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Development of a Pepper Removal Mechanism for a
Red-Pepper Harvester (1)
— Size Reduction of the Pepper Removal Mechanism and
Improvement of Pepper Recovery Ratio —
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ABSTRACT

A pepper harvester using a pair of counter rotating helically wound cylinders as a pepper removal mechanism
has been developed. Pepper harvesting by machines under the customary cultivation practice was expected to lower
land productivity, that most farmers were concerned about. As one way to compensate for loss in land productivity
by machine harvest, experts on pepper cultivation suggested change of both varieties and plant density per area.
From the view of machine design, their suggestion implied that distance between rows should be narrower and
height of the pepper removal mechanism could be shorter.

Experiments to improve perfect pepper recovery ratio and to reduce size of the pepper removal mechanism was
accomplished. In order to be a economically feasible harvester, minimum pepper recovery ratio was required to be
greater or equal to 80%.

The research goal was achieved by both reducing the diameter of the wire-helices from 30 c¢m to 18 cm and
increasing rotational speed of the wire-helices up to 425 rpm. The best perfect pepper recovery ratio was 82.3%.

Validity of experiment design and interpretation on statistical analysis were discussed. To understand the pepper
removal mechanism properly, a pepper removal theory based physics was judged to be necessary.
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Fig. 1 Experimental set-up for pepper removal.
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Table 1 Experimental design parameters and
their magnitude in an experiment for
the pepper removal mechanism

Parameter Magnitude

Diameter of helix cylinder
Inclined angle of helices

(Angle between ground and helix)
Peripheral velocity of helices
Conveying velocity

18, 23, 28, 33 cm
10, 20, 30 degree

2,3, 4 ms
0.3 m/s (fixed)

2 Ao e 33 A8 S gusla Yato 1
22 A A9 - gAY} Ao FFS 2,
&, Z9ol9.o 1994 59 149 Lol o] 253
oh E=H GARA AFANEel B AR AR
L A2 59 129 AAslm 238 125 583 u)
Q= FU0FE F7E AMREYT. AEE 7B
Az st Aoz gisPon niEd
9 A7= JdEnt Zkor FFLH 2 Aol
AN

179~



FFxY7I AR A2A A2E 1974 64

19 mm

(a) Front view

Pressing guide

N 33 mm

(b) Top view

Fig. 2 Structure of the pepper plant feeding conveyer.

Fig. 3 Main parameters in the pepper removal mechanism.
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Table 2 Pepper fruits distribution in the pepper canopy

Distance from the) 0 | 10~20 | 20~30 | 30~40 | 40~50 | 50~60 | 60~70 | 70~80 | 80~90
bottom (cm)
No. of fruits 0 19 28 431 330 249 108 14
Percentage 0 15 22 333 25.5 192 8.3 11
A d
coumulate 0 15 37 459 714 90.6 98.9 100
percentage
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Total no. of removed ' No. of removed | with small branches (N10)
valuable pepper pepper fruits pepper fruits with
Total no. of | g ies N2) (N4) branches (N9) With large branches (N11)
pepper fruits
in a plant (N1) No. of pepper fruits remained in a plant (N5)
Total no. of No. of removed pepper fruits (N6)
valueless pepper
fruits (N3) No. of pepper fruits remained in a plant (N7)

Fig. 4 Classification of pepper fruits before/after fruit removal process.
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Fig. 5 Effect of diameter of helix-wired cylinder, set angle of helices, peripheral velocity, and
rotational velocity of helices on pepper recovery ratio.
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Table 3-1 Perfect pepper recovery ratio (%)

Angle 1 (10% Angle 2 (209 Angle 3 (30°)

Vi V2 V3 VI V2 V3 Vi V2 V3
DI D1 -+ D1

23 585 69.1 430 519 753 437 521 6l4

Vi V2 V3 Vi V2 V3 Vi V2 V3
D2 D2 D2

458 642 823 444 663 772 332 S6.1 749

Vi V2 V3 Vi V2 V3 Vi V2 V3
D3 D3 D3

428 699 820 497 609 843 410 719 697

VI V2 V3 Vi V2 V3 VI V2 V3
D4 D4 D4

455 712 808 481 739 847 376 655 743

Note: 1. D1, D2, D3, D4 represents diameter of helices —18, 23, 28, 33cm, respectively..

