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Mihis project is a continuation of the
Jemperature Control System (TCS) done
]n previous semester (Course: ENPM641).

“This is a system designed to control the

.-"

*‘témperature In a closed space based on
- certain user defined parameters.



- -from..lgst semes‘tg'_ -

"M All'the documents ad deliverables from
orewe Is semester are available at
HiWwww.wam.umd.edu/~fgallo/ENPM641/Inde

s"% semester the final products obtained were:

= J
= -‘3 Initial requirements, goals, scenarios.
— High level models of system structure and behavior.

— Mapping of high level behavior onto high level system
structure.

— Formulation of some optimization alternatives.
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5% | éﬁorm optimization and tradeoff analysis so
= the best combination of components can be

;;'t“— ~— selected for a given set of decision criteria.

4. Perform appropriate traceability of
requirements to ensure the components and
configuration selected are able to fulfill the
expected performance and behavior
parameters.



d assu_‘pﬂeng..

In ENPM641 the TCS ""a's-concelved as a generic system

heisystemiw [liElnﬂmuEtEﬂmdnpﬂmzedlﬁ@r-a-spe@qﬂc e
Space. This space is a warehouse with the following ‘
imensions: Height= 8 feet. Width=100 feet. Length= 100

. The warehouse will be considered as a space poorly

== Controlling device — for example, a PID or other.

et Programmable parameters controlling device (PPCD)
— for example a PC where the user can program
parameters such as desired temperature.

— Fan
— Heater
—  Chiller



peen used to genera estimates (e.g. BTUs and
Similar computation

fi’i ictions and as:;r:gﬁpns W
Some simulation too‘jf,gvailableo rnet hav'é‘-—

lnese simulation tools make certain assumptions
o~1:,' d on the expected average temperature and
general weather conditions of the place where the
stte”m dto control de temperature is going to be
installed.

~— ¢ |n order to provide a context for these suppositions, all
the calculations done for this project were done
assuming that the warehouse is located in Virginia.

* The simulators used to determine the BTUs are at:

—  hitp://hearth.com/calc/btucalc.html
—  hittp://www.a-wall.com/ACcalc.php
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al strategy for the project...

Identification of major Initial selection
Definition of criteria for component of componenls
quantitative = selection and for = based on those
raguiremeants performance commercially
evaluation available

Component
Interface
constrainer
analysis

Multi-objective optimization
and tradeoff analysis including p
component level constraints



Jz ISSE traggg_‘lhtyj-" *

- El --JPJ\,_.¢- was focused on the Analysis
workflow. This workflow is abstract.

~inE ENPM642, the Design workflow was
=l {re important.

—
- - _.-- -"

= AnaIyS|s classes were mapped into Design
— classes (components).



glasses traceability

Analysis
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ev_ ral levels of requirements were defined:

evel 1: Corresponds to requirements defined in
rr‘? PM641.

= Level 2: Corresponds to refined requirements
-~ defined in ENPM641.

'é’-? ;. “Level 3: Corresponds to the re-definition of the
.-:—-"'"

= requirements based on the assumptions and
— restrictions from Section 2 in this document.

— Level 4: Corresponds to the requirements-
specifications (req-specs) where objective
(quantitative) parameters have been defined.




Level 1 requirements; Level 2 requirements:
those defined in ENPMB41 in those defined in ENPME41 in
Section 2.1 of the Final Report. Section 2.6 of the Final Report.

- 0=

(Leuel 1 Requirements ——= Level 2 Requirements]
N, A . v

( Level 4 Requirements ]é‘—[ Level 3 Requirements ]
, A o y

Level 3 requirements:
redefinition of requirements

for ENPME42. Are mapped to
Level 2 requirements but major
changes are introduced.

Level 4 requirements:
Provide objective (quantitative)
values to Level 3 requirements.




Consolidation of requireme

S =Each of the quantlta@é:r.eqwrements (Leveld) were
mapped into each of the components of the system.

I'ne criteria lon were defined:
nitial acquisition cost.

