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KRIDSADA SAISANG : DEVELOPMENT OF MACHINE FOR
PRODUCTION OF ROOFING MATERIALS FROM LALANG.
THESIS ADVISOR : ASST. PROF. KRAWEE TREEAMNUK,

D.Eng., 153 PP.

LALANG/GRASS ROOFING MATERIAL/SEMI-AUTOMATIC MACHINE

The aim of this thesis was to develop the semi-automatic lalang roofing material
making machine and evaluate its performance and quality of finished products. The
prototype is a semi-automatic operation started by feed the grass on tray of the machine.
After that, mechanism powered by pneumatic actuators are folded the Grass sheet and
move them to sew by the electric sewing. Finally, the folded grass is sewn with the
wood stick. A grass weights (0.6 kg, 0.8 kg and 1.0 kg) per panel and gaps of electric
sewing presser foot (gap 0 mm and 6 mm of sewing presser foot) and the speed of the
electric motor to push the tray around 20 - 25 rpm were varied to test the operation of
prototype. The results show that the 0.8 kg per panel of grass and gap 6 mm of sewing
presser foot is the appropriate condition of the prototype to produces the quality grass
panel, which can protect the heat from the sun by about 8.73°C and the energy
consumption is in range of 6 - 9 Wh per panel of grass. Increasing the weight of the
grass in the production will increase the production time of prototype too. Field roof
testing of grass roofing material show that the roof can resist the shower water leaking
when the gap between panel rim and the slope angle of roof are not less than 15 cm and
17.35 degrees respectively. Weight of 1 kg per panel of grass gives a higher sun light
protection and it can reduce 10.85°C of temperature between the faces of roof. The

continuous production test of 40 panels with a weight of 1.0 kg per panel (grass weight



is similar to the grass roofing from market) using gap 6 mm of sewing presser foot
found that the average energy consumption, capacity and efficiency are 205 Wh per hr.,
14 panel per hr. and 85%, respectively. The engineering economics analysis show that
the price of the machine was 93,320 baht and the profit in the production of the grass
roofing was at 8 baht per panel. The breakeven point of this prototype are 2,580 panel

per year when operate at 11 Months of working time.
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de v, =1Swaun 1y (liters/s)
L =%NFNUINIZVONGU (m)

t =nanld (s)

2.53  nalp X Lift (Scissor Lift)
. A A A [ A A [
na'ln x lift viSona lnUINIs 103 U¥BITINMUSANULUDINEN NN D UMD X
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Gear 1 (driver)
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—~
/'8 Pressure angle
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Specific energy consumption = (3.3)
Number of total product

J d
39  msunnzitazlssfunamaAsugman3iainssy
Ia A o 14 ’q Y o 9 a
ATEFMAAIIAINTTN Ao MsduouAsHmMaasu1lszgna lFnuOUAIUIAINT TN
e liansnldnsnensiiegnuauisinssuedalsendanso 14 lded1elidszansam
4 9 A o a 4 [ dy
(Inyad uduiou, 2546) 15191MMs AT HHAATIL
a v Y1 o a
391 wamsisziumlsnelumsduiiums
aldaelumsiauveunsos duawldandunuaai (Fixed cost : FC)
uazAuNUUSHY (Variable cost : VC)
v ¥

A . = 1 91 Aa X a o 9
AUNUMIIN (Fixed cost: FC) Ao ﬂ'IGI,G]F‘I]']EWll,ﬂﬂﬂJuVIQWNQGLUﬂTﬁWﬁ@G]UWﬂJWﬂ'I

fodl asamua ldauaunsn (3.4)
AC=FC 4+ VC (3.4)

A A T q Y g
Tash  AC fim ml¥9enariua

C A A a— (Pr—S)

ANFONIIN (AN1ABITAIY)  De = —F (3.5)
LT

o (Pr+s)

anaeTomalumsasnu R=—-Xji (3.6)
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A ti’ G 9y A a o [ 9
Tasf  Pr = 91MT0HIOA3 NIATOIHAA TAQYINAIAININKAIAT (LIN)
LT = 01gms 1991u1n509 ~ 107
S = 1IMINATEUNBATY 10 Y = 0.1%P (11M)
De = andeusaal (wnAal)
R =andslomalunmsanual (wmal)
3 dy L=
I =oasaenlonsil

Aunuualsiu (Variable cost: VC) amnsamuia ldamannshn 3.7)

VC = miansaanu (wWe) + sl (EC) + Anhgesnm (Mo) (3.7)
Y
392  QAANNY
v A o A4 1 o 1 qur ¥ = QA Ay 14
9ANNY Ao szAVVBIEAVIBTIINUA G 18N IMLe FanAeYaT liling

M lsnSevianuiiues yadunuupuAIBINan Taqyenasn1Inwg 1A sad I 1da

q q

aumsh (3.8)

Z
Il

(3.8)
p—vV

d' * a d' Y =
Tagh N =15mamanngagununen

v =aunuuilsduaeniiog
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9 v v 9 i

minuyam lumsasunarua Tnsansladifiszeznaiaausdugaiiniiudoinisgs
A o A AA a A 9 = Aa 9 I
iwesnnasathdunaunulilasmulufsmsoun la sseznadunuidenldaziluuny
ax A ' . . X Y ada 1 A
TBITELAUNUUV VY (simple payback period) ¥9111UITAAINIE) TAgTZELIAAUNUAINITD

A ldauaumsn (3.9)
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Pr
PBP = — 3.9

Pe =R —AC (3.10)

Tagii  PBP = szeznanlumsaunu @)
pr =mldelumsatianios @m)
Pe =mls (wmAal)
R =50l1d WAl

AC = lgmenanua WInAal)
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0.009
0.008 7

0.007

0.006

%

0.005

0.004

0.003

0.002

Electric power consumption (kWh)

0.001

LT,

AL LY

[ 0.6 kg, no gap [#4 0.6 kg, with gap
77 0.8 kg, no gap F 0.8 kg, with gap

1.0 kg, with gap
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i v Y
A9 4.1 Nﬁﬂ'lﬁﬂﬂﬁ’é]ﬂﬂ'lﬁi’)@ﬂﬂl@\iu'mu

Weight of
grass roofing Leak Description

per panel

1. The roof incline 10.5 degrees from horizontal

Gap between panel is 20 cm

0.6 kg Yes  Many water leaks. Flow is continuous.

0.8 kg Yes  Many water leaks. Drip continuously flowing very fast.

1.0 kg Yes  Many water leaks. Water leak a drop, but slower than the 0.8 kg
weight.

Market Yes  Less water leak.

Gap between panel is 15 cm

0.6 kg Yes  Many water leaks. Drip continuously flowing very fast.
0.8 kg Yes  Many water leaks. Drip continuously flowing.

