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Chatchai Tippayarat 2014: Design and Development of Water Hyacinth
Collecting Machine at Floodgate. Master of Engineering (Agricultural
Engineering), Major Field: Agricultural Engineering. Department of Agricultural
Engineering. Thesis Advisor: Assistant Professor Siwalak Pathaveerat, Ph.D.

119 pages.

The purpose of this research was to design and test efficiency of the water
hyacinth collecting machine appropriately designed for collect the water hyacinth in
the front of water gate area. The machine composes of the machine base, main
body, arm boom, grapple and the stabilizing branch. The Finite Element Analysis in
Solid Works Simulation (Solid Work) was used to analyze the strength of designed
machine model. All parameters derived from strength analysis were considered to
design the water hyacinth collecting machine prototype. The length, width and
height of Prototype was 7.7 m, 2 m and 3 m respectively. The length of the back hoe
boom should be 12.8 m It can lift up 5.8 m and down to 7.5 m. The proper
dimensions of grapple were 1.4 m in width and 1.6 m in length for carry the 200 kg
of Hyacinth. The efficiency of the Water Hyacinth Collecting Machine was calculated
by finding the volume of water hyacinth collecting and fuel consumption rate. The
result showed that the machine could collect water hyacinth about 131.4 kilograms
per time and the collecting rate was 5,036.56 kilograms per hour. The result of fuel

consumption rate was 3.55 L/hr.

Student’s signature Thesis Advisor’s signature
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Apply boundary conditions to constrain model
(i.e., remove certain degrees of freedom).

Represent continuous structure as a collection
of grid points connected by discrete elements.

h 4

Y

Apply load to medel (force, moment, pressure,
etc.).

Apply boundary conditions to constrain model
(i.e., remove certain degrees of freedom).

A

3

Assemble all element stiffness matrices into a
global stiffness matrix.

Solve matrix equation {7} =[]{D}
for displacements.

A

Calculate element forces and stresses from
displacement results.
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A 9 Ay (Cantilever Beam)
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Howe Fink
Pratt Warren with verticals

Al 10 Tasedovagu (Truss)
flan: 3y (2539)
ArUUaRanY (safety factor)
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AAuUaensenazitenldduegiuiiusyneudniuuingadl

a P ) 1 ‘: 1 [~ v I Ia =l a
1. %umaamemmwwa%umumuJuLNmma&ﬂmJizm‘magm i ERSIGHEIRIEN
YnegnaInaIay iy

a A

2. dnwansldnuvedunuinietesiunisiieondvegadedin visenindaduy

o

RN VS D b

3. Uminvestuauidanudnluiesdeuuigavield wuiudiudmsy

wiostududu Tunsalwiuilnisldaamnudasnfvazdesiansanegasdumduniay

4. IWIUVDITUNUNZNENDNANT D WERNATIAZUING AITIZLNTEITUNITIEAT

Anuaendeiiligaiuly eilieazlviusendatanlauiniign
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5. WoTanindneenuianaliadiate viliauaunsalun1ssunssiney
o1vazldauuzililunised 1 duswmislunisesnuuy

A15197 1 AreuUasnse (Factor of Safety)

< = = < U
wianwitganazlansmiled wianuaauazlansilsng

YUAVDILI — — —
PRI IIAIASIN LIRS

IEXLEPR 1.5-2 3-4 5-6
LSITIAANIALINT O

y 3 6 7-8
ASTLNNLEANTOY
LSITNADINANIIT DL

e q 8 10 - 12
NSTLNNLANTIOY
LSINTLLNNDYIINUN 5-7 10 - 15 15 - 20

nseanuuuszuulansadn

NNSAUINNILTIGNGU

uwsefindunelunszusnauazwssdwngsnuguiy Iuaguunaidusiumug
Y99gngu ANUAUINTuLazLsunIIINANIEEANIUYRIRUNTAlIneY (UuA3 LazAn,
2531)

NSAUINMILTIGNGUINIE Y] asnTaduInlanaunis

Fy, = A.P (1)
Fin AD L39gNgumMeniged] (1)

A Ag funvtdingngu (Ms19euRling)

P Aa Anusultany (R9u/ms1aauiiums)
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TumaUus navesussgnauiiladesriladausudoavnuandagnguiediaussuna

10-20 WasWunvesusagnguiiannalunimged] lnerwiadaainaunis

Fn

F

F, = (A.P) —F, 2)

flo ussgnguilaase (Had)

Ao Hufviindagngu (Manaeumiuns) = [Dzrn]

Ao AEAuldnY (fw/maaeusmmg)

Ao usaduanuan@agngulianUszann 10-20 Wesidusves
Wsgngy (1)

Ao L@ uAugNa1gnay (wuswms)



gUNIalLaZIENTS
gunsal
gunsaifldluntsvnaesiisnenisdsdl
1. p3ouAuinauy
2. deadauna
3. 1A3einAI1IIT0U (Digital Tachometer)
4. YIRNIFULIEN
5. AAULIAT
6. NTTUDNAINVDINA?
7. aznirdmsuldnnauan
8. nsouliEmAsnuLIn 1 X 1 Wes
/015
Usznausie tuneunsidusuldun msfnweamuiuiuyedinaurusn
mﬁwﬂ'ﬁz@izmaﬁfl N1398NKUY NFE5N N1INAFRUIEAUIRIUHURNIS N1snedouN AUy
LAz USTIIUNALTIIMINT T WaLLAYEANENT

1. MSANEIANULILILYRIRNAUYINREUSIMNTNUSER T UNEn

NsAnYIANUUILLUYRIRNRUTRgUSIMNUTEAssUIedl ITnqUsvasdiite

Anw Anuruwiulinau LAz EsrUunReufuLndnaUY UShamtusenssunei
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TnglavinsAinwNUsegseuedImMunaLay Aaevitas - v19UaT A.AWNIKEY 9.
Munsiay 2.uasugy lagafinwnanuminuduvesinanuyn megTsnsinlugvesimiin
YoInAUYeNUA (@3en, 2534) Fnsnauwdasuuudvdenvunn 1 X 1 wns 91

10 wias wedndmtinvesiinauriardsnugduegiudnauyn hwinden) liemay

MWIUYIRNAUYN UTnUsEnTEU1etl
2. N39BAKUUY

Jomnualuniseaniuy

2.1 \3ORNURNALINFRIELNsaRnRIUT TN UsEa s U la

2.2 wsssanunsaiudnauieguenadseanty lifndt 12 wms

2.3 \AsesansaiuRnaurLag Tfivdianeg lnssazldsinan 100 Alansu

2.4 Fupsesssadinnuaaesdilunisiiuiasiafoudeinauya

2.5 fanudasadslunisujiRauseduiifinu 1 au

WPSRUNURNAUTIUUNNUSEgseUIBtnfisenuuUIfasaenndosiutanivue
Y v A A = g
190U LATDITIBNWUUIAIUNTINUTEUIM 2 WRT AMNETIUTENIN 7.7 WRT AEN 3
was MiesesisauwualanfnlUas AnfeynAu (Beam) w38 AUy (Boom) 11Uz
12.8 wns Uaneduyuinssyainuinausndanvasdusuudindu (Grapple) duipiiouss

a - o w o 1 oA Y v o a v A ¥
seuulensedn gruAsenidndsn 10 deudewendiiudndsowuals lrianunsawmaaudng

wsadlUUURNULS gauvumduning 6 lwns Euatusnnesesua U uRnuy dannd
11
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A7 11 LUU1aoaA3IRAAuRNAUYIUUNEUSTRIZUIBN

3. DONWUUKALEIIBUUINADUNDIATITHANULTILTIVDUATDIA8TUSHNTY

ADUNILNDS

aaﬂLLUULLaza%’NLLUUfﬁ’ﬂaaﬂ%uﬁ’mﬁmﬂ vaaAsnfuinauYIn Felusunsy
Solid works Fauuusaesfiasnadugielusunsy Solid Works anansaianiasizsining
wdausemelnludiofiuudly Solid Works Simulation (Usilumduwazanly, 2554) HaINAS
NATIZI LU AULAY (Stress), AIALLATEA (Strain), AINTSINIAEIVBIATY (Displacement)
wazAAuUaense Factor of Safety ax1nanUsenaunIsRaNTaluNIToRNLUULAZESS

\A3RAAUANAUYI

Tunseanuuuuasinszinnuuduse deonTaqdumdnuiennsa AISI 1020
finauanifTandin1snamuIng 91 MIleseianusdussielyswnsy fansanaia
Uaeasty (Factor of Safety) mua15719# 1 fuseoeils

3.1 nseankuulInAy

PNANYULNWNNYAARTLAENTANBIRNAUTIUTAMTUTER ST U

=2 ¢ o [ - v o [ a A A [
Jeeanuuugunsaidmsuiudnaur WilldnwagiduwuuuinAu (Grapple) wieiiagiiy
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FNAUBIILAITIVTILAUIALUULAITIONTURINUN TIAZATALAUNIENAUYIT T way

wenalel Tonsiurazdivuiniunna1aniu Uinauieentuuiidnvaueidudulasuateway an

=< a U

munilsfatumauarBafnfiulateduyn pmuauseszuulansedn UinAuazyhainman

W 10 Sadiuns fadugumunuy udnteudszneudulinfuniivinnniuend 1.6

% d' = d'
LIRS AINUNNUDNNNDBDAN 1.4 LUK LLagﬂJﬂ']'uJEjﬁ 1 e (Ann 12)

