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Definition and goal

@ Fleet of machines: a collection of machines a priori identical
@ Estimating a generic model for a fleet of identical machines

@ Deduce a generic strategy for the diagnosis of a fleet of machines

@ Reducing the cost of estimating the model of each machine
@ Facility to construct the model of a new machine

@ Facility to replace a machine by another one

@ Reducing the cost of system maintenance
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Introduction

Modeling the behavior of Q machines is done:

Classical approach

Machine 1 Machine 2 Machine Q

Model 1 || Model 2 Model Q
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Introduction
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@ The problem consists in determining if a generic model representing the
normal behavior of each machine of the fleet can be established.

@ A generic model is composed of two parts:

9@ a common part made up of the variables of the machine itself,
9 adistinct part related to the environmental variables.

x_1 X_2 x_3 x_4 x_5
Variables
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Models and their common parts

Identification of models with their common parts |
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Preliminary step: identify the structure of the models

For the g™ machine, denote:
@ y9 variable to explain,

@ Z9 matrix of variables possibly explaining y9,

@ X9 matrix of variables selected for explaining y9,

@ 04 estimated vector of the model parameters,

@ y9 estimate of y9.
Zd

xX4a

sS4

SY is a selection matrix.
Example :

0100 01"
00010

enables to select variables 2 and 4
from a set of 5 variables

s9 =
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Identification of models with their common parts

The method consists in minimizing:
Q Q-1 Q T

o=3 (yo—x90%)T (yd—x9g%) + y Sy <9q —6‘) Wt <9q_ee)
q=1 q=1/=q+1
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Identification of models with their common parts

The method consists in minimizing:
1 Q Q-1 Q T

0 =i (yd _xqeq)T (y9 — x4 QQ): +y z z <9q _ 9(3) Wt <9q _ 9@)
19=1 1 g=1¢=q+1

quadratic residual error
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Identification of models with their common parts

The method consists in minimizing:

eTTEEEEEEEEEEEE- f FCTTE T T TR T ST TS TS TS 1
1 Q I Q-1 Q T

0 =i 3 (1-XxT0Y)T ( X0 +ly 5 5 (09-0") W (00 0),
19=1 I 1 g=1(=q+1 I

quadratic residual error
proximity of the coefficients of each couple of models

qQ/ 22



Models and their common parts
0O@00000

Identification of models with their common parts

The method consists in minimizing:

e
1 Q I Q-1 Q

0 =i 3 (1 -x9)T (I -xIe) +iy S Y (09-6) w69 e)
|

q=1 I 1 g=1/(=q+1 1

A R S S S W S R -’ I e e -
quadratic residual error
proximity of the coefficients of each couple of models

W is a positive diagonal matrix composed of the weights w** (i = 1,---,m)
where :

Unknown: 69, W9 and yfor all g and ¢. J
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The Lagrange function .Z of the problem is:

Q Q-1 Q , ‘ :
o — z(yq_xqeq)T(yq_quq)+yz S <9q_94>TWq,é<9q_61)

q=1 q=1/(=q+1

Q-1

+ 5 %Aqv‘(iwi‘”—l)

q=1/(=q+1

where A9 are the unknown Lagrange multipliers.

Supposing y is known, the first order stationarity conditions lead to
expressions enabling to estimate the coefficients of the models and the
weights.
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Models and their common parts
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Ul Uz ule g1 Xyt
ulz2 u?2 62 XZTyZ
UQ-1Q
ulQ ... ... ye-iQ ue g9 xQTyQ
~—_———— —
U e Y%

Q
0 UT=XI"XI4y 3 Wi (g=1,..,Q),

(=1

(#q
o W =waf(yg=1,....Q-1land¢=q+1,...,Q),
) Uq%:_ywq-é,

6=uU-lv if u-13 J
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The estimated weights are :

with éjq £ é]‘ Vj # i whenever 87 = 8.

For all g and ¢:
@ estimates 89 of the coefficients should be known to calculate W9+,

@ estimates W9 of the weights should be known to calculate 69.
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Resolution algorithm

For a given y:
@ Initialization: Set1 =1. 609, g =1,...,Q, are estimated using:

pha — (quxq)flquyq.

@ The weights are estimated using:

~ (1),9,¢ 1
e = a_ a2
n (677-8")
ap M.a _ z0).0)?
=1 s A
i#i <91 - )

foralli=1,...mq=1,....Q—-1and/=q+1,...,Q.
© New estimates of the coefficients are obtained:

o+l —yy.

© Setl=141. Repeat steps 2 and 4 until the convergence of the solution.
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1 :>Wq£~1whenever’ 9"<<‘9q 95‘
1+Z£§—EQ* 7

2
a_pe

A (6-9)

qu and Gi‘ will be considered identical even if they are not so close.

~OE
AW =

Wi = % (tanh (a(8%-8)+8&) —tanh (a(87 - 8") - cﬁ))

a is the speeg variatipn of the hyperbolic function and ¢ is the threshold
below which E)iq and ef are considered identical.

° v“viq’é is close to 1 if 7 and & have relatively similar values,

o ™" is nearly null if 87 and & have different values.
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Description of the system

RCP: Reactor Coolant Pump SG: Steam Generator
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yad = LFf, g=1,...,4. The least squares method applied on the data set of
each power plant gives:

| cte HT9 119 cT19 171! LR}
-211.86 149 418 -143 125 087
-282350 238 259 7.03 -3.15 0.9
-1149.24  0.87 929 337 -9.60 0.95
17203.61 -12.02 573 -4586 -3.07 0.90

A WN RO

The coefficients of the models taking into account the fleet effect are:

|  cte HTY IT9  cT19 171! LR}
-28325 151 417 -122 1.05 090
-227287 193 275 563 -3.10 0.97
-1535.86 118 924 436 -9.47 0.94
16983.65 -11.87 558 -4529 -2.93 0.92

A WN RO
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Observations

y3 estimates y? as good as §/L35. The same phenomenon is observed for the

models estimating y1, y2 and y*.
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Non-zero weights reflects the proximity between coefficients.

(| cte HTY T4 CT9 LT LF]

1,2 | 0.00 0.19 0.00 0.00 0.82
1,3 | 0.00 0.00 0.03 0.00 0.92
1,4 | 000 000 0.20 0.00 0.00 0.97
2,3 | 0.00 0.00 0.94 0.00 0.97

24000 0.00 000 0.00 098 0.91
34| 000 000 0.00 000 0.00 0.96

@ The coefficient of LFL‘Iq is common for the 4 power plants,
@ the coefficient of HT 9 is common for plants number 1, 2 and 3,
@ the coefficient of CT9 is common to plants number 2 and 3,

@ the coefficient of LTf is common to plants number 2 and 4.
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The method allows simultaneously to:

@ identify the common part to each couple of the models of the machines
of a fleet,

@ identify the coefficients of these models considering the shared common
parts.

Perspectives

@ study the use of the proposed approach in constructing the model of a
new machine,

@ deduce a generic strategy for the diagnosis of a fleet of machines.
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Thank you for your attention |
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