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lntroductlon S - .
The model based: qualltatwe fault detector fcr ‘a central air handlmg unlt that was -
- developped in the Annex 25 [1] has been implemented on a substation of the buil-.
* ding energy management systems (BEMS). It has been programmed as a first ver-

“sion 1 in COLBAS, the Landis & Staefa proprletory language -and has been running

- ‘on-line as a prototype for two. years. Experlences made during the first year led to a

i .ted The paper is orgamzed along the agreed template e

" ‘new improved version |l of the detector [2]. First results with version 1 wnll be repor-

‘ ‘,Test bu:ldmg, plant and control system ' : -
_The test building is the Seninweid office building of Landis & Staefa Swrtzerland near |
- Zug, SW|tzerIand There is one central air “handling unit (CAHU) for the. conditioning of
“the -air supplled to the different zohes. The CAHU is controlled by a substation of the
- VISONIK- system ‘Temperatures, humidity and differential pressure are:controlied by
.. the system. For.the application of the fault detectron scheme only the temperature -
--control is consrdered at the moment : : , , .

lntended end-user - _
In its S|mplest form'the detector wnll be impiemented as a new: optlonal functlon block. :

.

on the level substation It will run on-line and generate alarm signals. These, alarm .
signals can be stored - momentarily. in : ‘the substation together with- other alarm. < -

‘messages and/or they can be ‘transmitted to the central station of the BEMS. There

‘they -can be stored again together with all the ‘important signals-in order. to analyze -

~ the alarms- off-line. As the alarms are not critical, the interpretation of the results can

~ bedone mostly off-line. The intended end user of the fault detection scheme is either . - L

. the- operator or the HVAC service engineer. The owner of the building is only in- -
terested if one can show him the saved costs. if particular faults can be el|m|nated
‘ ThlS mvolves more than just the functlonallty offered in th|s rmpiementatlon

| 'Faults to be identified

A fault detecfion and d|agno'SIs system deals ‘with two klnd of faults 1) faults or

- “signals.for heatmg, heat recovery‘and coollng generates an: alarm .The’ dlscrepan-'f

" symptoms found durmg the detection of underperformance (e.g. discrepancies

- in control vartables) and 2) faults found in the dlagnostlc part where a search for | . NS

. the &auses (taulty behaviour uf parls uf the system) of the obsenrcd undcrpor

- formance. is done (e.g. blocked. valve).. The used method here. detects: faults. by,
- - comparing. quantized. easured conitroller- ouputs .with - quantized . ‘model “based o
-~ predicted: cohtroller outputs in steady state. Thus,- any dlscrepanC|es in the control:" .




g cies can oceour for one. two or all three control vanables The model based predacted '
: controller outputs describe the nonfaulty, energy optlmal correct’ steady state beha- ‘
~ viour of the controlled plant. :

' What faults causing the above detected dlscrepandes can be found with thus method" ;

? The answer to this question depends on how much a priofi information is used. In.
its s1mplest form, the most qualltatlve one, only a very restricted number of faults can
" be detected. They include sensor,. valve (damper) and control faults. Example '

B sensor offsets
i ] slmultaneous heating and cooling caused by blocked valve or damper
. m nonoptimal control of heat recovery wheel -

. Some faulty behaviour can be detected only under specmc operatmg condltrons At-
tempts to analyze such situations were made in earlier works [3], [4] and [5]. Most of
"the obtained results depended however on.too detailed information of the controlled
- system so that it could not be exploited in practlcal situations up to now. It is hlghly
probable that due to the coarse information used in the qualitative detection scheme, .
a single cause cannot be found for an observed faulty behaviour. A list of faults that
can possrbly be found as causes for certaln drscrepancres has yetto be investigated. .

_Sensors used | h :
“ 1t is one of the strength of thls method that no addltlonal sensor is needed Only
. ;the temperatures that are used anyhow for the control of the plant are needed for the

‘ detectlon of d:screpancres ' . ‘ : _

FDD method : ‘
" The model based qualltattve fault detectlon method has well been descnbed in pre-‘

‘vrous publlcatlons [1]

. Desrgn data used

- Design data :nformatlon can be classmed |nto the followrng classes -
1) parameters of coniponents (e g- heat transfer coeffi c1ent geometncal data maxr- .
‘mal power of heater) _ :
2) Specific operation pomts {e.g. nominal mass flow mlet temperature)
~-3) topological information of the system (e.q. wh:ch sensor does what and is located
‘ where) .
.4) BEMS naming and adressmg (pomt names)
5) control. parameters, (e.g. Pb parameters set pomts operatlon mode scheduler

