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ABSTRACT

The reliability, availability and the efficient use of the HVAC- and control systems will be
emphasized in the use and maintenance of the buildings in the futre. These characteristics can
be affected by integrated planning and product development. A parallel.way is to develop
methods for the rggl time analysis of the behaviour of processes and. for the faglt diagnosisi.e.
process diagnosig. SR ' i K

This paper presengs the 00#@85?95’? :§t?§9q in 1991 within IEA, Energy conservation in buil-
dings and commymity systems prqggérgi@;?:jn its Annex 25: Real time simulation of HVAC-sys-
tems for buildipg gptimigtion, Eﬁx}ﬂt defgi:’ﬁ»grri and “diagnosis (BOFD). The main goal of the
Annex is to develop {nqt]}qgg_log{gal prbcéﬁi}{g‘s -“within a defined ¢oncept - for real time and
automatic performgance’ ﬁgﬁpﬁshg‘qn, diagnosis and fault détection of HVAC:processes. The
ultimate goal gfithe project will !;éjJEg.uﬁzlding opﬁng§aﬁon and fault detection method prototypes
that are implementable in building” energy njﬁ‘dqgement systemis (BEMS). The byilding
opimisation z\qd'faul'g}gletectiqn,lmgggpds to be f;&?ffe‘ldpcd utilizé“hormal BEMS instrumeptation
- and operate ingrgal tirpe. it P dever A2k, v ab

" The paper cgug@;}qrﬁicggql@e %@.ED-systcm_ concept defined during the first year of the annex.
*The concept ¢qnsists of: dﬁﬁ_niqigq:%nd desqgip’ﬁ“bn‘for building optimisation, discussion on how
-reference pepformpnees for building gp%gg‘sggans}{Q@ld be determtifiedjinterrelationships between
«;optimal congroland, building ,gpuﬁusitp?nl '_«_’slh't}ffa‘ifri{t‘ detectibi'yystém, ‘gendrdl system structure,
ideas for wseriniggface gnd system) realisation " it 97 N SN, gapest ey
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INTRODHETION

Together with thesdeyelopment.of technical systems also the processes and systems in a building
get moragjfficult for 3 pormal gperator to': ﬁgiéf‘s’tafn?_i.’"‘fﬁd’éﬁ‘&_ldiﬂ“gshgbt more intelligent but the
users nog Reasoning the relatiopghip bérween Catise i ¥fechvis moke diffiult than in the;past
because afghe complek relatiopships mb‘(ﬁfdmg“sr (p}%’p;éﬁs’éfg’.‘ The'biiilditigprocesses are normally
supervisediwith building automa.t\iqt:;l,' é')rsft;érj_‘l'a_fi’d.'jtrjkiiji}z{bie’sL't':“pqi‘x_‘/is*iOﬂ of'rranagement software.
The opesator’s task is.mainly {o,initiate separate ‘SeqdenceR did actioris:*When the process. goes
in a failuseisags; the available, supervision prograrms do not'aid Sifficiéatly inifinding the under-
lying:sausee@efect) to. the fault angd the "reasoniqg"{}i'e 'defect 'i§ ‘thus Ieft"td’the ‘operator. In
‘buildings failyres may mean.inefficient usage of cner_"quﬁ‘iin’c"br'n‘fo‘rtétﬂeM?or]dngenvimmnént.
+To'avoitljghigs the, operator should continuously ‘mt ‘ﬁitd’r the ‘process andh find, the:defestive
‘*subpeecegsdaspecially when, operating a complex b‘}lﬂﬁix'{jg"it’i%'ﬁi;ld bengodd if the eperater avas
p-.-provided with tools which would support him in dcciéion’ﬁ_‘i‘ziléin@ feroBuilding optimisation as
we-well as recovery from a faulty smta,‘rThq tools should focd¥ dit’ utidrliying défectsiand- give
¥ instructions on corrective actions to bg taken in a simple'and undéfstandgble fway. ~ ..
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To resolve a failure in a process various methods can be used. The development of defects can
be monitored with special condition monitoring instrumentation to obtain information with regard
to need for maintenance. These systems are usually separate from building automation systems
and need the instrumentation of their own, for instance vibration analysis systems which are used
in industrial processes can be used for condition monitoring. Also different maintenance programs
can be used to prevent serious defects and to Schedule the fainténance in the most suitable way.
In maintenance programs the process is-inspected-and maintained after constant time intervals
independent of the true condition of the process. The main disadvantage of the present condition
monitoring systems is that they are expensive because of special instrumentation or that they can
not be operated in real time applications.

