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Abstract

This study evaluates the performance of three beater blade configurations—5-blade, 13-blade, and
32-blade designs—for banana fiber extraction, focusing on mechanical strength, production yield,
fiber quality, and energy efficiency. Using standardized fresh banana sheaths, experiments were
conducted with three replications per test group to ensure statistical reliability. The results demonstrate
that the 5-blade configuration offers the superior engineering profile, exhibiting the lowest bending
stress at 19.4 MPa and a minimum shear stress of 1.90 MPa, which is 33.5% lower than the alternative
designs. This significantly enhances structural safety against fatigue and cracking. Regarding
production performance, the 5-blade design achieved the highest fiber yield ($Y\%$) and Fiber Quality
Index (FQI), particularly at a clearance of 0.8-0.9 mm with a 5-inch pulley. This setup optimized energy
consumption, reaching a minimum specific energy of 0.06 kilowatt-hours per kilogram (kWh/kg),
representing a 68.4% reduction in energy usage compared to the 32-blade model. While the 13-blade
design yielded comparable quantities to the 5-blade version, it exhibited higher qualitative variability.
Conversely, the 32-blade design performed poorly across all metrics due to extensive fiber damage
during extraction. In conclusion, the 5-blade beater blade provides the optimal balance of material
safety, yield quality, and energy efficiency, providing a definitive framework for enhancing the

efficiency and sustainability of small-scale industrial banana fiber production.



‘ FEAT JOURNAL

‘ July — December 2025; 11(2) : 44 - 58

46

Keywords: Beater blade: Banana sheath fiber: Fiber yield: Fiber quality: Shear and cutting forces:

Energy efficiency

“BAFA: theeratechins9@gmail.com

1. UNU

Tuilaqiiu uwsldunisldianassnaAnmauny
. o I N S
ANAUAIITTRINNNINTUB LA LB LHBIATN
AITNATENUNIUATUAILIARDNLATAINH
WENYINAAKANTENUAINTBLAE lUgAaINN TN
M lfdulasssuanAanivanasiduniaasnd
IfFumauaulalunaneansn 1iu gaaunasnas
N8 NUARDNTTN LL@:&@QL%qﬂi:ﬂ@u%mw
(Bio-Composite Materials) 1&ulafainainniu
nan¢ (Banana Sheath Fiber) Dawdluniialudule

el . - om
83TNTVANHANLNINGS LHBIAINHADIANTAN
Yndula 111 ANMTEe AHLTIwse Wutln
VU1 BATAYINAINTD I UNTH AU AR AN
a =2 v a d‘ 1

iEer kil ifmmmunﬂummmmwiuqqmn [1]

atelafimnn lunisdfiRaselneianiyly
seAugNTu n1eaimdulaainniundneinende

y oy 4 o ¥ 4o

wraanuauvire lfiATeednsuL LN U T liHA

a o A o v v o P
HanAn Geluaquinlainisimueuddenaly

. 4 . X . .
uazAvlszimawauiiloyuntiaenaunsvans 1
- 4.

NNFANELATEAATALLLTIALLLA WAL UL s s inA
a o = o a8 a
UL LAz INELLATENAn AT ANENINga T
UsznaialTudnanisuaniaatming g
wimaduan [2] 3aaTasdiulun ludiasnann
HUTUUNANERIINITUER (Productivity) Taerld

< ‘dl G Y [ Yy 1
ANNHLFITRUNGIUTEN3 M sr UL e udn lualm s

F9ANNLIANTNNIENANAR N1TAILANATUNIN

Wuler (11 AaNeng uleanavisawnmnn) waznng
Idndausavtiiedulafidslimansay [3]
Lﬂ'?‘a‘l aaRLdule ( Fiber Extractor / Beater
Machine) a4l unuind1Aylunisansziu
ANTIOULNNIANA ‘Emﬂl,@qu%umuﬁﬁﬁfyﬁ@ lum
e (Beater Blade) $451In59 4119w yu1B e

al Q

warn1samnras luANNalaaRsIFaLIINTZNN
nsilaniaasiduly uaznisgodanassny an
NI9INLNIUITTUNTTUNLAN AR daulundn
= o £ o 1 o

AnwTlaqAMUAN1I2N1TNINY LT 195U
AQTNL3998 U (Rotational Speed) Tag W
AHL3298U D99 750-1,000 rpm (32LFRUNT)
Wutaenten g ldannmiasl [4] vizani1sAne

a drd‘

ABNsannRaa1ILANLATAAUYTEINTE LN

WulauAaInnIsRUAULAZNLNIWI 70N T
atvaziden nudndeanadAyIenuAAedn
1 A I v K] o v

dnunnAanisaiuAnsaudssuaniaznig
o = 2 = A a
Ve AuLALD Yise nsmaseuztuuuluf
= = 1 a o lij U
Wesgtuuuiagalundazauddy aedana’li
faya11AN1 TN LITIANITOUEITNT1Y
~ aal | o %
givnsssriatinaeslufnuandesiunials

anzpauANAgafiuatinaiuszLl

a

v = a o =2 [ ' 1 [
widnaziaddenAnEadesing 1w 1w
TR srazvingszndnglumuazgnnas AEasey
A ada o = G
wradanisanmdulenununungg LAl wse
= 1o 1 Adl ¥ a =
danan widaldwuauniduidTe ey

a A a a v » v
“gilp 3199 viralsrAinaeslumdule” Nl



’ FEAT JOURNAL

‘ July — December 2025; 11(2) : 44 - 58

Aﬂl o a = o 1 v
Reulanisanfiniumaaiuetnaiuszuy fog
J 2 oy o o . a
wintl Asel i deagUndnaudiginsasanaiin
waslumuuulanlilsrdninngegn walusnu
nalnnisusnidulouaznisldnaseu
A L e oo -
A9t NN9ANEIATIHA U B euLRaL
angsnuzrelumdulagduuusie nnels
Weulanieanluenuuazanioznimaaey
o e o adey ad Lo s
weaiu ienaiinvesluan inanngarialusu
Use@nininnianan Ansnwdule uaznisld
WANIUANUNE (Specific Energy Consumption)
deannsni lldiduuwanisluniseanuuuusy
Fulgaarasdiduloniundonlimunzanse
NM9UAR UL AURAAUNITH U ALIANTNABINIS
A ndulagendasesdnsnieneialylu

