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CHAYALOP CHOONAMCHAI : STUDY OF DRAWING PROCESS OF BETEL PALM
SHEATH. THESIS ADVISOR : ASST. PROF. PUSIT MITSOMWANG, Ph.D., 81 PP.

Keyword: PACKAGING/BETELPALM/MACHANICAL PROPERTIES/DRAWING PROCESS/
FINITE ELEMENT

Due to severe problems of plastic packaging waste, recently, natural biodegradable
materials such as lotus leaf, banana leaf and betel palm sheath are applied for making
packaging instead of plastic packaging. The betel palm sheath is one of suitable materials
for making food packaging because of its high strength, stable at service conditions and no
undesirable smell. Moreover, it has a sheet form. Thus, it can be formed by typical sheet
material forming processes. This research was carried out aiming to study physical,
mechanical properties of betel palm sheath and its forming by drawing process. For the
physical property study, betel palm sheaths were prepared and subjected to thickness
measurement. The results showed that there was a significant variation of the thickness in
a palm sheath. The tensile testing was conducted to investigate mechanical properties of
the betel palm sheath. It was fond that the mechanical properties, i.e., the maximum load
resistance and the elongation at break strongly depended on the direction of the applied
load. The deformation behavior of the palm sheath consisted of the elastic and the plastic
deformation. For the study of the drawing, a drawing die set was designed, manufactured,
and used for the palm sheath drawing test. The drawing parameter, moisture content of
palm sheath, drawing speed, die temperature and palm sheath holding force were varied
and investigated. Drawing results revealed that the parameters affected deformation
characteristics of the palm sheath, drawing load resistance and workpiece defects. The
main defect found is tearing at the bottom or the wall of workpieces. Experimental and
finite element method simulation results indicated that the tearing seemed to depend on
the moisture content of the palm sheath and the tensile stress occurred in the palm

sheath due to the drawing.
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2.1 AUINEN LLasnIurdIn

nntuyssmalnginatgaefugaiefugunuINLag nIINMaes nuInlen wag
vunasfanandlugui 2.1 “minnas” ifeniainemanse Areca Catechu L. wazdido
affgyfidundunansde 917ty Areca, Betel Palm, Areca Nut snnaadufiviasughavie
wilstafounndruvesiumnnasaninsnilldUselovls Wy navesminasanunsntian
Feld musmnnasaansalfidusmsdriuasdomasdmiunsusznevomsld Tneund

mnnawiisduanansalinulaUszana 6 - 10 nused (Addam R.Winstock, 2014)
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mnnasfufifludeaden lufirludsadotndnulunielaufuuiesniduniuiu
soUTOLENI1 N1UlU (Leaf sheath) dhwulu wg 919lne 917 wagiumnn lassassvesiy
Tudsnierasusznouluie aludillaflad (Sponey Mesophyll cell) Lﬂu%gul,ﬁal,?jaﬁuﬁagj
semiretudlofiofinduuu (Upper epidermis) wasiiloifiofnduans (Lower epidermis)
Tnodlaideineediesduien nfamadduendnilans Cuticle iedostunisaeti dau
odoviedans (Vascular tissue) Usznaulugaeviedndsatn (Xylem) il Vessel yuna

¥

g 2-3 1wad wagegiuul Y09 1d818Iv15 (Phloem) wazdl Bundle sheath visaU 9
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Punch force
/ Punch
do
Blank-holder dp Blank-holder
force force

Blank-holder

Die (draw ring) —7

JUN 2.3 dudsznouresyausiiuiannduguianuuu (Maziar Ramezani, 2012)

uAdUNTITAINTUFUTUENAIINMTE TaTUAY (Blank) TUansuuusifiuians Tinse
fulafidesnisantuuiunadniunuazindoununnedunudusudunsniie lilidueny
vy ndndundifiniuy fezedouiawndudaduiunundindudawdiwdfuiuud
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Die
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gﬂﬁ 2.4 suduneumsanfuguianuau Journal of Mechanical Engineering 61, 2015)
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Fauansluguil 2.5 £, Asussildnausifuivuresnssuiumsanniusy Tnoussnnvesusfias
vu Wuussnalugauaf dslifinsfiorsausadonnu Tusagvhmsanugd Tunsainty
sUuvuUsnd annsoduuusinalugauaiildlunsainduguldanaunsd 2.1 laefing
finnsann d Aodusngudnatsudfissivu T Aeanuvuivesusiudueulunistusy UTS Ae
ALEULTIAI0eTan way D AotdunuaudnaIIwe s uawEudy (SHEET METAL
FORMING PROCESSES AND DIE DESIGN, 2004) waziflasannmisauguiunuseddiusiunadn
%umu (Blank holder) %ﬂﬁ?ummsamLLiaﬂm%%umu (Fr) léjmﬂaumsﬁ 2.2 Lﬁa D faldu
shugudnansvestunuEuiy (mm.) d Fodurhugudnanauifissiuuimm.) uay 2 fon
Fuudunadadusiu (\mm?) (Sheet metal Forming processes, KSU - College of

Engineering — IE)
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- S —
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Initial sheet
position

/ Fr
/ l BLANK HOLDER
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Tururainduzuaquinusngianuduianan 3 ssduszneu laun 1) araduly
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ALAUNATULULEUTOUN dIUUTUNTIVOIHNARA U (Cup wall) HA1nuLAulssaslu
u,mé]’quﬂﬁ’uﬁﬂmamsmﬂ%ugﬂ AUSUUIUAUYBINGASUI (Punch region) azLAnAINL

WAURI UL AT AL TUL LA UTRUITY

Ut 2.6 mnuduludanusiuifdsgnaindugy (E. Doege, T. Hallfeld, 2001)
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TnuAuAUAnTUludIUAN 9 TNalAYATIRDNITIARTBUANTBIVLTUIIU N15LAA
TRUgUVUTDUVBIHAAIMIIAanlUUN 2.7 (@) RATUINAIUAULTER N19iinTeedn

PMAUTIUNTIVTRN UUBINER S UIIRaRIlUTUT 2.7 (b) HATUAINAILLALLIIAY

(a) T986UVUVOL  (b) T08RNVIAVSNUMITIHI DAY
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AuaIalunsaINTugUTLNULHEsaLansldlagldaunis Limiting Drawing
ratio (LDR) anaun1sit 2.3 e Dy fie idurnuaudnanasgavesianiuiuiaiuisaainiu

sUlilneldiianis@nein waz dp Aowdur ugudnatsuosuafinfivu A1 LOR Baga
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Maximumblank diameter D
LDR = = 2 (2.3)

