.7762 | 123.3225 | 132.0235
5 26 | 332 | 320 | 852 | 84.2 | 782 |79.98238 | 130814 |127.6815 | 112.826
6 212 318 306 86.2 82.8 78.5 | 65.60603 | 123.4677 | 119.9037 | 102.9925
7 208 | 306 | 294 | 852 | 821 | 81.2 |61.14304 | 116.6357 | 1126475 | 96.80876
8 194 | 282 | 272 | 849 | 829 | 835 |44.07325|101.2276 | 97.6815 | 80.99412
9 192 | 262 \[\254- | 826~ (845..| 8219 | 414315 | 8623112 [ 83.50827 | 70.3903
10 186 246 240 82.9 85.6 85.7 | 33.16537 | 72.47825 | 71.01483 | 58.88615
11 | 178 | 238 | 228 |84 812/ 41796 '| 21,277014°64.90839 | 59.08501 | 48.42347
12 | 174 | 220 | 214 | 80.0 | 80.2 | 79.4 |14.92288 | 45.86332 | 43.47589 | 34.75403
13 172 206 192 76.9 86.4 77.8 | 11.63499 | 28.71014 | 1434817 | '~ 24421
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gl wnseseulsiundudenaululasianiuiurasngilalau Lazaniou
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A1919 0.1 nmuawmaqﬁm‘l,umiauiﬁméué"saLﬂ‘%aqaulﬁméuﬁwﬂﬁuluimnWs’mﬁ’u

vaonanlalautazausau

82

gunsalildluniseulsiundu PRIl gl
(#2Ta9) (Unit)
1 lallpstan 400W (dip304) 4.40 7.472
2.viaoaglaLau 500W gaungil 50°C (4 viaen) 43 86
3. vaanglalau 500W gl 70°C (4 wiaen) 27 54
4.vaaaglalau 500W gumnnil 90°C (4 aon) 21 42
5.au¥ou Snmas 2,000W Tuaties 80W gamail 65°C 46 95.68
6.au50u Fawnas 2,000W luaties 80W gaumail 95°C 29 60.32
7.lalmsiaw 400w (4i3e9) Saufunasaslalan 500W 3+6 16.8
gl 90°C (4 viaen)
8 lulmsiaw 400W (aip3es) Taufuandou Sawmas 2,000W 3+10 25.6

Tuaties 80W gaumgil 95°C




AIAKNUIN A.
AsvasauenavashiiuIdutingdu Nnausaeesasavldiuidunleaaulalasian

71a90a11aLY Lazausau
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gﬂﬁ A.1 miéhuLtsaé'fm[,azuaqé'aﬁwsju (Modulus of rupture and modulus of

elasticity)

s http://wood.wu.ac.th/

A3 A.1 KANSVAABUMIATULTIRALALIBRSHENVEY

Young's
| Modulus of
| Speed Height | Width | Span | Maximum Modulus of

Sample Information g rupture |

(mm/min) | (mm) | (mm) | (mm) | Load (N) ed Bending
a
(MPa)

Bending strength 14 8 15.61 | 15.29 | 210 195 16.4866 995.226
Bending strength 21 10 15.40 | 15.05 | 210 185 16.327 1053.026
Bending strength 22 10 1589 | 14.42 | 210 212.737 18.405 3165.589
Bending strength 23 10 14.89 | 17.22 | 210 442.199 36.484 4470.672
Bending strength 31 10 14.83 | 1491 | 210 171.349 16.460 2523.953
Bending strength 32 10 14.42 | 1433 | 210 109.344 11.559 1201.281
Bending strength 41 10 13.86 | 14.77 | 210 265.074 29.429 4474.846
Bending strength 42 10 1490 | 14.32 | 210 341.377 33.824 4294.496

v 2. , ooy (i SUsg e
14 = dueusmendululasiw 1,600wW

21 = lfhdueudevannalaiay 2,000\ QAUANE 50 DIAALTEE

22 = lfihdueumevaanalaiay 2,0000 Rl 70 DA eALdA

90 & Y o % el e
23 = ihduousmeviaanslaiay 2,000w AENN 90 DIANYREYE

w2 3 . : - S
31 = Wivduaussaudou arunsa 2.1 nvs gl 65 asmmaliiva

1% , " o s e
32 = Bihduaudeaudou arunda 2.1 m/s gunail 95 ssAneaiiea

2 3 a oy o~ s oo iyl o ~1
41 = ldueusendululasaw 1,600W Sruiunsensla

19U 90 DA AR E

42 = ldsudmenaululasav 1,600W Saufuaudou 95 ssrneadea



Load (N)
200
~ N
\\ General Purpose 3 Point Bend Setup
\\¢
= Preload: 100.0N
\;‘ Span: About 210.0 mm
X
\ Section: About 15.6 mm x 15.3 mm
ot Stop At: Deflection of 50.0 mm
N Fracture: Load drops to 75.0%
Bending strength 14
/
\\1\
e
j\
100
\
[ N
/ -‘gq
/
/'/
S \
L 5 vr\nrr‘ \ ~
/ T T T T
10 20 30 40

JUT A.2 madhuussinuazuenaanngu lurdufioudleadululasiav 1,600W

Extension (mm)

Load (N)
=
[ General Purpose 3 Point Bend Setup
e Preload: ~ ~ 100.0N
) 1 S B\ Span: About210.0 mm
/ \\\
// g Section: About 15.4 mm x 15.1 mm
/
/ L Stop At: Deflection of 50.0 mm
150 A
/ \\ Fracture: Load drops to 50.0%
\1 Bending strength 21
\\\
100 i R
"
/ Py
(e,
e a2
50|
T T T
10 20 30 4

JUT A.3 mMsiuussanuazagaasandy lidunaudienasagilau 2,000W

=

NYaUnn

9

u

Extension (mm)

3l 50 aeAYALTYE

85



Load (N)
250
1 .
General Purpose 3 Point Bend Setup
Preload: 200N
Span: About 210.0 mm
/N 23
o N e b e L\‘A Section: About 15.9 mm x 14.4 mm
/ X Stop At: Deflection of 50.0 mm
\
A Fracture: Load drops to 50.0%
\ Bending strength 22
\\
\n,\\
/ Tk
100+ /
50
o T T T
00 50 100 150 20,

