HIO|QA|AEIZSE (J. of Biosystems Eng.)
Vol. 34, No. 5, pp. 315~324 (2009. 10)

SEEUES et 2AREE A= S A ATFIR| JHE()
-55 ARjo| JHet -

Development of Active Seat Suspension with 2 DOF for Agricultural Tractors(l)
— Development of Control System for Active Seat Suspension —

J.H. YU K C.Lee K Y. Kim H B Park K H.Ryu

Various types of vibration are transmitted to operators of agricultural tractors while working in the field. Most harmful
vibration to human body is ride vibrations with low frequency ranging from 1 to 10 Hz, caused by rough terrain. These
ride vibration has vertical and rotational components. This study was conducted to develop an active seat suspension system
with two degrees of freedoms, enabling effectively reduce vibrations in vertical and pitch motions. Therefore, a mechanism
for the active seat suspension was developed, and an electro-hydraulic servo system and a controller to drive the active
seat suspension system were also developed in this study.

A simulation model was developed to evaluate how the active seat suspension system effectively reduce the vibrations
transmitted to the base of seat. Active seat suspension was optimized to enhance the performance using the developed
simulation model. The performance of the seat suspension system was evaluated according to the test codes described in
EEC78/764 in order to investigate the feasibility of application to agricultural tractors. The result showed that the developed
active seat suspension system could reduce the magnitude of vertical vibration up to 80% for the input vibrations according
to the test codes described in EEC78/764. The system could reduce the rotational displacement of + 2.5 degrees up to 50%
for the pitch vibration on the average in the frequency range of 1 to 2 Hz.

Keywords : Active seat suspension, Seat vibration, Electro-hydraulic servo, PID control, Agricultural tractor
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Table 1 Motion scope of the designed active seat suspension

Motion type Max. motion range
Heave +55 mm (up) - 55 mm (down)
Pitch +6° (fore) -7° (after)

Hinge point

350mm

Fig. 1 Designed mechanism of active seat suspension with 2 DOF.
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Hydraulic servo system for active seat suspension
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Fig. 2 Hydraulic circuit diagram of the designed active seat
suspension.
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Fig. 5 Dynamic model of active seat suspension for vertical
motion.
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Fig. 6 Dynamic model of active seat suspension for tilting motion.
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Fig. 7 Simulation model of the active seat suspension.

Table 2 Parameters of the simulation model of hydraulic power unit

Parts Parameter
Sol. Relief | Cracking pressure 10 MPa
valve Full open pressure 21 MPa
Check Valve | Cranking pressure 0.5 MPa
L Rated volumetric flow 8.5 MPa
Line in filter -
Pressure drop at volumetric flow | 0.06 MPa
Volumetric displacement 583 cm’/rev
Hydraulic pump| Supply pressure 7.85 MPa
Shaft speed 1165 rpm

Table 3 Parameters of the simulation model of hydraulic servo system
(active seat suspension)

Parts Parameter
) Piston area facing extend chamber |12.566 cm’
I?;if:;:: Piston area facing retract chamber |10.022 cm’
(Heave) Extend chamber volume 94.245 cm’
Retract chamber volume 0
Natural frequency 36 Hz
Rated flow 90 L/min
Servo valve | Rated pressure 21 MPa
Maximum rated current 30 mA
Damping ratio 0.4
) Piston area facing extend chamber | 4.908 em’
}é};(lllrzz:;: Piston area facing retract chamber | 3.778 em’
(Pitch) Extend chamber volume 36.81 cm’
Retract chamber volume 0
Natural frequency 36 Hz
Rated flow 45 L/min
Servo valve | Rated pressure 21 MPa
Maximum rated current 30 mA
Damping ratio 0.4
Servo amplifier| Servo amp gain (Proportional gain) 1.0

320

Yot 2RIRES 2 SEY AN WA YL (1) - SN A AINGA) AL Ty -

3) SE35 }_|JK_-I| %17P§'il Ns AI'E'EHOWI
q

o] 7ie T % =4 547}1*744 Xﬂloi
th Aol e Aol AidE T Elel Y

=
L5 A% B 58 EdEe 44 A9 57
S A5 AT 58 ks P v 799

HrglZ F-53l 9= T:\" = F53F 5 3600kg
o3Il class 1] ad oh= 7]E2] & RI=7F vl =
upebr A AlEee 3k 98] A& % EEC 78/764
oM HAlekaL Q= BIAE FE F class 1 539 EE
o sl ol B WAL A5 B
7% ARk