Punch diameter dp
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ASNIAIdRNes (Cartridge Heater) Wudmwosdmsulinnuiouduinglaenss wu nsli
AU URLRNN Harun1e wiunan wissfinines Wity Jusumdn 1a3ed3n

ganaahin insesvieresmatainldemsuazuus (Judu Jwuseanidu 2 viiameiufie ans

a [ s

V3AY8RLABS WU High Density La¥ WUU Low Density A1513AI8ALABSWUU High Density

(% 1%

Hupoun1INanfll Wialndames (R80) Museuwvisunuuwunti@uusenlys (MgO) uaalalu
o Tusgningienuuny MgO ﬁﬁuam%mL@@%LLé’a%ﬁﬁimdwmmmag anturiinisldws
MeO wiatluauauadluvednmes LLé’aﬁﬂUajﬂﬁzmué’um MO Tuviedmmes wisliliiAn
$993199090107d 10T uT U TuSans MeOlFlaRuvuInTigesnis Falu

A o X o v a o o | a & a1 ]
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v v 6

High Density Ao LJudnlnes (Heater) ﬁﬁﬁﬂmmmqa (High Wattlliminudeulad dau
nunu Wauldeuiunit mueduanuidesnisgamgigs waz LUy Low Density &
FuneulunisanAdteAN3asEnwmes WUy High Density Ao thalndnmas (R80) Wusoy
WAy MeO wdaldlusia Tusswinsvieduunu MeO fivuaindnnasudivziivesinsenie
og] 9niuvhnslans MO LieiuauuasiurieBnmesudilugnazsuiuduns Meo lusie
Sawmed WioldliAntesinswesenia wizligniudaliikiuwmiloun1svinddnmes wuy

o ea o

High Density Favibifasindniilaligeinddenud lige dauandusun 2.9 asvsaddnnes
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wuU High Density euldluiaosingenarafin, in3esuiia, uudiiui/luas lavegda 9

(USuwn lnsiTa 911, 2020)

gﬂﬁ 2.8 Cartridge Heater WUy High Density

Nickel / Chrome
Resistance Wire

Maguesium Oxide
Insulation

E‘Uﬁ 2.9 Cartridge Heater WUU Low Density

a

wesludAuWa (Thermocouple) vialwuiwesingamgil Ao lwuwesdmsuingumall

U

wasluAuarnulagendenuaudiniii@ndvedansnin Welawanlavevsedaasen
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z4iin Voltage 1intu 138031 Seebeck Voltage (Tnazdiandu lulastad uv) uaziden
UsIngnnsniiin Seebeck Effect wiasludida (T/C wio Thermocouple) fivanguia 1y
Type K, Type J, Type R a9 usnazsiaviannainlaveauazdszinyn a197uleaiiagein
gaumifuandaiy mesludida ulseenu 8 viiaUszian lnei3endi type fegaity
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Type k vilnmeildAeinifalanden - Inifeegiilen seiul Galldanurannadou 1.5

pIALALTEa fag1aguN 2.10 W Tngamngil Type k
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NanemIsgRaIMnIIunaIann s (MISUMI Corporation, 2020)
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wnninFusuiiasuusddulsaiadulandeuandulonfeifissesnaie uarlugy
2.12 (b) uansialassadudinszaesvendulondae iduleadunazdulonindsainnis
e ULIRY asfiuidulduasunneendeundinudiesdu suidefiiedestasuléi
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17

35

25

m Deflection (mm)

15 w Break Load (KN) ~

0.5

F+GFRP B+GFRP F+B+GFRP R
€ F Aoiduleatiu (b)
B fotdulondae
GFRP fotdulaui

JUN 2.12 (a) w39 4 YALANTNUAEISEEEAngIgavasluauiandelsznaunin (b) ne

Iﬂﬁﬂﬂ%ﬁﬁaaL%ﬂﬂizﬂauufﬁmiwmaauLLNaﬂ (Srinivasan, Rajendra Boopathy.

2014)

©
o
=
b = F+GFRP
vy
2 e F+B+GFRP
(V]
—4—B+GFRP
0 T T T 1
0 0.05 0.1 0.15 0.2

Strain
JUT 2.13 n9MNSNAgeULIFuNUTaRIBssENa Y

Kumar uazany Yin1sAnwidninavesnuiuluianideszneuiaduussdedule
AsuBumIN T BILazih Tunuieslutin e srernatisnsfuanduthduaulus
MsMAgeULSIRSlABTNAUTAIATNALSRSTINN 0 90 WAZA5 B3 HANTVIARBULIIAIUARIK
U7 2.14 sildlddeaguin Tunsvmaaouussiediyn 0 esmAufimmaussanuinngmused
wanadudnvazladusuiwaninuazdnuasnsuaninidudnyansuaninuuuslsng

I = § @ & @ 1 LY [ LY < =2
LALAULTILITIAIANAT 28 LUDTLTUANAIAINLY 28 1U WAZWAIAIN 28 U AULUILTIAG



Asfl uazlunsnageULsIFeTiyy 90 sarnAuTirvnaussfsnuiinsmuseAeidnuaeliduds
GudndesiRntumedninavesdowmmindidesanquandinuusdnlngiuagfu
AvanURveuunInduarauLlusIisanas 16 Wosidudndsainuy 168 Tu warlunis
VIAABULSIRITI 45 BImAufiamsussianuinsmusssdidnvarliifudaduilosninuss
Adldananasivfieniaussisuazilunaunandvsnavensdusazlviuesumindvosnaulngs
way Tanuindiduloasueuildannsofuriulfuasmminddnondihansodusuld
wagn1sgAduALTuanIniludnisdenvesguantinsafuiiesainnisanasaes
Suwosilassmineniveuliluaiuardnendiunindnisgeaduenuduaunsaiilugninden

YosnnaNURLTRulaINNsanaedumasiasyninsensuauliluesuasBnendiuning

2500 T T T T T T T
90° unidirectional laminate I
2500 e
1
~ 1500 4 /‘\ e
= 4
ko] 7
© g -
o —— Dry conditions
— 1000 A 7 28 days :
56 days
/ ——— 84 days
74
500 112 days E
——— 140 days
/ —— 168 days
0 T T T T T T v T T T T T v T T
00 02 0.4 06 038 1.0 2 14 16
(b) Displacement (mm)
12000 T T T T T
Dry conditions +45° symmetric laminate
10500 | ——28 days 1
56 days
9000 ——— 84 days -
-+~ 112 days
B | =140 days 7 i
= 7500 168 days = :
T 6000 g .
o il
= 4500 1 7 <
1/
3000 f## 1
1500 1 1
0 T T T T L I L T T
0 4 8 12 16 20 24 28 32 36
(c) Displacement (mm)

