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SUMMARY

The purpose of the electronic power steering control system project was the design
and construction of the control software and hardware. It was engineered cost and new
trend system of electronic power steering control system for tractor.

A control algorithm and a prediction model of steering force for the electronic power
steering control system for tractor is developed and analyzed. In order to realize test for
a tractor, indoor tester and prototype is also designed and developed.

For the verification of the control algorithm, a tester is constructed to indoor and
outdoor. The basic driving algorithm which operates according to the steering direction
and position is calculated.

A prediction model is developed that a series of soil bin experiment was carried to
investigate the effects of tire inflation pressure and axle load on the tire steering torque
for the off-road condition. Soil was processed using the soil processing carriage and
three levels of ground conditions(soft, hard, very hard) was acquired. Experiment was
performed for the three levels of soil conditions and on-road conditions, and four levels
of tire inflation pressure with the value of 120kPa, 170kPa, 220kPa and 270kPa and four
levels of axle load with the value of 1470 N, 1960 N, 2450 N, 2940 N.

The results are summarized as follows. 1)Steering torque on the off-road conditions
were higher than that on he on-road conditions for all levels of tire inflation pressure
and axle load. 2) As the axle load increased, steering torque also increased for the all
experimental soil conditions. 3) For the 1470 N of axle load, the biggest steering torque
was measured on the ground I, but as the axle load increased to the value of
300kgf, the biggest steering torque was measured on the ground III. From the above
results, it was found that for the low axle load, steering torque gets higher on the soft
soil condition, but for the high axle load, steering torque gets higher on hard soil
conditions for whole range of experimental condition. 4) As the tire inflation pressure
decreased, steering torque increased on on-road conditions, but no specific trends was

not found on the off-road conditions.



For the further research, the product ability and reliability of steering system is
assured to a control hardware and software. And, a large size tractor, planter, excavator

etc should be developed to apply the electronic power steering control system.
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Table 2-1 Classification of Motor Driven Power Steering System

Classification
Driving Type Pinion Assist Type Rack Assist Type
Mounting o o o o o Ball screw
) Pinion Driving | Column Driving | Pinion Driving o
Point Driving

_17_



[ele) o 1
o FxE A A FRAE BEH PFEHOR 44 AET F Ax, I AhE
o % i E 2YAFA] @el AgH vk 2

3t} Shimizu, et al., 1991].

§l & 2-19] ®Fol wE 2zte] o5 29 2-19 YR

(a) Pinion assist-column driving type (b) Pinion assist-pinion driving type

(c) Rack assist-pinion driving type

(d) Rack assist-ball screw type

Fig. 2-1 Pictures of Motor Driven Power Steering system.
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2. A ZAE MDPS Al2~d9 B W

Aa7hA s o] Ggatgel g2e d2e sAbd MDPS Al='ls wlastd i 2-2
o} Aol L, et al, 1990; Shimizu, et al., 1991; Nakayama, et al., 1994].
Table 2-2 MDPS mechanisms used in Commercial Vehicles in Japan
CAR MAKER SUZUK | DA;EAT MMC HONDA
Vehicle ALTO CERVO EVERY MIRA MINICA NSX
Rack Pinion Ball
Type Column type type type Serew
MDPS NSK KOYO NSK KOYO
Maker
Torque [Potentio| Magnetic | Magnetic |Potentio|Potentio| Potentio
X : LvoT
Sensor meter Coi l Coi l meter meter meter
Mechanisn Torsion |Torsion [Torsion Torsion Lever Double |Torsion
Bar Bar Bar Bar Planetary Bar
e AS JEE zF 3 A S o] MDPS Al A~€S vlwshd § 2-33 72}
Table 2-3 MDPS mechanisms used in Commercial Vehicles in Korea
CAR SAMSUNG
MANDO DHI KIA CAR
MAKER |ELECTRONICS
Pinion Type
Type Column Type Column Type Piston Type Column Type
Ball Screw Type
Torque Magnetic
Potentiometer Magnetic Sensor | Potentiometer
Sensor Inductance
Mechanism Torsion Bar Torsion Bar Torsion Bar Torsion Bar
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Table 2-5. Cost and element of a hydraulic steering system

