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Study on Attitude Control System of Rotary Implement

Attached on Agricultural Tractor
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J. Y. Lee W. GO J. S. Shim H. C. Shin
ABSTRACT

In Korea, rotary implements are mainly utillized in the tillage operation. The attitude control system for rolling
phenominon of tractors, which in caused due to uneven ground surfaces and sinkage of tractor wheels, is one of the
most important control systems in agricultural tractors.

The attitude control system of a rotary implement, attached on tractors, was designed and fabricated in this
study. The control system was largely composed of four main units; a setting unit, a detection unit, a controller and
a hydraulic unit. The implement was controlled by control signals from a computer proportional to controlled errors,
on /off action of two directional solenoide valve and lift cylinder on the right lift rod.

Response characteristic experiments for the control system fabricated in this study were carried out indoors and
outdoors. The results of experiments showed the response characteristics sufficient to use as the attitude control
system of rotary implements for agricultural tractors.
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Fig. 1 Schematic diagram of control system.
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Fig. 2 Block diagram of control system.
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Fig. 3 Flow chart of control system.
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Table 1 Main specification of tractor and
rotary used in experiments

Model name LT470D

Rated output 45 ps/2,500 rpm
Driving type 4WD

Size (mm) 3,620 x 1,655 x 2410
Weight (kN) 244 4

Rotary size (mm) 925 X 2,020 x 990
Rotary weight (kN) | 41.7
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Fig. 4 Schematic drawing of experimental
apparatus.

Fig. 5 Tractor used in field experiments.
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Fig. 7 Relationship between engine rpm and
response time of hydraulic cylinder.
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Fig. 8 Response characteristics of hydraulic
cylinder at 2,000 rpm.
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Fig. 9 Result in step response experiments of
1,500 and 2,500 rpm.

control system at about £ 5.0° of amplitude,

—434—



Edg 2eE 471§ AA Ao

frequency : 0.2Hz

attitude angle (deg)

1.0Hz

frequency :

attitude angle (deg)

ANadge #d 47

frequency : 0.6Hz
=)
()]
T
s . time
[\
o
°
2
E -2
[
-3
-4
-5
5( frequency : 4.0Hz
4t
-~ 3r
g
o 1
g) '
S 0 T time
() i A
© . e it
2 !
.ﬁ L
©

set angle

-

....... attitude angle

Fig. 10 Results in fequency response experiments of control system at about +

5.0° of

amplitude, 2,500 rpm of engine revolution.

% ¢ 5otk EmE A AuI Y 4P g
AL A4 BAHE £ 03 )E A FA A5

2% 100 EFHOR AW AL
Z oF + 50° 9@ 918 Fu<: 0.2, 0.6, 1.0, 4.0Hzol
& 48 258 A

a9 109 A4E ARRRE YUY Fo4 0.6Hzrt
A& kY JAA7 BEEHJ oY, Aol Al AaHo]
4 Az #F 2Fsn ASE &+ AUk UY
Fo4 1.0Hzo| M= 2fte] o] 5 Astsl @A Atk
& 947t g5 At

40Hz9) Y8 FoHFoNE 4y ANz g A

2,500 rpm, 7

o A2 FFHL
At

% e gEASZ AR A4 1,500, 2,500
m ol hek o] %, 94 HES UEhhAct

3% 119 B2 RE 059 3% A Fus
H7h2) & oS Astrt A2 #5HA ggkorh, 9
B9 ASE 9Y FAEY Frke A AAE
24 FH%e ¢+ 9t

(

A8 JRHA dFS ¢ F

ot ZF 43

HEAoR 44 AAZ £ 007 (=35 el o
g AlE7)o st AEFolM e HeA A8 duE
a9 12¢] SJAIEdTh &G A zHA o ZHe

—435-



FZEU7IAERA A2 ASE

frequency (Hz)
1.0 10

gain (db)

~15}

-+ 500
- 12500 -

-20

angle (deq)

Fig. 11 Gain and phase diagram of control

s1005

o N & O
T

—
—

rolling sensor

set angle '/

cylinder

A}
contrclled angle

angle (deg)

time

I $2905

Fig.

time

1998 109
frequenc (Hz) !
0.1 1.0 10
0 R
—454 . -
D
(1)
k=2
9 -90F- - -
[v]
L
Q
-135}F -
-180

angle (deg)
10

system.