JUT 2,14 HaN5NAARULTINNE M UTUNUNAAUNNIUNITWIUIAIE T8EIa9e 9 (@) 7
U3 0 99A1 (b) Ny 90 B3F1 kA (C) Ay 45 83AT NYINYUAULTIFS (Kumar,
Sridhar. 2008)
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Vinayraj K Guagangladnwinginssuninaiandesenausduiuiduloniumann
aswazminldnIoudueulaefitunuidiunausnirasduiudulonununnadii
drunanvendulonumnnasdi 0 5 10 wag 15% Tagtmin wayldvinnisnadeuusnseunn
NAFDULTIAA LATNAADULTIAY Iugﬂﬁ 2.15 nsmiUSeufisuanundeusanseunniuuSunu
e 3U7 2.16 nswlidsuiiisuanuudauseda Audunalwiues uaggud 2.17 ns
Wisuifisuanuudusaietuusnaliues wuindowuduloniunuind 15% e
WITIRT AUAUNIULTINTEWNN LLazmmé]’mmumsﬁmqqﬁqm waziiloanUsunanduly
asrnfinpaeuiiuinanas Ssasuldidulonumnnasiignifudnluduanansafiuansimg
Al AT LU LA AL U UL I NN T TN AL LN UL SR SLAEAAUE NN TR R
(Vinayraj K G, Dr.Ashock B C. 2016)

1.6

1.4

1.2

0.8

0.6

Impact Strength (KJ/M)
I

0.4

0.2

0% 5% 10% 15%
‘Weight fraction of araca fiber

gﬂﬁ 2.15 asvlilSsuiisunsenszunniuusuiulniues (Vinayraj K G, Dr.Ashock B C.

2016) g‘dﬁ' 2.16 ns1USsuisuni1san nudsunalwiues (Vinayraj K G,
Dr.Ashock B C. 2016)

100

(0]
o

s
o

(]
o

Flexural Strength (MPa)
@
S

o

0% 5% 10% 15%

Weight fraction of araca fiber

JUN 2.16 nmlUSeuiisunisan dudsunadwiues (Vinayraj K G, DrAshock B C. 2016)
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Tensile Strength(MPa)
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Weight fraction of araca fiber

gﬂﬁ 2.17 aswhdSeuiiuanuudsameaiuusanadlaliues (Vinayraj K G, Dr.Ashock B C.
2016)

NMsdTRnITengivaniiniinavesTandalsenaudsiieg1adeiunanali

windnludagduiisuidennsg nanedunysdnvisazvinanudileaudininavesianas

3

1% '
=< ! )

Usznauuywdasiursudiad Tuvagngidelinununanuidensesigaulaneduig

Lo

Aeafuandinnavosnunannasdaduiagainsssumilaonss luauidedgited
INSANNAaNTANINAYDINIUNLINEIRIE

ﬁ’m%’umimﬂﬁugﬂi’amm ﬁ?%’awuNamu‘ié’aﬁLﬁ'aﬁmﬁ’umimﬂﬁugﬂi’aaﬁﬁ
Tnssa¥rsudrsdudou Malte Wallemeier uagamzAnyinszuauntsantuzunszasing
nsneaswazni1sinassnglusunsulnlusiiediud (Finite Element Method Program) Tu
nsfnwiaulanavesfinysnistugy liun ussnaudunssnivgean guvndudfiniuuuas

! < = v a
A719 AUNUIYOINTENY 1ngReUlUNSANYILERRINITIN 2.1

AN 2.1 s?hLL‘Uiﬁm%‘umﬁﬁﬂmmzmumimﬂﬁugﬂﬂizmw‘[mamsmmamLLazmiaﬁam

Maximum Die Punch Blank
Number blankholder temperature temperature thickness

force (N) (°C) (°C) (mm)
1 1000 120 80 0.44
2 3000 120 80 0.44
3 5000 120 80 0.44
4 7000 120 80 0.44
5 3000 80 80 0.44
6 3000 150 80 0.44
7 3000 200 80 0.44
8 3000 120 80 0.38
9 3000 120 80 0.40
10 3000 120 80 0.54
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fsaranImeaedlugun 2.18 (a) (b) uag (c) WUl WssAuN1TAINTUIUNTEAY

[
v v

FuagiufuusnsTusy dell 1) usanedaudunseaylaeilaldusanadauaunseauuny

dy a 4 d’( a I a 6 1 2 dy
LLiQ@WUﬂWia’]ﬂ"U‘UEUNLLu'JIUlIEjQ‘Uu 2) QWWQ&ILLlIWlIWlINaGIE]LLSQC‘]"luﬂ’]ia’]ﬂ"UUEU
wunsEay wiiuindeamvgianitdwaliuseidedddlunsanugvanas wag 3) Ay
MUIYBKUNTEAY NA1IAD NTEAunilauvuInInndfesldusdunisanduslandn
WHUNTEATYU
3500 = i Sy L T e ey ' 3000 mmy e SITTTERTTE T ITRTTRRPRTUIN FEEEERTRNIT TR .
— — — 1000 N (exp) : o . - : z
= = =3000N (exp) = = =80 °C (exp)
3000 =) — — - 5000 N (exp) : . 120°C (exp) | : : : :
= = = 700N (exp) d : s | BT M Y ) ' A :
2500 —_:;33:::3:: ; = = =200 °C (exp)
z ——— 5000 N (sim) AN | : 2000 =f| =80 °C (sim)
‘; 2000 L. 7000N (sim) |, ... 2. A, . Tl e i Z 120 °C (sim)
E : / : g — 150 °C (sim)
ERECT [HTUINERny 7 £/ 4 ERTINN ORI | ] § 1500 —— 200 °C (sim)
1000 = v vvvreees e ‘ P . 1000 = e B I
S0 =grrerr G L """""" """"""" 500 = D]
0 | 1
0 0.05 0.1 0.15 0.2 025 0 T 1
Time (s) 0 0.05 0.1 0.15 0.2 0.25
Time (s)
4000 m st
= 0.38 mm (exp) | -
3500 = - 0.40mm (exp) | ;
= = =044 mm (exp) |

== =054 mm (exp) | :
3000 = | = 0.38 mm (sim) | *
e ().40 mum (sim) | ©
2500 =f | ™= 0.44 mm (sim)
(). 54 mm (sim) | -

Punch Force (N)

JUT 218 usaiumsTuguinaunszanwiile (a) wWisuuuasusinadaiiuanu (o) Wasuula
UNANTUIIY (0) WTIA1UN1TAINTUTY Wetldsunuasainunun (Malte
Wallmeier, Eric Linvill. 2015)
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11378904 Zicheng Zhang wazany laviin1sfnwinginssunisideguvesess
Tanglunsruaunsaniuganadndessuuan lunsnassiviinistugdnmideuwesd
v 50 lailasins Taowasuussiuasildiinlumailausifaniansdaguil 2.18 (b) uazvinis
aﬁﬂ%HEU%UQﬂuﬁ 14 uaz10 wnzdramia G‘fﬂugﬂﬁ 2.19 LLaz%ugﬂﬁqmwgﬁﬁaq 91NN13
naaesantusuiiuindlemudumeluusifiuianaguaginliusunstuUgatusarg
flanfiszoznndn 0692 fadwns fauandluguil 2.20 wazanasileszoznaninii 0.692
fiodiuns waglunmsmaaeuaintuzuiuauil 14 wag10 wnzUnania uasiUdoudaiives

