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ANUSARA TIDTARAM : DEVELOPMENT OF SEMI-AUTOMATIC
RAMBUTAN SEED REMOVING AND PEELING MACHINE. THESIS

ADVISOR : ASST. PROF. KRAWEE TREEAMNUK, D.Eng., 219 PP.

RAMBUTAN FRUIT/FRUIT PEELING MACHINE/SEED REMOVING MACHINE

This thesis objective was to design, fabricate and test the prototype of semi-
automatic Rambutan peeling and seed removing machine. Mechanical and physical
properties of Rambutan fruit were studied and the important resulted were used to
determine the dimension, shape of mechanism and their necessary force in the prototype
machine. The prototype consist of seed puncher in vertical and peeling mechanism in
horizontal. The compressed air were used power of system and mechanisms of
prototype is driven by air cylinder. The PLC (Programmable logic controller) was
selected to use in this design. The study result found the diameter of fruit holder,
diameter of crescent peeling knife and diameter of seed puncher could be 44 mm, 32
mm and 18 mm respectively. Designed result found the proper peeling mechanism is a
double knifes equipped on the horizontal of the machine. It uses to hold and peel the
Rambutan fruit at the same time. For the seed remover a stainless steel tube was used
as a seed puncher and installed in the vertical of the machine. The proper compressed
air pressure in pneumatic system is 6 bars. Designed result found the proper speed of
feed mechanism, peeling mechanism, seed puncher and fruit removing mechanism are
4 m/s, 1.67 m/s, 5 m/s and 5 m/s respectively. Continuous testing of Rambutan seed
removing and peeling for size 1 2 and mix between size 1 and 2 found Rambutan seed
removing an peeling at score 3 and 4 of quality have efficiency of prototype, capacity

and energy consumption are 64.65%, 17.51 kg/h and 26.46 kg/kWh respectively. The



evaluation of engineering economic for the break-even point and payback period are

3.47 tons/year and 75 months respectively.
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A

Roundness = P (2.2)
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A 2-Position 2-port valve.

A 2-Position 3-port valve.

A 3-Position 4-port valve.
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2.9 Programmable Logic Controller (PLC)
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Weight of fruit
Capacity =——— 3.7
Time
Weight of fruit
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Size Specific gravity Rolling Angle
Stainless(°) Steel (°) galvanize steel (°)
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3 1.0466 9.80+1.86 15.20£1.52 19.60+3.14
4 1.0293 17.4742.13 19.87+1.85 20.13£2.23
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Weight (g)
No
Size 1 Size 2 Size 3 Size 4
1 43.4088 36.0879 33.5991 24.5923
2 50.1156 38.0319 34.0710 23.1171
3 41.8857 34.8381 33.4614 27.5556
4 55.0003 36.9595 33.3066 27.9565
5 41.9014 37.5697 34.0437 28.7639
6 50.0478 34.9923 31.2735 26.4125
7 41.0960 34.8341 33.1446 23.4500
8 47.9038 36.3115 32.5440 25.2854
9 47.6812 37.3049 30.3426 28.2168
10 46.3951 36.3582 31.9870 27.4191
11 58.5906 38.2320 31.8588 29.6428
12 39.9503 35.9857 32.0642 28.0131
13 50.4877 36.0580 33.3261 19.7087
14 77.7031 37.9691 33.8415 23.2006
15 56.0902 34.9381 33.9067 25.3493
16 55.3953 35.5900 30.0998 30.2155
17 54.7044 35.8658 33.9508 28.0959
18 40.9551 36.2361 32.0042 25.0522
19 42.4308 37.9543 32.9720 25.0693
20 41.9472 35.4441 33.8760 28.0710
21 50.5743 37.7482 34.4780 21.3400
22 52.9702 37.9120 30.6482 29.9935
23 39.4950 35.4778 33.3140 26.2980
24 60.6102 36.9344 32.2584 24.3901
25 43.3031 36.1125 33.2396 21.7686
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Weight (g)
No
Size 1 Size 2 Size 3 Size 4

26 45.6698 36.0211 31.0507 24.0495
27 44.7256 36.0836 30.8412 28.6277
28 41.1449 36.9123 33.7279 24.1161
29 38.6353 37.9844 34.0620 28.6335
30 61.6878 35.2152 34.3002 26.9270
31 50.4445 34.8849 30.9895 25.7583
32 57.9340 34.7078 33.2089 25.1062
33 69.5263 37.3491 32.3838 27.2013
34 55.6500 35.2354 33.2669 30.2515
35 56.7521 36.1583 31.8867 28.6173
36 41.7620 37.1511 34.1611 23.3038
37 71.1825 37.2505 33.0005 21.9952
38 49.7605 38.4496 33.7589 18.7190
39 39.8502 38.2323 34.1277 27.8753
40 55.2950 36.0545 32.6625 27.5012
41 59.6715 35.9280 33.4440 28.3311
42 39.8457 36.1349 32.1051 29.0031
43 51.5217 38.2733 31.8302 26.5415
44 52.6659 37.5106 33.6875 24.4287
45 55.8022 37.0574 32.4210 26.2370
46 39.1621 35.8042 33.6954 20.8758
47 50.3999 36.1464 31.5495 29.3222
48 55.6539 36.3180 33.4125 25.5824
49 40.1898 38.4045 34.0114 26.7231
50 38.6809 34.5850 34.4352 20.2810
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AT URIZVUIA 1

Dimension with peel (mm)

Dimension without pee® (mm) Dimension of seed (mm)

N g dw Height  du. dy  Height 4y dy  Heigh
1 39.23 37.78 53.91 28.02 27.50 42.48 12.08 8.63 25.25
2 43.89 39.02 56.45 33.27 28.61 42.55 14.97 8.59 27.92
3 39.77 36.45 51.14 30.39 27.59 40.26 13.66  8.63 25.72
4 46.90 38.22 58.33 31.86 26.72 44 .90 15.26 7.26 26.24
5 41.70 38.22 50.07 33.25 29.45 40.45 16.71 9.25 26.30
6 45.16 40.41 51.23 32.54 29.94 41.53 15.88 11.11 25.66
7 41.24 38.61 52.69 30.82 28.45 40.75 15.50 10.21 25.96
8 42.44 38.31 55.44 33.52 28.97 44.01 15.77 10.52 27.49
9 41.72 38.94 56.34 30.93 28.75 42.70 15.21 10.03 31.39
10 44.67 38.63 54.73 33.38 28.96 40.68 16.29 9.34 27.02
11 46.30 40.93 58.29 33.94 30.71 46.54 18.20 9.63 27.58
12 40.14 37.69 49.63 30.87 30.54 38.50 17.06 11.65 26.94
13 44.03 39.75 54.55 32.79 28.25 47.27 16.88  8.76 28.64
14 53.94 42.51 67.75 39.03 28.70 49.26 17.80  7.57 20.98
15 45.54 37.00 59.53 30.85 27.71 47.85 15.35 7.55 30.53
16 45.34 39.01 57.61 31.05 28.50 48.92 1475 7.72 28.34
17 46.16 40.12 57.26 32.82 28.46 45.28 15.48 10.33 29.34
18 40.29 38.29 49.48 28.20 26.55 35.91 12.50 9.06 23.33
19 41.81 37.21 51.22 31.09 29.12 40.31 13.14 7.98 22.32
20 42.13 37.41 52.60 29.22 27.18 28.76 14.14 9.18 27.31
21 4470 39.07 57.08 32.54 27.19 42.62 15.91 9.02 27.00
22 44 .94 39.32 59.04 34.60 30.57 42.80 18.51 8.96 27.63
23 41.53 38.26 51.44 32.59 27.85 37.92 16.17 9.34 23.33
24 46.26 41.66 59.51 33.07 29.96 45.85 15.53 8.85 24.71
25 41.08 37.90 51.94 40.31 29.69 40.80 15.24 9.54 25.39
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AMTURIZVUIA 1 (A1D)

Dimension with peel (mm)

Dimension without peel (mm) Dimension of seed (mm)

