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RESULTS FROM TESTING OF A “CLOUD BASED” AUTOMATED
FAULT DETECTION AND DIAGNOSIS TOOL FOR AHU’S

ETFA SEP 11" 2013, CAGLIARI

Ken Bruton, Daniel Coakley, Peter O'Donovan, Marcus M. Keane
& D. T.]J. O'Sullivan
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Agenda

What is i2e2?

Why does industry need this work?
Why HVAC?

An automated solution.....

AFDD techniques

Early Results
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. What is i2e2?

* i2e2 is an industry/academic collaboration under the Irish
government’s Technology Centre initiative

* Focus on research with a direct impact on industry

« UCC’s task, in collaboration with NUIG, is to provide Appropriate
Working Environments

* i2e2 companies provide access to their operations

c=> IDEY GI>
companies of folmonfohumon

aEYScientificlsh
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B Why does industry need this research work?

Energy and Prouction OQutput trends 2008-2010

45,000 45,000
40,000 y 40,000
35,000 A, 35,000
30,000 30,000
o, 25000 7 ™\ - 25000 R
20,000 | f"‘quw'*-ql— 20,000 LAN
15,000 \] ] V 15,000 - & 3
10,000 \/ \f \ 10600000 % _\_ 4 v/_ )
5,000 - 5,
o | ) N A_fé‘dv&'gi . V St

> 0% 0P 0P 0P o o2 o2 02 02 02 02 A0 A0 AD A0 AD A0
Yb‘:\ﬁ@‘;?\a"u ’03&'?32,‘9 730\1 '%30&%‘3@“\'03&'%e¢go“ '?@1\7;3@‘ 2t a‘i’&&’}je.?go“ > 7
—=— Gl —=—Ke Energy Consumption remains relatively constant

though production volume has decreased
significantly

Focus on production output in lieu of efficiency
Difficult to track efficiency due to islands of information

Competition from lower cost economies for investment
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. Why Focus on HVAC Systems?

Typically greater than 20% of an industrial site’s energy consumption

HVAC systems get less efficient over time

20-30% energy savings are achievable by re-commissioning HVAC -

30

25

20

15

10

5

(6] T T T T
Manufacturing HVAC CHW LTHW Others
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|| [ How can AFDD help save HVAC Energy?

Operation & Management

Control

Process

Equipment

Air Change Reduction

Energy Service
Requirement

3 UCC _ﬁ'y

Colsiste na hOliscoile Corcaigh, Eire National University of Ireland, Galway
u Universty Colege Cork,rgand Ollscoil na Eircann, Gaillimk
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|| [ How can AFDD help save HVAC Energy?

*  Simultaneous heating &
cooling

*  Set point adjustments

*  Manual operation

*  Sub optimal performance of
equipment Control

Inefficient control strategies
Poor loop tuning

Free cooling

Incorporation of Deadbands

Operation & Management

Energy Service
Requirement

gucc g

" —
Coliste na hOliscoile Corcaigh, Eire Matiamal University of Ireland, Galway
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l . Why an automated tool?

Qgtgl

1
) J:’Q‘. ‘

Colai Iscoile Corcaig National University of leeland, Galway
g Ollscoil na bEirean, Gaillimk

Universty College Cork, reland
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Prioritisation

Minimal False positives/negatives

Rapid Setup 08 ECTEVE

Use existing instrumentation

No sensor/instrument dependencies

BMS Flexibility

Bucc g

Colaiste na hOlscoile Corcaigh, Eire ™atiamal University of Ireland, Galway
&8 st Colos o, rons Ollseoil na HEireann, Gaillimb
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AFDD tool requirements

LOCAL CONFIGURATION

4 ] )
AHU Instrumentation
() ()
AHU Controller
BMS Datastore
Collects BMS
measured data
for specified

AHUs

\ J/

%

HTTPS Communication

REMOTE CONFIGURATION

Analysis results are
displayed to the user

-
|I|Ill|||“l "\J \“»J ,\’D_,z 4;/_‘/—‘

iy ET g

A ER

————

GUI

Application
Datastore

Application Server

AFDD Analysis is carried
out and results are stored

Bucc ¢

" —

S

Coléiste na hOliscoile Corcaigh, Eire Mational University
University College Cork, Ireland

Ollscoil na bEireann,
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Caillimk
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[ FDD Techniques

* FDD automates the process of detecting and diagnosing faults
Detailed :
>< Physical Models
| o
-
Physical Models o&/"

1
UV
% o 1000 2000 3000 4000 5000 6000
Rule Based
T Croz 1 - Select an AHU
FDD MethOdS |::“":mmg < - Select an operating mode
Qualitative g&;c;nmcn\ cooling wt i fiesh oir
Physics Based ‘