The main purpose of a real time fault diagnosis System is to monitor the operation of various
process components and subprocess and to detect, locate and, - if possible - even predict the
defects causing faulty operation. In an idea] case the system should resolve the primary defect
and give instructions for undertaking the corrective actions. In practice this is hardly possible but
the fault diagnosis system should be considered more as a tool for gaining process information
and as an aid for an operator in reasoning the defects that cause the faulty process operation.

The process instrumentation in BEM systems is nowadays quite extensive and there is no need
to build a separate fault diagnostics system instrumentation. The fault diagnostics system should
utilise the normal process instrumentation as extensively as possible and some extra instrumenta-
tion can be applied only if needed for some special reason. In this way the fault diagnosis
methods can be applied in a reasonable price to a large enough set of process components and
subprocess and they give the best possible benefit.

General objectives

In the near future, energy savgiﬁg's willdbe’-%étaii%d n%aml;:% through eﬁtitfnal control of-HVAC-
systems. Lowestenergy ‘consumptions,:ong.of the Bdsic-factbrs to redu¢e: mapagigg costs; will
be reached together with well-organized maintenance, fast detection and correction of defects and
best use of equipment Perfonnar;,c,es. Those aims are to be met partly. at the conception of the
new systems but dlso- by an adequhite-choice of déntril' stfategies-as wWell ‘as by ‘predicting plant
and building behaviour and comparing those predictions (target performances) with actual
performances.
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Annex 25 objectives -~ - P s o e W

The main goal of the Annex is to develop methodological procedures - within a defined concept -

for real time and automatic performance optimisation, diagnosis and fault detection of HVAC-
processes. The ultimate goal of the project will be BOFD prototypes that are implementable in
BEM-systems.

Part objectives are:

- to evaluate the best (most suitable) modelling approaches for the real time simulation of
HVAC-systems

- to develop concepts for the suitable methods for fault analysis (qualitative availability
analysis of HVAC-systems)

- to collect a data base of the most important troubles and faults in HVAC-systems

- to demonstrate the implementation of the concepts in conjunction with a real BEM-system.
This will help and promote the technology transfer to industry.

- to apply optimal control for building optimisation purposes
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The Annex concentrates on the energy performance diagnosis of a building and HVAC-systems
and the fault detection of HVAC-components and subprocess.

BUILDING OPTIMISATION AND FAULT DETECTION SYSTEM CONCEPT

Definition for building optimisation /1/

Building optimization is defined as to maintain a building in an optimal state from the viewpoints
of energy consumption and indoor environment through controls, adjustments and/or remodelling
of the building services engineering systems and, sometimes, the thermal/optical performance of
the building structure (figure 1).

Building optimization may be defined separately for design phase and operation phase. In a strict
sense, these two phases cannot be separated, because the optimal design, which could be estab-
lished after execution of load simulations and system simulations in a dynamic as well as static
mode, should be followed by the optimal controls based on the same performance function,
constraints and characteristic performance or equipments as used in simulations. However, the
total optimization in this sense is so hard to realize, that a practical execution of buildings
optimization may be separately performed at each phase of design and operation of a building.
Annex-25 objectives are in the operation phase of the HVAC-system, thus the building
optimization is limited only to the operation phase, which will actually results in a partial buil-
ding optimization.

The performance function and constraints for an optimization are the energy consumption which
should be minimized and the environmental qualities which should be kept within an allowable
level, respectively. The reference data for energy consumption may be the designed value, energy
budget regulated by law or any other standards and/or the database of energy consumption for
other buildings which includes sufficiently useful information on building and HVAC-system for
statistical analysis to enable a reasonable comparison.