No

e d,, Height d,, din Height  d,,,  d,, Height
26 42.96 36.80  52.20 25.54 24.44 37.31 1434 8.18 2845
27 42.85 38.08  52.62 31.40 29.60 40.15 17.06  9.89  26.84
28 41.64 37.34  51.56 28.77 26.16 39.59 1472 982  27.63
29 40.64 38.36  48.55 30.29 26.06 37.99 13.12  8.52  22.04
30 46.45 42.01  56.78 33.16 31.48 45.13 14.54 997 3097
31 44.52 39.55  54.15 32.34 29.42 38.51 14.08 9.09 2348
32 47.33 39.14  60.98 33.65 25.92 45.64 1739 7.51  29.29
33 46.88 43.52  62.79 32.63 29.71 47.75 1628 9.70  31.73
34 46.40 3945  61.52 31.56 25.70 43.20 17.53 10.18  30.44
35 46.22 40.10  56.72 34.86 29.62 42.73 1832 9.59 2836
36 41.78 37.93  48.80 26.69 23.76 38.28 1297 793 2497
37 49.70 4190  64.85 32.64 28.83 47.21 1440 747 2734
38 44.26 39.40  54.22 33.03 28.89 42.82 16.71 896  27.63
39 41.94 37.97  48.73 29.97 28.16 34.94 1422 9.18  23.12
40 46.37 41.05  55.08 34.34 29.20 42.64 16.70  9.62  30.24
41 46.50 40.38  56.84 32.52 28.22 42.04 17.50  9.68  28.52
42 40.76 38.31  48.17 28.67 26.62 35.92 13.77  9.79 19.87
43 44.35 39.86  53.27 34.24 30.30 39.29 1626 942  24.86
44 48.73 36.73  64.70 29.50 22.06 40.37 16.09 9.64  32.24
45 45.43 3948 5777 31.89 29.73 44.34 1493  9.68  26.61
46 42.76 37.80  46.37 30.58 26.23 34.49 1449 8.62 2449
47 44.64 38.15  56.65 31.62 25.00 40.69 1547 825  26.00
48 44.42 41.13 5790 32.47 28.94 42.80 16.59 10.51  29.58
49 40.99 36.27  52.73 28.12 26.65 38.83 14.11  9.14 2836
50 39.91 3523 49.65 27.29 23.76 38.24 12.54  6.69  21.73
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AT URIZVUIA 2

Dimension with peel (mm) Dimension without peel (mm) Dimension of seed (mm)

" dpoe  dy  Height  d, d,,  Height d,,  d,, Height
1 40.11 35.75 49.54 29.45 28.11 36.45 14.13  9.54  23.96
2 42.57 3553  49.80 29.04 24.80 36.17 15.18 8.74  24.43
3 39.10 3438  48.43 27.31 25.87 35.96 13.28  8.38 2431
4 38.66 36.78  49.16 28.47 24.81 37.70 11.69 794  21.89
5 4240 37.17  47.18 30.36 26.23 37.51 1599 9.70  22.61
6 3944 3549 4648 29.86 27.06 37.12 14.07 9.84  22.55
7 4046  36.06  45.42 29.73 26.94 36.19 1520  9.26 23.80
8 40.23  36.55 4838 30.94 27.65 37.91 1393 824 2225
9 38.20 36.86  50.70 25.84 23.67 36.27 13.12  8.80  25.68
10 40.36  38.09  44.80 32.03 28.22 35.46 13.66 10.79  20.02
11 39.33 3698  48.57 30.25 26.22 36.56 14.77 1049 2251
12 3798 37.17 46.14 28.24 25.23 36.99 13.09 8.53 23.90
13 3480 38.10  48.45 29.28 25.57 37.24 1427  8.60  24.69
14 39.02 3741  45.99 28.76 25.29 36.42 13.07  8.62 21.05
15 3894 3599 4431 34.38 29.59 35.88 13.20  9.73 27.74
16 39.37 3529  45.67 28.85 26.90 34.98 1443 8.84 2282
17 38.28  35.72 ~ 48.50 28.01 23.77 36.44 13.60  9.22 23.39
18 38.17  36.59 4994 28.96 26.63 38.34 1423  9.54 2393
19 38.79  35.62  49.07 25.93 24.68 39.63 1145 9.00 18.87
20 41.61 3519 47.23 29.65 26.25 34.86 15.11  9.11 24.03
21 40.84 3635 5093 31.01 26.31 37.24 14.59  8.85 24.05
22 41.01 3571 4837 31.44 28.01 37.15 13.70  9.69 22.62
23 39.67 3559 4641 28.71 26.20 37.44 13.73  7.30 19.41
24 37.70  36.06  47.47 29.68 28.53 38.37 1526 9.69 27.47
25 37.52 35,57 45.70 30.40 27.93 38.50 1295  8.95 20.88
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AMTURIZVUIA 2 (D)

Dimension with peel (mm)

Dimension without peel (mm)

Dimension of seed (mm)

N g dw Height  dn dw Height  du 4y Heigh
26 3995 35.00 47.13 29.33 27.21 37.20 13.84 8.67 24.26
27 3645 33.60 49.07 25.28 23.50 39.09 10.59 8.19 23.90
28 39.75 36.51 48.55 28.92 26.70 37.96 13.28 8.65 22.52
29  41.17 37.03 49.68 27.73 25.23 37.04 12.98 8.15 23.78
30 38.86 3597 47.90 29.02 27.13 36.60 12.73 8.94 22.44
31 39.55 35.76 47.11 28.45 26.82 36.37 11.25 8.28 22.11
32 38.14 36.68 45.87 30.69 28.33 36.03 1491 9.90 24.00
33 39.59  36.30 49.19 28.76 26.56 38.08 1450  9.83 25.17
34  40.18 36.54 45.98 29.27 26.61 34.35 13.72 9.22 21.89
35 39.78 3547 48.99 28.61 24.47 36.80 14.64 10.29 25.34
36 38.61 38.27 46.94 28.29 28.04 36.77 15.14 10.00 23.65
37  39.32  36.06 47.86 30.98 27.57 36.80 14.80 10.20 23.68
38 4257 3698 50.80 29.62 27.14 38.54 13.92 9.53 23.11
39  40.73 36.44 48.87 30.91 26.60 39.47 15.85 9.73 23.67
40 39.70 36.30 48.32 29.38 25.52 36.17 12.71 8.23 19.64
41 41.33 36.47 47.24 30.41 28.22 36.55 15.74 11.20 25.23
42 3959 3544 47.33 29.56 26.92 36.61 12.91 9.62 23.07
43 4140 3749 50.86 31.50 28.94 37.78 14.81 10.21 24.18
44 3996 37.07 45.18 31.72 28.62 38.03 15.61 10.92 24.61
45 40.76  37.49 50.33 28.05 25.68 41.51 13.16 8.99 22.38
46 40.06 3747 48.61 29.44 26.37 37.71 13.55 9.49 24.45
47  40.17 37.68 48.54 29.86 24.02 35.94 12.97 10.23 24.60
48 4045 3742 48.05 30.45 27.13 40.10 13.68 9.15 23.56
49 4199 38.71 48.13 32.31 29.81 39.13 14.79 9.93 22.47
50 39.85 33.89 49.62 28.93 24.98 43.04 1498 12.33 24.36
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AT UNRIZVUA 3

Dimension with peel (mm) Dimension without peel (mm) Dimension of seed (mm)

Y4 4w Height  du. 4y Height  dy.  d,  Height
1 38.11 36.75 48.05 28.92 26.96 36.64 12.65 8.80 23.14
2 40.18 34.63 45.67 28.81 25.39 36.08 16.27 9.78 29.96
3 39.15 35.29 47.01 28.04 25.25 33.99 12.63 8.86 22.33
4 40.15 35.01 46.45 23.34 18.33 27.36 14.04 8.87 20.82
5 37.74 34.55 46.74 30.36 27.63 37.18 14.88 9.09 20.77
6 39.08 36.04 45.34 23.76 20.86 34.23 16.10 10.02 17.04
7 38.50 34.81 46.74 29.57 26.36 37.64 14.86 9.20 22.84
8 38.95 35.62 4531 26.08 25.59 32.64 11.95 8.82 19.22
9 37.02 34.15 41.89 28.53 27.28 34.76 12.73 8.69 21.58
10 37.13 35.90 43.32 28.89 25.72 34.05 13.40 9.49 21.10
11 36.51 32.02 43.02 29.39 27.72 36.46 13.84 9.17 21.81
12 32.58 38.47 44.61 25.95 22.41 36.07 10.80 5.64 18.77
13 39.35 34.26 43.96 30.27 27.08 34.73 15.21 8.70 23.67
14 37.63 34.44 41.23 30.67 28.75 38.64 13.57 10.25 21.93
15 39.31 34.18 46.51 30.26 27.91 36.00 15.29 9.81 24.76
16 36.89 34.35 44.36 28.21 26.77 33.14 12.68 8.22 20.98
17 40.09 36.74 42.02 30.03 28.72 35.44 14.42 10.64 21.30
18 39.69 35.25 44.53 27.99 25.56 33.79 15.76  10.38 23.57
19 38.40 35.63 4496 28.48 27.23 35.31 12.37 8.86 21.17
20 41.40 34.79 47.61 29.96 25.20 36.07 12.63 7.31 19.76
21 38.45 36.18 48.18 26.79 22.26 35.74 13.31 8.78 24.52
22 38.45 35.88 44.58 28.24 25.95 34.41 12.47 8.01 20.71
23 41.19 34.86 45.94 30.37 26.26 35.76 14.88 9.51 22.51
24 38.90 34.56 48.46 28.54 26.70 38.00 12.98 8.26 22.25
25 39.06 35.73 46.62 26.87 25.81 37.35 12.69 8.90 19.51
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AMTUVIZVUIA 3 (919)

Dimension with peel (mm) Dimension without peel (mm) Dimension of seed (mm)

