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Development of Mangosteen Cutting Machine
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ABSTRACT

This research was to design, construct, test, and evaluate the Mangosteen Cutting Machine (MCM) for
mangosteen freezing export industry. The developed MCM was categorized into a) the manually operated type
comprising steel cylindrical base of 70 mm. radius and 25 mm. high, 47 mm. cylindrical rubber supporter
which was bored hemispherically to hold the fruit firmly during cutting, knife with horizontal and vertical
screw control and b) the semi-automatic type comprising the 220 V. 50 Hz 1- Phase 1/4 Hp. driving motor,
1:20 gear reducer, gearing system, cutting knife of semi-elliptical shape with 2 cm. wide and 6 cm. long.,
a replacable rubber seat according to fruit sizes. Timer switch was also included and the knife was controlled
by 1 kg./cm. solenoid switch.

Testing of the manually-operated MCM revealed that the machine could cut small (S), medium (M),
and large (L) mangosteens at the rate of 109, 107 and 101 fruits/r., respectively. One hundred percentage
of smooth cut and cutting openability were obtained. Less than 20% of fruit samples showed not close-loop
cut. '

Two prototypes of semi-automatic MCM with similar principal components were developed. Rubber
seat of the first MCM was built to hold mangosteen stationarily during cutting without hands while that of

the second MCM needed a hand to do so.
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Cutting experiments with the newly-harvested mangosteen of 3 different sizes (small, medium and large),

50 fruits each showed that the first MCM could cut mangosteens at the capacity of 237, 214 and 216 fruits/

hr. for S, M and L sizes. All fruits were easily openable. More than 80% of the cut mangosteen has close

cut. More than 92% of the samples had neat cut. The second MCM could cut mangosteen fruits of lower

quality (open-market mangosteen) better than the first MCM, ie, for S, M and L sizes it could cut mangosteen

at the capacity of 413, 363 and 377 fruits/hr. with no close-loop cut less than 10%. Openability of the cut

was 100%. Small fruit could be easily opened while bigger fruits were difficult to open. This might be due

to some mechanical damage inherent to the fruits from the market.

Economic study showed that the investment on materials and labor amounting to 7,130 baht to construct

a MCM. Expenses on mechanical cutting of 100 mangosteen fruits did not exceed 7.50 baht.

Key words . postharvest machinery, mangosteen
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Dimensions are millimeters

Scale 1:3

Figure 1 Manually-operated Mangosteen Cutting Machine.
1. Base
2. Fruit Supporter
3. Knife Fastener
4. Knife
5. Screw locking horizontal knife movement
6. Screw locking vertical knife movement
7. Spring
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Figure 2 Schematic diagram of Mangosteen Cutting Machine : Type 1 3
1 = Driving motor, AC. 220 V, 1-Phase, 50 HZ 1/4 HP. g
2 = Torque reducer 1 : 20. =

3 = Cutting knife set-up with solenoid (1 kg./cm.)

4 = Rubber seat holding mangosteen (varying diameter : 5.0, 5.5 &
6.0 cm)
[Rubber seat no. 4 shown at the left corner was for MCM type 2.]

S = Switch controlling the knife (one way 220 V.3 A))

6 = Switch controlling the whole cutting machine (one way 220 V.
3A)

7 = Solenoid (1 kg./cm.)

8 = Timer switch. (0-30 seconds)

9 = Cutting knife.

60¢
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Table 1  Evaluation of Mangosteen Cutting Machine Performance (L = Large, M = Medium and S = Small).