.. dead zones, hysteresis). ‘
- It has also to be distinguished, whether these data are needed for the. model itself,

for the steady state detector for the fault detectlon thresholds or for the dzagnostrc\

pari. :
.For the qualltat:ve model used in the method only a few topcloglcal data (classl

_ 3)) are needed. -

-

. For the steady state’ detector ‘which is needed as a preprocessmg ‘unit for the fault

detector, some information of . class 1) and 2) are needed The component parame- .
tersneededare [6]: -

W maximal heating, coollng and heat recovery power ‘ .
W time constants of heater cooler and heat recovery or knowledge about the Pl

control parameters
Qpnmﬁr- nppmtmg points condltlons needed are:

W nominal air flow

. Regardlng the mformatlon needed for the threshold selectzon see |n a Iater sectiony? e

N W|th thls tltIe




For the proper operatno of'the fault detector several con
~ must also be known: © C

. B operationmode . ¢ v IR

' M gcheduler - o

. ™ dead zone between heat recovery and coollng - N -

B hysteresis for.reverse operation’ of the heat recovery wheel
M sampling time

For the diagnostic part as rt is: used now and whlch is not very powerful no addltro- L

~nal information is needed. To- |mprove the dlagnOSIS more information must be used
{which is fault dependent) ' : - .

:Trammg data required -
Another strength of this method is. that no trammg data are reqmred (except for the
:Jthreshold select|on) Co .

' User mterface

The on-line part of the detector runnlng on the substatlon is hidden- from the user

and must be parametenzed during -the commissioning . phase. This includes the

configuration of the correct data points. If a central station of the BEMS is available, . :
. the actual state of the detector is displayed on the screen [2] Parameters of the de-
* tector can then be changed on- -line.

- The. off-line part, that means analyzing the alarm srtuattons is not automated up fo

..how. A snapshot of all the’ temperatures control outputs and fault: detector outputsis
. stored for each alarm together with a time stamp. This information can be printed by .
“the operator. whenever he wants. The relevant time series can addltlonally be stored. .
“ina separate data base, from where they can be later reloaded ln order to venfy -

certain S|tuat|ons

User selected parameters

The user must select the parameters lrsted in Table 1. They are dwrded into four- |

" categories: -

_-The steady state detector needs 8 parameters it |s possrble reduce this number if
- only the most cntlcal temperature and control variable is consrdered as. the only rele- :

- vant quantities for steady state condltrons
Al threshold parameters of Table 1 can be changed on—lrne from the central statron

 of the BEMS. With this capability the operator can influence by:himself the’ thres-:.-

‘ holds “l'hat allows hifn to control the number of alarms (false or rrght alarms)

.'Steady state detector - time constant Tss

" para.m_et_ers e thresholds of temperature varlances

KR 0 UAVafTr . AVarTs AVarToa X
- thresholds of control variances. T
~AVarUh | ~AVarUc. @ AVarUd:

3 thresholds for oscillations
... Délay (hysteresis) S
transformation: .~ control thresholds - -

4 parameters - . Ucrin, Uhmin, Udmin, Udmax
' zone predictor. . . zone boundarles (thresholds)
| ¥parameters - dxdydz RS
model uncertamt/es © 7 fans as heat sources (temperature mcrease/decrease)‘_ ‘

2 parameters " . y“_-ATr ATs

user selected parameters E

specific parameters:




“f"Thresho!d selectlon method R R
- Thresholds have to be selected for the steady state detector and for the fault ‘
detector The thresholds are dependent on the followmg components ‘ ‘ :

1) measurement uncertamty specmed by sensor type

- example: temperature typical +/- 0. 2 degrees - A -

2y uncertainty in reaching steady state: estrmated by usmg smplnfred models of the
controlied process - g
3) .modelling uncertamty dependent on the actual lnstallatlon where _are thev
sensors located, how are ducts laid out; what is neglected in the models?

o 'Thls uncertalnty is most critical and plant specnflc

. For the selectron of the steady state thresholds the followmg mformat!on must be :
~ obtained through observations and hlstorlcal data:" :
W variation {(noise) oh sensor S|gnals (measurement uncertamty) :
l residual effect of step changes of set point and outdoor air temperature The -

maxrmum helghts of the steps must be chosen (uncertalnty reachmg stead state)

For the selectlon of the fault detector thresho[ds the modellmg uncertalnty has to be'- '- :
added to the above effects For the ch0|ce of th|s component one needs observa-