Y4 4w Height  du. 4y Height  dy.  d,  Height
26 36.63 35.52 45.03 30.26 27.07 36.73 14.11 9.43 24.11
27 37.69 35.35 45.71 28.78 24.86 36.97 13.11 9.97 27.37
28 38.35 35.54 45.33 29.66 24.99 35.44 13.67 9.79 22.96
29 39.19 37.70 46.08 28.66 25.13 39.26 12.94 8.65 23.73
30 40.79 37.25 49.14 31.03 26.89 39.03 14.97 10.05 25.85
31 38.56 36.30 45.64 29.08 25.26 36.15 12.88 8.80 23.80
32 38.49 35.61 47.62 29.36 25.50 35.81 14.24 8.12 23.46
33 39.42 37.78 46.00 31.28 28.09 35.67 13.88 10.03 21.07
34 39.62 35.94 52.18 28.86 25.45 36.84 14.38 8.71 23.32
35 38.51 36.18 45.94 29.12 27.34 34.90 13.14 10.22 21.36
36 38.91 37.80 51.73 28.56 27.07 38.20 13.25 10.04 23.37
37 38.77 35.96 47.88 28.44 27.34 36.69 13.15 10.10 21.71
38 38.84 35.18 50.08 26.50 24.32 39.23 15.24 10.22 29.23
39 39.06 34.84 49.46 28.74 23.24 39.09 16.04 10.22 24.94
40 39.10 35.85 46.37 29.75 28.16 35.57 13.43 9.74 19.68
41 39.68 36.25 45.10 30.49 26.36 40.77 14.69 10.29 20.47
42 39.21 34.32 45.14 30.56 27.39 36.47 15.11 9.10 22.13
43 39.41 34.87 48.30 26.68 23.84 40.20 13.32 8.76 22.69
44 36.76 34.46 46.80 26.54 22.31 34.57 11.61 7.82 22.66
45 34.90 34.41 46.55 22.83 20.55 34.17 11.47 6.13 22.54
46 36.77 23.49 49.12 23.60 20.20 34.40 9.06 3.20 16.96
47 38.33 32.63 49.84 25.64 22.70 34.61 14.07 9.32 23.88
48 36.55 34.44 46.71 27.94 24.40 33.20 13.44 8.46 19.88
49 37.97 35.80 46.67 26.90 24.44 34.54 11.01 7.31 21.09
50 39.25 35.98 46.05 28.60 24.47 34.12 15.02 10.00 21.59




129

~ 9 ] 4 ' A o A <3
ATTWNUINT N.5 ﬂlu?ﬂlﬁuW']uf‘fuﬂﬂﬁ']\ﬁl@\?NTgﬂi’)uﬂ@ﬂlﬂa@ﬂ vastonilaen uaziwanang

AT VIV 4

Dimension with peel (mm) Dimension without peel (mm) Dimension of seed (mm)

Y4 4w Height  du dy  Height 4y 4y Heigh
1 33.53 30.81 4437 26.70 22.80 33.73 14.82 10.14  26.15
2 33.71 29.54 43.85 24.82 20.85 32.39 15.61 9.92 24.59
3 36.45 33.58 42.42 26.74 24.09 33.95 16.19 11.39 2494
4 37.51 33.14 42.79 28.05 24.60 35.86 17.00 1226 25.48
5 36.00 33.11 43.35 29.55 26.15 34.94 16.03 10.31 23.25
6 34.86 31.14 43.87 26.54 23.08 34.51 15.37 9.62 25.46
7 32.56  31.40 41.75 24.41 22.01 34.50 15.09 10.78 25.35
8 35.27  30.51 43.36 27.16 20.64 32.15 16.80 9.73 23.41
9 36.50 32.27 44.50 27.71 24.39 33.76 16.50 10.04 24.22
10 37.29 32.05 43.83 24.25 23.31 33.81 15.20 9.85 25.46
11 35.97 31.77 48.20 27.61 23.13 38.31 16.37 10.76  28.32
12 36.36 33.77 45.15 26.55 24.74 34.87 17.13 11.97 2497
13 33.38 28.99 37.55 26.31 21.39 30.52 16.10 9.78 21.02
14 33.72  30.93 42.82 25.40 20.17 31.04 14.44 10.75 25.90
15 33.97 3094 41.66 23.51 22.62 30.67 14.83 10.30 25.05
16 36.66 33.33 46.86 27.29 25.19 37.08 15.53 9.85 26.32
17 35.36 34.23 40.05 27.70 24.14 34.23 15.15 1149 25.15
18 35.58 32.55 45.22 26.30 21.42 32.08 15.94 10.09 24.41
19 34.80 32.21 43.60 26.02 22.20 33.40 15.14 10.37 25.14
20 37.50 33.36 4391 27.08 22.99 33.75 16.89 10.84 25.15
21 33.98 28.79 39.50 26.68 20.60 32.88 13.84  8.61 20.77
22 38.06 33.27 42.65 29.08 24.85 34.65 15.22 10.19 24.28
23 3478  33.27 43.52 29.04 23.80 33.31 11.85 1696 25.28
24 33.67 31.31 42.98 23.61 22.49 34.26 16.97 10.75 24.57
25 33.35  30.10 42.23 22.23 19.88 30.91 13.44  9.19 22.53
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Dimension with peel (mm) Dimension without peel (mm) Dimension of seed (mm)

Y4 4w Height  du dy  Height 4y 4y Heigh
26 34.05 30.15 44 .94 25.11 21.15 31.69 16.80 11.31 26.32
27 37.65 3495 44 .98 27.74 26.02 33.92 15.64 12.18 25.41
28 35.71 30.78 42.18 27.48 21.48 32.94 13.83 7.55 21.07
29 36.01 33.49 45.01 25.65 23.87 33.88 17.97 1229 25.31
30 36.80 32.80 42.37 26.89 23.22 34.59 17.57 10.78 25.48
31 34.93 30.93 41.90 26.06 22.39 33.22 15.35 8.55 24.24
32 3476 31.68 40.79 27.39 23.65 33.20 15.99 10.00 22.55
33 36.81 32.24 43.59 27.29 25.35 33.70 17.79 12.72  25.82
34 37.25 33.39 48.65 29.17 26.38 37.21 16.92 11.26 25.57
35 3745 32.36 42.26 27.93 23.93 34.03 16.22 10.62 23.99
36 34.58 28.68 42.12 26.22 20.89 31.90 17.10 10.97 22.88
37 33.10 31.06 41.57 25.66 21.17 33.29 14.93 9.64 23.22
38 30.15 28.29 39.17 22.62 19.08 29.25 11.76  8.36 20.03
39 35.71 34.84 45.44 26.10 24.39 36.16 14.08 10.80 25.57
40 36.86 3348 48.02 29.09 24.34 34.56 16.26  9.99 23.73
41 36.83 33.32 45.38 28.49 23.75 35.04 16.50 10.43 26.79
42 36.34 33.61 44.23 29.28 24.61 34.78 18.26  9.60 24.13
43 36.50 33.27 45.28 27.12 45.15 34.77 16.02 10.39 25.07
44 35.50 30.53 45.54 24.60 20.17 33.12 15.17 10.58 25.20
45 35.04 32.74 43.86 26.64 24.51 35.80 14.31 9.46 22.09
46 33.48 3232 45.16 25.16 22.43 32.42 14.71 9.40 22.67
47 37.06 34.85 42.72 28.79 24.06 33.97 15.27 11.94 24.23
48 34.83 31.25 4470 26.74 22.10 34.80 16.41 11.65 27.13
49 35.77 32.93 41.42 26.06 23.92 34.63 16.12 10.23 27.06
50 33.92 29.58 40.29 25.65 21.75 32.51 15.00 8.42 26.68
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Peel Pulp Seed
Size No
Wy (@) Wi(@ %MC Wy(g) Wi(g %MC Wy(g Wi(g %MC
1 31.18  6.15 80.28 1552 2,06 86.73  4.07 2.02  50.35
2 2726 568 79.15 2149 348 8381 225 1.34  40.60
1 3 2547 527 7932 1858 329 8227  3.67 1.98 4599
4 3026 6.13  79.76  19.74 346 8249 244 1.46  39.89
5 2492 519 79.15 1816 328 8196  3.56 1.93  45.65
1 1839 375 79.62 15.06 262 82.64 193 1.27  34.05
2 1520 295 80.58 17.31  3.08 82.22 1.96 1.25  36.10
2 3 1556 331 7871 17.84 3.19 8210 1.67 .12 3287
4 16.27 325 80.05 1693 271 84.01 235 142 39.75
5 1497 339 7735 16.17 324 7998 1.84 1.24  32.64
1 14.00 3.01 7850 16.62 248  85.06 1.97 .12 43.11
2 1473 2.86 80.58 1249 218 8255  2.29 1.26  45.06
3 3 14.03 282 7987 1627 3.05 8126  2.63 1.69  36.00
4 16.87 396 76.54 1240 250  79.85 1.83 0.88  52.04
5 13.01 320 7542 1477 269  81.77 242 133 4520
1 1441 266 8151 11.76  1.65 8594 = 1.33 0.69  47.90
2 1420 2.84 80.02 1156 1.81 8437 244 1.27 4784
4 3 15.01 299 ~80.11 10.78 1.36 8737  2.46 133 4577
4 1412 288 79.62 9.70 123 8735 282 1.59  43.70
5 13.13 261 80.13 11.64 148 8727 2.33 1.24  46.64
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Wi Wiater W atersrui W displace.water Specific
Size No