2NN 12 Unau

IAszvianuLTasveslnAuTeankuumeWludeamus Wesunise
500 Alansy ~ 5,000 N AA1AMLAWYVNAY 1.534X108 N/m? (I n#1 13) A1A3NULASER
WINAU 0.00063 (A9 14) A1nIstasdrNUanefurasdnAuWNAY 16.18 mm (A W# 15)

LALAIAUUABANEWINAY 2.2 (N NN 16)



Model name: Grapper - 2-T
Study name: Study 1
Plot type: Static nodal stress Stress1
Deformation scale: 1

= a ¢ Y a
AN 13 NaNIFIATIZNANULAUVRIUINAU

Model name: Grapper - 2-T
Study name: Study 1
Plot type: Static strain Strain1
Deformation scale: 1

AN 14 HANITIATITRANULASIAVDIUINAU

von Mises (Nim"2)
153,386,144.0
140,603 368.0
| 127,821,7920
. 115,039,608.0
. 102,257 4320
. 894752560
W 76,693,072.0
| 639108960
| 511287160

| 38,346,536.0

25,564,358.0
12,782179.0
00

—P Yield strength: 351,571,008.0

ESTRN
6.302e-004
I 5.776e-004
. 5.251e-004

. 4.726e-004

. 4.201e-004

. 3676e-004
W 3151e-004
| | 2626004
. 2401e-004

. 1.575e-004

1.050e-004
5.251e-005
0.000e+000

28



Model name: Grapper - 2-T

Study name: Study 1

Plot type: Static displacement Displacement1
Deformation scale: 1

URES (mm)
1.618e+001
1.4832+001

L 1.348e+001
. 121384001
. 1.079e+001
| 9.438e+000

Mﬁ 5.089e+000

| 67414000

| 5.393e+000

. 4.045e+000

2.696e+000
1.348e+000
1.000e-030

] a 6 U a
AT 15 nanTIlATIERNIsInevesUnAY

Model name: Grapper - 2-T

Study name: Study 1

Plot type: Factor of Safety Factor of Safety1
Criterion : Max Shear Stress

Factor of safety distribution: Min FOS =22

FOS
10,000,000,272,564,224.00
9,166,667,095,474,176.00
5,333,333 ,915,384,128.00
. 7,500,000,204,423,168.00
. 6,666 ,667,027,333,120.00
. 5833,333,850,243,072.00

5,000,000,136,282,112.00

. 3,333,333,513,666,560.00
_ 2,500,000,068,141,056.00

| 1,666,666,756,833,280.00

I 833,333,378 416,640.00
217

AN 16 NANTSILATIEIANAINUUABANBUBIUINAU
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ail 17 dinAudnaurniasnetiy
3.2 M159ONLUUATY (Beam) #38 AUYY (Boom)

yaduysimthidunuduuindueenluifuinauen udiedeudie
fnnurn AUl ynduyuazesnuuulifumusnidensiodu 3 vieu udasviouszifudass
sofiu Weudetumedesiouaradn mugumsiadeuiivesfuyuusagioussnszuanlense
an Auysusazviewshannmdns iy (Ught channels) wagmdnusumuT (AmELINT 22)

Wouuszneuidugadianiee lnedseazidundil

3.2.1 Auyuvioudl 1 (nmd 18) azluduyuvieutaeweusounduiy
FNAUYIT YNANNWAN WANSIWUTLIR 200 X 75 Hadluns vy 6 Jaduns Weuusenauiu
I3 @ a @ v < 1 a a < 1
WUAUABNYTT 4 AT WESUANULTILTIAIULAANLAURUT 6 TAALUAT WALLUANLEUKIL 10

fiadwns Wenusenaulugadnsingg



AT 18 AuyNvieun 1

a L4 13 [y | ~ ~ v & a I3 d{'
AATIEUAITULVILIIVDIAUYUNIDUN 1 VI@E]ﬂLL‘UUG’I'JEJIWIUG]L@ﬁLQJUG\ LB

$unsy 500 Alandy ~ 5,000 N SA1ALELYIEU 5.315X107 N/m?2 (nwil 19)

ANAASEALYINAY 0.000214 (2§l 20) AntsiAsdNUaneAuywiiy 11.49 mm (A9

21) warANMNUUaRaNgyINnU 4 (AW 22)

Model name: boom4

Study name: Study 1

Plot type: Static nodal stress Stress1
Deformation scale: 33.5349

AN 19 NANITAATIEVANUAUVDIAUYNYIBUN 1

von Mises (N/im”"2)

53,151,4320

l 487223200

| 44,293 208.0

. 39,864,092.0

. 35434,980.0

. 31,005866.0

26,576,752.0

22147 540.0

| 17.7185260

. 132894120

5,360,299.0

44311850
20715

— Yield strength: 351,571,008.0

31



Model name: boom4

Study name: Study 1

Plot type: Static strain Strain1
Deformation scale: 39.5349

AN 20 HANTIATIEVANUATEAYBIAUYNYIBUN 1

Model name: hoomd

Study name: Study 1

Plot type: Static displacement Displacement1
Deformation scale: 39.5349

2NN 21 wanFIAsIsvinsinaiUane Auyuvioud 1

ESTRN
2.140e-004
I 1.962e-004
1.783e-004
. 1.605e-004
. 1.427e-004
. 1.248e-004
1.070e-004
8.917e-005
7.134e-005
5.351e-005
3.567e-005
1.784e-005

5.699e-009

URES (mm)
1.148e+001
1.053e+001
957124000

. 861424000
. 7857e+000
| 6.700e+000
5.7432+000
4.7862+000
3.829e+000
287284000
1.9152+000
9.580e-001

9.863e-004

32
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Model name: boomd.

Study name: Study 1

Plot type: Factor of Safety Factor of Safety!
Criterion : Max Shear Stress

Factor of safety distribution: Min FOS = 6.1

FOS
152,782.02
140,050.69
12731937

| 11458805
101,856.72
89,125.39
76,394.07

. 6386275

. 5093143

. 38,20010

| 25468.78

12,737 .45

613

o a & 1 (Y % | PN
AN 22 Nami’;Lﬂﬁwmmmﬂaamwaﬂﬂuywauw 1

2NN 23 Auyuvieud 1 Nasnedu

3.2.2 Auyuvieudl 2 (Al 24) ssluduyuriounanafenseduyvioud 3
waz 1 Wimeiu ¥MaInmdnsnaiuaung 250 X 75 Taalns Wl 6 Jaalns weulsenau
AUTUAIUYANET 3 1WAT LEASUANULIILTIAIELNANLAUIUN 6 TARIUAT WAZLAANLNUNLY

10 fiadwns Woudsznoulugadanieg



AWA 24 Fuyaviauit 2

4m 3m
1.7m
i
©
b . ’ S |
A
500 kg. 400 kg. F

AN 25 UNUNMLSITNSdafuYNioun 1 uag 2
ANSATUIE
INNINT 25 MLUATEUYA A

(500 x 7) + (400 x 4.7) = Fx3

F

(500 x 7) + (400 x4.7)

3

= 1,793.33 Alansy.

34



TATeRANULTaLTwaAuyNvieull 2 Neanuuumelnludeduud e
Sunse 1,793.33 Alansy ~ 18,000 N UA1AMULALNAY 9.789X107 N/m? (ATn# 26) AN
ANULATEALYINTY 0.0004 (A1 27) ArnstasdinuangAuysiniu 9.17 mm (2 wit 28)

karAIANNUABANYINAY 3.1 (AW 29)

Model name: boom3
Study name: Study 1
Plot type: Static nodal stress Stress1

von Mises (Nim"2)
97,894,544.0
I 89,741,072.0
| 81,587,592.0

. 734341120

. 65,280,544.0

. §7127,168.0
48,973592.0
40,820,216.0

| 32)666,740.0

| 24513,264.0
16,359,788.0

8,206,312.0

52,8359

—P Yield strength: 351,571,008.0

NN 26 NANITUATIEVIANUAUVDIAUYNYIBUN 2

Madel name: boom3
Study name: Study 1
Plot type: Static strain Strain1

ESTRN
3.999e-004
I 3667e-004
. 3.334e-004
. 3.001e-004
. 2668e-004
. 2335e-004
2.002e-004
. 1.670e-004
. 1.337e-004

. 1.004e-004

6.712e-005
3.383e-005
5.523e-007

ANA 27 WANITUATIEVIANUATEATDIAUYLVIBUN 2



Model name: boom3
Study name: Study 1
Plot type: Static displacement Displacement1

URES (mm)
9.162+000
40524000

. 7.641e+000

. 6.878e+000

. B114e+000

| 5.350e+000
458724000
ﬁ 382324000
| 3.059+000

- 2.296e+000
153284000

7.683e-001

4.570e-003

MWA 28 WaNITIATIEINISIRsTTIUAeAuYLiou 2

Model name: boom3

Study name: Study 1

Plot type: Factor of Safety Factor of Safety1
Criterion : Max Shear Stress

Factor of safety distribution: Min FOS = 3.1

584525
5,358.40
487156
| 438471
| 389787
3411.02

292418

| 243733
. 195048
. 146364

. 97679

l 48995
310

AN 29 mamﬁLﬂﬁ’wﬁﬁhmmﬂaamﬁamaaﬁuguﬁauﬁ 2

36
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2NN 30 AuYNYiBUT 2 NaseTu

3.2.3 Auywvioudl 3 (0wl 31) alenfniufuyusauuals vihanminsie
WU YUIR 250 X 50 Taans MWl 4 Taawns Weauusenaufudumuiiansd 2.6 Was

WaLANUREIYT 10 wag 20 fadlwuns Wenusenauidugndasigg

AW 31 Auywvieud 3
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3m 5.8 m
1.5m
&< :
I R
1,800 kg. 400 kg.

