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Design Development and Performance Evaluation of a Sugarcane

Leaf Trash Shredder
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ABSTRACT

Sugarcane leaf trash management is a critical challenge in mechanized farming, often
leading to open burning and environmental pollution. This study aimed to develop a prototype
sugarcane shredder designed to improve shredding efficiency, evaluated by the reduction in
residue size and field-tested for engineering economic viability. The machine utilizes a dual-shaft
mechanism: shaft A employs C-shape 24 blades for initial cutting, while shaft B features 12 sets
of Y-shape flail blades operating at high linear speed of 16.7 m/s (800 rpm) for fine shredding.
The performance was evaluated under varying blade linear speeds for shaft A (7.4, 9.6, and 11.7
m/s) and forward speeds (0.5 and 1.2 km/h). Statistical analysis indicated that the optimal
condition was a blade linear speed of 11.7 m/s combined with a forward speed of 1.2 km/h. This
configuration significantly reduced residue size, with the average width decreasing by 78.6% (to
0.7 cm) and the average length by 77.7% (to 28 cm). Economic analysis revealed a field capacity
of 1.1 rai/h, with a break-even point of approximately 114.6 rai/year. This developed sugarcane
shredder offers an efficient mechanical solution to support zero burn policies, enhancing biomass

incorporation into the soil while remaining commercially viable for farmers.
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Unit A

Figure 1 Field testing of the prototype machine

under real field condition
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Gear box

Power transmission between Unit A and

PTO shaft Unit A

Figure 2 Sugarcane leaf shredders blades details; A: The gearbox and power transmission system

of the prototype machine; B: Internal characteristics of the prototype machine;

C: Characteristics of the C-blade; D: Characteristics of the Y-blade
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Figure 3 Sugarcane leaf shredder testing; A: Sugarcane leaves and residue before shredding;

B: Characteristics of sugarcane residue within the processing

1 <@

dunuiudiuludegluiun 1x1 ns.a. 50

Tu 3 91 WeTavuin ({6) vesludesndinisdu
AWATIZUAMNLUTUTIU (ANOVA) LUSBuLiigy
AaBesieds DMRT fisziuanuderiu p<0.05
AUN15UITIUNAFUINRALATHTAENT LULTY
Imnssu Tunsdlfifsounsninesdufdsegudn
AAAUNUNITY19IUAIL RNAM test code &
procedures for farm machinery (ESCAP and RNAM,
1983) fio #uvjuAST (fixed cost) wagsumuiuLys
(variable cost) il BAWIUMNAAALY U (break-even

point) kazaAAUYU (payback period)

3. MInagauNInaUId

AMUANNTOIUNTYINGU

BMNIINITATLYULT UL BLNAS

YUINVBIUDRENANAY (%)

Y1as osdunvunnaevlundasdosi
dAuieudlaenisldussuausinsos dadsnsly
nouariszorvnesyninenan 1.5 4. Tuitud 2 19
nsvedeufuLuUag 19 awiladluanzyiay
339 W sudemduuudugs Tneldsounsnined
uA 21 45930 WwRenude 2 Tdanusiseu
LR 3UUS 1,800 SOU/ANT LAZALLETOUNSIRES
1.2 nu/g2%0s (Aes L2 seutadessus 1,800
seu/und) mnusadadulufingn A 91 11.7 1/
Wil iiudeyanasnisnageuuazmeditludos

PAIFU ANUIUAINENNISA 1-3

fufulasdos (19) (1)

LAMLEYINaU (F2la09)

USananisfuiily Gns) 2)

NuMviuLUasdes (15)

YUIAMUDDYNDUAU — VUALUDDENRIEU X 100 (3)

YUIA D BENBUAU

Thai Agricultural Research Journal Vol. 44 No. 2 May - August 2026 147



NANISNAAILAZINTA

< o W < P a

1. AU MUAANUAIUSINTLARDUN
LAl UD DU AILNA D b Uad 9l sa9n1ly
NILAULAEINDULLINAADUAUAIULAT DIAULUU
TUURPNENNRRE 123.1 9. NINNRAY 2.67 4.