Off-line simulation is a useful tool not only at the design phase but also at the operation phase
for building optimization. Various parameters describing building thermal characteristics as well
as control gains may be identified beforehand in the optimal control algorithms with the use of
real-time simulation and learning methods. Then the off-line simulation will have sufficient
precision to predict the air-conditioning load, energy consumption and the quality of indoor
environment, thus allowing to find out any non-optimal state of performance by comparing with
the actual data.

Other kinds of prediction models with the parameter estimation through real-time learning are
available. It may have the structure of the multi-inputs to describe important factors affecting the
characteristic value as a single output. Parameters, which may be called the weighting factors of
each input value, may be estimated by the filter model, auto-regressive model or any other data
handling methods.

Expert systems for reasoning of non-optimal state are practical method of diagnosis for the sake
of building optimization. Quite often, the expert system gives a good answer for remodelling,
redesign and retrofitting of some sub-systems of HVAC. In that case, the database should include
the actual results of energy consumption and any other sufficiently useful information of the
building and the system fitting for statistical analysis. Knowledge database should also be ac-
cumulated to reach a satisfactory solution in a short way. Questionnaires and hearing from
designers and engineers as well as maintenance personnel are indispensable.
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Fault detection /2/

Process failure is usually considered to be an event where the required operation of the process
suddenly stops..Process is assumed to operate in a required way when the "product” quality is
within predetermiried limits. In the context of fault diagnosis this definition is not sufficient. The
requirements for the process operation should be stricter and for example the operating point
deflection from that of the designed (target value) should be considered as a defect causing a
process fault. The defect thus does not necessarily have to effect the "product” quality in any way
because small deflections can be corrected automatically by controllers. The broader definition
of a defect is needed to be able to detect a defect before it effects the product quality and thus
.to be able to predict the failures. In failure d1agnos1s the emphasis should thus be put on
monitoring the development of a defect and on mmumsmg the damages or losses caused by a
defect

A defect causes a process’s faulty operatlon Wthh ‘can be observed from the process
‘measurements. The faulty operation can propagate to other parts of the process; of to the other
- subprocess due to changed operating points or the mﬂuence of the fault can be fémoved by using
- controllers. From the process signals some test quantmcs are generated the vanatlon of which
is a symptom of defect. The generation of test quantities ¢an be done in numergus ways. Once
_the test quannty reaches some predefermmed level related to the seriousness of the defect the test
“quantity is set into an alarm state (symptom) and the reasoning is started to find: the cause of the
"alarm - symptom - failure’ chain. B['he alarm state is set once the seriousness of the defect re-
quires corrective actions. < £ :

A defect may be a slowly increasing dirtiness in a heat exchanger. This causes a faulty operat.lon (drift of the oper-
ating point or deviation of temperatures) of the heat exchanger. The defect and the fault-are small in the beginning
but they increase while the heat exchanger gets more dirty. The failure may result in changes in the inlet and outlet
temperatures. The purppse of the heat exchanger is to transfer heat between primary and secondary circuit, The -
loss in heat transfer from the primary to the secondary circuit can be compensated by increasing the flow or
primary circuit inlet temperature which both mean addmnnal energy consumption, Once the heat exchanger is so
dirty that the heat Cinnot be kept in it’s required value by controlling the process variables the fault comes
*observable’ to the atiliser of the heat and the fault starts to propagate. In real life this observability might mean
that an occupant in t'he building feels that it is too cotd Thus by observing the develnpmem of dirtiness instead

of waiting for comp}ams from the occupants the loss oi;‘ energy can be noticed ea:lter '

/

In the previous example the defect accurs when the exchanger starts gettmg du'ty and the. need
for the maintenance should bé assessechrom the value of the test quantity i.e: from the amount
of harm or loss of energy the defect caiises to the’ user. If the development of thc defect is rapid
also the test quantity reaches rapidly the-alarm level and the | predlcnon of the defect is difficult.