AN 32 UHUNNLSINNTEYIsiRAUYNYioUN 2 Wag 3
ANSATUIE
NN 32 MluATaUIR A

(1,800 x 8.8) + (400 x 7.3) = Fx 5.8

d (1,800 x 8.8) + (400 x 7.3)
B 5.8

= 3234.48 Alansy

WATRANULTLTEIRUYNTiBUR 3 Nieenwuumeliludieduud e
Sunse 3,234.48 Alansu ~ 33,000 N 4A1AN3LAWNINU 1.82X108 N/m? (nn#l 33) AN
ANUATEAWINTU 0.00067 (A1 34) Ansiiafivagduyuviniu 0.76 mm (a1 35)

LALAIANUABANYWINAY 1.7 (N NN 36)



Model name: boom2
Study name: Study 1
Plot type: Static nodal stress Stress1

von Mises (Nin*2)
181,945,808.0
l 166,783,648.0
L 151,621,504.0
. 136,459,360.0
. 121,297,2000
. 106,135,048.0
', 90,972,904 0
| 758107520
_ 60,6456040
| 45,486 456.0
30,324,306.0

15,162,157.0

83

* —b Yield strength: 351,571,008.0

o a (4 ¥ (Y ! PN
ATNWN 33 AANTILATISNATTULAUTDIAUYNVIDUN 3

Model name: boom2
Study name: Study 1
Plot type: Static strain Straint

ESTRN
6.680e-004
6.123e-004

. 5.567e-004
. 5.010e-004
. 4.453e-004
. 3.897e-004
. 3.340e-004
| 27838004
| 2227e-004
. 1.670e-004
1.113e-004
5.567e-005

4.997e-011

=] a 6 a (Y ! t-:l'
AN 34 NANTITIAITTUAIULATANTVDIAUYNNDUN 3
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Madel name: boom2
Study name: Study 1
Plot type: Static displacement Displacement1

URES (mm)
7.6586-001
7.020e-001
| 5.3820-001
. 5.744e-001
. 5.105e-001
. 4.467e-001

3.829e-001

! 3491e-001

. 2.553e-001

| 1.915e-001

1.276e-001
6.382e-002
1.000e-030

ﬂl a L ! o dl U 1 2"
AWN 35 Naﬂ’]i'lLﬂi’]z‘wﬂ'ﬁiﬂﬂG]’WI‘U&’]EJV’]UIJ}W]@UW 3

Model name: boom2
Study name: Study 1
Plot type: Factor of Safety Factor of Safety1
Criterion : Max Shear Stress
Factor of safety distribution: Min FOS =17
FOS
23,102,184.00
21,477,002.00
19,251,520.00
| 17,326,638.00
| 15401 457.00
13,476,275.00
11,551,093.00
. 9,525911.00
. 7,700,729.00
. 5,775,547.00
. 3,850,365.50
1,92518363

172

dl a 6 1 U L2 ! dl
Al 36 nan1FeTIzAANUaeAfuveIRuYLiouT 3
3.3 NMIRONLUULATITBNUVSaLATIEN

Tnsadinagyhmifiasuaundusivedsessovesfiuyurioun 3 fuduyuves

sokUALE ¥11NMANTI9UN (channels) VWA 75X40 fa8ms MUl 5 Tadwns (AWRUINT



41

1) Wouusznouilulasedn n319 28 WURWAT 817 3.5 WAT kAZES 64 lWURAT AININT
37

A9 37 lasetonyunIalasedn

58m
1.75m 3m

0.6 m

3,300 kg.

dl d‘ (] 1 7 U 1 d‘
AINN 38 LLNumwsumLmvmiwnmimmﬂLLazﬂuywauw 3
ANTANUID
a ¢
NN 38 LLLUATEUA A

(3,300 x 5.8) = F1 x4.75
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3,300 X5.8
- 475

-
—
|

= 4,029.47 Alansy

(3,300 x 5.8) = F2x3.6

3,300 x5.8
3.6

2 =
= 5,531.67 Alansy

FasrziauLdansevadlassdnieanwuumglnluseaiwud e Fr Sunisy
4,029.47 Alansy ~ 40,000 N wag F» SUNNSE 5,531.67 Atansy ~ 55,000 N JA1AIIULAY
WINAU 1.94X108 N/m? (A 39) ANN1SENesInuanelasaanymniay 5.22 mm (nw# 40)

warAIANNUaRANYINAU 1.8 (1WA 41)

Model name: 0000000 channel T
Study name: Study 2
Plot type: Upper hound axial and bending Stress1

Upper bound axial and bending (Nin’2)
194,074,048.0
177,301 2000

| 161,728.388.0
. 1455555360
. 129,382,696.0
1132098560
97,037,024
50,864,184.0

[ sapataas0

| 485185120
323456740

16,172,837.0

AN 39 HANITIHATIEAANUAUVDILATION



Model name: 000OOOO channel T
Study name: Study 2
Plot type: Static displacement Displacementt

a a s | 9]
AN 40 HANITAATIETANULNIUBILATIEN

Model name: 0000000 channel T

Study name: Study 2

Plot type: Factor of Safety Factor of Safety1
Criterion : Automatic

Factor of safety distribution: Min FOS =18

dl a 6 1 U U
AT 41 wanTilAsIziAIANUaenduUealATIan

URES (mm)

5.214e+000

4.780e+000

. 4.345e+000

. 3911e+000

. 3.476e+000

. 3.042e+000

2.607e+000

2.173e+000

. 1.738e+000

1.304e+000
8.691e-001
4.345e-001

1.000e-030

10,000,000,272,564,224.00
9,166,667,095,474,176.00

8,333,333,918,384,128.00

| 7,500,000,204,423,168.00

| 5,566,867,027,333,120.00

5,833,333,850,243,072.00

5,000,000,136,282,112.00

| 4,166566,959,192,064.00
. 3,333,333,513,666,560.00
. 2,500,000,068,141,056.00

_ 1,566,566,756,333,280.00

833,333,378,416,640.00

43
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AT 42 nswenseRuyNviaun 3 AuAuylAnvessawualanseuiulasain
3.4 NMIRONWUULIUAITY

wyumduazviminasseiosamlituesesiudnauyn Tuvae iR
[ & Yy v = 4 A o < 9 Y oV v
sanuuulumuwmanguesniuiisvesgiuiuangaudeudniuavansuseauaswile
LY [ Y Ay v ) o I3 a a a a
wazausaNuN UL wauAduianudn vwia 200 x 75 Taduns Wl 5 Taduns
= v & < 1 a a = < =< a o
WwanUsenuiuluay wasndnuiuvun 10 fadwns Wendsenouduaubadniugiu

LRI AINING 43

AN 43 LUULIUAEY



a5

128m

AN 44 LHUNINVDILSIVINTEVIADLUUA T
ANSATUIE
NN 44 LLUUATEUA A

(500 x 15.8) + (1,900 x 9.4) + (5,000 x 3) = Fx6

- (500 X 15.8) + (1,900 X 9.4) + (5,000 X 3)
| 6

= 6,793.33 Alansu

I ATIEMAULTILTIVBIIUAETY Noonkuusslnludediud Wesunise
6,793.33 NlANSY ~ 68,000 N TAAUAUYINAU 1.216X108 N/m? (A 45) @1
AMUASEAYINAU 0.00047 (ANT 46) ANNISEINIFAWINAU 5.37 mm (AN7 47) LazAIAIY

YaeaSauwiniu 1.5 (A md 48)



Model name: 000000ODOOO-T
Study name: Study 1
Plot type: Static nodal stress Stress1

von Mises (NAn*2)
121,590,208.0
111 457 538.0
101,325,680
. 911928560
. 81,080,136.0
. 709275160
60,795,104.0
50,662,584.0
| L 405300880
| 30,397,552.0
20,265,034.0
10132,517.0
0o

— Yield strength: 351,571,008.0

AN 45 NANITIASIEAAMUAUVDILVUAI U

Model name: 00000000OOD-T
Study name: Study 1
Plot type: Static strain Strain1

ESTRN
4.726e-004
4.333e-004

| 3.939e-004
. 3.545e-004
. 3151e-004
. 2.757e-004
2.363e-004
1.969e-004
L 1.575e-004
. 1.182e-004
7.877e-005
3.939e-005

0.000e+000

AN 46 HANITIATITIANULASIAVDILVUANTUY



Model name: 000ODODODOO-T
Study name: Study 1
Plot type: Static displacement Displacement