L]

Extension (mm)

4 o/ o/

Tgeunil 70 asAlwaLTYE

SUT A4 mImuussinuazuendanngy Liiuiauiaudieviaanailaau 2,000W

Load (N)
A e
Pl \
400 / 7 \\
/
/ \
/
/
/ \
300 / \\
\
7 S
200+ /
/ General Purpose 3 Point Bend Setup
Preload: 200N
Span: About 210.0 mm
Section: About 14.9 mm x 17.2 mm
100
Stop At: Deflection of 50.0 mm
Fracture: Load drops to 50.0%
Bending strength 23
© : T T
00 50 15.0 20,

UM A.5 n1sinuussiauazaendagavey liunduiiaudienasngilanu 2,000W

100
Extension (mm)

Ngungil 90 asraLTYd

86



Load (N)

200
—‘ General Purpose 3 Point Bend Setup
Preload: 200N
1 Span: About 210.0 mm
\\\ Section: About 14.8 mm x 14.9 mm
el // b ] Stop At: Deflection of 50.0 mm
*\\ Fracture: Load drops to 50.0%
/ ‘\\\\\\‘\ Bending strength 31
\;\\\
100 \\\\\
;1\\‘
/ Wy
/
L) /
00 50 100 150 200
Extension (mm)
a v Y o o ' v ¢ o v I <
E‘U‘VI A.6 msmuuiamuazuaqaaawqu INUWGSJVIB‘UW'}EJ@&I?E]N AIULIIAN 2.1 m/s

Migungil 65 asALvaLdes

Load (N)
i B
General Purpose 3 Point Bend Setup —l
140
Preload: 200N
theny Span: About 210.0 mm
120 Section: About 14.4 mm x 14.3 mm
Stop At: Deflection of 50.0 mm
110+
56 & 2% Fracture: Load drops to 50.0%
100 7 e Bending strength 41
/ )
90— / \
/
/
80
N
~O
70 / e s
/ S
/ Se——y
gl =
/ V"YU
/ i
i
40
30
20|
10+
T T T T
[} 10 30 4

Extension (mm)

3UT A7 mafunssinuazsendadangy ldurduiieudieaniou annuisaau 2.1 m/s

I

Vigaungil 95 asAYaLTs

9



Load (N)
300+
General Purpose 3 Point Bend Setup
Preload: 200N
TR Span: About 210.0 mm
250 2 =
/,/ Ll Section: About 13.9 mm x 14.8 mm
4 \‘,\ Stop At: Deflection of 50.0 mm
\'\\ Fracture: Load drops to 50.0%
200 R Bending strength 42
e ~N
—
1‘\\
1501 T
100+
50
T T T 1 T
00 50 100 200 250

v

glalau 2,000W g

15.0
Extension (mm)

1iaan

a

23l 90 aeALYALTYE

JUT A.8 N1siuusINRLazNanaaEandy liuauiauileaaululasiav 1,600W AU

Load (N)
General Purpose 3 Point Bend Setup
Preload: 200N
Span: About 210.0 mm
//
A K Section: About 14.9 mm x 14.3 mm
¥ S
7 . Stop At: Deflection of 50.0 mm
300 7
/ Fracture: Load drops to 50.0%
/ \ Bending strength 42-1
/
/ e
200 / 35
/ s
P ls
/ -
100
oo T T T T T
00 50 10.0 200 250

U7 A.9 MsFuusssauanagsaBangy liurdunaudieadululasian 1,600W saufivay

15.0
Extension (mm)

88



founaui3a 2.1 m/s gaungdl 95 asAnwaides

89

UM A.10 AMUFTUNIULTITALLITUIUEBY (Compressive strength parallel to grain)

fiun http://wood.wu.ac.th/

A1919 A.2 NANSVIAABUAUATUNTULIIDALUITUIULEEUY

Deflection
V Stress at
Sample Width | Breadth Area Speed Maximum at :
Maximum
Information | (mm) | (mm) (mm) | (mm/min) Load (N) Maximum
Load (MPa)
Load (mm)
Compression
19.63 19.48 | 382.3924 5 7259.190485 | 0.778944376 | 18.983616
parallel 14
Compression
19.93 19.71 392.8203 5 4371.673644 | 0.989104773 | 11.12894024
parallel 21
Compression
20.03 19.67 | 393.9901 5 4675.967956 | 0.554043601 | 11.86823719
parallel 22
Compression
19.41 20.01 388.3941 5 6609.542351 | 0.747749672 | 17.0176178
parallel 23
Compression
19:37 18.35, .355.4395 5 3422.744332 | 0.675580721 | 9.629611598
parallel 31
Compression
20.11 19.55 | 393.1505 2 2433.015838 | 0.297055175 | 6.188510095
parallel 32
Compression
18.72 17.74 | 332.0928 2 3261.463954 | 1.341379605 | 9.820941479
parallel 41
Compression
19.88 19.86 | 394.8168 2 1380.043212 | 0.708118683 | 3.495401442

parallel 42




Load (N)

General Purpose Compression Setup
Preload: 1000N
7000 > Speed: 5.00 mm/min
/'/ Height: Not Applicable
// Area: About 19.6 mm x 19.5 mm
6000
/ \ Rupture: Load drops to 60.0%
/ \ Compression parallel 1
AN
5000~ / \
i
Rupture
000+ -~~~ ————-——~— Greatest Sk \\\
|
Jod
/ |
/ |
3000 0
!
|
/’/ !
2000~ e |
/ I
/ I
£ 1
o
/ 1
1000 / !
|
I
|
|_Preload !
000 : et T T
00 05 15 20

