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Table. 1 Velocity levels and the bucket load conditions used in the study

Factor Level

Velocity 2, 4, 6 km/h

Bucket load 0 kg, 780 kg

Accumulator Equipped, Unequipped

EHE 9 £xE= 2200RPMO 2 11A4ste] Lid, L3v, MITS Ag-38f
o, Zkzk °F 2 km/h, 4 km/h, 6 km/h's AGEAe] £x2 FE8 o,
WA AAstse § 5 0 kgt FE&AFsTA T80 kgo2 T+
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Fig. 3 Feature of a diaphragm accumulator

used in experiment.

et e g3l7] f1st AA= 19 49 o] A A
&1 7SR AME 350 54 7hed AME, 3273A1T (DYTRAN)<
Type 8766A(KISTLER) & 27}FA& Ab&stiith. 7hEee] 54 Wk
otrlol Wk (x axis)¥ Holeiel & (z axis)S =AsH o,
AAE wAYL Bd7t 928 = e B EEH ZR2E 2yt
uAE = vhE, A ES] nhe, Ao S se] Aol ThE =

Atk ¢H A= VPRQ-A4- 35MPa-4C(2F g}, 0 - 350 bar)
gt e, olfEdelErt dAHIl= AdY = Fo et
2 -

o
B\
N

o2t
il
JlN' v
L o o

ol

e ALY



24V Battery Pressure sensor NI-9205

24V Battery

cDAQ-9178  Laptop
(chassis) (LabVIEW)

3axis Accelerometer  NI-9234

Fig. 4 Features of experimental tractor(PX1000) equipped with a front

loader(KL901) and locations of pressure and acceleration sensors mounted on
the tractor.
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Fig. 5 Schematic design of the bump used in experiment.
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Fig. 6 Brock diagram for collecting signals from various sensors

using LabVIEW.
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AL 28 7 Zo] stoem, o1 A= a9 83 k. 19 8
sto] ol sFE# o]H 7t 30 bart-H S5l AlFtE S &< & 5 vk

Accumulalor Type ACCT ACCE
Congfruction Type geomType Membrane Accumulator "

Gas Type gasType Hifrogen (N2} w

Accumulator Data —
accumulator Yolume  VGasFl 0.7 1 W

Fra-Fill Prezsure pGaszF 30 biar w pslin pg-‘

Pre-Fill Temperaiure  TGasF: 20 ] w "I_ _{;}

Dead Volume at Oil-Side 'V Cill 50 cm* w "_/_. -

Fig. 7 Parameters and setting values of the accumulator.
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Fig. 8 Simulation results of the accumulator modelling.
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Cylinder Dimenslons

Maximum Stroke maxStroke: 323 mm W
Piston Diamater dPiston: a0 ] w
Rod Diameter dRod: |40 [tnm v/

Stroke-independent Volumes

Dead Volume Port & volDa: 50 cmt v
Dead Volume Port B volDB: 50 cm? w

Trangformation of Coordinates Pizton = Housing

Transter of Coordinates  dxh: -maxSiroke/2

Fig. 9 Parameters and setting values of the cylinder.
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Geometry Dynamics | Results 1 | Resufts 2 | advanced | General |

Cptions

Consider Inertia of Fluid _dynamicsCON: true -

Elastic Properties

Input Parameter elasticityKind: Bulk Modulus -
Defined by valusKind: Value or Expression -
Equivalent Bulk Maodulus Eh: 402878 bar R

Fig. 10 Parameters and setting values of the hose.
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Fig. 11 Basic circuit diagram with an accumulator.
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Fig. 12 Basic circuit diagram
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with an accumulator and an orifice.
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Accumulator  Accumulator

acc acc
HSN 0.75-30 x 2EA @
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Fig. 13 Feature of the improved circuit for the boom suspension.
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PERFORMANCE (Cartridge Only)

1to2
with 2.1 bar/30 psi spring —;
with 0.34 bar/5 psi spring - - -;
32 cSt/150 sus oil at 40°C

8.6/125 /
6.9/100 <
/ /
Fd

5.2/76

/ 7
//

1.7/25 —

S Lt

PRESSURE DROP bar/psi

18.9 379 56.8 75.8
5 10 15 20

FLOW Ipm/gpm

Fig. 14 Performance curve of the check

valve in the catalog.
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Fig. 15 Simulation model of the check valve(left) and the result of
simulation (right).
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e S EE
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Fig. 16 Performance of the solenoid
valve(SV1) in the catalog.
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Fig. 17 Simulation model of the
result of simulation (right).
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solenoid valve(SV1, left) and the



3) EElmol= WHE SV2

Eemol= WH SV2e Adr e B Atolo A RS AHsks WE
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2 to 1 energized —
1 to 2 de-energized - - - -
32 cSt/150 sus oil at 40°C
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1.7/25 =

PRESSURE DROP bar/psi
\

11.4 227 341 454 568
3 6 9 12 15

FLOW lpm/gpm

Fig. 18 Performance curve of the solenoid

valve(SV2) in the catalog.

