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APPENDIX A 

QUESTIONNAIRE 

Organization Name………………………………………………………   

Name of the Interviewee………………………………………………… 

Designation………………………….Years of Experience……………… 

Part 1: Acquisition Phase  

For: Planning Engineers of Power Utility 

1. How do you plan power transformer in order to acquire it? 

 i.) Designed Load Demand   ii.) Actual Load Demand  

2. List all the major activities that are performed to acquire new power transformer. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

3. How do you derive designed load demand of each power transformer for the next 20 

years? 

…………………………………………………………………………………… 

…………………………………………………………………………………… 

…………………………………………………………………………………… 

4. What are the factors associated with the load violation of power transformer in the 

early stage of their life cycle? 

…………………………………………………………………………………….. 

…………………………………………………………………………………….. 

……………………………………………………………………………………. 

5. List all the services provided by the supplier that you have included in the bidding 

documents. 

........................................................................................................................................... 

........................................................................................................................................... 

 ........................................................................................................................................... 
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 6. What are the documents and drawings of power transformer that you have 

received from the supplier during procurement? 

........................................................................................................................................... 

........................................................................................................................................... 

For: Manufacturer/Supplier of Power Transformer 

 7.  What are the factors associated with the total cost of power transformer? 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

 8.  List all the activities that you have done during the acquisition phase of power 

transformer.   

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

 9.  What is the contribution of each factor (in percentage) to the total cost of power 

transformer? 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

 10. For how long, you need to hire supervisor or experts for conducting the following 

tasks of each power transformer. (Express in days) 

 i.)………… Installation 

 ii.)…………. Commissioning 

 iii.)………….. Training 

Does it depend on the capacity of power transformer? 

i.) Yes   ii.) No 
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Part 2: Operation and Maintenance Phase  

For: Operation & Maintenance Engineers/Technicians of Power Utility 

 11. How much have you planned yearly for the normal operation and maintenance of 

power transformers? Express in percentage. 

 ………………………………………………………………………………… 

 12. How do you operate and maintain the power transformer on the network? 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

 13. List all the skills that are required for the operation and maintenance 

engineers/technicians. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

 14. What are the necessary information/knowledge required about the power 

transformer for better operation and maintenance? 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 
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APPENDIX B 

KNOWLEDGE REPRESENTATION of PT 

  

The knowledge associated with power transformer is captured from 

interviewing with senior engineers, supervisors and technicians who have been 

operating on power transformers and is represented with knowledge-mapping. It is 

categorized into three parts: domain, task and inference knowledge based on hidden 

or reusable knowledge of power transformer. 

B.1 Domain Knowledge 

B.1.1 Commissioning 

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0143

Settling Time

Energizing

Charging

Has

 

Figure B.1 Energizing Knowledge of PT. 
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Phase Relation

Has

Has

Insulation Resistance
Has

Polarity

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Has

Tacit Knowledge

Code name: I0142
Adjustment of Spark 

Gaps

Earth Circuits

Ratio

Measurements and Observations

Wiring Circuits

Has

Protection Systems

Accessories

H
as

Has

 

Figure B.2 Measurements and Observation Knowledge of PT. 

 

Operations of Flow 
Indicators

Has

Has

Gas Release

Has

Direction of Rotation

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Has

Tacit Knowledge

Code name: I0141

Oil Level

Oil & Air Leaks

Opening of all Valves

Tank & Cooling System

Dielectric Strength

H
as

 

Figure B.3 Tank and Cooling System Knowledge of PT. 
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B.1.2 Engineering  

Installation Drawings
Has

Has
Rating & Connection

Has

Foundation Dimensions

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Has

Tacit Knowledge

Code name : I0112

Auxiliary Lead Wiring

Winding Connections

Outline Arrangement

General Drawings

 

Figure B.4 General Drawings Knowledge of PT. 