s2005

angle (deg)

time

10

[ 53405

12 Results in field experiments at 1.0, 2.0, 2.9 and 3.4 km/h of ground speeds.

—436—



EfE zeg 471§ AA Ao] AL Bd dF

Add BAdM 9 A £ AMEHEY IS
of gsiA A 9t

a9 129 49 AA2RE Ao A2 EHE
z3 2% 34 km/h9) HYYojd e QgHoz
7t A EFo] AF AY71Y AA HEel

ga £1.0° ) | ¥y JolM Aoldn %&&
& # o 22y 34 km/he] F3 o)A EY
B9 Ago] A¥E A8l o 2 7Hold Eolst
3, Y& &3k oFzke ¥ 3 (huntching) H4o) #&
HATh o2 FAFE Ao Aago] A1 Qe
S Ad & Ao g J4En}

5.4 E&

BT 24Y 9 AEY A o7 A} E
Y A £ FAfo] dojuid, 37 AA FX
o o A A2 A Rery A7) 2}
Aol A7t 4Pt o) g £ dAE BT
&3 AY719 AAE Bt £8 2 AF4ER
A 87] A ZAAM Ho] A ARE AAsD, AW
M) g7 54 H4E D 49 TR AP T A
o] A|AE AN FoMo HgAH L HESG 1
Ade g3 2ok

1) ou] A3 A2 e 44 dddode 9
ol st $EAd-S 4Ae] A9 + Sem (R4A 2
ok + 10.0°)o) chsf oF 0329 SHAS BAFY
on, $H EAE @ Qlo] AFE v2 F719 H
Fe BoAFA a2, FAFE 9F Ao} AE
= BTty Adurt FE3A ke 40 msece)
EZU7t #5530

2) Ao} AAHY IE 8 B4 83
E 54& 2oaFed, 3 4
BARHE £ 03°)% A2 BA st5d
+ ¢ F oA

3) 0.6Hz9] Q18 Fa4 P e AP NE

1¢lo] qt
SRl A g
HA AS

o g FEA &g AdAE #E5=HAo Y A
o] AJARO] qlg AFo F FFHu A S ¢ F
At 0.6Hz o] ol M U8 Foho] Fobe} &
ol At % A4y Fihh #EHGeH, &
3] 4Hz o)}ell M FFAo] HE AFHA It
o},
4) TF 4F AAERH, Y79 A F

E 34km/holAq APE A3 e FFold &}
o] Eoj7tm e el 3t A3 Aol

FHYoY, AAAoRE oF £ 1.0° 9 ®WA |
CRERE EESCEIELE RN

5) 2830z, 4AT AAM Ao AAHL A .
el 499 27425 E dEFdA 9 2erg &Y
719] ZAA Ao] AAEoZA oA HRo] T3]
g 7t 3 E4E BRAFHG

rL r:lmJ

Ho
ot

a

D_)ln

1. Doi, J. and Y. Yasuda. 1964. Dynamics of 3 points
link hitch (1) — position of hitch point and
orientation of hitch plane. JISAM 26(3):149-155.

2. Hobbs, J. and H. Hesse. 1980. Electronic /hydraulic
hitch control for agricultural tractors. SAE paper No.
801018.

3. Dobrinska, R. and R. Jarboe. 1981. The develop-
ment and application of electro-hydraulic control
system for Case 4WD tractors. SAE paper No.
810941.

4. Yoshiaki Misao. 1983. Tractor seat with automatic
inclination compensation by using microcomputer.
JSAM 45(2):239-244.

5. Thomas. B. E. and M. A Bergene. 1989. Tractor
three point hitch control system. SAE paper No.
89183s.

6. Yi Jiang, Nobuo Honami and Shigeo Umeda. 1992.

—437-



FFA7IAREHA) A23A AS55 19989 10€

Microcomputer control system for tractor imple- Microcomputer control system for tractor imple-

ment(part 1) — constitution of programable control ment(part 2) — controls for tilling depth, load and

system for three point linkage by electro-hydraulic attitude angle of rotary tilling. JSAM 54(4):5-13.

method. JSAM 54(3):5-13. 8. CQ2HAL 1994. Ex ALAAIZHAFL
7. Yi Jiang, Nobuo Honami and Shigeo Umeda. 1992. (2). E@RAE] 7% No. 37:84-85.

—438—