URES (mm)
5.371e+000
I 4.924e+000
| 4.476e+000

. 4.028e+000

. 35814000

| 313324000
2,6862+000

H 2238e+000
‘A 1.7902+000

| 1.343e+000
8852e-001
4.476e-001

1.000e-030

AN 47 HANISIASIEINSINGFIVDILUUAE U

Model name: D0DODOOOOOD-T

Study name: Study 1

Plot type: Factor of Safety Factor of Safety!
Criterion : Max Shear Stress

Factor of safety distribution: Min FOS =15

10,000,000,272,564,224 00
9,166,667 095,474,176.00
8,333,333,918,384,128.00

. 7,500,000,204,423,168.00

| 6,566,667,027,333,120.00

e

5,833,333,850,243,072.00
5,000,000,136,282,112.00
| 4,166,566,959,192,064.00
| 3,333,333,513,666,550.00
. 2,500,000,088,141,056.00

_ 1,666,666,756,533,280.00

I §33,333,375,416,640.00
153

AN 48 HANTISIHATITVAIANUUADAN VD ILUUAEU

a7



a8

= 5 ooa v X
AR 49 wrumdunaseu
3.5 NNTBNRUUIANYULALEAN

oy uwazadnidenldmanmavwaduruaugnans 2 1 A21uen3 30
wuReT Inszienuudaswesddndiosunisy 3,300 Alansu (Wsafinszvimnngn) ~
33,000 N #A1AULAUIAY 1.396X108 N/m? (nn#l 50) A1AMsLASEALIAY 0.00038

(AW 51) AINISIANARNAINY 0.045 mm (ANA 52) hagAImIuUanafawiniu 2.5 (N7

53)

Model name: pin 0012
Study name: Study 1
Plot type: Static nodal stress Stress1

von Mises (Nin’2)
139,613,360.0
127,988 448.0
| 116,363,544.0
. 104,738,640.0
. 931137360
| 81,488,8320
69,863,928.0
58,239,020.0
46,614,160
‘, 349892120
23,364,304.0
11,739,399.0

1144942

— Yield strength: 360,000,000.0

AN 50 NANISIASIEIAMULAUYDIAAN



Model name: pin 0012
Study name: Study 1
Plot type: Static strain Straint

ESTRN
3.785e-004
3.471e-004
3.156e-004

. 2.342e-004
. 2527e-004
. 2212e-004
1.898e-004
1.583e-004
1.268e-004
9.539e-005
6.393e-005
3.247e-005

1.005e-006

AN 51 NANISIASIEIANMULATYAYDIEAN

Model name: pin 0012
Study name: Study 1
Plot type: Static displacement Displacementl

URES (mm)
4.519e-002
4.142e-002
3.766e-002

. 33896002
. 3.013e-002
2636e-002
2.259e-002
1.883e-002
1.506e-002
| 1.130e-002
7.531e-003
3.766e-003

1.000e-030

o a 4 Y [
AN 52 WaNITIATIZRNITINFIYBIEAN
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Model name: pin 0012

Study name: Study 1

Plot type: Factor of Safety Factor of Safetyl
Criterion : Max Shear Stress

Factor of safety distribution: Min FOS = 2.5

FOS
2,756.38
252689
2,297.39

. 2067.90
. 183840
160891
137942
L 114992
. 92043
. 63083

. 46144

I 23195
245

AN 53 NANISIASIEANAINUUADANIUDIESN

3.6 N1IeRNLUULMTNgs (Counterweights)

'
% S

WosunszvasNAuyNBnenIgn wasibieseslufiiafiosn nvas U iRan

F9290UNRUNA19NA U8 VBIA AT

12.8m

dl dl o ! U
21NN 54 BAUNTWYBILIINAIENIRDAUYN
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N3AUIN
MNAMNA 54 MUUUATOUN A

(500 x 12.8) + (1,900 x 6.4) - (6,800 x 3) = Fx 1.5

(500 x 12.8) + (1,900 X 6.4) —(6,800 X 3)
B 1.5

F

= 1,226.67 dlansy

At wenldimings (Counterweights) aunm 1.5 G AALALTIAIUNANY

= [ Y P ¥ a YU v = a wa
ﬂJ@QLﬂi’eNLﬂ‘UNﬂGl‘U‘U’J']L‘WE)ﬁS'NLﬁﬂﬂiﬂ’]WI‘Viﬂ‘UWJLﬂi@ﬂiu%m%ﬂ{]Um\ﬂu

] [ ! 3 Y
AN 55 11NN UINUN

4. mseanuuuszuulansedn

LATRLAUNNAUTIYINUmIsszuUlansedn Tnsvssuulansednvossaiualeaun

InswAlURLLRL el
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4.1 szuulensednuinAu
4.1.1 wawanszuenlansednaiuauUinAunedl-een

Tm

0.15m

500 kg. 100 kg.

ql ldl o 1 = 14
AT 56 UHUANYRILTININTEYIFaUINAY 1 AU
= 13
NN 56 MlalaudsauIn A

(500 x 1) + (100 x 0.4) = Fx0.15

(500 x 1) + (100 X 0.4)
- 0.15

F

= 3,600 Alansy ~ 36,000 N

AMUINVUIANTEUBNLENSRAN MUEUNIST 2 Renuduandulensedn
2,450 N/cm? (9157196309 22)

36,000 + 7,200
A= (—/—————

) = 17.63 @S NLGURLUAT
2,450

TxD?
4

D = 4.74 \QUiLUsS
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aetldnsruenlensefnfignauiiidusinugudnans 5 wufuns Tuly

4.1.2 muwenszuenlanseanauAuUINAUTIU-ad

1.2m

0.38 m
0.2m

5 /Eﬁﬁ‘ﬂ
Z \\@\

\\ / @'
e

A\
uy\\{ég
7
>
v

-m

500 kg. 300 kg.

dl A o 1 a
AMNA 57 UNUNNUBIUIITInSEise N AY
NN 57 Mlaaudseugn A

(500 x 1.2) + (300 x 0.38) = Fx 0.2

’ (500 x 1.2) + (300 X 0.38)
B 0.2

= 3,570 Alansu ~ 35,700 N

ANUIIUINNTLUBNEFIATOAN ANUENNIST 2 MeusuanUulansadn

2,450 N/cm? (m519Wwanil 22)

35,700 + 7,140 a
A= \————) = 17.5 M9UIUALUANT

2,450

mxD?2
4
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D = 4.72 \QUiLUAS

aatiuldnszuenlansedniignguiliduriugudnans 5 wuRwns Juld

4.2 szuulansednaiunuAuyy

nseenwuuAuyity 3 vieu Tiliauludasereiu usasvieuasaiunu

[
v A

penszuanlensedn fall

4.2.1 nszuanlansednAluALAuYNYiaun 1

4m
1.7m 0.34 m
% F
° ﬁ(
@ o~ A
500 kg. 400 kg.

AW 58 UNUNNUBIUSITINSEYIRAUYNiauN 1
P ¢
NN 58 MlUUATEUIA A

(500 x 4) + (400 x 1.7) = F x 0.34

(500 X 4) + (400 X 1.7)
B 0.34

7,882.35 Alansy ~ 78,820 N

ANUIVUINNTLUBNLTIATOAN ANUEANNIST 2 Meusuanlulensedn

2,450 N/cm? (m519Wuanil 22)
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78,820 + 15,764 -
A = = 38.61 AN LGURUAT
2,450
mxD?
A =
4
D = 7.013 1 uUfung

aatldnszuenlansedinfignauiiidusiiuaudnans 8 wuRwuns Tuly

4.2.2 n3rUsnlEnTadnAIUANAUYNYIBUN 2

3m

0.37 m
1.5m

=4 | - E
¢ <

1,800 kg. 400 Kg.

dl dl o ! U 1 dl
AN 59 UNUNNVBILIINTEYIRRAUY LU 2
NN 59 MlauAsauIn A

(1,800 x 3) + (400 x 1.5) = F x 0.37

- (1,800 X 3) + (400 X 1.5)
B 0.37

= 16,216.22 Alansy ~ 162,162 N
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MunruIAnssuanlansedn muaun1sy 2 Aanusuaindulensedn

2,450 N/cm? (m319Wwanil 22)

162,162 + 32,432.4 -
A = = 79.43 AT NLYURLUNT

2,450

mxD?2
A =
4
D = 10.07 UGLUAT

aatildnszuenlansefniignauilidusiugudnans 11 wufiuns vuld

4.2.2 nyzvenlansadnAIUANALYNYIEUN 3

58m
2.7 m
MRV\\ y
¢ << Qll 1]
3,300 k. 1,000 Kg.
F

AN 60 WNUNINVBILSITINTEYIROAUYLYIBUN 3
INAMNT 60 MLLUUATOUA A

(3,300 x 5.8) + (1,000 x 2.7) = Fx 1.1

(3,300 x 5.8) + (1,000 X 2.7)
B 1.1

F
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= 19,854.54 Alansy ~ 198,545 N

ANUIVUINNTLUBNEIATEAN ANUENNIST 2 MieusuanUulansadn

2.450 N/cm? (M5196unnd 22)

A (198,545 + 39,709

) = 97.25 M5 NLUURLUAT
2,450

mxD?2
4

11.13 L QURLUAT

O
1l

aetuldnszuenlensefiniignauilidusiugudnans 12 wudiuns vuld
5. M3 HUNITES19ATDRAURNAUYN