1.0 kg Yes  Water leakage 2 points. Drip continuously flowing.
Market No

2.The roof incline 17.35 degrees from horizontal

Gap between panel is 15 cm

0.6 kg Yes Less water leak. Drip infrequently
0.8 kg No
1.0 kg No

Market No
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HAATEANINAIANINHANANMINATOUUMITNUTIUBINNAT 0.6 kg
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13nduiimsiduiagl X X X X X X X X 80
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3. laesunanud Tuauysal X 10
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s.gu lidu5e 0
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7. lfngaanyaduy X 10
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WAIINHANAINMSNAFO UM IUBINEIAT 0.6 kg AUALUDFA

Aq ¥ ¥ o 9 v
a1y L?ﬁ?“l/lclflf umuﬂ”lu NWANTU

AunaN (s) (kg) Ilihid 1% MoTUY

(kWh)

1 198.51 0.21 0.0058

2 241.89 0.19 0.0067

3 - - - foviiu1d 30 udmng

4 192.21 0.23 0.0050

5 221.53 0.19 0.0063

6 212.15 0.22 0.0060

7 215.41 0.19 0.0061

8 211.66 0.14 0.0049

9 - - - livigannyaivda

10 209.52 0.19 0.0056
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WAIINHANAINMINAFo UM INGNAT 0.6 kg AUALUDN

S naild dhminld g
e (s) (kg) Iihiils MosuY
(kWh)
1 248.38 0.18 0.0072
2 - - - foviaduIdlszunss 40 wu.
3 227.23 0.18 0.0067
4 218.82 0.17 0.0066
5 221.92 0.22 0.0069
6 224.02 0.22 0.0068
7 232.50 - 0.0070 18 nadiunegaduliduia
8 198.19 0.18 0.0064
9 199.83 0.24 0.0063

10 193.64 0.16 0.0055
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9

' v
WAIMINMEIAINMINAdo UM INEIAT 0.8 kg AUALUDFA

&5

S naild dhminld g
e (s) (kg) Iihiils MosuY
(kWh)
1 243 .44 0.24 0.0088
2 253.60 0.17 0.0090
3 242 .46 0.23 0.0085
4 219.42 - 0.0075 tunaqeudiu lai'le
5 242 .96 0.18 0.0085
6 - - - seviady 1d sz 50 wuRmng
7 221.76 0.17 0.0076
8 - L - feviaiy 1d sz 3 wudmng
9 239.63 0.17 0.0082
10 242.43 0.2 0.0083
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9

H Y ]
WAIINHNAINMINAdo UM INGNAT 0.8 kg AUALUDNI

S naild dhminld g
e (s) (kg) Iihiils MosuY
(kWh)
1 266.75 0.22 0.0085
2 245.69 0.15 0.0080
3 242.05 0.19 0.0075
4 240.42 0.15 0.0073
5 212.32 - 0.0067 Uiy 1y ld
6 241.53 0.2 0.0078
7 229.04 0.17 0.0071
8 221.51 0.2 0.0069
9 243.97 0.19 0.0077
10 - - ; gevia 1iu 1 szanes 20 .
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ATWHUINT 1,10 HANTNATOUHAAALH Y IMOIAT 099N N0 TuNAT T URAA Teraia

9

H Y ]
WAIINHENIAINMINAdoUIMINUEIURINENAT 1.0 kg AUALUDNI

e nanly  dwminld waanu
e (s) (kg) Tl MosuY
(kWh)
= 1 I W Y
1 259.33 - 0.0085 Hursanudu lu'lé
2 233.46 021 0.0070
3 239.78 0.22 0.0069
4 - - - Meaa
5 261.26 0.19 0.0091
< 1o &
6 - - - wu'ludusa
7 215.09 021 0.0068
8 261.07 0.14 0.0087
9 23231 0.19 0.0075
10 249.17 0.16 0.0079
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NG GRE
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R fMoTUY
(HINN1) (°C) (°C) (W/m"2)
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11.00 37.4 44.4 140 wanfaaaeiag
12.00 46.8 65.4 1060
13.00 48.6 70.7 1042
14.00 38.7 41.6 08 wanfasering
15.00 42.5 52.5 840
16.00 39.1 45.1 791
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Wntinudsveanain 1.0 kg

nan gaurgiamly  gamgiisuuen  Anudunes o
) Modue
(WInn1) (°C) (°C) (W/m”2)

8.00 27.3 30.1 679

9.00 32.8 423 907

10.00 37.6 50.7 991

11.00 4.9 64.3 1020

12.00 442 60.4 1019

13.00 435 58.5 1000

14.00 43 56.4 918
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) Modue
(WInn1) (°C) (°C) (W/m”2)

8.00 25.8 28.5 792
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12.00 40.7 513 929

13.00 36.8 45.7 1034

14.00 43.7 59.2 1009

15.00 42 50.2 944

16.00 39.3 42.1 777

17.00 33.5 31 27 21T UILAILAR




92

1 v 4
MINHUING 0.15 Wﬁﬂ'lﬁ‘ﬂﬂﬁf’)‘ﬂﬂ']iﬂf’)\iﬂuﬂ'ﬁi?@uﬂl@\iuwju

Uszimuosdunghn  wa

MOTUIINA

L.NATBUHAINUDES 10.5 DIA

MAUNNATNIN 20 0.

¥ o < < 3 <3
111N 0.6 AN §1 Swmanegann i nadluae
3w $ $ ¢ < A g
111N 0.8 AN 57 Swmaega i Inadluneaaeiiiouiun
2 @ o o y 4 I 1 v 3 o
111N 1.0 AA. 57 Swaege 5 lvaduneauadininimin 0.8 nn.
Wosnaa 7 manega
TNAUNRNAKH NN 15 %1,
¥ o 3 3 3 < A g
111N 0.6 AA. 57 Swmanggaun i lnailureaneiiiouiaun
? o d 3 4 < v A
111N 0.8 AN 51 Swmaega i Inailuneaaeiiles
? o d 3 ¥4 = A
111N 1.0 AA. 51 §1290 05 Inadluveaneiio
9 %
Nonain 5

2. NATOUHAUDHY 17.35 DIA

(Y 9 1 @
TNAUNYINUNOU 15 FU.

Y v
UMD 0.6 NN. 57
H o 13
1niin 0.8 An. 145
H o 1O
1min 1.0 nn. 115

9 ™
N9I9a19 115

o Y v

FareaN1n WireauIua A3




93

MINHUINT 0.16 AN TUTLIUAUNNUDIAUNENNHAAAIEIATDIINI NIOA TUIAT MY

4 ' 4 Bo’ o
Waﬁ')ﬁﬂl!x‘lﬂﬁ\iﬂ"l%Tﬂﬁiﬁ)']ﬂ']ﬁﬂ"lﬁﬂﬂﬁﬂ‘Uﬂ"lﬁWﬁﬂllﬂﬂﬁﬂlﬁ@\?u']ﬁumlﬁ}ﬁ

9 a A 1
VDIHTIAT 1.0 kg AUNLDDNIN

o w

fau/
A
qouluns

a J
AUNTICH

1. %29

Yy A
AUUNTT

g a
IUAN

31

2. U
WUV
9
NI

=
1983

3.10a1w 4015
MIdy NIz
Tai @1 laj

auyse  auuaue

s gl

o a3
a3

6. M

U1

10
11
12
13
14
15
16
17
18
19
20




94

d' 1 a (X 9 d‘ a 9 d‘ Y é Y BV
AT NHUINN N.16 (91D) WﬁﬂﬁﬂﬁzmuﬂﬂmWWﬂlﬂﬁﬁUTTﬂJUWWWﬁﬂﬂ’JfJLﬂi@Q%ﬂiﬂQEJGIIHJJG]

