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Abstract

An experimental pick-up type pulse crop harvester was built and its harvesting perfor-
mance for green kernel black bean was evaluated. Field bean loss and harvested bean
quality of the harvester were analyzed according to engine speeds of 2,000; 2,400; 2,800;
3,000; and 3,200 rpm, and travel speeds of 0.6; 1.0; and 1.4 m/s. Operating conditions and
field capacity of the harvester for proper harvesting were estimated. The harvester had an

optimum performance at a grain moisture content of 13.4%, an engine speed of 3,000 rpm,
and a travel speed of 1.2 - 1.3 m/s. Subsequently, the picking-up, discharging, and total
CrossMark bean loss ratios were found to be 1.6, 1.3, and 2.9%, respectively. The whole bean,

click for updates

damaged bean, unthreshed bean, and foreign material ratios were determined to be 96.2,
1.0, 0.1, and 0.3%, respectively. Results showed that the harvester had lower bean loss and

G OPEN ACCESS higher harvested bean quality than those of imported bean combines. The harvester could
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Fig. 1. Schematic of the experimental pick-up type pulse crop harvester and its power flow.
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Fig. 2. Views of the experimental pick-up type pulse crop harvester (Unit: mm).

Table 1. Specifications of the experimental pick-up type pulse crop harvester.

[tem Specifications
Engine type & power Diesel, 52 kW/2,800 rpm
Type of travel device Crawler, HST transmission
Travel speed Field: forward 0 - 1.5 m/s, reverse 0 - 1.5 m/s
Road: forward 0 - 2.5 m/s, reverse 0 - 2.5 m/s
Gathering device Pick-up type, Pick-up width of 100 cm
Type of feeder Auger & chain conveyors
Threshing device 2 threshing drums, dia. of 420, 320 mm
Separating, & cleaning device Air blow fan, vibrating straw walker, chaffer sieve, grain pan & grain sieve
Tailings & grain discharge devices Horizontal: auger
Vertical: bucket elevator
Grain tank & discharging devices Capacity: 600 L, Hydraulic discharge height control

Table 2. Testing characteristics of green kernel black bean.

Attaching height of first ~ Number of pods ~ Weight of 1,000 _ Length of grain (mm)  Moisture content of
Test area . . .
pod (cm) in a crop (ea.) grains (g) short Long grain (%)
Muan 17.04 45.40 418.08 0.89 1.09 10.78
(5.68)" (5.59) (9.70) (0.07) (0.13) (0.63)
Gochang 19.9 62.4 386.68 0.86 1.03 13.37
(5.06) (16.91) (9.65) (0.05) (0.090 (0.91)

“Value in parenthesis means standard deviation.
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Table 3. Details of experimental design.
Factor
Engine, Travel® speed Analysis item Test method
speed(rpm) (m/s)
2 000° 0.6 - Field bean loss - Testing distance: 20 m/treatment (tr.)
2’400 1'0 * Picking-up loss ratio - Sampling distance for field bean loss
2’ 200 1' 4 * Discharging loss ratio * Picking-up loss: 2 m/tr.
80 ) - Bean quality in grain tank * Discharging loss: 5 m/tr.
* Whole bean ratio - Sampling in grain tank: about 1 kg/tr.
z * Damaged bean ratio - Field test replication: 3 times
2,300 0.6 « Unthroshed b .
3,000 1.0 Unt reshe e.arll ratllo
3.200 1.4 Foreign material ratio

- Field capacity of the harvester

“Speeds of threshing tooth ends on first and second threshing drums, oscillating frequency of separating device and cleaning shoe
such as straw walker, grain pan, chaffer sieve, and grain sieve, and speed of air blower are proportional to engine speed for the
harvester. Those are 9.2, 11.0 m/s, 5.7 Hz, and 1,380 rpm at the engine speed of 2,800 rpm, respectively.

*As travel speeds of the harvester were set by speed control lever as 0.6, 1.0, and 1.4 m/s under no load condition, actual speeds in
field tests reduced by 0.1 - 0.3 m/s due to difference of ground conditions and harvesting loads.

*Test in Muan field.