(2 (2 (2 () Weight

1 43.90 701.03 742.93 41.90 1.0446

2 43.15 698.44 739.5 41.06 1.0478

1 3 58.14 697.1 753.49 56.39 1.0280
4 42.45 696.02 737.18 41.16 1.0283

5 51.63 693.98 743.63 49.65 1.0368

1 37.2 703.61 739.22 35.61 1.0416

2 35.32 693.25 72691 33.66 1.0462

2 3 37.35 687.89 723.67 35.78 1.0408
4 36.08 1082.56 1116.55 33.99 1.0584

5 36.93 1081.19 1115.87 34.68 1.0617

1 32.09 702.25 732.82 30.57 1.0466

2 34.13 699.92 732.7 32.78 1.0381

3 3 31.18 692.27 721.81 29.54 1.0524
4 33.18 691.47 723.11 31.64 1.0456

5 32.45 688.91 719.72 30.81 1.0501

1 26.43 1087.61 1113.17 25.56 1.0310

2 26.14 1086.8 1111.92 25.12 1.03755

4 3 24.34 1085.96 1109.63 23.67 1.0253
4 29.24 1084.99 1113.32 28.33 1.0291

5 20.79 1084.11 1104.36 20.25 1.0236
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asan1 (©)

a5an 2 ()

asan 3 (%)

Size \ No 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 9 10 10 8 9 9 10 14 18 11 &8 10 13 8 9
2 4 8 9 9 9 13 9 10 11 10 11 8 8 11 12
3 100 8 9 9 7 10 10 7 11 1l 14 9 9 11 12
4 14 18 19 17 19 17 18 21 18 19 12 18 18 17 17
A151HUINT 1.9 guﬂaywmwamxﬁ’a 4 vina el Saaurusudszinnman
adan 1 () a%ai 2 (%) adaf 3 ()
Size \ No 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 10 10 13 11 8 11 10 12 11 10 9 10 12 11 9
2 12 12 13 12 11 11 11 12 13 9 12 12 10 14 12
3 16 14 13 16 13 17 16 13 16 17 16 14 16 17 14
4 17 20 17 20 21 18 19 19 20 21 19 20 21 22 24
A151HUINT 1,10 gum’%ywmwamxﬁy’q 4 v e Saauruswssiandans @
asai 1(%) asafi 2 () a%ai 3 ()
Size\No 1 2 3 4 5 1 2 3 4 5.1 2 3 4 5
1 10 11 -9 12 15 12 14 9 14 18 16 14 13 14 15
2 16 15 13 12 17 14 17 17 13 18 17 14 13 12 17
3 22 20 18 23 19 13 22 17 21 16 25 21 17 18 22
4 18 20 21 20 23 20 19 21 20 24 20 18 15 20 23
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Maximum Load (N)
NO.

Size 1 Size 2 Size 3 Size 4
1 141.4 146.6 142 187
2 182.1 134.3 184.4 157.9
3 217.7 160.5 227.3 147.6
4 150.2 157.1 151.3 209.4
5 166.1 157.8 203.9 189.1
6 142 173.6 179.6 215.5
7 149.2 2442 158.9 157.9
8 176.5 192.2 176.7 161.3
9 182 161.6 182.6 174.1
10 177.6 184.9 161.8 158.4
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Score
No Rev. 1 Rev. 2 Rev. 3
V1 V2 | V3 V4 V1 V2 | V3 V4 V1 V2 | V3 V4

1 4 4 4 3 4 4 3 3 4 4 4 3
2 4 4 3 4 4 4 3 3 4 4 4 3
3 4 4 4 3 4 4 3 3 4 4 4 4
4 4 4 3 4 4 4 3 3 4 4 4 4
5 4 4 4 3 4 4 4 3 4 4 3 3
6 4 4 4 4 4 4 3 4 4 4 4 4
7 4 4 3 4 4 4 4 3 4 4 4 4
8 4 4 4 4 4 4 4 4 4 4 4 4
9 4 4 4 3 4 4 4 3 4 4 4 3
10 4 4 3 4 4 4 4 3 4 4 4 3
11 4 4 3 4 4 4 4 4 4 4 3 4
12 4 4 4 3 4 4 4 3 4 4 4 3
13 4 4 3 3 4 4 4 3 4 4 4 3
14 4 4 3 4 4 4 3 4 4 4 3 4
15 4 4 3 3 4 4 4 3 4 4 4 4
16 4 4 4 4 4 4 4 4 4 4 4 4
17 4 4 4 4 4 4 3 3 4 4 4 4
18 4 4 4 3 4 4 3 3 4 4 3 4
19 4 4 4 3 4 4 4 4 4 4 4 4
20 4 4 4 3 4 4 4 3 4 4 4 4
21 4 4 4 3 4 4 4 3 4 4 4 4
22 4 4 3 3 4 4 4 3 4 4 3 3
23 4 4 4 3 4 4 4 4 4 4 4 3
24 4 4 4 3 4 4 3 3 4 4 4 3
25 4 4 3 3 4 4 4 4 4 4 4 4
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(710)
Score
No Rev. 1 Rev. 2 Rev. 3
V1 V2 | V3 V4 V1 V2 | V3 V4 V1 V2 | V3 V4
26 4 4 4 4 4 4 4 4 4 4 3 2
27 4 4 4 3 4 4 4 3 4 4 4 4
28 4 4 3 4 4 4 4 4 4 4 4 3
29 4 4 4 4 4 4 4 4 4 4 4 3
30 4 4 4 3 4 4 4 4 4 4 4 3
**Wlﬂﬂm%}
**Villﬁlmﬁ] Vinu ﬂ’ﬂlll%?ﬁi“]ﬂﬂﬂﬁﬂﬂﬁ@ﬂﬂallﬂ
V1=1.00 m/s
V2=1.33m/s
V3 =2.00 m/s

V4 =4.00 m/s
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Score
No Rev.1 Rev.2 Rev.3
V1 V2 | V3 V4 V1 V2 | V3 V4 V1 V2 | V3 V4

1 4 4 4 4 4 4 4 3 4 4 4 4
2 4 4 3 4 4 4 4 4 4 4 4 4
3 4 4 4 4 4 4 4 4 4 4 3 4
4 4 4 4 3 4 4 4 4 4 4 3 3
5 4 4 4 4 4 4 4 3 4 4 4 4
6 4 4 4 4 4 4 3 4 4 3 4 3
7 4 4 4 4 4 4 4 4 4 4 4 4
8 4 4 3 4 4 4 4 4 4 4 4 4
9 4 4 4 4 4 4 4 4 4 4 3 4
10 4 4 4 4 4 4 4 3 4 4 4 4
11 4 4 4 3 4 4 3 4 4 4 4 4
12 4 4 4 4 4 4 4 3 4 4 4 4
13 4 4 4 4 4 4 4 3 4 4 4 4
14 4 4 4 4 4 4 4 3 4 3 4 4
15 4 4 4 4 4 4 4 3 4 4 4 3
16 4 4 4 4 4 4 3 3 4 4 4 4
17 4 4 3 3 4 4 4 4 4 4 4 3
18 4 4 4 3 4 4 4 3 4 3 4 3
19 4 4 3 4 4 4 4 4 4 4 4 4
20 4 4 4 4 4 4 4 4 4 3 4 3
21 4 4 3 4 4 4 3 3 4 4 3 4
22 4 4 3 4 4 4 4 3 4 4 4 3
23 4 4 4 4 4 4 4 4 4 4 4 3
24 4 4 4 4 4 4 4 4 4 4 3 3
25 4 4 4 4 4 4 4 3 4 4 4 4
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(710)
Score
No Rev. 1 Rev. 2 Rev. 3
V1 V2 | V3 V4 V1 V2 | V3 V4 V1 V2 | V3 V4
26 4 4 4 3 4 4 4 3 4 4 4 4
27 4 4 4 4 4 4 4 4 4 4 4 4
28 4 4 4 4 4 4 4 3 4 4 4 3
29 4 4 4 4 4 4 4 4 4 3 4 4
30 4 4 4 2 4 4 4 4 4 4 4 3
**Wlﬂﬂm%}
**Villﬁlmﬁ] Vinu ﬂ’ﬂlll%?ﬁi“]ﬂﬂﬂﬁﬂﬂﬁ@ﬂﬂallﬂ
V1=1.00 m/s
V2=1.33m/s
V3 =2.00 m/s

V4 =4.00 m/s
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Score
No Rev.1 Rev.2 Rev.3
V1 V2 | V3 | V4 | VI | V2 | V3 | V4 V1 V2 | V3 | V4