[

MSUNAATAAIEHAINININHANANNMINATOUMIHAALLUADIHDA

@

Y 9/ a oA 1
AUTIVOINYIAT 1.0 kg AUNLUUH N

A/
A
qouluns

a 4
AUNTICH

2uur 3iae 4 ms saeuly edw 7l

@ < o <
NUUDN N3 N3ITY 39 U1a o

AGE i a'laj

Boe  auysel  aduaue T

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

40

ST B B

2.5 2.5 10 5 7.5 2.5




MNANUIN Y

MI98NINTITAIU I



96

[ Y] a a Jd
1 ﬂ151"i16111»!1ﬂ!!ﬁ$ﬂﬂi1ﬂ1§1%ﬁ3~li’)ﬂﬂlﬂﬂﬂi%ﬂﬂﬂg‘ﬂuﬁ!!&lﬂﬂﬁ

@ ] o a a o
l¥aedumsmuiumvmanszuesnguiuuand laglddoyaniniade 3.1.2 wams
NATOUN1T 1Y Motion Study ¥eena Inmswustenamuuuunu il 151 1dused1Flunsiy

119U 1,200 N AIUAUANOA 6 bar (1 bar 11191 100,000 Pa)

T 2
1,200 = —D" x 600,000

4

D = 0.051 m

9
v v

wiwdenl¥nszuenguiinuuAnduuia 0.063 m = 63 mm

a a A o o o @
inﬂ‘lJL!”IﬂﬂﬁgUﬂﬂQUHULLN@ﬂﬁﬁﬂTH’quﬁ ﬁ]gﬂﬂuTﬂJWﬂWH’JmﬁT@@iTﬂTii%ﬁNIﬂEJ
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) ] Y
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T >
— D”Lx1000
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—x0.063“ x0.156 x 1000

— 4
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Va = 0.486 liter/s
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H [ 3
1Wasuruen liter/ s 11U liter/min

Va = 0.486 liter/s x = 29.16liter/min

1 min

Y
LY a

a J o v o
auiunszuenguiuudandnalnnmswusiengmuuuunu lilisasinsldauda

91101 29.16 liters/min

d
2 ﬂ1§ﬂ1mu1ﬂmaﬂmalﬂ@§l’!wﬁ1
T¥dred1anisiunamymanemes 1 Tagldvoyasiniade 3.1.2 wan1s
nAgoUN1T 1% Motion Study ¥oana lnnisideuniasiena 151 1dusedan 1 lunsminy

- < 1
MY 1,000 N-mm UANNIGITOU 4.77 SOUAD 7.82

B 477991  60s
ANWLIITOU N = X = 36.59 rpm
7.82s 1 min
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2T TtN
UNN \ah i
i 60

N

=

27 x1 x36.59
P =————
¢ 60

P = 3.83 watt
m

Y
LY

= A ¥y s Y o A ¥
IS5 a0N 1FUDABTVUIA 50 watt Lmu"lmmslumimamLmaaﬂh

¢ 2
DADSVUIA 60 watt LNUINIISHIFD 19y
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3.1 iszansmmimswan
¥edumsmuranmlszanimmmswaalaglduannaisenuani nie
Taglumsndandungh 40 1 i I&dunahauysal 15 &0 Funghitamnsandludeiiond
nduanlF1d 19 6y naz duwvdhit icnusoudludeile 18 6 du Tasdunghiiamiiy

15+19 = 34 A1

Number of Good product

Efficiency = x 100
Number of total product
34
Efficiency = — x 100
40

Efficiency = 85%

3.2 mmmaﬂumaﬁnm
GI,GI?IGT’JE]EI'NfﬂiﬁTL!3mﬁ1ﬂ’Nll’cﬂ'ﬁﬂGluﬂTiﬁN1uﬂl®ﬂlﬂ%@ﬁ%ﬂi@9}lullﬂﬂiﬂﬂ
v 9 a o 9 ' A Y a o 9 @ 1w
13U 4.2 ﬂﬁTI@‘Iﬁ'EJ“]JNEWIG]‘]J'Hi‘lJuH!,‘]J“]JGIﬂlu@ﬁiﬂﬂl‘iﬂ‘]ﬂ’m11Uﬂ1iwa@ﬁﬂ°ﬂﬂ1ﬂ 40 A1 NINY 2

¥ 109 41 W9 10 1N (2.686 53 139)

Number of product

Capacity =
Time (hour)

40
Capacity = —— = 14.89 panel/hr.
2.686

v '
muum’%’eNﬁ]ﬂié’fmmuﬁmmmmiumaﬁnmmmu 14 a U/,
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33 anudwasanasny
14od1amsmuIumsansihaunniade 4.2 nisnadeunandunan

puuaetiiodTass ldndsanu I lunswaadunah 40 du 11100 0.5513 kW-h

Total energy (kW *h)

Specific energy consumption =

Number of total product
0.5513
Specificenergy consumption = ——— = 0.0137 kWh / panel
40

s
Y

Y
quummﬁmﬂﬁmwawmmmu 0.0137 kW-h/a1l
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4.1 wamsdszmiumlyaelumsauiiums
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o 4 A A a Y =
mviual FIAUATDIUATOINAAITAINVAIAIIINH YA (P) ¥5101 93,320

U A A A a” A A A A @ dy a Y1
UM MﬁﬂT%TﬂLﬂi@ﬁM@LN@ﬁuﬁ:ﬂﬂﬂ 10 A3LYAD 10% UDITIAUATDY ﬂﬂﬁ1ﬂﬂﬂmﬂl\‘luq¢lﬂﬂ

N 7% 91 (FUIA150BNEY, 2560)

a5 1.1 mldnelumsaiiuns eandaiagyarainanygia

510M5iea IR
1. woino3 1 60 W24 v 3,000
2. PLC Mitsubishi §1 FX3S30MTDSS 6,500
3. nszuengUilLUANd 14,500
4. SnsBUNsTEARUTU GK26-1A 4,200
5. gnaunu (wieugilnsal) 5,000
6. galoaarznIu 2,400
7. Ty@UpER 1182 4V220-08 DC 24V 5 Ways 2 Positions 2,500
8. gUnsaiaovtAnd 4,500
9. Fotek Proximity Sensor Switches PL-05N $1319 U 5mm NPN 720
10. fusenuazlszne At e 50,000

9 [
iﬂﬂﬂ1ﬁl%}%1ﬂﬂﬂﬂﬂ@]€luﬂ1iﬂ%j1\1!,ﬂ§’t]\1ﬂﬂi 93,320
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4 ! 10
NNATNA VL FINBINATOL = (—)X93,320: 9,332 1N
100

NNFUNT (3.5)

(93,320—9,332)
10

ANTBNTIA (De) = =8,398.811/1)

NFAUNIT (3.6)

VA 93,320 + 8,398.8 7
auaglomalumsaanu (R) = x| —
2 100

=3,560.15 1N

9 v
v

a1 (FC)

Lo
=
pusg
=]
ee
e
Se
=
o=
=
o}
Lo
=)}

8,398.8 +3,560.15

11,958.96 110/l

ﬁ'unuuﬂiﬁu (Variable cost: VC)

A111395N11 (Maintenance) Ramaoiszutaiuas 10 N w200 Fu M
111395 UMIAY 10X 200 = 2,000 V@01

Al (BC) wiaeaz 4.420 1 Au)aea Wi 0.2 winesaTus Tu 13
W91 200 31 anlvlsth (BC) = 0.2 X 4.4 X 8 X 200 = 1,408 1/l

MIasInUTuag 300 11N U 1A

ANMUTINU (WC) = 1 X 300 X 200 = 60,000 V1N/)

NNFUNT (3.7)

(VC)=60,000 + 1,408 + 2,000 = 63,408 v/l
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MINAUNT (3.4)
M1FNENIMUAAC) = AUNUAIN(FC) + AunuualsAu(ve)
= 11,958.96 + 63,408 UM