“Test in Gochang field.
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E3 A @7)0) B BB, S0t T2 B, AYSES A0 mesto] AR AY ARG F
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A e 2t g = B (ANOVA)S A1851. 0 M, 5% 32420 4] Duncan®] th5H| W& S5t
Results and Discussion
Zgau
Table 41= <t Zo o] A9 8.1 43 2 w3 24082 bl Aol Al AT} Bg 3Y 4ule
S 3 EAH)E2.60 - 5.00%, BI7F EAH]E0.35 - 1.50%, & 2418 3.60 - 5.35%2] H2 Uedth 3 &
AHlE2 R SHEL o A& L 7E F7Hete] whEt A= A o= yEg o, Wil E4H]E, & SAHlE2
AR B AELE, 2 ASof whet 2fo] 7t glgleh. MREA 0 & F SAH|go] AA Yehd A 0 & Holw, o] F 47
EA8[Eo] F3=t o= AEH B A& o] A4 A 3] & A% 7R F A i = 2 A7 |7 A A
o] 39 okE&0] °F 10.8% = R, WEE7} HolXl Hl-go] =& AHof|lA AldS 85157 tig o= TeE
T 0] F 13.4%= A0 = =2 114 7o) 4 O] Al A= Table 59+ 2} ot I+ &4H&-2
3 A 0.95 - 3.50%, HI I SAH]&0.40 - 1.60%, & SAH]E1.95 - 4.50%2] H 92 Yeht I8 £48]18
o] Fot Al Aatof| H|ste] Z7| Wolxl o= UYepyith 3 &8]SR &7} St whef ot
A= Ao 2 Uepon, s3] S&AHlE-L X 2 HEE, ZAEL o] wet Zpo| 7} glgl ot & &A48E-2 A7l
SAEL e AP H L7 ST ol whet = A UEb T
FRA AT 1A AHE vl ol B 35 EAHlES £017] Pl A TE g-gellA sk A
o] M- F ot o 4= Ao, 23| A Q] A| AT} B 58] BEd F FHIQ19] 518 el 24
E 2F 6% O|olE THSol= A 0. 2 YEFS tH(Mesquita et al., 2006).
Table 4. Field bean loss in Muan field.
Engine Travel . . .
d — Plckm'g-up Dlschgrgmg TOFaI ANOVA
(ESsi e(ipm) (TS), (m/s) loss ratio (%) loss ratio (%) loss ratio (%) Pr>F
2,000 0.6 2.60d (i 042)Z 1.10ab (i 000) 3.70ab (ﬂ: 042) - Picking_up grain loss ratio
ES 0.005
1.0 3.10cd (£ 0.14) 0.50b (& 0.14) 3.60b (% 0.00) TS 0.027
1.4 5.00a (£0.28) 0.75ab (£ 0.64) 5.75a (£0.92) ES*TS 0.105
2,400 0.6 3.35¢d (i 148) 0.55b (2E 035) 3.90ab (i 184) - Discharging grain loss ratio
ES 0.077
1.0 2.85cd (+0.64) 1.50a (+0.71) 4.35ab (+ 1.34) TS 0718
1.4 3.50bcd (+ 0.00) 0.65ab (+ 0.21) 4.15ab (£ 0.21) ES*TS 0.100
2,800 0.6 4.90ab (i 028) 0.35b (i 021) 5.25ab (i 007) - Total grain loss ratio
ES 0.190
1.0 4.25abc (+0.21) 0.35b (+0.07) 4.60ab ( 0.14) TS 0185
1.4 4.90ab (+0.28) 0.45b (+0.07) 5.35ab (£ 0.35) ES*TS 0.325

a, b, ¢, d: Means in a row with different letters are significantly different (p < 0.05).
“Value in parenthesis means standard deviation.
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Table 5. Field bean loss in Gochang field.

(ES), (pm) (TS (msy 105 Tatio (4) loss ratio (%) loss ratio (%) Pr>F
2,800 0.6 1.35bc (£ 007)Z 0.75a (£ 0.07) 2.10b (£ 0.00) - Picking-up grain loss ratio
ES  0.002
1.0 1.95bc (+ 1.06) 1.10a (+ 0.85) 3.05b (+0.21) TS 0.118
1.4 1.80bc (+ 0.28) 1.20a (+ 0.99) 2.95b (0.78) ES*TS 0.121
3,000 0.6 1.20bc (& 0.28) 1.60a (+ 0.28) 2.80b ( 0.00) - Discharging grain loss ratio
ES 0219
1.0 0.95¢ (+0.35) 1.00a (+ 0.14) 1.95b (+0.21) TS 0.691
1.4 1.55bc (+ 0.21) 130a (= 1.13) 2.90b (& 0.85) ES*TS 0.805
3,200 0.6 3.50a (£0.14) 0.65a (£ 0.21) 4.10a (+ 0.00) - Total grain loss ratio
ES  0.003
1.0 220b (+0.28) 0.40a (+ 0.14) 2.60b (+0.14) TS 0.023
1.4 3.60a (+0.57) 0.90a (+ 0.14) 4.50a (+0.71) ES*TS 0.033

a, b, c: Means in a row with different letters are significantly different (p < 0.05).
“Value in parenthesis means standard deviation.
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Table 6. Bean quality in Muan field.