No. Part name Q'ty Unit Price Amount
1 STEERING CYLINDER ASS'Y Iset 180,000 180,000
2 BALL JOINT ASS'Y 2set 25,000 50,000
3 HYDRAULIC HOSE ASS'Y 4set 8,000 32,000
4 NIPPLE Iset 6,000 6,000
5 PRIORITY VALVE ASS'Y Iset 75,000 75,000
6 STEERING VALVE ASS'Y Iset 150,000 150,000
7 STEERING COLUMN ASS'Y Iset 50,000 50,000

S Al 543,000
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Table 2-6. Cost and element of a electronic power steering system

No. Part name Q'ty Unit Price Amount
1 TIE ROD ASS'Y Iset 10,000 10,000
2 DRAG LINK ASS'Y 1set 10,000 10,000
3 DRAG LINK ARM Iset 3,000 3,000
4 PITMAN ARM 1set 5,000 5,000
5 STEERING GEAR ASS'Y 1set 70,000 70,000
6 STEERING COLUMN ASS'Y 1set 30,000 30,000
7 STEERING MOTOR ASS'Y 1set 40,000 40,000
8 CONTROLLER ASS'Y Iset 40,000 40,000

Sy A 208,000
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Table 3-1 Physical properties of experimental soil by USDA classification

Composition
Texture
Sand(%) Silt(%) Clay(%)
535 37.1 94 Sandy loam
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Fig. 3-1 View of soil bin and rail system.

Fig. 3-2 View of soil processing carriage.
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Fig. 3-4 Schematic view of a steering test device.
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Fig. 3-9 Device for measuring the steering angle of handle.

Fig. 3-10 Device for measuring the rotating angle of king_pin axle

(steering angle of tire).
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Table. 3-2 Specifications of devices used for steering-torque test

ITEM Model/Manufacture Specification
. CEA-06-250US-350/ Resistance : 350+0.4%
Strain Gage .
Micro—-Measurement Gage factor : 2.065£0.5%
Tension&compression
Loadcell SBA-1T/CAS, Korea Maximum capacity : lton

Output : 3mV/V

OEW-1000-2M/NEMICON,

Rotary Encoder Resolution : 1000pulse/rev.
Japan
OEW-2500-2M/NEMICON, .
Rotary Encoder I /N Resolution : 2500pulse/rev.
apan

Resolution : 12bit
A/D channel.: 16
S.E./8DL.Sampling rate : 90kHz

YS7400/Yoi-Auto-Syst Resolution @ 24 bit
1~ - m
Counter Board o AdtoTeystem, Counter ch. : 4

Korea .
Max.counting fre.: 1kHz

Data Acquisition | AX-5412/AXIOM Technology,
Board Taiwan
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Fig. 3-11 Block diagram of data acquisition system.

Fig. 3-12 Overall view of single-tire steering test device.
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Table 3-3 Processing method of experimental ground
Processing equipment
Ground types
Rotary tiller Grader Compaction roller

Ground- I (soft soil) 2 1 -

Ground-1I (hard soil)) 2 1 2

Ground-II (very hard soil) 2 1 4

Ground-1IV (on-road) - - _




Fig. 3-13 View of on-road condition.

vze)
A
ze)
il
"

ali

T
T
H

oot

A
el

wjr

g7 g2 A FF9 v E2%H(Ground- I, Ground-

wr

iy
file)

el

¢
i

)

N

O, Ground-ID)ol ois] 2zt

-

B

o
1%0
A
el
plo
ol
A=

o]&3te] =

=
=

](cone penetrometer)

2324 (cone index; CDE SR-28 E

‘mo

, 0-20 cm Atole] E9F zlololA 5 cm

5
T

A

e

WA 25 cm’e] A7

25 cm¢l

AT

S

ForA T

E<Fe] F32e (adhesion)

2 (cohesionc)

%)