1 4 4 4 4 4 4 3 4 4 4 4 4
2 4 4 4 4 4 4 4 4 4 4 4 4
3 4 4 3 4 4 4 4 4 * 3 4 4
4 4 4 4 4 4 4 4 3 3 4 3 4
5 4 4 4 4 4 4 4 4 3 4 4 4
6 4 4 4 4 4 4 4 4 3 4 4 4
7 4 4 4 4 4 4 4 4 4 4 4 4
8 4 4 4 4 4 4 4 4 3 4 4 4
9 4 4 4 4 4 4 4 4 4 4 4 4
10 4 4 4 4 4 4 4 4 4 4 4 4
11 4 4 4 4 4 4 4 4 4 4 4 4
12 4 4 4 4 4 4 3 4 4 4 4 4
13 4 4 4 4 4 4 4 4 4 4 3 3
14 4 4 4 4 4 4 4 4 4 4 4 3
15 4 4 4 4 4 4 4 4 4 4 4 4
16 4 4 4 4 4 4 4 4 4 4 4 4
17 4 4 4 4 4 4 4 4 4 4 4 4
18 4 4 4 4 4 4 4 4 4 4 4 4
19 4 4 4 4 4 4 4 4 4 4 4 4
20 4 4 4 4 4 4 4 4 4 4 3 4
21 4 3 4 4 4 4 4 4 4 4 4 4
22 * 4 4 4 4 4 4 4 4 4 3 4
23 4 4 3 4 4 4 4 4 4 3 4 4
24 4 3 4 4 4 4 4 4 4 4 4 4
25 4 4 4 4 4 4 4 4 4 4 4 4
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(710)
Score
No Rev.1 Rev.2 Rev.3
V1 V2 | V3 | V4 | VI | V2 | V3 | V4 V1 V2 | V3 | V4
26 4 4 4 4 3 4 4 4 4 3 4 4
27 4 4 4 4 3 4 4 3 4 3 4 4
28 4 4 4 4 4 4 3 3 4 4 4 4
29 4 4 4 4 3 4 4 4 4 4 4 4
30 4 4 4 4 3 4 3 4 4 4 4 4
**UWN ]

*MI1899 MKz N unage i

**W?JTEJWT@

V1=1.25m/s
V2=1.67 m/s
V3=2.50 m/s

V4 =15.00 m/s

3 A
V unu ﬂﬂllli?'i/]al“]ﬂuﬂﬁﬂﬂﬁ’ﬂﬂﬂa]lﬂ
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Score
No Rev.1 Rev.2 Rev.3
Vi | V2 | V3 | V4 | V1 | V2 | V3 | V4 | V1 | V2 | V3 | V4

1 3 3 4 4 4 4 4 4 4 4 4 4
2 3 4 4 4 4 4 4 4 4 4 4 4
3 3 4 4 4 4 4 3 4 4 4 4 4
4 4 4 3 4 4 4 4 3 3 4 4 3
5 4 4 3 4 4 3 4 4 4 4 4 4
6 3 4 3 3 4 4 4 4 4 4 4 4
7 3 4 4 3 4 4 4 4 4 4 4 4
8 4 4 4 4 4 4 4 3 4 4 4 4
9 4 4 4 4 4 4 3 3 4 4 4 4
10 4 3 4 3 4 4 3 4 4 4 4 4
11 4 4 3 4 4 4 3 4 4 4 4 4
12 3 3 4 4 4 3 3 4 4 4 4 4
13 3 4 4 3 4 4 3 3 4 4 4 4
14 3 4 4 4 4 4 4 4 4 4 4 4
15 4 3 4 4 4 4 4 4 4 4 4 4
16 4 4 3 4 4 4 4 3 3 4 4 4
17 4 4 3 4 4 4 4 4 4 4 4 3
18 4 3 4 4 4 4 4 4 4 4 4 4
19 4 4 4 3 4 4 3 4 4 4 4 4
20 4 4 4 4 4 4 3 4 4 4 4 4
21 4 4 3 3 4 4 4 4 4 4 4 4
22 4 4 3 4 4 4 4 4 3 4 4 4
23 4 4 4 4 4 4 4 4 3 4 4 4
24 4 4 4 4 4 4 4 4 4 4 4 4
25 3 4 4 4 4 4 3 4 4 4 4 4
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(710)
Score
No Rev.1 Rev.2 Rev.3
Vi | V2 | V3 | V4 | VI | V2 | V3 | V4 | V1 | V2 | V3 | V4
26 3 4 3 3 4 3 4 3 4 4 4 4
27 4 4 4 4 4 4 4 4 4 4 4 3
28 4 4 4 4 4 3 4 4 4 4 4 4
29 4 4 4 4 4 4 4 3 4 4 3 4
30 4 4 4 4 4 4 4 3 4 4 4 4
**Wiﬂﬂmﬁ]
**WNTEJLWE] Vinu ﬂ??lll%?ﬁi“]ﬂﬂﬂﬁﬂﬂﬁ@ﬂﬂallﬂ
V1=125m/s
V2=1.67m/s
V3 =2.50 m/s

V4 =5.00 m/s
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Score
No Rev.1 Rev.2 Rev.3
V1 V2 | V3 | V4 | VI | V2 | V3 | V4 V1 V2 | V3 | V4

1 2 3 3 3 2 2 3 3 2 3 2 3
2 3 2 3 3 2 2 3 3 3 3 2 1
3 2 2 3 2 2 2 3 2 * 3 3 3
4 3 2 3 3 3 2 3 3 2 3 3 3
5 2 2 3 3 2 3 2 3 2 3 2 2
6 3 3 2 3 2 2 3 3 2 2 3 3
7 2 2 3 3 2 3 3 3 3 3 3 3
8 2 2 3 3 2 2 2 3 3 3 2 3
9 2 3 1 3 2 2 2 3 3 3 3 2
10 2 3 3 3 2 2 2 3 3 3 3 3
11 2 3 3 3 3 3 2 3 2 3 3 3
12 3 1 3 3 2 3 2 2 2 3 3 3
13 2 2 3 3 3 3 D 3 2 3 3 2
14 2 3 3 3 9 3 3 3 2 2 3 3
15 3 2 1 3 3 3 1 3 2 3 1 3
16 3 3 3 3 2 2 3 3 2 2 3 2
17 3 2 3 3 2 2 3 3 2 2 3 3
18 3 3 3 3 0 3 3 1 2 3 3 2
19 2 3 3 3 2 2 3 3 2 2 3 3
20 2 3 3 2 2 2 3 3 3 3 3 2
21 3 3 2 3 2 2 3 3 2 2 3 3
22 * 3 3 3 2 3 3 3 2 2 3 3
23 2 2 3 3 3 1 3 3 2 2 3 3
24 2 2 3 3 2 2 3 3 3 2 1 3
25 2 2 3 3 2 2 3 3 2 3 3 3
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(710)
Score
No Rev.1 Rev.2 Rev.3
V1 V2 | V3 | V4 | VI | V2 | V3 | V4 V1 V2 | V3 | V4
26 2 2 3 3 2 2 2 3 3 3 2 3
27 2 2 3 3 2 2 3 3 3 2 2 3
28 2 2 2 3 2 2 3 3 3 2 3 3
29 2 2 2 1 2 3 3 1 3 2 3 3
30 3 2 3 3 3 2 3 2 2 3 3 3
**UWN ]

*MI1e99 HaKz N unage i

**W?JTEJWT@

V1=1.25m/s
V2=1.67 m/s
V3=2.50 m/s

V4 =15.00 m/s

3 A
V unu ﬂﬂllli?‘i/]al“]ﬂuﬂﬁﬂﬂﬁﬂﬂﬂa]lﬂ
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Score
No Rev.1 Rev.2 Rev.3
V1 | V2 | V3 | V4 | VI | V2 | V3 | V4 | V1 | V2 | V3 | V4

1 2 3 2 3 3 1 3 3 1 3 3 3
2 2 2 2 2 3 2 3 3 2 3 2 3
3 3 2 2 2 3 2 2 3 2 3 3 3
4 2 2 2 2 2 1 2 3 3 1 3 3
5 3 2 2 2 3 2 2 2 3 2 3 3
6 2 1 3 3 2 3 3 2 1 3 2 3
7 2 1 2 3 3 3 3 3 3 3 2 2
8 2 3 3 2 3 2 3 3 2 1 3 1
9 2 2 3 3 2 2 3 3 2 3 2 3
10 2 3 3 3 3 3 2 3 3 3 3 2
11 2 3 2 3 1 3 3 3 2 3 3 2
12 1 2 3 3 1 3 2 3 2 3 2 2
13 2 2 3 3 1 2 3 3 2 2 2 3
14 2 2 3 3 3 3 2 3 2 2 2 2
15 2 2 3 3 3 1 3 3 2 2 2 3
16 2 2 2 2 2 3 3 3 2 2 2 2
17 2 3 3 3 3 2 3 2 3 3 3 3
18 2 1 3 3 2 2 2 3 2 3 3 3
19 3 3 3 3 1 1 2 3 3 3 3 3
20 2 2 3 3 2 2 2 3 2 2 3 2
21 2 2 3 2 2 2 3 3 2 2 3 3
22 2 3 3 3 2 3 2 3 2 3 3 2
23 2 2 3 3 2 1 2 3 2 2 2 3
24 3 2 3 3 2 2 3 3 2 2 2 3
25 3 3 2 3 3 3 2 2 3 2 2 3
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Score

