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YONGYUTH SENGDANG : DEVELOPMENT OF A MANIPULATOR
FOR AUTOMATIC PARA-RUBBER TAPPING. THESIS ADVISOR :

ASST. PROF. PAYUNGSAK JUNYUSEN, Ph.D., 112 PP.

PARA-RUBBER TAPPING/ MANIPULATOR/TRAJECTORY

The aims of this study were to fabricate and test a manipulator for automatic
para-rubber tapping. In simulation study, the manipulator was designed using both
kinematic and dynamic models of three linear actuators. Tapping path was designed
to move upward from the right bottom end to the left top end of the para-rubber tree.
In experimental study, the manipulator was fabricated from two linear actuators.
The x'-axis linear actuator had 30° and was assembled on the top of the tree-grabbing
device, while the z-axis linear actuator was in the horizontal. Direct current motors
were used as the power source. These DC motors were controlled by computer, which
received signals from the encoders. At the end of z-axis was equipped with tapping
knife. Trajectories in each axis of the manipulator were selected from designed
motion equations. A feedback controller was employed in order to compensate
the positional errors. The simulation results showed that when the para-rubber tree
was assumed as a cylindrical model and had a tapping angle of 30°, the manipulator
could follow the designed trajectory. However, in the simulation study using
the dynamic model with PID controller, less than 0.5 mm of the positional error
in each axis was found. The performance tests were conducted under the cylindrical
model and real para-rubber trees. The tapping path, which was designed by linear and
semi-circle equations, were the suitable tapping path. The experimental results under

the cylindrical model showed that the maximum positional errors from the desired



trajectories in X' and Z axes were 16.39 mm and 21.85 mm, respectively. However,
when the appropriate feedback gains of PID controller were employed, these errors

were reduced to 0.001 mm and 1.48 mm, respectively.
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Parametric Study of Blade Design for Automatic Pararubber Tapping Machine
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Abstract

The objective of this research was to study the design parameters of blade for
automatic pararubber tapping machine. The study was conducted by design and testing of blade
for automatic pararubber tapping machine. The preliminary survey showed that there was limitation on using
a conventional knife (Je-bong knife) e.g. requiring skillful and experienced operator, low numbers of tapped
plants per man-day, loss of pulling energy in use of the knife, high loss of barks and cambium damage.
From these mentioned problems, a blade for automatic pararubber tapping machine using electrical motor as

power source was designed. Also, the thickness and depth control mechanism and light compact shape was
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taken into account. This study was divided into two steps. Firstly, the appropriated oblique angle, numbers of
teeth and feed rate per tooth of knife edge were determined. Secondary, the efficiencies of blade for
automatic pararubber tapping machine and of the Je-bong knife were compared.

From the results, it could be concluded that the minimum specific energy i.e. 0.0115 joule per cubic
millimeter was used at the plus oblique angle of 45 degrees with 4 knife teeth and with feed rate of 3 millimeter per
tooth. The efficiency comparison showed that the efficiency of using the blade for autometic pararubber
tapping machine was better by 8% in slitting quality than the Je-bong knife and the tapping time of the
machine was less than of the Je-bong knife 3.02 seconds. Parameters from the test are sufficient for
developing blade of automated pararubber tapping machine.

Key words: automatic pararubber tapping machine, pararubber tapping knife, pararubber
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X Wiy 40 mm Tukuaunu Y windu 5 mm wazluwuiuny Z widu 10 mm usiifelddmuauuuu PID 15
dnsvenglukuinnu X, Y wag Z windu 30, 10 wag 15 anudisu vinliaianuianaiabunsazsulsnulaiiy 0.5
mm Uarsuvunadaniuiadeaningramsdaluinaiaieuuuiaemmanansuazgnauauuuuloundy
shefinuauuuy PID @nsawedsuiinudunanisndeuiiluusasunuiignasassaunisinaludeald

o o

Adnfty: Yansuuna, ldunnnsiafeui, fauauiuuteundu, n1snavaueveiinIuny

o

Abstract

The objective of this research was to design a feedback controller of an end-effector for automatic
pararubber tapping machine. Je-Bong knife requires a skillful and experienced labor in order to reduce
bark consumption and cambium damage. Therefore the research on the end-effector for the automatic
pararubber tapping machine was developed. The end-effector was simply modeled using a dynamic
model of 3-axis linear actuator. Trajectory of each actuator was expressed using polynomial function.
Input torque used for driving each actuator was calculated from its theoretical acceleration. Performance
of this method was verified employing a computer simulation in SolidWorks”. The simulation results
showed that the end-effector could not trace the predetermined trajectory. A feedback control using PID
controller was introduced to reduce such error. The trajectory control with the PID feedback control could

guide the end-effector to destination precisely.
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Figure 4 Trajectory for tapping pararubber tree
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Appropriated Trajectory of End Effector for Para Rubber Tapping
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Abstract

The objective of this study to select an appropriated trajectory of the end effector for Para rubber
tapping. The end effector was fabricated from two linear actuators, which was supported by special frame.
The trajectories of the end effector were expressed from motion types of both actuators: linear,
polynomial and ellipse types. The experimental was done by guiding the end effector on the model of
rubber tree. The results showed that the trajectory generated from linear and ellipse equations was

appropriated for the rubber tapping.

