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Modification of Discharge Mechanism of Binder Harvesters
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Summary

Binder harvesters introduced to Korea were originally designed to be used for Japonica varieties
which are highly resistant to shattering. In order to improve the performance of the binder to Indica
varieties which are easily shattered and have shorter stem, mechanical modifications of the binder are
inevitable.

Shattering losses of the binder can be classified into two major parts; one incurred before and one
after binding operations. The latter has been evaluated as great as the former. Previous studies indicated
that the high discharge losses resulted from a great impact force of the discharge arm on the rice bundle
during the discharge process.

This study was intended to theoretically analyze the discharge mechanism of four-bar linkage. For
this purpose, two commercially available binder harvesters having a four-bar linkage as a discharge mechan-
ism were analyzed. Using the results from the motion analysis and the other structural constraints of the
machines, they were modified and experimentally compared with the machines without modification
to see whether any decrease in grain losses was obtained.

The results obtained in this study are summarized as follows:

1. The path, velocity and acceleration of discharge arm were computer analyzed by vector analysis.
Using results of the analysis and intrinsic constraints of the binder, discharge mechanism was modi-
fied to reduce the impact force on bundle by discharge arm in the range where the discharge per-
formance was not deteriorated. This modification of the discharge mechanism could be done with
an aid of four-bar linkage synthesis technique.

As a result, average velocity and acceleration of the discharge arm during the discharge process were

reduced respectively by 19 percent and 33 percent for binder A, and 17 percent and 35 percent

for binder B.

2. Through the modification of the discharge mechanism, discharge losses of binder A were reduced
by 4256 percent for Milyang 23, Poongsan and Hangang chal, and discharge losses of binder B were
reduced by 13-20 percent for Milyang 23 and Poongsan.

3. Discharge losses were decreased as the bundle size became larger and the size effect on the decrease

rate appeared more significant in the binders with modifications than in those without modifications.
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Fig. 1. Schematic diagram of power transmission
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Table 1. Specification of the binder harvesters studied

\ Binder
—— A B
Item
Length (cm) 188 197.5
i ) Width (cm) 83 87163
Dimensions
Height (cm) 96 97-114
Weight (kg) 158 188
. Normal output (ps/rpm) 3.1/1600 3.5/1800
Engine
Maximum output (ps) 4.5 -
T Type Wide, low-pressure Wide, low-pressure
ire
Dimension 19x8. 0-8 18x10. 0-8
Speed change 3 Drive, 1 Reverse 3 Drive, 1 Reverse
Driving Worki High 0.86 0.894
unit "€ | Low 0.60 0.559
Speed Travel- High 1.65 1.45
ing Low ’ 0. 905
High 0.927
Reverse Low 0.68 0.579
Cutting type Reciprocating type Reciprocating type
Cutting Cutting width (cm) 50 50
unit
Cutting height (cm) 5 5
Binding method Knotter bill Knotter bill
Binding Binding height (cm) 17 17
unit No. of adjustable bundle 5 3
size
Heigh of discharge
arm from the discharger 23 23
Discharge frame (cm)
unit Height of discharger
frame from the ground 6 5
(cm)
Working type of binder 2 row, left 2 row, left
turning turning
Capacity Twine consumption (m/10a) 500 — 750 500 - 750
Capacity of work (hr/10a) 0.8-1.3 0.5-10
, oil supplying system Manual Antomatic

PRio| B & Rebict. =A 93 89 d34dE
X ool HAX WS YW 3 EER A
P259] Mr& K¢ ohS o] & vh4l XYy ko=
EERWRE 35l

6:, 0, 6.& Xt & HA7F o] RE Al 6,
 XoWsh giicte] ol¥ & Mol ¢t HEEERM
mAce A X st Xiho| o]F+ Moloh. vh-goll F
o4 I, e, B, r& HHY BRAA ERA TE

oty EEE 27 15°4 Aol =2 PR Wi,
HE, mEEE s 2 B HEd §ébd
AR 2 ERE AR

I = al+al+ 28,8, cos b, (1)
__al+ I*—af

cos @ = ——o 7 —
_ a,’+ l,_&"

cos A= 1

— 28 —



vhol vl Mol B ooEel BE B

Pick uo chain Y

396 rpa
Pick up chain 253, I i i
1 396 rpm MSrj ri.'m, Direc ton of
1 (253.1 epw) ! travelling
! Cutter bar 609.2 rpm BLLT )
- (389.3 rpm Kolder—
1
) )
P —
: 1ok wir i PR a
- A+ Y Be w13 -+ 1
H 18T 1IT 44T ! LA X
H 14T Paker shaft ~-ore9T H Y
h L pASSiehthd e d 180 rpm 9T ' 92 5/
H . ' % w a,
: 115 rpm) LY T} X \ 2,
J 141 :
- 0.0.9138 16T T 8 33 \d
21 660 rpm Pt — )
{418 rpm) 16T v 63
T ! 8 ey
167 4
= -+ 1—}47
Conveyor belt 9T 9
- T
B ) .
! P Yl
[}
0.p.9120 , O-D-9133 828 rpm | 14
1546 rpu H525 wom) [or a8