"~ With slowly dcvelopmg test quam:mes the prediction is easfer. T

~ BOFD-system concep‘t and structure

N A BOFD-system should be de51gned so that it does not restrict-the number of: different process

- units (buildings, subprocess, components) or the number: of dlfferent methods.. For developing
new methods in a running system the. system structure should allow easy expandmg the-set of
fault detection and ~diagnosis methods and also that the connectmg of new progess units to the
BOFD-system is easy. In addition the- costs required to monifor a single eomponent can not be
high. Thes,e requuements car be fulﬁﬂed with a hierarchial am:l modulapsystem structurc (figure
2). vz . e

v

)wmn:
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The test c‘mantltles descnbmg defects in process* umts are generated. in the lower level BOFD-
modules from the process sighals. They are passed to the upper level for reasoning. The test
quantities may include also redundant information of faults. The test quantities aregenerated con-
unuously or when required by an operator or upper level reasoning. The inquiries for generating

s
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level

Defect;‘dewauon

Figure 2. BOFD system structure

test signals are passed from upper level to the lower level. Ailower level module can use an addi-
tional test signal that is fed out to the process for generatmg su1table process conditions for fault
detection purposes.

For example if the parameters of some subprocess are wanted to be estimated the operator or upper level software
sends an inquiry to lower level module of thét siibprocess uuﬁsmg estimation techniqués. Lower level module gen-
erates a suitable test signal and the subprocess parameters are estimated from the control signal and the process
signals. As a result the parameter estimates are ?passed back to the upper level as test quantities.

= i = g
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The method& qn ‘the lower level are modular and independent of other modules. Each module
monitors a smgle well-defined process unit (building, subprocess, component). For one process
unit there may exist several monitoring modules &ach of which monitors a specific defect or uses
a specific method. Fault detection methods should aim at least to give good relative accuracy so
that the relative changes in test quantities could be used ‘for fault detection.

Upper level . ... —— —

Each lower Ievel modulé gencl‘a’tcs one or more test quant11Jes or symptorm ﬁorﬁ the measured
process signals. The test quantities are passed to the upper level for reasoning. The reasoning
aims at locating and finding the cause of the fault (diagnosing the defect). The output for the user
is instructiony-and. aid forrcorrecting the defect and the fault. The reasoning may in addition to
generated: test;quantities-use alst direct. process signals and information gained from the user by
a dialogue. If there are mutually redundant test quantities the reasoning may use only the most
apparent test quantmes or a set of test quantities may be combmed to give the best result.

E Hadte FpiW VERTAT pfE BT g ot
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Because BOFD:systen is: implemented- mlthe ﬁ:st. hahd for aiding’ the operator in dlagnmmg
process faults much emphasis has to be put on designing the user interface of the BOFD:system.
A building operator needs the BOFD-system to explain and reveal complex interdepencies in a
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simple way, not perhaps more complicated technical systems than he already is familiar with. On
the other hand the operator must be able to trust on the mformatlon the BOFD-system supplies
him with and that is why the operator has to have an opportunity to check the reasoning the
diagnosis is based on (explanation mechanism). In addition the operator has to have a possibility
to check all the variables and calculations the BOED- -system performs. The uger interface should
meet the followmg mutually contrary requirements: the user interface has to be clear and simple
but simultaneously it has to give thorough informatien of reasoning paths. The defects should be
diagnosed exactly but too detailed- dlagn051s may cause.the user not to, .notice. the most apparent
mistakes made by the BOFD-system. In other words:_the BOFD- system should aid operator in
diagnosis work but not encourage-the operator to passwely approve all the suggestions made by
the system. : oy

P
]