No Rev.1 Rev.2 Rev.3

VI | V2 | V3 | V4 | V1 | V2 | V3 V4 | V1 | V2 | V3 | V4

26 2 3 3 3 2 1 3 2 2 2 2 2

27 2 3 2 3 2 2 3 2 2 2 3 3

28 3 3 3 3 2 2 3 3 3 2 3 3

29 2 1 3 3 3 3 3 3 1 1 3 3

30 2 2 3 3 3 1 3 3 2 2 3 3

FEURUGLHE)

**W?JTEJWTE] V unu ﬂ’]?lll%')ﬁ%ﬂﬂﬂ?iﬂﬂﬁ@ﬂﬂﬁllﬂ
V1=1.25m/s
V2 =1.67 m/s
V3=2.50 m/s

V4 =5.00 m/s
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Score
No Rev.1 Rev.2 Rev.3
V1 | V2 | V3 V4 V1 | V2 | V3 V4 V1 | V2 | V3 V4

1 2 2 2 1 1 2 1 2 1 1 1 4
2 2 2 2 4 1 2 2 2 2 1 1 2
3 2 2 1 2 2 1 4 2 1 1 2 2
4 1 1 1 1 4 2 4 1 2 2 3 3
5 1 1 4 4 2 4 2 2 1 4 1 4
6 1 1 3 4 1 1 2 2 2 2 1 2
7 1 2 3 1 2 1 2 4 2 2 2 2
8 1 4 3 1 1 1 3 4 4 2 4 2
9 1 1 2 2 1 2 2 2 4 1 4 2
10 2 2 2 2 1 1 | 2 1 3 4 2
11 2 1 4 4 1 2 1 2 2 2 4 3
12 2 1 3 2 1 3 2 4 1 2 3 3
13 2 1 4 4 1 2 4 4 1 4 1 4
14 1 2 2 4 1 1 1 2 2 4 4 3
15 2 2 4 1 1 1 1 4 1 1 3 1
16 2 1 2 1 1 2 2 3 2 1 1 3
17 2 1 4 2 1 2 1 3 4 1 2 4
18 2 2 2 | 2 4 2 1 1 1 2 1
19 1 1 2 4 2 2 2 4 1 1 2 1
20 1 4 4 4 2 2 4 1 2 2 2 2
21 3 3 1 4 1 1 4 2 1 1 2 1
22 4 2 1 2 2 2 2 2 1 1 1 3
23 1 3 1 2 1 2 4 1 1 1 2 4
24 2 3 1 4 4 2 1 2 1 2 2 2
25 2 3 2 1 2 1 2 1 1 4 2 1
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(710)
Score
No Rev.1 Rev.2 Rev.3
V1 | V2 | V3 V4 V1 | V2 | V3 V4 V1 | V2 | V3 V4
26 1 4 1 4 2 2 1 1 1 1 4 4
27 1 4 4 2 2 2 4 2 1 1 2 4
28 1 4 4 2 1 1 2 2 4 2 2 2
29 4 2 2 1 1 1 2 1 2 2 2 1
30 1 3 1 2 1 3 2 4 1 4 2 1
**Wlﬂﬂm%}
**Wlﬂﬂmﬁ] Vinu ﬂ’]?lll%’)’ﬁ%ﬂﬂﬂﬁﬂﬂﬁ@ﬂﬂﬁllﬂ
V1=125m/s
V2=1.67m/s
V3 =2.50 m/s

V4 =5.00 m/s
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Score
No Rev.1 Rev.2 Rev.3
V1 | V2 | V3 V4 V1 | V2 | V3 V4 V1 | V2 | V3 V4

1 1 1 1 1 1 1 2 4 2 4 2 2
2 1 1 2 2 1 2 1 1 1 2 2 1
3 2 1 4 4 1 4 4 2 1 2 2 2
4 1 1 4 1 2 4 4 1 1 1 4 1
5 1 1 2 2 1 4 1 2 1 1 1 1
6 1 1 1 4 1 2 1 1 1 1 1 4
7 1 2 1 4 1 2 4 4 2 1 1 2
8 1 1 1 2 2 1 2 2 1 2 2 1
9 1 4 2 4 2 1 1 4 4 2 4 2
10 1 1 2 2 2 1 1 4 1 2 2 2
11 2 1 1 2 1 1 | 2 1 1 2 2
12 2 4 4 2 2 1 1 2 1 1 4 4
13 1 1 1 | 1 4 1 4 1 2 2 2
14 2 2 4 4 1 4 4 4 4 4 4 2
15 1 4 4 4 1 4 1 4 1 1 2 4
16 1 1 4 1 4 2 4 4 1 1 1 2
17 2 1 1 2 1 4 4 1 1 2 2 4
18 1 1 2 4 1 1 4 2 1 2 2 4
19 2 2 2 1 1 1 1 1 1 2 1 4
20 1 2 4 2 1 1 2 4 1 2 1 2
21 1 2 1 2 1 4 2 1 1 2 2 4
22 1 1 4 1 1 2 1 2 1 2 4 2
23 2 4 2 1 1 1 2 2 1 1 2 4
24 1 2 1 1 1 1 2 1 4 1 4 1
25 1 1 4 2 2 2 1 1 1 4 4 2
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(919)

Score

No Rev.1 Rev.2 Rev.3

V1 V2 | V3 V4 V1 V2 | V3 V4 V1 | V2 | V3 V4

26 1 1 4 2 1 1 2 2 1 1 2 2

27 1 1 4 4 1 1 4 1 1 1 2 2

28 1 4 4 2 1 1 4 1 1 1 4 2

29 1 4 2 4 2 1 4 2 1 1 4 1

30 2 1 2 1 1 2 4 4 1 1 2 2

< Y o A Ay v 4 9
AMTNAUINT N.20 HTWUﬂLU?JNT%‘VIHlﬂﬁ]Tﬂﬂﬁ‘V]ﬂﬁ@‘ULﬂii’Nﬁuwﬂ‘U

Weight of Rambutan flesh (kg)

Score
Size 1* Size 2* Size 1&2**
4 1.522 1.095 5.206
3 11.235 7.31 31.005
2 5.455 7.212 11.245
1 6.115 7.5 8.555

< Y o R Ay v A 9
AMTNAUINT N.21 LlTViLlﬂL“LJf’)N13‘VI"l,ﬂﬁnﬂﬂﬁﬂﬂﬁ@‘]_llﬂi@\i@]ulm‘ﬂ

Size 1* Size 2* Size 1&2*
Time (hour) 5.71 6.59 14.22
Energy consumption (kW.h) 3.78 4.16 9.4

smnomg  nadeuTaeldag 100kg

synoig  nadeu Iaeldag 200kg
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21 Abstract

z This research objective was to design, fabricate and preliminary test the prototype of semi-automatic
23 Rambutan peeling and seed removing machine. Mechanical and physical properties of Rambutan fruit were studied
2 and the important resulted were used to determine the dimensicn, shape of mechanism and their necessary force
25 in the prototype machine. The prototype consist of seed puncherin vertical and peeling mechanism in horizontal.
26 The compressed air were used power of system and mechanisms of protatype is driven by air cylinder. The PLC
2 (Programmable logic controller) was selected to use in this design. Designed result found the proper speed of feed
28 mechanism, peeling mechanism, seed puncher and fruit removing mechanism are 4 m/s, 1.67 m/s, 5 m/s and 5
2 M/s respectively. Continuous testing of Rambutan seed removing and peeling for size 1 2 and mix between size 1
= and 2 found the quality of Rambutan seed removing an peeling consist of Rambutan pulp were removed and
s complete removed (Score 3 and 4 respectively.) The efficiency of prototype, capacity and energy consumption are

2 64.65%, 17.51 keh ' and 26.46 kekWh' respectively.

33 Keywords: Rambutan Fruit, Fruit Peeling Machine, Fruit Seed Removing Machine
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2 (b) Front view
3 Figure 5 The compoenents of machine prototype
¢« (1). Seed puncher (2). Knife (3). Fruit holder and (4).

5 Fruit remover.

7 Fisure 6 : The prototype of machine
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35 Rambutan fruit

sa Table 2 Physical and mechanical properties of

y ) Maximum
Size - Height ——
Whole fruit  43.99+2.91 55.02+4.71
1 W'\thoug peg ;.:(712.69 41.6+4.08 vale
7;? 715.4411.59_ 26.74+2.85
Whole fruit  39.69£1.49 47.98+1.67
2 Without pe_eL 59-.4%;11;3 37.33+1.60 244.2
Ul S—ee_du 1';;%1.19 2334+1.76
Whole fruit  38.49£1.53 46.35+2.27
3 Without peel 28.32+2.02 7 35.88+2.24 2213
Seed 13.59+1.45 2232+2.51
Whole fruit  35.36:£1.61 43.43+2.23
4 Without peel  26.59+1.70 7 33.74+1.73 2155
Seed 15.67+1.36 24.59+1.72
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Abstract

This research objective was to design, fabricate and preliminary test the prototype of
semi-automatic Rambutan peeling and seed removing machine, Mechanical and physical
properties of Rambutan fruit were studied and the important resulted were used to determine
the dimension, shape of mechanism and their necessary force in the prototype machine.
Electro-pneumatic power and programable logic control (PLC) were selected to use in this
design. The study result found the diameter of fruit holder, diameter of crescent peeling knife
and diameter of seed puncher could be 44 mm, 32 mm and 18 mm respectively. Designed
result found the proper peeling mechanism is a double knifes equipped on the horizontal of
the machine. It uses to hold and peel the Rambutan fruit at the same time. For the seed
remover a stainless steel tube was used as a seed puncher and installed in the vertical of the
machine. The proper compressed air pressure in pneumatic system is 6 bars, The test results
shown that the proper speed of feed mechanism, peeling mechanism, seed puncher and fruit
removing mechanism are 4 m/s, 1.67 m/s, 5 m/s and 5 m/s respectively.