0.D.#110

(988 rp-)I E

| rensaiesion

Fig. 3. Schematic diagram of discharge mechanism

lo.n.ul

”(1”0 Tpm)
0.0.997 — 2
y= tan"! v 1—cosly )
Fig. 2. Schematic diagram of power transmission cos y
of binder B 8i=nr—f+a (5)
) , 8, =8s+ B+ a 6)
2 2 __
cos 7=i+_2;_lﬁ’ B, — g+ 8 — 2 (7)
4
HPERE Pol riEw s s=3e wWegtd
. 2
o= tant Y1 cos’a (2) Wobol KHE F doZE X, Y, HERAA P
cos a
ol & EhHme iy R(8~1gzt 2ot
— tan v 1—cos’g (3) ~
A an cos B P —ai+ay+g—a:e+a,e®+ge®” (8)

Table 2. Dimensions of discharge arm mechanism

Notation Description Dimensions
Binder A Binder B
a, Length of link 1 (cm) 12.0 18.0
a; Length of link 2 (cm) 5.2 8.6
a, Length of link 3 (cm) 11.7 17.0
a, Length of link 4 (cm) 9.2 11.0
W, Angular velocity of link 2 (rpm) 185, 0* 115.0*
¢ Transformation angle of co- 167.5 177.2
ordinates axis (deg)
? Angular position vector of coupler 209.0 208.3
point P w.r.t link 3 (deg)
g Magnitude of position vector of 27.0 29.7
coupler point P (cm)

(%) This is an actual velocity calculated from the engine speed through the speed reduction of

gear transmissions
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Table 3. The allowable range of links of 4-bar
linkage which can satisfy the motion
of crank-rocker mechanism adapted to

the binder harvester A and B.

(unit : cm)
o Binder A B
a, Shorter than 15.7 | Shorter than 20.9
a, ” 9. " 11.0
as ” 16.0 ” 21.9
a, Longer than 4.9 | Longer than 6.1
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Table 4. Agronomic data of the paddies used in the experiment

ltem Variety Milyang 23 Poongsan Hangangchal Taeback
Sowing date 4,20 4,12 4,13 4.20
Transplanting date 5.21 5.27 5.20 5.21
Heading date 8.18 - - -
Harvesting date 10,2 -3 9.28-29 10.5 10. 4
Column length (cm) 65. 2 66. 0 68. 0 63.0
Panicle length (cm) 23.0 23.5 23.2 22.0
No. of panicle per hill 17 20 16. 7 16. 4
No. of grain per panicle 120 95 97 87
H, (em) 64.0 64. 2 65.0 63.0
H; (cm) 74.5 76.0 77.5 73.5
a (deg) 85 86 85 87
yield (kg/10a) 880 802 691 682
H, . Beight from ground to end
of panicle 02243 1
H, : Height from ground to top |
of panicle
a . Angle between ground and H]_ HZ

stem stance
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Table 5. Comparison of discharge losses between bundle sizes and discharge mechanism for binder

Aand B
unit ; kg / 10a, %
Variety Milyang 23 Poongsan Hangangchal Taeback
Trear~_{ten
Binder™\"en; Amount % Amount % Amount Amount %
AB 36.2 4.1 16.9 2.1 14.0 2.0 2.6 0.38
A aB 16.5 1.9 7.6 0.9 5.7 0.8 2.5 0.37
Ab 41.3 4.7 20.9 2.6 17.3 2.5 2.6 0.38
ab 25.5 2.9 14.9 L9 8.3 1.2 2.6 0.38
AB 41.8 4.8 18.9 2.4
B aB 311 3.5 16.7 2.1
Ab 43.3 4.9 21,5 2.7
ab 37.2 4.2 18.7 2.3
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Table 7. Bundle position relative to the binder
after discharged on the ground betw-

een each treament for Poongsan

Binder A B
Treatmen " [ diem) [0 deg) | dicm) |6 (deg)
AB 2.2 | 207 | 2.3 | 17.9
aB 26 | 223 | 2.2 | 17.4
Ab 4.0 | 200 | 2.4 | 180
ab 26 | 19.2 | 2.4 | 19.5
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