’s
- &

BOFD-system realisation . - g &

The ultimate goal in lmplementmg a BOFDisystern could be a system that is embedded in a
building energy management system. This-kind of- system realisation is shown in figure 3. The
BOFD system functions and features are added to the normal features and functions of BEMS.
The BOFD modules might be a part of the normal routinés in the BEMS sub-stations and the

g

i UPPER LEVEL -

TEST QUANTITY
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Figure 3. BOFD system as a part of, a,building energy management system {embedded);
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BOFD user interface and the reasoriing might be:reahsed asra part of an- operator stanon
software. In this kind of :realisation-the BOFD -system :would‘seem-to theuopenator like an
extended alarm handling: facility in an. emsmng BEM systems. . .. e

i T, D TGy B oWy BN W 7
Functions and operation of a BOFD system can also be demonstrated w1th other kinds of
realisations. In annex 25 one objective is to demonstrate the implémentation of ‘the BOFD-
methods; in coruunﬁtmn with: & real BEM-sy»stem LThls ohjectlve can. beneahsed w1th a system
structure of. ﬁgute 4. ‘ 1P B, 4 Al Lok, u SO o
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REFERENCE PERFORMANCES /3/ _
In a general“ case, the perfonnances of a process can be defined by measurable and/or
nonmeastifable quantities, through a mathematical of the process. The assessmént“of these
performances often requires the assignment of reference conditions, that serve as a support to the
implementation of evaluation criteria.

In the choice of a referefice condition, the following points should be kept in mind: 1) The choice
of the reference condition depends on its objective. 2) The degree of detail in the choice of the
reference condition depends on the available process data and models. 3)The reference condition
has not necessanly to coincide with the optimal process point or with the normal operating mode
of the process. 4) The reference condition should be preferably expressed by measurable signais.
Otherwise, a reference mathematical model should be provided. 5) Once the objective of the
reference condition has been stated, the reference cofdition should not depend on subjective
evaluation criteria. Therefore, for the purpose of process optimisation, the reference condition
would bettér not be an optimal opcranon poitit. 6) The use of reference: characteristic quantltles

can 51mp11fy thc ihformatlon on the i mner state of larger systems or sectlons <
’ : B ala
OPTIMAL CONTROL “** ' oo gl

Vg vi & T i T

The BOFD system itself consists of two major parts: the building optimisation and- fault
detectmn In addition to these two there are other systems and issues closely related to BOFD-
systém. Ori of ‘the host obvious is the control systerii' and the problem of how to control a
complcx system optlmally “Annex 25 will not concentrate in optimal cofitrol'but if needed utilises
thie applications of optimal control in determining the reference perfdrmance The nﬁost significant
interrelationship between controlling a system, determining its optimal control strategy and/ or
detecting any faults which might arise is the need to identify a system or a process model. Thus,

)

s

Figure 4. BOFD-system in conjunction with a BEMS. BOFD system ﬁselsn;the BEMS system
process signal data base.
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a major portion of the research that needs to be done in Annex 25 involves identifying appropri-
ate HVAC/building system models, determining how and when they should be "updated" in real
time, and then using these models in optimization and fault detection studies 1nvolvmg both lab-
oratory srmulatron and the control of real building system. /4/

el

ve
[y

BUILDING OPTIMISATION AND FAULT DIAGNOSIS METHODS,

Model based fault diagnosis methods l ; _ ey

= &

Mode;l based fault diagnosis utilises models of process units (processes, subprocess components)
When d1agnosmg a defect or a fault A process unit can be mode]led to describe the normal
operatlon of the process or the operanon of a faulty process. "

Thp model of a normally operating process devrates from the real process when the process gets
a defect i.e. the process goes into a failure mode. The unhsmg of a model of normally roperatmg
process unit reveals all the defects in theory but it does not separate one defect from another. The
reasoning aiming at diagnosis must be done elsewhere. To ease the reasonmg task process models
can be made as fault selective as possible, i.e. a part of the reasoning is done already in the
process model. i ; ; ‘

To use a model oﬁ defeotlve process on,e must know the fault modes well in beforeha.nd and no
unknown fault modes are assumed to, exrst Each separ&te fault, que must to be modelled
separately, The utlllsmg of a model of faulty process 1$ restucted thus to cases where the process
and its defects or farlure modes are well known S "

$u g

In Annex 25 the following model based approaches have been chosen for BOFD-method
development:

- black-box identification

- a static or dynamic process model or a characteristic curve

- state estimators/observers- ekt

- qualitative modelling

Black-box 1dent1ﬁcanon method

v r B i .'-"*:‘r‘."