Engine Travel
speed speed
(ES), (rpm) (TS), (m/s)

Whole bean
ratio (%)

Damaged bean
ratio (%)

Unthreshed bean ~ Foreign material ANOVA
ratio (%) ratio (%) Pr>F

- Whole bean ratio

2,000 0.6 81.15¢c  (£2.47)" 1.50a(£0.28) 1.55a (£021)  3.05a (+1.77) ES 0033
10 8200bc (£0.28) 1.70a(x057)  090ab(+0.28)  345a (+0.92) TS 0083
' ' ' ' ' ' ' ' ' ES*TS 0.975

14 83.65abc (£0.49)  1.50a(x0.71)  025b (£035)  3.40a (+0.14)

- Damaged bean ratio

ES 0.156
2,400 0.6 83.85abc (x 1.77)  2.15a (+ 1.20) 0.75ab (+ 0.49)  1.70ab (+ 0.57) TS 0379
ES*TS 0.880
1.0 84.55abc (+3.18)  2.65a (+0.21) 0.65b (£0.78)  2.40ab (+ 0.71)
- Unthreshed bean ratio
1.4 86.65ab (£2.62)  1.55a(+ 0.64) 0.60b (£0.00)  1.50ab (x0.71) ES 0.010
TS 0.116
ES*TS 0.179

2,800 0.6 83.80abc (+2.40)  2.30a(+0.14)  0.10b (+0.14)  1.55ab (+0.92)

- Foreign material ratio

1.0 86.15abc (£2.19)  2.55a(£0.07)  0.10b (£0.14)  0.70b (0.14) ES 0.004
TS  0.855
14 8755a (£0.07) 220a(£0.99)  0.10b (+0.00) 0.85b (+0.35) ES*TS 0.671

a, b, c: Means in a row with different letters are significantly different (p < 0.05).
“Value in parenthesis means standard deviation.
Remaining ratio except the ratios in the table is immature bean ratio.

Korean Journal of Agricultural Science 44(1) March 2017 119



Harvesting performance of an experimental pick-up type pulse crop harvester for green kernel black bean

Table 7. Bean quality in Gochang field.

Eg;%g:f :;z‘ézl Whole bean Damaged bean ~ Unthreshed bean  Foreign material ANOVA
1 0, 1 0, 1 0, 1 0,
(ES). (rpm) (TS), (m/s) ratio (%) ratio (%) ratio (%) ratio (%) Pr>F
2,800 0.6 91.85c (+ 064  1.65a(£0.35)  0.15bc(£0.07)  1.15a(£049) ~ Wholebean ratio
ES < 0.001
TS  0.069
+ + + +
1.0 93.35b (+ 0.78) 1.15a (+ 0.07) 0.25ab (+ 0.07) 0.85a (£ 0.07) ES*TS 0246
1.4 93.55b (£0.78)  1.05a(£0.07)  030a (£0.14)  095a(£0.07) . Damaged bean ratio
ES 0.772
3,000 0.6 95.95a (£ 0.49) 1.20a (& 0.42) 0.00c (£0.00)  0.25b (= 0.07) TS 0.145
ES*TS 0.800
1.0 95.25a (£ 0.21) 1.30a (x 0.14) 0.00c (£ 0.00) 0.35b (£ 0.07)
- Unthreshed bean ratio
1.4 96.15a (£ 0.92) 0.95a (+ 0.07) 0.05¢c (£0.07)  0.25b (£ 0.07) ES  0.002
TS 0.234
3,200 0.6 95.50a (+ 0.28) 1.45a (+ 0.64) 0.00c (£0.00)  0.20b (+ 0.00) ES*TS 0.525
- Foreign material ratio
1.0 96.00a (+0.57)  1.35a (% 0.49) 0.00c (+0.00)  0.30b (& 0.00) ES < 0.001
1.4 96.50a (£ 0.57 1.00a (= 0.28 0.00c (£0.00 0.25b (£ 0.07 IS 0882
. .50a (£ 0.57) .00a (+ 0.28) .00c (£ 0.00) .25b (£ 0.07) ES*TS 0.507
a, b, c: Means in a row with different letters are significantly different (p < 0.05).
“Value in parenthesis means standard deviation.
Remaining ratio except the ratios in the table is immature bean ratio.
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S A= Ax AHI7 sk A s AA Y o e= € o Ul
HY 2UR, AU M5

Fig. 33} Fig. 4= 212} Sobat 73 Al AN A1) ARG 507 7 587]0] 281418 373 Vel lolet.