Keywords: Trajectory; End effector; Linear actuator

1. uni figa 3 auauuinlu O 2555 laun lno nia'ld
NTBYANIIITINTVBIRANTUIIL L 3.778 fuaw wiadaldu 34.5 % vasdSurmns
s1a9uinlul 2553 ﬁ;ﬂanﬁﬁuﬁlﬂgnmamsw nAanalan sa9asun de sulaiide wiald 2.746
ﬂsamquﬁvuﬁﬂs:mm 72.21 fwls ﬁYu"?{ﬂQnma fMuan dvdssnauniadoniala 0.910 Auan
sulngifian 76.4 % agluniviads lasdszing JSunmmnda parssulszinadodu 67.88 %
Su‘[ﬂﬁuﬁnﬁiﬁuﬁﬂgnmamnﬁgﬂ 21,53 auls yastSinamsnaanalan ﬁuﬁﬂﬁnmwﬁ%umaa
sa9a9InfAe Uszinalne 18.76 s uls uazuiiaide Ussinelnelud 2553 nadwu 18,761,231 13 [1] ¥in
6.38 auls FILTEnAHAAD9TTTNTIANN nulalnudszmalnowaznisirsussnuwdu

118




104

msﬂszqﬁ’mmﬁmn55uW1§uLLa:LﬂﬂIuIaﬁnw5ﬂ'mq:ué‘ﬂfuﬁaszﬁu'nﬂﬁ a3 3

25-26 WOAINEW 2559 th NATTIAINTIVLATBING ATLIAINTINATEAT UNIINALVDWUA

° 4 da o s
Fwanann niluussnundenudmagfa ausu
N3A879 1899INNIINTABIG b T TINUN
. . 4 v
inwe danudiwiy Seazdinadalsunmings
A a o a a A P A
ansa mspinmsesyidvle Wesanilanan
a A a A 1a o P A
andavzlluraiania nagaanuuianuldan
PRIGUBIINIIY L UANNLFER1BNLAAIN
inpaInIn Widanudiuiguazlszaunisot nia
° & A a a d a |
Mmaaguadalaiywiaiiouiaunanusimia
a A A a . a4 o & A '
w3y Wesaniaaiyidudiunasraiteiialng
wmauny dmngniitas Avzlimuisaaing
wasnlnaluusianulansavinlviufansanlna
A H | o = 4
TaiSsuainaue Lﬂuiaﬂﬂ:l!&lﬁ]zﬂ’l MILNULNED
nanwdaandaandanlniazliazaian nas
-y a A =
Fullfasassasniatitasannidanunulunisnia
Tundazassnniinly vinlvuuafanenasi an
miuuziiimIniangndas msautlaaadfan
'I,uLLc;ia:ﬂ%'on?ﬂﬂ’ssay:s:M'm 1.7-2.5 UaALNAT
'y a a ' A A A9 o
wiolaAn 25 iruawasdall 1aFasianlenia
HHWITNIENI Tansapadzus mslgdansasnd
Weua wanangldazdaadinnuzuazanuiiuiy
ud? dasgniFawasiulunisaanusinszan
A [ a A A
wvalwaudafonlfansraduszoznisenn
A A ) @ a
Uz AT IR TIT 2L EUTO UV IGUEIWIT LT
Py A a“ A a P a
myautlfasdfaniisuanlld danudswisves
wie19 anusIalumInsasemNidaiing
i a v 2.
8l 400-500 dudnaAudaiis (2]

BIYNT (2552) levimysaniuuuazaing
dansavramruuvlduaiaasinin ludeaniu
'luff@ﬁqu 4 Wu yumihile yuilauazyunasia
WAL 45° 30° WAz 15° @NEIAL ﬁnavlnmmﬂu