1.0
Extension (mm)

5UR a.11 anudunussedanuivutudsy Tuduiaudeasulalasian 1,600W

Load (N)
General Purpose Compression Setup
Preload: 1000N
Speed: 5.00 mm/min
| o — I \\\
v, i Height: Not Applicable
52 \
A0 > | \\ Area: About 19.9 mm x 19.7 mm
| Rupture: Load drops to 60.0%
/ Compression parallel 21
%
7 \
// Rupture "\
/ g
//
/
2000 o
/
o/
,/”
/i
| Greatest Sk
1000 |
|
/i
S
// !
4 1
/ :
|/ Preoad |
000141 L e = R -
00 o5 ‘ s 20

10
Extension (mm)

U A.12 Anadunusssdauuvuudey liuduiieudievasagilaay 2,000W

Ngausndl 50 deAYAITYH



Load (N)
General Purpose Compression Setup
N Preload: 100.0N
\ Speed: 5.00 mm/min
74 \
o \ Height: Not Applicable
4000 / \
o/ \ Area: About 20.0 mm x 19.7 mm
Rupture )\
// e Rupture: Load drops to 80.0%
\
\ Compression parallel 22
\
\
\
3000
7777777 Greatest Sloj \
|
I
/i
/ 1
|
| |
2000-
/ ! |
4 I
/ | [
7 !
/ |
¥
7 I
Fd I
1000 // ‘o
7 |
o |
// v
/ I
/, '
/_Preload I
o004 1
a0 o1 02 03 04 05 06 07 08 o 1.0 1 12 15 14

Extension (mm)

Ui A.13 Arwdumuussdauurvuiudeu Withduiieudaevaanailamu 2,000W

iguugil 70 asrwaidies

Load (N)
General Purpose Compression Setup ¥
7 BN Preload: 100.0N
A Speed: 5.00 mm/min
o000 B!
e Height: Not Applicable
/ Area: About 19.4 mm x 20.0 mm
/ Rupture 4
/ Rupture: Load drops to 80.0%
5000 " \ .
/ | Compression parallel 23
- SSpiyesie U R RN Mﬁ%7’ |
/A \
4000 / | \
/8 \
W \
"y,
/i | D
3000 7 T
,/ !
o/ I
: |
2000 :
I
I
i
I
1000 % L
/ 1
i :
& / |
= 1
-~ Preload
000 T T T T T e T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14

Extension (mm)

JUT .14 anudumuussdauusuudey Widuiioudrevasnanlamu 2,000W

figuugll 90 asAnwaded
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Load (N)
‘ General Purpose Compression Setup
‘ Preload: 100.0N
’ Speed: 5.00 mm/min
sl Height: Not Applicable
\
Area: About 19.4 mm x 18.4 mm
3000+1 Rupture: Load drops to 80.0%
b Rupture Compression parallel 31
/
S
/
/
//
e w%/ i
]
/ I
TS
o G !
,/ I
5% |
|
|
7 I
1000 |
|
|
I
|
1
|
. !
I
/ Preload |
e
00 05 1o

Extension (mm)

U A.15 Anudumunssdauuasuudsu lurdufiaudeandou anasaau 2.1 m/s

figaumgll 65 asrwadesd

Load (N)
2500
—‘ il General Purpose Compression Setup
/ Preload: 100.0N
A Speed: 2.00 mm/min
/ \ Height: Not Applicable
e / Rupture ‘\\ Area: About20.1 mmx 19.6 mm
// Rupture: Load drops to 80.0%
e Compression parallel 32
/
/:
/
/ \
///
/
1000 /
/
500
Preload
Greatest Sl
T T T T T T T T T
00 0.1 02 03 0.4 06 07 08 09

05
Extension (mm)

Ul A.16 Arwdumunssdauurvuuieu Wuhduitaudisaudeu aruidaan 2.1 m/s

Vigaunnil 95 asrwaLTes
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Load (N)
/'//_—ﬁ\ —.
T =
e .
3000 S
.// &
/
7 Rupture ™
V. upture
4 ¢
/
7 4
7
2000
//
/
/// General Purpose Compression Setup
/ Preload: 100.0N
‘°°°‘» _ GreatestSlo / Speed: 2.00 mm/min
// ! Height: Not Applicable
I
! Area: About 18.7 mm x 17.7 mm
|
! Rupture: Load drops to 80.0%
/ |
/; i | Compression parallel 41
— — A Preload
=T L : T 4
00 1.0 20

Extension (mm)

UM A.17 Anudunukseauwvuudey Ifuduiisudleaaululasian 1,600W $aufu

wiaenglalau 2,000W figamgll 90 esriwaldes

Load (N)

o

001 / Genera!?’uvposa Com;;ression Setup

Preload: 100.0N

Speed: 2.00 mm/min

Height: Not Applicable

Area: About 19.9 mm x 19.9 mm
|| Greatest s|

Rupture: Load drops to 80.0%

|_Preload
I

M Compression parallel 42

o T : i
1.0 20 30

Extension (mm)

JUT A.18 Auduniusssanurvuwdsy 1dundufieudreaaululasian 1,600W $auiU

v

aufaumdT 2.1 m/s figaungll 95 asriwalded



g‘l.lﬁ A.19 A2UATUNIULSIDALUINIRINLHEY (Compressive strength perpendicular to

i http://wood.wu.ac.th/

grain)

A1579 A.3 NANISNAFDUAIINATUNIULIIDALUINIRINLT DY

Stress at
4 Width Breadth Speed \
Sample Information ] Yield Load
(mm) (mm) (mm/min)

(MPa)
Compression perpendicular 14 19.88 19.85 1 3.01
Compression perpendicular 21 19.14 19.85 1 1.16
Compression perpendicular 22 20.15 19.85 1 1.65
Compression perpendicular 23 20.14 19.85 1 1.68
Compression perpendicular 31 2041 19.85 1 wo 1
Compression perpendicular 32 19.6 19.85 1 1.18
Compression perpendicular 41 19.45 19.85 1 0.93
Compression perpendicular 42 19.17 19.85 1 0.89

