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Table. 1 Specifications of Combine
Manufacturer Model YANMAR TC 1350(A)
Total Length 2840mm
Total Width 1630 mm
Total Height 1740mm
Total Weight 990kg

Engine Max. Power 13.5PS/2800rpm

Cutting Height

Adjustable Range 50-150mm
Cutting Width 770mm

Running Device Crawler

Track Face Width 330mm

Contact Length of Track 910mm

Steering Device Clutch and Brake
Threshing Diameter 420mm

Drum Length 650mm

Working Efficiency 10-15a/h

-
e

Photo. 1. Whole view of the combine with micro
~computerized control.
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Fig. 1 Block diagram of the control system.
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Fig. 2 Electric circuit diagram of 1/0 interface.
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Fig. 3 Electric circuit diagram of power supply.

Photo. 2. Whole view
electric device mounted in front of ope-
rator’s seat.

of the control panel of
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Table. 2 Truth Table of Steering Sensor in Fig. ¢4

sue | 91] 5283 | HEXH | Remarks
1 1 0 0 01H | No Sonsing
2 1 0 1 05H | Rightward
3 0 0 1 | 0dH Straight
4 0| 1| 1| 06H |Leftward

% : Masked Bit

Photo. 3. Detailed view of the steering sensor
mounted between the dividers.
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Photo. 4. Right edge (swathe edge) sensor.
L, FORBIGUTHDY v~k h v /A ¥R
AT R LCELROIREY Vv # A S8 H D L
LOBE 2 T o FRIEEL CR  ERERFTIEL LTV 5,

FRFHEEETALDBE L S v F vt 2
oAy d (EBOAS s S TREDREE) HT,
bR PRI B B A S A WS A R T T H D,
B v — G HEO N Y s AL v TEE
D Mo, B4k vy - RRT,

2. 4 MBEahitpEE

i — (i385 P & BRSSP CarsE AT L, M
SHEALT B & R A D IR0 3 & BT & o
62 <, MHABLEEMALD, @M Licsteh
THI LD D,

ARYGHE R TE ORI IE C A 0 T o 4 W i
S eHEL, AR RO b ORI BT
LI EEHME LD THS,

2, 4, 1 HAnNgaLry—

PRI o v — R Bl L, ST & o MR
B Lo R, CHIEY, VFHT o 3HHEOEE iR

Fig. 6 Sensing mechanism of cutting height sen-

80T,

Table. 3 Truth Table of Cutting Height Sensor in

Fig. 6
HEX. %
State S1 Sz Cord Remarks
1 1 0 10H | Upward
2 0 0 00H Constant
3 0 1 20H | Downward

#* 1 Masked Bit

Photo. 5. Cutting height sensor mounted on right
side of the divider.
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Photo. 6. Hydraulic cylinder used for controlling
the cutting height.
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Fig. 7. Electric-hydraulic circuit diagram used
for the cutting height control.
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Fig. 8. Mechanical threshing depth sensors and
their locations mounted.

Table. 4 Truth Table of Threshing Depth Sensor in

Fig. 8
State S1152{53 }Igg?d* Remarks
1 1 1 1 EOH | Deep Threshing,
2 1 1 0 60H | Constant
3 1 0 20H | Shallow Threshing
4 01 X X 00H | No Sensing

#* 1 Masked Bit

Photo. 7. Threshing depth sensors attached to the
entrance of the threshing drum cylinder.
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Photo. 8. Actuator and limit switches used for
controlling the threshing depth.
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Fig. 10. Electric-hydraulic circuit diagram used
for powershift control.
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Fig. 12. Hydraulic circuit diagrams.
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In this paper, the result of the field experiment of the microcomputerized driverless combine is described.

There are two ways of applying automatic control techniques to agricultural machinery.

One of them can be applyed to unit farm machinery such as tractor and combine.

agricultural facilities such as a green house or grain dryer plant.

The other is for

This research is included in the former category, and concerns control of a moving vehicle. For this kind of

work, some difficulty is sometimes met in sensing and controlling optimally the actuator, because of the rapid

and frequent change of circumstances under which the machine is running.

In our former work, one of the authors reported on the programmed and feedback control systems of head

feed type combine. However those controlling methods could not cover the multiple operation completely. The

application of microcomputer not only to indutrial machines but also to agricultural machinery can solve this

problem.

The following advantages can be listed for the use of micro~computer with agricultural machinery :

(1) Multi~input signals can be processed and controlled.

(2) Software can easily help to solve the problem of changing the control process or procedure of routine

work which was programmed and stored prior to the operation.

(3) Time, labor and energy in agriuclturral operation can be saved.

(4) Safety can be ensured.
(5) Machinery can be systematically controlled.

Based upon the above merits of using micro-computer with agricultural machinery, a micro-computerized

driverless combine was constructed and its controllability was evaluated according to actual harvesting

operation in the paddy field.

From the test results, the following points are revealed.

(1) The machine worked well and control was done satisfactorily, but the steering clutches should be



A G T IV N 771 1L O NS /a1 B4 255

adjusted for suitable braking force depending on the circumstances of steering and turning at the end of
row of rice plants.

(2) The hydraulic circuit should be modified to obtain the simultaneous control of the lifting motion of
cutter bar and travelling, including the steering and turning.

{3) The mechanical sensing device for detecting the cutting height did not work so well, especially in the
muddy, wet field. A different type of sensor (such as ultrasonic or optical) is recommended, in addition
to the consideration of the position or location of the sensor to be mounted.

(4) The learning function should be added to improve the ease of adjustability of control factor referring to
the field condition, etc.

It can be concluded from this work that the possibilityy of applying the micro-computer control system to

the combine was notably high, and this technique will probably be widely distributed for practical use and future
commercial machines.