B ‘ tlons and hlstoncal data too

. -Results of trlals ‘ . DU : :
. In [2] several ;mplemented lmprovements of versmn l to versmn lt were reported
~ These improvements included: . : : -
_scheduler information used = L
number.of thresholds reduced ,
steady state detector for controller output ‘ .
- detection of oscillating controller oufput . .- 2
- thresholds for control varlables :
~including modellmg uncertamty :
‘ recordmg of atarms, false alarms statlstlcs, documentat:on -

The reductton of the number of thresholds for the Zone predactor part of the fault

deteétor resulted in the zone dlagram of Flg 1. and its correspondmg control combl-. L |

: natlons of Table 2

From October 97 three tlme penods were analyzed of the |mplemented vers:on [l
' ot the fauit detector The statzstlcs are the followmg :

121097121297 13129723398 24398285

S _ lower FDD(zone) thresholds B
"FDDon - - 528h ,' 792k L ~ ' 5680h ‘
inSS . 422h (80%) . 702h(89%) - 495h (89%)
‘reachlng ss- 158 times (3/d) 217t|mes (3!d) ., 424 times (6/d)

'.-alarms —— nct avallable at the moment .. 128 alarms

' Analysrs of the alarms: . ‘ L : .
The time the controlled system is in steady state is pretty cnnstant 90—00% nf the

- } operatlng time of the detection scheme, - Dunng the. sprlng season the time thef

... system remains.in a steady state is roughly half as long as durmg the wmter seascn N
g due; to more. sudden changes in. outdoor cond:tlons R :




. F ig‘-‘fﬂ'Z"Z‘c‘J‘ne di_agfafri with reduced number of thresholds - ' . o
| s ;s,s-lf,. S s N o o :
- ) . ‘T‘:a_:ble‘ 2: Control combinations of the 15 different zones S
- PILE: prediction of quantized heater controlsignal .~ "
| - PrwRG: prediction of quantized heat recovery control signa
. PrLK: predicton of quantized cooling controlsignal -~




"'iThe analysrs of the alarms showed the followmg sntuat:ons ‘

1) 80 of the alarms lasted only a very short time (1-3min). The reason for thls is not
clear. By introducing a delay one can suppress these kind of alarms. ‘ -

2y 38 alarms showed a control combination where all control srgnals are off or closed‘ ,

in many dlfferent zones The reason for the occurrence of these alarms are
 twofolded: ‘

: -l the threshold between closed and on for valve resp between off and between for -

the heat recovery coritrol output is 100 high

W oan energy free band is not yet implemented : ' ‘
- 3) That leaves 10 alarms unaccounted for occurrng in 5 zones wrth three wrong_ _

control combinations.Whether these alarms are false alarms or not, is not clear at
the moment. Some are caused by a two blg drscrepancy between actual and
averaged values s . . ‘

Improvements . L '
Improvements of the srtuatlon as |t is riow wrll be:done in the followrng drrectrons

- -introduction of an energy free band ‘ :
. introduction of minimum time of fault persrstence

lowering the thresholds for the quantrzatron of the control varrables

- use. of actual values only (no mixing between actual and averaged) for the

- zone and transformatlon part of the fauit detector

- better way to mclude modellmg uncertamtres ‘_ .

Introducmg temperature sensor offset
Temperature measurements fall into'two categones

| _'1 )y The measurement of the supply air temperature whrch is the varrable to be cont-

rolled. An offset of this sensor has the same effect as a changed setpoint of the

supply air temperature It cannot be detected directly by our method. If the set-

-point. of the supply air is cascaded with the zone temperature a tracking of the

setpomt might identify this cause. If the the setpoint is not cascaded an mcrease-. ‘

/decrease of the zone temperature will lead to a similar change in. the return air

"temperature So it mrght be possrble to rdentrfy the cause vra the return. air tem-
" perature,

“"'2) The measurements of the outdoor air temperature and the return air temperature

Both are actually disturbances on the control loop and- are used only for the rever-

se operation of the heat recovery wheel. An offset in one of these sensors ¢an be

detected in certain operatmg regions. As long as the temperature operatlng points
“with and without offsét are not separated by the Tr=Toa lrne in the zone dragram
" it might be possible to- detect the offset. ‘

"Experrments and. results are stlll pretlmmary on thrs sub;ect and wrll be reported at a_‘- .
e later date . , o 7 _

. .,Satrsfactron of user requrrements ' :
‘ ;,At the moment it is too early to say whether the detector erI fulf i} market needs ,
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