A P A A de a
anunNaaam sl fasfannsuAnlluas

v a

ANAULRYRILVRIRHIB19 g“lmmumn?ﬂ

da o

grawsitlisndudasldussnuiinnesuaz
amutwnn Amnansalsnuled udffidadasdidas
lasunsdsudisfe dasldauluniswifiania
grawrnuulsuaima st liiafaufiansas

n?mﬁmta:ﬁaoﬂaUmuﬂummﬁn'lumsn?mﬁ’m

119

BIYNT (2556) ldai19uuusIandnag
afiamanirasmsindaniivesmsuannadmniu
LA30INIALINITIALUTE N NHaNITELTUMT
WU LULSaeIIRAnSuasU s BuIwNa R
ﬂYa@iaLﬂuuuuLﬁ'auua:ﬁmuaamﬁm:gna{ﬁmu
Anean3suAsuRUIEUNIINTIA Ao ufive s
gﬂs'mﬁaun?mﬁﬁwmnaumnaﬁn% Wodu
prwingninualiliansasdmgruidugy
niinszuanuaziiyunia 30° t§unInvva9
LUN19NTIAA audinamesLduwiuAwdudnds
@‘hmelumsmsauﬁmia:unummgm?'m‘fuvlﬂ{Ta
g@ﬁgﬂﬁ'\uﬁmnugn@i"am;iut’iwﬁmmmu faugiin
mydnaadaniunisniaaollsunsy SolidWorks®
AU UNagINIsnLARauNa1NTaENT AT IR Y
BN b LwimmL§1L§ml°um:mmﬁ';qﬂﬁw

"M o A ' v a )
lummnuvlmvlﬂaungmf Feaznaliiianisauvad

U

ﬂmmwunaﬁnmﬂamw%umalusminmi
LnAouf

B9gNT (2557) ldaanuuualaiuauuuy
Jaunsuvaslansuaunadnivinioinia
RN RERE AR darguaunangnasnieag
Lmuaimaamqwamamﬂmmsﬁugﬂé‘;ﬁtﬁL%a
L& (Linear Actuator) namuuwaunueolldsunsy
STPASTH] Lﬁumamsmﬁauﬁu@ia:unugnafw
MogumIInaludos FUNTANULTIVBILFUNS
mimﬁauﬁa:gmﬂﬁuu‘[ﬁﬁuusaﬁmw"‘aﬁau’lﬁé’a
TuNFaduudazuny s1aasmaedauiizasany
wrunalfiafaufiaraidunienasiad auin
aanuuy'ly aanuumﬁmuauuuuﬂauné’mﬁ'a
TAEA1IANNAANA AT ILFUNITLA d o Ta LW
Wuiduniadeanunialnmds st idunied
panuu’ld N1IAaUARBITEIAIAIVANLLY
ﬂauné’ua:gnmmaauiﬂu'lﬁms'{imam”m
Tdsunsuaanfiatgas :nnTinasanuILEwnIe
NI REUAN lAINULUIIRaINIINAAITAS
Aanaaanidunmimsiadeuiifaisdaosums

Indlwdoagegaluuwwaunu X iy 40 mm lu




105

WWILN® Y WAL 5 mm uazluuwiuny Z iy
10 mm Ltdtﬁaliéﬁmuqmmu PID fifidasveny
Twunrunu X, Y waz Z 1vinnu 30, 10 uaz 15
AUAaY ¥inlwaranudanaialuiadazuuiuns
Taiifin 0.5 mm udaruiseiidunisinans
FNUMIBEUABNRILADT H1N8ATIVNBUBIAL
muquLLuuﬂauné'u"tﬂ'l'Eﬁ'us'wﬁ'uﬂmmmuna
WWzdaldifadanudanaraluudazuuiunn
wanen9anit

av fao

e.d a v
\ﬂmaUummqﬂi:aamwaﬂnmmuma

nsiadanfieasatsuaunaniaenins vang
WIRNANNFINEIUAITULINTIFUFDIAD LFUNY
mMItARauiraIfITUITIFIdU A uazaaTuiig
\d% B gnainnaumsfumudndgluuueng g
L'ﬁamgﬂuunﬁ'mm:auﬁ'uﬁumaﬁmaaﬁunulu
g9l Arsaunanwandpduwiniulagns
Wisuifnuduniaidunianmse deudia ldain
FUMSALLNANENUIFUNINSIaTaud ldanndu

$19318849

2. gunsntuazisng

2.1 uuuIaaINsALAGNdzadla auIwNa

UMBUIUNANIAENIWIT SNANTES I IAaNN
@27 ULILE 9§ (Linear Actuator) ﬁ‘@iaag.nsu N
weldmusnedeniisuuidenluszuuinaain
@ITULINEILEU A 922791889 uan 30° Ny
WWIUEY ENNTOLARUA LUUWILNY X LAZUNY Y
lawsounu sruar9utiFadu B az119lu
wwanaw sansaedeufidhaanmunnuldias
dugramsluuwaunu 2 Wanasanduunas
AINNUUKILALY 30 DIANVDITOINTAALLAY
Auiniaavasdusroniidug g é’agﬂﬁ 1
ﬁwnu@lﬁg@aa?ﬁuagﬁs‘hwﬁwaaangﬁaaaa

4 -
HWILNULARDUNIDBNTN

120

msﬂszquﬁmmﬁmnﬁuwﬁuLLa:mﬂIu'[aﬁmsmuQuﬁmhﬁﬁsxﬁumﬁ a%af 3
25-26 WOAINE® 2559 Bh NAITIAAINITULATOING ATAEIAINIINANRAST WM INLIRDVBWUAK