WiTINN 0.1 waw0.2 Tadiuns Ry dwansluguit 2.21 ladeasudwioluil (1) dmsuaniie

a 1

AUAUNLUUDUANUA UL DVENADE 1IN DL IINALNANNULLAE NS ULUAIUDIAY

MNFUNUUNTEUIUNTVUTY USINARITUAULRLTUAULTIRUTLANTY wsanausfisiuy

'
a

wLinTunouLAIT@naclusEnianssuIuNMsTugU AlefsveInuuIanadilanIuf
Wi (2) Seilvesuslfiniuuiavinadednsinisviliunsasanuaysesguniveuveslulasin

InnudlguuTgnsiindnlagnszuiunsTusuan dnsinisvinliunsgignazgaduliesad

1a 13 I ' [ A o o= 1a L [ 1 I3
BHWHNUUNINY 0.1 W, E'JEJ’]\‘i‘liﬂC‘l’]ll LDIALUNNNUULUY 0.2 L. iEJEJEJUﬁ]%SLMQJJ‘U‘U

Blank o
Holder :

> (@D

stop valve 2 gas cylinder

relief valve

(@) (b)

JUN 2.19 (a) wunnudinsinlglunisnaaesaindusy (b) WHURIssUULSIAULIRaiENs
(Zicheng Zhang et al. 2018)
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301 —— IMPa
‘ —o—4MPa
257 —c—10MPa
20+
z
Z ]
2 154
3 4
10-
54
0

0.0 0.2 04 06 0.8 1.0 1.2
Stroke /mm

JUN 2.20 us9AUN5TUFULAETEEYNATNTIAINAUYBILIIIUANT 1 4 Uagl0 wngUrana
(Zicheng Zhang et al. 2018)

25 35
==R_=0.lmm =R =0.1mm
(a) __RP:L,q 2] (b) Rl{ .
204 / \ ) — =o=Ry=0.2mm
N\ 254 /’-\\
z 151 / \ Z ] \
E ' Y E /
< 104 / \ A S 159 _
/ \\ 7 / %X.Q
5 . y s A
/; \,\_\:_\¥ 54 Yy
;..:;4. L " e " i 0- / L n 1 N L s
00 02 04 06 08 10 12 00 02 04 06 08 10 12
Stroke /'mm Stroke /mm
B85
*szo.lmm
301 (C) e e —C—Rp:O‘me

N
el o

Load /N
g

0.0 02 04 0.6 0.8 1.0 12
Stroke/mm

JUN 2.21 usanun1sTusUnasseuenaand Saludiiun 0.1 waz0.2 dadiuns (@) 1 wne

Y1ama (b) 4 lwnzUrdmia wag (o) 10 wngUirda1a ( Zicheng Zhang et al.
2018)



24

1UITEVe9 Q. Zhane, J. Cai, Q. Gao MvMiAeafun15T1a0IMazINITNAaes
AeafugumpiinisantugUvesanuauiivedeaiveulniues TngYanilddulndlnsdiau
furdulemedmeasueuliiueslngldnszuiunsiudusulnglidulonsveuliu asegnss
nawuawmmm%umwé’qmﬂﬁ?u?jqﬁwi’a@uwﬁwmimaaumﬂ?gugﬂiwmﬁumLméhumi
nafuszerna lugufl 2.22 wansussinunmstusUiussesnainastunuiigumad 90 e
walda 100 asraifea 130 asrniwaldoa 170 ssmiwaldea axdfiuiinseiunsainiy
sUBnfstunuenudnlunsantugy wesdleiuenmgdussiulunistugdludis 16-23
finduns duanasmudduideningungilunistusuinadenissousivasndlnsdiay

wazduloauusaunsaniouldegadasuiieuu Ui Auudfiuilshanutseiiung

anTuguls anuswinunsanduuivssesmaunsadiudeunnsedldifiogamgiisiing,

[
Oy

130 paAga@ea Tuguil 2.23 szinanusadeunuindeiliinsesuwanlade dalu

aa =4 = =
gamaiinvanzanlunistugude 170 asrwaided

3400
3200
3000
2800 |
2600 F
2400 |
2200 |
2000 |
1800 |
1600 [
1400 [
1200 F
1000 |
800 |
600 [
400 |
200 F

Shear load (N)

0 2 4 6 & 10 12 14 16 18 20 22 24
Displacement (mm)

a [

JUN 2.22 useun158u3UAUTYeEn1sTUUNQuUUTuaifiu 90 100 130 170 94N

waged (Q. Zhang, J. Cai, Q. Gao 2014)
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JUN 2.23 seeguluBunuiaaumail 100 ssrwaies
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q
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=

wUsmstuguIundmansgnueranisaIntusuiuay egrdlsinnm Tunsdvesniy
mnnasdaduiansssumilnenss §idessliunnsmenurienansifoiieatunsaniu
sUnusegsla femail ndsannsAnsantfivanasesniunainaud Jsinisine
nsvUILNsIINTugUe Tnseidfodrluiinisinwinavesuusnsanntugy T usanada

WHUBWI gl UagAUTUNoUNTSTUFUYDINTUNNINGS
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unil 3
Ya9 aunsal 1AT9ED WATITNITNAGLY
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Yanldlunisfnulifeniuminnasiingasiseenainaisulidnvus dud
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3.1 munnnasinlfidunuivaneenaindidiuiemnusssugflaenunuinaadiinunld

Tumsfneiiiunandminszees naiiunglutusouaweudafoudquiey n1unuIn

asnlglunisivedlenavun 14 nu Ieeldlunisnagauaut@nianienIn 3 AU NeasuasUy
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SUN 3.1 degrsnunminnasidududaglunisvaass

312  gunsal uazaTeslaldlunsing
pUnsaiflluruidoutseondulssnndaeiudal
n . gUnsnid ML urURAe ULSIILAT A UNTAINTUZY
- ususesintunudmivTesaiadednnes
- AimosUaneyu 45 3
- LuvdmiusatunumeAeULTIR s Neses AR 3 aBluns
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Flaguil 3.3
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=
[\l
e
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- o 2
14 a2
5
w
24
Qy = o v @ Qy =
(2) VUIATUNUNATDULLTIAN (b) LUVFIHTUAATUNIUNATDULLTIAN

JUN 3.2 vuauazluud Ui uUNARB ULTIR

JUN 3.3 wuudmsudntuauvageuanTusurunadusuaugnals 100 Tadwns
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gUNIAMTUNITVAADUKIIFY