94



FUN A.20 AnuiunIuLsSauuaInsaInEey dudufisudaendululasian 1,600W

3
Y

Load (N)
____________________________________________________ Limit_
,/// !
> il |
3000 8 |
i |
I
> |
¥ i
et |
,—'// |
$r I
/,/’/ |
<l |
2000 s |
o |
I
|
[ General Purpose Compression Setup
Preload: 500N
‘ Speed: 1.00 mm/min
e Height: Not Applicable
_ _ _ _GreatestSlope .~ Area: About 19.9 mm x 19.9 mm
% : Stop At: Deflection of 2.50 mm
i : Rupture: Not Expected
ol | Compression perpendicular 1
_ _~Preload |
U = T T T TR
00 05 1.0 20 25 30

15
Extension (mm)

Load (N)
1400
1300 e = e R R g e of bl et Sy =% Tt
Ha "N
1200 A |
Ve |
ol !
1100+ AT {
g |
- I
1000 L ;
/// |
K |
900 |
//“ \
800 < )
B I
I
700 b F-
% 1
I
600 .
7 General Purpose Compression Setup
500- o Preload:  50.0N
74 Speed: 1.00 mm/min
400 7
7 Height: Not Applicable
o (el A /_Greatest Slope
S0 ( Area: About 19.1 mm x 19.9 mm
200 // : Stop At: Deflection of 2.50 mm
// : Rupture: Not Expected
100+
|/ Preload 1‘ Compression perpendicular 21
oo+ : T T T U T
00 05 1.0 20 25 30

Ui

15
Extension (mm)

Nounndl 50 asAwaLdeE

9 v

A.21 ARUAUNILLTEakuIRInEey ldurduiloudeviasnanlaou 2,000W

95



Load (N)

2500
_______________________________________________________ Limit
= o : |
L
P
|
2000 > |
;
= ;
o = !
= |
v |
s
S I
A |
1500 S I
ot I
P |
A !
A |
, 7 I
|
I
1000 e pees
General Purpose Compression Setup
Preload: 500N
Speed: 1.00 mm/min
Height: Not Applicable
500~
Area: About 20.1 mm x 19.9 mm
Stop At: Deflection of 2.50 mm
_ _Greatest S@pzﬁ«
/‘ Rupture: Not Expected
] : .
Preload Compression perpendicular 22
00 = L T T T = T
00 05 1.0 20 25 30

15
Extension (mm)

Ul A.22 Aanudumunssdauusnsainideu Iiurduiioudenasnsilaou 2,000w

Migmndl 70 asAwailesd

Load (N)
2000—‘
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — — Limit |
= 0
/ !
o |
// |
~ il )
> :
1500~ /,/ ‘
1% I
b 1 |
N ~ :
¥ I
o I
< I
b4 |
sl !
P 4 1
1000 A |
I
I
|
General Purpose Compression Setup
Preload: 500N
Speed: 1.00 mm/min
500
Height: Not Applicable
S Area: About 20.1 mm x 19.9 mm
74
// Stop At: Deflection of 2.50 mm
7 Rupture: Not Expected
Preload
[ Compression perpendicular 23
hee) : T T T T T
00 05 1.0 20 25 30

15
Extension (mm)

U7 A.23 anadumuusedauuansannideu ldurduiioudevasnalawy 2,000W

o a o
‘WQW‘WJJN 90 99ALYaLYYE



Load (N)
1500-
,,,,,,,,,,,,,,,,,,,, e e B B b Mgl bl SR B S S _Limit__
P i
= |
/‘“ g ;
=i |
[t -7 :
T |
|
I
S I
| = |
1000 1 // |
Dt |
o |
/ !
|
% |
|
I
I
|
A General Purp;se Com;ression aalub
500 Preload: 50.0 N
/
// Speed: 1.00 mm/min
7 |
/ Height: Not Applicable
i
/ .
L Rl e Area: About 20.4 mm x 19.9 mm
d
0 Stop At: Deflection of 2.50 mm
)
st Rupture: Not Expected
Preload ; Compression perpendicular 31
— Preload |
o Il

Extension (mm)

T
20

97

3UA A.24 anadumunssdauuInsIndey ISundufioudisandou aauiEay 2.1 m/s

Vigeungdl 65 asAnuaLdes

Load (N)

1500

|
I
|
|
|
!
I
|

T:;eneral Purpose Com;a;sib;Se(up

Preload: 500N

Speed: 1.00 mm/min

Height: Not Applicable

Area: About 19.6 mm x 19.9 mm
Stop At: Deflection of 2.50 mm
Rupture: Not Expected

Compression perpendicular 32

Extension (mm)

T
20

30

U A.25 Anudumunssdaunulnmindey Tsunduiiaudsandou arnuiSaan 2.1 m/s

Ngungil 95 ssAnwalded



Load (N)
1100~
_________________________________________________________ Limit
1000-| e !
el 1
el 5 !
I
S04 5 |
o I
,/‘//' !
800+ o |
7t |
,// |
700 :
~ I
e |
600- ~ |
// |
|
500- !
I
[ General Purpose Compression Setup |
/
400+ o Preload: 50.0N |
/ I
7 Speed: 1.00 mm/min |
/:
/ |
B o Height: Not Applicable |
7 Area: About 19.4 mm x 19.9 mm :
200+ / |
_____ Greatest S / Stop At: Deflection of 2.50 mm i
1004 /; ; Rupture: Not Expected .
Preload ! i i
,,,,, Jm*/( ) [ Compression perpendicular 41 (
oo S T T T T —
00 05 1.0 20 25 3.0

15
Extension (mm)

98

Uil A.26 AnmiumulsdauwInnideu liurauiioudaeadulalasiau 1,600W sauiy

viaangnlalay 2,000W gangil 90 asAnaides

Load (N)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Limit_
900~ H :
p i N |
|
800-| :
|
> |
700-| = i
4"/ |
" !
. ¢ 1
600 9 b I
= :
x : |
500 5 i
4 |
1
B |
400-1 General Purpose Compression Setup
Preload: 50.0N
300+ Speed: 1.00 mm/min
Height: Not Applicable
200 Area: About 19.2 mm x 19.9 mm
) ! Stop At: Deflection of 2.50 mm
100 Gt A Rupture: Not Expected
B /ﬁreloaq Compression perpendicular 42
Al
0o ! T T T T T
00 05 1.0 20 25