Actuator A

+B

o ° a a
Eﬂﬂ 1 LLUUQ’\RE]G‘Y]'NF]L%LNG]HG’"H asilansuawna

2.2 miaadumemsiadawizastasuawng
gugranmnsandaniallotadusoudula
liasndn 50 irudinas ﬁs:é’ummga 150
EUALLAs MNAREY Haunsn99z158962 000N
mmi‘}(aLfﬁzysauéwﬁumuumﬁ'uﬂwfu 9 aglu
snemzideslyniizanainunidadnias
lszanme 2.1 - 7.1 a9en Msn3aenslisasniades
neuLnTIEasTuE9In halwaariaiiens
'lﬁmnﬁ'qm AN TUDITBENIAAITFNYA 30 - 35
asmanuwaszauiialbinalnaldazaan i
nasanuansaunia mlildnanaaudiud

1du

A miu
ilusas

gﬂﬁ' 2 mavesasminedaniauudugnslng
lun1sidn'ldvinniséinsidunianis
IfaufizeslarsuunazeIfaTuisugagu A
N 3 FMIANANT uHLEUNINTIAAaud

v a a =
IMTUNILFUAII m.lﬂ"liI‘W RI‘LLL&I HRLASTFUNIIAII




106

msﬂs:agu"’;'ﬂ'\mﬁﬁ'anssuwﬁmm:LﬂﬂIuIaﬁnﬂsaauqué’quﬁﬁs:ﬁU'nﬂa a5 3
25-26 WO AANH% 2559 th NATTIIAINTINLATOING ATLIAINTINATRAT AWIAINLNBVDWU

295 swdumInsiadaniivaslmeusunayeis
TUIFUFIFU B 22vMTANHIAIN 2 FUNTALULY
andlaunidunionisiadenfianaunisinglu
Woauazaun13a39295 lasuonfiarsandunie
iumamaaaeuiluudazaumsldai

2.2.1 dunemsiadaniinnnannsduasse

Lf%“umamsmﬁauﬁgﬂLmuf:a:'lﬁmww:ﬁ'mﬁ
TuuBadu A whiiu sansadeusunsuas
fumiamstadanii laeail

A(t) = mt (1)

m = ANUTUVDILFTUAT
t = nanRTIn )
F o
2.2.2 ldwmonsiadawnainaumsinali
-
Wea
@ A P & v w a
Wunansadauiizluunitasliiuaaty
v A o v o o A @ A a
BTILFER A URzaTULTILEFW B T9daNNIS
° ' A A o il X
Munitazanuslumsiafaunaudauadi

q(t) = ko+k;tHkot +kat’ (@)

V() = ky+2kot+3k,t (3)

e q = duntismaedaniives T uILEs
LFW i (AadLluas)
V = anusimaedeufivassatuiug
1Fu i (Fafluasdaiuni)
K = ehaulssiing
nsumsnalwdoamasena lusrisu

]
=

7A5TUL38Y (Smooth Function) @asnTud1ating
% P 4 ) '
wap 4 awly law 2 Wanlvwandrduniis
L?uéfmm:mﬁ'umﬂaqmﬁ'm

q(te) = qo

q(t) = q

121

' a A a e & , A
FIUDN 2 Nﬂu"lmmmnmmﬂ’dn’ﬁuuu@lmum
V(to) = Vo

v(t) = v

unudndonlans 4 Fewly luaunisd )
WREUMIA (3) Funamsiaasilglumyisues
ﬁmu'lmz‘i"mi'lg.mﬁnmui{avlﬁ 220 HARLUAT LA
anunuliendndriaz 10 Jafwas ludania
sunuRUdvmaiEugudna1g 47.2 Gafwas
nniseanuuuliidazunuvasdarsuauna
nudaszdanwinliinmsvsadasuanaisen
1 unusniiawludns 9 vasudasunuauensIef 1
e e aNLs=ENT ko, Ky, Ky UAZ Ky

P A = a
a13197 1 Wanlvasannslnaluidua

t t, 9 q; Vo Ve
Actuator
(s) | (s) | (mm) (mm) (mm/s) | (mm/s)
A 307.92
0 |10 0 0 0
133.36

= A <4
2.2.3 LlAWNINILARBWNINANNNITATINIT

[ 4 < & Yo o o o
Laumamimaauwgﬂuuum:‘lwnummum

“ v v oA @ A o
LASAIVULINLTILRY B BINRUNIT

v

WG A

o ' 4 o &
duntslunisiafaunasis

q

& @ 4 & ) o
Eﬂ‘YI 3 LRUNINMILAFDUNAIINRUNITATINT




107

q(t) = rsin®

N7
G

0 = cos™'[((T/2)-t)/(T/2)]
LWT’]:Q‘qu

q(t) = rsinfcos™[((T/2)-t)/(T/2)]] (4)