Durability of system.

Re Iabl|lty of system.

ierla for Performance Evaluation:

= EfflClency of energy usage of the system (i.e. minimum waste,
~ maximum power transfer to actual load).

= — Accuracy of components.
= Speed of system to reach desired conditions.

—  Power output (i.e. capability of the system to perform given the
magnitude of the element to be controlled)— e.g. BTUs of
heating unit.

-
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ymponent Interface

- Cc stramer Application
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You may: be asking yourself... -
Whatis this guy going-totalk

APOUL ¢

) \{\’ did we choose to do constrain
components by interface specification?
= * 2) How did we write a program to do it?

T
— -

'-"_’3_) What's the concept behind this
program? Can | see some screen shots?

* 4) Can | please see a demonstration?
SURE!

L



Statement —

2ast student projects have optimized

gomponents from a component library

Without taking into account the the

Nt arface specifications between the

':-=:'-c~s mponents. The Component Interface

—  Constrainer Program addresses this issue
by allowing a user to constrain a
component library based on interface
limitations.

p—
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andard Edition version 1.4.2
/ersion 1.0
| tabase represented as XML file

=

.- ':eée ransformatlons

_,.:'
_pl-'

‘Log41 logging
-* Properties file configuration
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a Java representation of an XML
t
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&
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: -* ; S & n open source interface which allows
_.f* ava developers to manipulate XML based

—— ..--___.._—

~~ components in a programmatic way.




WEYXML?

2XMIL.is the.new.standard for

-;é allows processing components to be
- loosely coupled with the data being
~processed.

* A well defined schema allows this process

to be extended to any kind of component
library.




Whatabout XSL? J —

J XSL ;;'. or XML Stylesheet Language.
XSL allows a developer to separate the
cont ent of XML data from the layout of that

"“

--_
—
__-_'"'.-;-

= - T'-SAL can be used to format to GUI or a
- back end component.

* Since XSL is an instance of XML, it
benefits from all XML has to offer.

'il'
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BEogging is crucial for system feedback.

o og" ”’enables a developer to output
Jrf nents as a program runs.

[

-.,:,_i_ S main advantage over the standard
output print statement is that it allows for
- runtime configurability, filtering, well as
multicasting output to different sources.

'il'




BV referencing a properties file a system
pecomes configurable at runtime and
morf" ariables can be set by the user as
-risystem Initializes.

_'l.

= _' The Component Interface Constrainer
Program can set which stylesheet it will

use at run time to determine the output.
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Algorithm -
=GN m umber-of-constraints on |
gomponents, where | can be: Controller,
Heater, Chiller, Fan, Thermometer, or

PPCL

= Choose that type of component from the
= ~component library and keep it only if it
~fulfills the current constraint.

* Qutput all the “passing” components to an
html file so the user can easily browse the
feasible set.




geci—o,

SPeECcitication Qgscript-ieﬁf"b —

54l h@ key to the process of constraining
G onents based on interface

of sifications is in describing the input
= “and output specifications in a database
= Wthh can be processed.

r\.-

- * The extensibility of the database is a direct
cause of how well the system can be
Improved and expanded if later
functionality Is desired.
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= private static HashMop constrainComponentSet(HoshMap componentDatabaseAsHashMap, String currQueryComponentType,

Java Code Picture

—
e

-
For each constraint, go through each component of thot constraint's type and see if that component fulfills the constraint.
1 componentDatabaseAsHashMap The component databas as HashMop divided by component type
1 currQueryComponentType The component type being constrained
1 currQueryConstraintType The constraint type of the interface spec: either input or output
1 currQueryConnectingComponent The component being communicated with
1 currQuerySpecName The nome of the specification
currQuerySpecValue The value of the specification
param currQueryOperator Whether the value should be =, <, or >
retu The a new component datobose os HashMaop, but without the components that did not meet the constraint
g

String currQueryConstraintType, String currQueryConnectingComponent, String currQuerySpecName, String currQuerySpecValue, String currQueryOperator) {