=75,366.96 ~ 75,367 1N/

v v Y

42 QARNNUVDUNIOINANIAQIHAINDINHAIN

1w 1

Mrualdamdurgaumny 15 uvmaedu Tu 1 ThaTeerieiu 200 Tu T
az 8 ¥11ue Anwansalumsihiumnae 14 Au/hr

9
[ Y

AUATIAI0MU 1R 200 X 8 X 14 = 22,400 v/l
Y ( 9 ' A Y Y J o 9 o
AUNUVDIADHAIAT  (NGUAULFINGIAT, 2561) AUNUABAUNYIAT 1 AL
s10a1a1 3.5 v 1816 2 v sausen luaeu 1.5 vn v lddunuvesduraat 1 du

AU 7 VN

mlsdoniine = 511918 — AuNUUBIAUNENA

= 15-7= 8 11NN

kS Y

WUYAANN VD UATOIHAAIAYIINAININNUTIA IS NITYIN

auns (3.8)
% 11,958.96 o~
wld N = ~2,579.9 @/l

(8—(75,367/22,400))

~ 2,580 A/
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43 szEznMnUNY
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1nf 15915 v1eA DM IAAREAIINIAT D INAATIQUIMAINIINKE 1A

a a

910U 8 meedau 1u 1 19399311911 200 71 Tuaz 8 ¥ 1ue Anua o lumsmaumas
Y

14 @/hr A1 UIAT 09810150 M191U 18 22,400 dU/A] Aariudalis1eld 8 X 22,400 = 179,200

STRL A1)

NFUNIT (3.10)
mls (Pe) = 10 1A Indunaha1 - A ld1enavue
= 179,200 — 75,367 U0/l

= 103,833 1N/

NFAUNIT (3.9)
szoznaunu = mldnelumsadaunies (P /ils (Pe)
= 93,320/ 103,833

=0.898 1l = 11 1hoU
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9 o a o 9 = @ 1 ~
HWINITIAT 93,320 UM Llagﬂ']llﬁch‘!fniWa@]@]ﬂﬂiy’]ﬂi@gﬂﬁ’]ﬂ’] 8 UIN/AY NUNYANNNUBYN

q q

o A a A = A
2,580 @]‘U/ﬂ llﬁ$N3$ﬂ$l3a1ﬂ13ﬂunuﬂgﬂ 11 1ADU



HNARUIN A

(%4

A oy A =
HUULIAIDINIAHUUUNNHHIVH






105

E
£ =
)
f.f" (=] ﬂ =
i , = ' =
”’A‘E‘::.. E 2
7\ - =
, A =
/ >
@
-ﬂ U-Q
&
v d
; 2
=
=
D
B G
<
o)
[l
=
=
(gl
©
&
E G
s} =
- o
G
=

%,
4y
0.1

31HUIn

U




106

_%ch@\ﬂﬁraaiwrw;\w}@ccr@Cv@?v@nnwwrasuwr@zvr@v@rw: €y ﬁcn:vz?m

w800

M= I e

[ 1A 0L|_
[ T
- 11
Ew%oL L w 0g'0 T
ke f———wol | ————
—
i =
1




107

Mﬁﬁcd:‘_v;;_\rr\w&_\grm;\w\rcr@Cw@?w@ﬂn;mmr@_\rmr@gr@v@.@: Y'Y @CPﬁK_Hm




108

Rfﬁcu_dwmgcﬁﬂﬁcm/@?ir@vabj 'Y SvCﬂ:vz_Hm
® 4 4

w90 = W80

W10 ==

w91




109

Rw@w;@Cr@Cw@\Fzﬁr@v@E: 9'¥ S.Cﬁjvz_.rm
® & I

h ._ w08l L
w 0£0 oz
_ [ |




110

MRILLUU] BUPGAMLUNBRIT L8 WULHM[LE
» P




111

LBMALEBLUMELILLUL] BUDRRMLEDBLT 8'Y WULHHMLE
g ¥ F




NNANUHIN N

Ana d
UNAINTUNANNN



d'! d' Y a A q 1 ' =
3181‘]5ﬂ‘]J‘ﬂﬂ'J1Nﬂulﬂﬁ‘]Jﬂ1ﬁﬂWN‘WENﬂE!WﬂHﬁ%T‘i’JNﬁﬂH1

Ay & d' Y a A [ a LY a
ummmwmugﬂzmuﬁlmum‘mwuﬁ!mnmnmmﬁzﬂwm

AOBAI

nOBAI

NOEAI

=~

Aouae, NANS TUBIT, Wy Jed Inenans uaz n5zd AIBIUTIA. (2560). MIANHI
S Yy o A Ay A sa
FanaaesszuveuuiIdlaenuuy lvaneitiosdrsanmesoususa. malszyu
IIMI52AVIIA TAMBEST 391 2. uns: aoniuma lulagnszaoundudigu

' 1
NHITA1ANIZIT INGUVAFUNTIVAGANANA. T211I1TUN 31 WOBAIAN - 1 Uy
2560.

A o v d A o

e, N33 w3e LA LAz MISat AISLIIA. (2562). MaNATELIATEIINS
ﬁqﬁhiuﬁaﬁ1w§uwﬁﬁiﬁ@yawéhﬂ1ﬂ1ﬂwﬁﬁuﬂﬂ.315a15au1ﬂu3ﬁaniiiunyﬂiuﬁa
Uszmalng. aunaudanssuneasuvalszmalng,

ouee, N33 A3ENIIA LazMISMY ATEIMTIA. (2562). 1ATRITNINIEA TR
dmSuraaiagyarainnuaudn. MsUszyudnmsananInInIsnNBATING
ﬂimﬂﬁﬂﬂﬂﬂ%ﬁﬁzo.%aﬁgzﬁNWﬂM%ﬁjﬂiﬁumyﬂﬁuﬁﬂﬂimﬂﬂqﬂﬂ.izﬁiNiﬁﬁ14

- 15 WA 2562.

Ay & ti Y a A [ a [ a
TJTIﬂ”J1N?J‘%EI!ﬂNE‘IJ!!‘]J‘]JTﬂﬂﬂJﬂ“liﬂ‘WNWoluﬂ1‘5%1’15’3‘]11ﬂ1’5§$ﬂﬂ1-!11ﬂ‘mﬂ

Kridsada saisang, Krawee Treeamnuk and Tawarat Treeamnuk. (2018). Desirable Specification

of Vetiver Grass Roofing Making Machine. The Asian Conference on Sustainability,

Energy & the Environment, Kobe, Japan: 8-10 June 2018.