 

Tacit Knowledge

Code name: I0113

Test Cases After Completely 
Assembled

Has

Before Shipment

Has

Before Core & Coil 
Placement

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.5 Test Cases Knowledge of PT. 
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B.1.2 Transportation 

External Accessories 
Arrangement

Has

Has

REVISED

30/03/2010

DRAWN BY

Sachin

DESCRIPTION

Tacit Knowledge

Code name: I0121

Dispatch

Dry Air Filling

 

Figure B.6 Dispatch Knowledge of PT. 

 

Jacking

Has

Has

REVISED

30/03/2010

DRAWN BY

Sachin

DESCRIPTION

Tacit Knowledge

Code name: I0123

Handling

Tilting

Lifting
Has

 

Figure B.7 Handling Knowledge of PT. 
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Moisture Examination

Has

Has

REVISED

30/03/2010

DRAWN BY

Sachin

DESCRIPTION

Tacit Knowledge

Code name: I0122

Receiving on Site

General Inspection

 

Figure B.8 Receiving on Site Knowledge of PT. 

 

B.1.3 Installation 

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Fixing Components

Piping Work

Cabling

Painting

Vacuum Oil Injection

Releasing Nitrogen Gas

Removal of Vibration 
Preventive Brackets

Assembly

Control Cable Wiring

Code name: I0133

Erection

Tacit Knowledge

Has

Has

Has

Has

Has

Has

Has

 

Figure B.9 Erection Knowledge of PT. 
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Areas

Has

Levelling

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0131

Foundation

Location and Mounting

Mount

Has

 

Figure B.10 Location and Mounting Knowledge of PT. 

 

Check all accessories
Has

Water Content

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0134

Dielectric Strength

Oil Filling

Moisture Test

Has

Surrounding Air

Oil Temperature

Has

Has

 

Figure B.11 Oil Filling Knowledge of PT. 
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Has

Oil Purifier

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0132

Site Arrangement

Meters

Tools

Instruments for 
Checking

Vacuum Pump

Lifting equipments

Oil Tank

Power Supply

Has

Has

Has

Has

Has

 

Figure B.12 Site Arrangement Knowledge of PT. 

 

Break Down Voltage

Has

Insulation ResistanceHas

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0135

Voltage Ratio

Testing

 

Figure B.13 Testing Knowledge of PT. 
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B.1.4 Corrective Maintenance 

Debris (type)

Has
Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Has

Has

Oil

Burns, Discoloration or 
Deposits

Loose Connections

Conditions of DETC

Tacit Knowledge

Code name: I0185

Internal Inspection of Main Tank

Conditions of Windings & 
Leads

Carbon Tracking

Has

Has

Conditions of CTs

Conditions of Core

Has

Has

 

Figure B.14 Internal Inspection of Main Tank Knowledge of PT. 

 

Installation History
Has

Has

Has

Has

Test

Manufacturing History

Operation History

User Failure History

Tacit Knowledge

Offsite Investigation

Code name: I0184

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.15 Onsite Investigation Knowledge of PT. 
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Coolers

Has

Has

Has

Has

Surge Arresters

Main Tank

Bushings
Tacit Knowledge

Code name: I0181

CPhysical Inspections

Protective Relay 
Targets

Tap Changer

Temperature

Oil Level

Operation 
Condition of

Has

Has

Has

Has

Has

Electrical Conditions

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.16 Physical Inspections Knowledge of PT. 

 

Test Reports

Has

Has

Has

Has

Has

Instruction Manual

Inspection Reports

Relaying Scheme

Maintenance 
Records

Tacit Knowledge

Code name: I0183

Site Arrangement

Protective Clothing

Tape Measure

Magnifying Glass

Flash Light

Oil Sample Bottle

Has

Has

Has

Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.17 Site Arrangement Knowledge of PT. 
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Sampling of Gas

Has
Has

Has

Has

Has

Electrical 

Sampling of Insulating Fluid

Electrical Arching

Electrical Corona

Tacit Knowledge

Code name: I0182

Testing

Thermal Oil

Thermal Cellulose

Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.18 Testing Knowledge of PT. 

