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An On-line Physical Parameter Identification for
Hydraulic Arms

Yuji MATSUMOTO, Satoru SAKAI

This paper discusses an on-line parameter identification for hydraulic arms. First, the state-space equation of hydraulic
arms is converted into a linear equation with respect to unknown physical parameters such as the bulk modulus and the
flow gain. Second, a new on-line parameter identification method for hydraulic arms is proposed based on the linear
equation. Third, the validity of the proposed method is confirmed by simulation using a nonlinear model. Finally, the
validity of the proposed method is confirmed by experiment using an actual arm. The identified values by the proposed
method converge to those by the previous off-line method and the setting times in our laboratory scale are less than 10
seconds.

Key words : Parameter identification, Nonlinear systems, Fluid power system, Fluid power engineering, Robot, Manipulator
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Table 1 The main symbols.

Symbol Parameter Unit
s Piston displacement m
D Pressure Pa
u Input \Y%
M Inertia —
F, Damping coefficient N-s/m
F. Coulomb friction N
b Bulk modulus Pa
Vou Pipeline volume m’
A, Cap area m’
A Rod area m’
L Stroke m
C. Flow gain m?/(sV-yPa)
C Leakage coefficient m*/(s-Pa)
Dy Pump supply pressure Pa
o Initial element of error covariance —
(=1..., 7)
A Forgetting factor —
(1=1,2)
£ Estimate of x —
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HATE 5T
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AN L CLOHzOADSRE I NG, + 754 VEEHINZ
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BEERES 7 4+ vy ATR) DS N5.

Table 2 The off-line identified and measured parameters.

Symbol Parameter Value Unit

M Inertia 14%10 kg

F, Damping coefficient 32x10° N+ s/m

F, Coulomb friction 32%10 N

b Bulk modulus 56x10°  Pa

G Flow gain 18x10™*  ni/ (sV+/Pa)
G Flow gain 18x10°% ni/ (sV-/Pa)
e} Leakage coefficient 19x10°% i/ (s-Pa)
V. Pipeline volume 73x10° o

V, Pipeline volume 69x10° o

L Stroke 75%107% m

A, Cap area 70x10™" i

A Rod area 54x107" i

)2 Pump supply pressure 7.0 x 10° Pa

_3_

T4 VREANNEE T IA VAT LA, REE
DF I A4 VERIERIZE A b U ENs, EHp. DFEFIV
H1CTh b, EHEEEINGZVWE R b U #EEE FE O
oI EI0ms D— R ZIBAS AL TER b V&
PLEEN S ZENETNERT 5. ABEDF T4 YFAET
X, O—28A 74 VE 2 EDT A NVFIE—UMERL 7w,

Fig 2lo4+ 7 94 VAR EBRO7-DDFEMIE+ T4
VHAEY I 2 b= a YOO OIERIEARE T VI E
HhETRT. R~ OWT, SHURBIEEITE
W24 =0997, 4,=0997& L7z #IAMEP,(0), P,(0) b kAT
FhARIYLC

P,(0) = diag (a,. a, a3)
P,(0) = diag (o, a5, o 1)
0 =17%10"" 4,=51x10"", a;=12x10"",
<a4=7.6>< 107° 0, =76x10 °, qg=12x 108,>
a;=11%x107°
& L7 BARIICIE, v 54 VHEEMEA10sUL T TRE
FTHECIFMEDL ETL, LETH/NEL, P0), P0)
% AP, (10), P,(10) & D 140K & L7z Table 31271
SRS, (0), £,(0)D#Case 1, Case 2, Case 3DZFNZE
oW TH Y I4 VET A, 22T, Case 213+ 75
A VEEMIZHED L. Case 1ZCase 2D1EHALIZID L.
Case IIARED T ¥ T4 Y FIFEMAL0sLL FCTEET 5 &
IGMDB & TCase 1 Z T4 KE L LizkERICHD <.
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Table 3 The initial value of the identified parameters.

Symbol  Case 1 Case 2 Case 3 Unit
M©O)  10x10 14x10 30x10 kg

E (0  10x10°  32x10°  30x103 N-s/m
E0)  10x10 32x10 30x10 N

b(0) 10x10° 56%10° 30x10°  Pa

Gy (00 10x10°  18x10°  30x10™°  ni/(sV+/Pa)
G- (0 10x10° 18x10° 30x10"° ni/(sV-/Pa)
G0 10x107®  19x107®  30x107® mi/(s-Pa)
=i T

E 2 E 02|

g 2 |

) £

& g

25l 5

g._ &

Cap pressure [MPa)
.

Rod pressure [MPa]

W B 8

2{ - Actual| | 2 As:lual? :
— Model — Model| |
0 R, —r. ok =
0 2 4 ] 8 10 0 2 4 6 8 10
Time [s] Time [s]

Fig. 2 The time response of the input and output
(actual and model by off-line identification).
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Fig. 3 The identified result (simulation, M, F,, and F,).
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Fig. 4 The identified result (simulation, b, C, and C.).
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Fig. 5 The experimental setup.
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Fig. 7 The time response of the input and output
(actual and model by on-line identification).
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Fig. 8 The identified result (experiment, M, F,, and F,).
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