//Create a new output element which will replace this component container in the hash map.
Element containerComponent = new Element{currQueryComponentType, xmlDotobaseNamespace);

//Pull the appropriote components (based on type) out of the HashMap.
Element constrainedComponents = (Element) ({Element) componentDatabaseAsHashMap.get{currQueryComponentType)).clone();
List componentlist = constroinedComponents.getChildren{);
Iterator componentlter = componentlist.iterator();
while{componentIter hasMNext()) {
Element currentElem = (Element) componentlter.next();

£/5tring currElemComponentName = currentElem.getChildText("ComponentName", xmlDatabaseNamespace);
logger.info("Evaluating the component: " 4+ currentblem.getChildText(TCSConstants. COMPOMENT _MAME_ELEM, xmlDatabaseNomespace));

//Get the specification for each comnection this component can have, either all the input components or gll the output components.
List connectedComponentlist = null;
if{currQuerylonstraintType. equalslgnoreCase{ TC5Constants . INPUT_ELEM){
connectedComponentlist = currentElem.getChild{TCS5Constants . COMPONENT _INPUT_SPEC_ELEM,xmlDatabaseNamespace) . getChildren(TCS5Constants . CONNECTED_COMPONENT_ELEM, xmlDatabaseNames)
logger.info("Loocking at the input specs.");
List possiblelonnectedComponentslist = currentElem.getChild(TCSConstants. COMPONENT _INPUT_SPEC_ELEM,xmlDataboseNamespace).getChild(TCSConstants . POSS_COMPONENT_TYPES_ELEM, xmlDc
Iterator possibleConnectedComponentslter - possibleConnectedComponentslist.iterator();
StringBuffer possibleConnectedComponents = new StringBuffer();
int possConnCompCounter = 8;
while(possibleConnectedComponentsIter hasNext()) {
possConnCompCounterdd;

//1f this is the second component or more to be added to the list, odd a comma to the list first.
if(possConnCompCounter > 1){
possibleConnectedComponents . append(”, "J:

possibleConnectedCompenents. append({(Element) possibleConnectedComponentslter.next()).getText()]);
}

logger.debug("This component can recieve input from the following components:

+ possibleConnectedComponents.toString() « ".");



h: "Log4J Picture

INFO - MEW CONSTRAINT
‘1 INFO - Constraint number 1: The Controller component's Input 5ignal must be = 7V when it is connected to the FPCD.
| INFO - Evaluating the component: CALContreller 12084
» ~ INFO - Looking at the input specs.
""" INFO - Looking at the spec when this Controller is connected to a PFPCD.
INFO - Looking at the Controller's Input Signol specification.
INFO - The max value for this component's Input Signal 1s: 5.8.
INFO - The min value for this component's Input Signal is: -5.0.
INFO - Discard this component.
INFO - Ewaluating the component: CALContreller 3304
o INFO - Looking at the input specs.
- INFO - Looking at the spec when this Controller is connected to a PPCD.
-
I

m—

INFO - Looking at the Controller's Input Signal specification.

INFO - The max walue for this component's Input Signal is: 25.8.

INFO - The min value for this component's Input Signal 1s: -25.@.

INFO - Keep this component.

INFO - Ewvaluating the component: CALController 9308

INFO - Looking at the input specs.

INFO - Looking ot the spec when this Controller is connected to a PPCD.
INFO - Looking at the Controller's Input Signal specification.

INFO - The max walue for this component's Input Signal is: 25.8.

INFO - The min walue for this component's Input Signal is: -25.@.

INFO - Keep this component.

INFO - Evaluating the component: CALController 9508

INFO - Looking at the input specs.

INFO - Looking at the spec when this Controller is connected to a FPCD.
INFO - Looking at the Controller's Input 51gnaol specification.

INFO - The max value for this component's Input Signal is: 25.0.

INFO - The min wvalue for this component's Input Signal is: -25.@.

INFO - Keep this component.