15
Extension (mm)

U A.27 aasununssasuasisandey lurduiieudieaaululasiav 1,600W saufu

ausauANMST 2.1 m/s Tigangll 95 asrnwaIded



5UT A.28 ANNAUMIULIUBBUTLWEEY (Shear strength parallel to grain)

i http://wood.wu.ac.th/

M1919 A.4 Naﬂ’]iVIG]ﬂE]‘Uﬂ’J']QJ(?’\J’WUVI'WULLSQLSEM‘UU’]U@EJU

99

Deflection Stress at
Sample Width | Breadth Area Speed Maximum : :
at Maximum | Maximum
Information (mm) | (mm) (mm) | (mm/min) Load (N)

Load (mm) | Load (MPa)
Shear parallel 14 | 19.75 19.7 389.075 2 1310.974162 | 0.507290859 | 3.369463888
Shear parallel 21 | 19.64 19.79 | 388.6756 2 292.8977836 | 0.189837684 | 0.753579035
Shear parallel 22 | 20.44 19.77 | 404.0988 2 1820.301375 | 0.416250174 | 4.504594853
Shear parallel 23 | 19.83 19.45 | 385.6935 2 249.3617859 | 0.105606809 | 0.64652836
Shear parallel 31 | 19.74 19.41 383.1534 2 526.5361265 | 0.250049187 | 1.37421755
Shear parallel 32 | 19.61 19.8 388.278 2 308.5334084 | 0.754436813 | 0.794619856
Shear parallel 41 | 19.67 18.31 360.1577 2 608.2885442 | 1.243075576 | 1.688950547
Shear parallel 42 | 19.49 20.09 | 391.5541 2 481.2389843 | 0.444768917 | 1.229048513




Load (N)
,//‘///\'
o ~
N
// Mlur; N\ ;
1000 /
7
/
500-1 / General Purpose Compression Setup
Preload: 100.0 N
Speed: 2.00 mm/min
/
’/ Height: Not Applicable
/
/: Area: About 19.8 mm x 19.7 mm
/ Greatest Siope.

Rupture: Load drops to 80.0%
Shear parallel 1

P

i | Preload : s~
00 05 10

Extension (mm)

JUN A.29 AnuunuLsIouvuuasy lurdunaualsagululasian 1,600W

Load (N)
500 y
General Purpose Compression Setup
Preload: 100.0 N
Speed: 2.00 mm/min
Height: Not Applicable
400-]
Area: About 19.6 mm x 19.8 mm
Rupture: Load drops to 80.0%
Shear parallel 21
300-1 s
) >7"\\\
. ¢ Ruﬂuw\
2004 / R
__ Greatest Sio //
; |
i)
]
100 _ _Preload / |
/N |
74! |
Y A |
Z | |
I I
// [} I
/ | |
) : T T T
00 01 02 03 06 07 08 09

05
Extension (mm)

U9 A.30 Anusuulsadeuvnuds Turdunaudienasagilaay 2,000W

Mgaumall 50 aeAYALTYE
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Load (N)
2000
o 4 TR
o e
N
1500 3
Rupture ™,
o/ \‘\\
P ~
/
//
/
/
7
1000- /
//
/
//
//' General Purpose Compression Setup
{795 WL/ Preload: 100.0 N
500 /i
T Speed: 2.00 mm/min
el
/ | | Height: Not Applicable
/ I
/// | Area: About 20.4 mm x 19.8 mm
/ I
S ) Rupture: Load drops to 80.0%
/ Prek
e Shear parallel 22
001 | L
T T T T T T U T T
00 0.1 02 03 04 06 07 08 09

05
Extension (mm)

Ui .31 Amwiumuusa@eounuudeu lduirduiieudrevasnsilaay 2,000W

Mgaun il 70 asAnTadyd

Load (N)
General Purpose Compression Setup
Preload: 100.0 N
Speed: 2.00 mm/min
"\ Height: Not Applicable
/ N Area; About 19.8 mm x 19.4 mm
/ \
/ \
\ Rupture: Load drops to 80.0%
al / \‘RE ey Shear parallel 23
i NG / .
//
Y.
/
/
.
v
____ Greatestsiope /.
/l
/i
Ve
100 1 | M‘%/’ |
/i |
/’/ ! |
// I |
| 1
// | I
/ | |
7 | |
/ | |
/ I |
I I
| |
/ 5
/ s \

U T T T
00 01 0.2 03

Extension (mm)

U7 A.32 winunuusadeusuudsy liurduiieudtevasnanlau 2,000W

Vigaumail 90 asAwaTes

04

05
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Load (N)
General Purpose Compression Setup ‘
Preload: 100.0N
— Speed: 2.00 mm/min
500 //'/ \\ Height: Not Applicable
,r’/ \ Area: About 19.7 mm x 19.4 mm
,/ Rupture: Load drops to 80.0%

Shear parallel 31

/
/I
/
200 /
/
|5 & _Greatest Siope |
/\
i
/ :
/ ]
Srdb il = buoed (|
Al I
// | I
W 4
, T
S W
ErEdves — {
U T . T U U U T, U T 1
00 o1 02 03 04 05 06 07 08 09 10

Extension (mm)

5Uil @.33 audumuussdensunudsy lurduiioudasanieu aasian 2.1 m/s

Mol 65 aerLUaLTYd

Load (N)
General Purpose Compression Setup
Preload: 100.0N
| speed: 2.00 mm/min
Height. Not Applicable
o0 Area; About 19.6 mm x 19.8 mm
Rupture: Load drops to 80.0%
| Shear parallel 32
300 e
e S e o B \\
//\W P PPy TS X
\ . Rupture
/ > b N
7 o bV
7 \
200 -/
7
/
7
4
2 £
/
7
/
Preload
100-———,
/ Greatest Slope
/ |
I
1
/ I
]
T T T T T T T, T T
00 01 02 03 04 05 06 07 08 09

Extension (mm)