NAYINNNTDONLUU ﬁWLﬁumsa%ﬂqLﬂ‘%@ﬂLﬁuﬁﬂmumwwaﬁmsz@izmaﬁw 7

3 A

AUGLATRITNINANUATUIINIR UNINGIRBNUATANENT INGNVAMUNILEY FININT 61

o 4' & o o YAy X
AINN 61 Lﬂiﬁ]\‘]Lﬂ‘UNﬂm‘Usﬂ'J']LL'U‘UVIU']U?%Q?S‘U']EJU']Vlﬁi'NSUU
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6. MnasaukazUszfiuNavasAiaLiuRnaUTUUURTINUSERsEUIEU

MINPEeULarUsEIUNALATBAAUANAUYITWUUNEUSEAIZTUIBUIRURUL 92U
nMInedeusandy 2 dwnisnageuds nsnageuloswuluiesuiinig waznisnaaeuly
v a a v dy
APENY AallTeasBendall
6.1 MIvedeulaiu TinguszasAiiiovinisnaaeulazdunintayadifAymnen

Yo4AIDLAUANAUTWUUNTUSZYSE LBt AuLUY Nlaasetu

6.2 nisveaavluninauiy WuN1snaaeumIUTeansn1nveaasaaAulnaUsI

lunmsujimauaseveaesesusnamiusegdn fvazidundsil

6.2.1 NMsNAERUMIUSINaENAUBNTLAULS N1sneaRuIinlagN1TUIEnNAUYIN
v A %,’ [ 1 4:4' =3 gj n'/ goj v 1 g.; I3 d'
TN UAgLAYIARNAN Aviulalu 1 Asa udadmdn gy 20 ATTlun1siiu e

Usunaeainaurniiule

6.2.2 NSNAFDUMIIUIUTOUIUNISLAURNAUTIN NIsnedauinlaensiy

o o [ Y d' a wva o o o 9
1UIUTDU (AFY) NITLNUNARUYIN ‘VIiBEJSL’Ja’]ﬂQUGNWU 10 w17 Taesingn 20 91

6.2.3 NMsmgnTINsauFsaamararU iU nsveaeuvilagin
gn3IN1sAUUARNTBINGINY 5 W7 NIPULEITaUATBIEUA 900 1100 1300 waz 1500 39

Fn31nN15aUIUADToINAITIANISITaUAS 5 90

6.2.4 Usziliuuseansamuenaiatiudnauywuuntiilsegssuiedl 1ng

= = a va Y
nsiguiszesaantuy e 1 dalus
7. MINATIERLAUTHIUNALTUATHGAIEASIAINTTY

NFIATIEUALUTEIUNALTAATYEAARTIAINTTY ATEUARUNITUIAUNY
AldineszazIaAuL argaruu Algaglunisiuretasesdnsnanyns Awlals
NNAUNUAIT (Fixed cost) UazAunuiuwls (Variable cost) #ellsuazidennatl (Hunt,

1995)



method

Usgidiu

71 ﬁunumﬁl (Fixed cost)

7.1.1 Andousian (Depreciation, DP) AnAndonsna WUy Straight-line

pp = &5
L

lagfl P A 59ANT0URLATEITNT(UIN)
S A $IMVLNTOIIAAUUFBLIBLATEIINTUUABY(UIN)

L fie 91815k uveATed(D)

(%
a

YaA1wINYRUATOHAUTN 10 WiRe 10 % VBITIANATEIIINNTS

5.1.2 apnilovizaandslonna (Interest on investment, 1)
1=(53) * (%)
2 100
Toed i fie nsneniurelUedidus)
5.2 suvuRuwls (Variable cost)
5.2.1 AU1393n® ( Repair and Maintenance )
5.2.2 Adfuidewmas
5.2.3 ANQ79L5I9TY
5.3 T¥EIaINITAUY

JTULAAUYUYRNATRIITANaY WaTuvhauseUiiudy

59
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AUNUALLUS FiD AMHATINYRIA RN UN395NeT AtdiloInEs uay

AT
AUNUTI AB AunuuLUITINAUAanly

naUszlevufilasu AnandnsAdndluiuinauynguiudalusnisyheu

¢ aa | i cal Yo o v
HaUszlevians fe nas1aseninawayselevlilasu Audunusiy
4 4 ' & & 9 ¢ a
TLYLIRIAUNY P HAYNTTENINTIAITRLATRe UNAUSElYlans
5.4 Msldnudunu
nstdauRuyy = mlddneain / (Ens1A1A9 - Algnelunisvineu)
#01UNNIN153Y

ANTUNITEDNWUY a3 uaznaaaullody i MesUfuRnig A1AIYMIAINTTUNLAT
ANEIMINTTUANANT MUNILEY LA AUGATEIININANYATUINYIA UNTINNTNYATAIANS

g nvaiwnauay Jainuasugu

ALUNSNATOUNIAEWIN B UTEasyunetimuneieay Aaaeings — uvisdan .

AUNILEY 8.1 LNIWEY 2. UATUTH
FTYLLIANINITIY

SYYLLIANNNSYINITEAILG 1 LWWIWU 2554 — 1 LWugu 2555



a ¢
WEILbE1SIYI1IE
HAN13AN¥IANNTUILYLYBIRNa U TR US U sEa seuediluanunfvh
NMIVAADULATOUNUANAUYIN NanTMnaeukasUsudiuUssansaneseaiuinaus uae
HANTIATIZRATUSTIUNATLATUEAER3IAINTIY H5185288nRall
1. wamsAnsIAMULIKINYREnaurNeguTIMTUTEasTUen
NSNAFBUMANUVUILINYBIRNAUYN AR UTAMTNUTERsE Ut (MI1eaUIN
A1) wuddanuvuiuade 97.93 Alandi/msauns (M15199 2) Andnyandnsavauiu

! | A o oo ) A 5% ~
DUNUUILUY DNVNBIULAYIANDUUzUUDYMIY (AWNUINT AT)

A9 2 HANISNAFD UM AMNRUILUUNAAUT

AR99) AMUNULUUVDINNAUYN (Alandu/msnauns)
Anade 97.93
SD 15.62
Adoean 73
ANNEA 117

2. wan1svagaukAzUsTluNaAIRRNURNAUTUUUTTENUSZAsEUIBUNGULUY

AINAaaULUIRantdu 2 dufe nsveaauLlanu waznisnagauluninauy i

=1
YALLBYNNIU
2.1 WaN1PONLUULAENINAGDULUDIAY

1NNN5DNLUVILTUAL UIUNES1ATOIAULUY  BaZYINNISNAGBULATTUTN

Toyaddysnee veaesenfulinauruunTUsEgszuIetn Tawn

2.1.1 YAy Nadeilinnte1n 1.6 wns daued 1 wes danunitaienis

Uneen 1.4 wes IUumsussarneuele 200 Alansy
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2.1.2 gaduyy fanueniiaanyszan 12.8 wes

213 #uedesanunsnindeudiliseugiueies nievauld 360 asm
214 dufdwweasieafuniossusiiiua ¢ gu v 80 ussh
2.1.5 WILAMUATINET 6 URT 2 9

2.1.6 FIATRILAZIUATON AINNYTD 7.7 LIRS AINATN 2 WUAT UavAIEd

3 LA
2.1.7 3wulmia§ﬂélﬂuﬂymLL‘UUQﬂqU 2 ¢ Wuduidsseuulansedn
2.1.8 awnsaenduyuligaan 5.8 wWns LAFNEn 7.5 WA
2.1.9 fiduynBusensnign aunsaentmiinld 150 Alandy
2.2 wan1snadauluniAauly

msveaeulunaaunasidunImegeun1sUfURNuveLaIaIuMMTtIUIEe

= = %3 d”
s¥UNY 1nedlseasenlunISNaaauUnIN
2.2.1 nisveaaumUsinasnauynniule
NANIINAADUNISLAUENAUTINIY 1 ASINITLAY (AN519NUINT A2) WU

anunsaiulnaulieds 131.4 Alansy (115199 3) FauSuanisiiuluwsazesy asued

AUAMUAUILUUTDIRNAUTINUS I UUUALE



A15199 3 USunaudneusyiulaly 1 asa
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AR Usunaurnauen (Alansu)
Aade 131.4
SD 25.35
GRIVERE 93
ANGR 168

NN ANUVLIWILRNAUYILAGY 97.93 AlanSu/ms1auns

2.2.2 mMInageaumduIusaulunsinuinnuYI

a

NANSNAFDUIIUIUTBUNT MUAURNAUY I (Wﬂiﬁﬂﬂ\lu’mﬁ A3) NITYLLIAN

UAURMY 10 w#l waz 1 99109 : wudluan 10 Uil LrFeAuRNAUYEINNTNY

Y a & d' a wva ! = < Y = @ o
NAGUYINRAY 6.35 AT LN@UQUG\QWUW@LU@QL‘lJ‘LJiSEJ%L’JaW 1 93l9 LASeUAURNAUYN

annsaiudnaurIIedY 38.33 AsY vslidnnuasilunmsivenaiinaunan gufoRanuly

NNSAIUANLATBAAUNNAUYI 1AL IzEZUNTENINRNAUYNAUFILATS

=] o [ Y = a wa = Y
A1519% 4 uauseulunsnuRnauY mzﬁznmﬂgumm 10 w1l wag 1 Talug

Fuausaulunisiiudndus (As9)