A A AsE B Tl AL AYE vEoRE A
EdyY A T A v 1 7P S0 HeE 12
Hz ®$]9] + 2.5° WMo Ws AT (A= AADE A
gato] i Alo] AR Alo] Hss siAsIGItE
$F AlE#OIAE PID Alof7]& AR A-9-9F AHEsHA| ¢
& AR o] FEsision, dArpdAe] Aaehs A
Ao FAE aefste] ArpdA|e] e sksol 242t 85 ke,
120 kg (&4 FX: 20 kg, =74} 65 kg, 100 kg)Ql 732
2 o] aeksivh

A7PEA ) A siiA] % et AlE ol delA G2 W
A gl et s5F A A7PEA G Ao e
M) Slst AEEs ?ﬂﬂ%}]oﬂ dge 74 sd
RMS(root mean square) #3 918 RFof st A7t
T Ao 52t Fof] FHE = AEHS] EHS] RMS
e olgsto] A= AE B9 F i%a o] g-sto] aiA
0}0*5} 3zl st s AxEe @Al Y
d 3 e s ®9 RMS @ ]l el gk o
7P 31 571 Alo] FRel oF A EHS] Ao
LA BARES) 3] 25717 3 7 W91 A
RMS k& vlwste] 9] 7hass TRk

NN

ofd

T o

(
=

A HOALE s B

o oo

i
or
olf
og
B
ax
re



A 2EE FAST Sl Alolg AHE, DAQ HEZ
ol5te] A=A

T 55 A WAL NE2IOIN BF 0[gYt Fof

B

“1%) 88 EEC 78/7649] AIElo] Qi 4 Wge] 54
A% HiETEY theshe 55 A4 WA $49
& ABelolae AakE ek Stk e ¥ 4 54 3
ao) %} Aol e AlEelold A Held Zolk

=0
[SlK)
L
[}

oX o

—— Seat base’s oscillating dis
[ ] e S Lt Seat top’s oscillating dis.

Displacement, cm

%5 5 10 15 20 25 30
Time, s
(a) without PID control
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

—— Seat base’s oscillating dis.
—==- Seattop’s oscillating dis.

N

(o]

Displacement, cm

6] 5 10 15 20 25 30

(b) with PID control
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Fig. 9 Simulated control performance of the active seat suspension
in pitching vibration.
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Fig. 10 Control performance of the active seat suspension in vertical
ride vibration.
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Fig. 11 Performance of the active seat suspension in reduction of
pitch vibration.
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Table 4 Simulation and experimental results of the active seat
suspension in reduction of vertical vibration

J. of Biosystems Eng. Vol. 34, No. 5.

Table 5 Simulation and experimental results of the active seat
suspension in reduction of pitching vibration

Freq. | Control Input dis. | Seat dis. | RMS dis.

H2) | type (RMS, (RMS, decrease
degree) degree) (%)
10 No PID 1.82 1.84 -1.10
PID 1.86 043 76.88
Simulated 15 No PID 1.76 1.80 -2.27
result PID 1.78 0.76 57.30
20 No PID 1.75 1.76 -0.57
PID 1.73 1.16 32.95
10 No PID 1.89 1.93 -2.11
PID 1.88 0.50 73.27
Experimental 15 No PID 1.75 1.81 -3.45
result PID 1.77 0.78 55.73
20 No PID 1.75 1.81 -3.28
PID 1.74 1.19 31.75

Input dis.|Seat dis.|RMS dis.

Load | Control
oa ontro (RMS, | (RMS, | decrease

(kg) | type mm) | mm) %)
g5 No PID | 18.96 6.85 63.87
simulated PID 18.96 2.87 84.86
result 120 No PID | 18.96 6.86 63.82

PID 18.96 3.91 79.38

Classl
85 No PID| 18.99 6.25 67.08
experimental PID 18.99 2.34 87.66
result 120 No PID | 18.99 6.24 67.09

PID 18.99 232 87.78
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