AAZE A e T2 FREAIR G| 79 oflidof Hlsto] 248 BRI 0 2 Qlsto] nsy 5 29 53 H]
o] ml-¢- A e om, T3 ol - A X F 74 thd e A A717F A A E o] 9 feao] Wil 59
HEL 7R Blgo] 2 AH A AldS ez o SAHE, S4H Hleo] 24 Uit Zlo=w
H QI ofof] BIsto] A A A2 of Aol H] o 2Fh-2 FASARA R FH 4 0 2 TRt A/ 4 Hith=F3 e
o, 4T Ax Aol A 2RSS & 4 oI A8 R TR =)0 A el Y AR I
Hot T A B e S A7)0 e, e, g, Al - AR, AR, S-H0lE
5 7570 gelolut o] A4 UrEh A 983ttt

A7) I& Fra0] °9F 13.4%<1 A2 H T2 M7 21 -5 3,000 rpm, AA] 24FAEE 1.2 - 1.3 m/sd @ 7}
FEZAY JeS H Ao wHEy, o] o 3 SAH]E oF 1.6%, Bl SABE F 1.3%, & SAdHl& of
2.9%, HH Bl 2F96.2%, S H Bl oF 1.0%, PR & 2F0.1%, ol =2 Hl& 2F0.3%°] 2 ds= 15
At o] 2 AP Ao 2 AT FEA T T EUHE 5% PR, EATH HlE 5% P, o= vl 1% 1]
TS TSl oW, 59] HE Y T FH1 Y AT Q] HEAE oF 6%, &4 HlE °F 3%, o= Hle
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Fig. 4. Views of the Gochang field test.

S Kol 7] 0 2 LG TH(Mesquita et al., 2006). =3+ AJ ¢
2m/sQ) AAELE 2 £ &GS gloj A o] 2 ZHd =88 oF
) fi

1
FHA 2T S oF 70%E M Wi(Ajit et al., 1993

1% o]5}e] A57|E Bt 9431 2k AL

ol F14mel 2z o F - Az A2 &
ah JE e 707 wohe|n] 2 Fujelo] %
E2 oF40 ahE WEPE A0 2 oA SlTt.

Ae8 89 7 a1 37, 255, Y- AR 5 a5 = AR VEE, Al AEEA = A
TSH2R QI R Ko st Fa 50 St AR A E T2 A& S A= AJH, 75t
Z3 5 Aol wt iR F o] ma o 8t Y T ]9 A9 s = AA8IM AR A dE
T AA%e St B, A - AR SR 2R dash A0 R waE gl ot 23 FR e
T2 o] 8-S FlshAls BA Aol deol PlEet By d|F7of Estal e dHFde 158 =
& FH7 = A B art et FA HEA A4 ol H 7] (Park et al., 2016)1% 589 77 A8 ollF7(Pang et
al,, 2016) 5 22 -8 o 7717F 23] g Fofl 9ol o5 AH T 2ol 485l= ¢ #4977
T2 71E EEF T wrel Bt o3 &4 A2 A= AJH ol A] OﬂMoM o 5 7] w2 1 583
29 7Ad 20 o=t
Conclusion

TP AFA 7 FH N2 A5t Ald8 =715 QA - Alste] o) F - A AR S YR
TR e 2AR AT FH g oF 13.4% 3 A H T A 233EE 3,000 rpm, AUHE 12- 1.3
/s T 71 F2= 24 Aee B AR wersw, o] i 23 SAHlE oF 1.6%, HiA] SAHIE oF 1.3%, T &
M 0F2.9%, ST M ©F96.2%, /3 F HIE oF 1.0%, DIEH HlE °F0.1%, o122 H& 2F0.3%2] H%
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2 B0 79| REY Fulel Bt B £40] A3, £3 BB| FUE o S5 Y A5-S HI A0 et
ek, T3 A F71 A Fol oF Lamel 22 o F - A% Aeleh B oF 12mis] AYSER £ FFT 5 9)
o} M B HEE OF10%S 7PHT ) £ AU EEL oF 40 whE b 202 Aol
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