AR .
sraglau iR 10 ud szeziaa U 1 ¥alus
ALaAe 6.35 38.33
SD 0.81 0.58
Ao8an 5 38
ANNNER 8 39
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2.2.3 A15MI9ASINTEUURDTDLNAY
NANISNAABUMIONIINTSAUUFDUTBNES (IN5198uINTA Ad) Tukian 5
Wi gAML Nausaseunsoseaus 900 1100 1300 waz 1500 58U/UN7 Wuid

I3 d' ¢ o X a v & a a Yy A X v o PN
AITULIITIDULATDOIYUSILNNUY ‘UiiJ']ﬂJﬂ']iI“UL?f@LWﬁQ@JLLu’ﬂu&JLW@JEUHW'JEJ NN 62

550.00

500.00

y =0.4529x - 247.37
450.00 R2=10.9669

400.00 /
350.00

ﬁ5.36
300.00 /
250.00

200.00
-

150.00

)

452.40

uaaans

(

a

k73 21'
YLYDIWEA

1

IUIUNT

¥

100.00

50.00

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700

< =
AIULIITOU (5BU/UN)

AT 62 nsnluansUSunaunsididem@sinnuiiseuas o uRriae i
224 ﬂimﬁuﬂisaw%mwmmLﬂ%aLﬁuﬁﬂmumﬂLLwiﬁ’nJiz@igmmJ’]

wUsEavEnmeenAsenNURnAUTLUUITUSEg sE et 1nenis
UsziufinsufuRanusaitiadluszezing 1 9lus wudneIsadudnauydnauisany
Aneuylaleds 5036.56 Alansu ~ 5 fu dnsN1sauUGsureaIndade 3.55 803 Aan3

Tumns199 5
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A13199 5 UssAvsnmusdaseaiuinauruuniiysegseuiein

Va0 (F2lua) BMIINAUUADUTOINAS (BRT) Usuaueinauann (Alansy)

1 3.55 5036.56

3. NANTIATIZALAZUTLIUNALTUATEFAEASIAINTTY

PNNINAFOURSBRNURNAUTMLUUNTUTEgszUIeU Weldiuausu 1 Ay 9l
AMUAINUITAIUNNSYINUVDLATDURAY 5 AUADTLLY LLDANUALANISITLATEY 8 Tla9MD
o o = U a 1 L2780 o 1 > &
Fuhewlag 30 u anunsaussdiuaildanalunisyia (Lnsdedu) uasssezanfuu

a I3 [ v
Y9ATDUNUNNAUBIL
3.1 mansATIETkarUseiuAntganelun1svinau

AltIelunsYNUeLATRsInInNg AuIalAaIN FunuAh (Fixed cost)

wazAuURLLUS (Variable cost) Fallsneagtdenmall
3.1.1 suvuAn (Fixed cost)

ALED31AT (Depreciation, DP) ARAILEDUIIANKUY Straight-line

method MUENNIST 3

YarwINveATeiladulN 10 whe 10 % Y83T1ANATEINIVINNTS
Usziliuld (m15799 6) iy 1,000,000 U

ﬁﬂﬁ’Uﬁﬂ’]‘lﬂﬂLﬂ%aﬂ = (10/100) X 1,000,000 = 100,000 Um

AndousnAn (DP) = (1,000,000 - 100,000)/10 = 90,000 U

fanUeunsaALdslanid (Interest on investment)

o

Muusliensinanleset windu 0.75 % (Bnsinenlukurinoaunsne

SUNANT e TSR TUN 22/10/55) AUIANUENNTA 4
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(1,000,000 + 100,000) x (0.75)
2 100

fauy Andelaniasial
= 4,125 ymeel
sAuUAsTsed (Fixed cost) = 90,000 + 4,125 = 94,125 UMsiod

a3199 6 Aldnelunsaansenfuinauynwuuntusegssuie

fdu 599N13 IMUIUNY
1 sauunlaiioans 8% sumitomo Ju LS - 1400) 300,000
2 #adisn 10 do fledes H9fe nissan 100,000
3 AUYLVIU 200,000
4 wruAdy 2 %40 100,000
5 UnAy 80,000
6 gunsnilansedn 120,000
7 AN LES LA 09 100,000

arldiemualumsaiandoafuinnurmuuumiussgssuie 1,000,000

3.1.2 Auvuruys (Variable cost)

A1U1393n91 (Repair and Maintenance) Antadguszanuiuay 60 Um

autar 30 Tu A1U395NET = 60 x 30 = 1,800 unsiall

ANUNLTBLNAIINAU 29.79 UNABANS (BRNSINTSEULUADWTBLINAILRAY
3.55 AnTAaT2LU YN9UTUaY 8 T1lud) AnLady 28.4 Ansmaiu vineutay 30 U Wwinnu
25,381.08 U mFl

ANDN9LTI9Y DATIANDIINUTUAE 300 UMW 971U 1 AU ¥i19U 30

U ARLUAII19LT99U U 300 X 30 = 9,000 Umsial

aJe

FduuuLls = 1,800 + 25,381.08 + 9,000 = 36,181.08 Umsial
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3.1.3 éfunuim (Total cost)

Ansuulunisldanuvesnioaiuinaus laesiuauyuasiiiusuyuii
wUsiviniu 94,125 + 36,181.08 = 130,306.08 Umsiall

Aldaelunisvineu (Unsedu) veuesouAusnau Avneulu 1 Y
WU 30 YUNTD 240 T34 ANNEAINITIUNITHNUYINAU 5 dusatalug 9 levnfy
130,306.08/(240 X 5) = 108.6 YINHIDAY

3.2 S¥TIAINITAUNUYBAATRAAUANAUYY

JLULLIRAUNUTDNATBIITANAS W TuyhausetiiuTudsanslunsem 18
oy 1 Yanunsavieula 30 Ju (240 Hlus) szegnarlunishunuuiiu 5.89 U

AUNUALLUS PD ANATINYBIAITRNLEN U1595n) Atdudaunacnag ANang
W399

AUNUTI Aa AuuiuwUsTINiunenle(wIsadalania)

naUszlenuilasu AnandasiArdnslunmsiiudnaugnguiutiluanisien

v "y @ v = [

8n31A1 N lUNSNURNAUYIT Wuwiiusawuale PC - 120 uaug
AN919A17 7000 UMAIU (TU5UNY, 2555)

HaUselevtans fe nas1aserinawaysslevinlasu dusunus

a

SEELLIANAWNY B HAMITTENINTIMTRIATRNUNaUSElouians
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s P UYL . naUselevd  wauselewd  Svezean

T U3 i gz qns AU

(431./0) A (W n/A) D) (V) (/) @)
120 4,125 18,090.54 22,215.54 105,000.0 82,784.46 12.08
240 4,125 36,181.08 40,306.08 210,000.0 169,693.92 5.89
360 4,125 54,271.62 58,396.62 315,000.0 256,603.38 3.90
480 4,125 12,362.16 76,487.16 420,000.0 343,512.84 291
600 4,125 90,452.70 94,577.70 525,000.0 430,422.30 2.32
720 4,125 108,543.24 112,668.24  630,000.0 517,331.76 1.93
840 4,125 126,633.78 130,758.78  735,000.0 604,241.22 1.65

3.3 MsldauAuu

nstdauaumu = Aldineai / (Brs1A1ane - Algglunsineu)

Aldanemsii = 94,125 vmaed

[y Y < [ a 1w
BNFIAD AL TUNISNURNAUI B UWINNUSaRUALS PC — 120 Lausn

AN9N9AUN 7,000 UNHDTU 98 LAonsIANAN9RaTRLLaNAU 875 UINABTLL

NA 18 1UN1TYIN9UNAY 108.6 Usasu WSeuisunudnsInN1sinau
5 fusatlag 32 laaleanelunisyingeusingu 5 X 108.6 = 543 UIMsa2lu

S nsldauduyu = 94,125/(875 - 543)

= 28351 Hluased

= 300 4hlassied
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1. mMsvenuuukarnsa A fuinaurLuunUsEgsrutethdusuy 1¢
sanuuvaUnsaidmsunulinavrnlifidnwazuuulindu SUsuinsussginauwanls 200
Alansu fduyuiien 12.8 wns anwnsoonganniiuld 5.8 wes enaswiaeld 7.5 wes Lie
Julnfveenlufuinaur dueseddanunsardeuildlagseusm (360 8een) uaziiuan
e 6 s itewadesnmluvarufoicnuveseienfuinaue

2. vagpuLarUsEliuUsEAvBnmaTeafuinaue nageunsufiRnulaenis
Lﬁ’uﬁﬂmumw‘%L’Jmuﬂwﬂisaizmaﬁwﬁﬂu:wqLLau AABINIENT — UeUa ALATLISLEY B.
funauan upsUgl luseumsifudnaun 1 ass anunsauiuinauenld 131.41 Alandy
Tunsvhauseidesaieufuinauenanansafiudnauranld 5036.56 Alandu/dalus vee
UFtRnumnuiEiseuiniessusiogutis 900 - 1500 seU/uil wardisnansaudos

\WoLnaegi 3.55 ans/Tala
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36y FUANAIANA warAy .2535. 13aMAARNAUYI (Water Hyacinth Harvester)

]
1A

e http://www.kmutt.ac.th/rippc/mast_43.htm, 12 wguniau 2554.