Keywords: Rambutan Fruit, Fruit Peeling Machine, Fruit Seed Removing Machine

1. Background/ Objectives and Goals

Rambutan (Nephelium lappaceum) is one of the most favorite fruit in Thailand and
oversea country because the pulp is a sweet, juicy and have many important
nutrients.(Vichakaset, 2016) The Rambutan pulp can process to be a many of products such
as the well-known of Rambutan in syrup can, etc. In year 2017 the quantity of Rambutan
products in Thailand is 216,000 Tons (Office of Agricultural Economics, 2016) therefore,
Rambutan is an important economic fruit. The main processing of Rambutan is peeling and
seed removing to keep only the pulp. It is difficult process, low capacity and efficiency, risk
of cut by knife and requires only skilled labor. These problems arise with the processing of
any fruits by labor and may cause of contamination in food products. Many researchers
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reported about the machine in fruits processing, Reuben Donado et. al. (2015) designed,
constructed and tested the mango peeling machine. The peeling efficiency of prototype is
75% and the major problem is a position of fruit holder in peeling and feeding process. David
A. W. and Helen M. W. (2014) studied the effect of mechanical dehuskers on the quality of
macadamia kernels. Results found the moisture in fruits is the cause of the damage on fruit
shoulder. Oluwaseyi K. F. and Ademola K. A. (2018) reported the Oleifera moringa seeds
dehusking machine that the important factors in operation is seed moisture, cylinder-concave,
cylinder speed, feed rate and cylinder bar inclination. S.D.S. Piyathissa and P.D. Kahandage
(2016) developed the coconut dehusking machine. Prototype machine has 135 nuts/hr and
82% of capacity and peeling efficiency respectively. For Rambutan processing, Teerawat et.
al. (2016) reported about the possibility of machine using in Rambutan process. Result found
that pneumatics cylinder is suitable power to drive the seed puncher and knifes mechanism in
seed removing and peeling process of the machine respectively. This mechanism caused a
less damage on Rambutan pulp and have more capacity than labor work in 9.8 times.
According to a study by many researchers, it is possible to design a semi-automatic peeling
and seed removing mechanism for fruits processing by using pneumatic as a power unit. This
research aims to design, fabricate and preliminary test the prototype of Rambutan peeling and

seed removing machine.

2. Methods

2.1 Physical and Mechanical properties of Rambutan fruit study
2.1.1 Physical properties of Rambutan

A 200 fruits of Rambutan were sized to 4 grades (50 fruits per grade) by National
Bureau of Agricultural Commodity and Food Standards (ACFS, Thailand). Physical
properties of Rambutan fruit was measured including of fruit weight by 0.01 digit of gram
digital balance, dimensions of hold fruit, peeled fruit (Fig.la) and seed such as Height,
Maximum diameter (Duax) and Minimum diameter (Dwin) by Vernier caliper. These properties
were used to specify the side of fruit holder and the shape of peeling knife of the machine.
The position of seed, pulp and peel of fruit show in Fig. 1b.

Height

Drmin

Dmax

(a)
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Fig. 1: a) Dimensions of Rambutan fruit and b) position of seed, pulp and peel of fruit
2.1.2 Mechanical properties of Rambutan
A 40 fruits of 4 grades (10 fruits per grade) of Rambutan were used to test the seed-pulp
separation force with quasi-static compression method (M.H. Saiedirad et. al., 2008) by
universal testing machine (UTM) in Fig.2a. The diameter of puncher is determined from a
maximum diameter of seed from topic 2.1.1 and the Rambutan seed separated from pulp (Fig.
2b).

Seed puncher

Rambutan (inside
the white holder)

(a) (b)
Fig. 2: a) Quasi-static compression test by UTM and b) Rambutan seed

2.2 Machine prototype
The components and operation concept of machine prototype (Fig. 3) are descripted as a
following.
1. The machine operation begins from the Rambutan fruit was put on the fruit holder
(No.1) and the feeding mechanism moves out to the peeling mechanism.
2. The double knifes (No.2) move closer to cut the peel of Rambutan fruit and hold the
fruit in the same time.
3. The seed puncher (No.3) moves down to punch Rambutan seed out from the pulp.
After that, the puncher moves up to rest position,
4. The double knifes move back, after that the feed mechanism move back to the rest
position
5. The Rambutan remove mechanism (No.4) is moving up to push the fruit out from the

machine.
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Fig. 3: Prototype machine.

All of mechanism are powered by the pneumatic cylinder calculated the diameter by the

result of force from topic 2.1.2 and the sequence operation diagram in this prototype is shown

in Fig. 4.
1 Rambutan feeding
B mechanism
0 1 2 3 4 5 [
1 .
Rambutan peeling
0 mechanism
0 2 3 a 56
1 Rambutan seed
" removing mechanism
01 2 3 4 11 s
1 P
Rambutan removing
0 mechanism
0 1 2 3 4 5 6
(a) (b)

Fig. 4: Sequence operation of semi-automatic machine
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Where “0” and “1” on vertical axis are rest position and active position of an actuator
respectively. Position “1” on horizontal axis is the start point of an operation and position “6”
is the finish point. For the sequent order working, the signals in each driver unit were
feedbacked to control an operation of actuators with Programmable Logic Control (PLC)
module.

2.3 Peeling and seed removing test
The fabricated prototype is shown in Fig. 5. Three replications of Rambutan fruits (30

fruits per replication) were used to test the proper speed of all mechanism in term of
efficiency percentage included of proper speed of feed mechanism, peeling mechanism, seed
punching mechanism and fruit removing mechanism and equations of efficiency percentage
is showed in eq.1. The tested level of speeds in each mechanism are:

1. 4m/s, 2 m/s, 1.33 m/s and 1 m/s for feed mechanism.

2. 5 mfs, 25 mfs, 1.67 m/s and 1.25 m/s for peeling mechanism, seed punching

mechanism and fruit removing mechanism.

Fig. 5: The fabricated prototype

3 (Score x Number of fruits)
(4)x(30 fruits)

Efficiency percentage = x100 1)

Where the score is classifying in Table 1. The completed of working in each mechanism
were considerate by orientation, alignment and successfulness. A 3 replication of efficiency

percentage results were averaged and presented on the results topic.
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Table 1: Score and Characteristic of Rambutan fruit

process Score =1 Score =2 Score =3
Feed
mechanism
4
Fruit dr Lifting from
opped J Slightly oblique | Good orientation
out from holder holder
Peeling
mechanism
Cannot peel Completed peel
Seed
punching
mechanism
Cannot remove Incomplete Removed Completed
remove remove
Fruit Complet
nu‘ Cannot remove | Removed but Removed but o .e ¢
removing A . . removing from
p from machine stuck in incomplete .
mechanism machine
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3. Results
3.1 Physical properties and mechanical properties of Rambutan fruit
Table 2: Dimension of Rambutan whole fruit, Peeled fruit and Rambutan seed

imax duin Height
Whole fruit 43998291  3893:1.70  55.0244.71
Size 1 Without peel 3177269 28.01+1.99  41.60+4.08
Seed 15442159 911102  26.74+2.85
Whole fruit 9695149 36.36+1.07  47.98+1.67
Size 2 Withoutpeel ~ 29.48:163  26.57:152  37.33:1.60
- Seed | 1390:119  935:092  23.34+1.76
Whole fruit 3849153 35194208  46.3542.27
Size 3 Without peel 28324202 25424231  35.8842.24
Seed 13594145  897+133 22324251
Whole fruit 35.36:1.61  32.00:1.67 43.43£2.23
Size 4 Without peel 26596170 2343359 3374173
Seed 15674136  10.50:1.43  24.59+1.72

For the physical properties of 4 grades (by size) of Rambutan (Rongrean Cultivar).
Rambutan fruits from a retail market are 49.89, 36.51, 32.87 and 25.90 g for size 1, 2, 3 and 4
respectively. The difference sizes of Rambutan consisted of Height, maximum diameter (Drmax)
and minimum diameter (Dpin). (Table 2) The average thickness of Rambutan peel are
6.09£1.04, 5.11£0.65, 5.07+£0.99 and 4.51+0.67mm. From this information, we decide the
proper value of diameter of fruit holder, diameter of crescent peeling knife and diameter of
seed puncher could be 44 mm, 32 mm and 18 mm respectively.