~\pSeemadey (Universal Testing Machine) %o Instron U 5565
wioulvanwaauun 5 Alatdiiu TWausunagouLTIRINIUMINNGS
—Lﬂ%ammaaUﬂmﬁuﬂwumaJWﬂ (Moisture Analyzer) iq'u Milton 14
dmunAgoUANTURUTNN
qﬂﬂiajﬁm%’umsmaaumamn%ugﬂmwmnm

- gauwsifiuivhatnmanndlsaiiy e 316 Uszneulumeusdfinsiuy
(Punch) waifiwsians (Die) wazuUudnian (Blank Holder) Idwmsuain

JuUsUTUIY

&

- YRAUSIANSUBTUNATATUINUNTAILSINAN 1.75 2.00 kaz2.34 WU

q

AONARLUAT
- \samageU (Universal Testing Machine) 8@ Instron U 5565
2/ (3 A a o o o ra 3 é{

wioulnanwanruIn100 Alaiwiu dwiuldlunisnayausdiuiaindu
U
Y

- gpgunsallviannuseuysenaunie gaualaumvall meslulinesuuy

6 ¥ ¥ Y o U 1% ¥ 1 1a -4

a1 gunsallviadiuseu (Heater) I wiulviaufounnuifiniuas
AIUANOUUNT

- gaszuneanuseuamesnasliszuuiilunisudeuneswns

gUnIINTluN13NTINERUIWIN FUIIU TL8LMITENINRNN Fuu

MIMFUUTU UAEATIAABUTOLUAN

- ResllesAmauwes (Vemier Caliper) TWinuwistunumaaauuwazaunsal
A A a v
au 9 NAMLNEITDY

- lulasfiwad Micrometer (IdmsuinanumuvesnIumINGs

- WNUlaNENAADUTEUZWINTUIIU JFeeler Gauge) AIMWUN 0.03 — 1.0
fadns Tinszagtaringlunsusunirssuerneseninaulnem

- ﬂﬁ@ﬂ@ﬁ%iﬁuﬁaLﬁﬂmawwudaﬁﬂ'ﬁ’m (Scanning Electron Microscope,
SEM) gu Zeiss AURIGA T0d5un5795082n010083an1UnNINES

- naesRdnen Wlumsduiinnmian aunsal uwasiunuvainIsagey
auifnenmenm audinina wazn1saindugy waglddmsududin
WlevULyIMINABULIHN  kaznsaInTusuniuninnaiteduns

a dl 1
NHANTINNITUABULUBIFUINVDINTUUNINGS
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3.2 A1SHMSIUTUIIUATIVEDUANUANIINIGATIN NAFBUANURANIINEG WA
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321 MawlEutunuasadeuFITANISNNen TN
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LN UATWELEANAINUAUIYDINTUNNINEN
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(@) 0° (b)30° (c)45° (d)60° (e)90°

lﬂ' U 1 Q’I =
E‘UVI 3.5 AIBYNNYUNUNAADULLIIAG

3.2.3 msm‘%au%’umumaaumsmnﬁugﬂ
msLﬁsm%umumﬂaauaﬁﬂﬁugﬂimaﬁﬁmwmnmlﬂl,l,‘n'ﬁ'uﬂw:sm 2 §alug
ielfnumunnasiuiinudeusiiovilfaunsafagunuldie wasdadesnsunninues
Furuluszwinansen mﬁﬂmmfuﬁflmsﬁm%umuLﬁugmaﬂammmLé’umuquéﬂmwmm
100 fiadiuns Fauandluguil 3.6 dowshnmsvegeunisaniusuiufenidunuluuddndu
LAt 1 urdt 10 uni waz70 wit WilelRldmuTwaas 28% 47% way 75% auteuly

ns@nwlamuualiitefnyinavesnuusenisaInTugy

JUT 3.6 feagadununaaeunisaindusy
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33 msedeyauifuiandugy
Tunsnaaouanfugunumnnasliusifuidvhanmdnngnliaiu insn 316 Aass
Huuuvaalunisgnazusznouludae wifiuiuu (Punch) udfissians (Die) wiunaBatuan
(Blank Holder) gnsztnsaudousuuy uazduaafiodosiuaudemedonaifniui
Ivanwaduazindosmaasuduandusud 3.7 Tnea1szoyinassninausfinsiuunasusfiu
dneriounsaIndugy 47 Sadwns luguf 3.8 wansimsasgunaallfinrudon uarsud
3.9uansunusveunesluaUilla (Thermocouple) WagUUIATBILNANAUULATLURUNAS
Tunsmegeuanduzuniumnnadiiedoamnaey (Universal Testing Machine) 8t Instron
Ju 5565 wieulnanwaduun 100 Aladafy dnduinsseaszsinaseninauslfu
vuazwifia i surulansnnaeusEaziaTuL (Feeler Gauge) 11un 5 Jaduns &

wanslugud 3.10

Load cell

YATLUIBAWT DUATUDY
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1 = £
LUAUNAYABUITU
Die

—— YA52110AINS DUR LA

JUN 3.7 uanadiegayauiiaidmsunageunisanaugy
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HAZHUNUNDN 5 Uaaluas
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E‘U‘V] 3.10 LLﬁﬂQi%EJ%'Vi’NS%‘VI’J’NLLQJ‘W&IW‘U‘L!LLa3LL3JW3JW@’N'Via\W']ﬂa']ﬂ‘ZJUEULﬁi%

gunsaiflflunsadadmunugungifienmsfuandumed 3.1 Sfedusioun
17 Fuhedu Mndurhnmsdensamuguil 3.11 dgoluwkunw Q1 #o winined (Circuit
Breaker), Q2 uag Q3 s Magnetic Contactor, R1 R2 R3 WazRa fio Snmas, P1 uag P2 As
wousiwmas (Ammeter), H1 Ae naeallwdnsan uzntigaIuAL Pilot Indicator Lamp LED
dung, H2 uazH3 Ao vaealvluansaauzmtiigaluny Pilot Indicator Lamp LED #wdas,

S1 52 way S3 A Tammasaing Selector switch, TC1 wag TC2 Aawmasiualila

M139% 3.1 TemseunsallilunisasnsynaiunuaungIudiiu

s18n159UNI0d U
1. Digital control 3u SEIMAX MAC5SERIES 2§
2. duniudn dngUd s-t35 2§
3. woudiines 30 woul 2 61
4. weastwAulla K-Type 0-800 adfwaldud 818817 3 LUnT 2 fn
5. 1USALNOS 40 wonl 16
6. viaonlul 3 61
7. Selector switch 2 114 3 6
8. vaenseanglyl 12 vaa 1 61
9. gldgunynl 11y