1laqiiu

2. nou ntdlunisAaiuaulunisinenidld
NSNARDY

~ Y des o .
n1gAnwAfalldudnnisnamiansiaznig
Uszuqauatdeanaeeadan (Mechanical
Processing of Materials) WNBALATI T AN T T UY
= v ' v o
gesluAdulen unday TneyatiunisAIuaKeS

' v ¥

a a K o A d‘ a o &
MARUW NIFANALUALED LAZNTUTEIHUNAANS

b3
o

Tusnunisldnasauuaznninindule fal

21. NaAN1EASUB9ITAR (Mechanics of
Materials)

T lunnslsziduarauiAuuaznndeglaes
TwAnalFusesunIuniinaInn1slsneiuniu
Y A a v . X A
nans ey wnNaniaenldnguannisiiiiie
IV P P P N TER TG RV PR L Rt PR VA TSN

1 o ‘dl A £ [~3 1 (3
dndanniaenld (MANNALILATINANAIN)

47

A131190709 5L TN UFAA AR NN INNILAB LB Ls

Ineldifinn138n (Fatigue) viannsumnna [5]

_ My
o= 7 (1)

(@)

mlQ

7l O = AuLAUsA (Bending stress, Pa)
M = Tuiusing (Bending moment, N-m)
y = srazannunudunansreslus
(Distance from neutral axis, m)
= TusuiA I Ae I Usa
(Moment of inertia, m4)
€ = ANNLATYA (Strain)
E = lugdatinveuaesian

(Young’s modulus, Pa)

2.2. WSILABULAZNNFAA (Shear and Cutting
Forces)

TunszuqunnsanmdulaluRfasasIeusaaa

|
A

Wiaweniieige (Parenchyma) aanannidule

P2
aa o

nisldannisiidngiscasAiadszsiiiuaniy
amnsnredluAudazgluuulunisientuzustn

wiHgaszndnetudan uarldnsnasaaudn

'
= Y

k4 P a e o sa
Wumﬂuqmﬁmﬂ\‘ﬂum (A) HAMUANNUSNUAINN

ruRauatingls iveaanadavaaaadul [6]

= £
T= - 3)



‘ FEAT JOURNAL

‘ July — December 2025; 11(2) : 44 - 58

e

T = usuaau (Shear stress, Pa)

F = L394291 (Shear Force, N)
P I o

A = NUNUUIBANTULNIDDU

(Shear Area, m?)

23. n1sdsziNudNssausaastum

(Performance Assessment)

Y o

nsdsziiuanssnusldiaddn 4 Aunan
welilddeagnaseunquiisluduAssgaans
wazAnnIngan Tnafisnaazidanannisuasy
a au o X
winnalunisiaenld Al
2.3.1. uanandule (Fiber Yield, Y) 14din
Taparuarnimnlunisasegradulandenou
o Aﬂl = 1 =
nszuuNIeania enFaLieudgLnsseeslum

wuulaviniiianisgoyidaduladanign [7]

Y (%) = % x 100 @)
g

Taa? w, = dwdndulefnadale (kg)

W, = udnniunaaei ldada (kg)

2.3.2. 1981 1un"3anm (Extraction Time, T)
MHdusulsziiulnniinainnsalunisuan
(Productivity) A LAT LI UILLAZ LY
weslufdenasianauiialunisdiudanatnals

(4]
s
Fr

T = (5)

e T = wa1lunzann (hr)

vV, = fnnniundaaiiazans (kg)

48

F. = 8nsn19eiu189946 (Feed rate,
kg/hr)

2.3.3. datiansnmidule (Fiber Quality Index,
Q) LuAITTAE ATy NIauLe1AUANT AN
NNYATNUAAEFIUNINANTUNFINAL LB AZTIB
= Ry a A 2 o |
tansareadulenlrannlufuiazaiia Telnase
HAAINIFAUUNE [8]

LxURxSxm

FQI = 2

Taed L = Anwenaedereaduls

(50% span length, cm)
UR = faiiAnuasiniane (Uniformity Ratio)
S = anundsuseraaduly (Strength, grtex)
m = Artarnanysaizenduly

(Maturity Coefficient)

F = auazidenaaadule (Fineness, tm)

2.3.4. n19ldnasauseniaaidule (Energy
Efficiency, E) 141Wa31As1 s A u AuAILT
WA IULAZHAUNUNITNAR LNAUNAANA A

1 = Y
7239 TN U lUALAZN19 INAATBIN AR B T U

o

18a [4]
Pxt

E=— (7)
Wy
e E = msldndsnusiamisedule
(kWh/kg)
P = aellniild (w)
t = anlungana (hr)

w, = unidniduleinls (kg)



‘ FEAT JOURNAL

| July — December 2025; 11(2) : 44 -58

3. LATRINALAZATNISNAARY (Materials and
Experimental Methods)
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