15u1.2547. MsuaANSzATEIINgUBLAENAUYN udeiaN -
http://www.school.net.th/library/webcontest2003/100team/dlbs085/interEx/in
formate/paktob/eradicat.htm, 10 wgwA1AL 2554,

5uN3. 2555, SasIANYY uvasiian : http://www.backhoedrent.com/rate.html, 10
FA1AY 2555

51, 2509, msramangunssaansgululne uazanasguiialy (Steel Table)
WA : http://www.tumcivil.com/engfanatic/article _gen.php?article id=
350&hit=1, 17 Ju1Au 2554

(3 Y 3

Useyn Lieyge Wag auium Liiyas. 2537, NMSIZUINYRIRNAUYIN IUIRNTIUaNLN

WINTEEN, U174 — 183. Tu n15Use v N TIvRvwiand 9 - 11 werdniey,
VBULAU.

Uslund nvganln, 53t Gunsents, 1@0g3535 3nninana waz uAns UseyuTad. 2554,
InludeAuundag Solid Works Simulation. @ iniium &.8.91., NFUNNI.

WasyR Yaul, 2538 13UIU war UsENou 1IRnnd. 2555. $1891UNTITENITINKUY
LASDINAFBUNISINGYBIATUEAUAYLUUED 9919018 TALSIN ST AN LEND.
73 v,

2
a 6

WITE LWH0901NNIA. 2540, TNBANENS. d1inRNNTUTLD, NFUNN.

Y

A Aaimsisiamg. 2539, nqullasea’ne. MadyieanssuraUsenIy AneIAINIIUmEns

UANMINGIRENYATAERS NUNILEY, UATUTY.
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SUYS.

[NE DInNTal Lag Wy aUReIU. 2522, ATENLUULASENINTNA LAy 1.
U3 Tdagiatu 110, nganne,

aseund gned. 2534, nMsAnwUsEansamveslidinauyiauTul seRn NN
yugunEunsUdatunaas. IneinusUsaygily, aandumalulagnszreung
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awien Aty 2502, wesaildiinluuszmelne. suFuninsufueuiudeds, ngamwe,

dilnduasunazarevennalulad. 2543, aadnnalulad Technology List ﬁﬁwawmu
WIANYINN: http://www.clinictech.most.go.th/techlist/0214/agriculture/00000
163.ntml,12 wun1Au 2554.
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ASaALNAAL

SHEET1 OF 1

SCALE:120

Unit. : mm

WEIGHT.
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ATWUINT V1 AnsanTFRvesian AISI 1020

Tensile Poisson’s Mass Elastic
Material Type Yield Stress
Strength Ratio Density Modulus
(MPa) (MPa) (kg/m3) (GPa)
Steel AISI
420.507 0.29 351.571 7,900 200
1020

fan - (waded 2552)

M13WUINT V2 AasanUFRvesTawuale

31819 318aLBYn
fvia SUMITOMO
U LS - 1400
TR ISUZU Ju C330 ,4 gu ,ANN3N3EUDNEU 3,300 CC
fdaa3oseud 80 hp
Julgnsedn KAYABA dowty Gear pump ,max pressure 24.5 MPa
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)
MINND. 4

Channek

(TIS 1227 : 1996/ JIS G3192 : 1990)

(Grade SM400, SM490, SM520, $5400, $5490 or §8540)

Moment of Inegtia I = Ax’

X Radas of Gyration 1 = E

Muduus of Section z = £

¢

A = Sertional Agea
Dimenzice Sectional | Weight | Moment of Inertia | Radiuz of Gyration | Modulus of Section
fmm) Area (keg/m) (cm‘) {em) (cm’)

HxE t1 1 rl r] (em) I Iy - ry Ix Iy
$ %23 § f [ 3 402 3.36 16.8 249 133 0.71 6.73 143
75 x40 § 7 H 4 5.813 6.92 75.3 12.2 2.92 1.17 20.1 447
100 30 § 73 H 4 11.92 436 lﬂ 26 397 1.43 37.6 7.52
125 % 63 ] 3 H 4 17.11 134 424 61.3 493 19 67.3 134
150% 73 5.5 10 10 § 23.71 13.6 361 117 6.03 2.22 113 224
150% 73 Ll 12.5 13 7.5 30.59 24 1050 147 .86 2.14 140 28.3
130 % 73 7 10.§ 11 5.3 272 214 1380 131 7.12 2.19 153 24.3
200% 30 75 11 12 ] 31.33 246 1,950 168 7.8 2.32 193 291
200 x 80 3 13.3 14 7 38.63 30.3 2.490 277 3.02 2.68 244 442
2505 90 4 13 14 7 44.07 34.6 4130 204 9.74 2.58 334 445
11 14.5 17 3.5 51.17 402 4,630 320 9,56 2.54 374 499
L] 13 14 7 4_845? 33.1 5.440 308 11.§ 2.52 420 457
30090 10 155 19 55 55.74 438 7410 360 115 2.54 494 541
12 15 19 95 619 43.6 7.870 37 11.3 2.43 523 564
230 5 100 10.§ 16 13 L] 69.39 §4.5 14500 533 14.§ 2.78 763 70.5
13 20 24 12 33.71 67.3 17.600 [33] 14.3 2.76 426 37.3

AMWRUINT V1 MI51MENTIUT (Channls)

fan : A5uny (2549)
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Light Channels

| (TIS 1228 : 2006 / JIS G3192 : 1990)

87

A WANTIY (Light Channels) (hum dnTasserfagainssaiugiliu
o™ mnzdmivaulasahnnadn
2allt Moment of Inertia I = e
Radius of Gyration T = %
907 Modulus of Section z = L
8% A = Se:::mai Area
Dimensios Thickn | Sectional Distance from CG. Moment of Inertia Radius of Gyration Modulus of Section Shear Distance
Area Weight A .
(mm) (mm) ! (em) {cm ) (cm) (em) (cm)
(em )
H A B t A (kg/m) Cx Cy Ix Iy rx Ty Ix Zy Sx Sy
30 | 30 1.6 1.836 14 0 0.82 10.30 1.64 237 0.95 345 0.75 1.80 0
o 30 | 30 23 2.586 203 0 0.86 14.20 2.27 234 0.94 amn 1.06 1.80 0
80 | 40 | 4 23 3.506 275 0 111 24.90 5.56 3.16 1.26 8.73 1.92 240 0
40 | 40 23 3.966 3.11 0 0.99 58.90 5.96 385 123 11.80 1.98 2.20 0
4 | 40 32 5423 4.26 0 103 78.60 7.99 381 121 15.70 2.69 2.20 0
i 50 | 50 23 4426 347 0 136 69.90 11.10 397 158 14.00 3.04 3.10 0
50 | 50 32 6.063 4.76 0 140 93.60 14.90 3.93 157 18.70 4.15 3.10 0
120 | 40 | 40 32 6.063 4.76 0 0.94 122.00 8.43 448 118 20.30 275 2.10 0
50 | 50 23 5.576 436 0 110 181.00 12.50 5.69 1.50 24.10 3.20 2.60 0
50 | 50 32 7.663 6.02 0 114 244.00 16.90 5.64 148 32.50 437 2.60 0
50 | s0 4.5 10.58 831 0 120 329.00 22.60 5.58 147 43.90 5.99 2.60 0
i 75| 75 4.0 1147 9.00 0 2.06 404.00 64.20 5.93 236 53.90 11.80 4.60 0
9501195 45 12.83 10.10 0 208 443.00 71.40 591 236 59.80 13.20 4.60 0
75| 75 6.0 16.82 13.20 0 215 573.00 91.90 5.84 234 76.40 17.20 4.60 0
M9 0. 13 (A0 Light Channels | (11S1228:2000/118 G3192:1990) |
Dimensios Thickn | Sectional Distance from CG. Moment of Inertia Radius of Gyration Modulus of Section Shear Distance
Area ‘Weight A 4
(mm) (mm) ] (cm) (em ) (cm) (cm') (cm)
(em)
H A B t A (kg/m) Cx C'y Ix Iy rx ry Zx Zy Sx Sy
50 | 50 32 9.263 7.27 0 0.97 490 18.2 7.28 1.40 49.00 4.51 30 0
200 =32 30 4.0 1147 9.00 0 1.00 600 7.23 1.39 60.00 5.55 0
50 50 45 12.83 10.10 0 1.03 666 7.20 1.38 66.60 6.19 0
75 | 75 6.0 19.82 15.60 0 1.87 1130 101.0 7.56 2.25 113.00 17.90 4.10 0
50 | s0 | 40 1347 10.60 0 0.88 1050 23.3 8.81 1.32 83.70 5.66 2.00 0
250 | so 50 45 15.08 11.80 0 0.91 1160 25.9 8.78 1.31 93.00 6.31 2.00 0
75 | 75 6.0 22.82 17.90 0 1.66 1940 107.0 9.23 2.17 155.00 18.40 3.70 0

a
ATWNUINT V2

MSNMANTINU (light channels)

fa : A5uny (2549)
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UIMUNANAUYIT (Alansy)

O 00 ~N O U1 A~ W DN

—
(@]