UM A.34 mudumuusadourunudsy iuiduiisudlgauiou aaniian 2.1 m/s

= a =
NNl 95 asALYaLYYE
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Load (N)
700-|
600 —
/.,—//
o
,—/ \
7
o \
pogt g Ruptuiay
7~ i
400-|
300-]
General Purpose Compression Setup
Greatest Slope Preload: 100.0 N
frmis = il o . Grestestlope -
200 il Speed: 2.00 mm/min
|
| Height: Not Applicable
I
| Area About 19.7 mm x 18.3 mm
Preload -~
100 — — —TIee |
,/‘ | Rupture: Load drops to 80.0%
o
: : Shear parallel 41
| |
L - T T
05 15

1.0
Extension (mm)

103

U7 A.35 amnusuvnusssidausunuideu liuduieudieaaulaulasiav 1,600W sauiy

waanglalau 2,000W Migangil 90 ssAYaLTes

Load (N)
., e
// P
X <
b
400~ Ve 2N
/ Rupture "\
Rupture \ ¢
& N
4
/
/
300-| x
//'
/
/
/
Y
200 -
777777 Greatest Slope _..{// éeneral Purpose Compression Setup
//1 Preload: 100.0N
|
7 \ Speed: 2.00 mm/min
el a8 bl ot Preload /' 1 ; %
/\ | Height: Not Applicable
j : Area: About 19.5 mm x 20.1 mm
! ! Rupture: Load drops to 80.0%
> | |
%
A ! ! Shear parallel 42
5 | |
T : 7 T T T T T T T
00 01 02 03 0.4 06 07 08 09

05
Extension (mm)

JUT A.36 M umussadeuvinudsy liurdunisudieagululasian 1,600W sy

aufoundnuida 2.1 m/s gungd 95 asAniwaLdes
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1000 rmimy

-,
S

190 mm

Ve

STeto
1660 mm ANE § b il
/
. I
b .
o1 500 mim
3¢

= 190 mm -

E L4

| N2 o O >/

8

¥, —

et o [ ]
r S VDO
A e AL
UNLESS OTHERWISE SPECIFIED: FINISH: DEBUR AND
DIMENSIONS ARE IN MILLIMETERS BREAK SHARP O S ALE NS REVISION
SURFACE FINISH: EDGES
TOLERANCES:
LINEAR:
ANGULAR:
NAME SIGNATURE DATE TLE:
DRAWN]
cHKD
APPVD
MFG
=5y MATERIAL: SAERG
WEIGHT: SCALE:1:24 I SHEET 1 OF 1
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1000mm

[

L»A 1000mm -m»l

l 50mm =

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
SURFACE FINISH:
TOLERANCES:

LINEAR:

ANGULAR:

FINISH:

DEBUR AND
BREAK SHARP
EDGES

DO NOT SCALE DRAWING.

REVISION

NAME

SIGNATURE

DATE

TITLE:

DRAWN|

CHK'D

APPVD

MFG

QA

MATERIAL:

DWEG NO.

Peirn2

A4

WEIGHT:

SCALE: 124

] SHEET 1 OF 1
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200 mm

[

SPECIFIED:

| DIMENSIONS ARE IN MILLIMETERS

SURFACE FINISH:
TOLERANCES:
LINEAR:
ANGULAR:

I
|
!

DEBUR AND
BREAK SHARP
EDGES

NAME

SIGNATURE

DATE

I} $101.600 mm

DO NOT SCALE DRAWING

§ REVISION

{DRAWN

CHK'D

APPYD

MFG

TILE:

Q.A

MATERIAL:

DWG NO.

Part3

WEIGHT:

SCALE1:10

| sHEET1 OF 1
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TOLERANCES:
LINEAR:
ANGULAR:

UNLESS OTHERWISE SPECIFIED;
DIMENSIONS AREIN MILLIMETERS
SURFACE FINISH:

120 mm

120 mm

i
s
§
;

80 mim

120.mm

§FI§!SH‘:’ e

BREAK SHARP
EDGES

- ,DEBU“RAND S—

H00mm

120.mm

DO NOT SCALE DRAWING

NAME

SIGNATURE

DATE

DRAWN

CHK'D

APPV'D

MFG

TLE:

QA

MATERIAL:

Part4

WEIGHT:

SCALE:N:S | SHEET 1 OF 1
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) /A
.
o
4
125 ‘
mm '
~ : | 120'mm
e e —ryres e L
DIMENSIONS ARE IN MILLIMETERS BREAK SHARP DO NOT SCALE DRAWING | revison
SURFACE FINISH: EDGES
TOLERANCES:
LINEAR:
ANGULAR: i
NAME SIGNATURE | DATE e S
DRAWN
CHK'D
APPVD
—t |
QA MATERIAL: IR
' Parts =
| SCALE1:S | SHEET 1 OF 1 S

WEIGHT:
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Abstract

This paper reports the results of an experimental investigation on the drying with microwave by
usinga continuous conveyor of oil palm wood from Chumphon in Thailand. A chamber with size of 500
% 1000 x 1000 mm® is made of stainless steel type 316 using 4 magnetrons(100-1000w/unit). Materials
preparation was oil palm wood, which is selected based on the timber from the stem up to 3 meters for
over 20 years with size of 1 x 2 x 10 in’. The saw pattern oil palm stems was Cobweb sawing. The
sample of oil palm wood is hot air oven baked at 105°C for initial moisture content by control moisture
content of oil palm wood is between 12-20% of a standard timber. Drying of oil palm wood using
microwave is carried out by a continuous belt at 1200 W, 1600 W and 2000 W. The oil palm wood was
drying at 20 minutes and then switch to cool by natural force for 20 minutes. The wood moisture content
was 12%. The results at 2000w, drying time is 140 minutes and the most deformation of wood such as
twisting and shrinkage is generally. At 1600w, used time at 180 minutes is obtained. Finally, at 1200w,
drying at 20 minutes and switch to cool by natural force 20 minutes consume time of 220 minutes with

the least deformation of wood.

Keywords: oil palm wood, microwave drying, timber drying, dielectric properties of oil palm wood.