114

o a
mMsfnwBmaassssuvauwistnadenuuulvadeiliasniedninasdunsusa

Experimental Study of Continuous Paddy Drying System by Infrared Heater

naws Junws’, wus Jadlwanaial, nquan @suds’, nsEd A3sussa’, wmaied 3sussa’
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UNANED
aw &o

unAAdsliiiauenisAnwdnsiduudsanassuduny (SEC) uagdnsIN1TouLA (DR)
U - . Ve fa o v - v
vasszuvsuwiiiiUdenuuulvadeilleslasld@nnesdusiisn fruaunisteudridenty
v v v v aa v o Y 02 - o - &
annsadudanuiiddursusalaunign nedsdulidadenindeunilug unssnssusnuuutuu
Uszanm 1 cm seuuviaEvineIBunsnIATLIn 650 W NIRAAIgnIIna1aTednIesaulm ssuuiis
Hausouannissrvnsanuiouduiiuvvesdnnestigliiianisevuwiauuulvanedeswiinena
o & v v 4 & v o
Tnarnafindudnde lumsvaaeu $radeniildluntseuwkaiinnutucudu 17.4 %wb sas1ns
Inavestnaiuden 0.42 kg/min Faagvadeumseuuisnigumgiiluriesinines 100 °C uaz 120 °C
o o ' v o &
Tagldnanluniseuwiia 2.30 hr INMIMARBUABUNUIN N15BULIATA 100 °C @nansnanAutiuYes
d1denla 4.333 %wb HN5IN150 UMY 0.061 Kgyuer /hr WAERSIAUIURBING 11U N
12.226 MJ/Kg,ater WAEMTOULMIT 120 OC @nunInanmutuvesinildenla 5.097 %wb fisns
NTOUUNS 0.071 Kyater /Nr UATENTIAWUABINGINUIUNIE 12.953 MI/KS,ater

v aa

o o 2 4z Y
ﬂg'lﬁ"lﬁﬂ.lv: LATDIDUWMITIFDUNTTA, ﬂWiBULLﬁQLLUUiMﬁGIBLUEN, NSBULARITUUNS

Abstract
This article presents a test of the specific energy consumption (SEC) and drying rate
(DR) of the developed continuous flow paddy drying using an infrared heater. For the higher
radiation mode of heat transfer in drying, the 650 Watts of rod infrared heater was installed in
the center of the vertical eylindrical drying chamber and the paddy was forced to flow from
top to bottom into a form of eylindrical thin-layer with thickness of 1 cm around the heater.
The drying system also uses the vent excess hot air from the heater to assist the continuous

cross flow drying for the increasing of drying performance. In the testing, paddy with the initial
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moisture content of 17.4 %wb were used in this experiment and the paddy flowrate was
specified at 0.42 kg/min. A 100°C and 120°C of the drying temperatures were selected for the
drying time of 2.30 hrs. Testing found that drying the paddy at 100°C could reduce 4.333 %wb
of paddy moisture content and the system gives the drying rate of 0.061 kgyater /hr and specific
energy consumption 12.224 MJ/kgyae: Drying the paddy at 120°C, the moisture content was
reduced in range of 5.097 %wb and the system have 0.071 kg, ate; /hr of drying rate and 12.953

MJ/Kgyater OF specific energy consumption.
Keywords: infrared dryer, continuous flow drying, thin-layer drying

umi
& et v a v do w a
UsanAlveludszmanumsnssuifimsugninuaskdndniiddy  wiuyngiiniaaanse
v o al v o oA v v v o v dag o v
wzUgninuaziiuisndnld 2 ggmandn Aednunluarinuius Fdmifufldiuuenan
gnlfuslaplulssmandiduniviennnisuslanaggndniudumdsesnuazinuiudumdiesn

Sa ' = ' = v - & v - v
mamsmwswu:&ammanmwmﬂsxmm um{]q;wmanmnimaawmammw'lumauJaanwaams

1Y

g d o v o oy ' ) - @ o o _aa ' &

mumawuﬂu{]mamﬂtywadwamaqmmmawmﬂaan mumiu’nﬁmsmaqm‘i*ﬁ‘lumsaﬂmﬂwu
v - | v a v = & o @ v vd oo

astlden wu msmnwisindenmeuauaaddlunisananudusidudesldiunduiunn

. w v, o v v ouw .
uaﬂummmmuquannz'lun"ﬁmnum‘lé' MspuLeIAIBtaULsaNsauvh ldazmnsIE A

& v v o8 vy a v, v W a
Q']LUUWE]ﬂ‘UWﬁN'TU%Q wﬂwmuvgwadni:u‘)umwamqqmﬂﬂma ﬂ'ﬁl‘mﬂiaﬁﬂULLWQLLUUBUW?'\L?V’?

- o - o e - le v oA a a Y w
mnJuWNLaanwuwunau‘hLuaommﬂuswuw Mn’nuiauamawszawsqua wazUsznganasanu

v
o

winnimsidauiou Bnvisdalinnumnzaulunisldnuiuianidanuduliganndndie (@At

uazlasen, 2552)

v oo X 4 v ' ) o o dd '
mMspulsfiensyuIunsanaMuudElnglinisaemausauludianiduiiels
AMiBueenlaeMssEme (auwid, 2560) Tneldanufeuiildsuiduanudouwlivosmssene 1wies
auwidlaevidluvnuusmutsziannisivianuseusswiseaniy  nslvanuieulneniswanuieu

» G g T ) g il o S
(convectiOn) fpgavesNTauwiIlszIAvTAD 1ATBseULILULY nTesauwittuurigBaladiun

Wudu nsfaraaisou (conduction) WuASBIBULTILUY heat-shelf dryeriASesauwiauuugnnas

o oo v

wazNsussidANLSaN (radiation) WuiAGasauLRLuUBUNS NI ATSE M saUH iR TauTuUS

1Y ' a

a & S ) a P o
Sunswsanzailuluietan dwaliluanavenhlulelanduuasinanuiou Jwsilvgamai

a4 u

& o ' ada ' a Y P A ' @, wa a o
ludioYangeningamginia dwalifinneusnvesiageuwithidieady wasdnsauifvendniioe

o

Blndidseiuingauiiinusuus (Glouannec et al, 2002; Nourhene et al, 2009) uBNIINTIA




116

Bursusadilianudeuldedenag  warnssmeanudeuldedaminaue  Aesaine  Usenda

W uLaTanszavalunITauLAS (Vogt, 2007; Chua waz Chou, 2003 ; s1lndnauasdnd, 2553)

Jymveinsainunsssauwininadenuuudunsusaidrfyfe msvitlitndenduda

v v aa v =l | a Y - o aa a &, v v o o &
fussddunsusalauniian Wiiansuatsiues iesmniiddunsusadumaludunss dedini
yilinaslddunsusaevuiafissegruieraglause@nsnimnisinanui Ysenoutunsliddnnes
dursnsauvuwisdiiinnuanunsalunsudssdlaseuiiansgeunn lanunserhunldiunisteudn
& £ \od o o da o a a a
wuuiuuiuunawazkuusailisshsaenudndesidenldlutagiuldidulssansam el
) ' v v w v P av o v o v v - Ve o
Sedvnsdrwlidudatudden uidelifedesnisesnuuuinissauuiidnaldenlaeldsed
a = v - v v W v waa v = o W v
dursusaiinugunisteudnadenlidiunsadudadiuiiddunssalauiniign Tneeduly
drdenindeuiiluunsnsrusnuuutuunseuwriinineidursusauazSussdluuuaintiann

| - ¢ & vo o | - v & ' o 1% v

uwisdnmesifialdumsldSedseuuriadnmaslang 360 aar swdumsldausauannisssuigany
Souduiuvesdnmestisluniseuurauuvaseifisswiinemalraving Medlifeadesyuusunis

sedunsisanuulnideldiuiivdes s1a06n Wetsundgyminiseuuisindenvesnunsnsla
saly

Bmsfnu
gunsain1snaday
U 1 uaniseazidenveeiatUW %qﬂgﬂwsaﬁ‘JuvnsanszuanLLuw‘?ﬂ Tassaineinen
Tave daUsznouse (1) FessuwieduduterinesswinaviedangdnsanszueniuvieYaglavsanszuen
Wirginedeuiu anunsoussydnld 3 Alandu (2) faggunsensae (3) viedenzdnsanseuen (@) vie
Taglansanszueniany; (5) angandes (6) wisBnimasuuudunssnruin 650 nd waz (7) Wnauga