82
79
107
100
95
110
101
73
116
117

LAY
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4

AUl Uniin (Alansu)
1 111
2 106
3 97
q 158
5 145
6 93
7 135
8 155
9 96
10 168
11 128
12 148
13 163
14 142
15 137
16 98
17 108
18 158
19 126
20 156

\de 131.4
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ASHUING A3 HANITNAFBUNITINIUTBUNTLAUNARUYITLWLIAT 10 w9l way 1 Falug

a1 (u) SruauASs
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
AaAe 6.35
60 38
60 39
60 38
ALaAe 38.33

N N 00 N O NNy IOy 00NN OOy O

(@)




ANSIEUINTA AG HANITNAADUINSINNSAULUADWTDWAS Tuan 5 Wil

A10UN A135258U (rpm) 1381 (min) Sasnsldingu (my)
1 1500 5 520
2 1500 5 460
3 1500 5 450
4 1500 5 412
5 1500 5 420

\ade 1500 5 452.40
1 1300 5 360
2 1300 5 306
3 1300 5 302
4 1300 5 302
5 1300 5 306

\ady 1300 5 315.36
1 1100 5 245
2 1100 5 254
3 1100 5 245
4 1100 5 228
5 1100 5 236

\ady 1100 5 241.50
1 900 5 170
2 900 5 162
3 900 5 187
a 900 5 187
5 900 5 170

\ade 900 5 175.10
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Design of Water Hyacinth Collecting Machine

-

I R S ey
Angte Awadau’ 1szidigang Anfoed’ way Aodnwnl Ugaiml

Chatchai Tippayarat', Prasertsak Pukdeewong' and Siwalak Pathaveerat'

unAnga

mssenuuLFteniuinaLem azeenuus Bieteslemumnzaniunafudnauanion
Mﬁ’\ﬂi:l@li:u’md”\ Snlszneudandaudndty Ae z\'quﬁqm‘i}mum:jw dautnAuinutindiudnauee
douguguasinwinfiduuanliitutndy Ll.ﬂ:d’:‘u‘i}ﬂﬁyﬂﬁu’i:ﬁﬁwﬁ’ﬁ‘ﬁLﬁ“ﬁ‘umﬁﬂﬁumlﬁﬁuj’luuﬂ.‘:
Frtenzinny lunssenuuudteafiudnaanasiniamsenuusuasai s e o
Telsunaw Solid Works ite3inaziipmuudaussdon i usfiediunsflu Solid Works Simulation #nitlFann
mapmsianuuiaue astintssneunmsianennahasleniudnuneunsaislfmuuy 7
WAL NIUATANMNNTNG UYL 8 M UAZ 2 m MINAIRL AINEAIIE WieainiL 3 m 0
AWYNE? 12.8 m mmmﬁnﬁuguqmmLmzﬁ‘i'ﬁqmﬁﬁﬁ'u 5.8 Waz 7.5 m AMNAIAL UnAviipamning
1.4 m dlenteeen uaziipamuena 1.6 m ansasutiwtindnausalgafsas 200 kg

Ad@Aty : Fiudnauaen, Undy, Auys, I lusiefuws

ABSTRACT

A design of the water hyacinth collecting machine was appropriately designed for collect the
water hyacinth at front water gate area. The machine comprises the machine base, main body, arm
boom, grapple and the stabilizing branch. The Finite Element Analysis in Solid Works Simulation
(Solid Work) was used to analyze the strength of designed machine model. All of parameters from the
analyzing were considered in the water hyacinth collecting machine prototype fabrication. Result
founds the length, width and height of Prototype should be 8 m, 2 m and 3 m respectively. The length
of the back hoe boom should be 12.8 m that can lift up the top and bottom 5.8 mand 7.5 m
respectively. The proper dimensions of grapple are 1.4 m in wide and 1.6 m in long for carry the 200
kg of Hyacinth

Key Words: water hyacinth harvester, Grapples, Boom, Finite Element Analysis

e-mail address: chatchai.tip@gmail.com

"MPATTAFAINTININEAT AUAANIINANERT AIUANLAL NN ABLNEAIAART ANENTAATUNILAL
wATUN 73140
'Department of Agricultural Engineering, Faculty of Engineering at Kamphaengsaen, Kasetsart

University Kamphaengsae Campus, Nakhonpathom 73140
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Solid works Taan sinuuantssiiudruuaAaziufiesiu anmsaua v uiuasuAaziudan wun
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(3) Strain wax (4) Factor of Safety
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Auyaviaud 1 Wafunnsy 48,000 N AlanaAuya JA7 Stress 1 namviniy 3.054X10° N/m”
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MW 4 : msdaszianaudausesdyanaui 2 dssnaudieanisiiaszian (1) Stress,

(2) Displacement, (3) Strain wa¥ (4) Factor of Safety
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M 5 @ M Nk eIAuNYiEuR 3 Usznaufeanisiiaszian (1) Stress,

(2) Displacement, (3) Strain wax (4) Factor of Safety
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gpA1dil iWeFuniss 35,000 N Ailaadyx A Stress wngaminiu 1.815X10° Nim” lisaga
winriu 69,337.8 N/m”, A1 Strain a1naaWNL 0.0006 tiaagawini 1.824X10°, A1 Displacement

0.0001 mm wazA" Factor of Safety Wini 1.9 Aannii 6

NNA 6 1 MIAATIEIA NRENIITETAAEU Usznaufieansiaseiial (1) Stress, (2) Displacement,

(3) Strain wa (4) Factor of Safety
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Performance Test of Water Hyacinth Collecting Machine at Floodgate
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Abstract

The purpose of this research is to test the efficiency of the floodgate water hyacinth collecting
machine. This prototype has a simple function which consists of grapple, boom set, main body and
stabilizing branch. The grapple will collect the water hyacinth around floodgate which can move by boom
set. The main body of the machine is located on the riverbank near floodgate. The efficiency on the
Floodgate Water Hyacinth Collecting Machine is calculated by finding the volume of water hyacinth
collecting and fuel consumption rate. The result showed that the machine could collect water hyacinth
about 131.4 kilograms per time and the collecting rate was 5036.56 kilograms per hour. The result of fuel
consumption rate was 3.55 liters per hour.
Keywords: Water hyacinth, Water Hyacinth Collecting Machinery, Volume of water hyacinth, the fuel

consumption rate
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Abstract

This research aims to design a young coconut trimming machine as a pentagonal profile using reciprocating
knife for cutting fiber husk of the fruits. The operation of this machine was consisted of two steps. The first step,
the machine trim at the side of fruit and then the fruits were trimmed at the top in the last step. The
performance test of a young coconut trimming machine with reciprocating knife was found 3.36% for the
untrimmed green area, 0.90% for fruit damage and 6.72% for the fibrous area at 30 rpm rotation of the trimmed
fruit. The trimming capacity of machine was 20.45 fruits per hour and the average time to trim at the side and

the top of the fruits were 1.24 and 1.70 minutes, respectively.

Keywords: Young Coconut, Reciprocating Knife
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Figure 2 A: Reciprocating knife, B: Reciprocating
machine system (1) Knife, (2) Sliding shaft, (3) crank, (4)

swing arm.
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Figure 3 A:Side trimming section, B: Top trimming
section (1) Reciprocating knife, (2) Knife holder, (3) Fruit
holder, (4) Knife moving controller, (5) Top section
holder.
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Figure 4 Trimming coconut fruit (A) Side fruit trimming,

(B) Top fruit trimmimg and (C) Final Product.
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Table 1 Coconut fruit dimension.

Dimension Size (cm)
Height (H) 22.27
Width (D) 17.41
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Table 2 Trimming performance.

Fruit Untrimmed ~ Fibrous  Trimmed
rotation green area area shell area
speed (rpm) (%) (%) (%)
30 2.30 6.72 0.77
50 2,84 13.66 1.14
70 4.94 14.30 0.79
average 3.36 11.56 0.90
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30 rpm tosanifniiuiideutiongn wazdunaluusday
FunsunisUenildennaugninday Womuszansnm

Tumshanuvesaissuandly Table 3

Table 3 Average capacity of coconut trimming
machine.
Time consume
Parameter
(min/fruit)
Side Fruit trimming 1.24
Top fruit trimming 1.70
Total 2,93
Capacity/hour 20.45 fruits
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22 Abstract

n It is difficult for opening a durian fruit as it has high weight, thick husk and thornny on a surface of fruits.
26 Although the husk of fruits will be split by maturation but it is not favored by consumers due to soft pulp and
25 strong smell. Therefore, the durian opening while the fruit is mature must be skill labour and take a long time. In
2 order to eliminate these problems, the researcher has designed a durian opener that can open the fruit for
27 mature fruit consumption. The operation of durain fruit opener was separated into two steps. The first step, the
25 fruit was pushed to contact the opener mechanism with hydraulic jack to lift the fruit until the fruit lobes were
20 splited . The second step, the opener mechanism was used to open the fruit. The performance of durain fruit
10 opener showed 100% of opening at percentage of dry weight (%DW) more than 32% at medium ripening stage
a1 and take 47.25 seconds per fruit extude t the time to remove flesh from the fruit.
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Parameter Data
Height 19~ 251cm
Width 19.8 - 28.5 cm
weight 2.81 - 5.17 kg
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