Machine Type Physical Characteristics | Capacity Cut. Appearance (%) Openability (%)
of Mangosteen (Fruit/hr.) Close-loop Cut Neat Cut|Broken Cut | Easy | Difficult | Inopenable
Grade | Average Weight Good Not good Not
(gm) O] (I ami  av) V)
Manually- L 109.7 101.4 | mv* mv 0 100 - 100 - -
operated M 83.9 107.2 mv mv 14.3 100 - 100 - -
S 61.8 109.1 mv myv 20.0 100 - 100 - -
MCM Type 1 L 107.9 216.3 12.2 73.2 14.6 97.6 24 100 - -
M 83.0 2139 40 58 2 92 8 100 - -
S 69.8 237.2 12 72 16 92 8 100 - -
MCM Type 2 L 110.5 376.6 233 66.7 10.0 26.7 73.3 80 20 -
M 68.6 362.5 96.7 - 33 46.7 533 90 10 -
S 48.6 413.3 96.7 33 0 833 16.7 100 - -

* mv = missing value
@ + (1) + (1) = 100%
V) (V) = 100%
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Figure 3 Mangosteen Cutting Machine Type 1.

1 = Driving motor, AC. 220 V, 1-Phase, 50 HZ 1/4 HP.

2 = Torque reducer 1 : 20.

3 = Cutting knife set-up with solenoid (1 kg./cm.)

4 = Rubber seat holding mangosteen (varying diameter : 5.0, 5.5 & 6.0 cm.)
5 = Switch controlling the knife (one way 220 V. 3 A.)

6 = Switch controlling the whole cutting machine (one way 220 V.3 A))

7 = Solenoid (1 kg./cm.)
8 = Timer switch. (0-30 seconds)
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Table 2  Fabrication cost of MCM type 1.

List amount cost
(Baht)
1. Materials and small equipment
1.1 1/4 HP. Electric motor 1 1,500
1.2 1 kg/cm. Solenoid 2 900
1.3 Gear reducer 1 1,200
1.4 Gears 5 450
1.5 Bearings 2 180
1.6 Rubber bar 2 300
1.7 Timer switch 2 1,000
1.8 Other electrical materials 600
1.9 Steel and wooden frame 500
Total(1) 6,630
2. Labor 500
3. Sum (1+2) 7,130
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Table 3 Expenses on operation of MCM type 1 related to time.
Description Values corresponding to operation time
1. Operation time (days/year) 1/ 30 60 90 120
2. Hours of operation (hours/year) 2/ 240 480 720 960
3. Number of cut Mangosteen
3.1 Large 3/ 51,840 103,680 155,520 207,360
3.2 Medium 4/ 51,120 102,240 153,360 204,480
3.3 Small 5/ 56,880 113,760 170,640 227,520
4. Fixed cost (Baht/year)
4.1 Depreciation 6/ 1,426.00 1,426.00 1,426.00 1,426.00
4.2 Interest 7/ 855.60 855.60 855.60 855.60
4.3 Total 8/ ) 2,281.60 2,281.60 2,281.60 2,281.60
5. Variable cost (Baht/year)
5.1 Labour 9/ 3,000.00 6,000.00 9,000.00 12,000.00
5.2 Electricity 10/ 270.00 540.00 810.00 1,080.00
5.3 Maintenance 11/ 60.00 120.00 180.00 240.00
5.4 Total 12/ 3,330.00 6,660.00 9,990.00 13,320.00
6. Total cost (Baht/year) 13/ 5,611.60 8,941.00 12,271.60 15,601.60
7. Average cost for cutting mangosteen (Baht/100 fruits)
7.1 Large 14/ 10.82 8.62 7.89 7.52
7.2 Medium 15/ 10.98 8.75 8.00 7.63
7.3 Small 16/ 9.87 7.86 7.19 6.86
i 1 vnmsaud Taverderaiggiidinacenna Tunsdiveasamelne 4 Woudell Tasszouiuiior 2 @ou lu
wamaagSuoon uagszordn 2 dou Wusnmaituivlumald
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6/ uaﬂwamumnu“lumsm 11303 (7,130 umAnSoY) / mqms'lmw CR)
7/ uaﬂwmuumnu“luﬂw 1 (7,130 UAn303) x SsAeniby (12%)
8/ Wy @.1) + (4.2)
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10/ $aTwahaouveundosmeilusonsit 2 x UTinunszuaildlu 1 $2Tue ©.5 mismn) x nmnszua
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1/ $alweihnuveunieadeiilusensd 2 x gasAnnEine .25 ummw.)
12/ iy (5.1) + (5.2) + (5.3)
13/ My @.3) + (5.4)
14/ iy [ 6Y 3.1) ] x 100
15/ Wiy [ (6 (3.2) ] x 100
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Table4  Average cost (Baht/100 fruits) on operation of MCM type 1 related to varying fixed cost.