Wl
r = Sadvasaneniuinnusaivasludavas
AVLLLT TS | (HaaLuasT)
6 = MINTEIATIUVDINITUITWTILEU |

(RGER)

3. wauazn13ITob

3.1 AusaAndzaddansuawna

dmsuaunaniamsrnnaansautieanlaidu
3 gunan dwwsnidulassdudanudusrinin
a:gnaanLLunlﬁmminﬁmﬁuaznaﬂaanmnﬁu
graw e dwinitesuddianuudsuss saud
aaa’gmna"l,nmnﬂﬁauﬁl,mu 2 unw Uansuaunna
aansaaldanaaT U B ad(Linear Actuator) i
daaynyuiu ldnalnwaandsni Samnuvaasng
LwAaLﬂﬁlﬂumsmﬁ'auﬁL%aquLflumsmﬁlauﬁl,%a
i ieldmansanfeufinumdanlussuuina
AN ATUTUTIER A 9zadsailugn 30° Al
UWIKEY FIBATULIILTIUE B 92219l uUwIkan
Usznavagauuurasgaiuianudrdusninim
ﬁuﬁﬂé’oﬁ]:l’ﬁuamai’ﬁgﬂmuqm‘mmﬁw‘hu
aanfaasihuduldanaiuazdugarioduge
'luﬁmn?@mauuu'l’ﬂ"uamaﬂvlﬁw:gnﬁwfwu

i 9 = v
AAIVULINLTILEY B

msﬂﬁ:yu"’ammﬁmnswﬂﬁwLLa:mﬂIuIaﬁmsmuquEﬂhﬁﬁs:ﬁmﬂﬁ A% 3
25-26 WAANE% 2559 Bk NAITIIAINTTNLATOING AMLIAINTINAIRAT URIAINDALVBWUN

qalutin

| nineng
QYL
(ERITA]
1@u B

-

10 ”u‘ﬁrvm”

| p e

gﬂﬁ 4 Uan g uunanIagnan,m

A
3.2 l@wnen1siafannzasdatsuawna
° [ A o
NN I FUNITLFUNINTLAR AUV IAITY
w = v d 2} s 9w
FFudw A sUuunihuAusumMaEunIms
A o o v a o a o
wwRauaaIdduIFadu B Tldoullsunsuidu
o A P
Laumamsmaau'ﬂLLa:IﬂiLLnsumuquﬂmuumu
A ° U v 1 v
na uazavimaaudndusiugudnaisvasdu
P a &, a A
819 AN IWMINTA TIWNIEIwINdiaasan 9
LV ANRWILUABNENY FTUIUNARTATOUVDI
< L3 6 < R
Buldaiaas Iﬂmnsuna:uamgmmuLaumams
A a @ o w A o @
infaunizadiduIugIas A uazgduuuidunmg
A Q. Qv v =3 v Qs A’
NMILARBUVBIATULI LT ILEY B 0199k
o A A
3.2 LEWNI9NITLARBWNIINENAIT
LERAIINUANNISINA I ga
A Yo U a e A o A al
Wal®a Ui dn A Slun1Inisiafaun
LUULEUATILA IR AT UG E U B SLdun19nns
A d‘ =’ = v
wwaanunuuuIwdluides TUsunsuazuaasidunis
A A Qs e U = L s a L =
MILARAUNVBIAITLLILTILEY A LAZAITLLIT

o A
LFU B a931lN 5

122




108

n'nﬂsz'gu"“;'mn']ﬁmnﬁuw'ﬁ'uu,a:mﬂIu'[aﬁmimuquﬁﬂhﬁﬁszﬁumﬁ a%In 3
25-26 WOAINEW 2559 th NMATITIIAINTTNLATEING ATLIAINTINAIEAT URIINERLVDNITL

350 350

g

300

.t K 1~ S LUEUAR
WUy

= - =uuuInilwdiog

Y
&

-« =uuuedngd

p FEPaes
Wurmanandew (ilaRums)
= 7 T B
I!'u“'”n13_|.ﬂﬂﬂ¥lv\~(uﬂﬂt n7)
3 8

g
A
’

\

’

8
N

0 2 . s 8 10 am (i)

P
a1 (i)

a' @ A i v = a
d_ o o o oo o A o FIE | JUN 7 UM ILAR aUNLLILLE RO TILRSLLILATING
E‘]J‘Vl 5 @MVULNLTILEY A ULFUNIINIILARDUN Y

ULLLEUATILRTAITULTUTEU B diduniams . b . e .
A4 R WUFUNIN LA R UNUULLEUATIVBIAITULT
wdaufinuywaluiiioa L 5 F o g