10. aelu 1 317U




34

SOURCE L N H1
Q1 @_‘
51 E\l |

"1 3 SRR

c::j c::J ‘_\ l_\

TEMP CONTROL 1 TEMP CONTROL 2
7] [
E] ER
P1 P2 G [ERia
@J [#] @0 4] [
R1 R2 R3 R4|:] 5] 1G] [
L 6] [6]1 [13
. TC1 . TC2

a

U7 3.11 usuanmnsashiihanelundesmunugamadl
3.4 N1SASIAEVUANUANINILAIN NAGDUENUANINNE LLa::mia'm%ugﬂ
3.4.1  N13ATRFRUANTANINIEAN
lunsnsaaevaudinianieanldnisnsivaeulagInAunuIvenIu
nnadbuwsiazynlagldlulasiivesinaunuiniunuinas vinisinainnanniununas
oongdudraisdedineliuiazqaiisvozinaiu 20 fadwnsuazyinisindieistuuniy
VANNASRANS LY 3 N7
3.4.2  MIVeFRUANUANIGNG
Tunisnsavaevantinisnansgitedenldnismaaeuussilnsldindes
nAFoU (Universal Testing Machine) 8%@ Instron $u 5565 wieslvaniwaduuin 5 Aladaduy
warldgunsnisuiunudessuuanduandusuil 3.12 lnevaaouiigungfives uazvims

ATIFDUAMNTUVDITUIUNDUNINITNAZDULTIAG TUNITNARULTIRIITAIUSINITAIAIN

Wil 2 Tafunsrouni LagneaRulowsamaanasuni 95% YodhsIReEean



35

Load cell

Y
FUNUNATDU

; g
A\

y
~ HIRUYUNUNATDU

-

O CEEATR I L

JUN 3.12 yagunsainisnadeuandivnanan umanas

Tnglunis@nwiifeulvlunsnasewsll  lumsnmismeaeuussfaidevhnmvaaeusie

WIBUNBUaNUANIINATDINITUNLINGNANNIU INUUINITAN B BNENAUDIANIINITAIAD

auUAnanalaeyinNsnAaaULIFNALY 0 30 45 60 waz 90 BerLiiBuuLdUaIgULUNIY

Mnauen ALY IAgBULSIRIAIANLISY 100 200 Wag 300 UadlumT

3.4.3  N13aNIUIUNIUNUINGS

TumsannfugudReudsufsusiwlamsTuguaeasdenuandlunswm 3.2

AN5199 3.2 é‘hLLiJimﬁmﬂ%ugiJmuwmm

AauUsAne SuazdYARLUS
mm%umumnﬂm 28% 47% 75%

NI RN ULLAZLINANENS 140 180 220 2eANYALTYA
anudlunseIeuiivesusifiuiuy 100 200 300 Jaaiunsaaul¥
WSINATANIUNUINES 1.75 2.00 2.35 W2diusoiiadiuns




o
Unn 4

AUUANIINIEANLAZANTANINAVDINTURNINES

4.1  anununazlassairenigluniunrunngs
4.1.1  ANURUIVIINTURNINES

Fneninudludiuiiosuneimanisinnnumunvesnurnnaadiolsinsiuin
mwmnaw%L'Jmﬁmmiaﬁwmﬁwmsmﬂ%(ugﬂlﬁﬁﬁuﬁmzmmﬁLU@%L%ucﬁ INSIZAIUAUN
L{Jué'hLLinﬁﬂumsmﬂﬁugU‘E@EJmsﬁwmwmﬂaQIULLﬁiﬁﬂLi‘JuLaaw 2dlusntiunTuman
aqunFnduifnaiduoen 9 wuRuns wazdndunududuning 3 wuRluns naenaIy
nhuresmumnnudsndurhnisimungatuslaglfusazgevineiu 2 wufiums Taeiy
mﬂﬂmqm‘umﬂﬂaﬂéfw,amiugﬂﬁ 4.1 @audn3 i suazyinnsTaau UL
awnululasiives murnnasdilalunismegeud 3 suiadisiu NuLsn 42 WuRwes 817
75 wuRuns nufl 2 1319 35 WuRwas 817 69 WuRWAs NUfl 3 1319 30 WURWAS 817

66 LWURLUNT

2 A 9
un 1 LagYnIALIN

ﬂﬁNﬂT}JWﬂJ]ﬂﬁﬂﬂﬂﬁ‘mﬂﬂim
9, v,
ATNUBIMUNIINAINITAIY2

JUT 4.1 fregauasdsnsmmungninauvnduau

Tnglun1sinanunuiiiuvsrisanunuiteoemdu 10 9reseiulaelieag 9 ay

0.499 TIaALIAT LSUAUN 0.500 Nadums AUDT 5.999 NaALIATINIILLDIANNADINTLUI YU



37
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12 2057 | 2523 | 2888 | 2963 | 2922 | 3422 | 3201 299 | 2769 | 2452 | 2239
13 2821 301 3055 | 3594 | 3212 | 3.099 | 2894 | 2532 [ 2321
14 2816 | 2923 | 2036 | 3538 | 3113 | 3.023 | 2745 | 2387 | 2354
15 2269 | 2758 | 2813 | 3.072 | 368 | 3508 | 3394 | 2695 | 233 | 2233
16 2653 | 2923 | 3103 | 3454 | 3649 | 3395 | 2685 | 237 | 2297
17 no 2831 | 2917 | 3452 | 3753
18 no no 2. 2689 | 3.01 339 384
19 no no 2595 | 2889 | 3398 | 3.696
20 no no 2.17 2624 | 3262 | 3.685 | 4.083
21 no no 2024 | 2817 | 3529 | 3936 | 4254
2 no no 2823 | 348 | 4015 | 4319
23 no no 2876 | 3.606 | 3.897 | 4497
24 no no 2,03 2965 | 3979 | 4
25 no no 316 | 4077

, ; 2.500
P INANUHU o
70 499 | 2.999

JUN 4.2 AUVUNYDINTUMLNAINTUT 1




1
2
3
4
5
6
7
8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
, 2.500 | 3.000 | 3.500 | 4.000
FNANUNU
2.999 | 3.499 | 3.999 | 4.499
A A
EU'Vl 4.3 ANURUIUDINTURUINAINIUN 2
1 2 3 4 5 6 7 8 9 10 - 12 13 14 15 16 17 18 19 20 21
1 2582 2.961 3283 3.014 3.017 2.706
2 3.019 3.525 3.591 3.033 2.811
3 2810 | 3273 | 311 | 3055 | 2833
4 2.746 3124 3.09 3232 2.722
5 2.879 3.181 377 3331 2.680
6 2.539 2.951 3.180 3.157 3325 2.7123
7 2953 | 3241 | 3191 | 3277 | 2603
8 2525 2.648 2.866 3.167 3.487 2.847
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Abstract. Betel palm sheath is a kind of natural material which is increasingly used as a raw
material for producing food packaging. To form packaging such as food plates, a raw palm
sheath is drawn using drawing dies. Then, the excess edge of the drawn part is cut off with
trimming dies. Due to the lack of understanding of the palm sheath structure and its mechanical
propertics, a lot of defective parts still occur during the production. In this work, the authors
aim to investigate the internal structure of the palm sheath. The raw palm sheath was sectioned
and subjected to a scanning electron microscope (SEM). In addition, the mechanical properties
of the palm sheath were examined by the uni-axial tensile test. Based on the experimental
results, the intemal structure of the palm sheath was clearly revealed. The tensile propertics of
the palm sheath were highly anisotropic. namely the maximum load resistance and the
clongation at break remarkably varied with the Joading direction. Moreover, the deformation of
the palm sheath appeared to consist of the elastic and the permanent deformation.