Description

Operation time (days/year)

60 90 120

Normal fixed cost

- Large fruit 10.82 8.62 7.89 7.52

- Medium fruit 10.98 8.75 8 7.63

- Small fruit 9.87 7.86 7.19 6.86
Fixed cost plus 30% increase

- Large fruit 12.15 9.28 833 7.85

- Medium fruit 12.32 9.42 8.45 7.96

- Small fruit 11.07 8.46 7.59 7.16
Fixed cost plus 40% increase

- Large fruit 12.59 9.5 8.48 7.96

- Medium fruit 12.76 9.64 8.6 8.08

- Small fruit 11.47 8.66 7.73 7.26
Fixed cost plus 50% increase

- Large fruit 13.03 9.72 8.62 8.07

- Medium fruit 13.21 9.86 8.75 8.19

- Small fruit 11.87 8.83 7.86 7.36

- -
nul AN 3
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Table 5 Expenses on operation of MCM type 2 related to time.

Description Values corresponding to operation time
1. Operation time (days/year) 1/ 30 60 90 120
2. Hours of operation (hours/year) 2/ 240 480 720 960
3. Number of cut Mangosteen
3.1 Large 3/ 90,480 180,960 271,440 361,920
3.2 Medium 4/ 87,120 174,240 261,360 348,480
3.3 Small 5/ 99,120 198,240 297,360 396,480
4. Fixed cost (Baht/year)
4.1 Dcpreciation 6/ 1,426.00 1,426.00 1,426.00 1,426.00
4.2 Interest 7/ 855.60 855.60 855.60 855.60
4.3 Total 8/ 2,281.60 2,281.60  2,281.60  2,281.60
5. Variable cost (Baht/ycar)
5.1 Labour 9/ 3,000.00  6,000.00 9,000.00 12,000.00
5.2 Electricity 10/ 270.00 540.00 810.00  1,080.00
5.3 Maintenance 11/ 60.00 120.00 180.00 240.00
5.4 Total 12/ 3,330.00 6,660.00 9,990.00 13,320.00
6. Total cost (Baht/year) 13/ 5,611.60  8,941.00 12,271.60 15,601.60
7. Average cost for cutting mangosteen (Baht/100 fruits)
7.1 Large 14/ 6.20 4.94 4.52 4.31
7.2 Medium 15/ 6.44 513 4.70 4.48
7.3 Small 16/ 5.66 4.51 4.13 3.94
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Table 6 Average cost (Baht/100 fruits) on opcration of MCM type 2 related to varying fixed cost.

Description

Operation time (days/year)

30 60 90 120
Normal fixed cost
- Large fruit 6.20 4.94 4.52 4.31
- Medium fruit 6.44 5.13 4.70 4.48
- Small fruit 5.66 4.51 4.13 3.94
Fixed cost plus 30% increase
- Large fruit 6.96 5.32 4.77 4.50
- Medium fruit 7.23 5.52 4.96 4.67
- Small fruit 6.35 4.86 4.36 4.11
Fixed cost plus 40% increase
- Large fruit 7.21 5.45 4.86 4.56
- Medium fruit 7.49 5.66 5.04 4.74
- Small fruit 6.58 4.97 4.43 4.17
Fixed cost plus 50% increase
- Large fruit 7.46 5.57 4.94 4.63
- Medium fruit 7.75 5.79 513 4.80
- Small fruit 6.81 5.09 451 422

