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Design and Development of an Agricultural Material
and Fruit Peel Shredder Machine
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ABSTRACT

This research aimed to design and develop a small shredder machine for shredding
vegetables waste and fruit peels. The procedures were studying basic physical properties
of materials, designing, constructing and testing the performance of the shredder machine.
The shredder machine weighed 45 kg. It consisted of a steel structure, a feeding hopper,
cutting blade set (23 curved blades 160 mm long, 2.0 mm thick), fly wheel, power
transmission sets, material rails and 1/3 hp electric motor. Seven types of plants including
lemongrass stub, lemongrass leaf, pandan leaf, Thai morning glory, Beijing grass, passion
fruit peel and pomelo peel were tested at cutting blade speeds of 500, 600, 700, 800 and
900 rpm. The test results showed that the machine can cut materials at all speeds tested.
The amounts of cutting were directly correlated with the cutting speeds. At the cutting speed
of 700-800 rpm the machine could cut 71-148 kg/hr of tested materials using electrical
power of 0.0009-0.0033 kWh/kg. At these speeds the cutting machines worked smoothly
without vibration, so the cutting speed 700 rpom was selected for operating the machine.
The machine could cut 6 types of test plants except pomelo peel. The average cutting
capacity was 112.3 kg/h with average electrical power consumption of 0.0013 kWh/kg.
Economic analysis revealed that the machine cost was 23,000 baht and it was further
found that the cost per cutting unit (baht/kg) at small cutting amount was high but would
become lower when the amount of cutting increased. For example, when the cutting amount
increased to 60,000-100,000 kg/year (150.5-212.0 days), the cutting costs were between
0.73-0.75 baht/kg.
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Table 1 Physical properties of tested
agricultural materials

Type of agricultural Moisture content Density

materials (wb) % (g/cc)
Lemongrass stem 94.6 1.1
Lemongrass leaf 949 1.7
Pandan leaf 98.1 1.1
Angel grass 94.4 0.9
Water morning glory 91.7 1.2
Passion fruit peel 95.2 1.1
Pomelo peel 89.9 0.9

Average of 3 replications
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feeding hopper
fly wheel

discharge tray

Figure 2 The prototype Figure 3 Machine components

Figure 4 Cutting blades Unit: mm.

Figure 5 Cutting board Unit: mm.
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Table 2 Percentage of size distribution of chopped materials at different cutting blade speed

% of cutting on each type of material*

Cutting Size of :
speed chopped Lemon Lemon Pandan Watt_ar Angel grass Pass_lon Pomelo
(rpm) material Grass grass leaf morning fruit peel
stem leaf glory peel
Small 94. 1 67.5 0.0 90.3 299 87.8 284
Medium 5.9 30.0 93.3 7.7 47.8 122 149
500 Large 0.0 2.5 6.7 0.0 224 0.0 29.7
Extra-Large 0.0 0.0 0.0 0.0 0.0 0.0 27.0
Small 85.0 62.0 5.6 86.6 154 88.0 0.0
Medium 15.0 38.0 945 134 554 121 20.3
600 Large 0.0 0.0 0.0 0.0 29.2 0.0 54.6
Extra-Large 0.0 0.0 0.0 0.0 0.0 0.0 25.0
Small* 81.5 74. 6 6.7 86.4 179 96.9 0.0
Medium** 18. 5 16. 9 93.3 13.6 59.7 3.1 11.7
700 Large 0.0 8.5 0.0 0.0 224 0.0 65.1
Extra-Large 0.0 0.0 0.0 0.0 0.0 0.0 233
Small 74. 5 58.0 10.0 92.8 25.7 100.0 904
Medium 25. 5 30. 4 90.0 72 57.7 0.0 9.6
800 Large 0.0 11. 4 0.0 0.0 154 0.0 0.0
Extra-Large 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Small 74.5 75.5 711 93.1 313 90.3 89.9
Medium 23. 6 24. 4 28.9 6.9 56.3 9.7 10.1
900 Large 1.8 0.0 0.0 0.0 125 0.0 0.0
Extra-Large 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Small =
Extra-large = 3.0< L 5.0 cm
*Average of three replications
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Table 3 Working capacity and electric energy consumption for different material cutting

WORKING CAPACITY(KG/H)

ELecTRIC ENERGY(KW-H/KG)

CuTTING
SPEED LEMONGRASS PANDAN WATER ANGEL LEMONGRASS PANDAN WATER ANGEL
(RPM) L MORNING GRASS MORNING GRASS
STEMS EAF GLORY STEMS LEAF GLORY
500 50.0 420 100.0 112.0 75.0 0.0031 0.0022 0.0025 0.0010 0.0012
600 91.0 53.0 111.0 115.0 97.0 0.0014 0.0021 0.0009 0.0011 0.0011
700 111.0 71.0 125.0 137.0 139.0 0.0013 0.0021 0.0009 0.0011 0.0009
800 111.0 77.0 91.0 148.0 121.0 0.0014 0.0017 0.0009 0.0011 0.0009
900 125.0 83.0 125.0 149.0 149.0 0.0013 0.0020 0.0009 0.0012 0.0009

ANMNEINITOIUNSHALUADNLENTH
warwadandule wudn Wasnense 1A3a9
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0.0023 AlaTad-AlaTad-wa./nn. (Table 4)