WBILET A LAZLIEUNINTLAREUNLLLATINITVEY

i i 4 . N AVULTTILEN B W00 ULFUWNTINTINNULAS
HUFUNINMTLARAUALL LLFUATIVRIATULT L Py y .
a o 9 A A L. d L‘l.]if_lﬂLVIU']JﬂllLﬁu"(’l'ldﬂ'ﬁl,ﬂﬂElu‘ﬂé]\‘l@'luﬂ'ld'ﬂ’]ﬂad
FaLEU A wasidunidnisiafaunuuy Inaluiides

- . . ez laasseuans
PPIATULINTILFEY B U108 Ul F NI WNTINN WAL o
o o 2 ° =
WIB BN UIEUNIINITIAR U BIA kL1938 8Y Eao |
alansstauans =9
ATl = e leudsnaumsfudnd
350 ;v
- @ 200
é - :g - = wWwmamnaioufivindunsiiaes
3 3 150
.; jia wwmenmeienianmnaRdng “: 100
‘ém’ - = @menindauininduuiidtass ‘§
:E E s
E\so é
‘§ 4 0 50 100 1% 200 25 300 3%
b imsnndonfivesdsuiiBas A (Jaduy)
L =i z F o ™
: UM 8 LEUNIMILA R UAULLLEUATITINALILLLY
h 4 e o o A i 9
" 2 GF w oy A9 DU AL UALLEUNIINTLARaUNIINGH
iwmemaniouiivasdsuddaiu A (dadues)

o > A ] Y o 5
E‘]_]‘Yl 6 LEUNINNITILARBNULLULRUATITINNULUD SRRl

a a = = o s 4 <
I‘WGI%L&I gallTauNaUNULERNIIMSIaRaKNAIN

1% 4 a
aue9sand 3.23 la%ﬂ'lﬂﬂ'l‘ilﬂaﬂ%ﬂ@']ﬂa&lﬂ"litw

a ~ o a a
alwidlganuaanisinaluiisa
A Yo v v oa @ a v A o
A '
i 4 a = e . A @
Lé’umanuaumsm\nﬁ LLUUIWRI%LNU&LLRW‘L%@YJTULi’lL‘H\‘iLﬁ‘l«L B dLaun1d

A A a a
A v o o a w a o A a >
R LTI W nsedawnuuuInalutios lUsunIsnazuaas

o a a o o
BUULRUATILAE IR AU EW B SLdun19ns \WWunIMIlaRanil a9z 9
A A 4 a 9
LA ROUALUUATI195 1Y TUNTHATUEAILEUNIINAT

A i o P
LARaUN a93n 7

123




109

msﬂs:qu"’zmmﬁmnsmﬂ'ﬁ‘uua:mﬂIuIaﬁmimuq:ué’ﬂTuiias:ﬁu'mﬁ A3 3
25-26 WRAINEW 2559 Bk NMAITIIAINTINATOING ABLIAINTINAEAT UM INENNUVWUA

g

(fiafiwny)

....... wuyIndlwdos

d
g

= - =uuulwiludon

Wwmanmateud
8 8
\
4

w
&
\

’

v (W)

P o A P A P
U7 9 dumamsiafauinun Indlwdsauazuuy

Twaluidoa

dndunanmsieseuiuuuIndludosvasdn
T uFadu A uazidunmemstafauiuuuInalu
Waaua9a UL G % B adswldwniw
SRS IUA DU ULEWN I SLA R oUD 09

maﬁmaaaﬂﬁﬁagﬂﬁmma

N
g
|
\

B (ﬁﬂ%“m”

. g . o
— i ARauA T INEN A ANE

g

- = imemmnleufinindumsitagss

g

g

e T d e P
wramaafeuiesn i

g

w
8

°

) 50 100 JVV 200 250 300 350
WwrnmRsRewizasmTuIEIE A (TaRues)

P @ ] - a a @
31]71 10 LEBNIINTLARDUN LLUUIWRI%L&JHGT’JNF\U

A v o A {
suuInalndsatdSoutisunuLduwnInIsiaaani

INAULNIINRDI

o ol
3.2.4 LEBNIINIITLAR O WNIINFNNITIN

) = Qs A -~

Al ganuaanN1IA39295
A v o o a @ P A =
WalWar Ui Badu A SLdun1InIsiaaaun
wuuIndludsanasl i@ U g duw B SLauni9

A ~ P a o

NILARBUNLLLATINNG 1UTUNITNIZURAILFUNG

A i o i
maaRaun aszln 11

coees wuuIndlwdon

wwmanmaiewd (dafma)

- - =uwundned

)

P

v (Twd)