'HlJ] WITNYI 5

7.23, 7.49 uag 7.75 UIMADIIAA 100 KA MNAIAY
dmuimannadn mldswlumsidigado
Ruaamuludasidinaneiin 6.35, 6.58 1as 6.81
VIMABINAA 100 W MINAIAL HATINNTNATDL
awgeulnail  wanaliuiduiuaaulu
m“?aqmﬁmmﬁuqaﬁm"euaz 50 luvmsfiszoy
nmmahauveunies 30 Sudeill uio 240 49
Tuadod A lderelumsrige exdisgaga luifu
7.76 LMABIINA 100 WA uaziiloszoznaAuiiu
min?iuqai‘fum‘l%'iiw“lumﬂhﬁmmmﬂm

k4
agluazdaiauaune

= asy " a aw o A '
NUMIANHIWIPNNISTWUATHAUUATOIN

Tgadmiugaamnisudieeniinausuia s
nﬂaaumimmwamﬂﬂuuumnuﬁwua nun
mimnmwammwomnmmﬂ"lé’ 109, 107 woe
101 Wa/Au/Aa T ffmﬁ'uwaﬂqqmmm‘a'n naw
ny 14 Tﬂuuaumﬂnnmmﬂﬂaanmnm uaz
sourGouiamuaday inteauuiifaussouse
waziseuvri iusssumliifudosas 20 ms
maamﬂ?mdmaﬁmmsuuﬁaé'ﬂ’luﬁﬁiuﬁ 1
wunlaussouzdmaligaiulnininaauvng
warin nane Ing) 14 237, 213 uay 216 waded T
wadsgannraidlasenldiuiilymegidmisuiion
fusesr liurssunazveuseuriuan  ndos
Aunpufudl 2 Saussougfinh Ao waligaving
@n nmauaIngrld 413, 363 uaz 377 wade



o apd v 4
218 1. inasmand (no) U6 29 afudl 2

¥ lue awdduillanaligasenidynuaiilym
@nfeunvatumsitasenoinluviawa  seurt 'l
UIIINALYOUIBUHIYTUANNIN

mIlnneimussegmanl wuh mld

J . L4 J A - UdeTAl

9w lunsdnligadlonieanadn Tulaguusmilu

13.03 132 uaz 11.87 v dwmfunaline Ing

nan uazdn mumdy demadana 100 wa lu
4' ° [ A A & e :‘ 1 91

vauridimfuniosndaTudaiuin 2 Aildvw

aoana 100 wa iy 7.46, 7.75 uaz 6.81 UM

&

dimfumalvg nan uom@n illeRvisonsses

aonIdudums 240 $Twdel warmldie
i o a &

lumsadruniedns mugadu 50%

J J o LavIhd ﬂ. - v ~ d'
winandaludd{uit 2 Udnunnd @
aumsdfulpllgmd madidmaaeuduna
Mgy lmininau seliaussouziugadszunu

500 wanesaTua dszidulumsdiuilyanania’
imsvannlufialdiiquamd e W 1dsouni

fAsoyluiimsUsuan

A1VOUAM

auzditveveunu  guimaTulaglons

v
]

wazYaquvand  nsznsninnmaniing Tulad
wazdunadon Hl¥msmivayunumsite qud
in30enINaMSINEATUMATA UM InuSuinuas
mand Invuvatumanau dimfumsldgunsal
o nazanufinaaousi q

1PNA01904

fyuw 25320 huguamdigaiionsdaeen
Fouthuszuy. wdtiad 18 Famiawn 2532) : 7

Soww 25329 e, dentelideretiuii
veude wdtiad (7 Aavnau. 2532) : 7-8

flvumm 2533, Wansnmduinguawiiiga. indiiad
2 quWuUT. 2533) : 11

vasia 93 Tuma, nadd ody uazdua wdl T
wyug. 2533, na"lnmsmmqmﬁdumsamm
na. TwaunsIsuaeit 01333, quéinieq
ININEMIINYATUMITA  UMIINUIBUINEAS
mand Munaey, uasdgy. 19 u.

Svill. 2536. M3ARADAIUAD Universal Freezing

Food Co.