In black-box identification: methods a éuxtab]e general model class suth as ARMAX, ARMA,
ARX etc. n‘rust first; be chosen:The input-and-output srgna]s and also the dimension of the model
are detétmined. The model parameters are fitted to' give the sm‘a;ll‘es“t value of some cost function
when given input and output mgnals are used The ﬁttmg can be\done for example using the least

squares method. - - ' - e

The usage of black box identification method has this far been demonstrated for example w1th
simulated data for detection of an open wmdow {5/ and with an apphcauon to predrct air condi-
tioning load in a building /6/.

'A static process model, a characteristic curve and dynamic process-.model [/

A static model describes the algebraic relationship between two. or; more»process variables that
are measured at the same time. Any process variable used in a model can be chosen as an output
variable because no causal relationships are modelled. Output may also be a multivariable vector.
Other process. vanables used in the model are then mput varlables. A.rsta,trc model is usua]ly
presented in a form-of - '

e e e
e g b <1y
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y |,=.ﬂ,(xl,x2,.,_,xn) A ' A7 w1

where the function f defings the model structure and the yariables (x;; i=1..n) define the input
signals and y is the output signal. All the signals are measured at time t. |

A static process model can be used to describe a process if the process dynamic is fast compared
to the fault detection system sampling interval. Pumps, fans, mixers and valves are examples of
processes of this kind. A static model is sufficient also in cases where the steady state condition
of the process gives enough information for the fault detection. . »

A process can be modelled using characteristic curve which is a graphical representation of an
algebraic equation. When using a characteristic curve the structure of model equation

£

Y=fx, %0 %,) e ()

is not known and the relationship between input and output variables is given in graphical form.
Compared with the algebraic model.-the characteristic curve is.more understandable to a normal
user than the algebraic model. An algebraic model is, however easier to use in numerical
calculations. i

Static process models and characteristic curves have been demonstrated with data measured from
a district heating substation control valve operation /7/.

;

State estimators and observers /8/

Fault detection using state observers and estimators e.g. Kalman filters, is being discussed in the
literature since several years. Applications are reported e.g. in /9/,:/10/ and /11/.This fault
detection technique is based on a mathematical model. The model cutput is compared with the
process output to generate a so called residual as fault indicating signal. A key problem with this
technique is the robustness to model uncertainties. Without special care modelling errors will
cause a nonzero res1dua1 and therefore false alarms

The state estimator approach has been apphéd in Annex 25 this far to a simple boiler model in
/8. S

Saiaras

2 1%

AT

Qualitative modelling /12/
Qualitative reasoning or qualitative physics is a new area of research that deals with the technical
implementation of human approach to d1agnos1s Operators and service engineers of processes
like for example heating and ventilating plaiifs, are found to diagnose faults in a way that differs
from the purely statistical as well as from the quantitative model based approaches. Studies have
indicated that human operators make use of a hierarchically organised mental representation of
the plant when diagnosing a fault that they cannot immediately and intuitively recognize by their
experiences. An important characteristic of this mental representation is the incorporation of
qualitative models to describe the behaviour of the components, their relations to each other and
the functionality ef the overa]l plant. . ... : il
i F TR e e TR AT

Qualitative: mosie]]mghas been chosen as. one Qf~1he d1agnos1s appreaches in annex 25 It has
been discussed ‘and demonsfrated;inc/12/ and /13/. The processes.were respecgvely heat pump
system and laboratqry scale air conditioning system.

Ny ' : s —
Frvd By Mew Bhl Y . 5 TRlT SalfHisay,
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SYSTEMS AND PROCESSES AND THEIR TYPICAL FAULTS

One of the main tasks in the preparation phase work of the Annex'25 was to start gathering a
database of typical faults in typical HVAC systems. The database will be used for selecting the
faults and components to be studied during the annex working phase.