Table 4 Working capacity and electric energy consumption for peel cutting

Cutting Working capacity (kg/h) Electric energy (kW-h/kg)

s(f:;? Passion fruit peel Pomelo peel Passion fruit peel Pomelo peel
500 96.0 24.0 0.0015 0.0059
600 83.0 37.0 0.0018 0.0040
700 91.0 46.0 0.0017 0.0033
800 107.0 106.0 0.0021 0.0023
900 116.0 95.0 0.0017 0.0027
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AnNssavluiinda 5 ueu ﬁ’ﬂﬁfa@ 6 BiA
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FialdSunou 71-148 nn/a. wazldwdeanulnin
0.0009-0.0033 Ala¥afi-Ba./nn. 1A389¥9U
Suudaldasansliduazifiou fruanusH
sovluiadanInnia 800-900 sau/u# Fnld
U3 83-149 nn/an. uazldwdesmiluii
00027 Aladad-ru/nn. AGasasdy @Edy
Jagndaldnszifuoundusanduilon uas
ﬁmﬂmmm&‘lﬂumna c18un wAdaldiUSNu
mnrmLuamaunumwmmaau’lummmau q
NI UTDILASDIRANANTENUADTUR IUD DY
mewﬂwumﬂm'ﬁmmuau

forfu ‘[umsmwmammmwman‘[w
anusqludada 700 sau/und [Huadesn
wmmﬁnmﬂ\lmmmmmu Tufis wazidan
@258 W RIUIALENLATIUIANATLa A
USinugeda 112.3 nn/ou. lasdaldauiaiin
1Ry 0.89+0.08 BN. WAZIUIANAIILARE
1.6040.27 3. pniunsdaasnduladeesy
fipafinnsAnunITesialy

4. ﬁi'l'[ii’ﬁhﬂ’[un'\s’[if’mum‘%f'm
4.1 muwuﬂ\‘m (Fixed cost)
ﬂ’]iﬂ(ﬂﬂ’ﬂﬁﬁﬂﬂ THanuanansaluns
v‘hqwumaomim firNI5998Y 700 SaU/UNd
LASDI-AANDY 6 AaYd ‘Lﬁl,aé'ﬂm'ﬁﬁ’u.
112.3 NN/BN. AU TURE 6 BN, AAT
Y5 BnSamn1svinenn 70% antsadale
Winfiu 112.3 x 6 x 0.70 = 471.7 nn./ 34 sntiu
wasnduls AL TN 300 LW/ TU Ve
TUAZ 6 TU. UATIIALAIDY WYL 23,000 UM
awgnwﬂ%mumaam%aa 5 1 wars1sIn
WAIY LAY 5 1 windu 1,000 U

fatiu Aidiensnen = (23,000-1000)/5 = 4,400 LAl

mmﬂnLﬁw%aml,ﬁﬂamm@uamu
(interest on investment)

mamﬁﬂ‘ium‘mmuum'a:ﬂ =
1/2 X (FIMINT0 + 'iwml,ﬁawmmq) X A9
aands Tunisduinidenldsnsinaniis

(Wud) YBIBUIANT NS 7.37% LaTunu
A luaNnsf (8)

23,000+1 ,ooo) X ( 7.34) @®

60

Amenidy =( 100
= 884.40 LW/

Frariu funuasiisiatl = 4.400+884.40 = 5,284.40 UM
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4.2 funuulsiu (Variable cost)
UsznaudiaaingeinmaInazug
il wazausso SeaziBun el
(1) ﬂﬁ‘U’]E\ﬁﬂE’l (repair and
maintenance) AnlaRuLszanariuas 20 U/
- ALNINEY = 20/471.7
= 0.042 vw/nn.
) ﬂ"mitLtﬂ\lwﬁﬂﬂﬁﬁmﬁaﬂﬂ?’mﬁ’l
38U 700 58U/UNT wASe9dnRsliady 1123
nn/aN. waseulwihildadswiniu 00013
Alatnd — wa/nn. ancfuddsndule dnluiin
ARDA3T 2.73 UWM/Me
- was Wil = 00013 x 2.73
= 0.004 v w/nn.
(3) ALLIINU T%ﬂu‘i’]aui’a@ 1 AU
NN 6 BN/ AT 300 U
- AT = 300/471.7

= 0.64 uw/nn.

aun1salda1alunisldindaedn
C vw/nn. wWefivsaunisda T nn/dl
C =5284.4/T + (0.042 + 0.004 + 0.64)
= 5284.4/T + 0.689 un/nn.
MNANNITENNIIOTUUAIMNTNANUS
JeriNUsIuNIfaTedadadaluazenld
dwlunsdn @©w/nn) waadly (Figure 6)
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Figure 6 Relationship between plant cutting and cost

aziiuldinanldanslunssin wwm/nn)
zgelugefifiviinudadelios uazana
Luauﬂimmm‘mmmaﬂmnmu Tasndlafiusann
M3 20,000 NnAl (7045u) nldanelunssn
Winiy 0.950W/nN. waztila U ssaLi
Wy 60,000-100,000 nn.Al (150.5-212.0 au)
mitanalunmssinazanaanans 0.73-0.75 Lw/nn.
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