271N"A




117

(a) MuazBunATBID UL (b) AFEIBUUAIIRRIUNTY
] o 2
SUN 1 1A38%9UUM
wanmavinuvsanisteuwis  Wumserdsuseliudrsdasliinanisivavesdnn  faduneu
v v v - a4 v vevd w v ' Y o e v o
MIDUWFBIUTTRI NG aN AW AN UL (1) H1udangunsensae (2) ivimiiinseang
drivdentiluaasterivseninwielanlansinssuanianyg @) Auviedinzdnsanszuen (3) lheg
o 4 0 1 Nea v v o v o v - vas v -
alnaue FareviniiiAevisounis vnziAsaseuwivihe dadenvgldiuanuiou 2 juuuu Ae
& o v I v | o 3 a =
wuuusnidun1ssuausauINNIsWHS dRMNSEUTaUisEInasKULBUNS ISR (6) Tasmse wuufl
asudunsiumnuieunnaudeuruinaugaeiniea (7) iheimAnnmeuenidunszuisammiou
luesdnnasuavorinmaniuanusoumeluviesdnnesavgnsyuieniuguesvieTaglansenszuen
Wiy WhgieseuwiiazgnsueTunGuuNmunRiuianensivavesitden  way
P - 07 o o Y o a a o v o a v - a
druddenluisseuwinsgnimundnsinisivalasansdides  (5)  Avhwihidudesinadeni
UL IudIRanmaviedanyd
nSVAFDY
- a o &lyu & a v v o o - & -
msAnwilunuddeilitndoniiinunsmnwisnugs  dvhnswisanudulaenisia
¥ o v dvy 1w o a4 9w & . - o ot v - o
avopshudnaunaninaisliagneles 12 $alan ieliansdiuluiidenam Feeeldthadend
fmudunisunsauuialszanm 17.5 %wb aaeunmsauuisdniUdeniigamail 100 °C fiu 120 °C
1Y) ‘wod n v !
Tnednsimsivaasinwdeniniui 0.42 ke/min Tunaseunving 7 it dradeniilvasenin
0] v - & a aw o A “ o v o - v v
NNpseuwiRzgniisutuldfuiduuirasiieieaiainseuwisd  Jeagldaluniseuuwis
) o a ' % P | 03 o a o
amuauszana 2 Tl 30 Wil wazluusazsevvestinideniisenunainiiessuuiasiinisiiu

fageihideniiethlumerudugiuwis uasiimsantuiinwdsnuluihily




118

MIIATITNHA

el Wiesgsideyaildninnimeaesiausiizusuuis sunsevidfanaldlunseuuia

¥ & - r : R,
iavuaUszanu 2 92lus 30 widi Tnea iy ( Moisture content, MC) U89NARAUTIAUIMINANNTS
- 'y £ o

7 (1) Elwdnduazdnde, 2553)

MC = &= Wd y 500, 6]
Wy
MC  fe Arwdu (Wesiduguuis, %wb)

W, Ao dwinvediideniiianlag (n$y, o)

Wy  fie umiinuwisvestnwden (ndy, ¢)

Tuduresnsiasziaussaurvessyuvsuwislammuansfiwesifioldlumsnwdel
) v . o & o i o i o
1) 8n3IMIBULIA ( Drying rate, DR) fia eas1vesrnudunasuluiisuiuna dhuin

IFnaunsii (2) Erilndnauazdnde, 2553)
(MC| - MCf) (2)
t

DR =

MG, e Usinamnidudud (nfuh/nSanaw)

MC Ao Ussnamsduaavie (nfindy/nsanau)

t fio nanfildluniseuwia (hr)

2) Samaudomdsnusinig (Specific energy consumption, SEC) Aedasndausewing
Uinamaseulihilddeysinmhitssveesnantaneuuis Seazdnailfanaunis

7 (3) (AUEIMNTTUNTN W INSIFBAVAIUATUNS)

o4 3
SEC =

w

P. fio Usmnamdsaulninitld (w-hn)
- @, s & ) P
My #9 YSnahfisemeesnainidnauuns (ke)




119

Wan1sANYY
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Figure 2 Show the relationship between moisture content and drying time

Moisture content, Mt (d.b.)
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Figure 3 Show the relationship between moisture content and drying time of infrared drying

fian Juckamas Laohavanich and Seree Wongpichet,2008
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Figure 4 Show the relationship between power and drying time
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Table 1 Average of Drying rate and Specific energy consumption

aamnauwral °C) SasnauFaandnudume FNTINTOULIY
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Abstract

The aim of this research was to develop the semi automatic vetiver grass roofing material making machine
and evaluate its performance and quality of finished products.The prototype is a semi automatic operation started
by feed the grass on tray of the machine. After that, mechanism powered by pneumatic actuators fold the grass
sheet and move them to sew by the electric sewing. Finally, the folded grass is sewn with the wood stick. Test
results show that the 0.8 kg per panel of grass weight and gap 6 mm of sewing presser foot is the apropriate
condition of the prototype to produces the quality grass panel and the energy consumption is in range of 0.0060
- 0.0090 kWhper panel of grass. Field roof testing of grass roofting material show.that the roof can resist the shower
water leaking. Weight of 1'kg per-panel of grass gives a heigher sun light protection and it can reduce 10.85°C of
temperature between the faces of roof. The continuos test show that the average energy consumption, capacity
and efficiency are 0.205 kWh hr', 14.9 panel h” and 85% respectively. The break even point of this prototype are
1,925 panel year” when operate at 11 Months of working time.

Keywords: Vetiver grass, Grass roofing material, Semi-automatic machine
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Figure 3 Sewing machine and its seam stitched.
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Table 1 Test results in leakage by rainwater.

1. The roof angle 10.5 degrees by horizentral

Gap between panel is 20 cm

Grass Weight/ Leak Description

panel

0.6 kg Yes | Many leakages, water flow
through the panel.

0.8 kg Yes | Many leakages, water drop
continues flow very fast.

1.0 kg Yes | Many leakages, water drop
continues flow slowly.

Market Yes | Many leakages, water drop

continues flow slowly.

Gap between panel is 15 cm

Grass Weight/ | Leak | Description

panel

0.6 kg Yes Many leakages, water
drop continues flow very
fast.

0.8 kg Yes Many leakages, water
drop  continues  flow
slowly.

1.0 kg Yes Many  leakages, water
drop  continues flow
slowly.

Market No &

2. The roof angle 17.35 degrees by horizentral

Gap between panel is 15 cm

Grass Weight/ | Leak | Description

panel

0.6 kg Yes | Few leakages, water drop
continues flow slowly.

