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Abstract: A front-end loader (FEL) mounted on an agricultural tractor is one of the most commonly used
implements to mechanize routine agricultural tasks. When the FEL is used with a loaded bucket, careful operation
is required to maintain safety and avoid spillage when the tractor passes a bump because a change in the gravity
center of the tractor due to varied loadings can affect the stability of the tractor. Use of a boom suspension system
consisting of accumulators and orifice dampers can be instrumental in reducing pitching vibrations while increasing
the handling performance of the FEL-mounted tractor. The objective of this research was to reduce bump shocks
by adding an orifice and a flow control valve to the original hydraulic circuit composed solely of accumulators. A
simulation study was performed using the SimulationX program to investigate the effects of an accumulator and an
orifice-throttle damper on bump shocks. Results showed that the peak pressure on a boom cylinder and the vertical
acceleration of a bucket were significantly affected by use of both an accumulator and an orifice damper. In a
field test conducted with a 75-kW tractor, the peak pressure of the boom cylinder, and the root mean square
(RMS) vertical acceleration of the bucket and seat were reduced by on average, 23.0, 42.2, and 44.9% respectively,
as compared to those measured with the original accumulator system, showing that an improved design for the
accumulator hydraulic circuit can reduce bump shocks. Further studies are needed to design a tractor suspension
system that includes the effects of cabin suspension and tires as well as dynamic analysis.

718 M4 SV : Solenoid Valve
ORF : Orifice
RMS : Root Mean Square FCV : Flow Control Valve

CV : Check Valve
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Fig. 1 Comparison between suspension systems
(passive, semi-active, and active)
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Fig. 2 An agricultural
front-end loader
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Fig. 4 Schematic drawing of a conventional boom
suspension circuit
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Fig. 5 Schematic design of a boom suspension
circuit for absorbing FEL bump shocks
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Fig. 6 Design of a boom suspension circuit for
absorbing FEL bump shocks using SimulationX



Fig. 7 Simple hydraulic circuits of the FEL
cylinder with/without an accumulator
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Fig. 8 Details of cylinder parameters used in

SimulationX
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Table 1 Features of the hydraulic elements used
in SimulationX

Features

30 bar
20 C

Pre-fill pressure :

Accumulator Pre-fill temperature :

Maximum stroke : 525 mm

Cylinder Piston diameter : 80 mm
Rod diameter : 40 mm
. Diameter : 1.5 mm
Orifice Length : 3 mm
Flow Pressure drop : 6.9 bar

Density : 0.89 g/em’

control valve . N
VAVE | Kinematic viscosity : 41 mm?/s

2.1 bar / 30 psi spring(CV1)

Check Valve | 34 bar / 5 psi spring(CV2)

Operation Pressure : 240 bar(SV1, SV2)

f;’llj:"‘d Up to Flow : 75.7 Ipm(SV1), 56.8 Ipm
Reponse Time : 40 ms(SV1, SV2)
Pipe length : 1 m

Hose Inner diameter : 17.5 mm
Equivalent bulk modulus 4028.78 bar
Type : HLP ISO 46

Hydraulic Density : 0.880 g/cny’

Fluid Viscosity : 40C, 46mm?/s
Flash point : 226°C, Pour point : -25C
Displacement Volume : 22 cn’

Pump Dead Volume : 50 cn’

Friction, Leakage : are not considered
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Fig. 9 Cylinder force as the input signal imposed
to the hydraulic system
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Table 2 Features of the tractor and main parts
used in a field test

Features
Tractor Power : 75 kW
Accumulator Nominal pressure : 30 bar

Nominal volume : 0.75 L
Operating Pressure : 240 bar
Flow : 45 Ipm nominal at 7 bar
Sensitivity : 1.02 mV/my/s’
Acceleration range : +4905 m/s*
Frequency range : 3-10,000 Hz
Pressure range : 0~350 bar
Response frequency : 500 Hz

Flow control valve

Accelerometer

Pressure sensor

LD

I 5099 | 4802 | 509.9 ]g!

Fig. 10 Schematic design of the bump

Pressure sensor/ —) E. DAQ
»,

3axis &
Accelormeter — @ PAQ

Fig. 11 View of sensors and a data acquisition
board installed on the test tractor

Fig. 12 View of components of the
suspension mounted on the FEL

boom
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Fig. 13 Force—stoke curve obtained at 2 Hz when
no accumulator is used
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Fig. 15 Force-stoke curve obtained at 2 Hz when the
improved boom suspension circuit is used
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Fig. 16 Force-stroke curve of the boom suspension
obtained at a stroke of 10 mm
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Fig. 17 Force-velocity curve of the boom
suspension obtained at a stroke of 10 mm

Fig. 182 7|14 3|29} 7]&9 329} ofFEH I
71 Q= 2 AFAE ol gste FAL RIS
o Ay 2o b ¥slE el Jgazo]
o Tz yeRd vie} 2ol i B A3l g
2E HE39S w AHe HE M= 7€ oAFE
dolETE g=Eo2 HX|sh= Ao Hlg] Tadtes &
I= Yeplth E3], A A B A=A 3
2= A ¢=go] 1889 bars UEHY o] 7|& oFE
dlolE @502 MX|st= gl vlE)] 94% FA=
= A0 2 YEPIT) Fig 195 712 Al2Elo)] B A~
A 325 FASAS uf dojA= 7IEEe] Wt
AEE Yepd Tefzo|oy TJfzol| veRd niel 2
o] /MAHE 3ZE A3 S uf At mE V&SR
o] H%xo| I4 Folt= ax=E el on RMS 7}
&5 = AR I2E 238 iR 7)E o FEd
ol ©5AX]9] 99} vlwste 394% TasHE A
S 2 JEPHTHTable 3). ©]&st A= 7|E o FEH
olE] T AX| Az=HoA ZAZ}F He WA VSR
STHEAE AT F Ae 7FsAS AASE AL
2 Adaidtt A28 g, AlEgoldE Fot] &
ATolA TR AR B A=A I EE 93854
A ARY 83 WA TSR BRE AAAA 4
Aol &3} A= HAoE e

16 Journal of Drive and Control 2016. 6

Improved Circuit
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Fig. 18 Comparison between the pressures of the
improved boom cylinder and conventional one
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Fig. 19 Comparison between the accelerations of
the improved boom  cylinder and
conventional one

Table 3 Results of the shock input simulation

Peak Pressure RMS Acceleration
Tmproved Cicuit 188.9 bar 2.38 m/s®
C ti 1
onventtofa 209.4 bar 3.93 mis?
Circuit
No accumulator 193.4 bar 1.80 m/s’
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