Table 3: Maximum Load of Rambutan fruit

Grade Maximum load (N)
1 168.48+23.77
2 171.28430.76
3 176.85+25.36
4 175.82423.47

Table 3 shows the result of the average maximum load from quasi-static compression
test in seed and pulp separation. Study with 4 sizes (sizes 1, 2, 3 and 4) and in this study, the
curve shows the relations between load and displacement from a Rambutan compression test.
(Fig. 6) The operation begins by puncher compress on Rambutan at the fruit stem (top side of
fruit) to 5 mm, load is applied at 144 N for break a peel. After that the puncher move to 18
mm and load is applied at 180 N, that is maximum load in seed and pulp separation (Sizel)

7
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Figure 6: Load — Displacement curve from a Rambutan compression test (Size 1)

3.2 Design of pneumatic actuators

After the study of physical properties and mechanical properties, we applied the
calculated bore size of pneumatic cylinder. (Table 4) The prototype required a 6 bars of air
supply pressure. (Teerawat Ch., 2016)

Table 4: Bore size of actuator

Bore Size of pneumatic

Mechanism Load (N) )
cylinder (mm)
Pecling 148.75 (Jetsada R., &NisakomP.2015) 17.77
Seed Removing T om0 22.76
Feeding 1.25 1.63
Rambutan Removing 0.76 127

3.3 Performance Test
1. Proper feeding mechanism speed

From Fig. 7, Rambutan in the holder was tilted due to using the maximum velocity 4
m/s. The Rambutan is more tilted compared to the other velocity because of the Rambutan

cannot be stabilized vertically. However, there is no Rambutan fall out of the holder.

100
a0
o0
40
20
1 133 2 1

EMiciency (*of

0
Speed (m/'s)

Figure 7: Efficiency percentage of feeding mechanisms
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2. Proper Rambutan removing mechanism speed

100

80

60
:” I I I
20
0
125 1.67 2.5 5

Speed | m-\h-

(%0)

Efficiency

Figure 8: Efficiency percentage of removing mechanisms
With respect to the optimum Rambutan removing mechanism velocity (Fig. 8), revealed
that 5 m/s is the maximum velocity can be remove the Rambutan fruit better than the other
velocity. However, the most of Rambutan removing mechanism cannot remove Rambutan
fruit in the desired position.

3. Proper Rambutan seed removing mechanism speed

100

ol L
40
20
1.23 5

L47 25

Efficiency (%)

Speed (m's)

Figure 9: Efficiency percentage of seed removing mechanisms

Effect of determination of seed removing mechanism velocity (Fig.9), revealed that all
of 4 level velocity can be remove seed of Rambutan. However, there are incomplete and
complete removed Rambutan seed. Due to Rambutan was pressed by puncher, slowly that
cannot separate seed and pulp of Rambutan immediately may be lost rambutam pulp over the
high velocity, in addition, seed coat close to Rambutan pulp. Based on the trend of the graph,
higher the velocity of pneumatic cylinder make the higher Rambutan pulp complete.
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4, Proper Rambutan peeling mechanism speed

80

&0

10

20

0
54

1.67 28 L]

EMiciency (%)

Speed (m/s)

Figure 10: Efficiency percentage of peeling mechanisms

Based on trend of the graph in Fig. 10, revealed that all of 4 level velocity can be peel of
Rambutan skin. High percentage of complete Rambutan pulp when Rambutan was peeled by
Rambutan peeling mechanism and all of 4 level velocity are similar. Optimum velocity for
peeling mechanism is 1.67 m/s.

After the study of physical properties and mechanical properties that is important of
parameter for designing, we applied the developed semi-automatic Rambutan peeling and
seed removing machine. Operation by using the pneumatic system required a 6 bars of air
supply pressure. The proper speed of feed mechanism, peeling mechanism, seed puncher and

fruit removing mechanism are 4 m/s, 1.67 m/s, 5 m/s and 5 m/s respectively.
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Study of Physical and Mechanical Properties of Rambutan Fruit
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Abstract
This research aimed to study the physical properties and mechanical properties of Rambutan (Rongrean
Cultivar). Study with 4 sizes (sizes 1, 2, 3 and 4) of graded rambutan fruits from a retail market were found that the
average weight of fruits. Rambutan fruit are 498.89, 36.51, 32.87 and 25.80 g respectively. The difference sizes of
rambutan consisied of height (1) 55.02, 47.98, 46.35 and 43.43 mm; maximum diameter (D} 43.99, 36.69, 38.49
and 35.36 mm; and minimum diameter (D, ) 38.93, 36.36, 35.19 and 32 mm. The difference sizes of rambutan seed
consisted of height (h) 26.74, 23.34, 22.32 and 24.58 mm; maximum diameter {d 15.44,13.80, 13.5G and 15.67

o)

mm; minimum diameter (d_.} 9.12, 9.34, 8.97 and 10.50 mm. The average moisture conient of peel, pulp and seed

min.
of rambutan are 79.31%w.b., 83.55%w.b. and 42.56%w.b., respectively. The average specific weight (SG) of
rambutan are 1.04 and the rolling angle between fruit and stainless, galvanize steel and steel were 11.95°,
16.95%and 14.32° respectively. Force from quasi-static compression test in seed and pulp separation was 244.2N.
This study result can be applied to design of automatic rambutan seed removing and peeling machine in the next
research process,

Keywords: Rambutan, Physical Properties, Mechanical Properties
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Figure 1. Dimensions of rambutan fruit
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o, InmAasfinmas 1l 48 91i1iil 3 (Furs) Fueneu-sunan_ 2560 dnpmm 99

HA
1 HamMsAnHaNTRAN N MENTATBEALNE

s Famenmwaesus sz dinsiersnnzang 1, 2, 3 uaz 4 T 49,89, 36 57,
32.87 Uaz 25.90 g (Table 2)

i g na R smanzieulenlden vansaniRenussadawnz (Tablet) Anamuaes
wldenzieRonnaf 1, 2, 3 uaz 4 0 5.0941.04, 5.1140.65, 507099 was 4.51.40.67mm

Table 1 Dimension of Rambutan whole fruit, without peel and rambutan seed

. Sin Height

Whale fruit 43.99 38.93 55.02

Size 1 witoutpeel 1N 377 28.01 41.60
Seed 1| 15,44 9.1 26,74

Whole fruit | | | 39.69 36.36 47.98

Size 2 Withoutpeel 2948 26,57 37.33
Seed 1390 9.35 23.34

Whole fruit i | 38.49 3519 46,35

Size 3 Without p_ee\_ - s 25,42 35,88
Seed | 1359 8.97 2.3

Wholefuit | 3536 32.00 43.43

Size 4 Without peel , | 659 23.43 33.74

Seed 16.67 10.50 24.59

AU HAL"(Specific Gravity, SG) LaRRTY 4 411AAB 1.0407 LAYHNAMAIHALNZIaRT 4
ausilfanmsinliveaauiudaglesulsem gwnad, mAna1udanzg uaziudn Aa 11.95°, 16.95° uax
14.32° FadnsLl (Table 2)

Table 2 Some physical properties of Rambutan fruit

Weight  Specific Ralling Angle
Size 5 3 5
(a) Gravity Stainless() galvanize steel () Steel ()
1 49.89 1.0371 10.40£2.72 13.07£2.58 10.47+1.30
2 36.51 1.0497 10.13+1.85 15.00+2.10 11.73+1.22
3 32.87 1.0466 9.80+1.86 19.60+3.14 15.20+1.52
4 259 1.0293 17.47+£2.13 20.13£2.23 18.87+1.85
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Figure 2 Load - Displacement curve fram a Rambutan compression test (Size 1)
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Abstract

. This research objective was to fabricate, test and evaluate the performance of semi automatic Rambutan
peeling and seed remaving prototype machine. The prototype consists of fruit feeder, seed puncher, set of peeling
mechanisms and the furit removing machanism. The compressed air was used to power the pneumatic actuators
in mechanism driving and PLC (Programmable Logic Control) used via the controller in machine system controlling.
Evaluated result found the proper speed of feed mechanism, peeling mechanism, seed puncher and fruit removing
mechanism are & ms?, 1.67 ms™, 5 ms™ and 5 ms™ respectively. Continucus test of Rambutan seed removing and
peeling for the fruit grade size 1 and 2 by a 100 kg per size and the mixed grade of size 1 and 2 found the quality
of seed removing and peeling in complete level and gocd level is 64.65% in machine performance percentage.

The capacity and energy consumption are 17.51 keh™ and 26.46 kekWh™ respectively.

Keywords: Rambutan, Fruit Peeling Machine, Fruit Seed Removing Machine
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(c) The prototype of machine

Figure 1. The companents of machine prototype (1).
Seed puncher (2). Knife (3). Fruit holder and (4). Fruit
remover.
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Figure 2. The operation of prototype
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1 Table 1 Quality and Characteristic of Rambutan fruit
process Score = 1 Score = 2 Score =3 Score = 4
Feed
mechanism
au
Fruit dropped out Lifting from holder Slightly obligue Good orientation
from holder
Peeling
mechanism
Cannot peel Slightly peel Completed peel
Seed
punching
mechanism
Cannot remove Incomplete remove Removed Completed remove
Fruit
. Cannot remove Removed but Removed but | Complete removing
removing
from machine stuck in incomplete from machine
mechanism
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Figure 8 : Efficiency of prototype
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1 5244 17.51 26.46
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