INFO - NEW CONSTRAINT

INFO - Constraint number 2: The Heater component’'s Lnput Signal must be = 7V when it is connected to the Controlle
INFO - Ewaluating the component: Sterling 258 TF

INFO - Looking at the input specs.

INFO - Looking ot the spec when this Heater is connected to a Controller.
INFO - Looking ot the Heater's Imput Signal specification.

INFO - The max walue for this component's Input Signal is: 25.8.

INFO - The min walue for this component's Input Signal is: -25.@.

INFO - Keep this component.

INFO - Ewvaluating the component: Sterling 3@@ TF

INFO - Looking at the input specs.

INFO - Looking at the spec when this Heater is connected to o Controller.
INFO - Looking ot the Heater's Imput Signal specification.

INFO - The max value for this component's Input Signal is: 10.0.

INFO - The min wvalue for this component's Input Signal is: -18.@.

INFO - Keep this component.

INFO - Evaluating the component: Sterling 458 TF

| maled mm mdk dlha dnmiodk caace




XML Database Picture

<7:ml wersionm"1.8" encoding="|50-8359-1"2>
{tesiComponentl ibrary salns: tes="http:/Aoww owam.umd . edu ™~ foal Lo /ENPME42 /Proj ect / TCSHomespace "
<tos iComponents
<tcs iComponentTupe>Control ler < ftcs iComponentTupe :
<tes iComponen thame *CALControl ler 128@8</tes jComponen tHame >
<tos iComponen tGenera ICharac ter i sticsx
<tesiCharacteristics
<{tosiCharocteristicHome tosiabbreviations"nul L' >Number of Disployss/tcs:iCharacteristicHames
<tosiCharocteristiclnit tesiabbreviation="null">null< tosiCharacteristiclnity
<tesiCharacteristicValuesxl </tcs iCharacteristicValus>
<tesiCharacteristicDescriptionText>The Display has 4 LED digits which are 18 mm. in height.</tcs:CharacteristichescriptionTexts
Z/tesiCharacteristics
<tesiCharacteristics
<tosiCharacteristicHame tesiabbreviation="nul 1" 1hput Buttons{/tcs:thar‘acteristicNume}
{tesiCharocteristiclnit tesiabbreviation="null">null< tosiCharacteristiclnity
<Ltos :Char‘acterﬂistic\-‘alue}S(/tcs iCharacteristicValus>
<tos iCharacteristicDescriptionText>The Display has 2 elastrometric input buttons.</tcsiCharacteristicDescriptionText?
Z/tesiCharacteristics
<tesiCharacteristic:
<tosiCharacteristicHame tesiobbrevwiation="nul 1" *Humber of Output Ports{/tcs iCharacteristicHame >
<tosiCharocteristiclnit tosiabbreviation="null" null</ tos iCharacteristiclnits
Loz iCharacteristicValues3 < /tes iCharacteristicYaluss
<tos iCharacteristicDescriptionText>This product has 2 output ports.{/tcsiCharacteristicDescriptionTexts
ZfteziCharacteristics
<tesiCharacteristic:
<{tosiCharacteristicHoml]l tes:abbreviation="nul |"*Harranty</tos iCharac teristicHame >
<tos iCharacteristicUnit tesiabbrewiations"yrs">Years< tos iCharacter isticlnit>
Loz iCharacteristicValues £ /tes iCharacteri stickalus s
<tos iCharacteristicDescriptionText>The warranty for this product is 1 year.</tcsiCharacteristicDascriptionTexts
ZftesiCharacteristics
<tosiComponentbeneralDescr iptionText>CALContral lar 1288 Controller is our worst controller ewver!!!</tcsiComponentGenerallDescr iptionTexts
< tes :ComponentGeneralCharacteristics:
— <tosiComponentOptimizableCharacteristicss
{tesiCharacteristick
<tcs iCharacteristicHome tesiabbrewiation="null">Acquisition Cost{/tcsiCharacteristicHames
Ltz iCharacteristiclnit tos:abbreviation="US0D":United States Dollars</ tes:iCharacteristiclnits
<tcs iCharocteristicya lus>560BBEE . BA< Moz ICharacter i sticvaluel
<tcsiCharacteristicDescriptionText>The cost may vary on market prices.</tcs:CharacteristicOescriptionTexts
4 ftes iChoracteristick
{tesiCharacteristick
<tos iCharocteristicHome tosiobbrevwiation="null"*Relicbility< tesiCharacteristicHame>
<tesiCharacteristicUnit bes:obbrewiation="2"»Fercent</tosiCharacteristiclnity
<tcs iCharocteristicYalue> 7S .88 tos iCharacteristickalus
<tesiCharacteristicDescriptionText>Reliobility is measured by internal testing departments.</tcs:ChorocteristicOescriptionTexts
4 ftes iChoracteristick
<tesiCharacteristics
<tos iCharacteristicHome tosiabbrewiation="nul l">Durabi lity</tos iCharacteristicHome >
<tosiCharocteristiclnit tesiabbreviation="hr=">Hours< tosiCharacter isticlnity
<tcs iCharocteristicyalues 200808 . B8< ftos ICharacter i sticvaluel
<tesiCharacteristicDescriptionText>0urability is a market specification provided by the Wendor.</tes:iCharacteristicOesceiptionTexts
4ftesiCharacteristick
<ftesiComponentdptimizableCharacteristicss
<tosiComponent | nputSpeci fication:
“tosiPossibleComponentTupess
<tos iComponen tTupe »Thermome ter </ tos tComponat EType >
<tes iComponen tType *PPCOC ftos (Componen tType »
{/tesiPoss b leComponen tTypes >
4tos iConnec tedToComponen t
<{tes iComponen tTupe *PPCDE ftos iCompotian EType >
<tos iSpeck
{tes tRange X< tes tRange >
“tocsiSpecHome bosiabbrevi or="rul 1" Input Signal Typed tosiSpecHane?
{tesiSpeclnit tes:abbreviation="nul L">nul L tes 1Speclini t3
{teos iBpechaluerAnalogdftos tEpecialus
{tesiSpechescr iptionTextsnul L{/tes :Spechescr iptionText>
<ftes 1Bpacs
<toz iSpeck
<tes tRange N4 ftes tRonge
{tes:Speciome tes:abbreviations"mul L' ink Type/tcs iSpecHame
“tocsiSpecUnit besiabbrewvi ore"rul 1" Prul |4 tes 1Epectni £
{tesiSpectalussSerial < ftesiSpecialus>