' I = . =
31]7] 1 Lﬁuﬂ'\ﬂﬂ'}il.ﬂﬂﬂuﬂLLUUIWaIuLNﬂaLLaz

4 =
LUUAINIIT

ddunemsafaniiwuuIndludoavesdn
FULTILEU A LAZLFUNIMTARIUNLLLATIS
PBIAVULINT AT B W nTouldwniwsauniuas
Wisuifisuiuidun I e ausasdusnidiaas

azlaqagdeauang

350

B (fladwm)
g

g

s ) = e
—— IR RRRA IR AN

2 I Ao
- = WnIneieuinindueeiines

g

AT s o s
W RneRoufrvasn U nEd
&

g

@
8

\dmanRpReufvessuEIENEs A (TRt

0 Y
| 0 50 100 150 200 250 300 350
|

= @ 2 P = a o

EﬂYl 12 Lﬁ%ﬂ’lx‘lﬂ’]ﬂﬂaau‘ﬂLLUUIWGI%L&JYJRSQ&IﬂU
A o a v o A {

LUYATIS IS suiunUIEwNIIMIIARaUNRaN

AUYIINRDS

44 4
3.2.5 LlAWNIINITLARDWNAINENNITATI
295nuannsinaluiiea
d9ee o 3 oo o a A4
Walwadusgadu A Sidunisnisinaeun
A v o v a % @
wuuasssuaslida UG u B didunans
A A a P %
wwaaunuuulwaluios lusunsuazuaaddunig
A A o A
NMILARDWN mgﬂw 13

124




110

miﬂsz‘gui’mmﬁmnﬁm\lﬁuu,a:mﬂTuIaﬁnﬂsﬂauqua’quﬁﬁszé‘u'nﬂ?\ a59f 3
25-26 WOAANE% 2559 Bk NNATTIIAINTINLATEING ABLIAINTINAIRAT AWINLNA LUK

350

cevees uUUATIOT

@& - - =uvulwilbudua

P}

A (Tu)

= v 4 A E o
Eﬂ'ﬂ 13 LRUNNNMITLARAUN LLUUﬂid’JdiLLﬂZLLUUIW

alulidoa

TLFUINIM AR B WALLUASIN93TBIR AT UL
Fadn A uazidunmemsiadoniuuuInalwdua
PRIAIULINTILEY B N ND W FUNTINTINN UL
W3 BUAELALLIEUNINTI0 A auTaIA keI 1889
azldasglauan

350 -

E

B (Jaduay)

g

o 4 ol o ¢
— e iewienaunIiuEng

N )
- = unumaefeufinndusdiaes

g

g

e ) T =
WwmamuaReuivesmTu RN

E

@
-3

0 50 100 150 200 250 300 350

iwmemuaBouiass I ENE A (TaRwe)

- v 2 - = o o
Eﬂ‘i’l 14 LR UNNMILARDUNULLATIWITINNADUUY

A a a a o o A A
IwalwfisaSoufsunud@nanmsafaniiain

AUEITNRDS

a 5 4
3.2.6 L?‘{'%ﬂ’lan’limaa%ﬁinnﬁ&m’liﬂio
o =] =
AWINUANNIIAINIT
a v v v oa  w a v 4 a
LNQI“@')?JULS']L’II\TL&% A ULRUNIINITLARDUN
2 a Yo o o o a o )
LLUUﬂiJ')GsLLa:‘LV\@n'ﬂUL?WL’ﬂ\?Lﬂu B ULRUNIINIT
A o B o @
LARDUNLUUANIIIIT IﬂleﬂsNﬂ:LLﬁ@]ﬂLauﬂqdﬂqs

A a o =
LRouin av3UN 15

125

g &

&

48
ceeees UyUAIINT

E

=
- =UUuATT

P P
Wumanmaiewi (Saiwey)

g

g

v (Fuw)

o ) 4 o ] o
Elh’l 15 LEWNWMITLARDUNLUUATINILULASUDD

= a
AT

PLAUNIINITLAA D UALLLAI3 VIR TUL
LBLdU A LaZLEWNNINITIAABRALLLASIN95D09
AATULINTILEY B U Do hlFWNTINIIUNUUAS
WasuAgUAUERNIINITIAA BUTBIRUEN IS8 B
azldasgduan

&

8

. 4 4 S
— ERR AR euT AN IAMMANT

&

. 4 .d.
- = FunemuafeuivIndusiiaes

Boudu B (dadmy)

g

150 |

P}

3
S
3
3
2
£
2
2
&
£
£
s
£
3
=

0 50 100 150 200 250 300 350

. 4 v viyoa s as
wwwnmse s dudiiadu A (adiams)

