IPRO 303

Information Design for
Plant Management to
Predict Equipment
Failure



Introduction

The goal of IPRO 303 was to design a User Interface (Ul) for
monitoring and predicting equipment failures in coal fired

power plants.
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Project Team Members

* Instructor: Edmund C. Feldy PE
e« Sponsors: SmartSignal ®

 |IPRO Team: Jacob Dodds, Samad Erogbogbo, Rachel
Fleming, Haruko Fujimoto, Nirav Hazariwala, Jihyung

Kim, Sangwook Lee, Arthur McAnally, Ray Simons
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SmartSighal ®

« SmartSignal® Is a corporation that provides
applications to increase equipment performance by
means of predictive analysis.

« SmartSignal’s clients include a number of major
power plants nationwide and worldwide.

* The mission of SmartSignal is to provide a solution
which analyzes information and identifies the level of
contingencies.
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Specifications from SmartSignal®

« SmartSignal® preferred to keep the problem
open ended and unbiased

 Without many explicit problems to solve, the
team had the latitude to develop a fresh
approach

A successful design must resolve technical,
graphical, and personnel issues
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Problems Addressed

 Unmanageable number of errors displayed
e False errors
* |neffective communication of error information

» Steep learning curve for new employees
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Goals

Team Goal was to design a User Interface (Ul) with
the following characteristics:

- Makes information manageable
* Integrate all decision-makers at the power plant

* Easily accessible and understandable information
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Methodology

* Research how warning information is handled

by power plants

* Develop multiple Ul's to be reviewed by

SmartSighal®

* Revise and develop best proposed Ul and

present it to SmartSignal®
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Team Organization

Primary Subteam structures:

* High-level Design Team

- Design the structure of the user interface
« Communication Team

- Research end-users/ communicate with Smart Signal
« Fault Analysis Team

- Design appropriate fault level system
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Team Organization (Cont.)

Secondary Subteam structures:

The Design Content Team

- Defined the content of the Ul and its functionality

The Screen Shots Team

- Developed Web-based prototype of the Ul

The Requirements Document Team

- Created a document that lists all of the design requirements

Additional Teams were created to complete IPRO deliverables

(i

S

smartsigna



Team Ethics

e The team’s Ethics Plan stresses respecting the non-

disclosure agreement with SmartSignal®

e Disclosing information about SmartSignal® could cause the

team to aquire biased information
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Schedule of Tasks

IPRO 303
Information Design for Plant Management to Predict Equipment Failure
1 [ 23] as]se [ 7] o[wo][1m[12]13][1]A
121 [ 1vza] 24 [2n1]2me [ 2es | 33 [ano[anr ] sea a1 a7 [aa a4
6.0 Team Schedule of Tasks and Milestones

6 |

WEEK & DATE 2008 »| [
8| 55 |

TASK &

)
2

Team Organization

Define Objectives

Define Appraach

Defing Sub-teams

Assign sub-team members

Team 1- High level Design Team

Brainstorming structure of the Ul

Apply brainstorming and research to Ul

Generate 3 Distinct High level U

Getfeedback from teams 2 and 3

Give initial asthetics to 55

Getfeedback from 535

Consider Feedback

Generate Final Ul

Team 2- Communications Team

Accumulate questions to ask users

Schedule plant visit(s)

Visit Plants-interviews

Analyze intelligence

Transfer intelligence to teams 1+3

Prepare Presentation

Team 3- Fault Analysis Team

Brainstorm Bottom up abstractions

Apply Abstraction to Ul

Smart Signal Visit

Develop one U|

Generate Ul Specification, Requirement List]

Smart Signal Presentation

Project Team- Generats Regmis. doc | I [ I [ I [ [ [ [ [ms ] I [ I [ |

6.0 General Schedule of Significant Activities and Events

Presentation Skills & Day Tips

ExhibittPoster|

Abstract/Brochure

Presentation

Final Report with table of contents

IPRO Deliverables CD PLUS

Projects Day Conference

IPRO Games

Ethics Workshop

Mid-Term Progress Report]

Team Waork Product; Team Minutes

Leaming Objectives Test Session

Mid-Term Review

Wid-Term Peer Evaluation Oppartunity

IIT Cn-Line Course Evaluation

Team Debriefing Session

Smart Signal Presentation

324 [ 331 47 [4M4] 421 4728 ] 575 |
0 ]2 3] 14[15]16]
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4 55 Alert - Microsoft Internet Explorer

Flle Edt View Favorites Tools Help
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Errors randomly recorded
by the system

Colors and numbers show
the degree of intensity

After an error is resolved
a message may be
submitted for future
reference
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Final DeSign (Errors by Priority)