& ¢ 8
I
\

\

g B

-
= isable rules
@ FALT 30 < equipment configuration an
=] sequence of operations Process
Black Box i Rule 30 History Based
>< | Tra,s—Tra > gt and Tsa < Max Tra,s l
hare + +

Gray-Box

Black-Box
Gray Box
v

v
Other Pattern

Artificial Neural

Statistical Networks

Recognition
Techniques

» A rule based FDD tool can be developed and implemented in
industry relatively quickly utilising existing equipment

] 2
UCC 1

—
Colsiste na hOliscoile Corcaigh, Eire National University of Ireland, Galway
University Collge Cork, reland Ollscail na bEireann, Caillimb



1> hy
7
Innovation for Ireland's Energy Efficiency

The Business Layer

Business layer expanded on existing knowledge based rule sets by;
Applicable fresh air & recirculation AHU'’s as well as return air units
Detecting issues when the AHU is off
Calculating virtualised readings

Improved error threshold calculation

A server side application performs the mode checks, calculates the virtual values,
applies the business layer rules, and stores the results in the database
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. The Business Layer

Out of control
checks

Tsup
Tsup.sp

Tsup
Tsupsp

Tzon
Tzonsp

etc.

OutOfControl_supT_Hi

High supply te@

Modes 1-4

OutOngit_@:siupT_Lo

Modes 1-4
OutOfControl_zonT_Lo
Y
» Low zone temp |

Q y

& =

Modes 1-4

Temperature Tsup.pPre

comparisons

Tsup.pPrE r

Tumix

Tsur.PRe
Thea

Tsup PR
Thea

etc.

supT_Hi_mixT
~ Before fan
{ supply

T temperature is |
i higher than the /
_mix temp

Modes 2 - 4

sup:I'__Lo__rnixT

Supply
temperature
before fan is )
\ lower than the

mix temp

Mode 1 & 2

supT_Hi_heaT

/Sup—ply

/ temperature
before fan is

higher than the off
heating coil
temperature
Modes 1 -4

supT_Lo_heaT

Supply

f before fan is

|

lower than the off /J
heating coil
temperat‘uy

Modes 1 & 2

Component
position checks

ComponentPosition_Open_heaV

VHeA

ComponentPosition_AtCapacity_heaV

VHEA

ComponentPosition_Open_cooV

Veoo

_etc.

Heating valve is
open when it
{hould be closed

Modes 2 - 4

Heating
{ valve is fully
» open for a number

\  of consecutive
\ hours /

Mode 1

ﬁooling valve is
»  open when it

@uld be closed

Modes 3 & 4

&

&=
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Design of Test Study

> 100 AHU's available on 4 industrial and commercial sites

AHU’s were selected with

Different component and sensor layouts

\/ [E—
Varying levels of instrumentation v -\ -
e ° =
Type of zone(s) Operating hours ] Frequency of \ m
supplied per annum logged data
1 2 Constant 14 Office & canteen a7a0 Trend 15 nunutes
volume
2 4 Constant 20 Production area a760 Tridium 15 nunutes
volume
3 9 Variable 13 Mamufacturing 6240 Cylon 15 minutes
Volume Floor
4 3 WVariable & Commercial office 6240 Schneider 15 nunutes
Volume space
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B AFDD tool in Alpha testing
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B AFDD tool
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" AFDD tool in Alpha testing

Current display time

2012-04-03 10:30 Tue M d 3 Exhaust air Outside air  Mean  Weather Faults in this hour: Maode Diagnosis
ode 6.6°C 6.6°C vV 6.6'C Ideal 2
B0% Wrong Mode of
c‘:'“"r"'E with max | - OutOfControl_supP_La, Component 3 = zrann-n
resh alc TR N ModeCrosschedk, -
DeltaT_supT_Hi_mixT
Return air Supply air Zone
Rise 1.0 v Rise  1.0°C W Ste 20.5
List taults by...
| __irequency | 6.6°C v 9.8°C v 2pa
Fault selection 22.6°CV 23.6°C + - 10.8°C
" - 8.0CY 6.2C1
% 105C8
& =
wsD 0% 26% V5D
Flow Flow
T #— mixTwirtual sup THE )
FM :-o_fer tFesi Owverall occurences
18 tion_aAtCapacity
Bal ooy, 34
15 DeizaT_supT_Hi_
i4 _miaT, 254
The supply temperature is -
L)
higher than the mix -E 12
temperature, when it should 510
be identical [2) or lower E B wmg
aa - e
13.4" E -} .‘.i..‘-ll‘ .'I'F-'.. s .
L2
[
2
N 1]
Me, Tault hours. 254
w ' 10 16 22 04 10 16 2
of priod 8% of d
of run hours 38% Haur o
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11 Alpha to Beta Testing