Z}(angle of friction resistance)}

L ]
7} (angle of shearing resistance)< SR-2

~
o

N

7O

o) v

=i}
=

7} 2@ @ (shear ring)? E7]147F ¢l wH2 ¥ (friction ring)S 231

il s

_45_



AR 7IEE(bulk density):= QAFEZWE doo F 32& HAAF ] WY E
& 27} 8 cm9t 16 cme T ZololA 100cc &He EY AHARE o]&std EFHES
AHA st Tt o, E% SR &= (moisture content)S A HH
el oa] sl

A3, @ golo] gy AL A& 474 =Wl E(Ground- [ ~IV)oll A 4 =59 €
olo] FatF I 4 FF9 Elelo] F7IStel s 27 skt Elolo] FUI¢S Al XA
oA HAste= 31 psi(2l4kPa)®] A7 A7y 22l Fess adE 120
kPa, 170 kPa, 220 kPa, 270 kPa&Z 7t7} 50 kPa¢] tA oz dAson 35 duks
O ko] g Z wupF el vhal A= shE (o 2450 N)= e she] 1,470 N, 1,960 N, 2,490
N, 2940 N¢| 4 FFoz AAst ¥ 3-45 238 Ao Agd z7o dxE9 -

& nojFx gluk

-

FN
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Table 3-5 Physical properties of experimental ground

Ground types

Ground parameters
Ground-I Ground-II Ground-II Ground-IV

Cone Index (CI), kPa 250 433 476 -
Adehion, (a), kPa 0.61 0.89 0.45 -
Angle of friction resistance (¢’), degree 18.36 18.61 24.42 -
Cohesion, (c), kPa 1.65 6.42 9.38 -
Angle of shearing resistance (¢), degree 25.94 30.40 30.19 -
Pressure-sinjage parameter (k), kN/m""* 12439 1698 1173 -
glrf;‘gi;fégage parameter {0, 4 gue5 5489 0.4396 -
Moisture content (d.b), % 10.70 10.73 10.55 -
Bulk density (1), g/cm’ 1.44 1.48 151 -

19 3-199 (a)¢ (b= Z+HZE Ground- I (off road)® Ground-IV(on road)olA] 220 kPa<]

dA TrIdzA sl Efololrt 45° xFFsh= ot 4 e Feks zstlA FAE

BN
o%
}l_‘
|
BN
o%
v
r o
X
f
v
o
av)
N,
A
©
o

FAvte) FEeo] o) AW F& FAow Fhee 2
7] ol
AR, Fahgol e 2o Avle FeFol FAd welh Al 2F ThlA =

el RAWAL] Frhz golo] FAHe W@ walEBe] Zolsl Frlste] Elolole] za
A AARGA e HARAET} FAha] wEel .



12
—2a—W=1470 N
= 101 —«—w=1960N ]
- = = =W=2450 N
[ | 7 T TWT=2ROU N A0 ]
z 8 ——w=o0a0nN -
S 6
o
S 4
o O GAARPLE
s 2 '
()]
(O] A
a 0
0 10 20 30 40 50
Steering angle (degree)
(a) Ground I
12
o | —=—w=taro0n

—*—W=1960 N
8F -=-=-=-W=2450N >~
—W=2940 N

2 QPR IX AAAFLY
5 OORIRY AAALT AN
2ASOQC AAA

Steering torque (N-m)
iaN

0 10 20 30 40 50
Steering angle (degree)

(b) Ground IV
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(rotation angle of king_pin axle) with four different axle load for constant

tire inflation pressure of 220 kPa.
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Table 4-1 Physical properties of main farm fields in Korea

Fr | Az (AR | un |92 |Ee-2s e W
g | Aw ol 22} R — - — =4
(db. %)|(kg/m’)| (kPa) | (deg.) | (kPa) | (deg.) a/m | aevm | ¢ - )

2477 | 1225 | 7.869 | 28679 | 0.368 | 16909 - - - SL
2104 | 1279 | 8078 | 27789 | 0984 | 17537 - - - SL
3490 | 1168 | 8222 | 27610 | 1.848 | 14.144 - - - L
3647 | 1097 | 8284 | 27112 | 1160 | 15536 - - - SiCL
3267 | 1152 | 7481 [ 30626 | 1.202 | 15908 - - - L
3797 | 1193 | 7481 [ 30626 | 1.202 | 15908 - - - SL
3217 | 1292 | 7.372 | 38660 | 1.060 | 15855 - - - SL
3603 | 1180 | 7541 | 38379 | 1155 | 15483 - - - L