 

B.1.5 Preventive Maintenance 

Load Current
Has

Has

Has

Has

Has

Tacit Knowledge

Code name: I0174

Meter Reading

Load Voltage

Winding Temperature 

Oil Temperature

Ambient Temperature

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.19 Meter Reading Knowledge of PT. 
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Accessories 
ReplacementHas

Has

Has

Has

Tacit Knowledge

Code name: I0173

Reconditioning

Oil Filtration

Testing

Detanking of Oil

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.20 Reconditioning Knowledge of PT. 

 

Tacit Knowledge

Code name: I0171

Regular Inspection
Annually 

Inspection

Has

Monthly Inspection

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.21 Regular Inspection Knowledge of PT. 
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Oil & frequency of 
LTCHas

Has

Has

Has

Has

Tacit Knowledge

Code name: I0172

Test

Infrared 
Thermography

DGA

Relay & Control 
equipment

Insulating liquid

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.22 Test Knowledge of PT. 

 

B.1.6 Visual Inspection 

Debris (type)

Has
Has

Has

Has

Has

Oil

Burns, Discoloration or 
Deposits

Loose Connections

Conditions of DETC

Tacit Knowledge

Code name: I0192

Internal Inspection of Main Tank

Conditions of Windings & 
Leads

Carbon Tracking

Has

Has

Conditions of CTs

Conditions of Core

Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

 

Figure B.23 Internal Inspection of Main Tank Knowledge of PT. 
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Coolers

Has

Has

Has

Has

Surge Arresters

Main Tank

Bushings
Tacit Knowledge

Code name: I0191

Physical Inspection

Protective Relay 
Targets

Tap Changer

Temperature

Oil Level

Operation 
Condition of

Has

Has

Has

Has

Has

Electrical Conditions

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Figure B.24 Physical Inspection Knowledge of PT. 

 

B.1.7 Training 

Corrective

Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0152

Maintenance

Preventive

 

Figure B.25 Maintenance Knowledge of PT. 
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Shut Down
Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Has

Tacit Knowledge

Code name: I0151

Operation

Start Up 

Isolate

Drying of Transformers

Has

Figure B.26 Operation Knowledge of PT. 

 

Lightening Arresters

Has

Has

REVISED

30/03/2010

DRAWN BY

Sachin

DESCRIPTION

Has

Tacit Knowledge

Code name: I0154

Protection

Spark Gaps

Differential Protection

Thermometers

Buchholz Relay

Has

Has

Figure B.27 Protection Knowledge of PT. 
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Environment

Has

Has

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0153

Safety

Individual

Figure B.28 Safety Knowledge of PT. 

 

B.2 Inference Knowledge 

Has Concept

Has Concept

Has
 C

on
ce

pt

Code name: T014

Commissioning Knowledge

Tacit Knowledge

Code name: I0141

Tank & Cooling System

Tacit Knowledge

Code name: I0142

Measurements & Observation

Tacit Knowledge

Code name: I0143

Energizing

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Figure B.29 Inference Knowledge of PT’s Commissioning. 
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Has Concept

Has Concept

Has
 C

on
ce

pt

code name : T011

Engineering Knowledge

Tacit Knowledge

code name : I0111

Technical Design Drawings

Tacit Knowledge

code name : I0112

General Drawings

Tacit Knowledge

code name : I0113

Test Cases

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Figure B.30 Inference Knowledge of PT’s Engineering. 

 

Has Concept

Has Concept

Has
 C

on
ce

pt

Code name :T012

Transportation Knowledge

Tacit Knowledge

Code name :I0121

Dispatch

Tacit Knowledge

Code name: I0122

Receiving on Site

Tacit Knowledge

Code name: I0123

Handling

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Figure B.31 Inference Knowledge of PT’s Transportation. 
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Has C
oncept

Has Concept

H
as Concept

Has
 C

on
ce

pt

Code name :T013

Installation Knowledge

Tacit Knowledge

Code name : I0131

Location and Mounting

Tacit Knowledge

Code name: I0132

Site Arrangement

Tacit Knowledge

Code name: I0133

Erection 

Tacit Knowledge

Code name: I0136

Precautions

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0134

Oil Filling

Tacit Knowledge

Code name: I0135

Testing

Has Concept

Has Concept

Figure B.32 Inference Knowledge of PT’s Installation. 