JANuTFuUUEU 10.2-11.4% (Table 1)
HAN1SILATIEYIU Y aN1ead AL 891y

d‘ U v 1 v

AUIINULVDAATDIFUUA U TUAULUY (Table
2) WUIN ANULSITAULAS I8 UAAINAlALATIAD

= ) =~ A a <
ﬂquﬂJagLaﬁJC’ﬂUﬂqiﬁ‘U‘Uﬂ A8 LHBLWUATIINLIIVNIN

1,200 vJu 1,800 50U/U% Aus wdFaduludu
Teaesn e gpduneny 11.7 w./Aud wazyn
duaziden 16.7 1./3U19 @101508U8AANNAINS
Tuso8Lad ya1n 2.67 9u.(Table 1) LnE 017 89
0.76 %3, (Table 2) Fsdonndasiuiuisoves
Singrun et al. (2021) finun mmﬁasauﬁqasﬁu
daalirnadsruinvesludsuanasaenndssiu
Lin et al. (2020) finuinsldmnuisaseugaves
ynduazBeaiiseiu 800 50U/ anansavinli

Tudsevnaziden

Table 1 Dimensions of sugarcane residues-from manually harvested fields

Plot Length (cm) Width (cm) Moisture content (%)
1 122.7+21.4 2.82+0.85 10.2
2 125.8+19.7 2.66+0.87 114
3 120.9+£21.5 2.54+1.1 10.6
Average 123.1 2.67 10.73

Table 2 Shredding performance of the prototype sugarcane shredder at various blade linear

speeds and forward speeds

Blade linear speed Forward speed

Average width Average length

(m/s) (km/h) (cm) (cm)
7.4 0.5 0.69 + 0.23 bc 2958 + 887 Db
1.2 1.11 £ 0.35a 69.54 + 11.45 a
9.6 0.5 0.88+0.28Db 33.88 + 12.06 b
1.2 085 +0.38Db 30.16 £ 8.16 b
11.7 0.5 0.82 + 0.27 bc 28.96 + 9.49 b
1.2 0.69 = 0.27 c 28.46 + 835 Db
CV(%) 34.25 28.14

The values followed by the same lowercase letter in the same column were not significantly different (p<0.05) according to the

Duncan’s new multiple range test analysis
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Table 3 Performance test results of the sugarcane leaf shredder prototype

Item Unit Value/detail
Test condition
Working width (prototype) cm 80
PTO speed rom 540
Engine speed (low 2 gear) rom 1,800
Ground speed (average) km/h 1.2
Test result
Working capacity (field capacity) rai/h 1.1
Fuel consumption rate L/h 1.8
Sugarcane leaf length - before shredding (avg.) cm 130
Sugarcane leaf length - after shredding (avg.) cm 29
Sugarcane leaf width - before shredding (avg.) cm 2.8
Sugarcane leaf width - after shredding (avg.) cm 0.6
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Figure 4 Performance testing of the sugarcane residue shredder in field conditions; A: Field testing

and performance evaluation before testing; B: Field condition after testing
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Table 4 Economic analysis and break-even point of the sugarcane residue shredder

Description Value Unit
1. Investment and fixed costs
Purchase price 70,000 baht
Service life 5 years
Salvage value 7,000 baht
Annual depreciation 12,600 baht/year
Interest rate 2,695 baht/year
Total fixed costs 15,295 baht/year
2. Variable costs (operating costs)
Repair and maintenance 175 baht/h
Fuel cost 66 baht/h
Lubrication oil 3 baht/h
Operator labor 80 baht/h
Total variable costs 166.5 baht/rai
3. Break-even and payback analysis
Working capacity 1 rai’h
Custom hiring rate (market price) 300 baht/rai
Break-even point 114.6 rai/year
Contribution margin (profit/rai) 1335 baht/rai
Working area (rai/year)

600

500 A

400 \

\ Hiring rate is 300 baht/rai
Working area is 114.6 rai/year

300

200 \ E /

100 ——

0 : .: : : : .
200 250 300 350 400 450 500

Employment rate (baht/rai)

Figure 5 Break-even point of operation
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