2. V1, V2, V3 represents peripheral velocity of helices —2, 3, 4 m/s, respectively..

Table 3-2 Achievable pepper recovery ratio (perfect pepper recovery + pepper with branches
recovery, %)

Angle 1 (10% Angle 2 (20°) Angle 3 (307

V1 v2 V3 V1 V2 V3 Vi V2 V3
D1 D1 Dl

423 619 748 47.1 556 804 455 576 66.7

V1 V2 V3 A\'2¢ V2 V3 Vi V2 V3
D2 D2 D2

551 688 904 478 69.0 90.0 4211 636 784

V1 V2 V3 V1 V2 V3 Vi V2 V3
D3 D3 D3

577 729 817 620 750 89.7 485 795 784

A\ V2 v3 V1 V2 V3 V1 V2 V3
D4 D4 D4

540 784 875 572 834 936 412 712 86.1
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Table 3-3 Ratio of removed material weight to the plant weight before thresh (%)

Angle 1 (10 Angle 2 (20%) Angle 3 (30%)

V1 V2 V3 V1 V2 V3 A4 V2 V3
D1 D1 D1

440 553 68.1 343 457 705 350 383 554

Vi V2 V3 \"2! V2 V3 V1 V2 V3
D2 D2 D2

375 430 66.7 402 574 682 280 456 583

V1 V2 V3 Vi V2 V3 V1 V2 V3
D3 D3 D3

332 584 693 402 479 725 371 545 598

Vi A\ V3 V1 V2 V3 \'2! V2 V3
D4 D4 D4

390 575 63.0 356 652 657 313 550 658

Table 4 ANOVA of perfect pepper recovery ratio

Source df. S.S. MS. F value
BLOCK 2 155.84 71.92 033
DIA 3 1605.52 535.17 225
ERR(A) 6 1429.51 23825
ANG 2 914.53 457.26 1.72
DIAXANG 6 243.52 40.59 0.15
ERR(B) 16 4251.45 265.72
VEL 2 20345.41 10172.70 101.89**
DIAXVEL 6 868.68 144.78 1.45
ANGXxVEL 4 238.19 59.55 0.60
DIAXANGxVEL 12 1048.79 87.40 0.88
ERR(C) 48 4792.19 99.84
Total 107 35893.61

** means statistically significant at the 1% level.
Note: DIA, ANG and VEL represents diameter, angle, peripheral velocity, respectively.
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Table 5 Regression model for perfect pepper recovery ratio

) Significant variables
Regression model® atp =001 | atp=005 atp = 0.1
=—28.96—0.4839D—1.9959A5 + 25.9427V 0.63243 \' As, In(A) w
—0.1183w + 32.014 In(A)
=—13.35—0.4839D + 1.6046As— 0.04605A? 0.63243 \" - As, A& , w
+25.9427V—0.1183w
R=—9.11—-0.4859D—0.23735As + 53.252V 0.63208 v - V2, ow
—4.5512V* —0.118624w
R=27.33—0.4873D—0.23735As—0.8124V 0.63207 - - As, w, In(V)
~0.1187w + 77.231 In(V)
R=19.02—0.4839D + 0.24695As + 29.172V 0.62174 \" - w
—0.1183w—0.16146AsV
R=28.7—0.4839D—0.2373As + 259427V 0.61825 \'% - As, w
—0.1183w

* Variables in the model such as D, V, w, As, R represent

diameter(cm), peripheral velocity(m/s), rotational speed

(rpm), set angle(deg) of helices and perfect pepper recovery ratio (%), respectively.

Table 6 Result of F-test and Duncan's multiple

recovery ratio

range test for peppers with branches

Variables df a:‘ SSI‘}A treagna:r%te (:-rfwan Remark
Diameter of helices 3, 104 6.96 6.79 Null hypothesis was accepted.
Set Angle of helices 2, 105 6.04 1.74 Null hypothesis was accepted.
Peripheral velocity of helices 2, 105 6.00 324 Null hypothesis was accepted.
Rotational velocity of helices 11, 96 11.52 10.59 Null hypothesis was accepted.
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