0.8 kg No -

1.0 kg No -

Market No -
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aunmwssiungudnile inasiunuuihuuuuRrluisenmeendiuueianiniunalnveuniesdgniuse
sruvihuindsginisiusasideusundingdnsduliihmedulinenduiadatuiulivasIidusumndgudn
solu wageummhevsaesesasulsiihminuamiredudu 0.6 0.8 uaz 1.0 kg per panel fsvaxsvasiuidns
Bulwit 2 A1 (0 mm way 6 mm ) wusamswaRRuMET v 0.8 kg per panel sresiuuuuYing wlddungiinunm
fiftgm Sinslimdaauaglugag 0.0060 - 0.0090 kWh per panel nsvsasus@ALUUABITB Fimiin 1.0 kg per panel
Tneldfufuuuving fisasnislindanundeUssanm 0.205 kwh hr! wazdnsinisuanawiniu 14.9 panel b uszavsnm
MIHAAVINAY 85% WaranmsiinssiiasygAansimnssunugaRimumsHanegi 1,925 panel year! uasiiszasiom

nsAuuegn 11 Weu
o Y v, ) @ a4 o 4 w e
Arddny: vieudn, Yaguavaaan, niesinsiadnluili

Abstract

The aim of this research was to develop the semi automatic vetiver grass roofing material making machine
and evaluate its performance and quality of finished products.The prototype is a semi automatic operation started
by feed the grass on tray of the machine. After that, mechanism powered by pneumatic actuators are folded the
grass sheet and move them to sew by the electric sewing. Finally, the folded grass issewn with the wood stick.
A grass weights (0,6, 0.8 and 1.0 kg) per panel and gaps of electric sewing presset.foot (0 mm and 6 mm) were
varied to test the operation of prototype. The results show that the 0.8 kg per panel of grass and gap 6 mm of
sewing presser footis the apropriate condition of the prototype to produces the quality grass panel and the energy
consumption is in range of 0.0060 - 0.0090 kWh per panel of grass. The continuos test show that the average
energy consumption, capacity and efficiency are 0.205 kWh hr, 14.9 panel h' and 85% respectively. The break

even point of this prototype are 1,925 panel year' when operate at 11 Months of working time.

Keywords: Vetiver grass, Grass roofing material, Semi-automatic machine
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(a) Grass drying

(b) Lace a grass bunch

(c) bunches tied on wood rod (d) vetiver grass panel
Figure 2. The process of vetiver roofing material

manufacturing
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(b) Seam stitched

(a) Sewing machine
Figure 3. Sewing machine and its seam stitched.
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Figure 6. The operation of prototype machine.
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(Figure 7e)
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(Figure 7f)
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Abstract

This research objective was to study the appropriate mechanism and powertrain of the
machine for the reducing of handwork process and time in grass roofing material
manufacture. The SolidWorks 2016 Software was used to design and determine the
limitation of mechanisms by use the Motion Studies function of the software. The
analyzed data were calculated to determine the size of actuator and power required for
the driving of machine. The result found that the designed machine required a 6 bars
of air supply pressure and could has 5 mainly components such as (1) Grass sheet
folding mechanism driven by the 63 mm diameter of pneumatic cylinder with the
28.08 liters/min air supply. (2) Grass sheet pressing mechanism powered by a couple
of 40 mm diameter of pneumatic cylinder with the air supply 15.06 liters/min. (3) The
wood rod frame griping mechanism driven by the 12 mm diameter of pneumatic
cylinder with the air supply 0.66 liters/min. (4) The grass sheet feeding mechanism
for the sewing process used the 50 Watts electric gear motor and (5) Electric sewing
machine model GK26-1A to seam the grass sheet with the wood rod frame.

Keywords: Vetiver grass, Grass roofing, Semi-automatic machine
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Introduction

Vetiver is a Thai local grass that grows easily in all regions of the country. Thai
people knew the usefulness of vetiver for a long time such as, the using of vetiver
leaves in a soil mulching to maintain the moisture for planting, the using of vetiver
leaves as a material in handicrafts. Currently, they are many innovations about the
usefulness of vetiver leaves for example, the planting materials, decomposing plant
pots, the insulator from vetiver leaves for construction materials and the multipurpose
particleboard etc. Another important of vetiver leaves usefulness is a roofing material
(called vetiver roof in Fig.1) because it is a locally available material. If the vetiver
roof was produced by the proper method the roof has been durable and can prevent
the leakage of rainwater very well and it is an excellent material in thermal protection.

Figure 1. Vetiver roofing.

Today, the demand of vetiver roof in the house building and decorating business is
very high especially hotel and restaurant decoration. However, all the vetiver roof
producing are the handicraft activities. It found that there was a limitation in labor
skill because there are complicated and time consumed work. The concisely process
of vetiver roofing material manufacturing by operator was shown in Fig. 2. It has an
attempt to design the semi-automatic machine or equipment to assist the vetiver roof
manufacture. An assisted equipment prototype by Saisang K., Treeamnuk K. and
Treeamnuk T. in vetiver roofing material production was reported that it is a folding
plate to fold a grass sheet (prepared by sorting a stalk grass on the plate to a grass
sheet layer form) with a wood rod. The grass bunch lacing by hand was replaced by
sewing the grass sheet by a needle and mechanism. The prototype can help an
operator to reduce the fatigue in working and able to increase the productivity. It can
reduce a 3 minute/vetiver panel in producing time. But, the sewing by needle
mechanism also takes a long time and has the tangled thread problem so, the electric
sewing machine GK26-1A is replaced use in this study (Fig. 3).
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AV AL
(a) Sewing machine (b) Seam stitched on the grass panel

Figure 3. Sewing machine and its seam stitched

For the development of the vetiver roofing making machine, Jan Vavro, Jr., Jan
Vavro, Petra Kovacikova and Radka Bezdedova reported the using of SolidWorks in
motion study in kinetic and dynamic of continuous mechanism. The using results are
significant reliability and it is an effective method to monitor all kinetic parameters of
mechanism and can also identify loads for any power drive in the system. Therefore,
it is effective way to use the motion studies function from SolidWorks software to
determine the limitation of movement in terms of kinematics and specify their
necessary powertrain too.

This research proposes to determine the limitation of mechanism and powertrain of
the vetiver roofing making machine. The intention of this article is to apply this
results study with the prototype machine that will be fabricate in the next project
research.
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Mechanism and Powertrain studies
1) Mechanism and Powertrain Studies

1.1) Prototype and operation
The components and concept operation of machine prototype (Fig. 4) was
described as a following.

1. The operation begins by operator feed the vetiver grass into machine tray (No.
6 in Fig. 4 and Fig. 5a) and sort it in form of grass sheet layer. After that, the operator
inserts a wood rod frame on the vetiver grass sheet at position (No. 7 in Fig. 4 and
Fig. 5b).

2. The wood rod frame griping mechanism (No. 3 in Fig. 4 and Fig. Sc) gripes the
rod standing on the grass sheet by nails (Fig. S5b). Then, grass sheet folding
mechanism (No. 1 in Fig. 4) folds and enfolds the wood rod frame by the grass sheet
layer (Fig. 5d — Se).

3. The grass sheet pressing mechanism (No. 2 in Fig. 4) is sliding down to press the
folded grass sheet (Fig. Se). After that, the tray just slides and carry the grass sheet
feed into the electric sewing machine (No. 4 in Fig. 4) by the electric motor (No. 5 in
Fig. 4)

4. The sewing machine just stitches the grass sheet layers seamed together (Fig. 5f).
Then, the process is finished.

5. After that, all mechanism will move back to the begin position and wait for next
operation starting.

Figure 4. Component of prototype machine
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Wood rod frame
(green color)

Grass sheet

// | Wood rod frame (green color) |

Pressing mechanism

Grass sheet layers

(e (H
Figure 5. The operation of prototype machine

1.2) Mechanism
The motion and the power drive of mechanisms are:

1. Grass sheet folding mechanism was driven by pneumatic cylinder. It transforms a
rectilinear motion to rotation motion by rack and pinion mechanism (Fig. 6a).