] @ A o A& P o
Eﬂ'ﬂ 16 LEUWNINNIILARDUNLLLUATINTIINNLLUL
e o a o ) A > v
AT WU THUADUNULRUN NN ILARDUNINA

$19918 09

4. q71l
MMNNAMTITHIAWINFUMINTIARaUA DO
FITUFNFEN A Aafananaumsiduasele
;iﬂLLuumimﬁ'auﬁLmuLa”umqimﬁuLﬁumqms
LAanfinesdTuIEEu B Agdeinainsums
ﬂéd?d?ﬁvlﬁgllLLUUﬂWiLﬂaauﬁLLUUﬂéG’N‘? CalTa |
L auinuduNIINITIARaRAA leuna NN

o v ° ' 4 &
’6]’]51ﬂdiﬂnﬂﬂﬂLLﬁuﬂ’ﬂﬂdﬂ'ﬁLﬂﬂE]qu




111

msﬂs:’gu"’smmﬁmnsmmﬁ‘uua:LﬂﬂIuIaﬁnﬁiﬂduqna"ﬂTuﬁﬁszﬁuﬁwﬁ A37 3

25-26 WOAINE® 2559 B4k NIAITIIAINTINLATIING ABLIAINTIVANEAT WV INENRDVDUA

5. LaN&1781999

[1] aanduiawens mssnsursdszinelng (2555).
dayadnmanew 2555, [szuuaawlad],
UWRIAIN  hitp://mww.Rubberthai.com, L“ﬂ”’lgLﬁla
Tufi 15/10/2559.

[2] aUUIBEN MIBurIlTzInalng (2550).
mIn3auns, [szuuaawlard], WARIANN http:/www.
Rubberthai.com, 1$hquilaiufl 15/10/2559.

3] s9gME  LFBIGD (2552). NMIBANUULILAZAITY
fansasnswsuuulsuamasiiin, wasTwREIN:
Ansfinusuwniodia swninmasmaluladgand
[4] B3yNT  LRBIGILAZATAT (2556). WLLFIADY
MIadamaasaInIsinfounaaaouauna
fFMIULATBINTALIINITEATNITE. QREREES £1
Smssunauienssuinsasuialsanalng ase
71 14 Uszdni) 2556, T9wiadszaruasTun

[5] B9gNT  LFEIGIUAZAIE (2557). BONULULAD
auauuuuTaunduvedlarsuswnadIniy
L3aInsasIInITIaa luala. mydszgniznnig
sunaudaanssuinuasuialsznelng asan 15

Uszdndl 2557, aniawszuaseionse

126




A Y A
sz InIvey

J o a A o Y a a a Ao @ 2 Y =2
HUIWYYIYNT LAYIAN DAUDIUNGUAUA N 14 UYUIYU 2516 NIINIATIVAT LTULVIANHA

=

[ = g}/ =~ = (% = [ [ [ @ = Y =)
s2AUUsZauANEIFHIN 1-6 15958UIAVNUAUEA INIAFIVAT TEAVNTINANHINOUAY 153i5 81
a [ [ 1% o a a 1 4
F2809INYIAN 9HIATE09 52AVUTLMATITATIVITN UANUNIBIFIOUANANITINYAT
Y
eraemaladaiiy 19KIarald srAaulsznAtelnIINFNTUGI LHUNIFIFNNANYAS
aoiumna TuTagswuena Menvannaz IuesnReunile UATIIFENT s2AVYS YIRS N1AIT
a 4 [ a 4 Y]
ARINTTUIATOIINTNANBAT ANZIAINTTULAzINA TuTadnsnbas guanananiiumalulad
o @ = -~ = A = v o o = Y o I
IFIIAD VINIAUNUEI AUTIMIANBULOMIANYI 2539 MeKaIdUTINTANE UL U
Jd o { a ] a 4 o =
2191599951919 NUAUNITIFINANYAT ABLIFUATOINA a1 uma TuTads1suana Ine s
1Y) = A = o I v ) 1 R a ~
MANZTUDRNIRIANUDUATIIFAN 91NN1IMNTUB19158003191981071 9 T Junausagelan
= [ ] =Y 9 A Y 9 =K 1 a a A
wanwaeluszauliyan Inneduniesna Taolaranyiae lugiuimininisunieana
) v a a 4 a @ ~ A v Y] o
dnindasnssumans u1Ineraema Iuladgiuts 39MIauAIwduT d1u5n15ANEN
A = v o = Y o < ) 1 a <
WemsAny 2551 Mmenasdusamsanyudinwiluminaus s nguauuimsauni 'l
o 1 o o a a 4 [ a 4
A UI919158 UTL91a1U1I¥IIAINTTUIATOIININAINEAT AULIAINTTUAITATUAL
J J a [ = =
anlaenssumaas guinanumaIngdema lulags1seaao
@ I @ o o 1 o o a a
Tagiwdlumiinauluanidugaudnb d w1915 dszirevianininssu
A o a P o o a o a
1A94INTNAINYAT ANZAMINTIUATATHazaaTaenITuAmdas guinalsumIneaoma lulag

F1UINAD AU



	Cover

	Approved

	Abstract

	Acknowledgement

	Content

	Chapter1

	Chapter2

	Chapter3

	Chapter4

	Chapter5

	Reference

	Appendix

	Biography