— LAIDD LCCI NUIG

.Secure HTTPS T

communication

.Development of
web based
configuration
tool

.Browser based
GUI

Ehaust sk Outsidealr Mean  westher [ Faultsinthis hour:
‘ wo'c
o ! Ot Dt it 11,
-
Supply air Zane
= nse Lo v
mercy 1ascy
BS'C +[mrc S 118 21.7c]
E ) =]

Flow ssamss

Companant has bean design|| §
load [fully open fora
number of mnsecutive hours| 2

Wutomated Diagnass, Costing and Prianitisation under developmant

ucc g
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l . AFDD tool in Beta testing

B virtuat Retings

Components in Eult

Return Air Exhaust Air Qutside Air Supply Air Zone

5.1C temperature rise
arross a closed heating coil
and open cooling coil

April 2012 November February 2013 March 2013
2012 @
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| [ AFDD tool in Beta testing

April 2012 November February 2013 March 2013
2012
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.AFDDt | In Beta testl
- Virtuz] Readings { Components In fault Faults Analysis ‘
1.1
Components in Eult
1.0
Return Air Exhaust Air Outside Air Supply Air Lone 0%
0.8 -
100% = ooy the Cooling Coil actuation valve was fully
= - open for a long duration. This was deemed
. 8 os out of control by the AFDD tool and raised as
BF 13 = a fault on the GUI
0.5
FC 116C 1FC
0.4
Only 2 0.6C drop in o d

temperature across a fully -

open cooling coil was i

identified as extremely

lII'IUSI.IB|b¥ﬂ'iE AFDD tool M| == 16200 20000 000 04200 OB:00 12:00 16200 20000

Hours of day

April 2012 November February 2013 March 2013
2012 @

ucc  #

Coliste na hOliscoile Corcaigh, Eire Maticmal University of
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l . AFDD tool in Beta testing

B virta Restings

Componants in Eult

Return Air

Exhaust Air

April 2012

November
2012

February 2013

March 2013

UCC

Coldiste na hOllscoile Corcaigh, Eire ™.t \un ] U
Universty College Cork, Ireland
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. AFDD tool in Beta testing

I virtua! Reacin:

{ Components In fault Faults Analysis

1.1 :
Companants in Eult
1.0 4
Return Air Exhaust Air Outside Air Supply Air Zone
1170 0.8
100% 100% L 04 Cooling Coil
- open to 100%
== = a » foran
0.5C 126¢ W6 1L§¢ & ™ extended
. duration
FC . 1370 106C 02
A fully open cooling
0.3 | A 0 4T coil for an extended =
1760 duration coupled with
only a 2C drop was 0z
raised as an issue by
the AFDD tool W o 20:00 08:00 12:00 16:00 20000 0000 04100
Hours of day
(E7) N
UCC b
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1] Requirements Versus Developments

Requirement(s)

Rationale

Framework/Tool

ARG Rl S Compatibility with any BMS type or age

Compatible with various combinations of
sensors and components

Business Layer Flexibility

Reliability Low number of false positives/negatives

User friendly graphical user interface (GUI)

Usability

Quantification and prioritisation of the
diagnosed faults

Fault Priority
Scalability Rapid setup time per AHU

Ability to use existing measurements

A generic data access tool was developed

Calculation of virtual values coupled with “rule
libraries”

A error threshold applied to each rule based on
rule makeup

A browser based GUI was developed

Each fault is prioritised in terms of cost and
frequency of occurrence

A web based site configuration tool was
developed

First principal techniques and engineering
computation utilised to calculate readings
where none are present

Bucc ¢

g an
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l . Results

B Connacht & Donegal
B Munster

@ Vidlands
B Southeast

- N Faults: Passing coils, design issues
\ﬂﬁﬁtlj Savings: €26,000

Faults: Passing heating coil, stuck damper actuator

Savings: €74,000 '1—-‘ ’
T
, ﬂi\- P l

\\

/O

Faults: Damaged dampers, high supply temperature, passing cooling coil @ UucCcC J{n}]
Savings: €53,000 S oot Nt Ui T iy
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. Next Steps

Extend the data access platform
Minimise design data required

Expand the business layer to incorporate humidity control AFDD

Expand the prioritisation methodology
Improve diagnostic capabilities

Link to planned maintenance systems
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If we knew what it was we were doing, it
would not be called research, would it?

Albert Einstein

Ken Bruton

ize2 Researcher

Department of Civil & Environmental Engineering,
University College Cork

k.bruton@ucc.ie