2. Grass sheet pressing mechanism was driven by the pneumatic cylinder. It
transforms a horizontal sliding motion to vertical lifting motion by x-lift mechanism

(Fig. 6b)

3. Wood rod frame griping mechanism was driven by pneumatic cylinder to lift the

nails bar up and lay down to gripe the wood rod (Fig. 5¢)

4. Sewing mechanism, this mechanism uses an electric sewing machine model

GK26-1A.
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5. Grass sheet feeding mechanism was driven by electric motor and the rectilinear
motion of the machine tray was transmitted thru pinion and rack mechanism (Fig. 6¢).

(a) (b)

Figure 6. (a) Grass sheet folding mechanism (b) Grass sheet pressing mechanism
and (c) Grass sheet feeding mechanism

1.3) Sequence of operation.

1 Veth er wood
stick folding
medunhm
mechaniim
The wood
uungu"x..;
Sewing
mechanism
The feeder

Figure 7. Sequence operation of the prototype machine

The components mechanism and sequence operation were described by the diagram
in Fig. 7 where “0” and “1” on vertical axis are rest position and active position of an
actuator respectively. Position “1” on horizontal axis is the start point of an operation
and position “10” is the finish point. For the sequent order working, the feedback
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signals in each driver unit were used for control an operation of actuators and motor
with Programmable Logic Control (PLC) module.

2) Mechanism and Powertrain Studies

2.1) Inertia force
The inertia force and inertia torque in mechanism was affected by an acceleration of
machine motion described by (1) and (2) for rectilinear and rotating motion
respectively.

F,=ma (1)

Where F, is Inertia force (N)
m is Mass of mechanism (kg)
a is Acceleration (m/s%)

To=la (2)

Where T, is Inertia torque (N-m)
I is Inertia of mechanism (kg—mz)
a is Angular acceleration (rad/s?)

2.2) X lift (Scissor lift)
X-lift or jaw mechanism is a lifting mechanism. The applied force on the leg when
system is balance shown in (3).

Figure 8. X-lift mechanism

_(W+W)/2
tan @

F 3)

Where F is Applied force used (N)
W is Load weight (N)
W, is Total arm frame weight (N)
¢ is Angle between frame and arm (degree)

2.3) Electric motor power
A required motor power can determine by (4)

P=Tw (4)
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Where P is Power of motor (W)
T is Torque (N'm)
® is Angular velocity (rad/s)

2.4) Pneumatic supply system
When supply the compressed air to a system, the force (F in N) required at the
actuator can determine by the pressure of system (P in Pa) and the area of the piston
(A in m) by (5).

A=F ©
P

The air flow rate Q in liter/min can calculate by the displacement volume of cylinder
(V in m®) divided by the time (t in minute). The formula for flow rate is (6) [5].

Q= (6)

~|<

And displacement volume is the product of the piston area and the stroke (L in m) (7).
V=AL (7)

2.5) Motion studies in SolidWorks

1. Mechanical properties of vetiver grass was tested by use the vetiver grass
specimen under the Universal Testing Machine (UTM) for evaluate bending force
(Fig. 9). This bending force was used to calculate the necessary torque for grass sheet
folding mechanism.

P\
4_(;___3‘5.?_ e

(b) Bending force graph

§ -

E>(a) Be

nding test on UTM
Figure 9. Bending test of vetiver bunch

2. CAD files of the prototype (SLDASM file) designed from SolidWorks software
was analyzed by the motion studies function to determine the magnitude of force of
the driving element in each mechanism. The external force, gravity, material
properties of every elements and limitation of element movement were specified in
the function for calculation. This method take a less time in processing and provides
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an appropriate calculation results that are equal to hand calculation with (1) to (3) for
the value of interesting variables.

3. The calculated force magnitude results in each driver element from program were
used to evaluate the limitation of powertrain in the machine by (4) to (7).

Results and Discussion

Based on the motion studies from SolidWorks when the range and time of motion is
specified, the magnitude of force to overcome the inertia and gravity of motion are as
follows.

(1) Vetiver grass sheet folding mechanism

g2

Force (N)
g

&

0.00 010 020 030 040 050 060 07 0.80 0.90 100
Time (sec)

Figure 10. Relation between force change and time of grass sheet folding mechanism

From Fig. 10, the range of movement in this mechanism is 156 mm equaled to stroke
of pneumatic power drive piston. At the motion times | s, the maximum force
required for this mechanism was 1,200 N. At the time 0.55 s, an applied force is
smallest because in this time the folding mechanism is in the perpendicular position
with the line of piston motion and gives shortly radius of moment so, the moment is
smallest too. For the air supply pressure 6 bars the necessary bore size of power drive
pneumatic for this mechanism are 63 mm in diameter and it need an air supply rate
28.08 liters/min.

(2) Grass sheet pressing mechanism

g B

Force (N)
&

"ttt

000 [31] 020 030 040 050 050 an 080 080 100
Time (sec)

Figure 11, Relation between force change and time of grass pressing mechanism.
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From Fig. 11, the result found that the maximum force required to lifting this
mechanism is 1,100 N, and it have a decreasing trend when the time increases. The
necessary bore side of pneumatic power drive is 40 mm in diameter and the supply air
should be 15.06 liters/min when their supplied pressure is 6 bars.

(3) The wood stick gripping mechanism

50
z
o
2
o
w
——
307 t t t + t t t t t 1
000 040 020 030 040 050 060 070 080 090 100
Time (sec)

Figure 12. Relation between force change and time of the wood rod frame gripping
mechanism.

In Fig. 12, the pneumatic a piston displacement is 100 mm and the moving time is 1 s
in movement of the mechanism. It found that the maximum force required for this
mechanism is 43 N at time 0.025 s. After that, the apply force will change with a
constant rate of decreasing. The diameter of required pneumatic piston should be 12
mm with the air supply of 0.66 liters /min at 6 bars of air pressure.

(4) The grass sheet feeder mechanism

1000
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Figure 13. Torque changes by the time of feeder mechanism motion.

From Fig. 13, the driver pinion was specified 1,718.8 degrees of angular distance
movement (equal to required 1.8 meters in rectilinear range of vetiver panel that will
feed to the sewing machine). The pinion just rotates at 1,718.8 degrees in 7.82 s time
(equal to Angular velocity 3.83 rad/s). Found that the maximum torque required for
drive the pinion in this mechanism is 1,000 N « mm (1 N ¢ m). On the first half of
8.00 s moving time, the pinion just starts rotating and need a maximum torque to turn
all mechanism. After that, the last 4 s of moving time the system needs a maximum
torque again to stop the rotating and rest in finally. The motor power calculation show
that the system required a 50 Watts of power.
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Conclusions

The using of SolidWorks 2016 Software to design and determine the limitation of
mechanisms and powertrain by the Motion Studies function found that the designed
machine required a 6 bars of air supply pressure and could has 5 mainly components
as following (1) Grass sheet folding mechanism driven by the 63 mm diameter of
pneumatic cylinder with the 28.08 liters/min air supply. (2) Grass sheet pressing
mechanism powered by a couple of 40 mm diameter of pneumatic cylinder with the
air supply 15.06 liters/min. (3) The wood rod frame griping mechanism driven by the
12 mm diameter of pneumatic cylinder with the air supply 0.66 liters/min. (4) The
grass sheet feeding mechanism for the sewing process used the 50 Watts electric gear
motor and (5) Electric sewing machine model GK26-1A to seam the grass sheet with
the wood rod frame.
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