 

Has C
oncept

Has
 C

on
ce

pt

Code name: T018

Corrective Maintenance Learning

Tacit Knowledge

Code name: I0181

Physical Inspections

Tacit Knowledge

Code name: I0182

Testing

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0183

Site ArrangementHas Concept

Tacit Knowledge

Code name: I0184

Offsite Investigation

Has Concept

Tacit Knowledge

Code name: I0185

Internal Inspection of Main Tank

Has Concept

Figure B.33 Inference Knowledge of PT’s Corrective Maintenance Learning. 
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Has C
oncept

Has Concept

Has
 C

on
ce

pt

Code name: T017

Preventive Maintenance Learning

Tacit Knowledge

Code name: I0171

Regular Inspection

Tacit Knowledge

Code name: I0172

Testing 

Tacit Knowledge

Code name: I0173

Reconditioning

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0174

Meter Reading

Has Concept

Figure B.33 Inference Knowledge of PT’s Preventive Maintenance Learning. 

 

Has
 Con

ce
pt

Code name: T019

Visual Inspection Learning

Tacit Knowledge

Code name: I0191

Physical Inspection

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0192

Internal Inspection

Has Concept

Figure B.34 Inference Knowledge of PT’s Visual Inspection Learning. 

 



159 
 

Has C
oncept

Has
 C

on
ce

pt

Code name: T015

Training Knowledge

Tacit Knowledge

Code name; I0151

Operation

Tacit Knowledge

Code name: I0152

Maintenance

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0153

Safety
Has Concept

Tacit Knowledge

Code name: I0154

Protection

Has Concept

Figure B.35 Inference Knowledge of PT’s Training. 

 

Has Concept

Has
 Conce

pt

Code name: T020

Planning

Tacit Knowledge

Code name: I0201

Design Specification

Tacit Knowledge

Code name: I0202

Tender Preparation

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0203

Bidding Selection

Has Concept

Figure B.36 Inference Knowledge of PT’s Planning. 
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Has C
oncept

Has
 C

on
ce

pt

Code name: T016

Operation & Maintenance Set up

Tacit Knowledge

Code name: I0161

Visual Inspection

Tacit Knowledge

Code name: I0162

Preventive Maintenance

REVISED

30/03/2010

DRAWN BY

SACHIN

DESCRIPTION

Tacit Knowledge

Code name: I0163

Corrective MaintenanceHas Concept

Tacit Knowledge

Code name: I0164

Operations

Has Concept

Tacit Knowledge

Code name: I0165

Safety Precautions

Has Concept

Figure B.37 Inference Knowledge of PT’s Operation and Maintenance Set Up. 
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APPENDIX C 

SIMULATION SOFTWARE 

 

With the use of simulation software, the obtained results from the four case 

studies are presented through snapshots in section C.2 and the database of power 

transformer consists of multiple tables shown in section C.1. 

C.1 Snapshots of Database of Power Transformer 

 

Figure C.1 PT’s Parameters Table. 

 

Figure C.2 Data Table of Network PT. 
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Figure C.3 Load Profile Table of Network PTs. 

 

 

Figure C.4 Data Table of New PT. 
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Figure C.5 Load Profile Table of Future Requirement PT. 

 

C.2 Snapshots of Results 

 

` Figure C.6 Decision on Pt1mr in case II. 
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Figure C.7 Decision on Pt3mr in case II. 

 

 

Figure C.8 Decision on Pt1mr and Pt1newkl in case III. 
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Figure C.9 Decision on Pt2mr and Pt1newkl in case III. 

 

 

Figure C.10 Decision on Pt2mr and Pt1newkl in case IV. 
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Figure C.11 Decision on Pt3mr and Pt1newkl in case IV. 
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