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Estimation of Parameters in a Variable Displacement Piston Pump
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Abstract: An estimation technique called the Extended Kalman Filter is used to estimate viscous friction, spring

initial contraction, and the spring constant on the swash plate of a variable displacement pump. The feasibility

of the approach was established using a simulation study. It showed that these parameters could be estimated

very accurately in a reliable and independent fashion. A special experimental system was set up to facilitate the

measurement of certain states to enhance the Kalman Filtering approach. The aforementioned parameters were

estimated and found to be reasonably repeatable for a common operating point. It was very evident that as the

operating conditions changed (i.e. temperature) so did the estimated values of certain parameters such as viscous

friction. This was believed to be a good verification test for the approach.
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Fig. 1 Kalman filter algorithm

oft
o
a2
X,

=
il

RO

)

lo

i

N

o3l

B

=

0%

u’

B o

ox

)

2

X

o

il

e,
=2,
=
ol
2L
s

M o
b
ot
FLI‘
b
%
)
o

Xk +1) = fIX(O]+U k) +W (k) 7
Z(k) = HLX (k)] +V (k)

A71A f & he A2de] Wd¥ 95 =Yl 8
HNgEY Aotk F5H X (k)M f9 ¥ H
dy Ak AEH X (k)M he] AE HYE
TALE &t WA mEd olFe 1S
3 AEsE 2de 033 Zo] 7edrh

X(k+1)=Dk)X (k) +U, (k) + W (k) 8)

Z(k) = D(k)X (k) + S(k) +V (k)

o 7] 4
_ ITX(K)]
PO ="y 1w,
BHX(K)]
PO="0xw) 1F o,

U, (k) = fIX (O} @) X (k) +U(k)

S(k) = WX~ (k)]- D(k) X~ (k)

Pressure

- A1
Rheonetic
AT Damper
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Table 1 Instrumentation for experiment

Instrument Model No. Manufacture J
Axial Piston Pump PVB10 Vickers
Pressure Transducer DPI5TL Validyne Co.
Angular Disp. Trans. R30D Lucas Schae.
DC Tachometer So—-7125D-1 ServoTek Co.
Modular Op. Amp. RPF Philbrick
Rheonetic Rotary Brake MRB-2107 Lord Corp.
Pressure Servo Valve 15-010 Moog
Temperature Transducer T-type
Temperature Transducer 692-8000 Bamant
Dead Weight Tester 5525 Man.&Green
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Fig. 4 Experimental results

__12_



el
1!
ofl,

ecclmp (N-m-s)
Y

30 35 40 45 50 55
Temperature (°C)

Fig. 5 Estimation of the viscous damping coefficient

2.0

b
”

Kors (10°N/M?)
3

e
)

0.0 . Y . r
30 35 40 45 50 55
Temperature (°C)

Fig. 6 Estimation of the spring constant coefficien

e
)

Kors (10°N/m?)
(=]
[

0.4
0.2
0.0 ™ T v T
30 35 40 45 50 55

Temperture (°C)

Fig. 7 Estimation of spring pretension coefficient

12

et:dmp (N'm'S)

OP Amp Gain

Fig. 8 Estimation of the viscous damping coefficient

i)
>
it
=z
i

< OPYZE A8-3td Hedds o
ZAFOEN Alge] 71E|A = ©F
s B AtdEE o] Al
71 Holetel] H8-3te] 7} setu|ElE F4% 2
I} Fig. 891 OPY= A9 4= A Vel

2 Ago) A8-E ElFEvE9} OP
Bz, FPE, He gl e A 54348 A
83l 73 EATMo)x, 1A AL Faehv]
= A 7T HolHE FALUIHE FH
otk o71M e, o FARE OPYZY ALlS
F7IAA RN AAvpEE S STMAAS W A
T2 AbFAe] FoAR Pz ZUHEE & ¢ 3

N R
o p:)
B
o ot

ml
f
(.

&

AbRA DAEEE REs ARERE AlEE oA A
A

ol 1262202 F53}
& Sgzdvbge o) A4
A F AT HAYYE W
ERdict. SZTEE S AR 2FE A bl
SHEES HddH
=57k HE W
HHOR oY

AFAL, ARHez FriEel 247Fs
& HgATl i wsE gEvgEe 2
AR o] A& ATARUEHPE st
I [e]

e L
i)
o o
i
ol
X gy rjo i
o r[o “
e

(

£

[y
T
el
Y
il
ol
S
%0,
rr
Y,
rlo
rlo
b1
o

o

ot ok ffr A BN oy off

2

B fo 2
o
¥ BN ot % o

2 4357 % Aol E gE ¥
T

Sy
o
fr
iv
o
X0
£
e
M
2
rlo
Job
o,
i
s
L
o,
N

flo r2 2

o 2

A dEd £ oy 2sgel ol &

o 10T % 3l

£

5.4 B
B AT AHR 92E gxo Al 22y
Fest 22Y 27195, TS F4819
s SFLEE JYHe ARE 2AEk vee 2
e 43t
¥ 2 AHF AEEeld HEAME

_13_



7PHEEE e

Ae2 348 F d55 BAth
2) shtel wetelele] wWale o gelnee 33
of Al FFs vAA %JE} 41—41 19682},

3l Was 2 =4

W”ﬂl«l AY AR

=

Pe 9kl $gARIHE F2I =7t @

T A

B A7E /MESY 92E Py 1w
AT 7124 A7 FPHAEd I g 7
A Ageletn & 4 e virdd, FAR,
E&AO] QW DG FF Eo) B P2
2dg AHste] 3L P

1) T. Ramden, “On Condition Monitoring of Fluid
Power Pumps and Systems”, Ph.D Thesis, Fluid

Power Center, Department of Mechanical
Engineering, Linkoping University, Sweden,
1995.

2) M. Khoshzaban-Zauarehi, “On-Line Condition

Monitoring and Fault Diagnosis in Hydraulic
Parameter
PhD
Thesis, Department of Mechanical Engineering,
The University of British Columbia, 1997.

Systérn Components Using

Estimation and Pattern Classification”,

Wzl seiele 23

3) T. Uchiyama and S. Kallweit, H. Siekmann,

“Knowledge-Based Fault Diagnosis for Pump
by
Society  of

American
Mechanical Engineers, Fhids
222, Aug 13--18,

Stations Process Modeling”,
Engineering Division, Vol
1995.

4) H. Cao, “Parameter Estimation Using Extended
Kalman Filter for the Swash Plate Assembly
and the Control Piston in a Load Sensing
Pump”, M.Sc.  Thesis,
Saskatchewan. 2000.

5) H. Park, “Parameter Estimation and Failure

University of

Detection of Hydraulic System”, Transactions of
The Japan Hydraulics & Pneumatics Society,
Vol.30, No.7, pp.19~25, 1999.

6) R. Brown and P. Hwang, ‘“Introduction to
Random Signals and Applied Kalman Filtering”,
Second Edition, John Wiley & Sons, Inc, 3rd
edition. 1997.

7) G. P. Kavanagh, “The Dynamic Modelling of
An Axial Piston Hydraulic Pump®’, M.Sc.
Thesis, University of Saskatchewan, 1987.

&) Product Information, Rheonetic Rotary Brake
MRB-2107, Load Materials Division.

_14_