Ty AR TR
tankl pei -pr ekl & 1)
[ | 120 - T H H H
100
=g =V 0 201
TR -
Ix o
1 s EACE
e tF Gl
£l
P_m ps
< ™
- .~ | i LIE LTI T
T o = L L 12 w

Fig. 19 Simulation model of the solenoid valve(SV2, left) and the

result of simulation (right).
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Fig. 20 Performance graphs of the pressure drop by flow

rate(up) and the flow rate by valve turns(down).
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» nv1.pAB/nv1,Q (0,125}
= nvl,pAB/nv1.Q (0,25)
= nvl.pAB/nvi.Q (0.5)
= nvl.pAB/nvi.Q (0.75)

nv1.pAB/nv1.Q (1)
=  nvl.pAB/nvi1.Q {1,5)
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Fig. 21 Simulation results of the pressure drop by flow

rate(up) and the flow rate by valve turns(down).
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Fig. 22 Simulation model of the pump(left) and the result of

the simulation (right).
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Fig. 23 Boom suspension circuit(a) for the front-end loader

using SimulationX.
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Fig. 24 Basic circuits for the front-end loader with/without the

accumulator using SimulationX.
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Fig. 32 Cylinder pressure changes by traveling velocity(2, 4, 6 km/h) and
the bucket weight(0, 780 kg).
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Fig. 52 Force-stroke curve with the accumulator at 2

Hz frequency.
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Fig. 56 Force-stroke curve with the boom suspension

circuit at 2, 4, 8 Hz frequency.

Srol Ao} mpz kAR V]9 I RoA e wp AR A o] veR
A gkgkon B MadA oM o] YElE o 71A 7}
el A2 A 5 AaAd s 2e 8-S e A s
A Bzl fFaAS vERSIT
the 29 572 Adr et ofFEd ey Atole] ¢
stal F-s A=Ee F-v AEE #Zo] Yed Aolth & A=A 3=+
57} ““E‘E‘r’wl w2} 7%42401 Ak oA Aol 227

H [e] =
7F gule= ARG A, ol IR A Al 4F F =
Al Y S TR EE AAER ] EeE HAU AlEHAS o8
3 F-s¢ F-v A% 4oz B MadAd 327 73 EAS 7R+
a3 2= Ao HAEHAn

- 64 - ; .3{1 -:'"i 1_-.” 'ij} ITU



mm/sh2

Fig. 57 Characteristics of boom suspension circuit at various frequency.
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Fig. 59 Cylinder pressure changes with various

orifice diameter.
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Fig. 60 Cylinder pressure changes by the accumulator
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control valve and the suspension off.
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Reduction of Bump Vibration of an
Agricultural Front—-End Loader by an

Improved Hydraulic Circuit of Accumulator

Ahn, Sung-Wuk

Abstract

The front-end loader is mounted to the front side of tractor and it
1s designed to carry heavy load. The center of gravity is moved by
these heavy load and the pitching vibration is occurred. The pitching
vibration can cause the problem of safety and steering. To solve
these problems, the boom suspension system is needed to the
front-end loader. The advanced companies in overseas have already
applied boom suspension system to the front-end loader. But the
domestic companies only use the accumulator for boom suspension
system and it is not enough for the reduction of vibration. In this
study, the objective is to improve the hydraulic circuit for suspension
system of front-end loader using simulation and experiment method.
In the experiment of passing the bump, the RMS results of boom

cylinder pressure and bucket heave acceleration without an

accumulator are 29.3 bar and 0.04 /s . With an accumulator, the

3 1 £ 7] ]
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RMS results are 13.8 bar and 0.13 /s . The RMS result of pressure
is reduced, but the heave acceleration has increased. Therefore, the
flow control valve is added to new designed hydraulic circuit for the
damping force. The new designed hydraulic circuit is analysed by
simulation and it has been demonstrated that this circuit is effective
of reduction pressure and acceleration. Then it is mounted on the
front—-end loader and tested when the tractor passing the bump. The
RMS results of boom cylinder pressure and bucket heave acceleration
without improved hydraulic circuit are 31.1 bar and 0.06 m/s*. With
improved hydraulic circuit, the RMS results are 165 bar and 0.04
m/s®. The RMS of acceleration is reduced by 33.3 %. As conclusion,
the pressure and acceleration of the front-end loader is reduced by

using the improved hydraulic circuit for boom suspension system.

Keywords : front-end loader, boom suspension, vibration, hydraulic
circuit, accumulator
Student Number : 2012-23358
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