" XSL Picture

<!=-= Match the root node. —--3
<zl 2 template match="/">

<xz | lelomant nome="html" >

<= | lelement nome="body" >

<l-= Create g header i
<xslielement nome="hH1"

n the output document with the same text az the title. ——
»4x= | ivalue—of select="'Feasible Component Optimizable Specifications'" /r<f«sllelement:

<xs | iopply—templates select="tcs:Componentlibrary"

<zl lelement:

< /s ielement:

< fusl t bemplate:

41—— Match the components in order of their type =0 the output document is sorted in order of type. —3

<x= | 1 template mabch="tos iComponentl ibrary" >
<x5 | iopply—tesplates select="tcs (Compo
<= | lopply—tesplates select="tcs iCompo
<x= | lopply—tesplates select="tcs ! Compo
“x= | iopply—tesplates select="tcs iCompo
<= | lopply—tesplates select="tcsz !Compo
<x5 | iopply—tesplates select="tcs (Compo

< fus] t templater

<1-- Create a table for each component with a Caption holding the type ond nome of the component. ——3*

<= | 1 templabte motbch="tos IComponent" >
<uslielemont nome="table"

<zl bemplate?

<=1t template?

< /s 1 2 bemp late?]

fxz] lelement:

<1-- Uze the Characteristic Hame,
<x= 1 templabe motch="tos iCharacteristic" s
<uslielemont nome="tr">

<xs | iatbribute nome="border" =1

<xs | lelemont rome="coption">
<xslielemant nome="b">

<zl ivalue—of

< ezl telement:

{fxs] lelement

<uslielemant nome="tr">
<xslielemant nome="th"
<2l lelomant nome="th"
<ws | ielemant nome="th"

<=1 lelement:

<x= | lopply—tesplates select="1

¢1-— Separate sach table with a line. The <br /* tag does not seem to work. ——@
<xs | ielement ome="p" e

<1-—— Populate the table with the Characteriztics outlined. —*
<=5 | 1 template watch="tos iComponentOptimizab leCharacteristics" >
<5 | japply-templates select="tcs:Characteristic® />

Unit Yalue,

<xslielemont rome="th">
<xslivalue—of select="
<xsliif test="tcziChar
Oz |z basets (€
sl ivalue—of
{xsl ety 3
fxsliife
RN =V ST S
<z telements

<xz | telement nome="td" <= | ivalue—of select="tcs:CharacteristicYalus" f3{ /=l jelemant:

<= | jchoosel:
<xsliwhen test="tcsiCh

{xz| lelement nome="td"><{xzlivalue—of select="tcs:CharacteristicDescriptionText" /3{ sl e lomant:

<z | swbvens
<xs | iothereise:

nent [ tes iComponentType="'Contral ler' 1" />
nent [ tes iComponen tType="Heater ' 1" /2

nent [ tes iComponentType="Chil ler' 1" />
nent [ ko iComponentTupe="Fan' 1"

nent [ tes iComponen tType="Thermometar' 1"/
nent [ tes iComponen tType="FRCOD' 1" />

s | lattribute

select=" tosiComponentTupe" fdus| thests: <fus| s bexts<x=| ivalue—of select="tcs :Componsntbome" />

roxs | be b At ibute s | bextr  fes | le lement
s | bextrValued S | texts < sl telements

rows | besctsText Description< /sl ibext: (/s telement:

cs iComponentOptimizableChorocteristics" /2

and Text Description to populote the table. ——X

tosiCharacteristicHame"
acteristiclnitRtcsiabbreviation!="rull' ">
=1 2 ekl

select="tcs:Characteristiclnit Btes iabbreviation"

=15 bextl

aracteristichescriptionText!="null"'">

1=l leloment nome="td" > {:s | et A s L bewkr (s | le lement

{fxz| lothereise?
< f%5| choose:

<fxzl telement:




Feasible Component Optimizable Specifications

\/

Coniroller: CALController 1200

| Attribute | Value | Text Description

|ﬁcquhition Cost(U SD}:HE»(}U{]{}U.UUHThc cost may vary on market prices.

| Reliability(%):  |75.00 |Reliability is measured by internal testing departments.

| Durability(hrs): HIZG{}U{}.UUHDumijity is a market specification provided by the Vendor.

Controller: CALController 3300

| Attribute | Value | Text Description

. |Acqujsiti0n Cost(U SD}:HZSU{J{}.U{} H'I‘hc cost may vary on market prices.

| Reliability(%):  |98.99 | Reliability is measured by internal testing departments.

|  Durability(hrs):  ||450000.00 Durability is a market specification provided by the Vendor.

Controller: CALController 9300

| Attribute | Value | Text Description

|Acquhitiun Cost(U SD}:HZSSDG.OG H'I‘hc cost may vary on market prices.

| Reliability(%):  |99.15 | Reliability is measured by internal testing departments.

| Durability(hrs):  |[800000.00| Durability is a market specification provided by the Vendor.

Controller: CALController 9500

| Attribute | Value | Text Description

|Acquisition Cost(USD):|23850.00 | The cost may vary on market prices.

| Reliability(%):  [|99.85  |Reliability is measured by internal testing departments.

|  Durability(hrs):  |510000.00| Durability is a market specification provided by the Vendor.