1. Introduction

Betel palm shown in Figure | is a kind of plants in the Arecaccac family which is widely found in
South cast Asia such as India, Myanmar, Thailand etc. Parts such as nut. husk and sheath of the betel
palm can be used in different proposed. For example, its wet sheath is used as animal feed, while the
dry palm sheath can be used as a fuel for cooking and water heating [1-3].

Figure 1. Betel palm.

According to the plastic packaging waste issue, the production of food packaging from natural
material is now intensively considered. The betel palm sheath is a kind of natural materials which has
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potential to be used for producing the food packaging because it has sheet form, suitable thickness and
sufficiently strength. In Thailand, Veerasa company utilises the palm sheath to produce various
packaging such as food plate, banana-cake cup, soap box. ctc [4]. The production starts from the
preparation of raw palm sheath by washing, drying and cutting mto designed size. Then, the palm
sheath is drawn using stainless steel drawing dies at clevated temperature. After drawing, the edge of
the drawn part is timmed to obtain finishing products. However, a lot of defective parts still occur
during the production. This scems to be caused by the lack of understand of the structure and the
mechanical properties of the palm sheath.

There are rescarchers studying mechanical propertics of natural materials-based composites.
Srinivasan et al., studied the mechanical and thermal propertics of banana-flax based natural fibre
composite. They applied the hand layup method for preparing the composite laminates. The results
showed that the difference lamination strongly affected the ultimate tensile strength, the tensile
clongation, the energy absorption and fire resistance of the composite [5]. Fernandes et al., prepared
the natural composite structures between the flax fiber, the agglomerated cork and the bio-resin. They
found that the composite had higher load resistance when the density of the fiber in the composite
increased [6]. In addition, Chethan et al., prepared the betel palm leaf reinforced resin composite and
investigated its tensile properties. Their composite consisted of 70% Epoxy resin and 30% short palm
sheath fiber (by volume). They revealed that the ultimate tensile strength and the modulus of the
composite was 16.15 MPa and 3345.16 MPa, respectively (7).

From the literature survey. the authors found that there are not any study or report explaining the
structure and the mechanical properties of the betel palm sheet. To promote the production of the palm
sheath packaging from the houschold level to the industrial scale, the fundamental knowledge
concerning the structure and the mechanical properties of the palm sheet is highly required. Therefore.
in this study, the betel palm sheath was collected. sectioned and subjected to the SEM in order to
investigate the internal structure of the palm sheath. Also, the palm sheath tensile specimens were
prepared from different zones and directions in a palm sheath. Through the experimental results, the
structure, the tensile propertics and the deformation behavior of the palm sheath were discussed and
summarized.

2. Material and experimental conditions

Betel palm sheath used in this study was harvested from Buriram prefecture, Thailand. For all of the
investigation, only one palm sheath which had the width and the length of 300 and 400 mm was used.
The moisture content of the palm sheath was 16.15%. The entire palm sheath was cut off using a keen
knife to prepare the SEM and the uni-axial tensile specimens based on ASTM D828-16.

iMﬁxk.ll'mneE ! Central zome H Affix pode zone |

Figure 2. Layout of tensile specimens.
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Before testing, the thickness of the cut samples was measured by a micrometre. At the affix leaf
zone, the thickness of the palm sheath varied ranging from 1.972 to 2.526 mm (Avg. = 2.354 mm). For
the central zone, the thickness was varied from 1.429 to 2,000 mm (Avg. = 1.718 mm), while at the
affix node zone, the thickness was varied between 1318 mm and 2255 mm (Avg. = 1.818 mm).
Based on the vanation of the thickness, the tensile testing samples were formed into three groups for
those three zones. In each zone, the tensile specimens were prepared in three directions with respect to
the surface lines of the palm sheath. The first direction was parallel to the surface line (They were
called *0* specimens™). The second and the third directions were diagonal and perpendicular to the
surface lines (They were called *45° and 90° specimens, respectively™). Figure 2 shows the layout of

the tensile specimens. For the tensile test, the speed of the moving cross head was fixed as 2 mm-min™.

The load cell (Capacity: * 5 kN) was installed to record the load resistance of the palm sheath. After
testing, the fracture edges of the specimens were investigated with the SEM.

Apart from the tensile test mentioned above, additional specimens were prepared for studying the
deformation behavior of the palm sheath. For this test, the specimens were cut from the affix node
zone, prepared to have the dimension based on the same standard as that used for tensile test. Then,
small grids were drawn on the surface of the specimens using a small-head permanent pen. Afiter that
the specimens were subjected to the uni-axial tensile load. The displacement of the cross head was
varied from (1.2 to 1.6 mm. After testing, the displacement-load resistance curve and the geometry of
the grids were examined.

3. Results and discussions

3.1 Structure of betel palm sheath

Figure 3 shows the cross-sectional SEM images of the palm sheath. From this image, six different
components of the palm sheath, ie. spongy mesophyll, phloem, xylem, bundle sheath, upper and
lower epidermis were clearly observed. Figure 4 represents the high magnification SEM images at the
upper and the lower surface of the palm sheath. These revealed that the upper epidermis was thinner
than the lower epidermis. Mamely, the upper one had the thickness of about 2.5 pm, while the
thickness of the lower one was approximately 20 pm.

prp:r epidermis Et

Lawes cpidermis

i mn

Figure 3. Cross-sectional image of palm sheath.  Figure 4. High magnification images (a) at upper
and (b at lower surfaces.

3.2 Tensile properties af betel palm sheath

After carrying out the tensile test, the relationship between the load resistance of the palm sheath and
the extension was plotted. Figure 5 represents the load resistance curves for all the tensile specimens.
The load resistance characteristics were revealed as follows: (i) the highest maximum load resistance
{fue ) oocurred when loading direction was parallel to the surface line of the palm sheath, (F direction.
Its value was ranging from 309 to 405 N, while the highest fi.. was vaned between 62 and 106 for the

14



ICMIM 2019 [OF Publishing
LOP Conf. Series: Materials Science and Engincering 654 (2009) 012006 daoi: 10, 108/ 757-800008654/ 101 201 6

45 and W° loading direchions. (1) There was a vanation of the highest fi., when varyving the
investigation zone of the palm sheath. However, the tendency of this vanation could not be observed.
() The clongation at break (eges) remarkably depended on the loading direction rather than the
investigation zone of the betel palm sheath. In the cases of 0 and 90° loading directions, the ep_y
appeared to be low (between 1.0 to 1.9 mm). while the ep.a was higher in the case of 45° loading
direction. From the above tensile testing results, it was revealed that tensile properties of the palm
sheath were highly anisotropic.
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Figure 5. Relationship between load resistance and extension of palm sheath from tensile test.