A S5 Alert - Microsoft Internet Explorer

File Edit View Favorites Tools Help

« Errors may be sorted by

> Priority

COALFEEDER ~ RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  RACHEL

COAL FEEDER RTINTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  RACHEL

COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7 ~ RACHEL

COMPRESSOR  CARD21-W11 EN FW HEATER LEVEL ABNRML ~ SECTOR7  SAMAD

TURBINE CARD21-W11 EN FW HEATER LEVEL ABNRML ~ SECTOR7  SAMAD

COMPRESSOR  CARD21-W11 EN FW HEATER LEVEL ABNRML ~ SECTOR7  SAMAD

TURBINE CARD21-W11 EN FW HEATER LEVEL ABNRML ~ SECTOR7 ~ SAMAD

COMPRESSOR ~ CARD21-W11 EN FW HEATER LEVEL ABNRML ~ SECTOR7  HARUKO

B »> Time
=
C,E |
a4 > Asset
-
ol » Tagname
}_
)| |
- LOW PRSR HTR
o | | COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  RACHEL > S tate
9 | | COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  RACHEL AEEERELLE
C_E . CONDENSATE PUMP
T | | COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  JIHYUNG COND EPU > A r e a

| COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7 ~ RACHEL CONDENSER

| | COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7  JACOB

ECONOHER » QOperator

|

|
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Final Design whitelisting)

A S5 Alert - Microsoft Internet Explorer

File Edit ¥iew Favorkes Tools  Help Iy ° F alse e rro rS OCC u r i n th e

Niray Hazariwala Syste M OCcCcas | on al |y
[ouere_|[ e | om0 | rsrmoeioc

- DATETIME ASSET TAGNAME STAY STH NSTANCES ° These errors may be
whitelisted to remove them
from the main error screen

5 | - 414 1205 TURBINE CARDZ1-W11 EN FW HEATER LEVEL ABNRML  SECTOR7
E | - 414 1158 SCRUBBER WMF-SAT45  EXHAUST HOOD TEMPERATURE Low SECTORY
|— | | - 414 1150 SCRUBBER WMF.SAT45  EXHAUST HOOD TEMPERATURE Low SECTOR7
63: | | - 414 1138 TURBINE CARD21-W11 EN FW HEATER LEVEL SECTORT

* The delete function will only
be accessible to the plant
supervisor

0. | | - 14 113 SCRUBBER WMF-SAT45  EXHAUST HOOD TEMPERATURE Low SECTOR7
U‘) [ | 414 1128 COAL FEEDER RTTNTD-DP D FEEDER RUNNING AND TRIPPED  FAILED SECTOR7
d [ | 414 1101 TURBINE CARD21-W11 EN FW HEATER LEVEL ABNRML  SECTOR7
l% | 414 10:28 SCRUBBER WMF.SAT45  EXHAUST HOOD TEMPERATURE Low SECTOR7
E | 4 1022 TURBINE CARDZ1-W11 EN FW HEATER LEVEL SECTOR7

3
6
1
2
6
3
4
2
2
9

 The Personal log shows
errors whitelisted by
specific employee(s)

| 14 9 SCRUBBER WMF-SAT45  EXHAUST HOOD TEMPERATURE SECTORY

e The Plant-wide log shows
errors listed by all
employees
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Final DeSig N (Component)

3 55 Alert - Microsoft Internet Explorer

File Edit Yiew Favorites Tools  Help

« The state of several
components may be
observed

Mirav Hazariala

Condensor Cycle

« This allows the engineer to
view information about a
schematic of the component

& .i HEH PRR-TR and some related parts.

LOW PRER HTR

CONDENSER ' | - The user can get more
P . CONDENBHTE AU detailed information by
| - clicking the component
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Final Design (asset)

3 55 Alert - Microsoft Internet Explorer

File Edit View Favorites Tools Help

» Specific information of the
component provided

Nirav Hazariwala | Submit

o « Operating conditions may be
e e o 1, o A A modeled to allow employees
to predict output

0 400 600 &00 1,000 1,200 1400 1,600 1800 2000

« Helps to address the steep
e learning curve

WWWMM i - Historic data available
: CONDENSATE PUMP

CONDENSER

HISTORICAL DATA - INPUT FLOW RATE HIGH PRSR HTR

ECONOMIZER
GENERAL INFORMATION CONDENSER

Temperature l —

Pressure | |

Standard Value

CONTROL WINDOW
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Final DeSign (General Info)

A 55 Alert - Microsoft Internet Explorer
File Edit ¥iew Favorkes Tools  Help Iy ° G e n e ral I nfo rm ati O n
GENERAL INFO Nivay Hazariwala f 0s p rOV| d ed

« Agraphical gauge shows

o — || ideal values for the entire

MIN 10% it B0%

e —— | | | pover plant

MIN 13% WA 30%

|

MIN- 3.5 N MAX -0.2 I OW PRER HTR

0,
o —— [ |

MM 1.5% MAK 6%

MIN 850F WA 950F

Sountens — | 025F

MM B50F MAX 950F

MIN 20% MAX B0%

MAX 73%

MIN 3PS MAX 50PS
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Obstacles

* The request for an open-ended approach led to
a lack of focus

* Initial lack of team organization

* Lack of applicable information from previous
IPRO teams

« Scheduling power plant visits
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Results

* Final User Interface
» Minimizes errors
» Helps eliminate steep learning curve
» Dynamic software structure
> Appropriate Fault Analysis System
» Meets the needs of SmartSignal® and end-users

» Extendable to systems/facilities beyond power plants
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Questions?
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