37.65 1155 | 8.940 | 39.249 | 1.208 13.712 135.21 2953.1 1.012 SiL

37.19 1199 | 7.361 | 42987 | 1.181 15.216 105.13 3823.2 1.185 SiL

27.49 1195 | 1.829 | 38.061 | 1.100 14.949 - - - SiL
18.27 6.822 | 41.72 | 3.303 15.216 - - - L
15.64 6.000 | 36.066 | 2.158 17511 - - - L
17.84 1320 | 5429 | 26.285 | 1.372 12915 - - - SL
38.84 1227 | 9.437 | 28586 | 1.245 12.456 - - - SiL
14.26 1305 | 3.498 | 28.066 | 1.401 14.289 - - - SL
15.59 3.696 | 36.782 | 3.229 18.315 78.31 2355.1 1.269 L
23.58 3.892 | 31.245 | 2.452 16.276 89.13 2855.2 1.169 L

23.18 1217 | 5784 | 36.187 | 3.229 15.245 166.0 4486 0.892 L

25.12 1168 | 3.696 | 31.782 | 1.673 17.213 98.32 2355.1 1.154 SL

15.59 1214 | 5892 | 33545 | 2.012 16.623 - - - L
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Fig. 4-5 Data input part of steering torque prediction program.
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Fig. 4-7 Comparision of measured and predicted maximum steering torques

with axle load of tire at ground-1.
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Fig. 4-8 Comparision of measured and predicted maximum steering torques

with axle load of tire at ground-1I.
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Fig. 4-9 Comparision of measured and predicted maximum steering torques

with axle load of tire at ground-III.
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Fig. 5-1 Configuration of electronic power steering control system for tractor.
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(b) Hydraulic Kit

(a) Tester

Fig. 5-4 Photo View of Indoor tester.
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Fig. 5-8 Schematic Diagram of Detector.
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Fig. 5-9 System assembly photo of Steering system mechanism.
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Fig. 5-10 Mold photo of Steering system mechanism

(c) Gear Shaft (d) Driving Shaft
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(e) Driving Shaft (f) Steering Housing

Fig. 5-11 Photo of Part elements of Steering system mechanism.
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(a) Tester (b) Rotary Encoder

Fig. 5-12 Photo of tester for motor.

Table 5-2 Specification of Rotary Encoder

A7 A B4 1A 54
H o 3 A F 5,000
o ow | 10/B0B0I00200/360/5 R
B © 1 12/600/1000/1024/P/R © scm ¥ar 4
TR U E 20gfcm
A 4 DC 4.75~ 28V 94wk | 5kg Max
R
w3k 3kg Max
2 M A F 60mA
¥ 5 (10~55H2)/0.75mm
B ERS T B 50KHz = 2 50G, 11msec
ALE- =9 -10C ~+50C
A= 57 Al 7 3
Ja B Al lisec [P [Eap—
BEARING LIFE 1x10*h)
PROTECTION P50
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Fig. 5-13 Graph of motor rpm calibration using rotary encoder.
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Table 5-3 Specification of Prototype.

Items Specification
Model 1L.2202-4WD
Type 3 CYL., Water Cooled, 4 Cycle Diesel
Engine Exhaustion(cc) 1299
Output(ps/rpm) 22/2600
Type 4WD
. Clutch Dry 1 Plate
Chassis . .
Brake Hydraulic Wet Ditt
Velocity lever F&/R8
PTO-RPM 578/752/1077/1605
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(a) Drawing (b) Assembly State

Fig. 5-15 Photo of steering system.

Fig. 5-16 Photo of Controller.
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(a) Assembly state of prototype

(b) Driving state 1 (c) Driving state 2
Fig. 5-17 Photo of prototype.
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(b) Load cell of push bar (c) Potentiometer

Fig. 6-1 Photo of prototype.
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Fig. 6-2 Calibration of potentiometer.
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Fig. 6-3 Results of push bar force on off road.
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