1. Introduction
Timber is very important in the wood products
industry and commonly used structural
engineering material. Wood is a renewable
material that can be used in a wide variation of
products and applications. To get the highest
possible value out of the wooden products it is
important, prior to the use, to be able to
characterize and sort the wood according to its
specific properties. The earlier a correct
classification can be done the better the remaining
production chain can be adapted to the specified
end product [1]. An incorrect moisture content
can result in mould growth [2], checks, twisting,
shrinkage or swelling [3]. The Department of
Export  Promotion  (DEP),expresses  great
satisfaction with Thailand's 2010 furniture export
growth. The new record of 1,172.85 million USD
worth of exported furniture was achieved. In
Thailand, wood exported wood products is rubber
wood, pine wood and softwood and sawn timber
and logs, which have increased in share from
40% in 1998 to 79% in 2007. We conclude that
the high proportion of softwood products in the
wood export markets of these country is a result
of scarcity of raw wood materials because of

strict controls on the logging of natural forests.
The price of wood is expensive, which is not
enough to industry. The research of this work
was to study of drying palm wood characterizing.
The oil palms (Elaeis guineensis) Fig.1 shows
two species of the Arecaceae, or palm family.
Indonesia and Malaysia are the main producers
and ~supplying more than 85% of world
consumption. Mature trees are single-stemmed,
and grow up to 20 m tall. The leaves are pinnate,
and reach between 3 and 5m long. The flowers
are produced in dense clusters; each individual
flower is small, with three sepals and three petals.
Unlike the coconut palm, the oil palm does not
produce offshoots; propagation is by sowing the
seeds. Oil palm is the highest yielding edible oil
crop in the world. It is cultivated in 42 countries
in 11 million ha worldwide [4]. Oil palms are
commonly used in commercial agriculture in the
production of palm oil. Thus, oil palm is
considered as a multipurpose and economically
significant crop in many developing countries.
The area under oil palm cultivation is likely to
greatly increase over the next two decades. In
Thailand, for example, the Royal Thai
Government has a policy of a 5-fold expansion in
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the area under oil palm cultivation over the next
20 years[5]. On the other hand, due to the
economic life span of this popular crop (25
years), the producer countries have been facing a
serious environmental problems concerning to the
solid biowaste handling of oil palm industry,
particularly the oil palm trunk after replanting
activity. It is predicted that more than 20 millions
cubic meter biomass from oil palm trunk are
available annually.[6]

Figure 1 Oil alm (laeis guineensis)

Figs.2,3 and 4 show, the common
handling-method during replanting process of oil
palm plantation, which was the push felled and
burn to reduce the mass and volume.

Figure 2 Push-elled and windrow repanting
method of the oil palm plantation

Figure 3 The burn during replanting process of oil
palm

The 3™ TSME International Conference on Mechanical Engineering
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This method creates very significant air
pollution. Therefore, the above mentioned
producers immediately banned the burning
method through introducing the zero burning
program.

Figue 4 Palm wood being liminateddring
replanting

2.Material and Methodology

2.10il Palm Trunk Processing

In material preparation, all selected oil
palm trees were felled manually using chainsaw.
In order to get the homogeneous lumbers, the
bottom part of the trunk was marking based on
the visual colour-impression of vascular bundles
distribution at transverse section. This was carried
out to define initially the oil palm wood zoning.
Morever, eight trees were sawn and processed
into lumber. Oil palm trees were felled and the
stems were cut shortly to 3.0 m long logs. All of
the trees were taken from replanting age (25 year
old) oil palm plantation at farm of King
Mongkut’s Institute of Technology Ladkrabang
Chumphon campus (Fig. 5) and the properties of
the wood were shown in at table 1

B o e S 01 2% . > : 4 ;
Figure 5 Lumbering process of oil palm trunk
using chainsaw

This study was to design of sawing
patterms by cobweb sawing, (Fig.6) depend on
the trunk condition. Lumbering process of oil
palm trunk using chainsaw is presented [8] . The
sp}ecimens wood has dimension of a 1 x 2 x 10
in”.
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Table 1. The properties of oil palm wood[7]

The 3 TSME International Conference on Mechanical Engineering

The properties of the wood value
Natural specific gravity 0.71-0.76
Dry specific gravity 0.39-0.41
Wet specific gravity 0.65-0.67
Moisture content 80-90%
Absorption 60-70%

Cobweb sawing (CS)
Figure 6 Sawing patterns were called cobweb
sawing

2.2 Macroscopic Oil Palm Wood Structure
Macroscopic = characteristics are the
features which are visible with the naked eyes or
using a magnifying glass with capability of
magnifying 2-3 times. According to the visual
observation of oil palm wood, the trunk shape at
transverse section is normally circular and two
parts may be distinguished e.g. the main part of

the trunk and the cortex and bark, as shown in Fig.

Figure. 7: Oil palm trunk at transverse section
consists of the main part of the trunk and the
cortex and bark

2.3 The response of wood to microwave energy
Water is a good absorber of microwave
energy due to its physical properties, as shown in
Fig. 8a. The electronic configuration concerns
with the molecule forming a dipole which is
directed along the bisector of the angle formed by
the oxygen and hydrogen atoms [9]. When placed
in an electric field, the dipole will be re-orientated
with respect to the field (see Fig. 8b). The
positive end of the dipole will experience a torque

October 2012, Chiang Rai

in the negative field direction whilst the negative
pole would align itself with the positive direction
of the field. If the field is made to alternate the
molecule will oscillate as it endeavors to line up
with the instantaneous field direction. The
amount of lag between the axis of the dipole and
the field direction will determine the amount of
energy lost to the field in the form of friction. The
tangent of the angle between the dipole and the
electric field is called the loss tangent and is a
measure of the dipole's ability to absorb
microwave energy. It is both frequency and
temperature dependent.