Heater: Sterling 250 TF

| Attribute | Value | Text Description

| Power Output(BTU): ||3 IOOUG.DOHTMS is the main index of measurement which differentiates between heaters in indusu'y.|

[Free Air Delivery(CFM):[3500  ||Cubic Feet per Minute is a standard used in industry.

| Efficiency(%): ||94 00 ||Efﬂcicncy Index is a market specification provided by the vendor.




SR EINENE mclude
nical user interface for constraint query

— — Graphical user interface for data entry

— Schema Validation for all data entry
— Connection to optimization component

— Recursive component interface analysis
— Ported to Web Application






Optimization and tnadeo,fifgﬂa’)?@' *

—

BGoal: select the optimum combination of
gomponents based on the set of options
oorf' 1ed from the Component Interface
Cc nstralner Application.

= _q_

.-l-"_;-

_-S'Use of Excel and Visual Basic for
- Applications (VBA).

'il'



ation and tradeoff analysis..-

ition of design objectives:

Durability of system.
Reliability of system.




—

1€ Information was consolidated using
amically linked references.



Dptimization and tradeoff analysis..-

This 15 the value for each
canstraint for the option
shown in column G

This iz the range that
delimits each constraint.

N
o B C D E \ F G H | J
14 Constraints | | J ¥ |
ConstrailComp |Constraint  |Units |Value Min Value Max  |Option # |Value of |Constra Component

onent [1to 3] |selected |int Validation

it option  |Validati
15 applie on
16 1 [Heater [Power - Cutput [BTU 160,00000]  320,000.00 2| 120000 00/FAILS |HEATER FaILS
17 2 [Heater i ficwy CFM 3,000.00 4,000,00 2| 310000|PASSES
18 3|Heater [Efticiency % 7500 100,00 2 99 00|PASSES
19 4 |Hester |Cost UsDh 0.00 35 000,00 & | 27 000.00|PASEES
20 5 |Heater |Durability Hours 100,000.00] 1,000,000.00 2 | 350,000 00|PASSES
21 & |[Heater |Reliabiliy % 98 00 100,00 2 a0 70|PASSES
22 | 7[Chiller  |Power - Outputt [BTU 200,00000]  350,000.00 31,300,000 00 |PASSES |CHILLER OK
23 8| Chiller i flowy |CFM 3,000.00 4,000.,00 3| 3.90000[PASSES
24 9]Chiller |Efficiency % 65.00 100,00 3 94 00 [PASSES
25 10|Chiller |Cost usD .00 28,000,00 3| 18,000.00|PASSES
26 11 [Chiler [Durability |Hours 100,000.00 1,@%&: 3| 550,000.00 [PASSES
7 12|Q ) ) 3 a8 87 |PASSES
28 13f| The option evaluated in column [ —=Zp00.00 3| 3,950 00[PASSES [FAN OK
29 14Fl 5 iz dynamically generated so 100.00 Col | luat H
30 15\F pach possible alternative is 100.00 airnn 1 evallales eat

tested constraint for each optiaon.




PRel = RelTher * RelPPCD * RelContDevice * RelFan *
&= {1-(1-RelHeater)(1-RelChiller)}

| | 1T

Chillar




Mogdels used for the desi
objectives

S Durability: The system durability was calculated based
en the durability of each individual component and its
cost. The assumption is that if an expensive component
jails, the overall durability of the system is reduced

jle re dramatically than if a cheaper component fails

an ~needs to be repaired or replaced.

L

;;:"f"—_‘—“—'D'urabiIity = {(DurHeater x CostHeater) + (DurChiller x
CostChiller) + (DurFan x CostFan) + (DurContrDevice x
CostContDevice) + (DurPPCD x CostPPCD) +
(DurTherm x CostTherm)} / TotCostofSystem




——

Optimization and tradeoff analysis.. -
.

— i
[ Y

L] [} "
lalVla .‘ 'Y 2TIND —

20ff analysis:
> data
unconstrained routine

~She how charts

"
e
— .-"

: 4. _R,un constramts
5. Show messages of excluded components
6. Show charts with constraints

/. Show tab with the final results and weighted sums.