The typical subsystems selected for annex 25 referefice systems are:  °
- heating system /14/, which consists of a'heat genération subprocess and a radiator net-
work. The heat generation subprocess can be either oil bumer or distfi¢t heating substation
. [15/.
- -chillers /16/:and heat pumps /17/ : ol
- air conditioning system /18/ e
-, thermal storage system /19/

1. Example page of the chiller system typical faults database
Pl fas S r;-' !
el L B - LB j'-_:;_!_'b i
IEA Annex 25, subtask P2 March 1992
Subsystem : Refrigeration
Component : Compressor
i‘:“\ T J OO :,
Symptom Failure Cause Remedies .
Cy 4 s .
Compressor ‘ ngh suctlon - Liquid flgod-back to : : -
naisy and/or pressure. L COmpressor: ; . . ’
knocking o N -Expansion valve opexis * Check superheat and *
b e © itoo far. - . expansion valve bulb
&30 45 AW 3y o attachment..:
s ARy L PovE et TR !
Expansnon valve stuck in Repair or rcplacc

i : s> open condiion. Rl

High suction Broken suction valves. Replace.

pressure.
Rotation. Incorrect direction of Invert the dltcctlon of
i SRR h rotation:  ;, e gpee- | Totation. S
] W S s i i TH T
£ H!gh dnsch,gge 0911 CIOgqu, 0 RIS Clean ?o\ll;,
prwsurc. il . :
i ' 3 0, i R 3 30
g f ]

L P ol Rt ot v ik = e e w 3
i Iraate! ‘ “a I W7 1 & ¥3 A

The database gathering for typical faults in systems mentionéd above have Been istarted and in
all cases there exists a list of the typical faults. The lists are however quite extensive and some
further work must be ‘doné ifi order to phonﬁze ‘the>compOnents -or faults- dccording to their
importance. In theé' work different methoddlogies like HAZOP analysis and FME-=dnalysis have
been used. In table 1 /20/ there is an example of the'typicalfaults ‘of a chiller system. In table
2 /21/ there is an example of prioritizing a component with regard to a set of criteria.
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Table 2. Calculating the priority of a component with regard to a set of criteria.

(
4 IR

component: heat exchanger HE2 component number: 318
characteristic: evaluation weight
warm water or heat must be available 3 33
some fault causes that habitant notices the effect of the fault within 10 min-
utes
1 SR LY oy ; A
energy consumptlon T . o 3 =4 20

some fault causes that a lot of energy is wasted

serv;ceablhty fog . © B 25
repairing of some fault requires tools and. break of more than 2 days in ope-
ration

Service man available 3 4 12 )

repairing sore. fault need’s a spepial staff r

Spare parts available 3 5
. o getting the spar€ parts may take two weeks ' ; ol

Probability of fault v , 1 5
*" “fault"occurs once a 15 yeats

total importance = 3*33 + 3%20 + 3*25 + 3*12 + 3*5 + 1*5 = 290

4 . §

The prioritized list of the components and their faults is used to select tHé components and
subprocess in which the failure is most serious or the right functioning is most important. On
the samé basis also the failure types to be considered in the Annex will be chosen. The data base
will also be used as starting point in developing fault diagnosis algorithms and rules for reasoning
the fault. Also the data base serves the developing the user interface of a fault diagnosis system
and gives instructions for recovering of the fault situation and. for repz;mng it. The data base
gathenng work continues during the annex. .

T
V

DISCUSSION S W b e T S
N (rl o 53

The work in Annex 25 will continue on gathering the data bases on the most important faults and
components. The database information should be prioritized so that the work could be concen-
trated the most efficiently..Fhe prioritizing work is difficult because: there éxists no generally
approved:method to! assess an:importance of a component in a system. Different approaches will
be applied according to the nature and kind of the subsystem in question. However, in spite of
the method used, the prioritized list will give an expert view of where to focus the effort in
annex 25. '

w2 i Feie TR EZET, Ml o . SR
Another main task durmg the next 6 - 12 months is to get the firs& expenences of applying some
BOFD-approach in method development. Using the four different approaches and utilising a real
process data, expenmental data or simulated process data in these "first trials’ a lot of practical
information is'gained’: Distussing these trials - results, problems afid posmblhhes in the next
meeting will again help each participant further in his or her own method by giving some

e
i



comparative information of advantages and disadvantages of the approaches and by helping in
avoiding the pitfalls in the method development work

LS
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