+ve

o-
i
Q)sc 5 2
‘ ¥
H+ H+ -ve Yvyy JV }

(@) (b)
Fig. 8. (a) Electronic configuration of a water
molecule and (b) dipole reorientation in an

electric field.[10]
The loss tangent can be derived from a

material's complex permittivity. The real
component of the permittivity is called the
dielectric constant — whilst the imaginary
component is referred to as the loss factor. The
ratio of the loss factor to the dielectric constant is
the loss tangent. The complex dielectric constant
is given by [11-12]:
e=¢' —j&' (1)

where ¢ is the complex permittivity; £'is the
real part of dielectric constant; &"is the loss
factor; and £"/&'= tandis the loss tangent.
Knowledge of a material's dielectric properties
enables us to predict their ability to absorb energy
when exposed to microwave radiation. The
average power absorbed by a given volume of
material when heated dielectrically is given by
the equation

P —wee, B2V (2)

rms
where P, is the average power absorbed (W); @

is the angular frequency of the generator (rad/s);

€, is the permittivity of free space; &, is the

effective loss factor; E is the electric field
strength (V/m); and V is the volume (m*). The

effective loss factor &, includes the effects of

conductivity in addition to the losses due to
polarization. It provides an adequate measure of
the total loss, since the mechanisms contributing
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to losses are usually difficult to isolate in most
circumstances [10].The tested samples used were

molded average ate. =5.61,& =0.95 and
tand =0.17 of Oil palm wood.

3. Experimental apparatus and procedure
3.1 Components of drying oil palm wood
separating machine.

During  drying process in  the
conventional oven, sample oil palm wood were
placed in a microwave oven and initial moisture
content 190%db is reduced down to

12%db(standard). The microwave oven used in
this work was Samsung model MS103HCE 4
units. It has dimension of a 500 x 1000 % 1000
dify from microwave cooking.

mm.3, b

Figure. 8 Chamber of drying with microwave

The microwave oven used in this work
was Samsung model MS103HCE 4 units.The
maximum output total power was 4.0 kW. The
wall of the stove is made from stainless steel 316
with | mm thick. (Fig.8)

3.2. Experimental methods.

1. Using oil palm trees were felled and the stems
were cut short to 3.0 m long logs.(Fig.5)

2. The diameter of the logs, 1.0 m long tapered
butt was cut out from each of the stem and only
the next three logs were taken as the sawing test
material.(Fig.9)

Figure. 9 Oil palm wood were cut short to 1 m
long logs.

The 3™ TSME International Conference on Mechanical Engineering
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3. Saw wood was cobweb sawing in fig.10

Figure. 10 Sawing patterns were called cobweb
sawing of oil palm wood

4.The saw sample has size of 1x2x10 in’
5.Analysis of initial moisture content of wood
with Hot Air Oven at 105°c about 72 hour.
6.Weighting the sample again before drying

7.Set Time for stepping motor.

8.The microwave power level is adjusted to be
1200w(4x300w), 1600w(4x400w) and
2000w (4x500w) respectively.

9.Turn on the machine and run experiments,
drying 20 minute punctuate set aside 20 minute
until to 12%db.

10.Weighting the sample again after drying.
(Fig.10)

11.Record the relevant data.

12.Testing sample by universal testing machine

(a) (b)
Figure. 11 (a) Weighting of sample, (b) The
sample timber after drying.

3.3 Method for calculation

The method of calculating the moisture
content from the samples was to compare the
current mass of the wood with its initial mass. In
this regard, the moisture content is calculated
using the relationship
Original mass — Oven dry mass

Ovendry mass

4. Results and Discussion
The drying of wood can be a time-
consuming process. The timber industry has been
using several methods to reduce the drying time

x100%
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of timber for many years; these include drying the
wood at elevated temperatures in conventional
ovens or kilns, drying in radio frequency or
microwave ovens, or a combination of the two.
Little attention has been given to quantifying the
effect of drying method on the mechanical
properties of the wood, especially where this
involves microwave energy with its interior to
exterior heating characteristics. In this study, oil
palm timber was dried to pre-determined
moisture contents using several drying methods.
With the experiment, at 1200w, the
moisture content of wood will decline. Until, 120-
140 min and 160-180 min of drying, the wood
moisture content is reduced rapidly at the time of
220 minutes corresponding to the wood moisture
content was 12%.At 1600w, the moisture content
of wood will decline. Until, 80-100 min and 120-
140 min of drying, the wood moisture content is
reduced rapidly at the time of 180 minutes and
the wood moisture content of 12%.Finally at

2000w, the moisture content of wood will decline.

Until, 40-60 min and 80-100 min of drying, the
wood moisture content is reduced the most
rapidly and the time of 140 minutes, the wood
moisture content was 12% as show in Fig.12.

200
180
160G

140 il 1,600W

B
100 e 2,000W

%dry basic

0 20 40 60 R0 100 120 140 160 180 200 220 240 260

Times (nins)
Figure. 12 Moisture content vs. exposure time for
microwave oven dried wood at 1200, 1600 and
2000w respectively.

The wood specimens used in these experiments
were from oil palm timber cut into tensile
specimens of the dimensions shown in Fig. 13.
The wood was selected on the basis of its
newness to the industry and because the results
obtained from this work would be of great
interest to end users of this and other timbers.

10 mm 200 mm

25 mm

15 mm ies mm

Figure. 13 Dimensions of the wood specimen

The moduli of elasticity were determined
by evaluating the slopes of the tangents drawn
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from the origin of the axes to the stresststrain
curves, and the values obtained are tabulated with
other mechanical properties in Table 2

Table.2 Summary of the strength properties for
sample oil palm timber

Power(w) Failure ~ Modulus of Yield

strength  elasticity strength

(MPa) (GPa) (MPa)
1200 54 2.81 12.4
1600 41 2.32 10.8
2000 29 1.40 8.1

5. Conclusion

The results of experimental investigation
on the effects of drying method on the
mechanical properties of wood demonstrate that
there can be large variations in the strength of the
final product when different of power are used.
This has significant consequences as far as timber
usage in industry is concerned. Indeed, depending
on the drying method, the strength properties of
the wood can either increase as demonstrated by
wood dried at 1,200w or severely decrease as
evidenced by the microwave dried wood with
2,000w. Depending on the final application for
which the wood is to be used, this may or may
not have significant consequences. For example,
where the wood is intended for purely decorative
purposes, the strength properties are of little
importance. However, where the wood is
intended for use in  construction, the
consequences of a decrease in strength and
stiffness may be more significant. Certainly,
drying wood at elevated power can deliver fast
time and cost savings to the wood industry.
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