]

3.3, Fracture edges of tensile specimens

After tensile testing. the fractured edges of the specimens were investigated with the SEM. Figure 6
shows the SEM images of the fractured edges which were loaded under 0, 45 and 90* at the affix leaf,
the central and the affix node xones. This figure revealed that (i) For all zones of the palm sheath, in
the case of ¥, the xylem and phloem appeared to be broken. But. they tended to be pulled out from the
spongy mesophyll without the breakage in the cases of 45 and %0°. (1) For all the investigation zones
of the palm sheath, there was no crack propagation to the upper surface in the case of 0F, while in the
cases of 45 and 90°, the crack propagation was observed. (iv) the fracture of the spongy mesophyll
was simuilar for all specimens. It was indicated that the tensile load response of the spongy mesophyll
was similar for all zones of the palm sheath and the loading directions. (v) Applying the tensile load in
the 45 and 907, the fracture of the specimens seemed to be initiated at the surface line. Considering
this fracture mmibation position and the load resistance curve m Figure 5, the surface line became a
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week point for the fracture, especially when the maximum principal tensile stress occurred in 45 and
90° against the surface line. (vi) Sccing the high g in figure 5(b), although the surface line caused

the fracture under the low load resistance, i1t did not result in the low clongation of the palm sheath.

Loading direction compared to surface lincs of palm sheath

0 degree I

45 degree

[ 90 degree

Affix leal zone

Zone of palm sheath
Central zone

Affix node zone

3.4. Deformation behavior of betel palm sheath
Apart from the internal structure investigation and the tensile testing, the deformation behavior of the
palm sheath was studied. This understanding is crucial, especially for analyzing the deformation of the
palm sheath using numerical method such as finite clement method (FEM). Typically, when assigning
a material model to a simulation software. two types of the deformation modes, Le. the clastic
deformation and the plastic deformation must be assumed, scparately [8].
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Figure 6. Fracture edge of tensile specimens.
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Figure 7. Relationship between load resistance and extension for extension from 0.2 to 1.6 mm.
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Figure 7 shows the load resistance curves after pulling the palm sheath specimens to the specified
extension. From this figure, at the small extension, 0 < ¢ < 0.4, the load resistance tended to be
increased without changing the slope of the relationship. When the extension increased, the inflection
point of the load resistance (ip) was detected. Here. the ip occurred at the extension between 0.4 and
0.8 mm. After pulling under the large extension, ¢ > 0.8 the slope of the load resistance curve changed.
noticeably. This seemed to indicate that the deformation behavior of the palm sheet was changed with
increasing the extension.

Figure 8 shows the grids on the palm sheath specimens after pulling. Here, it could be seen that the
grids did not deform largely in all extension cases. However, measuring the grid distance (da) after
pulling the samples, the d; did not change for 0.2 < e < 0.4. But, for e = 0.6, the d,; tended to be
extended, compared to the original d. This confirmed that, under the tensile loading, the betel palm
sheath consisted of the clastic deformation and the permanent deformation.

" e=04mm e=06mm

Figure 8. Palm sheath specimens after pulling at various extension

4. Conclusions

From the experimental investigation of the betel palm sheath, the following conclusions were obtained:
(1) the internal structure of the palm sheath was clearly observed. It consisted of bundle sheath, phloem,
xylem, spongy mesophyll. upper and lower epidermis. (i1) the tensile propertics of the palm sheath
were highly anisotropic. The highest maximum load resistance occurred when loading direction was
perpendicular with the surface line of the palm sheath. (i11) The fracture initiation seemed to be
occurred at the surface line of the palm sheath. (3v) The load resistance of the palm sheath was very
low, when the maximum principal stress occurred in the 45 and 90° against the surface line of the
palm sheath. (v) The palm shcath showed both the clastic deformation and the permanent deformation
under the tensile loading.

5. References

[1]Shashikumar, Shrinivasa D.)., Manjunatha K. and Anantachar. M. 2016 Int. J. of Agriculture
Sciences 8(6) 701

[2]Bhattarai, BN. Climate-smart Agriculture (CSA4) 1. 1

[3]Nikhil R., Raahul N., Sateesh N.. Shivprivan M., Tiffany C., Anita T. and Pramod R. 2018
Mazerials Today - Proceedings 5 24541

[4]Vecrasa palm sheath packaging. (2019) Available: http://http://www.veerasa.com/th

[5]Srinivasan V.S. Boopathy R.. Sangcetha D. and Ramnath B.B. 2014 Materials and Design 60 620

[6]Fernandes F.A.O., Tavares J.P., Alves de Sousa RJ.. Perira A B. and Esteves J.L. 2017 Procedia
Manufacturing 13 227

[7]Chethan M.R., Gopala Knshna Dr.S.G., Chennakeshava R. and Mahesh D. 2016 /nt. J of
Engineering Research and Advanced Technology 2(1) 388

[8]Mitsomwang P. and Nagasawa S. 2015 J. of Materials Processing Technology 220 46

80



UseIngLUeu

WrEsn yuindey RalleTudl 31 wouatan uMsAnIIY 2533 dusanisAne
spiututseuAnuannlsadeuvealniiving Samiaunsugy Welwsdnay 2553 uazdusa
N3ANEITEAUUS YIRS armnirniminssulannis d1nIvIAINTINAIENT NRIINYEE
walulaBgsund dminuasswdun Welwmsdniy 2559 ndaarndsansinunlusedu

[

a a Y v o A a o s s a ¢ o a o a 1
Uy e waglaidniinanud usem aunuviese avese Jad 9110 uazudn glivning

[ (YY)

e wagloiddnudeszauuTyailn vdnansicinssuian dieaviviminssulannis
uninerdemaluladasund Smiauasawdun Welwnsdnsy 2560 lnsvagdnuils
nuAsAnwLAthAnuiszfutafindnuifinanansdldsunuissanundaunieuenain
nesuatuayun1TITeuazaul (MUOROG) iAnwseduTadindAnw warlusening
nsfnwldsusoumneminfiduitsasuluseisduiolud

- JiURnsnszuaumskaanslennis 1 (METAL PROCESSING LABORATORY 1)

- UjRnsnIEUINNSKAANISannIs 2 (METAL PROCESSING LABORATORY i)

(%
=

msindusulanzlaginiosdninuauideiaaviionoufinmes (MACHINING OF
METALS WITH COMPUTER NUMERICAL CONTROL MACHINES)



	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Chapter6
	Chapter7
	Reference
	Appendix
	Biography

